
 
 

 B. Sc.Three Years Degree (Honours) CBCS 

COOCH BEHAR PANCHANAN BARMA UNIVERSITY
 

CHOICE BASED CREDIT SYSTEM

CORE COURSE PAPERS (HONOURS IN CHEMISTRY)

TRUNCATED SYLLABUS
(First, Third & Fifth Semester)

 
 

 
B. Sc.Three Years Degree (Honours) CBCS  

 
COOCH BEHAR PANCHANAN BARMA UNIVERSITY

 
 
 

CHOICE BASED CREDIT SYSTEM
 
 
 
 
 
 
 
 
 

CORE COURSE PAPERS (HONOURS IN CHEMISTRY)
 
 
 
 
 
 
 
 
 

TRUNCATED SYLLABUS 
(First, Third & Fifth Semester) 

 

COOCH BEHAR PANCHANAN BARMA UNIVERSITY 

CHOICE BASED CREDIT SYSTEM 

CORE COURSE PAPERS (HONOURS IN CHEMISTRY) 



SEMESTER-I 
 
UG/CHEM/101/C-1 : ORGANIC CHEMISTRY –I  
(Credits : Theory –4, Practical –2) 
(Theory- T1): 36 Lectures 
 
Basics of Organic Chemistry  
Organic Compounds: Hybridization, Shapes of molecules, Influence of hybridization on 
bond properties. Calculation of double bond equivalent (DBE). Electronic Displacements: 
Inductive, electromeric, resonance and mesomeric effects, hyperconjugation and their 
applications, resonance energy; bond polarization and bond polarizability; steric effect, steric 
inhibition of resonance. Dipole moment; Organic acids and bases; their relative strength. 
 
Tautomerism: Prototropy (keto-enol, nitro - aci-nitro, nitroso-oximino, diazo-amino and 
enamine-imine systems); composition of the equilibrium in different systems (simple 
carbonyl; 1,2- and 1,3-dicarbonyl systems, phenols and related systems), factors affecting 
keto-enol tautomerism; application of thermodynamic principles in tautomeric equilibria. 
 
Homolytic and Heterolytic fission with suitable examples. Curly arrow rules, formal charges; 
Electrophiles and Nucleophiles; Nucleophlicity and basicity; Types, shape and their relative 
stability of Carbocations, Carbanions, Free radicals and Carbenes. 
 
 
Stereochemistry-I:  
Fischer Projection, Newmann and Sawhorse Projection formulae and their interconversions.  
Optical Isomerism: Optical Activity, Specific Rotation, Chirality/Asymmetry, Enantiomers, 
Molecules with two or more chiral-centres, Distereoisomers, meso structures, Racemic 
mixture and resolution. Relative and absolute configuration: D/L and R/S designations.  
Chirality, elements of Symmetry, simple axis, plane of symmetry, centre of symmetry, 
alternating axis of symmetry. Asymmetry & disymmetry, optical activity, specific rotation, 
molar rotation. Enantiomerism & Diastereoisomerism, Stereogenic centres, systems with 
chiral centres, Stereogenic centres involving C=C, C=N; D/L, R/S, E/Z, syn/ anti, cis/trans, 
meso/dl, threo/erythro nomenclature. Isomerism involving two like/unlike stereogenic centres 
(AA, AB, ABA and ABC types), pseudo-asymmetric centres, stereogenicity, chirotopicity, 
achirotopicity. 
 
Reference Books:  

• Morrison, R. N. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. Ltd. 
(Pearson Education).  

• Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd. (Pearson 
Education).  

• Finar, I. L. Organic Chemistry (Volume 2): Stereochemistry and the Chemistry of Natural 
Products), Dorling Kindersley (India) Pvt. Ltd. (Pearson Education).  

• Eliel, E. L. & Wilen, S. H. Stereochemistry of Organic Compounds; Wiley: London, 1994.  
• Kalsi, P. S. Stereochemistry Conformation and Mechanism; New Age International, 2005. 



UG/CHEM/102/C-2 : PHYSICAL CHEMISTRY – I 
(Credits : Theory – 4, Practical – 2) (Theory- T2) : 36 Lectures 

 
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 σ from η; 
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. Barometric distribution law. 
 
