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Bodoland University   B.Sc. Chemistry Syllabus 
 

B.Sc. with Chemistry Honours 
 
 

Sl. 
No. 

CORE COURSE (14) 
 

Ability 
Enhancement 
Compulsory 
Course 
(AECC) (2) 

Skill 
Enhancement 
Course (SEC) (2) 

Discipline Specific 
Elective (DSE) (4)  

Generic 
Elective  
(GE) (4) 

I Inorganic Chemistry-I 
(4+2) 

(English/Hindi/ 
MIL 

Communication) 

  GE-1 
(Chemistry-1) 

Physical Chemistry-I (4+2)  

II Organic Chemistry-I (4+2) Environmental 
Science  

  GE-2 
(Chemistry-2)  

 
Physical Chemistry-II  (4+2) 

III Inorganic Chemistry-II  (4+2)  SEC-1 
(Basic Analytical 

Chemistry)  

 GE-3 
(Chemistry-3) Organic Chemistry-II  (4+2) 

Physical Chemistry-III  (4+2) 

IV Inorganic Chemistry-III  (4+2)  SEC-2 
(Fuel Chemistry) 

 GE-4 
(Chemistry-4) Organic Chemistry-III  (4+2) 

Physical Chemistry-IV (4+2) 

V Organic Chemistry-IV  (4+2)   DSE-1 
(Analytical 
Methods in 
Chemistry) 

 

Physical Chemistry-V  (4+2)   DSE-2 
(Instrumental 
Methods of 
Chemical Analysis) 

 

VI Inorganic Chemistry-IV  (4+2)    DSE-3 
(Applications of 
Computers in 
Chemistry) 

 

Organic Chemistry-V (4+2)   DSE-4 
(Dissertation)  

 

 
 Chemistry Generic Elective (GE) papers for the honours students of other 

Departments/Disciplines (like Physics, Mathematics, Botany, Zoology, etc.). 
GE-1:  Chemistry-1, GE-2: Chemistry-2, GE-3:  Chemistry-3, GE-4: Chemistry-4.  

 
 Chemistry honours students have to choose GE papers from other 

Departments/Disciplines. However, at least two GE Mathematics papers are 
compulsory for admission in M.Sc. Chemistry in Bodoland University.  
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Curriculum Structures for B.Sc. Chemistry Honours 
No. of papers =14+12=26 

Total Credits = 140, Total Marks = 2400 
 
 

SEMESTER-I 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-101H CC 1: Inorganic 
Chemistry-I 

4+0+2 
 

6 60(L)+20(P) 
 

20 
 

100 
 

CHY-102H CC 2: Physical 
Chemistry-I  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper GE-1 4+0+2 
 

6 60(L)+20(P) 
 

20 
 

100 

COMM-
104HR 

AECC-1: (English 
/Hindi/MIL  
Communication)  

2 2 50(L) - 50 

Total  20 20 290 60 350 
 
 

SEMESTER-II 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-201H CC 3: Organic 
Chemistry-I 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY -202H CC 4: Physical 
Chemistry-II 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper GE-2 4+0+2 
 

6 60(L)+20(P) 
 

20 100 

ENV-204HR AECC-2: Environmental 
Science 

2 2 50(L) - 50 

Total   20 290 60 350 
 
 

SEMESTER-III 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-301H CC 5: Inorganic 
Chemistry-II  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-302H CC 6: Organic 
Chemistry-II  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-303H CC 7: Physical 
Chemistry-III  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-304HR SEC-1: Basic Analytical 
Chemistry   

2 2 50(L) - 50 

Paper GE-3 4+0+2 6 60(L)+20(P) 
 

20 100 

Total   26 370 80 450 
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SEMESTER-IV 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-401H CC 8: Inorganic 
Chemistry-III  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-402H CC 9: Organic 
Chemistry-III 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-403H CC 10: Physical 
Chemistry-IV  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-404HR SEC-2: Fuel 
Chemistry   

2 2 50(L) - 50 

Paper GE-4 4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Total   26 370 80 450 
 
 

SEMESTER-V 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-501H CC 11: Organic 
Chemistry-IV  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-502H CC 12: Physical 
Chemistry-V  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-HR DSE-1:  
Analytical Methods 
in Chemistry 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-HR DSE-2: 
Instrumental 
Methods of 
Chemical Analysis 
 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Total   24 320 80 400 
 
  

SEMESTER-VI 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

CHY-601H CC 13: Inorganic 
Chemistry-IV  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-602H CC 14: Organic 
Chemistry-V  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-H DSE-3: 
Applications of 
Computers in 
Chemistry 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

CHY-H DSE-4: 
(Project/Dissertation) 

6 
 

6 80 
 

20 100 

Total   24 320 80 400 
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B.Sc. HONOURS IN CHEMISTRY (CORE COURSES) 
 
 
 

SEMESTER I 
  
CHEMISTRY-CC 1: INORGANIC CHEMISTRY-I  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 

 
Atomic Structure: 
Bohr’s theory, its limitations and atomic spectrum of hydrogen atom. Wave mechanics: de 
Broglie equation, Heisenberg’s Uncertainty Principle and its significance, Schrödinger’s 
wave equation, significance of ψ and ψ2. Quantum numbers and their significance. Pauli’s 
Exclusion Principle, Hund’s rule of maximum multiplicity, Aufbau’s principle and its 
limitations. 

(14 Lectures)  
Periodicity of Elements: 
s, p, d, f block elements, the long form of periodic table. Detailed discussion of the 
following properties of the elements, with reference to s and p-block. 
 
(a) Effective nuclear charge, shielding or screening effect, Slater rules, variation of effective 
nuclear charge in periodic table.  
(b) Atomic radii (van der Waals)  
(c) Ionic and crystal radii.  
(d) Covalent radii (octahedral and tetrahedral)  
(e) Ionization enthalpy, Successive ionization enthalpies and factors affecting ionization 
energy. Applications of ionization enthalpy.  
(f) Electron gain enthalpy, trends of electron gain enthalpy.  
(g) Electronegativity, Pauling’s/ Mulliken’s electronegativity scales.  

(16 Lectures) 
 
Chemical Bonding: 
(i) Ionic bond: General characteristics, types of ions, size effects, radius ratio rule and its 
limitations. Packing of ions in crystals. Born-Landé equation with derivation. Madelung 
constant, Born-Haber cycle and its application, Solvation energy.  
(ii) Covalent bond: Lewis structure, Valence Bond theory (Heitler-London 
approach).Energetics of hybridization, equivalent and non-equivalent hybrid orbitals. Bent’s 
rule, Resonance and resonance energy, Molecular orbital theory. Molecular orbital diagrams 
of diatomic and simple polyatomic molecules N2, O2, C2, B2, F2, CO, NO, and their ions; 
HCl, BeF2, CO2, (idea of s-p mixing and orbital interaction to be given). Formal charge, 
Valence shell electron pair repulsion theory (VSEPR), shapes of simple molecules and ions 
containing lone pairs and bond pairs of electrons, multiple bonding (σ and π bond approach) 
and bond lengths.  
Covalent character in ionic compounds, polarizing power and polarizability. Fajan’s rules 
and consequences of polarization. 
Ionic character in covalent compounds: Bond moment and dipole moment.  
(iv) Weak Chemical Forces: van der Waals forces, ion-dipole forces, dipole-dipole 
interactions, induced dipole interactions, Instantaneous dipole-induced dipole interactions. 
Repulsive forces, Hydrogen bonding (theories of hydrogen bonding, valence bond 
treatment) Effects of chemical force, melting and boiling points, solubility energetics of 
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dissolution process.  
(26 Lectures) 

Oxidation-Reduction: 
Redox equations, Standard Electrode Potential and its application to inorganic reactions. 

 (4 Lectures) 
 
Reference Books:  

� Lee, J.D. Concise Inorganic Chemistry ELBS, 1991.  
� Douglas, B.E. and McDaniel, D.H. Concepts & Models of Inorganic Chemistry 

Oxford, 1970   
� Atkins, P.W. & Paula, J. Physical Chemistry, 10th Ed., Oxford University Press, 2014.   
� Day, M.C. and Selbin, J. Theoretical Inorganic Chemistry, ACS Publications, 1962.  
� Rodger, G.E. Inorganic and Solid State Chemistry, Cengage Learning India Edition, 

2002. 
 
