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DEPARTMENT OF CHEMISTRY 

UNIVERSITY OF CALICUT 

Ph. D. (CHEMISTRY) ENTRANCE EXAMINATION, Model QP 

 
Time: 2 Hours  (10 -12)                       Max: 100 Marks 
 

Register No  

Date  

  
Answer all Questions 

 
SECTION A 

(Answer the questions in a separate sheet (provided); no negative mark for wrong answers) 

 
1. Which of the following dienes undergo Diels-Alder reaction very easily 

A

B

C

D

 
2. The most suitable reagent for the following conversion 

OH

OH

O

O

 
 

(a) O3  (b) Pb(OAc)4  (c) CrO3  (d) HgO 

 
 

3. Which one of the following will undergo free radical bromination most readily? 

(a) CH3-COOH   (b) CH3-COCl   

(c) CH3-CH2-COOH   (d) HOOC-CH2-CH2-COOH 

 

4. What signals do you expect to see in the 1HNMR spectrum of 1,1-dichloroethane (CH3CHCl2) ? 

(a) A singlet and a doublet   (b) A doublet and a triplet 

(c) A doublet and a quartet  (d) A singlet and a quartet 

 

5. The geometry of ethyl carbanion is  

(a) Tetrahedral  (b) Linear  (c) Planar   (d) Pyramidal 

 

6. The relative rate of SN1 solvolysis of t-butyl chloride is highest in 

    (a) Acetic acid  (b)  Methanol   (c) Water  (d) Formic acid 
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7. In which of the rearrangement, reaction intermediate is a carbene? 

(a) Pinacol-Pinacolone   (b) Stevens  

(c) Wolff     (d) Wagner-Meerwein 

8. Which one of the following compounds undergoes thermal elimination reaction? 

(a) Acetates   (b) Chlorides  (c) Bromide  (d) Alcohols 

9. How many peaks are observed in the proton decoupled 13C NMR spectrum of para-xylene. 

(a) 3       (b) 4        (c) 6        (d) 8 

10.   Aldol condensation is mainly given by  

              (a) Aldehyde    (b) Esters  

(c) α-haloesters    (d) ketones having no α- hydrogen 

11. M-SEAL available in the market is 

(a) A polyamide product (b) An expoxy resin product 
(c) A polyester product (d) A tetrafluoroethylene product 

12 Which of the following functions is not an eign function of d/dx operator? 

(a) eikx  (b) tan x  (c) (sin ky) eikx  (d) None of the above 

13. Which one among the following is an extensive property? 

(a) Chemical potential   (b) Molar volume   

(c) Heat capacity    (d) Refractive index 

14. Quantum yield of H2-Cl2 photochemical reaction is 

(a) Unity  (b) >1  (c) < 1  (d) zero 

15. The word ‘stationary state’ in thermodynamics is used for explaining 

(a) Open systems   (b) Reversible process  

(c) Irreversible process  (d) Isolated systems 

16. Activity coefficients depend on 

(a) T and P    (b) Independent of T and P  

(c) Pressure only   (d) None of these 

17. Communal entropy exists in 

(a) Gases only   (b) Solids only   

(c) Solids and liquids   (d) Gases and liquids 

18. BCl3 molecule belongs to the point group 

(a) C3v  (b) D3h  (c) D3d   (d) C3 

19. Meissner effect is  

(a) Ideal Paramagnetism  (b) Ideal ferromagnetism   

(c) Ideal diamagnetism  (d) Ideal conductivity 

20. How many significant figures are there in 0.0002008? 
 

(a) 7  (b) 4  (c) 2  (d) 8 

21. Which one of the following is a boson? 

(a) 7N
14 atom  (b) 7N

14 nucleus  (c) 2He3   (d) 7N
15 nucleus 
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22. Which one of the following is fermion? 

(a) 8O
16 atom  (b) 8O

16 nucleus  (c) 2He4  (d) 8O
17 atom 

23. Number of classes in C2v is 

(a) 2   (b) 3   (c) 4  (d) None of the above 

24. Any molecule with inversion centre also has 

(a) C2   (b) S2   (c) σd  (d) None of the above 

25. Fe3O4 is  

(a) Paramagnetic  (b) Anti-ferromagnetic   

(c) Ferromagnetic  (d) None of the above 

26. Which of the following molecules show pure rotational spectrum? 

(a) H2    (b) CH4  (c) SF6  (d) HCl 

27. Which of the following molecules show pure rotational Raman spectrum? 

(a) H2    (b) CH4  (c) SF6  (d) CF4 

28. The second most abundant trace element present in biological system is  

(a) Copper  (b) Iron   (c) Nickel   (d) None of these 

29. The most ductile metal present in the periodic table is 

(a) Copper   (b) Gold   (c) Silver   (d) Platinum 

30.  A typical neutron-initiated fission of 235U yields
97

42 Mo , two neutrons and an isotope ……. 

 

 (a) 
137

50Sn    (b) 
139

54 Xe  

 (c) 
140

56 Ba    (c) 
140

57 La  

31. Separation of lanthanides by ion-exchange method is based on 
 
 (a) Size of the hydrated ions   (b) Size of unhydrated ions 
 (c) Basicity of the hydroxides   (d) The solubility of their nitrates 

32. The oxidation state of Iron in sodium nitroprusside is  

(a) 1              (b) 2           (c) 3     (d) 4 

33.  Which of the following is an Arachno carboranes 

(a) C2B7H13                  b) B5H11                        c) C2B4H8                d) C2B10H12 

34. The intense colour of [Co(en)2Cl2] is due to 

 (a) Cl- to Co3+ charge-transfer transition  (b) Co3+ to Cl- charge-transfer transition  

 (c) d-d transition     (d) Octahedral geometry of the complex 

35. The ground state term symbol of Mn2+ is 

 (a) 3F    (b) 2D   (c) 2S   (d) 6S 

36. Which of the following product is obtained on heating B2H6 and NH3 in the ratio 1:2 at higher temperature? 

a) B3N3H3                   b) B3N3H6                       c) B2H6 2NH3                 d) Boron nitride 

37. The compound [Ti(C5H5)2(C5H5)2] obeys the 18-electron rule. Then the hapticities of C5H5 ligands are 

 (a) 1 and 5  (b) 5   (c) 2 and 3  (d) 3 
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38. Which of the following compounds possess residual entropy?  