Liquid state: 
Surface tension, surface energy; excess pressure over curved surface, capillary rise, measurement of 
surface tension. Angle of contact, Work of cohesion and adhesion, spreading of liquid over solid surfaces. 
Temperature dependence of surface tension. 
Viscosity coefficient (ɳ), Poiseulle’s equation, temperature dependence of viscosity coefficient of liquids and 
gases and their comparison. Determination of viscosity coefficient of liquids. 
 
Ionic equilibria: 
Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of ionization, 
ionization constant and ionic product of water. Ionization of weak acids and bases, pH scale, common ion 
effect. Salt hydrolysis-calculation of hydrolysis constant, degree of hydrolysis and pH for different salts. 
Buffer solutions; derivation of Henderson equation and its applications; buffer capacity, buffer range, buffer  
action. 

 
Reference Books:  

• Kapoor, K.L. Physical Chemistry, Vol. I, Macmallian India Limited.  
• Atkins, P. W. & Paula, J. de Atkin’s Physical Chemistry Ed., Oxford University Press (2014).  
• Ball, D. W. Physical Chemistry Thomson Press, India (2007).  
• Castellan, G. W. Physical Chemistry 4th Ed. Narosa (2004).  
• Mortimer, R. G. Physical Chemistry 3rd Ed. Elsevier: NOIDA, UP (2009) 

• Engel, T.& Reid, P. Physical Chemistry 3rd Ed. Pearson (2013). 
 



SEMESTER – III 
 

UG/CHEM/301/C-5 : PHYSICAL CHEMISTRY – II 
(Credits : Theory – 4, Practical – 2) (Theory- T5) : 36 Lectures 

 
Chemical Thermodynamics: 

Intensive and extensive variables; state and path functions; partial derivatives and cyclic rule, isolated, closed 
and open systems; Concept of thermal equilibrium and zeroth law of thermodynamics. Concept of heat (Q) 
and work (W). Graphical explanation of work done during expansion and compression of an ideal gas. 
Reversible and irreversible processes and work done. 

First law: Statement of first law and internal energy (U) as a state function; enthalpy (H), relation between 
heat capacities, Joule’s experiment, calculations of Q, W, ∆U and ∆H for reversible, 

irreversible and free expansion of gases (ideal and van der Waals) under isothermal and adiabatic conditions. 

Second Law : Carnot cycle, Concept of entropy; various statements of the second law of 
thermodynamics; Carnot’s theorem, thermodynamic scale of temperature. Calculation of entropy 
change for reversible and irreversible processes. 

Free Energy Functions: Gibbs and Helmholtz energy; variation of S, G, A with T, V, P; Free energy change 
and spontaneity. Joule-Thomson experiment. Relation between Joule-Thomson coefficient and other 
thermodynamic parameters; inversion temperature; Gibbs-Helmholtz equation; Maxwell relations; 
thermodynamic equation of state. 

Chemical Equilibrium: 

Criteria of thermodynamic equilibrium, degree of advancement of reaction, chemical equilibria in ideal 
gases, concept of fugacity. Thermodynamic derivation of relation between Gibbs free energy of reaction 
and reaction quotient. Equilibrium constants and their quantitative dependence on temperature, pressure and 
concentration. Free energy of mixing and spontaneity; thermodynamic derivation of relations between the 
various equilibrium constants. 

Solutions and Colligative Properties: 

Relations between the four colligative properties [(i) relative lowering of vapour pressure, (ii) elevation of 
boiling point, (iii) Depression of freezing point, (iv) osmotic pressure] and amount of solute (Derivation not 
required). Applications in calculating molar masses of normal, dissociated and associated solutes in 
solution. 

Reference Books  
• Kapoor, K.L. Physical Chemistry, Vol. II, MacMillan India Limited  
• Kapoor, K.L. Physical Chemistry, Vol. III, MacMillan India Limited  
• Peter, A. & Paula, J. de. Physical Chemistry 9th Ed., Oxford University Press (2011).  
• Castellan, G. W. Physical Chemistry 4th Ed., Narosa (2004).  
• Engel, T. & Reid, P. Physical Chemistry 3rd Ed., Prentice-Hall (2012). 
• McQuarrie, D. A. & Simon, J. D. Molecular Thermodynamics Viva Books Pvt. Ltd.: New 

Delhi (2004).  