 
 
CHEMISTRY LAB- CC 1 LAB: 60 Lectures 
 
(A) Titrimetric Analysis  
  

(i) Preparation of solutions of different Molarity/Normality of titrants  
 
(B) Acid-Base Titrations  
 

(i) Estimation of carbonate and hydroxide present together in mixture.   
(ii) Estimation of carbonate and bicarbonate present together in a mixture.  

 
(C) Oxidation-Reduction Titrimetry 
 

(i) Estimation of Fe (II) and oxalic acid using standardized KMnO4 solution.  
(ii) Estimation of Fe (II) with K2Cr2O7 using internal (diphenylamine) and 

external indicator.  
 
Reference text: 
1. Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., Pearson, 2009.  
 
 
 
 
CHEMISTRY–CC 2: PHYSICAL CHEMISTRY-I  
(Credits: Theory-04, Practicals-02)  
Theory: 60 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. 
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Behaviour of real gases: Deviations from ideal gas behaviour, compressibility factor, Z, and 
its variation with pressure for different gases. Causes of deviation from ideal behaviour. van 
der Waals equation of state, its derivation and application in explaining real gas behaviour, 
critical state, relation between critical constants and van der Waals constants, law of 
corresponding states.                                                                                       (18 Lectures) 
  
Liquid state: 
Physical properties of liquids; vapour pressure, surface tension and coefficient of viscosity, 
and their determination. Effect of addition of various solutes on surface tension and 
viscosity.                                                                                                              (6 Lectures) 
  
Solid state: 
Nature of the solid state, law of constancy of interfacial angles, law of rational indices, 
Miller indices, elementary ideas of symmetry, symmetry elements and symmetry 
operations, qualitative idea of point and space groups, seven crystal systems and fourteen 
Bravais lattices; X-ray diffraction, Bragg’s law, a simple account of rotating crystal method 
Glasses and liquid crystals.                                                                               (16 Lectures) 
 
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; dissociation constants of mono-, acids (exact 
treatment). 
 
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.  
 
Solubility and solubility product of sparingly soluble salts – applications of solubility 
product principle. Theory of acid–base indicators; selection of indicators and their 
limitations.                                                                                                       (20 Lectures) 
 
Reference Books:  

� Atkins, P. W. & Paula, J. de Atkin’s Physical Chemistry 10th 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).  

 
 
 
 
CHEMISTRY LAB-CC 2 LAB: 60 Lectures  
 

1. Surface tension measurements.   
a. Determine the surface tension by drop number method. 

2. Viscosity measurement using Ostwald’s viscometer. 
a. Determination of viscosity of aqueous solutions of (ii) ethanol and (iii) sugar 

at room temperature.  
b. Study the variation of viscosity of sucrose solution with the concentration of 
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solute. 
3. pH metry  

a. Study the effect on pH of addition of HCl/NaOH to solutions of acetic acid, 
sodium acetate and their mixtures.   

b. pH metric titration of (i) strong acid vs. strong base, (ii) weak acid vs. strong base.  
 
 
Reference Books  

� Khosla, B. D.; Garg, V. C. &Gulati, A. Senior Practical Physical Chemistry, R. 
Chand & Co.: New Delhi (2011).   

� Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical 
Chemistry8th Ed.; McGraw-Hill: New York (2003).  

� Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rdEd.; 
W.H. Freeman & Co.: New York (2003). 

 
 

 
 
 
 
 
 

SEMESTER III  
 
CHEMISTRY-CC 5: INORGANIC CHEMISTRY-II  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
General Principles of Metallurgy 
Chief modes of occurrence of metals based on standard electrode potentials. Ellingham diagrams for 
reduction of metal oxides using carbon and carbon monoxide as reducing agent. Electrolytic 
Reduction, Hydrometallurgy.   

(6 Lectures)  
Acids and Bases 
Brönsted-Lowry concept of acid-base reactions, solvated proton, relative strength of acids, 
types of acid-base reactions, levelling solvents, Lewis acid-base concept, Classification of 
Lewis acids, Hard and Soft Acids and Bases (HSAB).  

(8 Lectures)  
Chemistry of s and p Block Elements: 
Inert pair effect, Relative stability of different oxidation states, diagonal relationship and 
anomalous behaviour of first member of each group. Allotropy and catenation. Complex 
formation tendency of s and p block elements. 
 
Hydrides and their classification ionic, covalent and interstitial. Basic beryllium acetate and 
nitrate. 
Study of the following compounds with emphasis on structure, bonding, preparation, 
properties and uses. 
Boric acid and borates, boron nitrides, borohydrides (diborane) carboranes interhalogen 
compounds, polyhalide ions, pseudohalogens.  

(30 Lectures)  
Noble Gases: 
Preparation and properties of XeF2, XeF4 and XeF6; Nature of bonding in noble gas 
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compounds (Valence bond treatment and MO treatment for XeF2). Molecular shapes of 
noble gas compounds (VSEPR theory). 

(8 Lectures)  
Inorganic Polymers: 
Types of inorganic polymers, comparison with organic polymers, synthesis, structural 
aspects and applications of silicones and siloxanes. Borazines, silicates.  

(8 Lectures) 
 
 
 

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.   
� Rodger, G.E. Inorganic and Solid State Chemistry, Cengage Learning India 

Edition, 2002.  
� Miessler, G. L. & Donald, A. Tarr. Inorganic Chemistry 4th Ed., Pearson, 2010.  
� Atkin, P. Shriver & Atkins’ Inorganic Chemistry 5th Ed. Oxford University 

Press (2010).  
 
 
 
 
 
CHEMISTRY LAB-CC 5 LAB: 60 Lectures  
(A) Iodo / Iodimetric Titrations  
 

(i) Estimation of Cu(II) and K2Cr2O7 using sodium thiosulphate solution 
(Iodimetrically).   

 
(B) Inorganic preparations  
 
(i) Cuprous Chloride, Cu2Cl2 
(ii) Preparation of Aluminium potassium sulphate KAl(SO4)2.12H2O (Potash alum) or 
Chrome alum.  
 
 
Reference Books: 

� Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., Pearson, 2009. 
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CHEMISTRY-CC 6: ORGANIC CHEMISTRY-II  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
Chemistry of Halogenated Hydrocarbons: 
 
Alkyl halides: Nucleophilic substitution reactions – SN1, SN2 and SNi mechanisms with 
stereochemical aspects and effect of solvent etc.; nucleophilic substitution vs. elimination. 
 
Aryl halides. Nucleophilic aromatic substitution; SNAr, Benzyne mechanism. 
 
Relative reactivity of alkyl, allyl/benzyl, vinyl and aryl halides towards nucleophilic 
substitution reactions. 

(16 Lectures)  
Alcohols, Phenols, Ethers and Epoxides: 
Alcohols: Relative reactivity of 1°, 2°, 3° alcohols, Bouvaelt-Blanc Reduction; Glycols: 
Oxidation by periodic acid and lead tetraacetate, Pinacol-Pinacolone rearrangement. 
 
Phenols: Acidity and factors effecting it, Ring substitution reactions, Reimer–Tiemann and 
Kolbe’s–Schmidt Reactions, Fries and Claisen rearrangements with mechanism. 
 
Ethers and Epoxides: Preparation and reactions with acids. Reactions of epoxides with 
alcohols, ammonia derivatives and LiAlH4. 

(16 Lectures) 
 
Carbonyl Compounds: 
Nucleophilic additions, Nucleophilic addition-elimination reactions with ammonia 
derivatives with mechanism; Mechanisms of Aldol and Benzoin condensation, Knoevenagel 
condensation, Claisen-Schmidt, Perkin, Cannizzaro and Wittig reaction, Beckmann and 
Benzil-Benzilic acid rearrangements, haloform reaction and Baeyer Villiger oxidation, α-
substitution reactions, oxidations and reductions (Clemmensen, Wolff-Kishner, LiAlH4, 
NaBH4). 
 
Active methylene compounds: Keto-enol tautomerism. Preparation and synthetic 
applications of diethyl malonate and ethyl acetoacetate. 

(14 Lectures)  
Carboxylic Acids and their Derivatives: 
Typical reactions of dicarboxylic acids, hydroxy acids and unsaturated acids: 
succinic/phthalic, lactic, malic, tartaric, citric, maleic and fumaric acids. 
Reactions of acid chlorides, anhydrides, esters and amides; Comparative study of 
nucleophilic sustitution at acyl group -Mechanism of acidic and alkaline hydrolysis of 
esters, Claisen condensation, Dieckmann and Reformatsky reactions, Hofmann-bromamide 
degradation and Curtius rearrangement. 