 (a) NO    (b) O2   (c) HCl   (d) N2 

39. Calomel electrode is reversible with respect to  

 (a) Hg2+  ions  (b) Hg+  ions (c) Both Hg2+ and Cl- ions   (d) Cl- ions 

40. The point group of Hydrogen peroxide is  

 (a) C2v   (b) C2h   (c ) C2   (d) D2h 

41. Write down the Schoenflies notation corresponding to the Hermann-Mauguin notation 4/mmm 

(a) C4v  (b) C4h   (c) D4h   (d) D4d 

42. Write down the Hermann-Mauguin notation corresponding to the Schoenfliess notation C2v 

(a) 2/m   (b) m m   (c) m m m  (d) 2 2 2 

43. The energy of a particle in a box is proportional to  

(a) Square of the mass of the particle  (b) Square of the length of the box 

(c) Square of the quantum number  (d) Square of the velocity of the particle 

44. Name the scientist who won the Nobel Prize twice in Chemistry. 

(a) Marie Curie   (b) Albert Einstein 

(c) Linus Carl Pauling  (d) Frederick Sanger 

45. Name the youngest person who received the Nobel Prize in Science? 

  (a) S. Chandrasekhar  (b) Albert Einstein   

(c) W.H. Bragg   (d) W.L. Bragg 

46. Who got the Shanti Swarup Bhatnagar Awards for Chemical Sciences in 2019?  

 (a) R.B. Sunoj & T.K. Maji   (b) T. Pradeep & A. Ajayaghosh   

(c)  Y. Krishnan & S. Verma  (d)  K.R. Prasad & K.L. Sebastian 

  

47. What is the relationship between Ea and the pre-exponential factor, A for a chemical reaction. 
  
  (a) k = A eEa/RT     (b)  ln A = Ea/RT + ln k    

(c) ln A = ln k – Ea/RT   (d) k = -A eEa/RT  

48. Which is the densest metal? 

(a)  Osmium                    (b) Lead                c)  Mercury              (d) Iridium       

 

49. Of the following experimental observations, which one best demonstrates the wave like character of 
electrons? 

 
(a) The photoelectric effect (b) The diffraction pattern of electrons scattered from a crystalline solid 
(c) The ionization of an atom (d) The flow of electrons in a metal wire 
 

50. What is the primary advantage of a hollow cathode tube used in atomic absorption spectroscopy? 
 
(a) It has high intensity     (b) It emits a complete ultraviolet spectrum 
(c) It eliminates the need for an ionization suppresser (d) It has a narrow line width  
 

 

 

 

 



 5

 

SECTION B 

(Each Question carries 5 Marks; Answer in the space provided) 

1. Discuss the addition polymerization with suitable examples. 
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2. Explain the advantages and applications of phase transfer catalyst and crown ethers 
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3. Write a note on polymer blends and composites. 

. 

.  
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4. Explain what will happen to the energy of a particle confined in a one dimensional box of infinite height, 
when the width of the box is increased thrice.  

. 
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5. Discuss the dependence of temperature on the conductivity of metals and semiconductors. 
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6. What is a pseudo halide?  Explain with suitable examples. 
. 
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7. Discuss the various applications of carbon nanotubes. 
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8. What is a scintillation counter?  How would you detect the presence of radio activity using a scintillation 

counter?  
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9. Calculate the energy of a particle of mass m enclosed in a cubic box of side 0.01 angstrom when it is in 

the first excited state. 
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10. What are the different types of defects normally present in solids? Explain the formation of Frenkel and 
Schotky defects in solids.    

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
5 

ACH1C01 - Group Theory and Quantum Chemistry 

(3 Credits) 
 
Course Outcome 

After completion of the entire course, the student should be able to: 

Cognitive level 

C.O.1: examine the basic principles and concepts of quantum 

mechanics. 

Understand 

C.O.2: apply the postulates of quantum mechanics to simple model 

systems. 

Application 

C.O.3: make use of approximation methods to calculate properties of 

systems of chemical interest. 

Analysis 

C.O.4: analyse the symmetrical aspects of any given molecule. Analysis 

C.O.5: explain the basic principles of group theory and construction of 

character tables 

Application 

 
UNIT - I Molecular Symmetry   (14 Hours) 

General introduction, Symmetry elements and symmetry operations, Point Groups and their 

determination. order of a group. Abelian and Cyclic groups, Group Multiplication table. 

Rearrangement theorem Sub groups and classes in a group. Similarity transformation. 

Conjugate elements. Matrices, Addition and multiplication of matrices, Inverse of matrix. 

Character of matrix. Diagonal matrix, Direct sum and direct product of square matrices. Block 

diagonalized matrices.  

Transformation matrices, Representation of point groups, construction of representations 

using vectors and atomic orbitals as basis. (H2O as example). Reducible and irreducible 

representations. Construction of irreducible representations by block diagonalization of 

transformation matrices (similarity transformation). Great orthogonality theorem (GOT), 

General Theorems of representation theory, Reduction formula, Construction of character 

Tables (C2v, C3v, C4v). Nomenclature of irreducible representations - Mulliken symbols, 

Reduction of reducible representations (e.g. Гcart) into Irreducible Representation, Projection 

formula. 
UNIT - II Brief history and Formulation of quantum mechanics (6 Hours) 

Origin of quantum mechanics, Explanation of photo electric effect, Electron-diffraction 

experiments and wave nature of electrons, de Broglie matter waves, Heisenberg’s uncertainty 

principle, Deduction of Schrӧdinger equation from classical wave equation.  
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Postulates of Quantum Mechanics: Wave function (Ψ) and the physical significance of Ψ2, 

Rules of proper behavior, Normalization of wavefunction and its physical significance, 

Quantum mechanical operators, their derivation, and properties, Hermitian operators, 

Commutation of operators and its physical significance, Eigen function and Eigen value, 

Expectation value, Time-independent and time-dependent Schrӧdinger Equations, Method of 

separation of variables.  

UNIT – III Particle in a box and Harmonic Oscillator   (10 Hours) 

Particle in a box Problem: Free particle, The particle in a one-dimensional box, Extension of 

this model into two- and three- dimensional boxes; Application of Method of separation of 

variables to solve the problems of multi-dimensional boxes, Degeneracy, Symmetry breaking, 

Treatment of more than one particle (non-interacting) in a box. Applications. Finite-barrier 

model and the concept of quantum mechanical tunnelling. 

Harmonic Oscillator: Quantum mechanical model for molecular vibrations, Derivation of 

Schrödinger equation. Wave functions and energies, Hermite equation and Hermite 

Polynomials, Recursion formula, Application to vibrational spectroscopy. Anharmonic 

oscillator and its significance in vibrational spectroscopy. 