• Assael, M. J.; Goodwin, A. R. H.; Stamatoudis, M.; Wakeham, W. A. & Will, S. Commonly 
Asked Questions in Thermodynamics. CRC Press: NY (2011).  

• Levine, I .N. Physical Chemistry 6th Ed., Tata McGraw Hill (2010).  
• Metz, C.R. 2000 solved problems in chemistry, Schaum Series (2006) 

 

UG/CHEM/302/C-6: (Theory-4, Practical—2): 

INORGANIC CHEMISTRY-II 

 

Acids and Bases:  Brönsted-Lowry concept of acid-base reactions, solvated proton, relative 
strength of acids, types of acid-base reactions, leveling solvents, Lewis acid-base concept, 
Classification of Lewis acids, Hard and Soft Acids and Bases (HSAB) Application of HSAB 
principle. 

Chemistry of s and p Block Elements:     Inert pair effect, Relative stability of different 
oxidation states, diagonal relationship and anomalous behavior of first member of each group 
(Group 1, 13, 15, 17). Complex formation tendency of s and p block elements. Hydrides and 
their classification ionic, covalent and interstitial. Study of the following compounds with 
emphasis on structure, bonding, preparation, properties and uses. Boric acid and borates, 
boron nitrides, borohydrides (diborane),  carboranes, borazine and phosphazine,  Oxides and 
oxoacids of nitrogen, Phosphorus and chlorine, interhalogen compounds, polyhalide ions, 
pseudohalogens and basic properties of halogens 

Noble Gases: Occurrence and uses, rationalization of inertness of noble gases, Clathrates; 
preparation and properties of XeF2, XeF4 and XeF6; Nature of bonding in noble gas 
compounds (Valence bond treatment and MO treatment for XeF2). Molecular shapes of 
noble gas compounds (VSEPR theory). 

 Reference Books:  
 Lee, J.D. Concise Inorganic Chemistry, ELBS, 1991 
 Douglas, B.E; Mc Daniel, D.H. & Alexander, J.J. Concepts & Models of Inorganic Chemistry 

3rd Ed., John Wiley Sons, N.Y. 1994.  
 Greenwood, N.N. & Earnshaw. Chemistry of the Elements, Butterworth-Heinemann. 1997. 
 Cotton, F.A. & Wilkinson, G. Advanced Inorganic Chemistry, Wiley, VCH, 1999.  
 Miessler, G. L. & Donald, A. Tarr. Inorganic Chemistry 4th Ed., Pearson, 2010. • Shriver & 

Atkins, Inorganic Chemistry 5th Ed. 
 
 
UG/CHEM/303/C-7: ORGANIC CHEMISTRY – III  
(Credits: Theory – 4, Practical – 2)  
(Theory- T7): 36 Lectures 
 
Carbonyl Compounds:  
 
Structure, reactivity and preparations. Nucleophilic additions, Nucleophilic addition-elimination 
reactions with ammonia derivatives with mechanism; Mechanisms of Aldol and Benzoin 



condensation, Knoevenagel condensation, Claisan-Schmidt, Perkin, Cannizzaro and Wittig 
reaction, Beckmann and Benzil-Benzilic acid rearrangements, haloform reaction and Baeyer 
Villiger oxidation, α- substitution reactions, oxidations and reductions (Clemmensen, Wolff-
Kishner, LiAlH4, NaBH4, MPV, PDC and PGC).  
Addition reactions of unsaturated carbonyl compounds: Michael addition.  
Active methylene compounds: Preparation and synthetic applications of diethyl malonate and 
ethyl acetoacetate. 
 
Organometallics:  
 
Grignard reagent; Organolithiums; Gilman cuprates: preparation and reactions addition of 
Grignard and organolithium to carbonyl compounds; substitution on -COX; conjugate addition by 
Gilman cuprates; Corey-House synthesis; abnormal behaviour of Grignard reagents; comparison 
of reactivity among Grignard, organolithiums and organocopper reagents;  Reformatsky reaction;  
Blaise reaction; concept of umpolung and base-nucleophile dichotomy in case of organometallic 
reagents. 
 
Carboxylic Acids and their Derivatives:  
 
Preparation, physical properties and reactions of monocarboxylic 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, Hofmann bromamide degradation and Curtius rearrangement. 
 
