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Vidyasagar University 
 

Curriculum for B.Sc. (Honours) in Chemistry [Choice Based Credit System] 
 
 

Semester-VI 
 
 

Course Course 
Code 

Name of the 
Subjects 

Course 
Type/ 
Nature 

Teaching 
Scheme in hour 
per week 

Credit Marks 

L T P 
CC- 13  C13T: Inorganic 

Chemistry-V 
Core Course-13 4 0 0 6 75 

- Lab  0 0 4 
CC- 14  C13T: Physical 

Chemistry-V   
Core Course-14 4 0 0 6 75 

- Lab 0 0 4 
DSE-3  DSE3T: Green Chemistry  

Or Inorganic Materials 
of Industrial Importance                  
 

Discipline 
Specific Electives 
-3 

4 0 0 6 75 

- Lab 0 0 4 
DSE-4  DSE4T: Polymer 

Chemistry                   
Discipline 
Specific Electives 
-4 

4 0 0 6 75 

- Lab  0 0 4 
Semester Total    24 300 

 
 
L= Lecture, T= Tutorial, P = Practical, CC - Core Course, TBD - To be decided, DSE: 
Discipline Specific Elective. 
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Semester-VI 

List of Core Course (CC) 
 

CC-13: Inorganic Chemistry-V  

CC-14: Physical Chemistry-V   

  
Discipline Specific Electives (DSE) 

 
DSE-3: Green Chemistry  
Or 
DSE- 3: Inorganic Materials of Industrial Importance                  
 

DSE-4: Polymer Chemistry                   
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SEMESTER –VI 
 

Core Courses (CC) 
 

CC-13: Inorganic Chemistry-V       Credits 06 
 

C13T: Inorganic Chemistry-V        Credits 04 
 

Course Contents:  
 
Bioinorganic Chemistry        

Elements of life: essential and beneficial elements, major, trace and ultratrace elements. Basic 
chemical reactions in the biological systems and the role of metal ions (specially Na+, K+, 
Mg2+, Ca2+, Fe3+/2+, Cu2+/+, and Zn2+). Metal ion transport across biological membrane Na+/ 
K+-ion pump. Dioxygen molecule in life. Dioxygen management proteins: Haemoglobin, 
Myoglobin, Hemocyanine and Hemerythrin. Electron transfer proteins: Cytochromes and 
Ferredoxins. Hydrlytic enzymes: carbonate bicarbonate buffering system and carbonic 
anhydrase and carboxyanhydrase A. Biological nitrogen fixation, Photosynthesis: 
Photosystem-I and Photosystem-II. Toxic metal ions and their effects, chelation therapy 
(examples only), Pt and Au complexes as drugs (examples only), metal dependent diseases 
(examples only) 

Organometallic Chemistry               

Definition and classification of organometallic compounds on the basis of bond type. Concept 
of hapticity of organic ligands. 18-electron and 16-electron rules (pictorial MO approach).  
Applications of 18-electron rule to metal carbonyls, nitrosyls, cyanides. General methods of 
preparation  of mono and binuclear carbonyls of 3d series. Structures of mononuclear and 
binuclear carbonyls. pi-acceptor behaviour of CO, synergic effect and use of IR data to explain 
extent of back bonding. Zeise’s salt: Preparation, structure, evidences of synergic effect. 
Ferrocene: Preparation and reactions (acetylation, alkylation, metallation, Mannich 
Condensation). Reactions of organometallic complexes: substitution, oxidative addition, 
reductive elimination and insertion reactions.  

Catalysis by Organometallic Compounds 

Study of the following industrial processes  
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1. Alkene hydrogenation (Wilkinson’s Catalyst) 

2. Hydroformylation  

3. Wacker Process 

4. Synthetic gasoline (Fischer Tropsch reaction) 

5. Ziegler-Natta catalysis for olefin polymerization. 

Reaction Kinetics and Mechanism       

Introduction to inorganic reaction mechanisms. Substitution reactions in square planar 
complexes, Trans- effect and its application in complex synthesis, theories of trans effect, 
Mechanism of nucleophilic substitution in square planar complexes, Thermodynamic and 
Kinetic stability, Kinetics of octahedral substitution, Ligand field effects and reaction rates, 
Mechanism of substitution in octahedral complexes. 