UNIT – IV Rigid Rotor and Hydrogen Atom Models   (10 Hours) 

Rigid Rotor: Quantum mechanical model for rotational motion. Planar rigid rotator (Particle 

on a ring), The wave equation in spherical polar coordinates, The Φ-equation and its solution, 

Nonplanar rigid rotator (particle on a sphere), Separation of the Schrӧdinger equation into Φ- 

equation Θ-equation and their solutions, Legendre and Associated Legendre equations, 

Legendre and Associated Legendre polynomials, Spherical harmonics (Y), Polar plots of Y, 

Angular momentum operators L and L2. Quantization of angular momentum, Lx, Ly, and Lz and 

L2. Commutation relationships of various angular momentum operators and their physical 

significance. The concept of space quantization of angular momenta.  

UNIT – V Quantum Mechanics of Hydrogen-Like atoms  (10 Hours) 

Hamiltonian operator and Schrӧdinger equation for Hydrogen-like atoms in spherical polar 

coordinates. Application of the method of separation of variables to separate the Schrӧdinger 

equation into the R-. Θ- and Φ- equations and their solutions. Laguerre and Associate d 

Laguerre polynomials. Wave functions and energies of hydrogen-like atoms, Orbitals. Radial 

functions and Radial distribution functions and their plots Angular functions (Spherical 

harmonics) and their plots. Description of Hamiltonians and Schrӧdinger equation in atomic 

units (a.u.). 
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REFERENCES 
1. F.A. Cotton, Chemical Applications of Group Theory, John Wiley & Sons, 3rd Ed. (2006). 
2. R.L. Carter, Molecular Symmetry & Group Theory, John Wiley & Sons (2004). 
3. K.V. Raman, Group Theory & its application to Chemistry, Tata McGraw Hill Publishing Co. Pvt. 
Ltd., New Delhi (1990). 
4. D.A McQuarrie, Quantum Chemistry, University Sciences Books, 1983. 
5. J.P. Lowe, Quantum Chemistry, 2nd Edition, Academic Press, Inc. 1993. 
6. R.K. Prasad, Quantum Chemistry, 2nd Edition, New Age International, 2000. 
7. P.W. Atkins, Molecular quantum mechanics, 2nd Edition, Oxford University Press, 1983. 
8. I.N. Levine, Quantum Chemistry, 5th Edition, Pearson Education Inc.2003. 
9. A.K. Chandra, Introduction of Quantum Chemistry, Tata McGraw Hill, 1994. 
10. M.W. Hanna, Quantum mechanics in Chemistry, 2nd Edition, W.X. Benjamin Inc. 1969. 
11. F.L. Pilar, Elementary Quantum Chemistry, McGraw Hill, 1968. 
12. G.K. Vemulapally, Physical Chemistry, Prentice Hall of India 
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ACH1C02 INORGANIC CHEMISTRY I 

(3 Credits) 
Course Outcome 
After completion of the full course the student should be able to: 

Cognitive 
level 

C.O.1: Identify the types of nuclear reactions and their applications in the 

energy sector 

Analysis 

C.O.2: Analyze the electronic spectra of lanthanoids and actinoids and their 

magnetic properties. 

Analysis 

C.O.3: Describe nanomaterials, synthetic strategies, and application of 

various nanomaterials. 

Application 

C.O.4: Analyze the structure, bonding, stability, and reactions of 

organometallic compounds 

Evaluate 

C.O.5: Compare the strength of various acids and bases and their reactivity 

and explain stereochemistry of coordination compounds and their stability 

Application 

 

UNIT – I  Chemistry of Lanthanoids and Actinoids  (8 h) 

Periodic Table. Chemistry of lanthanoides and actinoides. General characteristics of actinoids-

difference between 4f and 5f orbitals, oxidation states. The lanthanide- and actinide- 

contractions, separation of lanthanoides and actinoides, electronic spectra and magnetic 

properties of lanthanoid complexes. Inorganic compounds and coordination complexes of the 

lanthanoids up to coordination No.12, Coordination compounds of the actinoids - sandwich 

complexes, coordination compounds of thorium and uranium- comparative account of 

coordination chemistry of lanthanoids and actinoids with special reference to electronic spectra 

and magnetic properties. Trans-actinide elements. Super heavy elements. MRI contrasting 

agents. Shift reagents. 

UNIT – II Chemistry of Nanomaterials (10 h) 

Fundamentals-Terminology and history. Bulk Vs nano size, size-dependence of properties - 

surface area to volume ratio and quantum confinement. Novel optical and electronic properties 

of nanomaterials. Various types of nano materials - metal and semiconductor, self-assembled 

nanostructures, carbon nanostructures- fullerenes and carbon nanotubes, mesoporous nano 

materials - SiO2 and TiO2. Properties of metal and semiconductor nanoparticles - surface 

plasmon resonance, optical and electronic properties, Synthesis of Nanomaterials - top down 

and bottom-up approach, Sol-gel synthesis of semiconducting oxide nanoparticles, magnetic 
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nanoparticles, and biomedical applications of magnetic nanoparticles, Template-based 

synthesis of mesoporous nanomaterials (SiO2 and TiO2) and their applications 

UNIT – III Acid-Base and Coordination Chemistry (10 h) 

Concepts of Acids and bases – Arrhenius to Pearson. Hard and soft acids and bases, 

Comparison of softness and hardness, charge/size effects. The Dargo-Wayland equation. 

Symbiosis. Formation constants, stepwise and overall stability constants- factors affecting 

stability- methods of determination of stability constants- solubility method-chromatographic 

method and spectrophotometric method. Chelate, macrocyclic and macrobicyclic effects. 

Orbital splitting in octahedral, tetrahedral, cubic, square planar, square pyramidal, and trigonal 

bipyramidal fields. Significance of 10Dq, factors affecting crystal field splitting, 

spectrochemical, and nephelauxetic series, Jahn-Teller effect, causes and consequences. 

UNIT – IV Organometallic Compounds- Synthesis, Structure, and Bonding (12 h) 

Organometallic compounds, various classification, and hapto nomenclature of organometallic 

compounds, 16 and 18 electron rules, electron counting methods-covalent and ionic model. 