Nitrogen Containing Functional Groups  
 
Preparation and important reactions of nitro and compounds, nitriles and isonitriles  
Amines : Effect of substituent and solvent on basicity; Preparation and properties: Gabriel 
phthalimide synthesis, Carbylamine reaction, Mannich reaction, Hoffmann’s exhaustive 
methylation, Hofmann-elimination reaction; Distinction between 1°, 2° and 3° amines with 
Hinsberg reagent and nitrous acid.   
Diazonium Salts: Preparation and their synthetic applications. 
 
Reference Books:  

 Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. Ltd.   (Pearson 
Education).  

  Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd. (Pearson 
Education).  

  Graham Solomons, T.W. Organic Chemistry, John Wiley & Sons,  

 
 
 
 
 



SEC-I 
 

FUEL CHEMISTRY 
(Credits: 02) 18 Lectures 

 
Review of energy sources (renewable and non-renewable). Classification of fuels and their 
calorific value. 
 
Coal: Uses of coal (fuel and nonfuel) in various industries, its composition, carbonization of 
coal. Coal gas, producer gas and water gas—composition and uses. Fractionation of coal tar, uses 
of coal tar bases chemicals, requisites of a good metallurgical coke. 
 
Petroleum and Petrochemical Industry: Composition of crude petroleum, Refining and 
different types of petroleum products and their applications. 
 
Cracking (Thermal and catalytic cracking), Reforming Petroleum and non-petroleum fuels (LPG, 
CNG, LNG, bio-gas, fuels derived from biomass), fuel from waste, synthetic fuels (gaseous and 
liquids), clean fuels. Petrochemicals: Vinyl acetate, Propylene oxide, Isoprene, Butadiene, Toluene 
and its derivatives Xylene. 
 
Lubricants: Classification of lubricants, lubricating oils (conducting and non-conducting) 
Solid and semisolid lubricants, synthetic lubricants. 
Reference: 

• Stocchi, E. Industrial Chemistry, Vol-I, Ellis Horwood Ltd. UK (1990).  
• Jain, P.C. & Jain, M. Engineering Chemistry Dhanpat Rai & Sons, Delhi.  
• Sharma, B.K. & Gaur, H. Industrial Chemistry, Goel Publishing House, Meerut (1996). 

 
 

SEMESTER – V 
 
UG/CHEM/501/C-11 :  PHYSICAL  CHEMISTRY – IV 
(Credits : Theory – 4, Practical – 2) (Theory- T11) : 60/ 36 Lectures 
 
Conductance 

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 law of independent migration of ions.  

Quantitative aspects of Faraday’s laws of electrolysis.Ionic velocities, mobilities and their 
determinations, transference numbers and their relation to ionic mobilities, determination of 
transference numbers using 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, and 
(v) hydrolysis constants of salts. 

Electrochemistry  

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

Statistical Thermodynamics : 

Macrostates and microstates, Probability, Thermodynamic probability and entropy, Boltzmann 
distribution (with derivation), Partition function. 

Electrical & Magnetic Properties of Atoms and Molecules 

Dipole moment and molecular polarizabilities and their measurements.Application of dipole 
moment for molecular structure determination. 

Reference: 
• Atkins, P.W & Paula, J.D. Physical Chemistry, 10th Ed., Oxford University Press (2014).  
• Castellan, G. W. Physical Chemistry 4th Ed., Narosa (2004).  
• Mortimer, R. G. Physical Chemistry 3rd Ed., Elsevier: NOIDA, UP (2009).  
• Barrow, G. M., Physical Chemistry 5th Ed., Tata McGraw Hill: New Delhi (2006).  
• Engel, T. & Reid, P. Physical Chemistry 3rd Ed., Prentice-Hall (2012).  
• Rogers, D. W. Concise Physical Chemistry Wiley (2010).  
• Silbey, R. J.; Alberty, R. A. & Bawendi, M. G. Physical Chemistry 4th Ed., John Wiley & 

Sons, Inc. (2005). 
 
