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Credit Structure  

 

  Recommended Actual 

1 Course Credits   

Total Credit Requirement: 94-102 97 

Theory 50-60 51 
Laboratories 12-18 16 
Seminars 4 4 
Thesis 26 26 

2 Theory subjects   

Total number of theory subjects (cores + 
electives) 

14-16 14.5 

Number of core subjects (%) 60-80% 65% 
Number of elective subjects (%) 20-40% 35% 
Total credit of theory subjects 50-60 51 

3 Laboratory subjects 12-18 16 
4 Seminars  4 4 
5 Thesis (Part I and Part II) 10+16 10 +16 
    

 

 



 

 

 
Semester-wise course details 

 
Semester Course Name L-T-P Credits 

I Introduction to Quantum Chemistry 3-1-0 4 
Inorganic Chemistry–Structure, Principle and 
Reactivity 

3-1-0 4 

Concept of Organic Synthesis 3-1-0 4 
Mathematics for Chemists 2-0-0 2 
Organic Chemistry Laboratory 0-0-6 4 
Inorganic Chemistry Laboratory 0-0-6 4 
Seminar-I 0-0-3 2 
Semester Total  24 

II Thermodynamics and Chemical Equilibrium 3-1-0 4 
Principles of Organometallic and Bio-inorganic 
Chemistry  

3-1-0 4 

Advanced Organic Chemistry 3-1-0 4 
Group Theory and Spectroscopy 3-1-0 4 
Computational Methods and Applications 3-0-0 3 
Physical  Chemistry Laboratory   0-0-6 4 
Advanced Instrumentation  Laboratory 0-0-6 4 
Semester Total  27 

III Analytical Chemistry  3-0-0 3 
Elective I  3-0-0 3 
Elective II 3-0-0 3 
Elective III 3-0-0 3 
Seminar-I 0-0-3 2 
Project I 0-0-15 10 
Semester Total  24 

IV Elective IV 3-0-0 3 
Elective V/Research Review Paper 3-0-0 3 
Project II 0-0-24 16 
Semester Total  22 

 Grand Total 97 

 

 
 

 



 

 

 
COURSE CURRICULUM 

 
Sl. No. Course Name Nature of 

course 

Course 

code 

L-T-P 

(Credit) 

Page 

  

SEMESTER – I  

1 Introduction to Quantum Chemistry Core CY4001 3-1-0( 4)  

2 Inorganic Chemistry- Structure, Principle and  
Reactivity 

Core CY4002 3-1-0( 4)  

3 Concept of Organic Synthesis Core CY4003 3-1-0( 4)  

4 Mathematics for Chemists Core CY4004 2-0-0 (2)  

5 Organic Chemistry Laboratory Core CY4101 0-0-6( 4)  

6 Inorganic Chemistry Laboratory   Core CY4102 0-0-6( 4)  

7 Seminar I Core CY4401 0-0-6( 4)  
 SEMESTER – II  

8 Thermodynamics and Chemical Equilibrium Core CY4005 3-1-0( 4)  

9 Principles of Organometallic and Bioinorganic 
Chemistry 

Core CY4006 3-1-0( 4)  

10 Advanced Organic Chemistry Core CY4007 3-1-0( 4)  

11 Group Theory and Spectroscopy Core CY4008 3-1-0( 4)  

12 Computational Methods and Applications Core CY4009 3-0-0 (3)  

13 Physical  Chemistry Laboratory   Core CY4103 0-0-6( 4)  

14 Advanced Instrumentation  Laboratory Core CY4104 0-0-6 (4)  

SEMESTER – III  

15 Analytical Chemistry Core CY5001 0-0-3 (3)  

16 Seminar II Core CY5401 0-0-3 (2)  

17 Elective I Elective  3-0-0 (3)  

18 Elective II Elective  3-0-0 (3)  

19 Elective III Elective  3-0-0 (3)  

20 Project I  CY5501 0-0-15 (10)  

SEMESTER – IV 

21 Elective IV Elective  3-0-0 (3)  

22 Elective V/Research Review Paper Elective /CY6201 3-0-0 (3)  

23 Project II  CY5502 0-0-24 (16)  

 



 

 

 



 

 

 
LIST OF ELECTIVES 

List of subjects to be floated under Electives I-V  

i Biochemistry  CY6001 3-0-0( 3)  

ii Solid State Chemistry  CY6002 3-0-0( 3)  

iii Chemical Kinetics and Surface Chemistry  CY6003 3-0-0( 3)  

iv Advanced Polymer Chemistry  CY6004 3-0-0( 3)  

v Metal Complexes in Catalysis  CY6005 3-0-0(3)  

vi Physical Methods in Inorganic Chemistry  CY6006 3-0-0( 3)  

vii Advanced Inorganic Chemistry : Reactions, 
Kinetics and Mechanism 

 CY6007 3-0-0( 3)  

viii Advanced Main Group Chemistry  CY6008 3-0-0( 3)  

ix Inorganic  Photochemistry  CY6009 3-0-0( 3)  

x Chemistry of Materials  CY6010 3-0-0( 3)  

xi Advanced Bio-inorganic Chemistry  CY6011 3-0-0( 3)  

xii Organic Reagents and Reactions  CY6012 3-0-0( 3)  

xiii Methods in Organic Synthesis  CY6013 3-0-0( 3)  

xiv Photochemistry and Pericyclic Reactions  CY6014 3-0-0( 3)  

xv Statistical Mechanics for Chemists  CY6015 3-0-0( 3)  

xvi Chemical Biology of Receptors  CY6016 3-0-0( 3)  

xvii Application of  Fluorescence Spectroscopy in 
Chemistry and Biology 

 CY6017 3-0-0( 3)  

xviii Theory of Conductance and Diffusion  CY6018 3-0-0( 3)  

xix Structure and Function of Biomolecules  CY6019 3-0-0( 3)  

xx Receptor Pharmacology and Drug Discovery  CY6020 3-0-0( 3)  

xxi Biophysical Chemistry  CY6021 3-0-0( 3)  



 

 

xxii Chemical Bonding and Reactivity  CY6022 3-0-0( 3)  

xxiii Advanced Quantum Chemistry  CY6023 3-0-0( 3)  

xxiv Advanced Magnetic Materials  CY6024 3-0-0( 3)  

xxv Design and Application of Nanomaterials  CY6025 3-0-0( 3)  

xxvi Electroanalysis and Sensors  CY6026 3-0-0( 3)  

xxvii Catalyst Design and Function  CY6027 3-0-0( 3)  

xxviii Organic Spectroscopy  CY6028 3-0-0( 3)  

xxix Chemistry of Natural Products  CY6029 3-0-0( 3)  

xxx Chemistry of Pharmaceutics  CY6030 3-0-0( 3)  

xxxi Advanced Heterocyclic Chemistry  CY6031 3-0-0( 3)  

xxxii Organometallic strategies in Organic Synthesis  CY6032 3-0-0( 3)  

xxxiii Special Topics in Polymer & Composites  CY6033 3-0-0( 3)  

xxxiv Advanced Chemistry of Carbohydrates, 
Nucleosides and Nucleotides 

 CY6034 3-0-0( 3)  

xxxv Advanced Topics in Organic Chemistry  CY6035 3-0-0( 3)  

xxxvi Chemo and Bio Informatics   CY6036 3-0-0( 3)  

xxxvii Molecular recognition and Supramolecular 
Chemistry 

 CY6037 3-0-0( 3)  

 
 



 

 

 

Semester-I 
Total credits=24 

 
(1) Introduction to Quantum Chemistry (CY4001):  

 

3-1-0: 4 Credits         Prerequisite: Nil 

 

Quantum Chemistry: Planck’s quantum theory, wave–particle duality. Uncertainty Principle, operators 
and commutation relations; postulates of quantum mechanics and Schrodinger equation; free particle, 
particle in a box, degeneracy, harmonic oscillator, rigid rotator and the hydrogen atom. Angular 
momentum, eigenvalues of angular momentum operator, ladder operators, orbital and spin motion of 
electron, coupling of angular momenta including spin-orbit coupling, Time-independent perturbation 
theory, degenerate states, variational method, Hellmann-Feynman theorem. Spectra and structure of 
helium atom, term symbols for atoms, Hartree-Fock equations, self-consistent field method and 
coupling schemes. Born-Oppenheimer approximation, hydrogen molecule ion, hydrogen molecule: 
valence bond and molecular orbital methods, polyatomic molecules and hybridization.  
 
Texts/ References: 

1. Ira N. Levine, Quantum Chemistry, Prentice Hall, 5th ed., 1999. 
2. A. K. Chandra, Introductory Quantum Chemistry, Tata McGraw-Hill Education, 1994. 
3. George C. Schatz and Mark A. Ratner, Quantum Mechanics in Chemistry, Dover Publications, 2002. 
4. Linus Pauling and E. Bright Wilson Jr., Introduction to Quantum Mechanics with Applications to 

Chemistry, Dover Publications, 1985. 
5. Donald A. McQuarrie, Quantum Chemistry, University Science Books; 2nd ed., 2007. 

 

(2) Inorganic Chemistry- Structure, Principle and Reactivity (CY4002): 

 

3-1-0: 4 Credits         Prerequisite: Nil 

 
Symmetry, Point groups with examples (Cnv, Dnh, Dnv, Oh, Td etc), Character tables, Terms 
symbols and RS coupling, CFT: principles and applications, Orgel energy diagram, Tanabe-Sugano 
diagram, Ligand field theory, Molecular orbital theory (for Heterodiatomics, Metallocenes etc). 
Magnetic and spectral properties of coordination compounds. Inorganic reaction mechanism- 
substitution, Electron transfer reactions (Inner sphere and Outer sphere mechanisms, Marcus-Hush 
Theory of electron Transfer), Thermodynamic stability and kinetic lability, Trans effect. 
 
Texts/ References: 

1. B. N. Figgis, J. E. Huheey, P. W. Atkins, Inorganic Chemistry. 
2. F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 3rded., Wiley-Eastern Company, New Delhi 
1990 
3. James E. House, Inorganic Chemistry (Elsevier) 

 

(3) Concept of Organic Synthesis (CY4003):  

 

3-1-0: 4 credits         Prerequisite: Nil 

 
Sterochemistry:Introduction, optical isomerism and chirality, resolution, conformational analysis, 
stereoelectronic effect, and stereochemical aspects; Reactive Intermediates: Carbenes, Nitrenes, 
Radicals, Carbo-cations, ylides, benzyne; Substitution and Elimination reactions; Acid and base 



 

 

concept of organic compounds; Ideal synthesis; fundamentals of retro-synthesis; Functional group 
transformations, umpolung and protecting groups; Reaction mechanisms: Definition of reaction 
mechanism, transition state theory, Substituent effects, linear free energy relationships, Hammett 
equation and related modifications. Basic mechanistic concepts like kinetic vs thermodynamic control, 
Hammond postulate, Curtin-Hammett principle, isotope effects; Oxidation and Reduction reactions, 
Chemistry of cyclic and acyclic compounds; Aromaticity and Aromatic electrophilic substitution: 
Basic definition of aromaticity, Huckels rule, intermediates and orientation, electrophiles, reactivity 
and selectivity, kinetic isotopic effects; Nitration, halogenation, sulfonation, Friedel-Crafts reaction, 
protonation; Nucleophilic aromatic substitution. 
 
Texts/ References: 

1. P. S. Kalsi, Stereochemistry, conformation and Mechanism, New Age International Pvt Ltd.; 7th ed. 2009. 
2. E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds, John Wiley & Sons, New York, 1994. 
3. Clayden, Greeves, Warren & Wothers, Organic Chemistry, Oxford University Press, 2001. 
4. J. March. Advanced Organic Chemistry: Reactions, Mechanisms and Structure Wiley-India, 4th edition, 

2005.  
5. F. A. Carey and R. J. Sundberg, Advanced Organic Chemistry, PartA and Part B, Springer; 5th edition, 

2007. 
6. M. B. Smith, Organic Synthesis, McGraw-Hill Science, 2001.  
7. Stanley H. Pine, Organic Chemistry, McGraw-Hill. 

 
(4) Mathematics for Chemists (CY4004): 

 
2-0-0: 2 Credits         Prerequisite: Nil 

 
Function, Limits, Differential Calculus, Integral Calculus, Differential equations, Power series, Complex 
numbers, Determinants and Matrices, Error analysis, Scalars, Vectors, Curl, Divergence, Gradients, 
Polynomials: Legendre and Hermite 
 

Texts/ References: 

1. Patrick Geoffrey Francis Chapman and Hall, Mathematics for Chemists, 1984. 
2. Mary L Boas, Mathematical Methods in the Physical Sciences, 2nd Edition, Wiley, 1983. 
3. Graham Doggett and Brian T. Sutcliffe, Mathematics for Chemistry, Longman Scientific and Technical, 

1995. 
4. David M Hirst, Mathematics for Chemists, Chemical Publishing Company, 1979. 
 

(5) Organic Chemistry Laboratory (CY4101):  

 

0-0-6: 4 credits         Prerequisite: Nil    
    
Preparations of various organic compounds employing different reactions such as Diels-Alder reaction 
between furan and maleic acid, Thiamine hydrochloride catalyzed benzoin condensation, Pechmann 
consensation for coumarin synthesis, Electrophilic aromatic substitution reaction, Radical Coupling 
reaction, Three component coupling reaction etc will be carried out and followed by characterization 
using UV, IR and NMR technique with a view to give the student sufficient training in synthetic organic 
chemistry.  
 
Texts/ References: 
1. A. I. Vogel. Practical Organic Chemistry (3rd ed.), Longman Group Ltd. (1973). 
2. R. K. Bansal. Laboratory Manual of Organic Chemistry (3rd ed.), Wiley-Eastern (1994) 
3. V. K. Ahluwalia and R. Aggarwal, Comprehensive practical organic chemistry, University press. 2000.  



 

 

4. A. K. Nad, B. Mahapatra and A. Ghoshal, An advanced course in practical chemistry, New Central Book 
Agency (P) Ltd. 

 
(6) Inorganic Chemistry Laboratory (CY4102): 

 

0-0-6: 4 Credits         Prerequisite: Nil 

 
Semi-micro Analysis of transition metal and rare earth metal ions in a mixture by using Spot 
technique. Preparation and (Spectroscopic Characterization) of: Layered Vanadyl Phosphate 
Dihydrate (Powder XRD, TGA); Tris(acetylacetonator)managanese(III) (Mag. Susceptibility at room 
temperature by Evans method, EPR); Tris(ethylenediamine)cobalt(III) ion & Optical Resolution (UV, 
specific rotation) Chlorotribenzyltin(IV) (1H NMR); Halocobaloxime: a B12 model compound (IR, 1H 
NMR) Estimation of phosphoric acid in soft drinks; Column Chromatographic separation of 
Chlorophyll from Plant (UV); Gravimetric estimation of metal ion from its ore, Characterization of 
Fullerenes (Using 13C NMR, and CV). 
 

