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Total: 56 hours 

 

Chapter 1: Liquids and solutions 14 hours 
 

Introduction to colligative properties, concept of vapor pressure, lowering of vapor pressure, 

Raoult’s law.Osmosis, laws of osmosis and determination of molecular weight of a polymer 

by osmometry. Concept of boiling point, derivation of expression for the elevation of boiling 

point and experimental determination of molecular weight of solute using elevation in the 

boiling point ΔTb(Walker Lumsdenmethod) Concept of freezing point, depression in the 

freezing point and determination of molecular weight of solute based onΔTf. 

Abnormal molecular weight, Van’t Hoff factor. Evaluation of degree of dissociation and 

association, Application and problems. 

Liquid Mixtures: Ideal and non-ideal solutions.Completely miscible liquids, vapor pressure – 

composition and temperature composition curves of all the three types. Fractional 

distillation,azeotropic mixtures- examples. 

Partially miscible liquids- (Three types with examples) Critical solution temperature. Phenol – 

water system- Effect of addition of salt of CST of the phenol-water system. 

Immiscible liquids-Steam distillation and its applications. Problems. Distribution law- 

statement, partition coefficient and condition for validity of distribution law.Applications- 

solvent extraction. 

Properties of liquids- Viscosity- Definition, mathematical expression, Coefficient of 

viscosity, effect of temperature, size, Molecular weight, shape of molecules and 

intermolecular forces on viscosity.Applications. 

Surface Tension- Definition, mathematical expression, effect of temperature and solute on it. 

Parachor-definition, Sugen equation, applications and numerical problems. 

. 
 

UNIT-II 
 

Chapter 2:Gases 5 hours 
 

Introduction- Need for Maxwell-Boltzmann distribution law, mathematical expressions (in 

terms of moles and molecules) explanation of the terms only. Explanation of velocity 

distribution curves based on this law (no derivation). Mean free path, collision frequency, 

collision number-definition and expression using SI units (no derivations). Derivation of 



Chapter 3: Analytical Chemistry 4 hours 

Chapter 4: Green Chemistry 4 hours 

expression for most probable velocity from Maxwell-Boltzmann equation. Definition and 

expressions for rms velocity and average velocity, relationship among them. Problems. 

Andrew’s isotherm on carbon dioxide and explanation of the curves (no experimental 

details).Derivation of critical constants Tc , Pc and Vc from Van der Waal’s equation and their 

experimental determination by Cagniard de La Tour method for Tc and Pc. Amagat’s mean 

density method for Vc. Problems on the calculation of Tc , Pc ,Vc, a and b. 

Law of corresponding states-statement, reduced equation of state..Joule-Thomson effect, 

Joule-Thomson coefficient, inversion temperature-definition(no derivation). Their application 

to the liquefaction of air and hydrogen (by Linde’s process in detail). 
 

 

 

 

Errors: Classification, minimization of determinate errors, accuracy and precision. Significant 

figures and their computations. 

Equivalent weights of acids, bases, salts, oxidizing and reducing agents. Methods of 

expressing concentration of solutions in terms of normality,molarity, molality,mole fraction 

and numerical problems. 
 

 

Definition and importance, 12 principles of green chemistry with relevant examples. Concept 

and simple calculations on yield and selectivity, E factors, atom economy. Applications of 

green chemistry to the synthesis of paracetamol. Use of microwave and ultrasound in 

synthetic chemistry-Advantages, disadvantages of the methods with an example. 

UNIT-III 
 

Chapter 5: Periodic Properties 6 Hours 
 

Review - Modern periodic table, division of elements in the long form of the periodic table 

into s, p, d and f-blocks, outer shell configuration of these groups. 

Introduction, atomic and ionic radii, ionization energy, electron affinity and electronegativity- 

trends in the periodic table and application in predicting and explaining chemical behavior. 

Comparative studies of groups 1, 2, 16 and 17 with respect to electronic configuration,  

atomic and ionic radii, and ionization energy and electro negativity. Comparative study of 

compounds- halides, oxides and carbonates of groups 1 and 2: hydrides of groups 16 and 17. 

Diagonal relationship between Li and Mg. 

Chapter 6: Chemistry of Noble Gases 3 hours 
 

Introduction to noble gases, general characteristics including occurrence and applications. 

Preparation, properties, structures and nature of bonding of fluorides & oxides of Xenon. 

Clathrate compounds. 

Chapter 7: Non-Aqueous solvents 2 hours 
Liquid NH3,liquid SO2 and super critical CO2- solvent properties & typical reactions. 



UNIT-IV 
 

Pre reading:Introduction to organic chemistry: 
 

Definition and importance of organic compounds. Nomenclature (IUPAC) of 

monofunctional, bifunctional aliphatic and aromatic compounds. 

Structure, bonding and isomerism in organic compounds 

Chapter8: Basics of Organic Reaction Mechanisms 3 Hours 

Review:Types of bond. Bond Cleavage – homolytic and heterolytic. assigning formal charges 

– electrophiles and nucleophiles.Types of reagents- Electrophilic and nucleophilic, Types of 

organic reactions – addition, substitution, elimination and rearrangement reactions with 

example. Electron displacement effects- inductive, electromeric, mesomeric and resonance. 

Reaction intermediate- Formation, structure and stability (Based on Inductive, resonance and 

hyperconjugation) of free radicals, carbocation, carbanion, carbenes and nitrenes. 

Chapter 9: Aliphatic Hydrocarbons 15 Hours 

Alkanes:Review:Introduction, Nomenclature and isomerism. 

Methods of preparation of symmetrical and unsymmetrical alkanes – Wurtz reaction, Kolbe’s 

electrolysis, Corey-House reaction and decarboxylation of acids, Halogenation of alkanes- 

Mechanism of chlorination of methane. 

Cycloalkanes –Review:Introduction and nomenclature, 
 

Methods of preparation- Freund’s method,Wisticenus method, Diels-Alder addition. Relative 

stability- Bayer’s strain theory and its limitations. Sachse-Mohr theory of strain-less rings. 

Chair and boat conformations of cyclohexane and their stability. 