UG/CHEM/502/C-12 : ORGANIC CHEMISTRY – V  
(Credits : Theory – 4, Practical – 2)  
(Theory- T12) : 36 Lectures 
 
Pericyclic reactions  
 
Mechanism, stereochemistry, regioselectivity in case of Electrocyclic reactions: FMO approach 
involving 4π- and 6π-electrons (thermal and photochemical) and corresponding cycloreversion 
reactions.  
Cycloaddition reactions: FMO approach, Diels-Alder reaction, photochemical [2+2] cycloadditions. 
Sigmatropic reactions: FMO approach, sigmatropic shifts and their order; [1,3]- and [1,5]-H shifts and 
[3,3]-shifts with reference to Claisen and Cope rearrangements.  
 
 
Organic Spectroscopy  
 
General principles; Introduction to absorption and emission spectroscopy.  



 
UV Spectroscopy: Types of electronic transitions, λmax, Chromophores and Auxochromes, 
Bathochromic and Hypsochromic shifts, Intensity of absorption; Application of Woodward Rules 
for calculation of λmax for the following systems: α, β unsaturated aldehydes, ketones, carboxylic 
acids and esters; Conjugated dienes: alicyclic, homoannular and heteroannular; Extended 
conjugated systems (aldehydes, ketones and dienes); distinction between cis and trans isomers.  
 
IR Spectroscopy : Fundamental and non-fundamental molecular vibrations; IR absorption 
positions of O, N and S containing functional groups; Effect of H-bonding, conjugation, 
resonance and ring size on IR absorptions; Fingerprint region and its significance; application in 
functional group analysis.  
 
NMR Spectroscopy : Basic principles of Proton Magnetic Resonance, chemical shift and factors 
influencing it; Spin – Spin coupling and coupling constant; Anisotropic effects in alkene, alkyne, 
aldehydes and aromatics, Interpretation of NMR spectra of simple compounds.  
Applications of IR, UV and NMR for identification of simple organic molecules. 
 
 
Reference Books:  

• Graham Solomons, T.W. Organic Chemistry, John Wiley & Sons, Inc.  
• McMurry, J.E. Fundamentals of Organic Chemistry, 7th Ed. Cengage Learning India Edition, 

2013.  
• Clayden, J.; Greeves, N.; Warren, S.; Wothers, P.; Organic Chemistry, Oxford University 

Press.  
• Singh, J.; Ali, S.M. & Singh, J. Natural Product Chemistry, Prajati Prakashan (2010).  
• Kemp, W. Organic Spectroscopy, Palgrave.  
• Pavia, D. L. et al. Introduction to Spectroscopy 5th Ed. Cengage Learning India Ed. (2015) 
•  Berg, J.M., Tymoczko, J.L. and Stryer, L. (2006) Biochemistry. VIth Edition. W.H. Freeman 

and Co.  
 
 

 

DSE-I 
CHEMISTRY-DSE: 

 
ANALYTICAL METHODS IN CHEMISTRY  
Qualitative and quantitative aspects of analysis: Sampling, evaluation of analytical data, 
errors, accuracy and precision, methods of their expression, normal law of distribution if 
indeterminate errors, statistical test of data; F, Q and t test, rejection of data, and confidence 
intervals. 
 
Optical methods of analysis: Origin of spectra, interaction of radiation with matter, 
fundamental laws of spectroscopy and selection rules, validity of Beer-Lambert’s law.  
UV-Visible Spectrometry: Basic principles of instrumentation (choice of source, 
monochromator and detector) for single and double beam instrument. Basic principles of 
quantitative analysis: estimation of metal ions from aqueous solution, geometrical isomers, 



keto-enol tautomers. Determination of composition of metal complexes using Job’s method 
of continuous variation and mole ratio method.  
 
Infrared Spectrometry: Basic principles of instrumentation (choice of source, monochromator 
& detector) for single and double beam instrument; sampling techniques. Structural 
illustration through interpretation of data, Effect and importance of isotope substitution.  
 
Electroanalytical methods: Classification of electroanalytical methods, basic principle of 
pH metric, potentiometric and conductometric titrations. Techniques used for the 
determination of equivalence points. Techniques used for the determination of pka values 
 
Separation techniques: Solvent extraction: Classification, principle and efficiency of the 
technique.  
Mechanism of extraction: extraction by solvation and chelation. Technique of extraction: 
batch, continuous and counter current extractions.  
Qualitative and quantitative aspects of solvent extraction: extraction of metal ions from 
aqueous solution, extraction of organic species from the aqueous and nonaqueous media.  
Chromatography: Classification, principle and efficiency of the technique. 
Mechanism of separation: adsorption, partition & ion exchange. Development of 
chromatograms: frontal, elution and displacement methods.  
Qualitative and quantitative aspects of chromatographic methods of analysis: IC, GLC, GPC, 
TLC and HPLC. 
 