Texts/ References: 
1. G. Svehla, Vogel’s Qualitative Inorganic Analysis, Pearson, 2006. 
2. Vogel’s Text book of Quantitative Chemical Analysis 
3. A. J. Elias, General Chemistry Experiment  
4. G. S. Girolami, T. B. Rauchefuss, R. J. Angelici, Synthesis & Techniques in Inorganic Chemistry  

 
(7) Seminar I (CY4401): 

 
0-0-3: 2 Credits          
 
Presentation on an assigned topic. 

 

Semester-II 
Total credits=27 

 

 

(8) Thermodynamics and Chemical Equilibrium (CY4005):  

 

3-1-0: 4 Credits         Prerequisite: Nil 

 
Equilibrium Thermodynamics: Review of the laws of thermodynamics, Free energy and chemical 
equilibria, van’t Hoff’s isotherm and isochore, Gibbs-Helmholtz equation, Ellihgham diagram-method 
of free energy determination; Non ideal systems, Thermodynamics of solutions, Debye-Huckel theory 
for activity coefficient of electrolytic solutions; determination of activity and activity coefficients; 
ionic strength. Chemical Equilibrium: Free energy and entropy, partial molar quantities, Equilibrium 
constant, Temperature – dependence of equilibrium constant, phase diagram of one – and two – 
component systems, phase rule, theories of chemical reaction rates. 
 

Texts/ References: 
1. G. M. Barrow, Physical Chemistry, TATA MCGRAW-HILL, 2007.  
2. T. Engel, P.Reid, Physical Chemistry, Pearson, 2006.  
3. K. L. Kapoor, Text Book of Physical Chemistry, MACMILLAN, 2006.  
4. A. W. Atkins, Physical Chemistry, W. H. Freeman and Company, 1997.  
 
 



 

 

(9) Principles of Organometallic and Bioinorganic Chemistry (CY4006): 

 

3-1-0: 4 credits         Prerequisite: Nil 

Organometallic chemistry: Bonding models in sigma and pi-complexes. 18-electron formalism and 
isolobal principle. Basic concepts guiding the synthesis and stability of Li, Mg, B, Si organometallic 
compounds. Wades/Mingos/Jemmis rule. Basic concepts guiding the synthesis and stability of 
transition metal alkyls, carbonyls, alkenes, alkynes, arenes, allyls, carbenes, and metallocenes. Basic 
organometallic reactions: oxidative-addition, reductive elimination, transmetallation, insertion, 
nucleophilic attach on coordinated ligand. Typical examples of fluxional organometallics. Metal-metal 
bonding and meta clusters. Bioinorganic Chemistry: The biochemistry of Fe, Cu, Co and Cu. 
Hemoglobin, Hemocyanin, Ferredoxin, Cytochromes, Carbonic anhydrase, Vitamin B12. Dioxygen 
binding, Electron transfer, Alkylation reactions.  
 
Texts/ References: 
1. J. E. Huheey, Inorganic Chemistry  
2. R. H. Crabtree, The Organometallic Chemistry of The Transition Metals  
3. James P. Collman, Richard G. Finke, Jack R. Norton, Principles & Applications of Organo-transition Metal 

Chemistry  
4. Lippard, and Bartini, Bioinorganic Chemistry  
5. Jan Reedijk; Bioinorganic Catalysis (Publisher: Marcel Dekker) 
 
(10) Advanced Organic Chemistry (CY4007): 

 

3-1-0: 4 Credits         Prerequisite: Nil 

Modern methods of synthesis and reactions of Carbonyl compounds, addition of N, O, and S 
nuclophiles, Reduction using hydride reagents, chemo and stereoselctivity, formation of enols and 
enamines, kinetic and thermodynamic enolates, lithium and boron enolates in aldol and Michael 
reactions, stereoselective aldol condensations, alkylation and acylation of enolates, condensation 
reactions, Claisen, Dieckman, Knoevenegal, Stobbe and Darzen glycidic ester, acyloin, emphasis on 
synthetic utility of these reactions, Rearrangement reactions involving electron deficient carbon, 
nitrogen, oxygen centers and the synthetic utility of these rearrangements. Coupling reactions: Heck, 
Suzuki, Negishi, Stille, Sonogashira coupling Heterocyclic chemistry: Chemistry of furan, pyrrole, 
pyridine, indole, quioline, isoquinoline, azoles, pyrimidine and purine: Chemistry of mono and 
disaccharides. Pericyclic reactions: Classification, electrocyclic, sigmatropic, cycloaddition, 
chelotropic and ene reactions, Woodward-Hoffmann rules, frontier orbital and orbital symmetry 
correlation approaches, examples highlighting pericyclic reactions in organic synthesis, 
stereochemical aspects. Natural Product synthesis: concept of retro synthetic analysis with 
applications. 
 
Texts/ References: 
1. Clayden, Greeves, Warren & Wothers, Organic Chemistry, Oxford University Press, 2001. 
2. F. A. Carey and R. J. Sundberg, Advanced Organic Chemistry, PartA and Part B, Springer; 5th edition, 

2007. 
3. R. O. C. Norman and J. M. Coxon, Principles of Organic Synthesis 3rd edition, Nelson Thornes, 2005. 
4. J. A. Joule and K. Mills, Heterocyclic Chemistry, Wiley-blackwell; 4th Ed, 2000. 
5. S. Warren, Organic Synthesis: The Disconnection Approach, Wiley Student Ed. 2007  
6. R. B. Woodward and R. Hoffmann, The Conservation of Orbital Symmetry, Academic Press, New York, 

1971. 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1/184-9574355-4096057?_encoding=UTF8&field-author=James%20P.%20Collman&ie=UTF8&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2/184-9574355-4096057?_encoding=UTF8&field-author=Richard%20G.%20Finke&ie=UTF8&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3/184-9574355-4096057?_encoding=UTF8&field-author=Jack%20R.%20Norton&ie=UTF8&search-alias=books&sort=relevancerank


 

 

 

(11) Group Theory and Spectroscopy (CY4008):  

 

3-1-0: 4 Credits         Prerequisite: Nil 

 
The concept of groups, symmetry operations and symmetry elements in molecules, matrix 
representations of symmetry operations, point groups, relations between orders of a finite group and 
its subgroup irreducible representations and character tables. Orthogonality theorem and its 
importance. Application of group theory to atomic orbitals in ligand fields, molecular orbitals, 
hybridization, classification of normal vibrational modes, selection rules in electronic, vibrational, 
rotational and Raman spectroscopy, Woodward-Hoffman rules. 
 

Texts/ References: 
1. F. Albert Cotton, Chemical Applications of Group Theory, John Wiley & Sons, 2008. 
2. S. C. Rakshit, Symmetry Theory: Principles, Molecules and Atoms: Problems and Solutions For Chemists 

(Sarat      Book House). 
3. Robert L. Carter, Molecular Symmetry and Group Theory, J. Wiley, 1998. 
4. David M. Bishop, Group Theory and Chemistry, Dover Publications; Una Rev ed. 1993. 
5. Alan Vincent, Molecular symmetry and group theory: a programmed introduction to chemical applications, 

Wiley, 1977. 
 

(12) Computational Methods and Applications (CY4009): 
 

2-1-0: 3 Credits          Prerequisite: Nil 

 

Numerical solutions for simple Hamiltonian and Lagrangian equations, classical molecular dynamics, 
various integration schemes, periodic boundary conditions, long range interactions, classical Monte 
Carlo method, Metropolis algorithm, applications to nano and biological systems 
Numerical solutions of Schrodinger equation, electronic structure methods, application to simple 
molecules, clusters and solids 
 
Texts/references: 
1. M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids, Clarendon Press (Oxford). 
2. S. S. M. Wong, Computational Methods in Physics, World Scientific (1992). 

 
(13) Physical Chemistry Laboratory (CY4103):  

 

0-0-6: 4 credits          Prerequisite: Nil 

Expt. 1. Determination of isoelectric point of gelatin. 
Expt. 2. Determination of CMC of a surface active agent (SDS) conductometrically. 
Expt. 3. Determination of rate constants of alkaline hydrolysis of ethyl acetate at different 
temperatures and estimation of activation parameters. 
Expt. 4. To determine the amount of acetic acid adsorbed at its different concentrations by charcoal 
and hence verify the Freundlich adsorption isotherm. 
Expt. 5. Determination of dimerisation constant of benzoic acid in benzene solution. 
Expt. 6. Determination of coordination number of Cu2+ ion by partition method. 
Expt. 7. Determination of partition coefficient of iodine between water and CCl4/equilibrium constant 
of tri-iodide formation. 
Expt. 8. Verification of Beer-Lambert’s law  and determination of concentration of a solution. 
Expt. 9. Determination of indicator constant by spectrophotometric method. 
Expt. 10. To determine the ionization constant of a weak electrolyte. 



 

 

Expt. 11. To determine the λO and Ka of a weak electrolyte by Debye Huckel Onsager equation. 
Expt. 12. To determine the order of alkaline hydrolysis of crystal violet by spectrometric method. 
Expt. 13. Determination of the catalytic co-efficient of an acid for mutarotation of glucose. 
Expt. 14. Determination of rate constant of sucrose by polarimeter. 
Expt. 15. Determination of solubility and solubility product of silver chloride by E.M.F. measurement 
of a concentration cell. 
Expt. 16. Determination of activity solubility product of silver chloride by E.M.F. measurement. 
Expt. 17. Potentiometric titration of a solution of chloride ion with a solution of silver nitrate. 
Expt. 18. Determination of stern-Volmer constant of a Iodine quenching reaction by fluorimetric 
method. 
Expt. 19. Estimation of protein concentration by Bradford’s method. 
Expt. 20. Estimation of concentration of reducing sugar by DNS method. 
Expt. 21. DNA and protein gel electrophoresis. 
 
Texts/ References: 
1. S. Maity and N. Ghosh, Physical Chemistry Practical, New Central Book Agency (P) Ltd. 
2. A. K. Nad, B. Mahapatra and A. Ghoshal, An advanced course in practical chemistry, New Central Book 

Agency (P) Ltd. 
 

(14) Advanced Instrumentation Laboratory (CY4104): 

 

0-0-6: 4 Credits         Prerequisite: Nil 

 

Hands on and demonstration experiments and interpretative spectroscopy for UV-Vis, IR, NMR, EPR 
spectroscopy, Mass Spectrometry, Atomic Absorption Spectroscopy, XRD, Fluorescence, TG, 
DTA/DSC, Auger, XPS, SEM/TEM and HPLC. 
 
Texts/ References: 

1. Skoog and Leary, Principles of Instrumental Analysis. 
2.  Skoog, West, and Holler, Analytical Chemistry an Introduction 
3. Bailey, Clark, Ferris, Krause, and Strong; Chemistry of the Environment, second edition (San Diego: 

Academic Press, 2002)  

http://www.chem.uky.edu/research/Holler/hollercv.html


http://www.chem.uky.edu/research/Holler/hollercv.html




 

 

 

 

 

Texts/ References: 
1. A. R. West, Solid state Chemistry and its applications, Wiley Student Edition (John Wiley & Sons), 1988.  
2. C. N. R. Rao and J. Gopal Krishnan,New directions in solid state Chemistry, Cambridge press, 1990.  
3. A. F. Wells, Structural Inorganic Chemistry, Oxford University Press, USA; 5th ed., 1984. 
 

(iii) Chemical Kiinetics and Surface Chemistry (CY6003):  

 

3-0-0: 3 Credits          Prerequisite: Nil 

 
Chemical Kinetics: Theories of reaction rates, kinetics and thermodynamic control of reactions. 
Reactions in solutions, Effect of pressure, dielectric constant and ionic strength; kinetic of enzyme 
catalysed reactions, fast reactions; Theories of unimolecular reactions and catalysis. Types of 
inhibitors and their influence in kinetics. Surface Chemistry: Colloidal state of matter. Properties of 
lyophillic and lyophobic colloidal solutions. Thermodynamics of electrified interface, stability of 
colloidal solutions: Theory of Verwey and Overbeek, colloidal electrolytes., polyelectrolytes. Donnan 
membrane equilibria. Determination of molecular weight of macromolecules. Micelles, reverse 
micelles. Surface energetics and adsorption from liquids. Emulsion, detergent, gels and foams.  
 

Texts/ References: 
1. M. R. Wright, An Introduction to Chemical Kinetics, John Wiley & Sons, 2005.  
2. K. J. Laidler, Chemical Kinetics, Harper and Row, 3rd Edition, 1990.  
3. Richard I. Masel, Chemical Kinetics & Catalysis, Wiley-Interscience; 1st ed, 2001.  
4. G. A. Somorjai Introduction to Surface Chemistry and Catalysis, Wiley-Interscience, 1994 
5. E. M. McCash, Surface Chemistry, Oxford University Press, USA; 2001. 

 
(iv) Advanced Polymer Chemistry (CY6004):  

 

3-0-0: 3 Credits          Prerequisite: Nil 

 
Introductory concepts, definition, common system chemistry and classification of polymers, synthetic 
and natural polymers, types of polymerization, natural and synthetic rubbers, fibers. Polymer 
Characterization: molecular weight studies and molecular weight distribution, polydispersive index, 
determination of molecular weight of polymers. Polymer behavior, crystalline and thermal behavior, 
Glass transition temperature, factor influencing glass transition. Various polymerization techniques, 
Thermodynamics aspect of Polymerization, Stereo Chemistry and mechanism of polymerization. 
Relevant aspects of physical properties of polymer systems, rheological properties, polymer 
processing, processing techniques i.e. molding, casting, extrusion and, calendaring techniques. 
Polymer degradation and stabilization, biological degradation of polymers. Polymers & environments, 
environmental pollution by polymers 

 

Texts/ References: 
1. J. W. Nicolson, The chemistry of polymers, RSC publishing, 3rd ed., 2006  
2. P. Bahadur and N.V. Sastry, Principles of Polymer Science, Norosa Publication, 2nd ed, 2005.  
3. F. W Billmeyer, Text book of Polymer Science, Johns Wiley and sons Publication, 3rd ed., 1984.  
4. I. M. Cambell, Introduction to synthetic polymer, Oxford university press, 2nd ed., 2000. 
 