Main group organometallics with alkyl and aryl ligands Groups 1, 2, 11, 12, 13, 14 and 15 – 

Synthesis, structure and applications, Organometallic complexes of ‘f’ block elements; σ- 

bonded complexes, cyclopentadienyl complexes and bis (arene) complexes. Transition metal 

to carbon multiple bond, metal carbenes – Synthesis, structure and reactions of Fischer and 

Schrock Carbenes, Tebbe’s reagent. Intermediate carbene between Fischer and Schrock 

carbene, Synthesis, structure and reaction of metal-carbyne complexes, Transition metal 

complexes with chain π ligands – synthesis, structure, bonding and reactions of complexes of 

ethylene, acetylene, allyl and butadiene ligands. Complexes of ring π donor ligands – synthesis, 

structure, bonding, and reactions of typical complexes of cyclobutadiene, C5H5, C6H6, C7H7 

and C8H82-, Fluxional organometallic compounds. 

UNIT – V Nuclear Chemistry (8 h) 

Nuclear stability. Radioactive elements, decay kinetics, α, β, γ decay. Artificial radioactivity. 

Types of nuclear reactions. Nuclear fission – nuclear reactor, breeder reactor. Nuclear fusion - 

hydrogen energy. Radioactivity – Isotopic dilution and radiometric titration. Neutron activation 

analysis. Half-life, life. Caron and rock dating. Applications of radioisotopes in medicine and 

agriculture. 

REFERENCES 
1. D. J. Shriver and P. W. Atkins, Inorganic Chemistry, 5th edition, Oxford University press, 
2010. 
2. E. Huheey, E. A. Keiter, R. L. Keiter, Inorganic Chemistry: Principles of Structure and 
Reactivity, 4th ed., Harper Collin College Publishers, 1993. 
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3. F. A. Cotton, G. Wilkinson, C. A, Murillo, M. Bochmann, Advanced Inorganic Chemistry, 
6 th ed., Wiley-Interscience: New York, 1999. 
4. G. Wulfsberg, Inorganic Chemistry, Viva Books, 2002. 
5. B.E. Douglas, D.H. Mc Daniel and J. J. Alexander, Concepts and models of Inorganic 
chemistry, 3rd edition, John Wiley, 1994. 
6. F. A. Cotton, Basic Inorganic Chemistry, 3rd edition, John Wiley, 2004. 
7. S. F. A. Kettle, Concise co-ordination chemistry, Nelson, 1969. 
8. S. F. A. Kettle, Physical Inorganic Chemistry - A Co-ordination chemistry Approach, 
Spectrum academy publishers, 1996. 
9. J. D. Lee, Concise Inorganic chemistry, 5th edition, Wiley India, 1996. 
10. R. G. Person and F. Basolo, Mechanism of Inorganic Reactions, 2nd Edition, John Wiley, 
1967. 
11. T. Pradeep. The essentials of Nanotechnology, Tata Mc Graw Hill, New Delhi, 2007. 
12. H. J. Arnikar, Essentials of Nuclear Chemistry, 4th ed., New Age International, 2011. 
13. P. Powell, Principles of Organometallic Chemistry, 2nd edition, Chapman and Hall, 
London, 1998.  
14. S.F.A. Kettle, Concise co-ordination chemistry, Nelson, 1969. 
15. Ch. Elschenbroich, A. Salzer, Organometallics – A Concise Introduction, VCH 
Publishers, 1989. 
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ACH1C03 – ORGANIC CHEMISTRY I 

(3 Credits) 
Course Outcome 
After completion of the full course the students should be able to 

Cognitive level 

C.O.1: describe the theoretical models that explain delocalised chemical 
bonding, aromaticity, stability of various conformations, concepts in 
stereochemistry, reactions of carbonyl compounds, methods of determining 
reaction mechanism and generation and stability of reactive intermediates 

Understand 

C.O.2: Categorise various types of bonding interactions including 
supramolecular forces, different types of reactivity manifestations of carbonyl 
group and classes of reaction mechanisms and intermediates in reactions 

Understand 

C.O.3: Qualitatively estimate the relative proportion of possible 
conformations and their stabilities of a given molecule, propose experiments 
that will help in determining reaction mechanisms and compare and contrast 
the reactivity profiles of various types of carbonyl compounds 

Application 

C.O. 4: Analyse any given molecule based on delocalisation of electrons, 
steric factors and aromaticity considerations and predict the distribution of 
electron density; thereby arrive at possible reaction pathways with other 
molecules 

Analysis 

 

Unit I - Delocalised Chemical Bonding 

Bonding: Basics of MO theory, delocalised chemical bonding, MO diagrams of conjugated 

polyenes, allyl and pentadienyl systems, resonance, rules of resonance, effect of resonance on 

properties and reactivity, cross-conjugation, hyperconjugation, tautomerism. 

Aromaticity: Basic concepts, benzenoid, non-benzenoid, charged and heterocyclic aromatic 

systems. Huckel’s rule, Frost circles, criteria for aromaticity, annulenes, anti-aromaticity, 

homoaromaticity, fullerenes and graphene. 

Supramolecular Chemistry: Various types of non-covalent interactions, bonding and 

applications of addition compounds, crown ethers, cyclodextrins, cryptands, catenanes and 

rotaxanes. 

Unit II - Stereochemistry 

Conformational Analysis: Configuration and conformation, conformational analysis, ethane, 

butane, carbonyl compounds, cycloalkanes, A values, conformational lock, decalins, bridged 

bicyclic systems, pyranose rings, carbonyl compounds, anomeric effect, effect of conformation 

on reactivity.  

Chirality and Asymmetric Synthesis: Basic concepts, multiple chiral centres, axial chirality, 

allenes, cumulenes, spiranes, biphenyls, chirality at N, S and P. Prochirality, Si and Re 

nomenclature, specific rotation and enantiomeric excess, stereospecificity and stereoselectivity, 
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basic principles of asymmetric synthesis, methods of resolution, nature’s chiral pool, chiral 

auxiliaries, asymmetric catalysis, desymmetrisation and kinetic resolution. 

 

Unit III - Reaction Mechanisms and methods of determining them 

Acidity and basicity of organic compounds, equilibrium, rate, rate limiting step, intermediates 

and transition states, reaction profile diagrams, kinetic and thermodynamic control of reactions, 

Hammond postulate, Curtin-Hammett principle, methods of determining reaction mechanisms- 

isotopic labelling, kinetic isotopic effects, crossover studies, detection of intermediates, linear 

Free energy relationships (Hammett and Taft equations). 