Reference Books:  

• Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson, 2009.  
• Willard, H.H. et al.: Instrumental Methods of Analysis, 7th Ed. Wardsworth 

Publishing Company, Belmont, California, USA, 1988.  
• Christian, G.D. Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 2004.  
• Harris, D.C.: Exploring Chemical Analysis, 9th Ed. New York, W.H. Freeman, 2016.  
• Khopkar, S.M. Basic Concepts of Analytical Chemistry. New Age International 

Publisher, 2009.  
• Skoog, D.A. Holler F.J. & Nieman, T.A. Principles of Instrumental Analysis, 

Cengage Learning India Ed.  
• Mikes, O. Laboratory Hand Book of Chromatographic & Allied Methods, Elles 

Harwood Series on Analytical Chemistry, John Wiley & Sons, 1979.  
• Ditts, R.V. Analytical Chemistry; Methods of separation, van Nostrand, 1974 

 
DSE-II 

 
CHEMISTRY-DSE: INORGANIC MATERIALS OF 

INDUSTRIAL IMPORTANCE (Credits: Theory-04, Practicals-02)  

Silicate Industries: Glass, Glassy state and its properties, classification 
(silicate and non-silicate glasses).Manufacture and processing of glass. Composition and 



properties of the following types of glasses: Soda lime glass, lead glass, armoured glass, 
safety glass, borosilicate glass, fluorosilicate, coloured glass, photosensitive glass. Ceramics: 
Important clays and feldspar, ceramic, their types and manufacture. High technology 
ceramics and their applications, superconducting and semiconducting oxides, fullerenes 
carbon nanotubes and carbon fibre. Cements: Classification of cement, ingredients and their 
role, Manufacture of cement and the setting process, quick setting cements. 
 
  Fertilizers: Different types of fertilizers. Manufacture of the following fertilizers: 
Urea, ammonium nitrate, calcium ammonium nitrate, ammonium phosphates; polyphosphate, 
superphosphate, compound and mixed fertilizers, potassium chloride, potassium sulphate.  
 

Surface Coatings: Objectives of coatings surfaces, preliminary treatment of surface, 
classification of surface coatings. Paints and pigments-formulation, composition and related 
properties. Oil paint, Vehicle, modified oils, Pigments, toners and lakes pigments, Fillers, 
Thinners, Enamels, emulsifying agents. Special paints (Heat retardant, Fire retardant, 
Ecofriendly paint, Plastic paint) 
 

Catalysis: General principles and properties of catalysts, homogenous catalysis 
(catalytic steps and examples) and heterogenous catalysis (catalytic steps and examples) and 
their industrial applications, Deactivation or regeneration of catalysts. Phase transfer 
catalysts, application of zeolites as catalyst 

 

Reference Books:  

• E. Stocchi: Industrial Chemistry, Vol-I, Ellis Horwood Ltd.  
• UK. R. M. Felder, R. W. Rousseau: Elementary Principles of Chemical Processes, Wiley 

Publishers, New Delhi.  
• W. D. Kingery, H. K. Bowen, D. R. Uhlmann: Introduction to Ceramics, Wiley Publishers, 

New Delhi.  
• J. A. Kent: Riegel’s Handbook of Industrial Chemistry, CBS Publishers, New Delhi.  
• P. C. Jain, M. Jain: Engineering Chemistry, Dhanpat Rai & Sons, Delhi.  
• R. Gopalan, D. Venkappayya, S. Nagarajan: Engineering Chemistry, Vikas Publications, New 

Delhi.  
• Sharma, B.K. & Gaur, H. Industrial Chemistry, Goel Publishing House,(Meerut 1966) 

 
 
 
 
 
 
 
 
 
 



GENERIC ELECTIVE PAPERS (GE) 
SEMESTER-I 

 
 