 

 



 

 

 

(v) Metal Complexes in Catalysis (CY6005): 

 

3-0-0: 3 Credits          Prerequisite: Nil  
 

Catalytic Reactions and the 16/18 VE Rule. Review of basic concepts of ligand dissociation, 
substitution, and elimination reactions. Transition metal assisted valence isomerizations; Isomerization 
of unsaturated molecules; Arylation/vinylation of olefins; Alkene and Alkyne metathesis; 
Oligomerization and Polymerization; Olefin oxidation; Hydrogenation of alkenes; Fischer-Tropsch 
reactions; The water- gas shift reactions; Carbonylation Reactions;  
Hydroformylation; Hydrocyanation; Activation of C-H bonds in alkanes; Hydrosilylation and 
Hydroboration Reactions; Oxygen transfer reactions.  
 
Texts/ References: 
1. Sumit Bhaduri, Homogeneous Catalysis.  
2. F. A. Cotton and G.Wilkinson, Advanced Inorganic Chemistry, 6th ed., Wiley-Eastern Company, New 

Delhi. 
 

(vi) Physical Methods in Inorganic Chemistry (CY6006) 

 

3-0-0: 3 Credits         Prerequisite: Nil 

 

Infrared and Raman Spectroscopy: Review of basics, applications of IR and Raman in inorganic 
systems – metal coordinated sulphate, dioxygen, carboxylate, aminoacids, perchlorates, nitrites, 
nitrates, thiocyanate and isocyanate. Mass Spectrometry: Principles and presentation of spectra – 
molecular fragmentation – ion reactions – Inorganic applications. NMR Spectroscopy: Review of 
basics, applications of multinuclear nmr in inorganic compounds – Examples from 1H, 11B, 13C, 19F, 
31P, 51V, 77Se, 95Mo, 119Sn, 199Pt. Study of fluxional behavior of molecules – an elementary treatment 
of second order spectra – examples – NMR of paramagnetic molecules – Lanthanide shift reagents 

Magnetic properties: Magnetic moments and their applications to the elucidation of the structures of 
inorganic compounds – temperature independent paramagnetism. Magnetic properties of lanthanides 
and actinides. Spin crossover in coordination compounds. EPR spectroscopy: Theory of EPR 
spectroscopy - Spin densities and McConnell relationship –Applications of ESR to some simple 
systems such as CH3, p-benzosemiquinone, Xe+2 -Factors affecting the magnitude of g and A in metal 
species - Zero field splitting and Kramers degeneracy – Spectra of VO(II), Mn(II), Fe(II), Co(II), 
Ni(II) and Cu(II) complexes – Applications of EPR to a few biological molecules containing Cu(II) 
and Fe(III) ions. Mossbauer Spectroscopy: Isomer shifts – Magnetic interactions – Mossbauer 
emission spectroscopy –applications to iron and tin compounds. 
 

Texts/ References: 
1. R. S. Drago, Physical Methods in Inorganic Chemistry, 3rd ed., Wiley Eastern Company. 
1. 2. F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 3rd ed., Wiley-Eastern Company, New 

Delhi     1990. 
2. Lewis and Wilkins, Modern Coordination Chemistry. 
3. E. A.V. Ebsworth, Structural Methods in Inorganic Chemistry, 3rd ed., ELBS, Great Britain, 1987. 
 
 
 
 
 
 



 

 

(vii) Advanced Inorganic Chemistry: Reactions, Kinetics and Mechanism(CY6007):  

 

3-0-0: 3 Credits         Prerequisite: Nil 

 

Substitution in Oh and Square Planner complexes, thermodynamics and kinetics, stability of 
complexes, lability, trans-effect, conjugate base mechanism, mechanism of redox reactions, 
racemization, electron transfer transfer reaction: inner sphere and outer sphere mechanism, Marcus 
theory. Inorganic photochemistry: photosubstitution and photo redox reactions of Cr, Co, and Ru 
compounds, Adamson’s rules. Lanthanides and actinides spectral and magnetic properties, NMR shift 
reagents.   
 
Texts/ References: 

1. J. E. Huheey, Inorganic Chemistry  
2. Shriver & Atkins: Inorganic Chemistry  
3. F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 6th ed., Wiley-Eastern Company, New 

Delhi     1990. 
4. James E. House, Inorganic Chemistry (Elsevier) 

 

(viii) Advanced Main Group Chemistry (CY6008):  

 

3-0-0: 3 Credits         Prerequisite: Nil 

 
Structure and Bonding in main group compounds including Hypervalency and Multiple Bond. Recent 
advances in the coordination, redox, organometallic and cluster chemistry of main group elements. 
Elements to cover:– Group 1 (Li, Na), Group 2 (Mg), Group 13 (B, Al, In), Group 14 (Si, Sn, Pb), 
Group 15 (P, As, Sb, Bi), Group 16 (Se, Te). Recent examples of organic synthesis via main group 
elements with a focus on C-C bond formation and design of asymmetric ligands. Bioinorganic 
chemistry of main group elements. 
 
Texts/ References: 

1. F.A. Cotton and G.Wilkinson, Advanced Inorganic Chemistry, 3rd ed., Wiley-Eastern Company, New 
Delhi 1990. 

2. J. E. Huheey: Inorganic Chemistry  
3. Shriver & Atkins: Inorganic Chemistry 
4. James E. House, Inorganic Chemistry (Elsevier)  
 

(ix) Inorganic Photochemistry (CY6009): 

 

3-0-0: 3 Credits         Prerequisite: Nil 

Introduction to inorganic photochemistry. Photochemical laws and photochemical kinetics. 
Photophysical processes. The electronic absorption spectra of inorganic compounds. Characteristics of 
the electronically excited states of inorganic compounds. Photoelectochemistry of excicted state redox 
reactions. Photosensitization. Photochemical reactions; substitution, decomposition and fragmentation, 
rearrangement, and redox reactions. Selective inorganic photochemistry using laser beams. Inorganic 
photochemistry in biological processes and their model studies. 
 
Texts/ References: 
1. G. L. Geoffrey and M. S. Wrighton, Organometallic Photochemistry, Academic Press, 1979. 
2. K. K. Rohatagi-Mukherjee, Fundamentals of Photochemistry, Wiley Eastern, 1978. 
3. M. S. Wrighton, Inorganic and Organometallic Photochemistry, ACS Pub., 1978. 
4. V. Balzani and V. Carasiti, Photochemistry of Co-ordination compounds, Academic Press, 1970. 



 

 

 
(x) Chemistry of Materials (CY6010): 

 

3-0-0: 3 Credits          Prerequisites: Nil 

Introduction to Materials: Overview, theory, definitions, history, societal and industrial implication of 
materials. Classifications of Materials: Metals, semiconductors, insulators, superconductors, 
macromolecules, zeolites. Advanced materials such as supramolecular assembiles, polymers 
composites, nanomaterials (i.e. metal, metal oxide, and core-shell structured nanocomposites). 
Structural features, physical & chemical properties. Preparation: Supramolecular Assemblies: Organic 
and metal-organic assemblies with voids and channels, thin-films of monolayers and self-assembled 
layers, structural transformations. Metal nanoparticles: wet chemistry, mechanical, form in place, gas 
phase. Size control synthesis: metal precursor, solvent, reducing agent, stabilizer, etc. 
Characterization: Techniques such as, UV-Vis, XRD, TEM, SEM, XPS, AFM, elecectrochemical, etc. 
Properties: Electrical, optical, mechanical, magnetic; catalytic, chemical and electrochemical. 
Selective examples of synthesis: Metal nanoparticles, metal oxide nanoparticles, carbon nano-tubes 
and graphenes. Functionalization of metals nanoparticles: With organic ligands, polymers and 
biomolecules for selective applications. Applications of advanced materials: catalysis, Fuel Cells, 
Display devices, Hybrid materials for nano-bio systems, bioelectronic devices, biorecognition events 
and sensors. 
Presentation by the student on assigned topic. 
 
Texts/ References: 
1. A. R. West, Solid State Chemistry and its applications. 
1. L. Smart and E. Moore, Solid State Chemistry – An Introduction.  
2. V. Raghavan, Material Science and Engineering. 
3. C C Koch, Nanostructured Materials: Processing, Properties and Potential Applications. 
4. H. Singh Nalwa, Handbook of Nanostructured Materials and Nanotechnology. 
5. L. Murr, Industrial Materials Science and Engineering.  
6. W.G. Moffatt, Structure and Properties of Materials. 
 
(xi) Advanced Bio-inorganic Chemistry (CY6011):  

 

3-0-0: 3 Credits         Prerequisite: Nil 
Overview of bioinorganic chemistry. Properties of biological molecules. Physical methods in 
bioinorganic chemistry. Choice,uptake and assembly of metal containing units in biology. Transition 
metal storage, transport and biomineralization. Electron-transfer proteins: Blue copper proteins, long 
distance electron transfer. Atom and group transfer chemistry in Fe and Mo:Cytochrome P450, 
methane monooxygenase, catechol and other dioxygenase, molybdenum oxotransferases. The frontiers 
of bioinorganic chemistry. Metal/Nucleic-acid interactions. Metals in medicine. 
 
Texts/ References: 
1. Lippard & Bartini, Bioinorganic Chemistry  
1. Jan Reedijk, Bioinorganic Catalysis (Publisher: Marcel Dekker) 
2. Wolfgang Kaim, Brigitte Schwederski, Bioinorganic Chemistry: Inorganic elements in the chemistry of 

life 
 
(xii) Organic Reagents and Reactions (CY6012): 

 

3-0-0: 3 Credits instrument           Prerequisite: Nil  
General introduction; Modern oxidizing and reducing reagents with applications; organotransition 
metal reagents:  Organosilicon, organotin, organoborane, organocopper, organopalladium and 



 

 

functionalized Grignard reagents; oragnocatalysts; metal carbonyl reagents; Lewis Acids, Tebbe 
reagent, Corey-Nicolaou reagent, Peterson’s synthesis, baker’s yeast, lipase, Mosher’s reagent in 
organic synthesis. Name reactions including coupling reactions, rearrangement reactions in organic 
synthesis and functional group transformations. 
Texts/ References: 
1. W. Carruthers, Modern methods of Organic Synthesis, Cambridge University Press, 4th ed. 2004. 
2. F. A. Carey, R. Sundberg, Advanced Organic Chemistry, Part B, 5th ed., Plenum Press, 2007. 
3. R. O. C. Norman and J. M. Coxon Principles of Organic Synthesis 3rd ed., Nelson Thornes, 2005. 
4. R. O. C. Norman and J. M. Coxon, Principles of Organic Synthesis 3rd ed., Nelson Thornes, 2005. 
 

(xiii) Methods in Organic Synthesis (CY6013): 

 

3-0-0: 3 Credits         Prerequisite: Nil 

 
A review of various synthetic methods in organic chemistry: Formation of C-
various rings (namely 3, 4, 5, 6, 7 and 8-membered ring); disconnection approach, chemoselective 
synthesis, Selected syntheses of natural and unnatural products having these ring systems. A concise 
introduction to various aspects of asymmetric synthesis followed by detailed discussion on resolution, 
chiral auxiliaries, chiral ligands, chiral catalysts, and organocatalysts with specific examples. A brief 
discussion on biosynthesis and biomimetic synthesis with selected examples from monoterpenes, 
sesquiterpenes, diterpenes, steroids, and alkaloids. Introduction of domino and tandem reaction 
concepts with a detailed discussion, Protecting groups: protection of hydroxyl, carboxyl, carbonyl, 
amino groups. Protection of carbon-carbon multiple bonds. Illustration of protection and deprotection 
in synthesis. 
 

Texts/ References: 
1. S. Warren, Organic Synthesis: The Disconnection Approach, Wiley Student Ed. 2007  
2. M. B. Smith and J. March, March’s Advanced Organic Chemistry, 5th edition, Wiley, 2001. 
3. F. A. Carey, R. Sundberg, Advanced Organic Chemistry, Part B, 5th edition, Plenum Press, 2007. 
4. B. M. Trost and I. Fleming, Comprehensive Organic Synthesis, Pergamon Press, 1992. 
5. R. O. C. Norman and J. M. Coxon Principles of Organic Synthesis 3rd edition, Nelson Thornes, 2005. 
 

(xiv) Photochemistry and Pericyclic Reactions (CY6014): 

 

3-0-0: 3 Credits         Prerequisite: Nil 

 
Molecular orbitals and symmetry operations; Pericyclic reactions, Froniter orbital approach, Aromatic 
transition state approach (Huckel and Mobius systems) Woodward Hofmann rule for pericyclic 
reactions); Electrocyclic Reactions, correleation diagram; Cycloaddition reaction, [4+2]-cycloaddition 
reaction (Diels-Alder reaction), regioselectivity of Diels-Alder reaction, retroDiels-Alder reactions, 
heteroatom Diels-Alder reactions, Intramolecular Diels-Alder reactions [2+2]-cycloaddition reactions, 
1,3 dipolar cycloaddition reactions; Sigmatropic reactions : Orbital description, [1,5], [2,3], [3,3] 
sigmatropic rearrangement, Claisen rearrangement, Cope rearrangement. Photochemistry: 
Introduction, Jabolnski diagram, photochemical reactions including photochemical elimination 
reactions, Norrish type I process, Norrish type II process, photochemical reductions, photochemical 
oxidations, photochemical cyclization and photochemical isomerization and rearrangement, 
photosubstitution, photoaddition, Barton reaction, Paterno Buchi reaction, Nazarov cyclization. 
 

Texts/ References: 
1. R. B. Woodward and R. Hoffmann, The Conservation of Orbital Symmetry, Academic Press, New York, 

1971. 



 

 

2. M. Smith, Organic Synthesis, Mc Graw Hill, 2nd ed. 2004. 
3. T. L. Gilchrist and R. C. Storr, Organic Reactions and Orbital Symmetry, Cambridge University Press, 

1972.  
4. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley, 1976. 
 
(xv) Statistical Mechanics for Chemists (CY6015):  

 

3-0-0: 3 Credits          Prerequisite: Nil 

 

Introduction to statistical thermodynamics - postulates, microcanonical, canonical and grand canonical 
ensembles, partition function and thermodynamics, fluctuation, statistical mechanics of independent 
particles - degeneracy of energy levels and equilibrium distribution function in Maxwell-Bolzmann, 
Fermi-Dirac and Bose-Einstein statistics.  
Statistical mechanics of mono-,diatomic and polyatomic ideal gas -contribution of rotation, vibration 
and translation to partition function, electronic contribution to the specific heat of diatomic gases. 
Solids - vibrational contribution to the specific heat of solids, Einstein-Born-Debye model. 
Classical statistical mechanics - phase space, Liouville's theorem. Intermolecular interaction.  
Application to - imperfect gases, liquid structure, chemical equilibrium and phase equilibrium.  
Electrochemical systems -  effect of non-polar and charged solutes on the structure of water; formation 
of charge double layer near a charged electrode. Introduction to macromolecular solutions. 
Transport properties in gases and condensed phases - kinetic theory of gases, diffusion in solution, 
transport in electrolyte solutions - Debye-Huckel Theory; Beyond the Debye-Huckel approximation - 
Debye-Huckel-Bronsted theory, Debye-Huckel-Onsager theory. 
Dynamics of chemical reactions in solution - transition state theory using partition functions, non-
Arhennius kinetics resulting from solvent effects. 
 