Suggested Readings:  

1. Lippard, S.J. & Berg, J.M. Principles of Bioinorganic Chemistry Panima Publishing 
Company 1994.  

2. Huheey, J. E.; Keiter, E.A. & Keiter, R.L. Inorganic Chemistry, Principles of 
Structure and Reactivity 4th Ed., Harper Collins 1993, Pearson,2006. 

3. Greenwood, N.N. & Earnshaw A. Chemistry of the Elements, Butterworth-
Heinemann, 1997. 

4. Cotton, F.A., Wilkinson, G., Murrillo, C. A., Bochmann, M., Advanced Inorganic 
Chemistry 6th Ed. 1999., Wiley. 

5. Bertini, I., Gray, H. B., Lippard, S.J., Valentine, J. S., Viva, 2007.  
6. Basolo, F, and Pearson, R.C. Mechanisms of Inorganic Chemistry, John Wiley & 

Sons, NY, 1967.  
7. Purecell, K.F. and Kotz, J.C., An Introduction to Inorganic Chemistry, Saunders: 

Philadelphia, 1980.  
8. Powell, P. Principles of Organometallic Chemistry, Chapman and Hall, 1988.  
9. Collman, J. P. et al. Principles and Applications of Organotransition Metal 

Chemistry. Mill Valley, CA: University Science Books, 1987.  
10. Crabtree, R. H. The Organometallic Chemistry of the Transition Metals. New 

York, NY: John Wiley, 2000.  
 

C13P: LAB           Credits 02  

Practical:  

Qualitative semimicro analysis of mixtures containing four radicals. Emphasis should be 
given to the understanding of the chemistry of different reactions and to assign the most 
probable composition.  
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Cation Radicals: Na+, K+, Ca2+, Sr2+, Ba2+, Al3+, Cr3+, Mn2+/Mn4+, Fe3+, Co2+/Co3+, Ni2+, Cu2+, 
Zn2+, Pb2+, Cd2+, Bi3+, Sn2+/Sn4+, As3+/As5+, Sb3+/5+, NH4

+, Mg2+.  
 
Anion Radicals: F-, Cl-, Br-, BrO3

-, I-, IO3
-, SCN-, S2-, SO4

2-, NO3
-, NO2

-, PO4
3-, AsO4

3--, 
BO3

3-, CrO4
2- / Cr2O7

2-, Fe(CN)6
4-, Fe(CN)6

3-.  
 

Insoluble Materials: Al2O3(ig), Fe2O3(ig), Cr2O3(ig), SnO2, SrSO4, BaSO4, CaF2, PbSO4. 

Suggested Readings:  

1. Svehla, G., Vogel’s Qualitative Inorganic Analysis, Pearson Education, 2012. 

 

CC-14: Physical Chemistry-V       Credits 06 

C14T: Physical Chemistry-V        Credits 04 
 

Course Contents:  

a) 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; Diatomic vibrating rotator, P, Q, 
R branches 

Raman spectroscopy: Qualitative treatment of Rotational Raman effect; Effect of nuclear spin, 
Vibrational Raman spectra, Stokes and anti-Stokes lines; their intensity difference, rule of 
mutual exclusion 

Nuclear Magnetic Resonance (NMR) spectroscopy: Principles of NMR spectroscopy, Larmor 
precession, chemical shift and low resolution spectra, different scales, spin-spin coupling and 
high resolution spectra, interpretation of PMR spectra of organic molecules 

Electron Spin Resonance (ESR) spectroscopy: Its principle, hyperfine structure, ESR of simple 
radicals 
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b) Photochemistry        
 