Unit IV - Chemistry of Carbonyl Compounds 

Reactivity of carbonyl groups in aldehydes, ketones, carboxylic acids, esters and acid chlorides 

with nucleophilic reagents (O, N, C nucleophiles and borohydride). Formation and hydrolysis 

of acetals, enamines and esters. Nucleophilic addition vs substitution. Acidity of α hydrogen 

atom- enolate ion formation. Reactivity of enolate ions. Halogenation of enolate ions- haloform 

reaction. Alkylation of enolate ions. Alkylation using enamine, Use of lithium bases, Aldol and 

related reactions, Claisen ester condensation, Darzens reaction, Stobbe, Dieckmann, Perkin 

reactions. Mannich reaction. Michael addition, Robinson annulation. Deprotonation and 

alkylation of imine anions (metalloenamines).  

Unit V - Reactive intermediates 

Generation and characterization of free radicals, Stable and persistent free radicals -Factors 

affecting stability, Detection of free radical intermediates - Structural and stereochemical 

properties of radical intermediates - Free radical substitution and addition reactions - 

Intramolecular reactions. Rearrangement and fragmentation reactions of free radicals. 

Applications of free radicals. Benzyne intermediates. Gomberg-Bechmann reaction and Wohl-

Zeigler reaction, Hunsdiecker reaction and Reed Reaction, free radical cyclisations. Carbenes 

and nitrenes: generation, stability, addition, cyclisation, insertion and ring enlargement 

reactions, Skattebol rearrangement. 

REFERENCES 
1. March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 7th Edition, 
Michael B. Smith, Wiley, 2013. 
2. Advanced Organic Chemistry PART A and PART B., F. A. Carey and R. J. Sundberg, 
Springer 2007. 
3. Organic Chemistry, J. Clayden, N. Geeves and S. Warren, Oxford University Press, 2012. 
4. Organic Chemistry, Bruice P. Y. Pearson, 8th Ed, 2020. 
5. Organic Chemistry, Morrison, Boyd and Bhattcharjee, 7th Edition, Pearson, 2010.  
6. Advanced Organic Chemistry, D. E. Lewis, Oxford University Press, 2016. 
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7. Organic Chemistry- Structure and Function, P. Vollhardt and N. E. Schore, W. H. Freeman 
and Co., 7th Ed., 2016.  
8. Stereochemistry of Organic Compounds, Second Ed., D. Nasipuri, New Age International, 
2005. 
9. Stereochemistry of Organic Compounds, E. L. Eliel and S. H. Wilen, Wiley India, 2008. 
10. A Guide Book to Mechanism in Organic Chemistry, Peter Sykes, Longman, 1985. 
11. Modern Physical Organic Chemistry, A. V. Anslyn and D. A. Dougherty, University 
Science Books, 2005. 12. D. Feldman and A. Barbalata, Synthetic Polymers, Chapmann and 
Hall. 
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ACH1C04 - PHYSICAL CHEMISTRY I 

(3 Credits) 

 
UNIT I - Thermodynamics I  (10 hrs) 

Basic concepts-laws. Maxwells relations-derivation by method of Jacobians (The discussion to 

be confined to closed thermodynamic systems). Thermodynamics of solutions: partial molar 

quantities. Chemical potential. Physical significance of Chemical potential. Variation of 

Chemical Potential with temperature and Pressure. Determination of partial molar properties: 

Direct method, method of intercepts.  Gibbs -Duhem equation. Fugacity of gases and its 

determination. Gibbs-Duhem-Margules equation. Ideal liquid solutions. Raoult’s law. Henry’s 

law. Non-ideal solutions. Deviation from Raoult’s law. Activity. Thermodynamics of mixing 

Excess thermodynamic functions. Excess free energy, excess entropy, excess enthalpy and 

excess volume. 

UNIT II - Thermodynamics II (8 hrs) 

Thermodynamics of irreversible process: Stationary state concept. Principle of local 

equilibrium. Simple examples of irreversible processes. Forces and fluxes. The 

phenomenological relations. Onsager relations: Linear relations Coupled flows. – Direct and 

Cross coefficients. Domination of direct coefficients– Proof. Onsager reciprocal relation (no 

derivation). Entropy of production in simple irreversible system (closed systems). Application 

of reciprocal relation to diffusions. Thermal diffusion. Thermo-osmosis. Electro kinetic 

Course Outcome 
After completion of the entire course, the student should be able to: 

Cognitive Level 

C.O.1: Apply the concepts of thermodynamics to derive relations 
between molecular properties and to predict spontaneity of processes. 

 
Understand 
Application 

C.O.2:    Evaluate dependence of chemical equilibrium
 on system variables and thermodynamic properties 

 
Evaluation 

C.O.3:  Understand basics of Ionics in electrochemistry and to describe the 
theories of ionic conductance and apply the  same in solving problems 

Understand 
Application 

CO 4:  Explain and analyse the relations between  thermodynamic functions and 
electrochemistry 

Analysis 

C.O.5: Describe and apply the concept of electrodics in explaining and 
evaluating the electrochemical properties 

Evaluation 
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phenomena- entropy production, electro osmosis, streaming potential, streaming current, 

electro osmotic pressure. 

REFERENCES 
1. Donald A. Mc Quarrie, John D. Simon, Molecular thermodynamics 
2. R.P. Rastogi and G.M. Misra, An Introduction to chemical Thermodynamics, Vikas 

3. I. Prigogine, An introduction to the Thermodynamics of Irreversible processes - 
Inrterscience. 

4. Daniel and Alberty, Physical Chemistry, John Wiley. 
5. G.K. Vemulappalli, Physical Chemistry, Prentice Hall of India 
6. Rajaram, Kuriacose, Thermodynamics for students of Chemistry, S.L. Nagin Chand&co 
7. Gurdeepraj, Advanced Physical Chemistry, Goel Publishing House, Meerut 
8. Kulu & Foster Lung, Physical Chemistry 
 

UNIT III - Electrochemistry I (10 hrs) 

Equilibrium properties of electrolyte solutions, Types of Electrolytes, Activities, and activity 

coefficients in electrolytic solutions. Mean ionic activity and ionic strength, Debye – Hückel 

theory of inter ionic interactions, Charge density near the central ion, Poisson equation, Debye 

– Hückel limiting law (DHLL) and its various forms. Qualitative and quantitative tests of the 

Debye – Hückel limiting law. Electrolytic conductance – Kohlrausch’s law and its applications, 

Mechanism of electrolytic conductance - Debye – Hückel – Onsager (DHO) theory of 

electrolytes. Asymmetry (Relaxation) effect and Electrophoretic effect, Mathematical 

derivation of DHO equation, Validity of the Debye – Hückel  – Onsager equations, Deviations 

from the Onsager equation. Conductance ratio and Onsager equation. Dispersion of 

conductance with high frequencies (Debye – Falkenhagen effect) and with high potential 

gradient (Wien effect). 