Texts/ References: 
1. Donald A. McQuarrie, Statistical Mechanics, University Science Books, 2000.  
2. David Chandler, Introduction to Modern Statistical Mechanics, Oxford University Press, 1987. 
3. B. Widom, Statistical Mechanics- A concise Introduction for Chemists, Cambridge University Press, 2002. 
4. Terrell L. Hill, Statistical mechanics: principles and selected applications, Courier Dover Publications, 

1987. 
5. J. –P. Hansen, I. R. McDonald, Theory of simple liquids, Academic Press, London, 1986. 
 

(xvi) Chemical Biology of Receptors (CY6016): 
 

3-0-0: 3 Credits          Prerequisite: Nil 
 
Origin of life, tree of life, Building blocks of life, Genome and Proteome, Introduction to the cells, 
Visualizing cells, Chemistry and organization of cells, Cell membrane, Membrane structure, 
Membrane proteins, G-protein Coupled Receptors (GPCRs): Occurrence and importance, Receptors in 
human genome, Classification of GPCRs, Structure of GPCRs, Receptor activation mechanism, 
Desensitization and recycling, Receptor interacting proteins: G-proteins, beta-arrestins, Signal 
transduction, Secondary messengers: adenyl cyclases, Phospolipases, Rho proteins, Effect on 
enzymes, ion channels, and transporters. Brief introduction: GPCRs in human body and role in human 
physiology, Case studies on GPCRs: Rhodopsin and Visual cascades. 
 
Text/References: 
1. Molecular Biology of the Cell, Alberts B, et al. 4th or 5th Ed. Publisher: Garland Science. 
2. Lehninger Principles of Biochemistry. Nelson D, and Cox M. 4th or 5th Ed. Publisher:W.H. Freeman 
3. G Protein-Coupled Receptors: Structure, Signaling, and Physiology, Sandra Siehler (Editor), Graeme 
Milligan (Editor) 











 

 

Hydroformylation, Hydrocarbon Activation, Asymmetric Catalysis; Catalyst Poisoning, Transition 
State Model, Surface Phenomenon 
Texts/ References: 
1. Sumit Bhaduri, Homogeneous Catalysis.  
2. F. A. Cotton and G.Wilkinson, Advanced Inorganic Chemistry, 6th ed., Wiley-Eastern Company, New Delhi. 
 

(xxviii) Organic Spectroscopy(CY6028): 

 

3-0-0: 3 credits         Prerequisite: Nil 

 
Infrared Spectroscopy: Characteristic vibrational frequencies of alkanes, alkenes, alkynes, aromatic 
compounds, alcohols, ethers, phenols, amines; Detailed study of vibrational frequencies of carbonyl 
compounds (ketones, aldehydes, esters, amides, acid anydrides, lactones, lactams, conjugated carbonyl 
compounds); Effects of H-bonding and solvent effect on vibrational frequency, extension to various 
organic molecules for structural assignment. UV Spectroscopy: UV-Visible, Basic concepts and 
factors affecting the position of UV bands, Characteristic absorption of Organic compounds, 
Application of UV spectroscopy. Mass Spectroscopy: Mass spectral fragmentation of organic 
compounds, common functionalgroups; molecular peak, McLafferty rearrangements, examples of 
mass spectral fragmentation of organic compounds with respect to their structure determination. 
Nuclear Magnetic Resonance Spectroscopy: Approximate chemical shift values of various chemically 
non-equivalent protons and correlation to protons bonded to carbon (aliphatic, olefinic, aldehydic and 
aromatic); Protons bonded to other nuclei (alcohols, phenols, enols, carboxylic acids, amines, amides, 
SH); Chemical exchange, effect of deuteration; complex spin-spin interaction; nuclear magnetic 
double resonance, Fourier transform technique and nuclear Overhauser effect (NOE). Chemical shift 
(aliphatic, olefinic, alkynes, aromatic, hetero-aromatic, carbonyl carbon); Coupling constants, two-
dimensional NMR spectroscopy, NOESY, DEPT and INEPT terminologies. Applications of IR, NMR 
and Mass spectroscopy for structure elucidation of organic compounds. 
 

Texts/ References: 
1. R. M. Silverstein, C. G. Bassler and T. C. Morril, Spectrophotometric Identification of Organic 

Compounds, 5th ed.,Wiley, 1991. 
1. D. H. Williams and I. Fleming, Spectroscopic Methods in Organic Chemistry, 3rd edition, McGraw Hill, 

1980. 
2. W. Kemp, Organic Spectroscopy, ELBS, 1979. 

 
(xxix) Chemistry of Natural Products (CY6029): 

 

3-0-0: 3 credits                       Prerequisite: Nil 

 

Alkaloids: Introduction, Occurrence and isolation, function of alkaloids in plant, general properties, 
nomenclature, and classification of alkaloids. Isolation, properties and structural elucidation of 
Quinine, Morphine: (structure, synthesis, molecular re-arrangement, stereo chemistry and bio-
genesis). Steroids: Introduction, nomenclature of steroids, absolute configuration of steroid. 
Occurrence, isolation, Structure elucidation, and chemical properties of Cholesterol. Terpenoids: 
Introduction, isolation, and classification of terpenoids. General properties, structure determination of 
Citral and Camphor. Vitamins: Introduction, chemical properties and structure elucidation of vitamin 
A, Vitamin B, Ascorbic Acid and Vitamin D. 
 
Texts/ References: 
1. L. Finar, Organic Chemistry, Vol .2, 5th ed., ELBS, 1975. 



 

 

2. R. D. Guthrie and J. Honeyman, An Introduction to the Chemistry of Carbohydratres, 3rd ed, Clarendon 
Press, 1968. 

3. K. C. Nicolaou, Classics in Total Synthesis of Natural Products, Vol. I & II. 
4. S. V. Bhat, Chemistry of Natural Products 2005. 
5. P. M. Dewwick, Medicinal Natural products 2002.  

 
(xxx) Chemistry of Pharmaceutics (CY6030): 

 

3-0-0: 3 credits         Prerequisite: Nil 

 
Structure and activity: Relationship between chemical structure and biological activity (SAR). 
Receptor Site Theory. Approaches to drug design. Antibiotics and antibacterials: (i) Introduction (ii) 
Antibiotic β-Lactam type - Penicillins, Cephalosporins (iii) Antitubercular – Streptomycin (iv) Broad 
spectrum antibiotics – Tetracyclines (v) Anticancer - Dactinomycin (Actinomycin D) (vi) Antifungal – 
polyenes (vii) Antibacterial – Ciprofloxacin, Norfloxacin (viii) Antiviral – Acyclovir; Antimalarials : 
Chemotherapy of malaria. SAR. Chloroquine, Chloroguanide and Mefloquine; Non-steroidal Anti-
inflammatory Drugs: Diclofenac Sodium, Ibuprofen and Netopam; Antihistaminic and antiasthmatic 
agents : Terfenadine, Cinnarizine, Salbutamol and Beclomethasone dipropionate. 
 

Texts/ References: 

1. Burger. Medicinal Chemistry and Drug Discovery, Vol-1, Ed. M. E. Wolff, John Wiley (1994). 
2. Goodman & Gilman. Pharmacological Basis of Therapeutics, McGraw-HilI (2005). 
3. S. S. Pandeya & J. R. Dimmock. Introduction to Drug Design, New Age International. (2000). 
4. D. Lednicer. Strategies for Organic Drug Synthesis and Design, John Wiley (1998). 
5. Graham & Patrick. Introduction to Medicinal Chemistry (3rd ed.), OUP (2005). 

 

(xxxi) Advanced Heterocyclic Chemistry (CY6031): 

 

3-0-0: 3 credits         Prerequisite: Nil 

 
General introduction to heterocyclics and their importance. Nomenclature of ring systems. Synthesis 
and reactions: indoles, azines, purines, pteridines, azoles, benzopyrimidines, compounds with oxygen 
and sulfur hetero atoms and small-ring heterocycles. Role of heterocyclic compounds in biological 
systems.  
 
Texts/ References: 

1. J. A. Joule and K. Mills, Heterocyclic Chemistry, Wiley-blackwell; 4th ed, 2000. 
2. T. L. Gilchrist, Heterocyclic Chemistry, Pearson Education, 3rd Ed. 2007. 
3. J. A. Joule and G. F. Smith, Heterocyclic Chemistry, ELBS, 1978.  

 
(xxxii) Organometallic Strategies in Organic Synthesis (CY6032):  

 

3-0-0: 3 credits         Prerequisite: Nil 

 
Introductory concepts of transition metal organometallics and their reaction patterns including 
selectivity and atom economy. C-C, C-O, C-N, C-S, C-P bond formation by stoichiometric and 
catalytic organometallic strategies. Activation of alkene, alkyne, diene, allyl, carbene, propargyl, 
arene, heteroarene, amine, alcohol, thiol, and P-X, P-O, P-N functionalities . Lanthanides in organic 
reactions. 
 

 



 

 

Texts/ References: 

1. J. Tsuji, Transition metal reagents and catalysts- Innovation in organic synthesis, 2000, John Wiley & Sons 
Ltd., Germany. 

2. M. Beller and C. Bolm, Transition metals for organic synthesis- Building blocks and fine chemicals Vol. 1 
and 2, 1998, Wiley-VCH, Germany. 

3. R. O. C. Norman and J. M. Coxon Principles of Organic Synthesis 3rd edition, Nelson Thornes, 2005. 
 

(xxxiii) Special Topics in Polymer and Composites (CY6033): 

 

3-0-0: 3 credits         Prerequisite: Nil 

 

Introduction and applications of polymers, molecular weight distributions, various experimental 
methods (GPC/SEC, solution viscosity, VPO, light scattering) to determine relative and absolute 
molecular weight distributions, chain growth and step growth mechanisms and kinetics, ionic 
polymerization, living polymerization, stereochemistry of polymers, free radical copolymerization 
(random, block, alternate and graft copolymers), kinetics and mechanisms of free radical 
copolymerization, polymerization conditions and polymer reactions, thermal, mechanical and solution 
properties of polymers, thermoplastics, thermosets and elastomers, conducting polymers, branched 
polymers (star, dendritic and hyperbranched polymers). 
 
Texts/ References: 
1. G. Odian, Principle of Polymerization 3rd edition, John Wiley, 1991 
2. P. J. Flory, Principles of Polymer Chemisty, Cornell University Press, 1953 
3 M. Chanda, Advanced polymer chemistry: a problem solving guide, Marcel Dekker, 2000 
4. F. W. Billmeyer Jr., Textbook of Polymer Science 3rd edition, John Wiley, 1991 
 
(xxxiv) Advanced Chemistry of Carbohydrates, Nucleosides and Nucleotides (CY6034): 

 

3-0-0 : 3 credits         Prerequisite:Nil  

 

Carbohydrates: Structures; Reactions at the anomeric centre; Reactions at the non-anomeric centre; 
protection-deprotection; chemical synthesis of oligosaccharides; chiral pool; natural products; 
Nucleosides: Structures; Modification of carbohydrate moiety; Modification of heterocycle moiety; 
ring conformation; DNA and RNA; oligonucleotide synthesis; PNA, LNA and other unnatural 
oligonucleotides. 
 
Texts/ References: 
1. P. M. Collins and R. J. Ferrier, Monosaccharides, Wiley, 1995. 
2. G. M. Blackburn, M. J. Gait, D. Loakes, D. Williams, Nucleic acids in chemistry and biology, Royal 

Society of Chemistry; 1st ed., 2006. 
3. Z. A. Shabarova and A. A. Bogdanov, Advanced organic chemistry of nucleic acids, Wiley-VCH; 1 edition, 

1994. 
 

(xxxv) Advanced Topics in Organic Chemistry (CY6035): 

 

3-0-0: 3 credits         Prerequisite: Nil 

 
Principles of asymmetric synthesis: Introduction, Topocity in molecules Homotopic, stereoheterotopic 
(enantiotopic and diastereotopic) groups and facessymmetry, substitution and addition criteria. 
Prochirality nomenclature: Pro-R, Pro-S, Re and Si. Selectivity in synthesis: Stereo specific reactions 
(substrate stereoselectivity). Stereo selective reactions (product stereoselectivity): Enantioselectivity 



 

 

and diastereoselectivity. Conditions for stereoselectivity: Symmetry and transition state criteria, 
kinetic and thermodynamic control. Methods for inducing enantio and diastereoselectivity. 
Methodology of asymmetric synthesis: Classification of asymmetric reactions into substrate 
controlled, chiral auxiliary controlled, chiral reagent controlled and chiral catalyst controlled.Total 
Synthesis of Biological Active Compounds. 
 
 
Texts/ References: 
1. Nasipuri, D., Stereochemistry of Organic Compounds, New Age Publications, 2nd Ed, 1994. 
2. Eliel, E. et. al. Stereochemistry of Organic Compounds, Wiley-Interscience, 1994. 
3. Carruthers, et. al. Modern Methods of Organic Synthesis, Cambridge University Press, 4th Ed. 2005. 
4. Robert E. Gawley, R. E. Gawley, J. Aube, Principles of Asymmetric Synthesis Pergamon Title, Annotated 

Ed. 2004. 
 