Alkenes:Review:Introduction, Nomenclature and isomerism. 
 

Methods of preparation – Wittig reaction, dehydration of alcohols, dehydrohalogenation of 

alkyl halides, partial hydrogenation of alkynes, regioselectivity, Saytzeff rule, Hofmann 

elimination. Reactions of alkenes – mechanism of elecrophilic addition, relative stability of 

carbocation, addition of X2, HX, H2O, Markownikoff’s rule, anti-Markownikoff’s addition 

(peroxide effect); hydroboration – oxidation, catalytic hydrogenation, epoxidation, oxidation 

with KMnO4 and ozonalysis. 1, 3-Butadiene – structure; 1, 2 & 1, 4 additions and Diels- 

Alder reaction. 

Alkynes:Review:Introduction and nomenclature. 
 

Methods of preparation – dehydrohalogenation of vicinal and geminaldihalides. Reactions of 

alkynes: mechanism of electrophilic addition reactions with HCN and H2O, oxidation with 

KMnO4, hydroboration, oxidation, hydrogenation and polymerization. Acidic nature of 

terminal alkynes. 



NMKRV COLLEGE FOR WOMEN 

(Autonomous Institution) 

III Block, Jayanagar, Bangalore-560011 

CHEMISTRY SYLLABUS FOR B.Sc. 

(CBCS) 

Second Semester: Chemistry Paper II 

 

 

UNIT-I 

 

 

 

 

 

 

 

 
  Total: 56 Hours 

 

Chapter 1: Chemical Bonding 15 Hours 
 

Ionic bond – lattice energy, Born-Haber cycle, Born-Lande equation (derivation not 

required), calculation of lattice energies of NaCl& MgO, properties of ionic compounds. 

Covalent bond-properties of covalent compounds. Valence bond approach, concept of 

resonance-CO2, SO2, CO3
2-, Hybridization & directional characterstics-sp,sp2, sp3, sp3d,  

sp3d2, shapes of BeCl2, BCl3, SiCl4, PCl5, SF6; 

Polarization concept, Fajan’s rules, bond length, bond angle & bond energy, polar & non 

polar molecules, dipole moment. 

VSEPR Theory - shapes of CH4, NH3, H2O, BF3, BrF3, ICl2
-, ICl4

-; Molecular orbital theory - 

H2, He2
+, Be2, N2, O2, Li+2 , NO and CO 

Weak interactions: (a) Hydrogen bond- intramolecular & intermolecular. Anomalous 

properties of HF, H2O, NH3, alcohols, carboxylic acids, nitro phenols, biological molecules. 
(b) Vander Waals forces - noble gases, molecular crystals. 

 

Metallic bond - band theory, electrical properties of metals, semiconductors & insulators, 

superconductors. 
 

UNIT-II 
 

Chapter 2: Quantum Mechanics & Atomic Structure: 10 Hours 
 

Review of Bohr’s theory and failures of classical mechanicsWave mechanical concept, de 

Broglie matter waves,.Heisenberg uncertainty principle, 

Sinusoidal wave equation. Introduction to operator concept, Hamiltonian operator, 

Schrödinger wave equation, well behaved wave function, eigen values and eigen functions. 

Normalised and orthogonal wave functions 

Postulates of Quantum Mechanics, Schrödinger wave equation for particle in a one 

dimensional box, particle in a 3-dimensional box and concept of degeneracy. Schrödinger 

wave equation for H-atom & its separation into three equations (no derivation), significance 



of ψ & ψ2 ,atomic orbitals, quantum numbers, radial & angular wave functions & probability 

distribution curves, shapes of s, p & d orbitals, Pauli’s exclusion principle, Hund’s 

multiplicity rule, Aufbau principle, electronic configuration of elements. 

 

 
Chapter 3: Compounds of some Nonmetals 5 hours 

 

Synthesis, structure & applications of compounds of the following elements; 
 

(a)Boron-boranes (classification), diborane, boron trifluoride, borazole. 

(b)Nitrogen-Hydrazine, hydroxylamine. 

(c) Sulphur-thionyl chloride. 

(d) Halogens-bleaching powder, interhalogen compounds-ClF3, BrF5, IF7. 

 

 

UNIT-III 
 

Chapter 4: Thermodynamics - I 10 Hours 
 

Review-Definition of thermodynamic terms – types of variables – intrinsic and extrinsic. 

Types of processes; isothermal, adiabatic, isochoric, isobaric and cyclic process. 

Thermodynamic equilibrium, reversible and irreversible processes. State functions and path 

functions -exact and inexact differentials. Concept of internal energy, heat and work. 

First law of thermodynamics, significance of internal energy and enthalpy. Work done in 

isothermal, adiabatic expansion and compression of an ideal gas. Relationship between 

pressure, volume and temperature for an adiabatic process. 

Heat capacity of gas at constant pressure and constant volume and relation between the two. 

Kirchhoff’s equations. Applications. 

Limitations of I law of thermodynamics with illustrations. II law of thermodynamics- 

Different forms. Statement with respect to heat and spontaneity-spontaneous and non- 

spontaneous processes. Concept of entropy and its significance-Illustration with order, 

disorder, physical, chemical processes and probability. Heat engine-Carnot’s cycle and its 

efficiency (η). Entropy change in reversible and irreversible processes. Calculation of entropy 

changes in reversible isothermal and reversible adiabatic processes. Entropy change for phase 

transition (melting point, vaporization, sublimation and polymorphic changes. Limitations of 

entropy concept of spontaneity. Entropy of mixing of gases. 



 

 

UNIT-IV 
 

Chapter 5: Organic halides 8 Hours 
 

Alkyl halides:Review:Introduction, nomenclature, isomerism and classification 
 

Methods of preparation-halogenation of alkanes, addition of halogen acids to alkenes, action 

of halogen acids on alcohols, phosphorous halides and thionyl chloride on alcohols. 

Nucleophilic substitution reactions – SN
1 and SN

2 mechanisms with energy profile diagram. 