UNIT IV - Electrochemistry II (8 hrs) 

Thermodynamics of Electrochemical systems, Chemical, thermodynamic and practical 

reversibility, Reversibility and free energy, Free energy and EMF, EMF and concentration, 

Temperature coefficient of EMF and determination of G.H and S. Formal and standard 

electrode potentials, Concentration cells. Electrode - solution interface, Interfacial potential 

difference, Outer potential, Inner potential and surface potential, Electrochemical potential and 

absolute potential, Electrical double layer and its different models, Liquid junction potential 

and its determination.  Fuel cells. 

UNIT V - Electrochemistry III (12 hrs) 

Electrochemical cells and reactions, Energy levels of electrons and potential variation during 

redox processes, Current-potential curves, Irreversible electrode processes, Faradaic and non- 

Faradaic processes, Polarization phenomena and over potential, polarizable and non- 
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polarizable electrodes and their I-V characteristics, Rate of electrode reaction, Factors affecting 

electrode reaction rate and current, Effect of electrode potential on Gibbs free energy of 

activation, Butler-Volmer equation, Exchange current density and activation over potential, 

Tafel equation and Tafel plots, Concentration polarization, Dissolution and decomposition 

potentials. Hydrogen over voltage, Ionic diffusion as the slow process, Ionic discharge as the 

slow process. Principles of polarography, Voltammetry, Linear sweep, differential pulse, 

and cyclic voltammetry. 

REFERENCES 
1. S. Glasstone, Introduction to Electrochemistry, Van Nonstrand. 
2. Bockris and Reddy, Modern Aspects and Electrochemistry Vol. I and IIA and IIB, Academic 
Press. 
3. P.W. Atkins and Julio de Paula, Physical Chemistry (8th and 10th Edition), ELBS Oxford 
University Press. 
4. Allen   J.   Bard   and Larry Faulkner, Electrochemical methods: Fundamentals and 
applications, Wiley 
5. Gurdeepraj, Advanced Physical Chemistry, Goel Publishing. 
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ACH1C05 - ANALYTICAL CHEMISTRY 

(3 Credits) 

 

Course Outcome 

After completion of the full course the student should be able to 

Cognitive 

level 

C.O.1: Explain various sampling methods related to analytical chemistry Understand 

C.O.2:Analyze the experimental data using chemical analysis Analyze 

C.O.3: Demonstrate the application of various electro-analytical 

techniques 

Application 

C.O.4: Analyze the applications of various titration methods Analyze 

C.O.5: Evaluate the merits and demerits of various conventional 

analytical tools 

Evaluate 

UNIT - I Sampling (6 hrs) 

The basis and procedure of sampling, sampling statistics, sampling and the physical state, 

crushing and grinding, the gross sampling, size of the gross sample, sampling liquids, gas and 

solids (metals and alloys), preparation of a laboratory sample, moisture in samples-essential 

and non-essential water, absorbed and occluded water, determination of water (direct and 

indirect methods). 

UNIT- II Errors in Chemical Analysis (12 h) 

Systematic and random errors. Distribution of experimental results. Statistical treatment - 

standard deviation, variance, confidence limits, application of statistics to data treatment and 

evaluation, student-t and f-tests, detection of gross errors, rejection of a result - Q test, 

estimation of detection limits. Least square method, correlation coefficient and its 

determination, Hypothesis testing using statistical analysis. Using spread sheets for plotting 

calibration curves. Quality assurance and control charts. 
 
UNIT - III  Conventional Analytical Procedures (12 hrs) 
 
Gravimetry: solubility product and properties of precipitates - nucleation, growth and aging, 

co-precipitation and post precipitation, drying and ignition. Inorganic precipitating agents: 

NH3, H2S, H2SO4, (NH4)2MoO4 and NH4SCN. 

Organic precipitating agents: oxine, cupron, cupferron, 1-nitroso-lnaphthol, dithiocarbamates. 
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Acid-Base and precipitation titrations: theory of neutralisation titrations, indicators for 

acid/base titrations, titration curves of strong acid, strong base, weak acid, weak base and 

polyprotic acids. Buffer solutions. Titrations in nonaqueous media. Different solvents and their 

selection for a titration. Indicators for non-aqueous titrations. Applications. 

Variation of potential during a redox titration, formal potential during a redox titration, 

requirements and detection of the end point in redox titrations, typical titrants like KMnO4, 

K2Cr2O7, Ce (IV), I-, S2O32-. Precipitation reactions - titration curves, determination of end 

points (colored precipitates, colored soluble compounds), adsorption indicators, turbidity 

methods. Typical examples. 

Complexometric titrations: titration curves, types of EDTA titrations (direct, back, replacement, 

alkalimetric, and exchange reactions), masking and demasking agents, selective demasking, 

metal ion indicators, theory of visual use of metal indicators, typical examples of titrants - 

murexide, eriochrome black T, Patton and Reeder's indicators, bromopyrogallol red, xylenol 

orange, and variamine blue. 

UNIT - IV Electro Analytical Methods I (6 h) 

Potentiometry: techniques based on potential measurements, direct potentiometric systems, 

different types of indicator electrodes, limitations of glass electrode, applications in pH 

measurements, modern modifications, other types of ion selective electrodes, solid, liquid, gas 

sensing and specific types of electrodes, bio-membrane, biological and biocatalytic electrodes 

as biosensors, importance of selectivity coefficients.  

UNIT - V Electro Analytical Methods II (12 h) 

Polarography and voltammetric techniques: micro electrode and their specialties, potential and 

current variations at the micro electrode systems, conventional techniques for concentration 

determination, limitations of detection at lower concentrations, techniques of improving 

detection limit - rapid scan, ac, pulse, differential pulse square wave polarographic techniques. 

Applications of polarography. Cyclic voltammetry.  