(xxxvi) Chemo and Bio Informatics (CY6036): 
 

3-0-0:3credits                                                                                                               Prerequisite: Nil 

 

 Introduction to Bioinformatics: Definition and History of Bioinformatics, Internet and 
Bioinformatics, Introduction to Data Mining, Applications of Data Mining to Bioinformatics Problems 
and Applications of Bioinformatics; Bioinformatics Softwares: Clustal V, Clustal W 1.7, RasMol, 
Oligo, Molscript, Treeview, Alscript, Genetic Analysis Software, Phylip; Biocomputing: Introduction 
to String Matching Algorithms, Database Search Techniques, Sequence Comparison and Alignment 
Techniques, Use of Biochemical Scoring Matrices, Introduction to Graph Matching Algorithms, 
Automated Genome Comparison and its Implication, Automated Gene Prediction, Automated 
Identification of Bacterial Operons and Pathways; Introduction to Signaling Pathways and Pathway 
Regulation. Gene Arrays, Analysis of Gene Arrays; Systems Biology-an introduction; Markov chains 
and applications: Machine Learning Methods,Hidden Markov models,Applications of HMM in gene 
identification and Profiles HMMs, Neural Networks and Support Vector machines; Exploring current 
chemoinformatics resources for synthetic polymers, pigments, pesticides, herbicides, diagnostic 
markers, biodegradable materials, biomimetics; Primary, secondary and tertiary sources of chemical 
information; Database search methods: chemical indexing, proximity searching, 2D and 3D structure 
and substructure searching; Introduction to quantum methods, combinatorial chemistry (library design, 
synthesis and deconvolution), spectroscopic methods and analytical techniques. Analysis and use of 
chemical reaction information, chemical property information, spectroscopic information, analytical 
chemistry information, chemical safety information.  Representing intermolecular forces: ab initio 
potentials, statistical potentials, forcefields, molecular mechanics. Monte Carlo methods, simulated 
annealing, molecular dynamics. High throughput synthesis of molecules and automated analysis of 
NMR spectra. Predicting reactivity of biologically important molecules, combining screening and 
structure - 'SAR by NMR', computer storage of chemical information, data formats, OLE, XML, web 
design and delivery. 
 

Texts/ References: 
1. J. M. Claverie, and C. Notredame , Bioinformatics for Dummies. Wiley Editor, 2003.  
2. S. I. Letovsky, Bioinformatics. Kluwer Academic Publishers 1999.  
3. P. Baldi and S. Brunak, Bioinformatics. the MIT Press 1998.  
4. J. Setubal, and J. Meidanis, J. Introduction to Computational Molecular Biology. PWS Publishing Co., 

Boston 1996.  
5. A. M. Lesk, Introduction to Bioinformatics. Oxford University Press, 2002.  
 
‘ 



 

 

(xxxvii) Molecular recognition and Supramolecular Chemistry (CY6037):  

 

3-0-0: 3 credits         Prerequisite: Nil 

From molecular to supramolecules, factors leading to strong binding, hydrogen bonding and stacking 

interactions, design, synthesis and binding studies of synthetic receptors, design, properties and 

applications of crown ethers, siderophores, cyclophanes, cyclodextrins, Catenanes and rotaxanes. 
Metal guided self-assemblies and applications, supramolecular reactivity and catalysis, supramolecular 
devices, transportation of anions and cations across transmembrane channels, Self-assembled 
monolayers, Crystal engineering of hydrogen bonded and metal-organic framework solids. 
 
Texts/ References: 
1. P. Beer, P. Gale and D. Smith, Supramolecular Chemistry, Oxford Chemistry Primers. 1999.  
2. J. M. Lehn, Supramolecular Chemistry, VCH, New. York, 1973.  
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PHYSICS 



 

 

 

 

Credit Structure  

 

  Recommended Actual 

1 Course Credits   

Total Credit Requirement: 94-102 96 
Theory 50-60 54 
Laboratories 12-18 12 
Seminars 4 4 
Thesis 26 26 

2 Theory subjects   

Total number of theory subjects (cores + 
electives) 

14-16 17 

Number of core subjects (%) 60-80% 77% 
Number of elective subjects (%) 20-40% 23% 
Total credit of theory subjects 50-60 54 

3 Laboratory subjects 12-18 12 
4 Seminars  4 4 
5 Thesis (Part I and Part II) 10+16 10 +16 

    
 
 



 

 

 
 

Semester-wise course details 
 

 

Semester Course Name L-T-P Credits 

 I Classical Mechanics 3-0-0 3 
Mathematical Physics 3-0-0 3 
Quantum Mechanics I 3-1-0 4 
 Electrodynamics I 3-0-0 3 
Electronics 3-0-0 3 
Introduction to Computational Methods 2-1-2 4 

Physics Laboratory I 0-0-9 6 
Semester Total - 26 

II Quantum Mechanics II 3-0-0 3 
Statistical Mechanics 3-1-0 4 
Atomic & Molecular Physics 3-0-0 3 
Optics and Photonics 3-0-0 3 
Electrodynamics II 3-0-0 3 
Physics Laboratory II 0-0-9 6 
 Seminar I 0-0-3 2 
Semester Total - 24 

 III Nuclear and Particle Physics 3-0-0 3 
Condensed Matter Physics 3-0-0 3 
Elective I 3-0-0 3 
Elective II 3-0-0 3 
Project I 0-0-15 10 
 Seminar II 3-0-0 2 
Semester Total - 24 

IV Project II  0-0-24 16 
Elective III 3-0-0 3 
Elective IV/Research Review Paper 3-0-0 3 
Semester Total - 22 

 Grand Total 96 

 

 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 

COURSE CURRICULUM 
 

S.N Course Name Nature of course Course 

code 

L-T-P 

(Credit) 

Page 

SEMESTER – I  

1 Classical Mechanics Core PH4001 3-0-0( 3)  

2 Mathematical Physics Core PH4002 3-0-0( 3)  

3 Quantum Mechanics I Core PH4003 3-1-0( 4)  

4 Electrodynamics I Core PH4004 3-0-0 (3)  

5 Electronics Core PH4005 3-0-0( 3)  

6 Introduction to Computational Methods  Core PH4006 2-1-2( 4)  

7 Physics Laboratory I  PH4101 0-0-9( 6)  

 SEMESTER – II  

8 Quantum Mechanics II Core PH4007 3-0-0( 3)  

9 Statistical Mechanics Core PH4008 3-1-0( 4)  

10 Atomic & Molecular Physics Core PH4009 3-0-0( 3)  

11 Optics and Photonics Core PH4010 3-0-0( 3)  

12 Electrodynamics II Core PH4011 3-0-0 (3)  

13 Physics Laboratory II Core PH4102 0-0-9( 6)  

14 Seminar I Core PH4401 0-0-3 (2)  

SEMESTER – III  

15 Nuclear and Particle Physics Core PH5012 3-0-0 (3)  

16 Condensed Matter Physics Core PH5013 3-0-0 (3)  

17 Elective I Elective  3-0-0(3)  

18 Elective II Elective  3-0-0( 3)  

19 Project I  PH5501 0-0-15 (10)  

20 Seminar II Core PH5402 0-0-3(2)  

SEMESTER – IV  

21 Project II  Core PH5502 0-0-24 (16)  

22 Elective III Elective  3-0-0 (3)  

23 Elective IV/Research Review Paper Elective /PH6201 3-0-0 (3)  

 
 



 

 

 
LIST OF ELECTIVES 

List of subjects to be floated under Electives I-IV  

i Physics and Technology of Lasers  PH6001 3-0-0( 3)  

ii Applied Photonics Technology  PH6002 3-0-0( 3)  

iii Non Equilibrium Phenomena in 
Physics 

 PH6003 3-0-0( 3)  

iv Advanced Statistical Physics  PH6004 3-0-0( 3)  

v Magnetism in Materials  PH6005 3-0-0(3)  

vi General Relativity and Cosmology  PH6006 3-0-0( 3)  

vii Quantum Field Theory   PH6007 3-0-0( 3)  

viii Nanostructure and Quantum Devices  PH6008 3-0-0( 3)  

ix Particle Physics   PH6009 3-0-0( 3)  

x Methods in Experimental Nuclear and 
Particle Physics 

 PH6010 3-0-0( 3)  

xi SemiConductor Physics  PH6011 3-0-0( 3)  

xii Accelerator based physics of solids  PH6012 3-0-0( 3)  

xiii Radiation detection and measurement  PH6013 3-0-0( 3)  

xiv Biophysics  PH6014 3-0-0( 3)  

xv Computational Methods and 
Applications 

 CY4009 3-0-0( 3)  

 
 



 

 

 

Semester-I 

Total Credits = 26 
 

(1) Classical Mechanics (PH4001): 

 

3-0-0 : 3  Credits                                                                                              Prerequisite: Nil 

Review of Newtonian mechanics, Lagrangian mechanics, generalized coordinates, constraints, 
principle of virtual work, Lagrange’s equation, calculus of variations, central forces, collisions, 
scattering small oscillations, anharmonic oscillators. perturbation theory, forced oscillators. 
Hamilton’s equations, phase space & phase trajectories, canonical transformations, Poisson brackets, 
Hamilton-Jacobi theory, rigid body dynamics, nonlinear dynamics. Special Relativity, Lorentz 
transformations, relativistic kinematics and mass-energy equivalence. 
 
Texts:  
1. H. Goldstein, C. P. Poole Jr., J. L. Safko, Classical Mechanics, 3rd edition, Addison-Wesley, 2001. 
2. L. Landau and E. Lifshitz, Mechanics, 3rd edition, Butterworth-Heinemann, 1976. 
References: 

1.  R. Resnick, Introduction to Special Relativity John Wiley (Asia), 1999. 
2.  F. Scheck, Mechanics, 3rd edition, Springer, 1999. 
3.  Philip Morse, Herman Feshbach, Methods of Theoretical Physics, Parts 1 and 2, 1st edition, Feshbach 

Publishing, 2005. 
 
(2) Mathematical Physics(PH4002):   

 

3-0-0: 3 Credits                                                                                                      Prerequisite: Nil 

Vector Analysis: Gradient, divergence, and curl in curvilinear co-ordinate system; Tensor Analysis: 
Contraction, Direct Product, Quotient Rule, Pseudo-tensors, Dual tensors, General Tensors, Tensor 
Derivative Operators; Determinants and Matrices: Orthogonal, Hermitian and Unitary Matrices, 
Diagonalization of Matrices; Linear Algebra: Vector spaces, Inner products, Gram-Schmidt 
orthogonalization,  Linear transformations, eigenvalues and eigenvectors, Hilbert space; Complex 
analysis: Cauchy-Riemann conditions, Cauchy’s theorem, Taylor and Laurent series, Singularities, 
Calculus of residues, Conformal mapping; Differential Equations: Partial and First order equations, 
Series solution-Frobenius' method, Laplace equation, Separation of variables, Sturm-Liouville theory; 
Special Functions: Legendre, Bessel, Hermite and Laguerre functions; Integral Transforms: Fourier 
and Laplace transforms, applications; Probability: Random variables, binomial, Poisson and normal 
distributions, central limit theorem; Introductory Group theory: Lie groups, generators and 
representations. 
 
Texts:  

1. George B. Arfken, Hans J. Weber, Frank E. Harris, Mathematical Methods for Physicists: A 
Comprehensive Guide, 7th edition, 2012. 

References: 

1.  T. Lawson, Linear Algebra, John Wiley & Sons, 1996. 
2.  R. V. Churchill and J.W. Brown, Complex Variables and Applications, 8th edition, McGraw-Hill, 2008. 
3.  Charlie Harper, Introduction to Mathematical Physics, Prentice-Hall of India Pvt. Ltd, 2008. 
4.  Mary L. Boas, Mathematical Methods in Physical Sciences, John Wiley & Sons, 2005. 
5.  H.W. Wyld, Mathematical Methods for Physics, 2nd edition, Westview Press, 1999. 
 6.  Mathews and Walker, Mathematical Methods of Physics, 2nd edition, W.A. Benjamin, 1990. 
7.  P. Dennery and A. Krzywicki, Mathematics for Physicists, Dover Publications, 1996.  
 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Philip%20Morse&ie=UTF8&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&field-author=Herman%20Feshbach&ie=UTF8&search-alias=books&sort=relevancerank


 

 

 

(3) Quantum Mechanics I (PH4003):  

 

3-1-0 : 4 Credits                                                                                                            Prerequisite: Nil                                                                                        

                  

Introduction and Overview of quantum mechanics; Formalism: Linear vector space; State vectors and 
operators; Observables; Eigenvalues and eigenvectors;Dirac's notation; Hermitian adjoint operators. 
Position and Momentum Space:Different examples; Generalization for 3D cases.  Eigenvalues and 
eigenvectors; Harmonic Oscillator: One dimensional; Raising and Lowering operators; Eigenstates; 
Coherent states; generalization to 3D; Isotropic oscillator; Angular Momentum: Angular momentum 
and rotation; General angular momentum; ; Orbital angular momentum; spherical harmonics; Spin 
angular momentum; Addition of angular momentum; Wigner-Eckart Theorem; Spherical Tensors; 
Central Potential:Hydrogen atom; Radial equation; Quantum Dynamics: Time evolution operator, 
Heisenberg picture; Interaction picture; Time Independent Perturbation Theory: Non-degenerate case; 
degenerate case. Time Dependent Perturbation Theory: Fermi Golden Rule; Adiabatic approximation; 
Sudden approximation.  WKB Approximation: Bohr-Sommerfeld quantization Rule; Tunneling. 
Identical Particles: Pauli's exclusion principle; Two electron atoms; Quantum Statistics. 
 
Texts:  

1. David J. Griffiths, Introduction to Quantum Mechanics, 2nd edition, Pearson Education Inc., 2005. 
2. J. J. Sakurai, Modern Quantum Mechanics, Addison Wesley, 1st edition, 1993. 
3. F. S. Gasiorowicz, Quantum Physics, John Wiley (Asia), 2000. 
References:  

1.  L. I. Schiff, Quantum Mechanics, McGraw-Hill, 3rd rev. edition, 1968. 
2.  E. Merzbacher, Quantum Mechanics, John Wiley (Asia), 1999. 
3.  P. W. Mathews and K. Venkatesan, A Textbook of Quantum Mechanics, Tata McGraw Hill,1995. 
4.  F. Schwabl, Quantum Mechanics, Narosa, 1998. 
5.  B. H. Bransden and C. J. Joachain, Introduction to Quantum Mechanics, Longman, 1993. 
 
(4) Electrodynamics I (PH4004): 

 

3-0-0: 3 Credits                                                                                              Prerequisite: Nil 

 

Electrostatics, Solution of Laplace and Poisson equations in 2 & 3 dimensions (Uniqueness of 
solutions, Dirichlet, Neumann and mixed boundary conditions), method of images, Separation of 
variables and Green's function approach in Cartesian, Cylindrical and Spherical coordinate systems, 
Dirac delta function, multipole expansion; Dielectrics: Polarization, bound  and free charges, 
susceptibility, boundary conditions, boundary value problems. Magnetostatics, vector potential, 
magnetic field, moments, force, torque and energy of localized current distributions, Kramers-Kronig 
relation, Magnetohydrodynamics: Alfen waves, Magnetic fields in Matter, Electromagnetic Induction, 
Maxwell’s equations for time varying fields, Gauge transformations, potential formulation: Scalar and 
Vector Potential, Coulomb and Lorentz Gauges, Conservation Laws; Maxwell's stress tensor; 
Electromagnetic wave Equation, Propagation of electromagnetic waves in conducting and non-
conducting medium; Reflection and transmission; Wave guides. Radiation. Lienard-Wiechert 
potentials, Fields of a moving point charge. 
 