Lambert-Beer’s law: Characteristics of electromagnetic radiation, Lambert-Beer’s law and its 
limitations, physical significance of absorption coefficients; Laws of photochemistry, Stark-
Einstein law of photochemical equivalence quantum yield, actinometry, examples of low and 
high quantum yields 

 
Photochemical Processes: Potential energy curves (diatomic molecules), Frank-Condon 
principle and vibrational structure of electronic spectra; Bond dissociation and principle of 
determination of dissociation energy (ground state); Decay of excited states by radiative and 
non-radiative paths; Pre-dissociation; Fluorescence and phosphorescence, Jablonskii diagram;  
 
Rate of Photochemical processes: Photochemical equilibrium and the differential rate of 
photochemical reactions, Photostationary state; HI decomposition, H2-Br2 reaction, 
dimerisation of anthracene; photosensitised reactions, quenching; Role of photochemical 
reactions in biochemical processes, photostationary states, chemiluminescence 
 
c) Surface phenomenon       
 
Surface tension and energy: Surface tension, surface energy, excess pressure, capillary rise and 
surface tension; Work of cohesion and adhesion, spreading of liquid over other surface; Vapour 
pressure over curved surface; Temperature dependence of surface tension 

Adsorption: Physical and chemical adsorption; Freundlich and Langmuir adsorption isotherms; 
multilayer adsorption and BET isotherm (no derivation required); Gibbs adsorption isotherm 
and surface excess; Heterogenous catalysis (single reactant); Zero order and fractional order 
reactions; 

Colloids: Lyophobic and lyophilic sols, Origin of charge and stability of lyophobic colloids, 
Coagulation and Schultz-Hardy rule, Zeta potential and Stern double layer (qualitative idea), 
Tyndall effect; Electrokinetic phenomena (qualitative idea only); Determination of Avogadro 
number by Perrin’s method; Stability of colloids and zeta potential; Micelle formation 

Suggested Readings:  

1. Castellan, G. W. Physical Chemistry, Narosa 
2. Levine, I. N. Physical Chemistry, Tata McGraw-Hill  
3. Atkins, P. W. & Paula, J. de Atkin’s, Physical Chemistry, Oxford University Press 
4. McQuarrie, D. A. & Simons, J. D. Physical Chemistry: A Molecular Approach, Viva 

Press 
5. Mortimer, R. G. Physical Chemistry, Elsevier 
6. Laidler, K. J. Chemical Kinetics, Pearson 
7. Banwell, C. N. Fundamentals of Molecular Spectroscopy, Tata-McGraw-Hill 
8. Barrow, G. M. Molecular Spectroscopy, McGraw-Hill 
9. Hollas, J.M. Modern Spectroscopy, Wiley India 
10. McHale, J. L. Molecular Spectroscopy, Pearson Education 
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11. Wayne, C. E. & Wayne, R. P. Photochemistry, OUP 
12. Brown, J. M. Molecular Spectroscopy, OUP 
13. Levine, I. N. Quantum Chemistry, PHI 
14. Atkins, P. W. Molecular Quantum Mechanics, Oxford 

 

C14P : LAB        Credits  02 

Practical  

Experiment 1: Determination of surface tension of a liquid using Stalagmometer 

Experiment 2: Determination of CMC from surface tension measurements 

Experiment 3: Verification of Beer and Lambert’s Law for KMnO4 and K2Cr2O7 solution 

Experiment 4: Study of kinetics of K2S2O8 + KI reaction, spectrophotometrically 

Experiment 5: Determination of pH of unknown buffer, spectrophotometrically 

Experiment 6: Spectrophotometric determination of CMC 

Suggested Readings:  

1. Viswanathan, B., Raghavan, P.S. Practical Physical Chemistry Viva Books (2009) 
2. Mendham, J., A. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Pearson 
3. Harris, D. C. Quantitative Chemical Analysis. 6th Ed., Freeman (2007)  
4. Palit, S.R., De, S. K. Practical Physical Chemistry Science Book Agency 
5. University Hand Book of Undergraduate Chemistry Experiments, edited by Mukherjee, 

G. N., University of Calcutta 
6. Levitt, B. P. edited Findlay’s Practical Physical Chemistry Longman Group Ltd. 
7. Gurtu, J. N., Kapoor, R., Advanced Experimental Chemistry S. Chand & Co. Ltd. 