Effect of nature of alkyl groups, nature of leaving groups, nucleophiles and solvents onSN
1 

and SN
2 mechanisms. Elimination reactions – E1 and E2 mechanisms, dehydrohalogenation- 

Saytzeff and Hofmann Eliminations with mechanisms. Conversion of alkyl halides to other 

functional groups (formation of ethers, alcohols, esters, amines.) 

Aryl halides: Preparation by halogenations, Sandmeyer reaction. Relative reactivity of alkyl, 

allyl, vinyl and aryl halides towards substitution. 

Chapter 6: Aromatic Hydrocarbons 8 Hours 

Review:Introduction and nomenclature. 

Kekule’s structure, resonance structure & molecular orbital picture of benzene, Huckel’s 

aromaticity rule with respect to benzenoids (ex: Benzene, naphthalene, anthracene & 

phenanthrene) and non-benzenoids (Ex: cyclopentadienyl anion and cycloheptadienyl cation, 

antiaromaticity). 

Aromatic electrophilic substitution-mechanisms of halogenation, nitration, sulphonation, & 

Friedel-Craft’s reactions; orienting influence of substituents in toluene, chlorobenzene, 

nitrobenzene & phenol. Hyper conjugation & resonance effects of these groups. 

Hydrogenation of aromatic compounds- Birch reduction, side chain oxidation of toluene to 

bezaldehyde and benzoic acid, oxidation of naphthalene, anthracene & phenanthrene. 
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Chapter 1: Nuclear and Radiochemistry (9 

Hours) 

Nuclear Chemistry: structure of nucleus (qualitative treatment based on shell model). 

Instability of nucleus-n/p ratio, mass defect, binding energy and its calculation, packing 

fraction. 

Radioactive decay, units of radioactivity. Radioactive decay law- derivation of expression. 

Half-life period, Problems based on decay law and half-life period. Radioactive equilibrium, 

radioactive series. 

Detection of radioactivity-working principles of Geiger-Muller counter and scintillation 

counter. Artificial radioactivity with examples. Nuclear reactions induced by  radiation,, p, 

n and D-particles. Nuclear fission and nuclear fusion. 

Nuclear power reactors- components and their function 

Isotopes - use of isotopes in tracer technique (examples: elucidation of reaction mechanism of 

ester hydrolysis, ester formation and photosynthesis), agriculture, medicine, food  

preservation and dating (carbon dating and tritium dating). Problems based on dating. 

Chapter 2: Metallurgy (5 

Hours) 

General principles of metallurgy. Ellingham’s diagrams-salient features. Refining of metals- 

electrolytic, vapour phase, zone refining. Extraction of Ni from sulphide ore, Cr from 

chromate ore, extraction of thorium from monazite sand, extraction of uranium from 

pitchblende, extraction of Plutonium from nuclear waste. Application of metallurgy- Ni in 

crucible and dishes, Cr in stainless steel, Ag and Au in manufacture of jewellary, W in 

making surgical instruments 
 

UNIT-II 

Chapter3:Thermodynamics-III (8 

Hours) 

Gibb’s free energy: Work function, chemical potential. Definition and relationship between 

free energy and work function. Criteria for equilibrium and spontaneous processes. Gibb’s- 

Helmholtz  equation-Derivation.  Change  of  free  energy  with  respect  to  temperature  and 

pressure.  temperature  coefficient,  van’t  Hoff   isotherm  (derivation) G  =  −RT  lnKp. 

Problems. 

 
Derivation of van’t Hoff reaction isochore and Clausius-Clapeyron equation. Its applications 



to Tb and Tf determination (thermodynamic derivation not required). 

 
Qualitative treatment of Nernst heat theorem and III law of thermodynamics-statement only. 

Elementary concept of residual entropy. 

 
Chapter 4: Adsorption and Catalysis. (6 

Hours) 

Physical and Chemical adsorption, heat of adsorption, adsorption isotherms (five types)- 

Langmuir’s adsorption, BET equation (derivation not required ) and its application for the 

determination of surface area of the adsorbent, surface active and inactive substance. Gibbs 

adsorption equation, surface films on liquids. 

Kinetics of catalytic reactions, homogeneous catalysis- Nitric oxide, acid- base catalysis- 

hydrolysis of ethyl acetate, catalytic inhibition, heterogeneous catalysis-V2O5 and Nickel, 

enzyme catalysis-Invertase and zymase. 
 

UNIT-III 

Chapter 5: Alcohols and thiols (9 

Hours) 

Alcohols- Nomenclature, isomerism and classification. Methods of preparation- reduction of 

aldehydes, ketones, acids and esters, hydroboration – oxidation and hydration of alkenes. 

Reactions of alcohols- acidic nature (reaction with sodium metal and formation of alkoxides), 

esterification, oxidation. 

Comparison of reactivity of 10, 20 and 30 alcohols using oxidation, Lucas reagent and Victor- 

Mayer’s method. 

Preparation of glycols from alkenes using osmium tetraoxide and potassium permanganate 

and from epoxides. Oxidation of glycols by per-iodic acid and lead tetraacetate. 

Manufacture of glycerol from propene, oils and fats. Reactions of glycerol- nitration, action 

of concentrated sulphuric acid. 

Thiols- Nomenclature. Methods of preparation from alkyl halides and alkenes. Reactions of 

thiols- with sodium, sodium hydroxide, metal oxides, formation of thioesters and oxidation 

with mild oxidizing agent-H2O2 and strong oxidizing agent- nitric acid. 

Chapter 6: Phenols (5 

Hours) 

Definition, classification with examples, Methods of preparation. Acidity of phenols, effect  

of substituents (electron withdrawing and electron releasing groups) on acidity of Phenols, 

comparison with alcohols and carboxylic acids. Mechanisms of Reimer – Tiemann, Kolbe 

and Schmidt reactions. Industrial applications of phenols-conversion of phenol to aspirin, 

methyl salicylate, salol, salicylic acid. 



UNIT-IV 

Chapter 7: Organometallic Compounds (9 

Hours) 

Grignard reagents- Preparation. synthetic applications of RMgX –Preparation of 

hydrocarbons (alkanes, alkenes, alkynes), 10, 20 and 30 alcohols, aldehydes, ketones, 
carboxylic acids and amines. 