Texts:   

1. J. D. Jackson, Classical Electrodynamics, John Wiley (Asia), 1999. 
References:   

1.  David J. Griffiths, Introduction to Electrodynamics, Addison-Wesley, 2012. 
2.  J. R. Reitz and F. J. Millford, Foundation of Electromagnetic Theory, Narosa, 1986. 
3.  Walter Greiner, Classical Electrodynamics, Springer, 1998. 



 

 

4.  Julian Schwinger, Classical Electrodynamics, Perseus Books, 1998. 
Hans C. Ohanian, Classical Electrodynamics, Firewall Media, 2009. 
Tung Tsang, Classical Electrodynamics, World Scientific, 1999. 

 

(5) Electronics (PH4005): 

 

3-0-0: 3 Credits                                                      Prerequisite: Nil                                                                                             

                   

Semiconductors, BJT and FET, Transistor biasing, small signal transistor amplifiers, operational 
amplifier theory, frequency effects, feedback circuits, oscillators and timers, amplitude and frequency 
modulation and demodulation. Boolean algebra, logic gates, combinational and sequential logic, 
registers, counters and memory units, ADC & DAC, Data acquisition systems, Multiplexure, 
Demultiplexure, microprocessor system design and programming, data communications and 
interfacing. 
 
Texts:   

1.  A. Mottershead, Electronic Devices and Circuits, Prentice Hall of India, 1993 
2.  J. Millman and C. C. Halkias, Integrated Electronics, Tata McGraw Hill, 1995 
References:   

1.  R. Gaekwad, Op-Amps and Linear Integrated Circuits, Prentice Hall of India, 1995 
2.  A. P. Malvino and D. P. Leach, Digital Principles and Applications, Tata McGraw Hill, 1991 
3.  R. S. Gaonkar, Microprocessor Architecture: Programming and Applications with the 8085, 5th edition, 

CBS Publishers,  2011 
 
(6) Introduction to Computational Methods (PH4006): 

 

2-1-2: 4 Credits                                                                                                                

Prerequisite: Nil 

Introduction, Basic numerical analysis, Introduction to Unix, Introduction to C/C++ programming, 
Solutions to Nonlinear equations, Newton-Raphson method, Interpolation and Curve fitting, 
Numerical Solutions to ODE and PDE, Euler’s and Runge-Kutta methods, Introduction to Latex, 
Random Numbers and Generators, Elementary treatment of Monte Carlo Method. 
 
Texts:   

1. K. E. Atkinson, Numerical Analysis, John Wiley (Asia), 2004. 
2. S. C. Chapra and R. P. Canale, Numerical Methods for Engineers, Tata McGraw Hill, 2002. 
3. W. H. Press, S. A. Teukolsky, W. T. Verlling and B. P. Flannery, Numerical Recipes in C++, Cambridge, 

1998. 
References:   

1. D. W. Rogers, Computational Chemistry using PC, 3rd edition, John Wiley & Sons, 2003. 
 
(7) Physics Laboratory I (PH4101): 

 

0-0-9: 6 Credits                                                                                                                

Prerequisite: Nil 

General Physics: Measurement of magnetic susceptibility of a liquid or a solution by Quincke's 
method; Thermal conductivity (2 experiments) 
Electronics: Monostable and astable multivibrator using Timer IC:555; Inverting and non-inverting 
amplifier; Integrator/differentiator; Phase Shift Oscillator; Seven-segment display (5 experiments) 
Optics: Michelson Interferometer; Fabry-Perot Interferometer; Fiber-optic kit; Nd-Y Ag/He-Ne Laser; 
Faraday’s rotation (5 experiments) 
 



 

 

 
References:   

1. Taylor, John R., An Introduction to Error Analysis: The Study of Uncertainties in Physical Measurements, 
University Science Books, 2nd edition, 1996 

3. P. B. Zbar and A. P. Malvino, Basic Electronics: a text-lab manual, Tata McGraw Hill, 1983. 
4. P. Leach, Experiments in Digital Principles, McGraw Hill, 1986 
5. R. S. Gaonkar, Microprocessor Architecture: Programming and Applications with the 8085, 5th edition, 

CBS Publishers, 2011 
 

Semester-II 

Total Credits = 24 

 
(8) Quantum Mechanics II (PH4007): 

 

3-0-0: 3 Credits                                                                            Prerequisite: Quantum Mechanics I 

 

Path integral formulation of quantum mechanics and its application to elementary quantum systems. 
Aharanov-Bohm effect. Formal Scattering theory, interaction picture; S-matrix; Many-particle Green’s 
functions, propagator for various particles; relativistic wave equations - Klein-Gordon equation, Dirac 
equation, Lamb shift, Majorana Fermions. Introductory treatment of classical fields, quantization, 
Lorenz transformations, Wick's theorem, Feynman rules and Feynman diagrams. Particle processes, 
Matrix elements and cross sections for – Moller scattering, Pair production and annihilation, Bhabha 
scattering and Compton scattering. 
 
Texts:  

1.  S. Weinberg, Quantum Field Theory, Vols. I, II, III, Cambridge University Press: Cambridge, UK, 2005. 
2.  M.E. Peskin and D.V. Schroeder, Introduction to Quantum Field Theory, Addison-Wesley, 1995. 
References:  

1. Francis Halzen, Alan D. Martin, Quarks and Leptons: An Introductory Course in Modern Particle Physics , 
John Wiley & Sons Singapore Pvt. Ltd. / Singapore, 1984. 

2. James D. Bjorken, Sidney D. Drell,  LSC Relativistic Quantum Mechanics (Pure & Applied Physics), 
McGraw-Hill Science/Engineering/Math; 1st edition, 1998. 

3. James D. Bjorken, Sidney D. Drell, Relativistic Quantum Fields, Dover Books on Physics, 1998. 
 

(9) Statistical Mechanics (PH4008): 

 

3-1-0: 4 Credits                                                                                                               

Prerequisite: Nil 

 

Introduction and Overview of statistical mechanics; Ergodic hypothesis; Liouville theorem; Concepts 
of ensembles. Microcanonical Ensemble : Concepts of entropy; Some applications . Canonical (CE) 
and Grand-canonical Ensemble (GCE) :  Probability distribution in CE and GCE; Thermodynamic 
quantities in CE and GCE; Energy dispersion in CE;  Mean particle number and mean energy and the 
grand potential; Fluctuations in particle number; Some applications . Quantum Statistics : Ideal 
quantum gases; Photons and Phonons; Bose-Einstein Condensation. Interacting Systems : Model – 
Ising model (1D & 2D), XY model;  Phase Transition; Mean field Theory; Scaling and 
Renormalization Group theory. Non-Equilibrium  Statistical Mechanics:  Fokker-Planck equation; 
Basics of Langevin Equation; Some applications; Master Equation, Growth and decay process.                                                                                                                       
 
Texts:  

1. R. K. Pathria, Statistical Mechanics, Butterworth-Heinemann, 1996. 
2. F. Reif, Statistical and Thermal Physics, McGraw-Hill, 1985. 

http://livepage.apple.com/
http://livepage.apple.com/
http://www.amazon.com/James-D.-Bjorken/e/B00AFCVOK8/ref=ntt_athr_dp_pel_1
http://livepage.apple.com/


 

 

3. K.Huang, Statistical Mechanics, John Wiley Asia, 2000.  
 

References:  

1. H. Risken & T Frank, The Fokker-Planck Equation: Methods of Solutions and applications,  3rd Edition, 
Springer, 1996. 

2. R. Zwanzig, Non-equilibrium Statistical Mechanics,  Oxford University Press, USA; 1st edition, 2001. 
3. S. Dattagupta & S. Puri, Dissipative Phenomena in Condensed Matter Physics : Some Applications, 

Springer; 1st edition, 2004. 
4. C.W. Gardiner, Handbook of Stochastic Methods: for Physics, Chemistry and Natural Sciences, 3rd Edition, 

Springer, 2004. 
5. L. D. Landau and E. M. Lifshitz, Statistical Physics, Pergamon, 1980 
6. W. Greiner, L Neise, and H. Stocker, Thermodynamics and Statistical Mechanics, Springer, 1994. 
 
(10) Atomic and Molecular Physics (PH4009): 

 

3-0-0: 3 Credits                                                                            Prerequisite: Quantum Mechanics I 

 

Spectra of alkali atoms, vector atom model, LS and jj couplings, normal and anomalous Zeeman 
effect, Stark effect. Symmetric and antisymmetric wave functions, Hartree-Fock method, Born-
Oppenheimer approximation. Fine structure of spectral lines, Lambshift and QED corrections, nuclear 
spin and hyperfine structure, Spectral line broadening, Accelerator based atomic physics, Laser 
cooling and trapping of atoms, ion traps, Laser spectroscopy, X-ray spectroscopy, electron 
spectroscopy, Time-of-Flight spectroscopy, Raman Spectroscopy, ESR and NMR 
 
Texts:  

1. B. H. Bransden and C.J. Joachain, Physics of atoms and molecules, Longman Scientific & Technical, 2003. 
References: 

1. C. N. Banwell and E. M. McCash, Fundamentals of Molecular Spectroscopy, McGraw-Hill College, 1994. 
2. Rodney Cotterill, Biophysics: An introduction, 1st edition, Wiley, 2002. 
3. R.N.Roy, A Textbook of Biophysics, New Central Agency (P) Ltd., Calcutta, 2001.  
 
(11) Optics and Photonics (PH4010): 

 

3-0-0: 3 Credits                                                                            Prerequisite: Quantum Mechanics I 

 

Wave propagation in anisotropic media, 1-D and 3D dimensional wave equations, Superposition of 
waves, Fourier transform and spatial filtering, Coherence theory, Concept of spatial and temporal 
coherence, Diffraction theory, Interferometry and its applications, Optical fiber and waveguides, non 
linear optics, Holography, interaction of radiation with matter, line shape function, condition for 
amplification, optical resonators, Latest in optics and photonics. 
 
Texts:  
1. Saleh and Teich, Fundamentals of Photonics, 2nd edition, Wiley-Interscience, 2007. 
2.  E. Hecht, Optics, Addison-Wesley, 2008. 
3.  A. Ghatak, Optics,1st edition, McGraw-Hill, 2009. 
References:  

1. Amnon Yariv, Photonics, Wiley-Interscience, 2012. 
2. Ghatak and Thayagrajan, Optical Electronics, Cambridge University Press, 1989. 
3. A. Ghatak and K. Thayagrajan, An Introduction to Fiber Optics, Cambridge University Press, 1998. 
4. R. Feynmann, Lectures on Physics, 1st edition, Basic Books, 2011. 
5. A. E. Siegman, Lasers, 1st edition, University Science Books, 1986. 
6. Orazio Svelto, Principles of Lasers, 6th edition, Springer Verlag, 2010. 
7. K. Thyagarajan and Ghatak, Lasers, Theory and Applications,  2nd edition, Springer, 2011. 



 

 

 
 

(12) Electrodynamics  II (PH4011): 

 

3-0-0: 3 Credits                                                                                 Prerequisite: Electrodynamics  I 

 

Special relativity, Minkowski space and four vectors, concept of four-velocity, four acceleration and 
higher rank tensors, relativistic formulation of electrodynamics, classical fields, Action formulation, 
symmetries, Noether’s theorem, canonical quantization of the scalar, spin ½ fields, and Gauge bosons, 
relativistic particles in external electromagnetic fields, Gauge invariance, Gauge orbits and four-
potential, Bianchi Identities and electromagnetic energy momentum tensor, solution of wave equation 
in covariant formulation, invariant Green's functions, Green function for wave equation: advanced and 
retarded. Radiating systems, fields and radiation from an accelerated charge, dispersion theory, 
scattering by free charges, Scalar diffraction (Kirchhoff theory), Elementary treatment of self-energy 
and radiative corrections, divergence and renormalization, Introductory quantum electrodynamics. 
 
Texts:   

1.   J. D. Jackson, Classical Electrodynamics, John Wiley (Asia), 1999. 
2.    M. E. Peskin and D.V. Schroeder, Introduction to Quantum Field Theory, Addison-Wesley, 1995. 
References:   

1. L.D. Landau and E. M. Lifshitz, Electrodynamics of Continuous Media, Butterworth Heimemann, 1995. 
2. J. R. Reitz and F. J. Millford, Foundation of Electromagnetic Theory, Narosa, 1986. 
3. Julian Schwinger, Classical Electrodynamics, Perseus Books, 1998. 
4. Stephen Parrott, Relativistic Electrodynamics and Differential Geometry, 1st editionSpringer, 1986. 
5. N. M. J. Woodhouse, Special Relativity (Springer Undergraduate Mathematics Series), Springer, 2007. 
6. T. M. Helliwell, Special Relativity, University Science Books, 2009. 
7. S. Weinberg, Quantum Field Theory, Vols. I, II, III, Cambridge University Press: Cambridge, UK, 2005. 
 
(13) Physics Laboratory II (PH4102): 

 

0-0-9: 6 Credits                                                                                                                

Prerequisite: Nil 

 

Modern Physics: Planck's "quantum of action" and photoelectric effect; Diffraction at a slit and 
Heisenberg's uncertainty principle; Elementary charge and Millikan experiment; Geiger-Muller 
counter; Lande g-factor; Zeeman Effect (6 experiments) 
Condensed Matter Physics: Hall effect in semiconductors; Deposition System; Photovoltaic cell; Band 
gap of Semiconductor (4 experiments) 
 
References:   

1. Taylor, John R., An Introduction to Error Analysis: The Study of Uncertainties in Physical Measurements, 
University Science Books, 2nd edition, 1996. 

2. Tipler & Llewellyn, Modern Physics, 6th edition, University Science Books, 2012. 
3. H. Sathyaseelan, Laboratory Manual In Applied Physics, New Age International Publishers, 2008. 
4. A. C. Melissinos, Experiments in Modern Physics, Academic Press, 1996. 
5. R. A. Dunlop, Experimental Physics, Oxford University Press, 1988. 
6. P. V. Bork, H. Grote, D. Notz, M. Regler, Data Analysis Techniques in High Energy Physics Experiments, 

Cambridge University Press, 1993. 
 