(10 Lectures)  
Sulphur containing compounds: 
Preparation and reactions of thiols, thioethers and sulphonic acids. 
 

(4 Lectures) 
 
Reference Books: 

� Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India) Pvt. 
Ltd. (Pearson Education).   
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� Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. 
Ltd. (Pearson Education).   

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

India Edition, 2013.  
 
 
 
 
CHEMISTRY LAB- CC 6 LAB: 60 Lectures   

1. Functional group tests for alcohols, phenols, carbonyl and carboxylic acid group.  
2. Organic preparations:  

i. Acetylation of one of the following compounds: amines (aniline, o-, m-, p-
toluidines and o-, m-, p-anisidine) and phenols (β-naphthol, vanillin, salicylic 
acid) by any one method:   

a. Using conventional method.  
b. Using green approach  

ii. Benzolyation of one of the following amines (aniline, o-, m-, p- toluidines and 
o-, m-, p-anisidine) and one of the following phenols (β-naphthol, resorcinol, p-
cresol) by Schotten-Baumann reaction.   

iii. Bromination of any one of the following:  
a. Acetanilide by conventional methods  
b. Acetanilide using green approach (Bromate-bromide method)  

iv. Nitration of any one of the following:  
a. Acetanilide/nitrobenzene by conventional method  
b. Salicylic acid by green approach (using ceric ammonium nitrate).  

 
The above derivatives should be prepared using 0.5-1g of the organic compound. The solid 
samples must be collected and may be used for recrystallization, melting point and TLC. 
 
Reference Books  

� Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education 
(2009).  

� Furniss, B.S., Hannaford, A.J., Smith, P.W.G. &Tatchell, A.R. Practical Organic 
Chemistry, 5th Ed. Pearson (2012).  

� Ahluwalia, V.K. &Aggarwal, R. Comprehensive Practical Organic Chemistry: 
Preparation and Quantitative Analysis, University Press (2000). 

� Ahluwalia, V.K. & Dhingra, S. Comprehensive Practical Organic Chemistry: 
Qualitative Analysis, University Press (2000).  
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CHEMISTRY-CC 7: PHYSICAL CHEMISTRY-III  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
Phase Equilibria: 
Concept of phases, components and degrees of freedom, derivation of Gibbs Phase Rule for 
nonreactive and reactive systems; Clausius-Clapeyron equation and its applications to solid-liquid, 
liquid-vapour and solid-vapour equilibria, phase diagram for one component systems, with 
applications. 
Phase diagrams for systems of solid-liquid equilibria involving eutectic, congruent and 
incongruent melting points, solid solutions. 
Binary solutions: Gibbs-Duhem-Margules equation, its derivation and applications to fractional 
distillation of binary miscible liquids (ideal and non-ideal), azeotropes, lever rule, partial 
miscibility of liquids, CST. 

(28 Lectures) 
Chemical Kinetics 
Differential and integrated form of rate expressions up to second order reactions, experimental 
methods of the determination of rate laws, kinetics of complex reactions (integrated rate 
expressions up to first order only): (i) Opposing reactions (ii) parallel reactions and (iii) 
consecutive reactions and their differential rate equations (steady-state approximation in 
reaction mechanisms).  
Temperature dependence of reaction rates; Arrhenius equation; activation energy. Collision 
theory of reaction rates.                               (18 Lectures)  
 
Catalysis: 
Types of catalyst, specificity and selectivity. Enzyme catalysis, Michaelis-Menten mechanism, 
acid-base catalysis.                                                              (8 Lectures) 
 
Surface chemistry: 
Physical adsorption, chemisorption, adsorption isotherms. 

(6 Lectures) 
 
Reference Books:  

� Peter Atkins & Julio De Paula, Physical Chemistry 10th Ed., Oxford University 
Press (2014).  

� Castellan, G. W. Physical Chemistry, 4th Ed., Narosa (2004).  
� McQuarrie, D. A. & Simon, J. D., Molecular Thermodynamics, Viva Books Pvt. 

Ltd.: New Delhi (2004).   
� Engel, T. & Reid, P. Physical Chemistry 3rdEd., Prentice-Hall (2012).  
� Assael, M. J.; Goodwin, A. R. H.; Stamatoudis, M.; Wakeham, W. A. & Will, S.  

Commonly Asked Questions in Thermodynamics. CRC Press: NY (2011).  
� Zundhal, S.S. Chemistry Concepts and Applications Cengage India (2011).  
� Ball, D. W. Physical Chemistry Cengage India (2012).  
� Mortimer, R. G. Physical Chemistry 3rdEd., Elsevier: NOIDA, UP (2009).  
� Levine, I. N. Physical Chemistry 6thEd., Tata McGraw-Hill (2011).   
� Metz, C. R. Physical Chemistry 2ndEd., Tata McGraw-Hill (2009).  
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CHEMISTRY PRACTICAL-CC 7 LAB: 60 Lectures   

I. Determination of critical solution temperature and composition of the phenol-water  
system and to study the effect of impurities on it.  

 
V. Study the kinetics of the following reactions.   

1. Initial rate method: Iodide-persulphate reaction  
2. Integrated rate method:  

a. Acid hydrolysis of methyl acetate with hydrochloric acid.  
b. Saponification of ethyl acetate.   

VI. Adsorption 
I. Verify the Freundlich and Langmuir isotherms for adsorption of acetic acid on 

activated charcoal.  
 
 
Reference Books:  

� Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, 
R. Chand & Co.: New Delhi (2011).   

� Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical 
Chemistry 8th Ed.; McGraw-Hill: New York (2003).  

� Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rdEd.; 
W.H. Freeman & Co.: New York (2003).  

  
 
 
 
 

SEMESTER V 
  
CHEMISTRY-CC 11: ORGANIC CHEMISTRY-IV 
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
Nucleic Acids 
Components of nucleic acids, Nucleosides and nucleotides.  
Structure of: Adenine, Guanine, Cytosine, Uracil and Thymine; Structure of 
polynucleotides.                                                                                                 (9 Lectures) 
 
Amino Acids, Peptides and Proteins 
Amino acids, Peptides and their classification. 
α-Amino Acids - Zwitterions, pKa values, isoelectric point and electrophoresis. 
Study of peptides: determination of their primary structures-end group analysis, methods of 
peptide synthesis.      (16 Lectures)  
 
Enzymes 
Introduction, classification and characteristics of enzymes. Salient features of active site of 
enzymes.  
Mechanism of enzyme action (taking trypsin as example), factors affecting enzyme action, 
coenzymes and cofactors and their role in biological reactions, specificity of enzyme action 
(including stereospecificity), enzyme inhibitors and their importance.   

(8 Lectures)  
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Lipids 
Introduction to oils and fats; common fatty acids present in oils and fats, Hydrogenation of 
fats and oils. Reversion and rancidity. 
 

(8 Lectures)  
Concept of Energy in Biosystems 
Cells obtain energy by the oxidation of foodstuff (organic molecules). Introduction to 
metabolism (catabolism, anabolism). 
 
ATP: The universal currency of cellular energy, ATP hydrolysis and free energy change. 
Agents for transfer of electrons in biological redox systems: NAD+, FAD.  
Conversion of food to energy: Outline of catabolic pathways of carbohydrate- glycolysis, 
fermentation, Krebs cycle. 

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

(12 Lectures) 
 
Reference Books: 

� Berg, J.M., Tymoczko, J.L. & Stryer, L. (2006) Biochemistry. 6th Ed. W.H. Freeman 
and Co.   

� Nelson, D.L., Cox, M.M. & Lehninger, A.L. (2009) Principles of Biochemistry. IV 
Edition. W.H. Freeman and Co.  

� Murray, R.K., Granner, D.K., Mayes, P.A. & Rodwell, V.W. (2009) Harper’s 
Illustrated Biochemistry. XXVIII edition. Lange Medical Books/ McGraw-Hill. 

 
 
 
 
CHEMISTRY PRACTICAL-CC 11 LAB  
60 Lectures   

1. Estimation of proteins by Lowry’s method.  
2. Study of the action of salivary amylase on starch at optimum conditions.  
3. Effect of temperature on the action of salivary amylase.  
4. Saponification value of an oil or a fat.  
5. Determination of Iodine number of an oil/ fat.  

 
 
Reference Books:  

� Manual of Biochemistry Workshop, 2012, Department of Chemistry, 
University of Delhi.   