Organolithium compounds- Preparation synthetic applications – preparation of 10, 20 and 30 

alcohols, carboxylic acids. 

Lithium dialkyl cuprates- Preparation, Reactions- Corey-House synthesis of alkanes and 

formation of ketones. 

Organocopper compounds- Preparation, synthetic applications- alkylation, acylation, alkyne 

elongation and arylation. 

CHAPTER 8: Chromatography (5 

Hours) 

Introduction, classification of chromatography. Principles and Applications of Paper, TLC, 

Column, GC and HPLC techniques . 

 

 
REFERENCES: 

1. A Text book of Inorganic Chemistry-Gurudeep raj. 

2. Industrial Chemistry-B.K. Sharma. 

3. Engineering Chemistry- B. K. Sharma. 

4. Physical Chemistry- M. Kundan & S. K. Jain. 

5. Physical Chemistry-R.L.Sharma & G.D.Tuli. 

6. A text book of thermodynamics – Glasstone. 

7. Organic Synthesis special techniques- V. K. Ahluwalia 

8. Organic reactions mechanism- V. K. Ahluwalia 

9. Elements of physical chemistry- Puri, Sharma, Pathania. 

10. Instrumental methods of analysis- Gurudeep mad Chatwal 
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1. Recrystallisation and determination of melting point of solids. 

 
2. Sublimation of solids ( Benzoic acid ,Naphthalene etc..) 

 

3.  Distillation and determination of boiling point of mixture of liquids. 

 
4. Preparation of m-dinitrobenzene from nitrobenzene. 

 
5. Preparation of Aspirin from salicylic acid 

 
6. Preparation of Benzoic acid from benzaldehyde. 

 
7. Preparation of p-Nitroaniline from acetanilide. 

 
8. Preparation of p-Bromoaniline from acetanilide 

 

9. Microwave assisted solvent-free green synthesis of an organic compound. 
 

10. Extraction of Eucalyptus oil / Lemon grass oil from their leaves. 
 

11.  Chromatographic techniques TLC and Column. 

 
12. Estimation of carboxylic group from an organic compound 
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Hours 

UNIT I 

Chapter 1: General study of d- and f- block elements (6 

Hours) 

Transition elements- electronic configuration, atomic and ionic radii, ionization energy, 

oxidation states, redox potentials, color and magnetic properties, catalytic activity, interstitial 

compound formation. Characteristics of 3d series: oxide, hydroxide, and salts of first row 

metals. 

Lanthanides - electronic configuration, atomic and ionic sizes, oxidation states. Lanthanide 

contraction-causes and consequences. Separation of lanthanides by Ion exchange method, . 

Magnetic and spectral properties of lanthanides. 

Actinides- general survey 
 

Comparison of Lanthanides with actinides. 
 

Chapter 2: Co-ordination Chemistry (8 

Hours) 
 

Coordination compounds: ligands (classification: monodentate, bidentate, tridentate, 

polydentate, - and - donors with examples). Coordination number, nomenclature 

(complexes including bridged ligands). 

Theories of structure and bonding: Werner’s theory- postulates, explanation of structures of 

Co(III) ammine complexes, demerits. Sidgwick’s concept of coordinate covalent bond, EAN 

rule. 

Valence bond theory ; postulates, geometry and magnetic property of Co(NH3)6]
3+, [CoF6]

3- , 

[Fe(CN)6]
3-, [Fe(CN)6]

4-,, limitations of VBT on Nickle and copper complexes. 

Crystal field theory- postulates, crystal field splitting in tetrahedral and octahedral complexes, 

crystal field stabilization energies (calculation), spectrochemical series. Magnetic properties of 

[CoF6]
3-,[Co(NH3)6]

3+ , [Fe(CN)6]
4- , [Fe(CN)6]

3-.Spectral properties of [Ti(H2O)6]
3+and 

[Co(H2O)6]
2+. 

Isomerism- structural isomerism (ionization, ligand, hydrate, linkage and coordination); stereo 

isomerism (geometrical isomerism – Pt(II) complexes, optical isomerism- Co(III) complexes). 



UNIT II 
 

Chapter 3: Solids state (10 

Hours) 
 

Introduction to solids: Definition of space lattice, unit cell. Laws of crystallography. 

Symmetry elements in crystals, seven crystal systems. Weiss and Miller indices, numerical 

problems. X-ray diffraction of crystals, derivation of Bragg’s equation, Problems. Close 

packing of spheres, Determination of the structure of NaCl by Rotating crystal method,, heat 

capacity of solids. 

Structure of ionic solids based on radius ratio (calculation not required). Crystal coordination 

number, structure of NaCl, CsCl, ZnS, CaF2, and CaTiO3. Defects in solids: Schottky and 

Frenkel defects, F-centers (to be explained with respect to trapping of electrons in the lattice  

of NaCl and KCl crystals). Non-stoichiometric compounds (FeO, transition metal hydrides). 

Liquid crystals: Elementary discussion, classification, structure and applications 
 

Chapter 4: Polymers (4 

Hours) 
 

Introduction, classification with examples. Molecular weight and its impact on the properties 

of polymer. Number average and weight average molecular weight (Problems). Relationship 

between intrinsic viscosity and molecular weight. Determination of molecular weight by 

intrinsic viscosity method. 
 

UNIT III 
 

Chapter 5: Chemical Kinetics (9 

Hours) 
 

Types of reactions with examples- Parallel, Consecutive, Reversible, chain and Fast reactions. 
 

Reaction rate; factors influencing the rate of a reaction- concentration, temperature, pressure, 

catalyst. Order and molecularity of reactions. Units of rate constant. Rate expression for - zero 

order, first order, second order. Derivation of rate constant of second order reaction with a=b 

and a≠b, problems on rate constant, half life period (problems). 

Determination of the order of reaction – differential method, method of integration, method of 

half life period and isolation method. 

Effect of temperature and catalyst on rate of reaction, Arrhenius equation, energy of 

activation, numerical problems. 

Theories of reaction rate- Simple collision theory, transition state theory, steady state 

approximation and Lindemann’s hypothesis. 