 

 

 

http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22H.+Sathyaseelan%22


 

 

(14) Seminar I (PH4401):   

 

 

0-0-3: 2 Credits                                                                                                

 

 

 

Semester-III 

Total Credits = 24 
 

(15) Nuclear and Particle Physics (PH5012):   

 

3-0-0: 3 Credits                                          Prerequisite: Quantum Mechanics I, Electrodynamics  I 

Nuclear properties: General properties: radius, mass, binding energy, nucleon separation energy, 
angular momentum, parity, electromagnetic moments, excited states; Nuclear models: liquid drop 
model, semi - empirical mass formula; Fermi gas model of nucleus, nuclear shell model; Nuclear 
reactions: energetics, conservation laws, isospin, classification of nuclear reactions, fusion and fission; 
Nature of the nuclear force, form of nucleon-nucleon potential; Charge-independence and charge-
symmetry of nuclear forces; Radioactive decay: radioactive decay law, production and decay of 
radioactivity, radioactive dating. detection of nuclear radiation, alpha, beta and gamma decays; The 
Deuteron problem, Shell model and magic numbers, Collective models; Particle Phenomenology: 
elementary particles and interactions: fundamental interactions, classification of particles: leptons and 
quarks and gauge bosons; Quark model, quark dynamics, Standard model, Gell-Mann Okubo mass 
formula, Symmetries and conservation laws Parity violation in weak interaction, The V-A interaction, 
weak current, muon decay, pion decay, Cabbibo angle, CP violation in neutral Kaon decay, Kaon 
oscillations 
 
Texts:  

1. B.R.Martin, Nuclear and Particle Physics,1st edition, 2006. 
2. K. S. Krane, Introductory Nuclear Physics, John Wiley, 1988. 
3. D. Griffiths, Introduction to Elementary Particles, Wiley, 2008. 
References:  

1. Thomas Ferbel, Ashok Das, Introduction to Nuclear and Particle Physics, 1st edition, 1993. 
2. Brian Martin, Nuclear and Particle Physics, An Introduction, 2nd edition, 2009. 
3. Mittal V. K, Verma R. C, Gupta S. C, Introduction To Nuclear And Particle Physics, 2nd edition, 2011. 
4. Richard Clinton Fernow, Introduction to Experimental Particle Physics, 1989. 
5. B Martin and G P Shaw, Particle Physics, 3rd edition, 2008. 
6. D. H. Perkins, Introduction to High Energy Physics, 4th edition, Cambridge, 2000. 
7. F. Halzen and Alan D. Martin, Quarks and Leptons, Wiley India edition, 1984. 
8. I. S. Hughes, Elementary Particles, Cambridge, 1991. 
9. R. Roy and B. P. Nigam, Nuclear Physics: Theory and Experiment, New Age, 1967. 
 

(16) Condensed Matter Physics (PH5013): 

 

3-0-0: 3 Credits                                                                            Prerequisite: Quantum Mechanics I 

 

Structure of solids: Symmetry operations; Bravais lattices; Miller indices and reciprocal lattice; 
Bonding and packing in crystals; Structure determination (X-ray, electron & neutron diffraction); 
Defects in crystals; Lattice vibration and thermal properties:dispersion relation; attenuation; density of 
states; phonons and quantization; Brillouin zones; lattice heat capacity; Einstein and Debye models; 
thermal conductivity of metals and insulators; Electronic properties: Free electron theory of metals; 



 

 

electrons in a periodic potential; Bloch equation; Kronig-Penny model; tight-binding model; band 
theory; metal, semiconductor and insulators; bandgap; intrinsic and extrinsic semiconductors; Hall 
effect; p-n junction; Dielectrics: Polarizability; Clausius-Mossotti formula, Peizo-, Pyro- and Ferro-
electric crystals; ferroelectric domains; optical behavior of bound and free electrons; Kramer-Kronig 
relations; optical absorption; photoconductivity; Magnetism: Dia- and para-magnetism; Van-Vleck 
and Pauli paramagnetism; Exchange interaction; Ferro-, antiferro- and ferri-magnetism, spin wave, 
resonance absorption; Superconductivity: Meissner effect; Energy gap; London equations; coherence 
length; type I & type II superconductors; BCS theory; Josephson effect 
 
Texts:  

1. C. Kittel, Introduction to Solid State Physics, John Wiley, 1996. 
References: 

1. H. P. Myers, Introduction to Solid State Physics, Viva books, 1998. 
2. A. J. Dekker, Solid State Physics, Macmillan, 1986. 
3. N. W. Ashcroft and N. D. Mermin, Solid State Physics, HBC Publ., 1976. 
 
(17) Elective-I:   

3-0-0: 3 Credits                                                                                                

 

(18) Elective-II:   

3-0-0: 3 Credits     

 

(19) Project-I (PH5501):   

0-0-15: 10 Credits            

                                                                                     

Project in the assigned topic(s) 
 

(20) Seminar II (PH5402):   

0-0-3: 2 Credits      

 
Semester-IV 

Total Credits = 22 
(21) Project-II (PH5502): 

0-0-24: 16 Credits                                                                                                
 
Project in the assigned topic(s) 
                                                                                         

(22) Elective-III:   

3-0-0: 3 Credits     

 

(23) Elective-IV /Research Review Paper (/PH6201)::   

3-0-0: 3 Credits     

 
ELECTIVES I-IV COURSES 

 

(i) Physics and Technology of Lasers (PH6001): 

 

3-0-0: 3 Credits                                                                                                        Prerequisite: Nil 

Spontaneous and stimulated emission of radiation; Basic Physics and characteristic of laser, Rate 
equations, Pumping techniques, Practical example of lasers, Laser systems and its different 



 

 

applications in Science, industry, medicine, communication defense, printing etc., Recent 
advancement in laser and future  
 
Texts:  

1. A. E. Siegman, Lasers, 1st edition, University Science Books, 1986.  
2. O. Svelto, Principles of Lasers, 6th edition, Springer, 2010. 
3. K. Thyagarajan and Ghatak, Lasers, Theory and Applications, 2nd edition, Springer, 2011. 
References:  

1. A. Yariv, Photonics, 6th edition, Oxford University Press, USA, 2006. 
2. D. J. Griffith, Introduction to Electrodynamics, 3rd edition, Addison Wesley, 1997. 
3. A. Ghatak and K. Thayagrajan, Optical Electronics, Cambridge University Press, 1989.  
4. Wolfgang Demtrder, Springer Verlag, Laser Spectroscopy 2nd edition, Springer, 1996. 
5. Jiri Homola, Surface plasmon resonance based sensor, 1st edition, Springer, 2010. 
6. A. Ghatak and K. Thayagrajan, An Introduction to Fiber Optics, Cambridge University Press, 1998. 
7. R. Feynmann, Lectures on Physics, 1st edition, Basic Books, 2011. 
 
(ii) Applied Photonics Technology (PH6002): 

 

3-0-0: 3 Credits                                                                                                                

Prerequisite: Nil 

 

Review of basic optics, Polarization, Reflection and refraction of plane waves, Diffraction: diffraction 
by single slit and circular aperture, Gaussian beams, Fiber Optics; Fourier optics: Interference: two-
beam and multiple beam interference, Fabry-Perot interferometer; Interaction of radiation with matter, 
light amplification; Laser rate equations, three level and four level systems; Optical Resonators, 
resonator stability; mode selection; Q switching and mode locking in lasers: Properties of laser 
radiation and some laser systems 
 
Texts:  

1. B. E. A. Saleh and M.C. Teich, Fundamentals of Photonics, 2nd edition, Wiley-Interscience, 2007. 
2. E. Hecht, Optics, 4th edition, Addison-Wesley, 2001. 
References:  

1. A. Yariv, Photonics, 6th edition, Oxford University Press, USA, 2006. 
2. A. Ghatak and K. Thayagrajan, Optical Electronics, Cambridge University Press, 1989. 
3. A. Ghatak and K. Thayagrajan, An Introduction to Fiber Optics,  Cambridge University Press, 1998.  
4. R. Feynmann, Lectures on Physics, 1st edition, Basic Books, 2011.  
 
(iii) Non Equilibrium Phenomena in Physics (PH6003): 

 

3-0-0: 3 Credits                                                                                                               

Prerequisite: Nil 

 

Introduction: examples of non-equilibrium phenomena (i) glass transition;(ii) nucleation; (iii) phase 
separation; Experimental probes: dynamic scattering; inelastic neutron scattering; Theoretical tools: 
Two alternative theoretical approaches (a) Langevin equation - dissipation, non-linearity and noise; 
illustration with translational Brownian motion; (b) Fokker-Planck equation diffusion and drift; 
illustration with (i) translational Brownian motion, (ii) rotational Brownian motion; master equation - 
loss and gain of probabilities; concept of detailed balance;  metastability and bi-stability: Kramers’ 
theory of thermally activated barrier crossing , applications in (i) chemical reactions (ii) rock 
magnetism; Stochastic resonance : enhancing signals with the help of noise - applications of stochastic 
resonance in (a) nonlinear optics, (b) solid state devices, (c) neuro-science, (d) molecular motors and 
biological locomotion; Driven diffusive systems : Non-equilibrium steady-states in driven system, 



 

 

driven systems of interacting particles - applications to vehicular traffic; The phenomenon of Surface 
Growth: Roughening, Dynamic Scaling, Significance of correlations; Growth models;  Random and 
Ballistic depositions.; Edward Wilkinson model.; Kardar-Parisi-Zhang model; Relaxation 
Phenomenon in nanomagnets: Relaxation of magnetic nanoparticles; superparamagnetism; spinglass 
phenomena; ageing; memory effects.  
 
 
Texts:  

1. N.G. Van Kampen, Stochastic Processes in Physics and Chemistry,  2nd Edition , North-Holland, 1992. 
2. H. Risken & T Frank, The Fokker-Planck Equation: Methods of Solutions and applications, 3rd Edition, 

Springer, 1996. 
3. R. Zwanzig, Non-equilibrium Statistical Mechanics, 1st edition, Oxford University Press, USA, 2001. 
4. D. S. Lemons, An Introduction to the Stochastic Processes in Physics, The Johns Hopkins University 

Press, 2002. 
References:  

1. S. Dattagupta & S. Puri, Dissipative Phenomena in Condensed Matter Physics: Some Applications, 1st 
edition, Springer, 2004. 

2. C.W. Gardiner, Handbook of Stochastic Methods: for Physics, Chemistry and Natural Sciences, 3rd edition, 
Springer, 2004. 

3. S. Dattagupta, A Paradigm Called Magnetism, World Scientific Publishing Company, 2008. 
 
(iv) Advanced Statistical Physics (PH6004): 

 

3-0-0: 3 Credits                                                                                                              

Prerequisite: Nil 

 

Phase transitions in various dimensions: Magnetic systems and liquid-gas transitions. Correlation 
Functions.  Landau theory of phase transitions. Calculation of critical exponents; Examples : 
Examples of first order and continuous phase transitions. Mean field (van der Waals and Weiss 
molecular field) theories. Fluid- magnet analogy. Correlations. classical (Ornstein -Zernicke) theory; 
Statistical mechanical models: Ising, lattice gas, Heisenberg, XY and Potts models. Transfer matrix 
method. illustration using the one-dimensional lsing model. Duality in the two-dimensional Ising 
model. High and low temperature series expansions; Critical phenomena: long-range order, order 
parameter, scaling, universality, critical exponents. Peierls argument for phase transitions. 
Spontaneous breakdown of symmetry, Landau theory of phase transitions. Role of fluctuations, lower 
and upper critical dimensions. Ginzburg-Landau model. Higgs mechanism, examples. Mermin-wagner 
theorem. Topological (Berezinski-Kosterlitz- Thouless) phase transition; Introduction to 
Renormalization Group: Fixed points. Relevant and Irrelevant variables. Relation between Critical 
exponents from RG.  Momentum space RG: Going from discrete to continuous picture. Partition 
function. Functional integration. Landau-Ginzburg model. Consistency with Landau model. Scaling in 
momentum space. Dimensional analysis. Scaling and Anomalous dimensions. Evaluation of Partition 
Function in the Gaussian model. RG treatment of the Gaussian model.  
 
Texts:  

1. Nigel Goldenfeld, Lectures on Phase Transition and Renormalization Group, Westview Press, 1992. 
2. Mehran Kardar, Statistical Physics of Fields, 1st edition, Cambridge University Press, 2007. 
3. R. K. Pathria & P. D. Beale, Statistical Mechanics, 3rd edition, Academic Press,  2011. 
References:  

1. H. E. Stanley, Introduction to Phase Transitions and Critical Phenomena, Clarendon Press, Oxford, 1971. 
2. P. M. Chaikin & T. C. Lubensky, Principles of Condensed Matter Physics, Cambridge University Press; 

Reprint edition, 2000. 



 

 

3. W. D. McComb, Renormalization Methods: A Guide for Beginners, 1st edition, Oxford University 
Press, USA, 2008. 

 
 
(v) Magnetism in Materials (PH6005):  

 

3-0-0: 3 Credits                                  Prerequisite: Quantum mechanics and Solid state physics 

 

Magnetism in atoms and ions, dia- and para-magentism, environment effects: crystal field, tetrahedral 
and octahedral sites, Jahn- Teller effect, Hund's rule and rare earth ions in solids. Collective 
magnetism: molecular field theory for ferro-, antiferro- and ferri-magnetism, circular and helical order, 
spin glass. Direct and indirect exchange interactions, Itinerant magnetism, magnons, domains and 
domain walls, magnetic hysteresis, pinning effects. Experimental techniques, Magneto resistance, 
giant magneto resistance, nuclear magnetic resonance, technological aspects of magnetic materials. 
 
Texts:  

1. S. Blundell, Magnetism in Condensed Matter, Oxford, 2001. 
2. J. M. D. Coey, Magnetism and Magnetic Materials, Cambridge University Press, 2010. 
References: 

1. D. Craik, Magnetism: Principles and Applications, John Wiley, 1995. 
2. Mathias Getzlaff, Fundamentals of Magnetism, Springer, 2008. 
3. Robert C. O’Handley, Modern Magnetic Materials: Principles and Applications, Wiley-Interscience, 

1999.  
 
(vi) General Relativity and Cosmology (PH6006): 

 

3-0-0: 3 Credits                                                                                                            

Prerequisite: Nil 

 

Introduction and Scope of General Relativity,  Space-time and Relativity, Riemannian-geometry. 
energy-momentum tensor and Einstein’s equations.  Principles of General Relativity, Field Equations 
of General Relativity, Schwarzschild metric and Black Holes. Introduction to cosmology, The 
Friedmann-Lemaitre-Robertson-Walker cosmology. 
 