� Arthur, I. V. Quantitative Organic Analysis, Pearson.  
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CHEMISTRY-CC 12: PHYSICAL CHEMISTRY-V  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
Quantum Chemistry 
Postulates of quantum mechanics, quantum mechanical operators, Schrödinger equation and 
its application to free particle and “particle-in-a-box” (rigorous treatment), quantization of 
energy levels, zero-point energy and Heisenberg Uncertainty principle; wave functions, 
probability distribution functions, nodal properties.  
Qualitative treatment of simple harmonic oscillator model of vibrational motion: Setting up 
of Schrödinger equation and discussion of solution and wave functions. Vibrational energy 
of diatomic molecules and zero-point energy. 
Angular momentum: Commutation rules, quantization of square of total angular momentum 
and z-component. 
Rigid rotator model of rotation of diatomic molecule.  Schrödinger equation, transformation 
to spherical polar coordinates.Separation of variables. Spherical harmonics. Discussion of 
solution. 
Qualitative treatment of hydrogen atom and hydrogen-like ions: setting up of Schrödinger 
equation in spherical polar coordinates, radial part, quantization of energy (only final energy 
expression). Average and most probable distances of electron from nucleus. 

 (24 Lectures) 
 
Molecular Spectroscopy: 
Interaction of electromagnetic radiation with molecules and various types of spectra; Born-
Oppenheimer approximation. 
Rotation spectroscopy: Selection rules, intensities of spectral lines, determination of bond 
lengths of diatomic and linear triatomic molecules, isotopic substitution. 
Vibrational spectroscopy: Classical equation of vibration, computation of force constant, 
amplitude of diatomic molecular vibrations, anharmonicity, Morse potential, dissociation 
energies, fundamental frequencies, overtones, hot bands, degrees of freedom for polyatomic 
molecules, modes of vibration, concept of group frequencies. Vibration-rotation 
spectroscopy: diatomic vibrating rotator, P, Q, R branches. 
Electronic spectroscopy: Franck-Condon principle, electronic transitions, singlet and triplet 
states, fluorescence and phosphorescence, dissociation and pre-dissociation, calculation of 
electronic transitions of polyenes using free electron model. 
Nuclear Magnetic Resonance (NMR) spectroscopy: Principles of NMR spectroscopy, 
Larmor precession, chemical shift and low resolution spectra, different scales, spin-spin 
coupling and high resolution spectra. 

(24 Lectures)  
Photochemistry 
Characteristics of electromagnetic radiation, Lambert-Beer’s law and its limitations, physical 
significance of absorption coefficients. Laws, of photochemistry, quantum yield, actinometry, 
examples of low and high quantum yields, photochemical equilibrium and the differential rate 
of photochemical reactions, photosensitised reactions, quenching.   

(12 Lectures) 
 
Reference Books:  

� Banwell, C. N. & McCash, E. M. Fundamentals of Molecular Spectroscopy 4th Ed. Tata 
McGraw-Hill: New Delhi (2006).   

� Chandra, A. K. Introductory Quantum Chemistry Tata McGraw-Hill (2001).  
� House, J. E. Fundamentals of Quantum Chemistry 2nd Ed. Elsevier: USA (2004).  
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� Kakkar, R. Atomic & Molecular Spectroscopy: Concepts & Applications, 
Cambridge University Press (2015).   

� Lowe, J. P. & Peterson, K. Quantum Chemistry, Academic Press (2005).  
 
 
 
 
CHEMISTRY PRACTICAL-CC 12 
LAB 60 Lectures 
  
UV/Visible spectroscopy 

I. Study the 200-500 nm absorbance spectra of KMnO4 and K2Cr2O7 (in 0.1 M H2SO4) 
and determine the λmax values. Calculate the energies of the two transitions in 
different units (J molecule-1, kJ mol-1, cm-1, eV).  

II. Study the pH-dependence of the UV-Vis spectrum (200-500 nm) of K2Cr2O7.  
 
Colorimetry 

I. Verify Lambert-Beer’s law and determine the concentration of 
CuSO4/KMnO4/K2Cr2O7 in a solution of unknown concentration  

II. Determine the concentrations of KMnO4 and K2Cr2O7 in a mixture.  
III. Study the kinetics of iodination of propanone in acidic medium.  

 
 
Reference Books  

� Khosla, B. D.; Garg, V. C. & Gulati, A., Senior Practical Physical Chemistry, 
R. Chand & Co.: New Delhi (2011).   

� Garland, C. W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Physical 
Chemistry 8th Ed.; McGraw-Hill: New York (2003).  

� Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3rdEd.; 
W.H. Freeman & Co.: New York (2003).  
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Skill Enhancement Course (Credit: 02 each) 

 
(SEC-1 & SEC-2 for the students of Chemistry Honours) 

 
SEC-1: 

BASIC ANALYTICAL CHEMISTRY (Credits: 02)  
30 Lectures 

 
Introduction: Introduction to Analytical Chemistry and its interdisciplinary nature. 
Concept of sampling. Importance of accuracy, precision and sources of error in analytical 
measurements. Presentation of experimental data and results, from the point of view of 
significant figures. 
 
Analysis of soil: Composition of soil, Concept of pH and pH measurement, 
Complexometric titrations, Chelation, Chelating agents, use of indicators. 
a. Determination of pH of soil samples.   
b. Estimation of Calcium and Magnesium ions as Calcium carbonate by complexometric 

titration.  
 

Analysis of water: Definition of pure water, sources responsible for contaminating 
water, water sampling methods, water purification methods. 

a. Determination of pH, acidity and alkalinity of a water sample.   
b. Determination of dissolved oxygen (DO) of a water sample.  
 

Analysis of food products: Nutritional value of foods, idea about food processing and 
food preservations and adulteration.  

a. Identification of adulterants in some common food items like coffee powder, asafoetida, 
chilli powder, turmeric powder, coriander powder and pulses, etc.  

b. Analysis of preservatives and colouring matter.  
 
 
Suggested Applications (Any one): 
a. To study the uses of phenolphthalein in trap cases.   
b. To analyse arson accelerants.  
c. To carry out analysis of gasoline.  
 
Suggested Instrumental demonstrations:  
a. Estimation of macro nutrients: Potassium, Calcium, Magnesium in soil samples by 

flame photometry.  
b. Spectrophotometric determination of Iron in Vitamin /Dietary Tablets.   
c. Spectrophotometric Identification and Determination of Caffeine and Benzoic 

Acid in Soft Drinks.  
 
 
Reference Books:   

2. Willard, H.H., Merritt, L.L., Dean, J. & Settoe, F.A. Instrumental Methods 
of Analysis, 7thEd. Wadsworth Publishing Company Ltd., Belmont, 
California, USA, 1988.   

3. Skoog, D.A., Holler, F.J. & Crouch, S. Principles of Instrumental 
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Analysis, Cengage Learning India Edition, 2007.   
4. Skoog, D.A.; West, D.M. & Holler, F.J. Analytical Chemistry: An Introduction 

6th Ed., Saunders College Publishing, Fort Worth, Philadelphia (1994). 
5. Harris, D. C. Quantitative Chemical Analysis, 9th ed. Macmillan Education, 

2016.  
6. Dean, J. A. Analytical Chemistry Handbook, McGraw Hill, 2004.  
7. Day, R. A. & Underwood, A. L. Quantitative Analysis, Prentice Hall of India, 

1992.  
8. Freifelder, D.M. Physical Biochemistry 2ndEd., W.H. Freeman & Co., 

N.Y. USA (1982).   
9. Cooper, T.G. The Tools of Biochemistry, John Wiley & Sons, N.Y. USA. 16 

(1977).  
10. Vogel, A. I. Vogel’s Qualitative Inorganic Analysis 7thEd., Prentice Hall, 1996.  
11. Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., Pearson, 

2009.  
12. Robinson, J.W. Undergraduate Instrumental Analysis 5thEd., Marcel Dekker, 

Inc., New York (1995).   
13. Christian, G.D. Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 

2004.  
 
 
 
 
 
 
CHEMISTRY-DSE 1-4 (For the students of Chemistry Honours) 
 
CHEMISTRY-DSE-1: ANALYTICAL METHODS IN CHEMISTRY  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
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.  

(5 Lectures)  
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. 
 
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. 
 
Flame Atomic Absorption and Emission Spectrometry: Basic principles of instrumentation 
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(choice of source, monochromator, detector, choice of flame and Burner designs. 
Techniques of atomization and sample introduction. 

(25 Lectures)  
Thermal methods of analysis: 
Techniques for quantitative estimation of Ca and Mg from their mixture. 

(5 Lectures)  
Electroanalytical methods: 
Classification of electroanalytical methods, basic principle of pH metric, potentiometric and 
conductometric titrations.  