 

Discipline Specific Electives (DSE) 

DSE-3: Green Chemistry               Credits 06 

DSE3T: Green Chemistry                  Credits 04 

Course Contents:  

Introduction to Green Chemistry:                                                            

What is Green Chemistry? Need for  Green Chemistry. Goals  of Green Chemistry. 
Limitations/ Obstacles in the pursuit of the goals of Green Chemistry 

Principles of Green Chemistry and Designing a Chemical synthesis:    

Twelve principles of Green Chemistry with their explanations and examples and special 
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emphasis on the following: 

• Designing a Green Synthesis using these principles; Prevention of Waste/ byproducts; 
maximum incorporation of the materials used in the process into the final products , 
Atom Economy, calculation of atom economy of the rearrangement, addition, 
substitution and elimination reactions.  

• Prevention/ minimization of hazardous/ toxic products reducing toxicity. risk = 

(function) hazard × exposure; waste or pollution prevention hierarchy.  
 

• Green solvents– supercritical fluids, water as a solvent for organic reactions, ionic 
liquids, fluorous biphasic solvent, PEG, solventless processes, immobilized solvents 
and how to compare greenness of solvents.   

• Energy requirements for reactions – alternative sources of energy: use of microwaves 
and ultrasonic energy.  

• Selection of starting materials; avoidance of unnecessary derivatization – careful use of 
blocking/protecting groups.   

• Use of catalytic reagents (wherever possible) in preference to stoichiometric reagents; 
catalysis and green chemistry, comparison of heterogeneous and homogeneous 
catalysis, biocatalysis, asymmetric catalysis and photocatalysis.   

• Prevention of chemical accidents designing greener processes, inherent safer design, 
principle of ISD “What you don’t have cannot harm you”, greener alternative to Bhopal 
Gas Tragedy (safer route to carcarbaryl) and Flixiborough accident (safer route to 
cyclohexanol) subdivision of ISD, minimization, simplification, substitution, 
moderation and limitation.   

• Strengthening/ development of analytical techniques to prevent and minimize the 
generation of hazardous substances in chemical processes.  

 

Examples of Green Synthesis/ Reactions and some real world cases:    

1. Green Synthesis of the following compounds: adipic acid, catechol, disodium 
iminodiacetate (alternative to Strecker synthesis)   

2. Microwave assisted reactions in water: Hofmann Elimination, methyl benzoate to 
benzoic acid, oxidation of toluene and alcohols; microwave assisted reactions in 
organic solvents Diels-Alder reaction and Decarboxylation reaction   

3. Ultrasound assisted reactions: sonochemical Simmons-Smith Reaction (Ultrasonic 
alternative to Iodine)  

4 Surfactants for carbon dioxide – replacing smog producing and ozone depleting solvents 
with CO2 for precision cleaning and dry cleaning of garments.   

5 Designing of Environmentally safe marine antifoulant.  
6 Rightfit pigment: synthetic azopigments to replace toxic organic and inorganic 

pigments.   
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7 An efficient, green synthesis of a compostable and widely applicable plastic (poly lactic 
acid) made from corn.   

8 Healthier Fats and oil by Green Chemistry: Enzymatic Inter esterification for production 
of no Trans-Fats and Oils  

9 Development of Fully Recyclable Carpet: Cradle to Cradle Carpeting  
 

Future Trends in Green Chemistry:                                                 

Oxidation reagents and catalysts; Biomimetic, multifunctional reagents; Combinatorial green 
chemistry; Proliferation of solventless reactions; co crystal controlled solid state synthesis 
(C2S3); Green chemistry in sustainable development. 