Chapter 6: Phase rule (5 

Hours) 

Significance  of  phase  rule.  Statement  of  phase  rule and explanation of the terms with 

examples for phase(P), component (C) and degrees of freedom (F). 

One component systems-water, Two-component systems – sulphur, water- potassium iodide 

and lead –silver systems. 

Eutectic  mixtures  and  their  applications  (  freezing  mixtures). Desilverisation of lead by 

Pattinson’s method). 
 

UNIT IV 
 

Chapter 7: Aldehydes and Ketones (5 

Hours) 
 

Nomenclature, Synthesis of aldehydes from acid chlorides, synthesis of ketones from nitriles 

and carboxylic acids. 

Polarity of the carbonyl group, aldol condensation, Perkin condensation, Knoevenagel 

condensation, benzoin condensation, condensation with NH3, NH2NH2 and its derivatives. 

Mechanisms of aldol condensation, Cannizzaro’s reaction, benzoin condensation and acetal 

formation. Reduction- Clemmensen and Wolff-Kishner reduction, diimide reduction. 

Reduction by LiAlH4 and NaBH4. 

Chapter 8: Carboxylic Acids (4 

Hours) 
 

Classification and Nomenclature. Acidic strength – effect of substituents on the strength of 

aliphatic and aromatic acids. Preparation- oxidation of alcohols and carbonyl compounds and 

hydrolysis of nitriles. 

Reactions- formation of esters, acid chlorides, amides and anhydrides, Hell-Volhard-Zelinski 

reaction, decarboxylation and reduction, structures of di- and tri- carboxylic acids, action of 

heat on dicarboxylic acids. 

Chapter 9: Amines (5 

Hours) 
 

Classification and Nomenclature. Basic nature. Preparation of alkyl and aryl amines- reduction 

of nitro compounds, nitriles, reductive amination of carbonyl compounds, Gabriel-phthalimide 

synthesis and Hofmann bromamide reaction. Reactions of amines as nucleophiles, 

diazotization. Distinguishing reactions between 10, 20 and 30 amines(specify any three). 

Synthetic applications of diazonium salts. 
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Systematic semi-micro qualitative analysis of a mixture of two simple salts (with no 

interfering radicals) 

Acid Radicals: CO3
2- , Cl-, Br-, NO3

-, BO3
3- , PO4

3- , SO4
2- . 

Basic Radicals: Pb2+ , Cd2+ , Cu2+ , Bi3+ , Al3+ , Fe3+ , Zn2+ , Mn2+ , Ba2+ ,Sr2+ , Ca2+ , NH4
+ , 

Mg2+ , K+ , Na+. 



Natural Products Chemistry: 6 hours 

V Semester Chemistry syllabus 
 

Paper 5 - Organic chemistry 

 
UNIT-I 

 
(42 hours) 

 

 

Optical-isomerism 

Elements of symmetry. chiral and achiral molecules, stereogenic centre, Fischer projection 

formulae. Enantiomers, Optical activity of glyceraldehydes, lactic acid, tartaric acid. use of 

+/-, d/l and D/L notations. Properties of enantiomers, chiral and achiral molecules with two 

stereogenic centres. Meso compounds.Cahn-Ingold-Prelog sequence rules: R&S systems of 

nomenclature. Diastereomers, Threo and Erythro isomers. Racemisation and resolutions. 

Relative and absolute configuration. Optical isomerism due to restricted rotation about single 

bonds- Diphenyl systems. Optical isomerism of allenes. 

Geometrical isomerism: 

Introduction, examples, Determination of configuration of geometrical isomers. Cis and 

trans, E&Z system of nomenclature. Geometrical isomerism in oximes. Conformations of 

acylic compounds: ethane, n-propane, n-butane. Conformations of cylic compounds: mono 

and di substituted cyclohexane. 

Organic Reaction Mechanism: 6 hours 

Mechanisms of Fries, Beckmann, Schmidt and Claisen, Hofmann-Curtius-Lossen, Wolff 

rearrangement, Simmons-Smith reaction, Michael reaction, Darzens reaction, Wittig reaction 

and McMurry reaction; Pinacol-pinacolone, Favorskii, benzilic acid rearrangement, dienone- 

phenol rearrangement, Baeyer-Villeger reaction 

UNIT-II 

 
Heterocyclic Compounds: 5 hours 

 
Structure, resonance and aromatic character of Furan, Pyrrole, Thiophene and Pyridine. 

Methods of preparation and reaction of Furan, Pyrrole, Thiophene, and Pyridine. Mechanism 

of electrophilic substitution reaction; comparison of basicity of pyridine, piperidine and 

pyrrole. Structures of fused ring systems eg: Indole, Quinoline and Isoquinoline. 

 

 

Terpenoids: Occurance, classification, isoprene rule; elucidation of structure and synthesis 

of citral and -terpineol. Structure of menthol, camphor, limonene and -carotene and their 

uses. 

Stereochemistry: 8 hours 



Medicinal Chemistry 3 hours 

Spectroscopy of Organic Compounds: 14 hours 

Alkaloids: Classification, general characteristics, structural elucidation and synthesis of 

nicotine. Uses of quinine, morphine, cocaine, atropine, and nicotine. 

Steroids : introduction and classification of steroids. Source, effects, therapeutic applications 

of Estrogen, Progestins, Androgens, Glucocorticoids. 

 

 

Introduction to drugs, their action and discovery. Source of drugs and lead compounds. 

Method and routes of administration. A brief introduction to drug action: the pharmacokinetic 

phase (ADME), the pharmacodynamic phase. Synthesis and uses of paracetamol, 

chloramphenicol, penthothal, sulphanilamide & Ibuprofen. 

UNIT-III 

 

 

UV Spectroscopy: Electronic transitions; chromophores, auxochromes; hyperchromic effect, 

hyphochromic effect, blue shift and red shift. Colour and constitution, influence of 

conjugation on uv absorption, effect of solvents. Uv spectra of Ethene, ethanal, acetone, 

cyclohexane,methyl vinyl ketone,1,3-butadiene, lycopene and benzene. Woodward-Fieser 

Rules for calculating absorption maximum in Dienes, α,ß-unsaturated carbonyl compounds 

and problems on Woodward-Fieser Rules. 