(10 Lectures)  
Separation techniques: 
Solvent extraction: Classification, principle and efficiency of the technique. 
Mechanism of extraction: extraction by solvation and chelation. 
 
Qualitative and quantitative aspects of solvent extraction: extraction of metal ions from 
aqueous solution, extraction of organic species from the aqueous and non-aqueous media. 
 
Chromatography: Classification, principle and efficiency of the technique. 
 
Qualitative and quantitative aspects of chromatographic methods of analysis: IC, GLC, 
GPC, TLC and HPLC. 
 
Stereoisomeric separation and analysis: Measurement of optical rotation, calculation of 
Enantiomeric excess (ee)/diastereomeric excess (de) ratios and determination of 
enantiomeric composition using NMR, Chiral solvents and chiral shift reagents. 
Chiralchromatographic techniques using chiral columns (GC and HPLC). 

 (15 Lectures) 
 

Reference Books: 
� Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., 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.  
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PRACTICALS- DSE-1 LAB: ANALYTICAL METHODS IN 
CHEMISTRY (60 Lectures) 
  
I. Separation Techniques 

 
1. Chromatography: 

 
(a) Separation of mixtures 

 
(i) Paper chromatographic separation of Fe3+, Al3+, and Cr3+.  

 
(ii) Separation and identification of the monosaccharides present in the given mixture 
(glucose & fructose) by paper chromatography. Reporting the Rf values.  

 
 
II. Solvent Extractions:  
 

(i) To separate a mixture of Ni2+& Fe2+ by complexation with DMG and extracting the 
Ni2+-DMG complex in chloroform, and determine its concentration by 
spectrophotometry.  

 
3. Determine the pH of the given aerated drinks fruit juices, shampoos and soaps.  

 
4. Determination of Na, Ca, Li in cola drinks and fruit juices using fame photometric 
techniques.  

 
5. Analysis of soil:  

 
(i) Determination of pH of soil.  
(ii) Total soluble salt  
(iii) Estimation of calcium, magnesium, phosphate, nitrate. 

 
III Spectrophotometry 

 
1. Determination of pKa values of indicator using spectrophotometry.  
2. Structural characterization of compounds by infrared spectroscopy.  
3. Determination of dissolved oxygen in water. 
 

Reference Books: 
� Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., 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. and Nieman, T.A. Principles of Instrumental Analysis, 
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Cengage Learning India Edition.  
� Mikes, O. & Chalmes, R.A. Laboratory Handbook of Chromatographic & 

Allied Methods, Elles Harwood Ltd. London. 
� Ditts, R.V. Analytical Chemistry: Methods of separation. Van Nostrand, New 

York, 1974.  
 
 
 
 
CHEMISTRY-DSE-2:  INSTRUMENTAL METHODS OF CHEMICAL 
ANALYSIS  
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 

 
Molecular spectroscopy: 
Infrared spectroscopy: 
Interactions with molecules: absorption and scattering. Means of excitation (light sources), 
separation of spectrum (wavelength dispersion, time resolution), detection of the signal (heat, 
differential detection), interpretation of spectrum (qualitative, mixtures, resolution), 
advantages of Fourier Transform (FTIR). Samples and results expected. Applications: Issues 
of quality assurance and quality control, Special problems for portable instrumentation and 
rapid detection. 
UV-Visible/ Near IR – emission, absorption, fluorescence and photoaccoustic. Excitation 
sources (lasers, time resolution), wavelength dispersion (gratings, prisms, interference 
filters, laser, placement of sample relative to dispersion, resolution), Detection of signal 
(photocells, photomultipliers, diode arrays, sensitivity and S/N), Single and Double Beam 
instruments, Interpretation (quantification, mixtures, absorption vs. fluorescence and the 
use of time, photoaccoustic, fluorescent tags).    (16 Lectures) 
 
Separation techniques 
Chromatography: Gas chromatography, liquid chromatography, supercritical fluids, 
Importance of column technology (packing, capillaries), Separation based on increasing 
number of factors (volatility, solubility, interactions with stationary phase, size, electrical 
field), Detection: simple vs. specific (gas and liquid), Detection as a means of further analysis 
(use of tags and coupling to IR and MS), Electrophoresis (plates and capillary) and use 
with DNA analysis. 

(16 Lectures) 
Elemental analysis: 
Mass spectrometry (electrical discharges). 
Atomic spectroscopy: Atomic absorption, Atomic emission, and Atomic fluorescence. 

(8 Lectures) 
NMR spectroscopy: Principle, Instrumentation, Factors affecting chemical shift, Spin-
coupling, Applications.         (4 Lectures) 
  
X-ray analysis and electron spectroscopy (surface analysis) 

(4 Lectures)  
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Reference books:  
� D.A. Skoog, F.J. Holler & S. Crouch (ISBN 0-495-01201-7) Principles of 

Instrumental Analysis, Cengage Learning India Edition, 2007.  
� Willard, Merritt, Dean, Settle, Instrumental Methods of Analysis, 7th ed, IBH 

Book House, New Delhi.  
� Atkins, P.W & Paula, J.D. Physical Chemistry, 10th Ed., Oxford University Press (2014).  
� Kakkar, R. Atomic and Molecular Spectroscopy: Concepts and Applications. 

Cambridge University Press, 2015.   
� Castellan, G. W. Physical Chemistry 4thEd., Narosa (2004).  
� Banwell, C. N. & McCash, E. M. Fundamentals of Molecular Spectroscopy 4th Ed. Tata 

McGraw-Hill: New Delhi (2006).  
� Smith, B.C. Infrared Spectral Interpretations: A Systematic Approach. CRC Press, 1998.   
� Moore, W.J., Physical Chemistry Orient Blackswan, 1999.  

 
 
 
 

PRACTICALS-DSE-2 LAB: INSTRUMENTAL METHODS OF 
CHEMICAL ANALYSIS (60 Lectures)  

1. Safety Practices in the Chemistry Laboratory   
2. Determination of the isoelectric pH of a protein.  
3. Titration curve of an amino acid.  
4. Determination of the void volume of a gel filtration column.   
5. Determination of a Mixture of Cobalt and Nickel (UV/Vis spec.)   
6. Study of Electronic Transitions in Organic Molecules (i.e., acetone in water)   
7. IR Absorption Spectra (Study of Aldehydes and Ketones)   
8. Determination of Calcium, Iron, and Copper in Food by Atomic Absorption   
9. Quantitative Analysis of Mixtures by Gas Chromatography (i.e., chloroform 

and carbon tetrachloride)   
10. Separation of Carbohydrates by HPLC   
11. Determination of Caffeine in Beverages by HPLC   
12. Potentiometric Titration of a Chloride-Iodide Mixture   
13. Cyclic Voltammetry of the Ferrocyanide/Ferricyanide Couple   
14. Nuclear Magnetic Resonance  
15. Use of fluorescence to do “presumptive tests” to identify blood or other body fluids.  
16. Use of “presumptive tests” for anthrax or cocaine   
17. Collection, preservation, and control of blood evidence being used for DNA testing   
18. Use of capillary electrophoresis with laser fluorescence detection for nuclear DNA 

(Y chromosome only or multiple chromosome)   
19. Use of sequencing for the analysis of mitochondrial DNA   
20. Laboratory analysis to confirm anthrax or cocaine   
21. Detection in the field and confirmation in the laboratory of flammable accelerants 

or explosives   
22. Detection of illegal drugs or steroids in athletes   
23. Detection of pollutants or illegal dumping   
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24. Fibre analysis  
 

At least 8 experiments to be performed. 
  
 
Reference Books:  
� Skoog, D.A. Holler F.J. & Nieman, T.A. Principles of Instrumental Analysis, 

Cengage Learning India Ed.   
� Willard, H.H., Merritt, L.L., Dean, J. & Settoe, F.A. Instrumental Methods of Analysis, 

7th Ed. Wadsworth Publishing Company Ltd., Belmont, California, USA, 1988.  
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Generic Elective Papers for other Departments/Disciplines 
(GE-1 to GE-4) 

(Credit: 06 each) 
 
 

GE-1: Chemistry-1 
(ATOMIC STRUCTURE, BONDING, GENERAL ORGANIC CHEMISTRY & 

ALIPHATIC HYDROCARBONS) 
(Credits: Theory-04, Practicals-02)  

Theory: 60 Lectures 
 
Section A: Inorganic Chemistry-1 (30 Periods) 
 
Atomic Structure: Review of: Bohr’s theory and its limitations, dual behaviour of matter 
and radiation, de Broglie’s relation, Heisenberg Uncertainty principle. Hydrogen atom 
spectra. Need of a new approach to Atomic structure. 
 