Suggested Readings:  

1. Anastas, P.T. & Warner, J.K.: Green Chemistry - Theory and Practical, Oxford 
University Press (1998).   

2. Matlack, A.S. Introduction to Green Chemistry, Marcel Dekker (2001).  
3. Cann, M.C. & Connely, M.E. Real-World cases in Green Chemistry, American 

Chemical Society, Washington (2000).  
4. Ryan, M.A. & Tinnesand, M. Introduction to Green Chemistry, American Chemical 

Society, Washington (2002).  
5. Lancaster, M. Green Chemistry: An Introductory Text RSC Publishing, 2nd Edition, 

2010.  
 

DSE3P:  LAB          Credits 02    

Practical:  

1. Safer starting materials  
• Preparation and characterization of nanoparticles of gold using tea leaves.  

2. Using renewable resources  
• Preparation of biodiesel from vegetable/ waste cooking oil.  

3. Avoiding waste  
 Principle of atom economy 

• Use of molecular model kit to stimulate the reaction to investigate how the atom 
economy can illustrate Green Chemistry.  

• Preparation of propene by two methods can be studied  
 

Triethylamine ion +  OH- →  propene +  trimethyl propene  + water 

          H2SO4/Δ 
  1-propanol     propene + water 

• Other types of reactions, like addition, elimination, substitution and rearrangement 
should also be studied for the calculation of atom economy.  
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3. Use of enzymes as catalysts  
• Benzoin condensation using Thiamine Hydrochloride as a catalyst instead of cyanide.  

4. Alternative Green solvents  
• Extraction of D-limonene from orange peel using liquid CO2 prepared form dry ice. 

Mechanochemical solvent free synthesis of azomethines 

 

6.  Alternative sources of energy 

• Solvent free, microwave assisted one pot synthesis of phthalocyanine complex of 
copper (II).  

• Photoreduction of benzophenone to benzopinacol in the presence of sunlight.  
 

Suggested Readings:  
 

1. Anastas, P.T & Warner, J.C. Green Chemistry: Theory and Practice, Oxford 
University Press (1998).   

2. Kirchoff, M. & Ryan, M.A. Greener approaches to undergraduate chemistry 
experiment. American Chemical Society, Washington DC (2002).   

3. Ryan, M.A. Introduction to Green Chemistry, Tinnesand; (Ed), American Chemical 
Society, Washington DC (2002).  

4. Sharma, R.K.; Sidhwani, I.T. & Chaudhari, M.K. I.K. Green Chemistry Experiment: A 
monograph International Publishing House Pvt Ltd. New Delhi. Bangalore CISBN 
978-93-81141-55-7 (2013).  

5. Cann, M.C. & Connelly, M. E. Real world cases in Green Chemistry, American 
Chemical Society (2008).   

6. Cann, M. C. & Thomas, P. Real world cases in Green Chemistry, American Chemical 
Society (2008).  

7. Lancaster, M. Green Chemistry: An Introductory Text RSC Publishing, 2nd Edition, 
2010.   

8. Pavia, D.L., Lampman, G.M., Kriz, G.S. & Engel, R.G. Introduction to Organic 
Laboratory Techniques: A Microscale and Macro Scale Approach, W.B.Saunders, 
1995.  

Or 

DSE- 3: Inorganic Materials of Industrial Importance                 Credits 06 

DSE3T: Inorganic Materials of Industrial Importance      Credits 04 

Course Contents:  

1. 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 
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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. 

2. 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. 

3. 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, Eco-friendly paint, Plastic 
paint), Dyes, Wax polishing, Water and Oil paints, additives, Metallic coatings (electrolytic 
and electroless), metal spraying and anodizing. 

4. Batteries:        

Primary and secondary batteries, battery components and their role, Characteristics of Battery. 
Working of following batteries: Pb acid, Li-Battery, Solid state electrolyte battery. Fuel cells, 
Solar cell and polymer cell. 

5. Alloys:        

Classification of alloys, ferrous and non-ferrous alloys, Specific properties of elements in 
alloys. Manufacture of Steel (removal of silicon decarbonization, demanganization, 
desulphurization dephosphorisation) and surface treatment (Ar and heat treatment, nitriding, 
carburizing). Composition and properties of different types of steels. 