 

IR Spectroscopy: Vibrational transition; stretching and bending modes of vibration; 

influence of force constants and atomic weight on IR absorption position; identification of 

common functional groups such as –OH, -C-H, C=C, C-C, -C=O, -COOH, -NH2, -NO2 

fingerprint region. 

IR spectra of hexane, 2- hexanol, 2- hexanone, 2- hexanoic acid, benzoic acid and 

methylbenzoate. 

 

NMR Spectroscopy: Basic principles of proton magnetic resonance; chemical shift, factors 

influencing chemical shift, equivalent and non-equivalent protons, shielding and deshielding 

effect, Splitting of the signals Coupling constant(J). Application in structural identification of 

simple organic molecules such as methane, methylchloride, ethylchloride, chloroform, 

benzene, toluene, benzylalcohol & Magnetic resonance imaging. 

 

Mass Spectroscopy: Basic principles and instrumentation of mass spectrometry, molecular 

peak, base peak, isotopic peak, metastable peak and their uses, Fragmentation- by direct 

electron impact, McLafferty rearrangement, Nitrogen rule, determination of absolute mass 



and problems on fragmentation. Mass spectra of 10, 20 , 30 alcohol, n-pentane, 2- 

methylbutane, triethyl amine. 

V SEMESTER PRACTICAL-V 
 

1. Qualitative Organic Analysis: Analysis of simple organic compounds containing one 

functional group. 

 

2. Project. 



 

 

 

 
UNIT-I 

V Semester Chemistry syllabus(CBCS) 

Paper-6- Physical chemistry 

 

 

 
(42hours) 

Chapter-1:  Electrochemistry I : 6 hours 

 
Introduction to Electrochemistry- specific, equivalent and molar conductance and their 

determination, problems. Variation of conductance with concentration for weak and strong 

electrolytes. 

Transport number, determination by moving boundary method, abnormal transference 

numbers, problems on transport number. Ionic mobility. 

Kohlrausch’s law and its applications: (i) evaluation of Λm from Λ+ and Λ- (ii) evaluation of 

degree of dissociation of a weak electrolyte (iii) evaluation of Λ∞ of a weak electrolyte 

(iv) determination of solubility from conductance of saturated solutions of sparingly soluble 

salt Ionic product of water and its determination by conductivity method, problems. 

Conductometric titrations (acid- base and precipitation reactions) 

Limitations of Arrhenius theory, Debye-Huckel- Onsagar theory (qualitative treatment). 

Chapter-2:  Electrochemistry II : 8  hours 

Electrolytic and Galvanic cells, convention of representing cells, reversible and irreversible 

cells. 

Standard Weston cadmium cell, emf of cell and determination, relation between emf and free 

energy change and numerical problems. Thermodynamic deduction of Nernst equation and 

problems. Determination of E0 of an electrode-Zn/Zn2+ and Cu/Cu2+. 

Types of electrodes: Metal and gas electrodes, metal/metal insoluble salt electrodes, redox 

electrodes. 

Reference electrodes- standard hydrogen electrode, calomel electrode and quinhydrone 

electrode and glass electrode. Determination of pH using these electrodes. Determination of 

solubility of sparingly soluble salts from emf measurement and numerical problems. 

Concentration cells: emf of concentration cells with and without transference, Potentiometric 

titrations involving acid- base, precipitation and redox reactions. 

UNIT-II 



Chapter-3: Ionic equilibria 7 hours 

 
Hydrolysis of salts: Salts of (i)strong acid and strong base(ii)weak acid and strong 

base(iii)strong acid and weak base (iv)weak acid and weak base, relationship between Kh, 

Kw, Ka, Kb, Degree of hydrolysis and its relationship with Kh, pH of salt solutions- problems. 

Effect of temperature and dilution on degree of hydrolysis, Common-ion effect, Solubility 

product and solubility, Common ion effect and solubility, application of solubility product in 

qualitative analysis. Buffers: mechanism of buffer action-weak acid and its salt, weak base 

and its salt. pH of buffers-problems, buffer capacity, importance of buffer solutions. 

Chapter-4: Photochemistry 7 hours 

 
Beer- Lamberts law and its applications, (Estimation of iron). Difference between thermal 

and photochemical processes. Laws of photo chemistry- Grotthus – Draper law, Stark 

Einstein law, quantum yield, problems. Experimental method for the determination of 

quantum yield. Recorders – Thermopile, actinometers. H2 and Br2 reaction, H2 and Cl2 

reaction. Singlet and triplet states, Jablonski diagram depicting various processes occurring in 

the excited state. Qualitative description of Fluorescence , Phosphorescence, nonradiative 

processes (internal conversion, intersystem crossing). Photosensitised reaction – energy 

transfer processes(simple examples). Photochemical equilibrium-dimerisation of anthracene. 

Luminescence, Bioluminiscence. Applications of photochemistry – photovision, 

photography, etc. 

UNIT-III 

 
Chapter-5: Physical properties and Molecular Structure 3 hours 

 
Polarization- orientation of dipoles in an electric field, dipole moment. Induced dipole 

moment, Clausius-Mossotti equation(no derivation), dipole moment and structures of 

molecules. Magnetic properties-paramagnetism, diamagnetism and ferromagnetism. 

Chapter-6: Chemical Spectroscopy 11 hours 

 
Introduction . Electromagnetic radiation, Regions of spectrum, Interaction of radiation with 

matter. 

Rotational Spectroscopy –diatomic molecules,derivation of the equation I =μro
2, problems, 

energy levels of a rigid rotor, (semi classical principles), selection rules, isotope effect. 

Problems. 



Vibrational Spectroscopy- Infrared spectra, energy levels of simple harmonic oscillator, 

selection rules, pure vibrational spectrum, determination of force constant and bond energies. 

Degrees of freedom- modes of vibration for CO2 and H2O molecules. Statement of the Born 

Oppenheimer approximation, vibration – rotation spectra, PQR bands, Harmonic bands. 