What is Quantum mechanics? Time independent Schrodinger equation and meaning of 
various terms in it. Significance of ψ and ψ2, Schrödinger equation for hydrogen atom. 
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.  

(14 Lectures) 
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. 

(16 Lectures) 
 
Section B: Organic Chemistry-1 (30 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. 
Aromaticity: Benzenoids and Hückel’s rule. 

(8 Lectures) 
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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). 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) 
Aliphatic Hydrocarbons 
Functional group approach for the following reactions (preparations & reactions) to be 
studied in context to their structure. 
 
Alkanes: (Upto 5 Carbons). Preparation: Catalytic hydrogenation, Wurtz reaction, Kolbe’s 
synthesis, from Grignard reagent. Reactions: Free radical Substitution: Halogenation. 
 
Alkenes: (Upto 5 Carbons) Preparation: Elimination reactions: Dehydration of alkenes and 
dehydrohalogenation of alkyl halides (Saytzeff’s rule); Reactions: cis-addition (alk. 
KMnO4) and trans-addition (bromine), Addition of HX (Markownikoff’s and anti-
Markownikoff’s addition), Hydration, Ozonolysis, Hydroboration-oxidation. 
 
Alkynes: (Upto 5 Carbons) Preparation: Acetylene from CaC2and conversion into higher 
alkynes; by dehalogenation of tetra halides and dehydrohalogenation of vicinal-dihalides. 
 

(12 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.  

 
 
 
 
 
 
 



25 
 

Bodoland University   B.Sc. Chemistry Syllabus 
 

GE-1 LAB: Chemistry-1 LAB 
60 Lectures  
 
Section A: Inorganic Chemistry - Volumetric Analysis 
 
1. Estimation of oxalic acid by titrating it with KMnO4.  
 
2. Estimation of water of crystallization in Mohr’s salt by titrating with KMnO4.  
 
3. Estimation of Fe (II) ions by titrating it with K2Cr2O7 using internal indicator.  
 
 
Section B: Organic Chemistry 
 
1. Detection of extra elements (N, S, Cl, Br, I) in organic compounds (containing upto two 
extra elements)  
 
 
Reference Books:  

� Svehla, G. Vogel’s Qualitative Inorganic Analysis, Pearson Education, 2012.  
� Mendham, J. Vogel’s Quantitative Chemical Analysis, Pearson, 2009.  
� Vogel, A.I., Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., 

Textbook of Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996.  
� Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.  

  
 
 

GE-3: Chemistry-3 
(SOLUTIONS, PHASE EQUILIBRIA, CONDUCTANCE, ELECTROCHEMISTRY & 

FUNCTIONAL GROUP ORGANIC CHEMISTRY-II) 
(Credits: Theory-04, Practicals-02) 

Theory: 60 Lectures 
 
Section A: Physical Chemistry-2 (30 Lectures) 
Solutions 
Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, deviations from 
Raoult’s law – non-ideal solutions. Azeotropes. 
Partial miscibility of liquids: Critical solution temperature; effect of impurity on partial 
miscibility of liquids.    (8 Lectures) 
 
Phase Equilibria 
Phases, components and degrees of freedom of a system, criteria of phase equilibrium. 
Gibbs Phase Rule and its thermodynamic derivation. Derivation of Clausius – Clapeyron 
equation and its importance in phase equilibria. Phase diagrams of one-component systems 
(water and sulphur).     (8 Lectures) 
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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 and its experimental determination using Hittorf and Moving 
boundary methods. Ionic mobility.  

(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: G, H and S from EMF data. 
 
Calculation of equilibrium constant from EMF data. Concentration cells with transference 
and without transference. Liquid junction potential and salt bridge.   (8 Lectures) 
 
Section B: Organic Chemistry-3                  (30 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): (Upto 5 carbons) 
Preparation: Acid chlorides, Anhydrides, Esters and Amides from acids and their 
interconversion.       (6 Lectures) 
 
Amines and Diazonium Salts 
Amines (Aliphatic and Aromatic): (Upto 5 carbons) 
Preparation: from alkyl halides, Gabriel’s Phthalimide synthesis, Hofmann Bromamide 
reaction. 
Diazonium salts: Preparation: from aromatic amines. 
Reactions: conversion to benzene, phenol, dyes.      (6 Lectures) 
 
Amino Acids, Peptides and Proteins: 
Preparation of Amino Acids: Strecker synthesis using Gabriel’s phthalimide synthesis. 
Zwitterion,  
Overview of Primary, Secondary, Tertiary and Quaternary Structure of proteins. 

(3 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.  

(4 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).   
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� 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 Principles of Biochemistry 7thEd., W. H. 

Freeman.   
� Berg, J.M., Tymoczko, J.L. & Stryer, L. Biochemistry, W.H. Freeman, 2002.  

 
 
 
GE-3 LAB: Chemistry-3 LAB 
60 Lectures  
 
Section A: Physical Chemistry 
Distribution 
Study of the equilibrium of one of the following reactions by the distribution method: 
 

I2(aq) + I-(aq)   I3
-(aq) 

 
Phase equilibria 

a) Determination of the critical solution temperature and composition of the phenol 
water system and study of the effect of impurities on it.  
b) Study of the variation of mutual solubility temperature with concentration for the 
phenol water system and determination of the critical solubility temperature.  
 

Conductance 
1. Perform the following conductometric titrations:  

a. Strong acid vs. strong base  
b. Weak acid vs. strong base  

  
Potentiometry 

1. Perform the following potentiometric titrations:   
i. Strong acid vs. strong base  

ii. Weak acid vs. strong base  
 
Section B: Organic Chemistry 
I. Systematic Qualitative Organic Analysis of Organic Compounds possessing 
monofunctional groups (-COOH, phenolic, aldehydic, ketonic, amide, nitro, amines) and 
preparation of one derivative. 
 
II. 

1. Separation of amino acids by paper chromatography  
 
 
Reference Books:  
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� Vogel, A.I., Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., Text 
book of Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996.  

� Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.  
� Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. 

Chand & Co.: New Delhi (2011).   
� Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry, 

Universities Press.  
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B.Sc. (Regular Course) 

 

Sem. CORE COURSE (12) 
 

Ability Enhancement 
Compulsory Course 
(AECC) (2) 

Skill Enhancement 
Course (SEC) (4) 

Discipline 
Specific Elective  
(DSE) (6)  

I DSC-1 A  (English/Hindi/MIL 
Communication)  

  
DSC-2 A (Chemistry-1) 
DSC-3 A  

II DSC-1 B  Environmental Science    
DSC-2 B (Chemistry-2)  
DSC-3 B  

III DSC-1 C   SEC-1 
(Basic Analytical 

Chemistry)  

 
DSC-2 C (Chemistry-3) 
DSC-3 C  

IV DSC-1 D   SEC-2 
(Fuel Chemistry) 

 
DSC-2 D (Chemistry-4)  
DSC-3 D  

V   SEC-3 
(Chemical Technology 

& Society)  

DSE-1 A  
DSE-2 A 
(Analytical 
Methods in 
Chemistry)   
DSE-3 A  

VI   SEC-4 
(Chemistry of 
Cosmetics & 

Perfumes) 

DSE-1 B  
DSE-2 B 
(Instrumental 
Methods of 
Chemical 
Analysis)  
DSE-3 B  
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Curriculum Structures for B.Sc. (Regular Course) 
(Physics, Chemistry, Mathematics)  

 No. of papers =12+12=24, Total Credits= 120 
Total Marks=2100 

 
SEMESTER-I 

Paper Code Course L+T+P Credit End Sem 
Marks 

Internal 
Marks 

Total 
Marks 

Paper-101R DSC-1A 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-102R DSC-2A: 
Chemistry-1 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-103R DSC-3A 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

COMM-
104HR 

 AECC-1: 
(English 
/Hindi/MIL 
Communication) 

2 2 50(L) - 50 

Total   20 290 60    350 
 
 

SEMESTER-II 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

Paper-201R DSC-1B 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY -202R DSC-2B: 
Chemistry-2 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-203R DSC-3B 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

ENV-
204HR 

 AECC-2: 
Environmental 
Science 

2 2 50(L) - 50 

Total   20 290 60    350 
 
 

SEMESTER-III 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

Paper-301R DSC-1C 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY -302R DSC-2C: 
Chemistry-3 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-303R DSC-3C 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-
304HR 