Texts: 

1. Ta-Pei Cheng, Relativity, Gravitation and Cosmology: A Basic Introduction, 2nd edition, Oxford  
 University Press, USA,2010. 
2.  B. F. Schutz, A First Course in General Relativity, 2nd edition, Cambridge U. Press, 2009. 
3.  S. Weinberg, Gravitation and Cosmology, Wiley, 1972. 
References:  

1. T. Padmanabhan, Gravitation: Foundation and Frontiers, Cambridge University Press, Cambridge, 2010. 
2.  N. M. J. Woodhouse, General Relativity (Springer Undergraduate Mathematics Series), 3rd edition, 

Springer, 2006. 
3.  B. Schutz, Gravity from the Ground Up, Cambridge, 2003. 
4.  J. B. Hartle, Gravity - An Introduction to Einstein's General Relativity, Addison Wesley, 2003.  
5.  J. Foster and J.D. Nightingale, A Short Course in General Relativity, 2nd edition, Springer 1994, 1995. 
6.  R. M. Wald, General Relativity, The University of Chicago Press, 1984. 
7.  C. W. Misner, K.S. Thorne, J.A. Wheeler, Gravitation, Freeman, 1973. 
 
 
 
 



 

 

(vii) Quantum Field Theory (PH6007): 

 

3-0-0: 3 Credits                                                                                                                   

Prerequisite: Nil 

 

Review of Classical Field Theory, Lorentz transformations, relativistic wave equations; Lagrangian 
formalism for fields; symmetry transformations and Nöther’s theorem, Canonical quantization of the 
Scalar, Dirac and Maxwell fields. Wick's theorem. Feynman rules and Feynman diagrams, gauge 
invariance. Lowest order cross- sections and elementary treatment of self-energy and radiative 
corrections, divergence and renormalization. 
 
Texts:  

1. A. Zee, Quantum Field Theory in a Nutshell, 2nd edition, Princeton University Press,  2010. 
2. Mark Srednicki,  Quantum Field Theory, 1st edition, Cambridge University Press,  2007. 
3. M. E. Peskin and D.V. Schroeder, Introduction to Quantum Field Theory, Addison-Wesley, 1995. 
References:  

1. Franz Mandl and Graham Shaw, Quantum Field Theory, 2nd edition, Wiley,  2010. 
2. S. Weinberg,  Quantum Field Theory, Vols. I, II, III, Cambridge University Press: Cambridge, UK, 2005. 
3. Malte Henkel, Conformal Invariance and Critical Phenomena (Theoretical and Mathematical Physics), 

paperback edition, Springer, 2010. 
4. P. M. Chaikin , T. C. Lubensky, Principles of Condensed Matter Physics, Cambridge University Press, 

2000. 
5. Ta-Pei Cheng and Ling-Fong Li, Gauge Theory of elementary particle physics, Oxford University Press, 

USA, 1988. 
6. Francis Halzen and Alan D. Martin, Quarks and Leptons: An Introductory Course in Modern Particle 

Physics, 1984. 
7. Pierre Ramond, Field Theory: A Modern Primer (Frontiers in Physics Series, Vol 74), 2nd edition, 

Westview Press,  2001. 
 

(viii) Nanostructure and Quantum Devices (PH6008): 

 

3-0-0: 3 Credits                                                                                                             

Prerequisite: Nil 

 

Semiconductor Heterostructure, Nano-CMOS devices, Low-dimensional semiconductor structures, 
Semiconductor superlattices and miniband, Optical properties of nanostructures, Resonant tunneling 
phenomena, Coulomb blockade and quantum transport. Metallic superlattices, self-assembling 
nanostructures, Nanofabrication, probing of nanostructures, Quantum devices: Single electron devices, 
Quantum cascade Lasers, Ultra-fast switching devices, high density memories, giant magneto 
resistance and Josephson devices, long wavelength IR detector, photonic integrated circuits. 
 
Texts:  
1. S. M. Sze, Physics of Semiconductor Devices, 3rd edition, Wiley Eastern Limited, 2006. 
2. Jacques I. Pankove, Optical Process in Semiconductor,  2nd edition, Dover Publications, Inc., 2010. 
3. K. P. Jain, Physics of Semiconductor Nanostructures, Narosa Publishing House, 1997. 
 
References: 
1. S. V. Gaponenko, Optical Properties of Semiconductor Nanocrystals, Cambridge University Press, 2005. 
2. H. S. Nalwa, Handbook of Nanostructured Material and Nanotechnology, 1st edition, Academic Press, 

1999. 
3. K. Sattler, Cluster assembled Materials, TransTech Publication Limited, 1st edition, CRC Press, 1996. 
4. Jackie Ying, Nanostructure Material, 1st edition, Academic Press, 2001. 



 

 

5. C. C. Koch, Nanostructure Material, processing, properties and application, 2nd edition, William Andrew 
Publishing, 2006. 

6. J. H. Davies, The Physics of Low dimensional Semiconductor, Cambridge  University Press, 1997.  
 
(ix) Particle Physics (PHS6009): 

 

3-0-0: 3 Credits                                                                                                                   

Prerequisite: Nil 

 

Elementary particles, Fundamental forces, relativistic kinematics, Symmetries and conservation laws; 
Bound states, Scattering processes of spin-1/2 particles (Feynman’s rules as thumb rule QFT course), 
propagators; QED; weak interactions, parity violation, Gauge symmetries, spontaneous symmetry 
breaking,  Electroweak interaction, Glashow-Salam-Weinberg model, Higgs mechanism; Introduction 
to QCD, structure of hadrons (form factors, structure functions), parton model, Deep inelastic 
scattering; Physics beyond the standard model: LHC, extra dimensions, and other current topics 
 
Texts:  

1. D. Griffiths, Introduction to Elementary Particles, Wiley, 2008. 
2. B Martin and G P Shaw, Particle Physics, 3rd edition, Wiley, 2008. 
References:  

6. The Review of Particle Physics, J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012)  
7. A. Zee, Quantum Field Theory in a nut shell, 2nd edition, Princeton University Press, 2010. 
8. D. H. Perkins, Introduction to High Energy Physics, 4th edition, Cambridge, 2000. 
9. T. P. Cheng and L.F. Li, Gauge Theory of elementary particle physics, Oxford, 1988. 
10. E. Leader and E. Predazzi, An Introduction to Gauge Theories and Modern Particle Physics, Cambridge, 

1996. 
11. F. Halzen and Alan D. Martin, Quarks and Leptons, Wiley India edition, 1984. 
12. The particle data group: http://pdg.lbl.gov/ 
 
(x) Methods in Experimental Nuclear and Particle Physics (PH6010): 

 

3-0-0: 3 Credits                                                                                                                 

Prerequisite: Nil 

 

Passage of radiation through matter : Interaction of heavy charged particles, neutrons, gamma rays and 
relativistic particles. ionization loss characterized by the Bethe-Bloch equation, loss via 
bremsstrahlung, and the Cherenkov effect; Radiation Detection : Detection mechanism, characteristics 
of detectors. Detectors in Nuclear Physics : gas detectors, scintillation counters; Solid state detectors. 
Detectors in Particle Physics : Drift Chambers, spark chambers, bubble chambers; Accelerators : Van 
de Graff, LINAC, Cyclotrons, Synchrotons, Colliders; Pulse Processing : Timing and Energy 
measurements, data acquisition and analysis; Present Detectors: Techniques used in present LHC 
(Large Hadron Collider) detectors, such as CMS, ATLAS 
 
Texts:  

1. Glenn F. Knoll, Radiation Detection and Measurements, 4th edition, John Wiley and Sons, 2010. 
2. W. R. Leo, Techniques for Nuclear and Particle Physics Experiments, Springer Verlag, 1994. 
References:  

1. R. Cahn and G. Goldhaber, Experimental Foundations of Particle Physics, Cambridge U. Press, 2009. 
2. C. Leroy and P. Rancoita, Principles of Radiation Interaction in Matter and Detection, World Scientific Publ. 

Co., 2009. 
3. C. Grupen and B. Shwartz, Particle Detectors, 2nd edition, Cambridge U. Press, 2008.  
4. W. Blum, W. Riegler and L. Rolandi, Particle Detection with Drift Chambers, 2nd edition, Springer, 2010. 

http://pdg.lbl.gov/
http://pdg.lbl.gov/


 

 

5. D. Green, The Physics of Particle Detectors, Cambridge U. Press, 2000. 
6. R. Fruhwirth, et al., Data Analysis Techniques for High-Energy Physics, Cambridge U. Press, 2000. 
7. T. Ferbel, Experimental Techniques in High-Energy Nuclear and Particle Physics, ed., World Scientific Publ. 

Co., 1999. 
8. M. S. Livingston and J.P. Blewet, Particle Accelerators, McGraw Hill, 1990. 
 
(xi) Semi Conductor Physics (PH6011): 

 

3-0-0: 3 Credits                                                                                                         Prerequisite: Nil 

 

Electron and hole statistics in semiconductors, semiconductor band structure, doping in 
semiconductors, transport properties, semiconductor heterostructures, charge carrier recombination, 
diffusion of electrons and holes, equation of continuity, carrier injection, p-n junction, current-voltage 
characteristic, Physical model of p-n junction, junction capacitance and  width, breakdown 
phenomena, metal-semiconductor junction, rectification at metal-semiconductor junction, schottky-
diffusion theory, photoconductivity, bipolar transistor (principle and characteristics),principle of 
operation of FET, photovoltaic effect. 
 
Texts:  

4. S. M. Sze, Physics of Semiconductor Devices, 3rd edition, Wiley Eastern Limited, 2006. 
References: 

1. Jacques I. Pankove, Optical Process in Semiconductor, 2nd edition, Dover Publications, Inc., 2010. 
2. J. H. Davies, Physics of Low dimensional Semiconductor, Cambridge University Press, 1997. 
 
(xii) Accelerator Based Physics of Solids (PH6012): 

 

3-0-0: 3 Credits                                                                                                                

Prerequisite: Nil 

 

Need of accelerated particles in physics study; production of ion beams (ion sources and accelerators); 
Interaction of radiation with matter; Materials engineering using heavy ions – ion implantation; ion 
beam assisted deposition (IBAD); ion beam mixing (IBM), Materials analysis using heavy ions – 
Rutherford backscattering spectroscopy (RBS), Elastic recoil detection analysis (ERDA); ion induced 
nuclear reaction; Nuclear reaction analysis (NRA); nuclear solid state physics – Microscopic 
magnetism using perturbed angular distributions (PAD). 
 
Texts:  

 

1. D. R.  Clarke, S. Suresh and I.M Ward, Ion-solid interactions: fundamentals and applications, 
Cambridge Solid State Science Series, Cambridge University Press, 2003. 

References: 

 

1. Patrick Richard, Methods of Experimental Physics: Atomic Physics, Accelerators (Vol. 17, Academic 
Press). 

2. D. J. Griffiths, Quantum Mechanics, 2nd edition, Pearson Prentice Hall, 2004. 
3. Michael Anthony Nastasi, James W. Mayer, James Karsten Hirvonen, Ion-solid interactions: 

fundamentals and applications, Cambridge University Press, 2004. 
4. A. Mozumder and Y. Hatano, Charged particle and photon interactions with matter: Chemical, 

physicochemical, and biological consequences with applications, 1st edition, CRC Press, 2003.  
 
 

 



 

 

(xiii) Radiation Detection and Measurements (PH6013): 

 

3-0-0: 3 Credits                                                                                                                      

Prerequisite: Nil 

 

Sources of Nuclear Radiations (Radioactive Sources and Particle Accelerators); Interaction of Ionizing 
Radiations (Heavy Ions, Gamma Radiations, Neutrons, etc.) with Matter; Radiation Dosimetry; 
Statistics for Nuclear Physics Experiments (Characterization of Data, Probability Distribution 
Functions, Propagation of  Errors, Weighted Mean Method, Optimization of Counting Experiments, 
Curve Fitting, Least Squares Method, Chi-Square Distribution); Ionization Detectors (General 
Operating Principles); Gas-Filled Ionization Detectors (Parallel Plate and Cylindrical Ionization 
Chambers, Parallel Plate Avalanche Counter, Cylindrical Proportional Counter, Multiwire Proportional 
Counter, Drift Chamber, Streamer Chambers, Bubble Chamber); Liquid Ionization Detectors; 
Semiconductor Detectors; Scintillation Spectrometers; Cherenkov Radiation Detectors; Radiation 
Calorimeters; Modern Mass Spectrometers as Heavy Ion Reaction Analyzer 
 
Texts:  

1. Glenn F. Knoll, Radiation Detection and Measurements, John Wiley and Sons, 4th edition, 2010. 
References: 

1. H. F. Beyer and V. P. Shevelko, Introduction to the physics of highly charged ion, IoP. 
 
(xiv) Biophysics (PH6014): 

 

3-0-0: 3 Credits                                                                                                                 

Prerequisite: Nil 

 

Atomic description of biomolecules: DNA, RNA, and proteins; forces and energetic in living systems: 
cells; Quantitative measurement techniques to investigate biological problems: NMR, Raman 
spectroscopy, ultrafast spectroscopy, magnetic resonance imaging, optical microscopy; Statistical 
physics in biology: energy and entropy in complex biomolecules, molecular machines; Molecular 
modeling of biological problems: Brownian motion and diffusion, protein folding, enzyme reaction; 
Biomechanics: statics and human anatomy, mechanics of motion 
 
Texts:  

1.     P. Nelson, Biological Physics: Energy, Information, Life, Freeman, 2008. 
2.     Ken Dill and Sarina Bromberg, Molecular Driving Forces: Statistical thermodynamics in Biology, 

Chemistry, Physics and Nanoscience, 2nd edition, 2010. 
References:  

 

1.     H. Lodish et al., Molecular Cell Biology, 7th edition, Freeman, 2012. 
5. B. Alberts et. al., Molecular Biology of the Cell, 5th edition, Garland 

Science, 2007. 
 
(xv) Computational Methods and Applications (CY4009): 

 

 2-1-0: 3 Credits                         Prerequisite: Nil 

 

Numerical solutions for simple Hamiltonian and Lagrangian equations, classical molecular dynamics, 
various integration schemes, periodic boundary conditions, long range interactions, classical Monte 
Carlo method, Metropolis algorithm, applications to nano and biological systems 



 

 

Numerical solutions of Schrodinger equation, electronic structure methods, application to simple 
molecules, clusters and solids 
 
Texts/references: 

1. M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids, Clarendon Press (Oxford). 
2. S. S. M. Wong, Computational Methods in Physics, World Scientific (1992). 
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http://www.amazon.com/Georg-Hager/e/B0038R0BVU/ref=ntt_athr_dp_pel_1
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http://www.amazon.com/D.-Chandrasekharam/e/B0034NJNXU/ref=ntt_athr_dp_pel_1
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http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=O.%20Rudawsky&search-alias=books&sort=relevancerank
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