 

6. Chemistry of Nano Materials including Graphene.  Syntheses, characterization and 
applications.  Plasmonic materials, Semiconductor, Band gap, Types of Semiconductors, 
Colour Centres. 
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7. 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 catalysts. 

8. Chemical explosives:       

Origin of explosive properties in organic compounds, preparation and explosive properties of 
lead azide, PETN, cyclonite (RDX). Introduction to rocket propellants. 

 

Suggested Readings:  

1. E. Stocchi: Industrial Chemistry, Vol-I, Ellis Horwood Ltd. UK.   

2. R. M. Felder, R. W. Rousseau: Elementary Principles of Chemical Processes, Wiley 
Publishers, New Delhi.  

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

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

Publications, New Delhi.   

7. Sharma, B.K. & Gaur, H. Industrial Chemistry, Goel Publishing House, Meerut (1996).  
 

DSE3P:  LAB            Credits 02 
 

Practical:  

1. Determination of free acidity in ammonium sulphate fertilizer.   

2. Estimation of Calcium in Calcium ammonium nitrate fertilizer.  
3. Estimation of phosphoric acid in superphosphate fertilizer.  
4. Electroless metallic coatings on ceramic and plastic material.  
5. Determination of composition of dolomite (by complexometric titration).  
6. Analysis of (Cu, Ni); (Cu, Zn ) in alloy or synthetic samples.  
7. Analysis of Cement.  
8. Preparation of pigment (zinc oxide).  

 

Suggested Readings:  
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1. E. Stocchi: Industrial Chemistry, Vol-I, Ellis Horwood Ltd. UK.   

2. R. M. Felder, R. W. Rousseau: Elementary Principles of Chemical Processes, Wiley 
Publishers, New Delhi.  

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

4. J. A. Kent: Riegel’s Handbook of Industrial Chemistry, CBS Publishers, New Delhi.  
5. P. C. Jain, M. Jain: Engineering Chemistry, Dhanpat Rai & Sons, Delhi.  
6. R. Gopalan, D. Venkappayya, S. Nagarajan: Engineering Chemistry, Vikas  
7. Publications, New Delhi. 
8. Sharma, B.K. & Gaur, H. Industrial Chemistry, Goel Publishing House, Meerut (1996). 

 

 

DSE-4: Polymer Chemistry             Credits 06 

DSE4T: Polymer Chemistry              Credits 04 
 

Course Contents:  

Introduction and history of polymeric materials:                                    

Different schemes of classification of polymers, Polymer nomenclature, Molecular forces and 
chemical bonding in polymers, Texture of Polymers. 

Functionality and its importance:       

Criteria for synthetic polymer formation, classification of polymerization processes, 
Relationships between functionality, extent of reaction and degree of polymerization. Bi-
functional systems, Poly-functional systems. 

Kinetics of Polymerization:        

Mechanism and kinetics of step growth, radical chain growth, ionic chain (both cationic and 
anionic) and coordination polymerizations, Mechanism and kinetics of copolymerization, 
polymerization techniques. 

Crystallization and crystallinity:       

Determination of crystalline melting point and degree of crystallinity, Morphology of crystalline 
polymers, Factors affecting crystalline melting point. 

Nature and structure of polymers:       
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Structure Property relationships. 

Determination of molecular weight of polymers:     

(Mn, Mw, etc) by end group analysis, viscometry, light scattering and osmotic pressure methods. 
Molecular weight distribution and its significance. Polydispersity index. 

Glass transition temperature (Tg) and determination of Tg:            

Free volume theory, WLF equation, Factors affecting glass transition temperature (Tg). 

Polymer Solution:       

Criteria for polymer solubility, Solubility parameter, Thermodynamics of polymer solutions, 
entropy, enthalpy, and free energy change of mixing of polymers solutions, Flory- Huggins 
theory, Lower and Upper critical solution temperatures. 