SEC-1: Basic 
Analytical 
Chemistry 

2 2 50(L) - 50 

Total   20 290 60    350 
 



32 
 

Bodoland University   B.Sc. Chemistry Syllabus 
 

 
SEMESTER-IV 

Paper Code Course L+T+P Credit End Sem 
Marks 

Internal 
Marks 

Total 
Marks 

Paper-401R DSC-1D 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY -402R  DSC-2D: 
Chemistry-4 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-403R DSC-3D 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-
404HR 

SEC-2: Fuel 
Chemistry 

2 2 50(L) - 50 

Total   20 290 60    350 
 
 
 

SEMESTER-V 
Paper 
Code 

Course L+T+P Credit End Sem 
Marks 

Internal 
Marks 

Total 
Marks 

Paper-501R DSE-1A 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-HR DSE-2A: 
Analytical 
Methods in 
Chemistry 

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-503R DSE-3A 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-504R SEC-3: 
Chemical 
Technology & 
Society 

2 2 50(L) - 50 

Total   20 290 60    350 
 
 
 

SEMESTER-VI 
Paper Code Course L+T+P Credit End Sem 

Marks 
Internal 
Marks 

Total 
Marks 

Paper-601R DSE-1B 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-HR DSE-2B: 
Instrumental 
Methods of  
Chemical Analysis  

4+0+2 
 

6 60(L)+20(P) 
 

20 100 

Paper-603R DSE-3B 4+0+2 
5+1+0 

6 60(L)+20(P) 
60(L)+20(T) 

20 100 

CHY-604R SEC-4: Chemistry 
of Cosmetics & 
Perfumes 

2 2 50(L) - 50 

Total   20 290 60    350 
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SEMESTER-I 

 
DSC-2A: Chemistry-1 
(ATOMIC STRUCTURE, BONDING, GENERAL ORGANIC CHEMISTRY 
&ALIPHATIC HYDROCARBONS) 
(Credits: Theory-04, Practicals-02)  
Theory: 60 Lectures 
 
Section A: Inorganic Chemistry-1       (30 Periods) 
 
Atomic Structure: Review of: Bohr’s theory and its limitations, dual behaviour of matter 
and radiation, de Broglie’s relation, Heisenberg Uncertainty principle. Hydrogen atom 
spectra. Need of a new approach to Atomic structure. 
 
What is Quantum mechanics? Time independent Schrodinger equation and meaning of 
various terms in it. Significance of ψ and ψ2, Schrödinger equation for hydrogen atom. 
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.  

(14 Lectures) 
 
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. 

(16 Lectures) 
 
Section B: Organic Chemistry-1 (30 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. 
Aromaticity: Benzenoids and Hückel’s rule. 
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(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). 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) 
Aliphatic Hydrocarbons 
Functional group approach for the following reactions (preparations & reactions) to be 
studied in context to their structure. 
 
Alkanes: (Upto 5 Carbons). Preparation: Catalytic hydrogenation, Wurtz reaction, Kolbe’s 
synthesis, from Grignard reagent. Reactions: Free radical Substitution: Halogenation. 
 
Alkenes: (Upto 5 Carbons) Preparation: Elimination reactions: Dehydration of alkenes and 
dehydrohalogenation of alkyl halides (Saytzeff’s rule); Reactions: cis-addition (alk. 
KMnO4) and trans-addition (bromine), Addition of HX (Markownikoff’s and anti-
Markownikoff’s addition), Hydration, Ozonolysis, Hydroboration-oxidation. 
 
Alkynes: (Upto 5 Carbons) Preparation: Acetylene from CaC2and conversion into higher 
alkynes; by dehalogenation of tetra halides and dehydrohalogenation of vicinal-dihalides.      
 
                                                                                                                         (12 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.  
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DSC-2A LAB: Chemistry-1 LAB 
60 Lectures  
 
Section A: Inorganic Chemistry - Volumetric Analysis 
 
4. Estimation of oxalic acid by titrating it with KMnO4.  
 
5. Estimation of water of crystallization in Mohr’s salt by titrating with KMnO4.  
 
6. Estimation of Fe (II) ions by titrating it with K2Cr2O7 using internal indicator.  
 
 
Section B: Organic Chemistry 
2. Detection of extra elements (N, S, Cl, Br, I) in organic compounds (containing upto two 
extra elements)  
 
 
 
Reference Books:  

� Svehla, G. Vogel’s Qualitative Inorganic Analysis, Pearson Education, 2012.  
� Mendham, J. Vogel’s Quantitative Chemical Analysis, Pearson, 2009.  
� Vogel, A.I., Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., 

Textbook of Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996.  
� Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.  

 
 
 

SEMESTER-III 
 
DSC-2C: Chemistry-3  
(SOLUTIONS, PHASE EQUILIBRIA, CONDUCTANCE, ELECTROCHEMISTRY & 
FUNCTIONAL GROUP ORGANIC CHEMISTRY-II)  
(Credits: Theory-04, Practicals-02) 
Theory: 60 Lectures 
 
Section A: Physical Chemistry-2      (30 Lectures) 
Solutions 
Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, deviations from 
Raoult’s law – non-ideal solutions. Azeotropes. 
Partial miscibility of liquids: Critical solution temperature; effect of impurity on partial 
miscibility of liquids.  

(8 Lectures) 
Phase Equilibria 
Phases, components and degrees of freedom of a system, criteria of phase equilibrium. 
Gibbs Phase Rule and its thermodynamic derivation. Derivation of Clausius – Clapeyron 
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equation and its importance in phase equilibria. Phase diagrams of one-component systems 
(water and sulphur)    (8 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 and its experimental determination using Hittorf and Moving 
boundary methods. Ionic mobility.  

(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: G, H and S from EMF data. 
Calculation of equilibrium constant from EMF data. Concentration cells with transference 
and without transference. Liquid junction potential and salt bridge.   (8 Lectures) 
 
Section B: Organic Chemistry-3                  (30 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): (Upto 5 carbons) 
Preparation: Acid chlorides, Anhydrides, Esters and Amides from acids and their 
interconversion.        (6 Lectures) 
 
Amines and Diazonium Salts 
Amines (Aliphatic and Aromatic): (Upto 5 carbons) 
Preparation: from alkyl halides, Gabriel’s Phthalimide synthesis, Hofmann Bromamide 
reaction. 
Diazonium salts: Preparation: from aromatic amines. 
Reactions: conversion to benzene, phenol, dyes.      (6 Lectures) 
 
Amino Acids, Peptides and Proteins: 
Preparation of Amino Acids: Strecker synthesis using Gabriel’s phthalimide synthesis. 
Zwitterion, 
Overview of Primary, Secondary, Tertiary and Quaternary Structure of proteins. 

(3 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,  

(4 Lectures) 
 
Reference Books:  

� Barrow, G.M. Physical Chemistry Tata McGraw‐Hill (2007).   
� Castellan, G.W. Physical Chemistry 4th Ed. Narosa (2004).  
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� 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 Principles of Biochemistry 7thEd., W. H. 

Freeman.   
� Berg, J.M., Tymoczko, J.L. &Stryer, L. Biochemistry, W.H. Freeman, 2002.  

  
 
 
 
DSC-2C LAB: Chemistry-3 LAB 
60 Lectures 
 
Section A: Physical Chemistry 
Distribution 
 
Study of the equilibrium of one of the following reactions by the distribution method: 
 

I2(aq) + I-(aq)   I3
-(aq) 

 
Phase equilibria 

c) Determination of the critical solution temperature and composition of the phenol 
water system and study of the effect of impurities on it.  
d) Study of the variation of mutual solubility temperature with concentration for the 
phenol water system and determination of the critical solubility temperature.  
 

Conductance 
Perform the following conductometric titrations:  

(a) Strong acid vs. strong base  
(b) Weak acid vs. strong base  

  
Potentiometry 
 
Perform the following potentiometric titrations:   

(a)Strong acid vs. strong base  
(b)Weak acid vs. strong base  

 
Section B: Organic Chemistry 
I. Systematic Qualitative Organic Analysis of Organic Compounds possessing 
monofunctional groups (-COOH, phenolic, aldehydic, ketonic, amide, nitro, amines) and 
preparation of one derivative. 
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II. Separation of amino acids by paper chromatography  
 
 
Reference Books:  

� Vogel, A.I., Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., Text 
book of Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996.  

� Mann, F.G. & Saunders, B.C. Practical Organic Chemistry Orient-Longman, 1960.  
� Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry, R. 