Amperometry: Biamperometry, amperometric titrations. Coulometry - primary and secondary 

coulometry, advantages of coulometric titrations, and applications. Principle of 

chronopotentiometry. Anodic stripping voltammetry - different types of electrodes and 

improvements of lower detection limits. Voltammetric sensors. Organic polarography. 
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REFERENCES 
1. J.M. Mermet, M. Otto, R. Kellner, Analytical Chemistry, Wiley-VCH, 2004. 
2. D.A. Skoog, D.M. West, F.J. Holler, S.R. Crouch, Fundamentals of Analytical Chemistry, 8th Edn., 
Saunders College Pub., 2007. 
3. J.G. Dick, Analytical Chemistry, R.E. Krieger Pub.,1978.50 
4. J.H. Kennedy, Analytical Chemistry: Principles, Saunders College Pub., 1990. 
5. G.H. Jeffery, J. Bassett, J. Mendham, R.C. Denney, Vogel's Text Book of Quantitative Chemical 
Analysis, 5th Edn., John Wiley& sons,1989. 
6. C.L. Wilson, D.W. Wilson, Comprehensive Analytical Chemistry, Elsevier, 1982. 
7. G. D. Christian, Analytical Chemistry, 6th ed., John Wiley & Sons, 2007. 
8. R.A. Day, A.L. Underwood, Quantitative Analysis, Prentice Hall, 1967. 
9. A.I. Vogel, A Textbook of Practical Organic Chemistry, Longman,1974. 
10. H.A. Laitinen, W.E. Harris, Chemical Analysis, McGraw Hill,1975. 
11. J. M. Mermet, M. Otto, R. Kellne, Analytical Chemistry, Wiley-VCH, 2004. 
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ACH 1P 01 - INORGANIC CHEMISTRY – PRACTICAL I 

(2 Credits) 
Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

level 

C.O.1: Understand safe laboratory practices and develop basic laboratory 
skills 

Understand 

C.O.2: Identify the cations in a mixture of unknown salts. Application 

C.O.3: Estimate binary mixtures of metal ions by volumetry, gravimetry, and 
colorimetry 

Application 

C.O.4: Evaluate the merits and demerits of various methods of estimation of 
bulk and trace metals present in biological significance 

Evaluate 

C.O.5: Analysis of trace metals using optical methods Anlaysis 

 
Part I 

Separation and identification of a mixture of four cations (a mixture of ONE familiar ions such 

as Ag+ , Hg2+, Pb2+, Cu2+, Bi2+, Cd2+, As3+, Sn2+, Sb3+, Fe2+, Fe3+, Al3+, Cr3+, Zn2+ , Mn2+, Co2+, 

Ni2+, Ca2+, Sr2+, Ba2+, Mg2+, Li+, Na+, and K+ and THREE less familiar metal ions such as Tl, 

W, Se, Te, Pd, Pt, Au, Mo, Ce, Th, Ti, Zr, V, U and Li. Anions which need elimination not to 

be given.  

(Minimum 5 mixtures to be analyzed and recorded). 

Part II  

(a)  Estimation of calcium using Murexide as indicator 

(b)  Estimation of copper using pyrocatechol violet as indicator 

(c)  Estimation of nickel using bromopyrogallol red as indicator 

(d)  Estimation of Hardness of water using complexometry (Tap water, well water and bore well 

water) 

(e)  Estimation of Cr, Ni, & Fe by colorimetric method 

REFERENCES 
1. A.I. Vogel, A Textbook of Practical Organic Chemistry, ELBS. 
2. Fiester, Experiments in Organic Chemistry. 
3. Mann and Saunders, practical Organic Chemistry. 
4. Dey. Sitaraman and Govindachari, A Laboratory Manual of Organic Chemistry. 
5. Cheronis and Fatrikin, Semi-micro-organic analysis. 
6. P.G. Singh, D.S. Gupta and K.S. Bajpal, Experimental Organic Chemistry, Vols. I and II, 
1980. 
7. R. Srinivasan, Ed. Photochemical Synthesis Vols. I and II. 
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ACH1P02 - ORGANIC CHEMISTRY – PRACTICAL I 

(2 Credits) 
Course Outcome 

After completion of the full course the students should be able to 

Cognitive level 

C.O.1: Apply the general laboratory safety, health and environmental hazards of 

common chemicals and operations, basic lab techniques and fundamentals of 

qualitative analysis and synthesis. 

Understand 

C.O.2: Acquire practical skill and theoretical knowledge of isolation, purification 

and analysis of impure materials. Acquire skill to handle the necessary glassware, 

equipment, and assembly of required set-ups.  

Understand 

C.O.3: Develop a systematic approach to handle an unknown sample for 

determining the number of components, isolating and purifying the individual 

components in a qualitative manner. Acquire the skill to set up reactions, follow 

the progress of the reaction, work up, isolate and purify the desired product from 

the reaction mixture. 

Application 

C. O. 4: Analyse the obtained products by standard techniques to conform the 

identity. Estimate the amount and calculate the efficiency of the process. Innovate 

to minimise the waste. 

Analysis 

 

A) Lab Safety training 

B) Isolation and Purification Techniques 

• Distillation (fractional & vacuum) 

• Thin Layer Chromatography (natural samples) 

• Solvent extraction (caffeine from teal leaves & b-carotene from carrots) 

C) Qualitative Analysis 

• Separation of binary mixtures by solvent extraction 

• Single step preparations (selected from among borohydride reduction, oxidation, 

rearrangement, Fischer indole synthesis, aldol, Knoevenagel, von Pechmann, 

aromatic bromination, nitration, esterification, amidation, drug, dye or polymer 

synthesis) 

Green and modern protocols to be adopted for synthesis 

Synthesized compounds to be purified by recrystallisation and identified by MP 

measurement 
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REFERENCES 
1. A Hand book of Organic Analysis-Qualitative and Quantitative by H.T. Clarke, 

and revised by B. Haynee, Edward Arnold, London 1975. 
2. Vogel's Text Book of Practical Organic Chemistry by B.S. Furhen et. al., Longman-

Group Ltd.  
3. Systematic Qualitative Organic Analysis by H. Middleton, Edward Arnold 

(Publishers) Limited, London 1959.  
4. Elementary Practical Organic Chemistry by Arthur I. Vogel, EX CBS Publishers 

and Distributors.  
5. Experiments in Organic Chemistry by Louis, F.Fieser, D.C. Heath and Company 

Boston, 1955.  
6. Experiments and Techniques in Organic Chemistry, D. Pasto, C. Johnson and M. 

Miller, Prentice Hall.  
7. Macroscale and Microscale Organic Experiments, K.L. Williamson, K.M. Masters, 

Cengage learning.  
8. Systematic Qualitative Organic Analysis, H. Middleton, Adward Arnold. 
9. Vogel’s Textbook of Practical Organic Chemistry, A.R. Tatchell, John Wiley 
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ACH1P03 PHYSICAL CHEMISTRY – PRACTICAL I 

(2 Credits) 
Course Outcome 

After completion of the full course the student should be able to: 
Cognitive 

level 

C.O.1: Practice and demonstrate the basic laboratory skills in 
handling laboratory          glassware, equipment, and chemicals. 