Raman Spectra- concept of polarizaibility, pure rotational and pure vibrational spectra. 

Raman spectra of diatomic molecules, origin of Stokes and anti-Stokes lines, selection rules. 

Electronic Spectra – Concept of potential energy curves for bonding and anti bonding 

molecular orbital, qualitative description of selection rules and Franck Condon principle, 

allowed transitions. 

V SEMESTER PRACTICAL-VI 

 
1. Determination of transition temperature of a salt hydrate by thermometric method. 

2. Determination of velocity constant of acid catalyzed hydrolysis of methyl acetate. 

3.Estimation of potassium dichromate using ferrous ammonium sulphate by potentiometric 

titration. 

4. Estimation of copper as cuprammonium sulphate colorimetrically. 

5. Determination of the dissociation constant of acetic acid by conductometry. 

6. Determination of solubility of sparingly soluble salt (AgCl) by setting up a concentration 

cell. 

7. Determination of pH of strong and weak acid and bases using pH meter. 

8. Project. 



Chapter-2: Nano Chemistry 4 hours 

Chapter-3: Industrial materials 14 hours 

Paper-7- Inorganic chemistry 
 

Unit-1 (42 hours) 
 

Chapter- 1: Organometallic compounds 10 hours 
 

Introduction, classification of organometallic compounds based on bond type, classification 

of ligands based on hapticity, synthesis and structures of Ni(CO)4, Fe(CO)5 , Cr(CO)6 , 

Co2(CO)8, Mn2(CO)10, Fe(C5H5)2, Cr(C6H6)2, K[PtCl3(C2H4)], W(CH3)6. 

18- electron rule, illustration of the rule using the above examples. Bonding in metal 

carbonyls-qualitative approach. Organometallic compounds in catalysis-Ziegler-Natta 

polymerization of ethylene (no mechanism). 

Applications of organometallic compounds: 
 

Cis- platin in cancer therapy, Na2Ca EDTA in the treatment of heavy metal ion removal 

(Pb,Cd), alkene hydrogenation using Wilkinson’s catalyst and Monsanto acetic acid process. 
 

 

Introduction to nanomaterials- synthesis of nano materials- Physical methods-Physical 

vapor deposition, plasma arching, chemical methods-sol gel, reduction and Fuel combustion 

techniques. Charctersiartion- XRD, SEM, AFM and TEM. Carbon nanotubes and fullerenes - 

Types, Synthesis- arc deposition technique, properties- Electrical and Tensile strength, 

applications- Medical and photovoltaic cell. 

Unit-2 
 

 

Ferrous and Non- Ferrous alloys- Composition (Brass, Duralumin, Nichrome steel) 

applications. 

Ceramics- Raw materials, verities of clays, production of ceramic ware, glazing, ceramic 

insulators. 

Abrasives – Classification, hardness, manufacture and applications. 
 

Glass- Properties, types, manufacture of soda galss, composition and applications of 

borosilicate and optical glasses, safety glass, fire and bullet proof glasses. 

Refractories – Properties, classification, determination of PCE values 
 

Cement – Composition, grades, manufacture of Portland cement (by wet process), setting 

process, Applications. 

Paints and Varnishes – Constituents of oil and emulsion paints and their role - Manufacture 

and relative merits of white lead, lithopone and titanium white, constituents of varnishes, wall 

painting methods. 



Analytical Chemistry: 6 hours 

Fuels – Characteristics, calorific value and its determination using bomb calorimeter. 
 

Coal – varieties, reserves and production in India, production of coke, gaseous fuels – 

producer gas, water gas, advantages, constituents and their significance, production of coal 

gas and LPG. Octane number. 

Explosives – Classification properties, preparation of dynamite and TNT applications. 
 

Propellants – Characteristics, classification and their applications. 
 

Unit-3 
 

Silicates 3 hours 
 

Classification and structures, isomorphous replacement, pyroxenes, layered and vitreous 

silicates, silica gel, zeolites-molecular sieves and Applications. 

Bioinorganic Chemistry: 5 hours 
 

Essentials and trace elements of life; basic reactions in the biological systems and the role of 

metal ions, especially Fe2+, Fe3+, Cu2+ and Zn2+; structure and function of hemoglobin, 

myoglobin and Chlorophyll. Role of cobalamin in living systems. 
 

 

Advantages of EDTA- Estimation of Mg, Ca and Zn by complexometric method. Use of 

Indicators- EBT, Patton reeder. 

Gravimetric method – Ni-DMG complex. 

Colorimetric method- Iron- ortho–phenanthroline complex. 

Electro gravimetric estimation of copper. 

Basic principles, experimental setup and applications of Atomic absorption spectroscopy, 

Thermo gravimetric analysis and Flame photometry- analysis of water and soil samples. 



 
 

1. Determination of total hardness of water using EDTA. 
 

2. Determination of Zinc using EDTA. 

3.Estimation of Magnesium using EDTA 

4.Estimation of Ca+2 and Mg+2 ions using EDTA 

5. Estimation of Ni+2 ions using back titration method 

6. Determination of percentage of Iron in hematite ore using diphenyl amine as an 

internal indicator. 

7. Determination of copper in brass. 
 

8. Determination of calcium in limestone permanganometry. 
 

9. Determination of nickel as nickel dimethyl glyoximate by gravimetry 
 

10. Determination of ferrous iron using ortho-phenanthroline colorimetrically. 
 

11. Project 

Inorganic Chemistry –VII 3HRS/WEEK 



Paper-8- Biochemistry 
 

(42hours) 

UNIT-I 
 

Chapter 1:  Introduction to Biochemistry 2 hour 

Scope and development of biochemistry (contribution of scientists) . 

Cell structure, components and their functions. 

Elemental and biochemical composition of living organisms and their role in living 

organisms. 

Role of water in biochemical systems (Hydrogen bond, Vander Walls interactions, dipole 

moment, hydrophilic and hydrophobic interactions). 

Chapter 2: Carbohydrates 6 hours 

Introduction and classification. 

Monosaccharides: Structure of glucose, galactose, fructose, mannose and ribose (α and ß 

forms). 