Chand & Co.: New Delhi (2011).   
� Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry, 

Universities Press.  
 
 
 
 
SEC-1 
BASIC ANALYTICAL CHEMISTRY 
(Credits: 02) 30 Lectures 
 
Introduction: Introduction to Analytical Chemistry and its interdisciplinary nature. 
Conceptof sampling. Importance of accuracy, precision and sources of error in analytical 
measurements. Presentation of experimental data and results, from the point of view of 
significant figures. 
 
Analysis of soil: Composition of soil, Concept of pH and pH measurement, 
Complexometric titrations, Chelation, Chelating agents, use of indicators. 
 
a. Determination of pH of soil samples.  
b. Estimation of Calcium and Magnesium ions as Calcium carbonate by complexometric 

titration.  
 
Analysis of water: Definition of pure water, sources responsible for contaminating water, 
water sampling methods, water purification methods. 
 

a. Determination of pH, acidity and alkalinity of a water sample.   
b. Determination of dissolved oxygen (DO) of a water sample.  

 
Analysis of food products: Nutritional value of foods, idea about food processing and food 
preservations and adulteration.  
 

a. Identification of adulterants in some common food items like coffee powder, 
asafoetida, chilli powder, turmeric powder, coriander powder and pulses, etc.  

b. Analysis of preservatives and colouring matter.  
 
  
 
Suggested Applications (Any one): 
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a. To study the uses of phenolphthalein in trap cases.  
b. To analyse arson accelerants.  
c. To carry out analysis of gasoline.  

 
Suggested Instrumental demonstrations:  
 

a. Estimation of macro nutrients: Potassium, Calcium, Magnesium in soil samples by 
flame photometry.  

b. Spectrophotometric determination of Iron in Vitamin /Dietary Tablets.  
c. Spectrophotometric Identification and Determination of Caffeine and Benzoic Acid 

in Soft Drinks.  
 
 
Reference Books:   

1. Willard, H.H., Merritt, L.L., Dean, J. & Settoe, F.A. Instrumental Methods of 
Analysis, 7thEd. Wadsworth Publishing Company Ltd., Belmont, California, 
USA,1988.   

2. S
koog, D.A., Holler, F.J. & Crouch, S. Principles of Instrumental Analysis, 
Cengage Learning India Edition, 2007.   

3. Skoog, D.A.; West, D.M. & Holler, F.J. Analytical Chemistry: An Introduction 
6thEd., Saunders College Publishing, Fort Worth, Philadelphia (1994). 

4. Harris, D. C. Quantitative Chemical Analysis, 9th ed. Macmillan Education, 
2016.  

5. Dean, J. A. Analytical Chemistry Handbook, McGraw Hill, 2004.  
6. Day, R. A. & Underwood, A. L. Quantitative Analysis, Prentice Hall of India, 

1992.  
7. Freifelder, D.M. Physical Biochemistry 2ndEd., W.H. Freeman & Co., N.Y. 

USA (1982).   
8. Cooper, T.G. The Tools of Biochemistry, John Wiley & Sons, N.Y. USA. 16 

(1977).  
9. Vogel, A. I. Vogel’s Qualitative Inorganic Analysis 7thEd., Prentice Hall, 1996.  
10. Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., Pearson, 

2009.  
11. Robinson, J.W. Undergraduate Instrumental Analysis 5thEd., Marcel Dekker, 

Inc., New York (1995).   
12. Christian, G.D. Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 

2004.  
 

 
 
 
 
 

SEMESTER-V 
 

CHEMISTRY-DSE-2A-1: ANALYTICAL METHODS IN CHEMISTRY 
(Credits: Theory-04, Practicals-02) 
Theory: 60 Lectures 
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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. 
 

(5 Lectures)  
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. 
 
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. 
 
Flame Atomic Absorption and Emission Spectrometry: Basic principles of instrumentation 
(choice of source, monochromator, detector, choice of flame and Burner designs. 
Techniques of atomization and sample introduction. 

(25 Lectures)  
Thermal methods of analysis: 
Techniques for quantitative estimation of Ca and Mg from their mixture. 

(5 Lectures)  
Electroanalytical methods: 
Classification of electroanalytical methods, basic principle of pH metric, potentiometric and 
conductometric titrations.  

(10 Lectures)  
Separation techniques: 
Solvent extraction: Classification, principle and efficiency of the technique. 
 
Mechanism of extraction: extraction by solvation and chelation. 
 
Qualitative and quantitative aspects of solvent extraction: extraction of metal ions from 
aqueous solution, extraction of organic species from the aqueous and non-aqueous media. 
 
Chromatography: Classification, principle and efficiency of the technique. 
 
Qualitative and quantitative aspects of chromatographic methods of analysis: IC, GLC, 
GPC, TLC and HPLC. 
 
Stereoisomeric separation and analysis: Measurement of optical rotation, calculation of 
Enantiomeric excess (ee)/diastereomeric excess (de) ratios and determination of 
enantiomeric composition using NMR, Chiral solvents and chiral shift reagents. 
Chiralchromatographic techniques using chiral columns (GC and HPLC). 
                   (15 Lectures)  
 
 
Reference Books: 
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� Jeffery, G.H., Bassett, J., Mendham, J. & Denney, R.C. Vogel’s Textbook of 
Quantitative Chemical Analysis, John Wiley & Sons, 1989. 
� Willard, H.H., Merritt, L.L., Dean, J. & Settoe, F.A. Instrumental Methods of 
Analysis, 7th Ed. Wadsworth Publishing Company Ltd., Belmont, California, 
USA,1988. 
� Christian, G.D; Analytical Chemistry, 6th Ed. John Wiley & Sons, New York, 2004. 
� Harris, D. C. Exploring Chemical Analysis, Ed. New York, W.H. Freeman, 2001. 
� Khopkar, S.M. Basic Concepts of Analytical Chemistry. New Age, 
InternationalPublisher, 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-2A-1 LAB: ANALYTICAL METHODS IN CHEMISTRY 
60 Lectures 
 

I. Separation Techniques 
 

1. Chromatography: 
 

(a) Separation of mixtures 
 

(iii) Paper chromatographic separation of Fe3+, Al3+, and Cr3+.  
 

(iv) Separation and identification of the monosaccharides present in the given mixture 
(glucose & fructose) by paper chromatography. Reporting the Rf values.  

 
 

II. Solvent Extractions:  
 

To separate a mixture of Ni2+& Fe2+ by complexation with DMG and extracting the 
Ni2+-DMG complex in chloroform, and determine its concentration by 
spectrophotometry.  

 
III. Determine the pH of the given aerated drinks fruit juices, shampoos and soaps.  

 
IV. Determination of Na, Ca, Li in cola drinks and fruit juices using fame photometric 

techniques.  
 

V. Analysis of soil:   
 

Determination of pH of soil.  
 

Total soluble salt  
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Estimation of calcium, magnesium, phosphate, 

nitrate. 

  
VI Spectrophotometry 

 
a. Determination of pKa values of indicator using spectrophotometry.  
b. Structural characterization of compounds by infrared spectroscopy.  
c. Determination of dissolved oxygen in water. 

 
  

Reference Books: 
� Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6thEd., 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. and Nieman, T.A. Principles of Instrumental Analysis, 

Cengage Learning India Edition.  
� Mikes, O. & Chalmes, R.A. Laboratory Handbook of Chromatographic & 

Allied Methods, Elles Harwood Ltd. London. 
� Ditts, R.V. Analytical Chemistry: Methods of separation. Van Nostrand, New 

York, 1974.  
 
 

 
 
 
 
SEC-3 
CHEMICAL TECHNOLOGY & SOCIETY 
(Credits: 02)  
Theory: 30 Lectures 
 
Chemical Technology 
Basic principles of distillation, solvent extraction, solid-liquid leaching and liquid-
liquid extraction, separation by absorption and adsorption.  
 
Society 
Exploration of societal and technological issues from a chemical perspective. 
Chemical and scientific literacy as a means to better understand topics like air and 
water (and the trace materials found in them that are referred to as pollutants); energy 
from natural sources (i.e. solar and renewable forms), from fossil fuels and from 
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nuclear fission; materials like plastics and polymers and their natural analogues, 
proteins and nucleic acids. 
 
 
Reference Book: 

� John W. Hill, Terry W. McCreary & Doris K. Kolb, Chemistry for changing times 
13th Ed, Prentice-Hall (2012).   

 
 
 
 
 

----------x---------

 