Properties of Polymer:        

(Physical, thermal, Flow & Mechanical Properties). 

Brief introduction to preparation, structure, properties and application of the following polymers: 
polyolefins, polystyrene and styrene copolymers, poly(vinyl chloride) and related polymers, 
poly(vinyl acetate) and related polymers, acrylic polymers, fluoro polymers, 

polyamides and related polymers. Phenol formaldehyde resins (Bakelite, Novalac), 
polyurethanes,  silicone polymers, polydienes, 

Polycarbonates, Conducting Polymers, [polyacetylene, polyaniline, poly(p-phenylene sulphide 
polypyrrole, polythiophene)]. 

Suggested Readings:  
 

1. R.B. Seymour & C.E. Carraher: Polymer Chemistry: An Introduction, Marcel Dekker, 
Inc. New York, 1981.  

2. G. Odian: Principles of Polymerization, 4th Ed. Wiley, 2004.   
3. F.W. Billmeyer: Textbook of Polymer Science, 2nd Ed. Wiley Interscience, 1971.  
4. P. Ghosh: Polymer Science & Technology, Tata McGraw-Hill Education, 1991.  
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DSE4P:   LAB           Credits 02 

Practical:  

Polymer synthesis  
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1. Free radical solution polymerization of styrene (St) / Methyl Methacrylate 
(MMA) / Methyl Acrylate (MA) / Acrylic acid (AA). 

a) Purification of monomer  
b) Polymerization using benzoyl peroxide (BPO) / 2,2’-azo-bis-

isobutylonitrile (AIBN)  
2. Preparation of nylon 66/6  
3. Interfacial polymerization, preparation of polyester from isophthaloyl 

chloride (IPC) and phenolphthalein  
4. Redox polymerization of acrylamide 
5. Precipitation polymerization of acrylonitrile  
6. Preparation of urea-formaldehyde resin  
7. Preparations of novalac resin/ resold resin.  
8. Microscale Emulsion Polymerization of Poly(methylacrylate).  

 
Polymer characterization 

1. Determination of molecular weight by viscometry: 
(a) Polyacrylamide-aq.NaNO2 solution   

(b) (Poly vinyl proplylidine (PVP) in water  
2. Determination of the viscosity-average molecular weight of poly(vinyl alcohol) (PVOH) 

and the fraction of “head-to-head” monomer linkages in the polymer.   

3. Determination of molecular weight by end group analysis: Polyethylene glycol (PEG) 
(OH group).  

4. Testing of mechanical properties of polymers.  
5. Determination of hydroxyl number of a polymer using colorimetric method.  

 

Polymer analysis 

1. Estimation of the amount of HCHO in the given solution by sodium sulphite method   

2. Instrumental Techniques  
3. IR studies of polymers  
4. DSC analysis of polymers  
5. Preparation of polyacrylamide and its electrophoresis  

 

*at least 7 experiments to  be carried out. 

Suggested Readings:  

1. M.P. Stevens, Polymer Chemistry: An Introduction, 3rd Ed., Oxford University Press, 
1999.   

2. H.R. Allcock, F.W. Lampe & J.E. Mark, Contemporary Polymer Chemistry, 3rd ed. 
Prentice-Hall (2003)  
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3. F.W. Billmeyer, Textbook of Polymer Science, 3rd ed. Wiley-Interscience (1984)  
4. J.R. Fried, Polymer Science and Technology, 2nd ed. Prentice-Hall (2003)  
5. P. Munk & T.M. Aminabhavi, Introduction to Macromolecular Science, 2nd ed. John 

Wiley & Sons (2002)  
6. L. H. Sperling, Introduction to Physical Polymer Science, 4th ed. John Wiley & Sons 

(2005)   
7. M.P. Stevens, Polymer Chemistry: An Introduction 3rd ed. Oxford University Press 

(2005).   

8. Seymour/ Carraher’s Polymer Chemistry, 9th ed. by Charles E. Carraher, Jr. (2013).  
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