GE: ATOMIC STRUCTURE, BONDING, GENERAL ORGANIC CHEMISTRY & 
ALIPHATIC HYDROCARBONS (Credits: Theory-04, Practicals-02)  
Section A: Inorganic Chemistry-1  
 
Atomic Structure: Review of Bohr’s theory and its limitations, Hydrogen atom spectra. Need 
of a new approach to Atomic structure. Significance of quantum numbers, orbital angular 
momentum and quantum numbers ml and ms. Shapes of s, p and d atomic orbitals, nodal 
planes. Discovery of spin, spin quantum number (s) and magnetic spin quantum number (ms). 
Rules for filling electrons in various orbitals, Electronic configurations of the atoms. Stability 
of half-filled and completely filled orbitals, concept of exchange energy. Relative energies of 
atomic orbitals, Anomalous electronic configurations.  
 
Chemical Bonding and Molecular Structure  
Ionic Bonding: General characteristics of ionic bonding. Energy considerations in ionic 
bonding, lattice energy and solvation energy and their importance in the context of stability 
and solubility of ionic compounds. Statement of Born-Landé equation for calculation of 
lattice energy, Born-Haber cycle and its applications, polarizing power and polarizability. 
Fajan’s rules, ionic character in covalent compounds, bond moment, dipole moment and 
percentage ionic character.  
 
Covalent bonding: VB Approach: Shapes of some inorganic molecules and ions on the basis 
of VSEPR and hybridization with suitable examples of linear, trigonal planar, square planar, 
tetrahedral, trigonal bipyramidal and octahedral arrangements. Concept of resonance and 
resonating structures in various inorganic and organic compounds. 

 
Section B: Organic Chemistry-1 (18 Periods) 

 
Fundamentals of Organic Chemistry  
 
Physical Effects, Electronic Displacements: Inductive Effect, Electromeric Effect, Resonance and 
Hyperconjugation. Cleavage of Bonds: Homolysis and Heterolysis. Structure, shape and reactivity 
of organic molecules: Nucleophiles and electrophiles. Reactive Intermediates: Carbocations, 
Carbanions and free radicals. Strength of organic acids and bases: Comparative study with 
emphasis on factors affecting pK values. Aromaticity: Benzenoids and Hückel’s rule.  

(8 Lectures)  
Stereochemistry  
Conformations with respect to ethane, butane and cyclohexane. Interconversion of Wedge 
Formula, Newmann, Sawhorse and Fischer representations. Concept of chirality (upto two carbon 
atoms). Configuration: Geometrical and Optical isomerism; Enantiomerism, Diastereomerism and 
Meso compounds). Threo and erythro; D and L; cis - trans nomenclature; CIP Rules: R/ S (for 
upto 2 chiral carbon atoms) and E / Z Nomenclature (for upto two C=C systems).  

(10 Lectures) 



 
Reference Books: 

 Lee, J.D. Concise Inorganic Chemistry ELBS, 1991. 
 Cotton, F.A., Wilkinson, G. & Gaus, P.L. Basic Inorganic Chemistry, 3rd ed., Wiley. 
 Douglas, B.E., McDaniel, D.H. & Alexander, J.J. Concepts and Models in Inorganic 

Chemistry, John Wiley & Sons.  
 Huheey, J.E., Keiter, E.A., Keiter, R.L. & Medhi, O.K. Inorganic Chemistry: Principles of 

Structure and Reactivity, Pearson Education India, 2006. 
 Graham Solomon, T.W., Fryhle, C.B. & Dnyder, S.A. Organic Chemistry, John Wiley & 

Sons (2014).  
 McMurry, J.E. Fundamentals of Organic Chemistry, 7th Ed. Cengage Learning India 

Edition, 2013.  
 Sykes, P. A Guidebook to Mechanism in Organic Chemistry, Orient Longman, New Delhi 

(1988). 
 Eliel, E.L. Stereochemistry of Carbon Compounds, Tata McGraw Hill education, 2000. 
  Finar, I.L. Organic Chemistry (Vol. I & II), E.L.B.S. 
 Morrison, R.T. & Boyd, R.N. Organic Chemistry, Pearson, 2010. 
 Bahl, A. & Bahl, B.S. Advanced Organic Chemistry, S. Chand, 2010. 