Glucose: properties, open- chain and ring structure. Determination of ring size, anomers and 

epimers. 

Structure and biological importance of derivatives of Monosaccharides: 

Amino sugars : ß-D-glucosamine, ß-D-galactosamine and their acetaylated forms. N-acetyl 

muramic acid (NAMA), . N-acetyl neuraminic acid ( NANA). 

Sugar acids: D- gluconic acid, D-glucuronic acid and D- glucaric acid. 

Sugar phosphates- Glucose 6-phosphate, Fructose-6-phosphate, Fructose-1,6-diphosphate, β- 

D-Ribose-5-phosphate, β-D-deoxyribose-5-phosphate. 

Structure and functions of deoxyribose. 

Oligosaccharides : Structure and biological importance of isomaltose, cellobiose and 

trehalose. 

Polysaccharides: Source, partial structure and biological function of starch, cellulose, chitin, 

heparin and insulin. 

 
Chapter 3: Lipids 4 hours 

Introduction and classification into simple, compound and derived lipids. 

Fatty acids : definition and classification- i) saturated and unsaturated with examples and 

structure of palmitic, stearic, linoleic, linolenic and arachidonic acid. ii) Essential and non- 

essential fatty acids with examples. 

Triglycerides–Structure of simple and mixed glycerides, properties of triglycerides- acid and 



alkali hydrolysis, saponification number and its significance, iodine number and its 

significance, rancidity ( oxidative and hydrolytic), biological importance of triglycerides. 

Phosphoglycerides – general structure of 3-Sn–phosphatidic acid, lipid bilayer (as in cell 

membrane), micelles, liposomes and its applications, structure and biological importance of 

lecithin, cephalin, phosphatidylserine, phosphatidylinositol. Cholesterol – definition, types 

(HDL, LDL and VLDL). 

Sphingolipids–structure and biological significance of ceramide. 

 
Chapter 4: Hormones 2 hours 

Definition and Features. 

Classification: 

Amino acid derivatives : Thyroxin, epinephrine and nor epinephrine -their functions 

Peptide hormones- oxytocin, vasopressin - their functions 

Protein hormones- insulin, glucagons - their functions 

Steroid hormones- androgens, estrogens and progesterone - their functions 

 
UNIT-II 

 
Chapter 5: Proteins 6 hours 

α-amino acids-general structure, classification based on the polarity of side chain groups. 

Reactions of amino acids- reaction with alcohols, ninhydrin, Sanger’s reagent .Edman’s 

reagent, carbon dioxide, nitrous acid. 

Zwitter ionic structure and isoelectric point taking glycine as an example. 

Aminoacids as precursors for specialised molecules ex neurotransmitters (GABA), 

Importance of serotonin. 

Peptide bond –characteristics. Biological importance of proteins. Classification of proteins 

based on composition and solubility with suitable examples. 

Structural organization of proteins-primary (example of insulin, sickle cell anemia) 

secondary, brief description -helix, -pleated structure (keratin and silk fibroin) tertiary 

(ribonuclease) and quaternary structure of proteins example of Hemoglobin. 

Chapter 6: Enzymes 5 hours 

 
General characters of enzymes. Classification according to IUB with examples(EC number 

not  required)  Active  site,   enzyme   specificity,   mechanism   of   enzyme   action   

Enzyme kinetics- effect of enzyme and substrate concentration on rate of reaction, M-M 

equation(derivation not required), significance of Km and Vmax, effect of pH and 

temperature on rate of enzyme catalyzed reaction. Enzyme inhibition –competitive and 



noncompetitive and their significance. Clinical and industrial applications of enzymes (- 

creatine kinase, Lactate dehydrogenase, alkaline phosphatase.) 

Chapter 7 : Nucleic acids 3 hours 

 
Types–Components of nucleic acids, bases, nucleosides and nucleotides with structures. 

Partial structure of polynucleotide. 

Structure of DNA (Watson-Crick model) and RNA. Biological roles of DNA and RNAs. 

Protein-nucleic acid interaction- chromatin and viral nuclear capsid. 

UNIT-III 

Chapter 8 : Biological oxidation : 4 hours 

Bioenergetics- Introduction-stages of energy transformation. Exergonic and endergonic 

reactions. Relationship between G and Keq. 

High energy phosphates–definition, examples, structural features of ATP that makes ATP a 

high energy phosphate (electro static repulsion, opposing resonance, solvation of ATP). 

Examples of high energy phosphates other than ATP. Energy coupling in biological reactions 

(explain the concept with suitable examples). 

Biological oxidation – comparison of oxidation with combustion using glucose as an 

example. Redox potentials of some biological important half reactions. Calculation of energy 

yield from biological redox reaction (oxidation of NADH by oxygen, reduction of 

acetaldehyde by NADH). Mitochondrial electrotransport chain, oxidative phosphorylation. 

Substrate level phosphorylation. 

Chapter 9 : Metabolism 6 hours 

Catabolism and anabolism (explanation with an example) – Carbohydrate metabolism, 

glycolysis, fate of pyruvate. TCA cycle, energetic. 

Gluconeogenesis–definition, synthesis of glucose from lactate. 

Fatty acid metabolism–activation of fatty acids, role of carnitine, β-oxidation pathway, 

energetics. 

Protein metabolism–general aspects of amino acid degradation – transamination, deamination 

and decarboxylation. Urea cycle. 

Chapter 10 : Molecular biology 4 hours 

 
Central dogma of molecular biology–semi conservative replication and mechanism of DNA 

replication, transcription, translation. DNA finger printing – Definition and its applications 



VI Semester: Practical VIII (Biochemistry) 3 hours per week 

1. Preparation of buffers and determination of their pH values using pH meter. 

2. Estimation of reducing sugars by DNS (dinitrosalicylic acid) method. 

3. Estimation of reducing sugars by Hegdorn-Jensen method. 

4. Estimation of proteins by Biuret method. 

5. Estimation of creatinine by Jaffe’s method. 

6. Estimation of inorganic phosphate by Fiske-Subbarow method 

7. Qualitative tests for carbohydrates. 

8. Separation of amino acids by paper chromatography. 

9. Project 