 

SEMESTER – III 
 

GE-3: SOLUTIONS, PHASE EQUILIBRIUM, CONDUCTANCE, 
ELECTROCHEMISTRY & FUNCTIONAL GROUP ORGANIC CHEMISTRY-II  
(Credits: Theory-04, Practical-02)      Theory: 36 Lectures  
 
 

Section A: Physical Chemistry-2 (18 Lectures) 

Solutions 
Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, deviations from Raoult’s 
law – non-ideal solutions. Vapour pressure-composition and temperature composition curves of 
ideal and non-ideal solutions. Distillation of solutions    (4 Lectures) 
 
Phase Equilibrium 
Phases, components and degrees of freedom of a system. Gibbs Phase Rule (Derivation not 
required).         (2 Lectures) 
 
Conductance 
Conductivity, equivalent and molar conductivity and their variation with dilution for weak 
and strong electrolytes. Kohlrausch law of independent migration of ions. Transference 
number. Ionic mobility. Applications of conductance measurements: determination of degree of 
ionization of weak electrolyte, solubility and solubility products of sparingly soluble salts, ionic 
product of water, hydrolysis constant of a salt. Conductometric titrations (only acid- base).(6 
Lectures) 
 
Electrochemistry 
 
Reversible and irreversible cells. Concept of EMF of a cell. Measurement of EMF of a cell. 



Nernst equation and its importance. Types of electrodes. Standard electrode potential. 
Electrochemical series. Thermodynamics of a reversible cell, calculation of thermodynamic 
properties: ΔG, ΔH and ΔS from EMF data. Calculation of equilibrium constant from EMF 
data. (6 Lectures) 

 
Section B: Organic Chemistry-3 (18 Lectures) 

 
Functional group approach for the following reactions (preparations & reactions) to be studied in 
context to their structure.  
 
Carboxylic acids and their derivatives:  
Carboxylic acids (aliphatic and aromatic) Preparation: Acidic and Alkaline hydrolysis of esters.  
Reactions: Hell – Vohlard - Zelinsky Reaction.  
 
Carboxylic acid derivatives (aliphatic): (Up to 5 carbons)  
Preparation: Acid chlorides, Anhydrides, Esters and Amides from acids and their interconversion.  
Reactions: Comparative study of nucleophilicity of acyl derivatives. Reformatsky Reaction, 
Perkin condensation.  

(6 Lectures)  
Amines and Diazonium Salts  
Amines (Aliphatic and Aromatic): (Up to 5 carbons) Preparation: from alkyl halides, Gabriel’s 
Phthalimide synthesis, Hofmann Bromamide reaction. Reactions: Hofmann vs. Saytzeff 
elimination, Carbylamine test, Hinsberg test, with HNO2, Schotten – Baumann Reaction. 
Electrophilic substitution (case aniline): nitration, bromination, sulphonation.  
 
Diazonium salts: Preparation: from aromatic amines. Reactions: conversion to benzene, phenol, 
dyes.           (6 Lectures)  
 
Carbohydrates: Classification, and General Properties, Glucose and Fructose (open chain and 
cyclic structure), Determination of configuration of monosaccharides, absolute configuration of 
Glucose and Fructose, Mutarotation, ascending and descending in monosaccharides.  

(6 Lectures) 
 
Reference Books: 

 Barrow, G.M. Physical Chemistry Tata McGraw‐Hill (2007). Castellan, G.W. 
Physical Chemistry 4th Ed. Narosa (2004). 

 Kotz, J.C., Treichel, P.M. & Townsend, J.R. General Chemistry, Cengage Learning 
India Pvt. Ltd.: New Delhi (2009). 

 Mahan, B.H. University Chemistry, 3rd Ed. Narosa (1998). 
 Petrucci, R.H. General Chemistry, 5th Ed., Macmillan Publishing Co.: New York 

(1985). 
 Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. 

Ltd. (Pearson Education).  
 Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education). 
 Finar, I. L. Organic Chemistry (Volume 2), Dorling Kindersley (India) Pvt. Ltd. 

(Pearson Education).  
 Nelson, D. L. & Cox, M. M. Lehninger’s Principlesemistry 7thEd.,W.H.Freeman 
 Berg, J.M., Tymoczko, J.L. & Stryer, L. Biochemistry, W.H. Freeman, 2002. 