Application 

C.O.2: Illustrate experiments based on various laws of physical 
chemistry. 

Application 

C.O.3: Interpret the results obtained from various experiments by 
constructing ideas to account for results employing recent thoughts. 

Evaluation 

 
1. Thermochemical Measurements 

Determination of Heat of solution of ammonium oxalate/ succinic acid/ benzoic acid by 

solubility method 

Determination of water equivalent (or heat capacity) of a calorimeter using different volumes 

of water 

Determination of heat of neutralization of HCl and NaOH using thermos flask or beaker as the 

calorimeter 

Solid Liquid Equilibrium 

Determination of molal depression constant of naphthalene. 

Determination of molecular weight of unknown solute 

Phase Diagrams 

Phenol – Water System 

Determination of mutual solubility curve of Phenol and Water and hence the consulate point 

Determination of critical solution temperature (CST) of Phenol and Water in the presence of 

(i) NaCl (ii) Naphthalene and (iii) Succinic acid 

Three component system 

Construction of the triangular phase diagram of acetic acid, Chloroform, and water 

Construction of the Tie line 

Determination of the composition of unknown mixture 

Phase diagram of simple eutectic system 

Construction of phase diagram of two components (E.g.: - Naphthalene – Biphenyl or Diphenyl 

amine – Benzophenone) system by cooling curve method 
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Estimation of eutectic temperature, eutectic composition and composition of unknown 

composition using phase diagram. 

2. Conductometric Measurement 

Determination of the strength of given strong acid (HCl) by titrating it conductometric- ally 

with the given strong base (NaOH). 

Determination of the strength of the given weak acid (Acetic acid) by titrating it 

conductometrically with the strong base (NaOH) 

Determination of the strength of the given weak acid (Acetic acid) by titrating it 

conductometrically with weak base (Ammonium hydroxide) 

Estimation of the amount of strong acid (HCl) and weak acid (Acetic acid) present in the given 

mixture by titrating it conductometrically against strong base (NaOH) 

Determination of the solubility and solubility product of sparingly soluble salts (AgCl or 

BaSO4) conductometrically (AgNO3 vs. KCl or K2SO4 vs. BaCl2) 

Determination of Equivalent conductance of ( i )  a  strong electrolyte (KCl) and (ii) a weak 

electrolyte (Acetic Acid) with concentration and to verify Debye – Huckel - Onsager equation. 

Determination of equivalent, molar conductance, degree of dissociation and dissociation 

constant of weak acid (Acetic acid) and to verify of Ostwald's   dilution law. 

Determination of Activity coefficient of Zn in 0.002 M ZnSO4 using Debye-Huckel Limiting 

Law (DHLL). 

Determination of solubility product of sparingly soluble salts (AgCl, BaSO4). 

3. Adsorption and Distribution Measurements 

Verification of Freundlich and Langmuir isotherms of adsorption of Acetic acid or Oxalic acid 

on activated charcoal. 

Studies on the distribution of acetic acid between (i) Water and Chloroform and (ii) Water and 

Cyclohexane. 

Determination of distribution coefficient of I2 between (i) Chloroform and water or (ii) 

Cyclohexane and water. 

To study the equilibrium reaction KI + I2 ⇌ KI3 and to determine its equilibrium constant 

Determination of concentration of given KI solution using distribution method. 

4. Chemical Kinetics – I 

To study the kinetics of hydrolysis of methyl acetate (Ester) in the presence of an acid (HCl or 

H2SO4) at room temperature 

To study the kinetics of saponification of an ester with sodium acetate. 
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Determination of temperature, coefficient, and energy of activation of hydrolysis of methyl 

acetate.  Determination of Arrhenius parameters. 

 
REFERENCES 
1. J.B. Yadav, Advanced Practical Physical Chemistry, Goel Publishing 
2. Gurtu&Gurtu, Experimental Physical Chemistry, Prgti Prakashan 
3. Gurdeep Raj, Experimental Physical, Krishna Prakasha 
4. A Findlay, Practical Physical Chemistry, Longman's Green & Co., 1972. 
5. D.F. Schomaker and C.W. Garland, Experiments in Physical Chemistry, McGraw Hill, 
1974. 
6. A. Anand & R. Kumari, Physical Chemistry Laboratory Manual – An Interdisciplinary 
Approach – I K International publishing 2019. 
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ACH1A01 – ABILITY ENHANCEMENT COURSE (AEC) 

(2 Credits) 

AEC aims to have hands on experience for the students in their respective field of study, 

both in the core and elective subject area. Also, it is a platform for the student community 

to have basic concepts of research and publication. Credit of this course will not be 

considered while calculating the SGPA/CGPA. But the student has to obtain minimum 

pass requirements (weightage 15) in this course, which is compulsory for overall pass in 

the programme. 

One particular AEC may be selected for all the students in a batch in the Department or 

each student in a batch may choose one AEC, among the pool of courses suggested below. 

Evaluation/examination on AEC must contain the following components: MCQ type 

written examination (weightage: 10), Report on AEC (weightage: 10), Presentation of 

AEC (weightage: 5), Viva voce on AEC (weightage: 10). 
 

Course Outcome 

After completion of the entire course, the student should be able to 

any one of following C. O.: 

Cognitive 
level 

C.O.1: Describe the principles and concepts related to basic 

laboratory skills and research through industrial and research 

institution visit. 

Understand 

C.O.2: Develop skills related to presentation and publication of 

articles in seminar, book, journals etc. 

Application 

C.O.3: Analyze research problems through internships. Analysis 

C.O.4: Solve problems related to various fields through hands on 

training in instruments. 

Synthesis 

 
• Industrial/Research institution visit: Basic concepts of research, motivation and 

objectives, research methodology, identification of research problem, data 

collection, descriptive research, analytical research, quantitative and qualitative 

research, research formulation. 

• Publication of a research article in journal: review of literature, status of 

research problem, developments in research area, data analysis, presentation of 

results, writing articles, ethics in publishing articles, copy right- royalty- 
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intellectual property rights- patent law, commercialization, national and 

international journals. Writing articles, bibliography. 

• Presentation of research paper/s in national level seminar/conference: brief 

description of research problem and the result, presentation skill development, 

importance of seminar and conferences, significance of research problem, data 

presentation, illustration, powerpoint preparation. 

• Presentation of Review article/s in seminar/conference: importance of review 

of literature, knowledge of present status of research problem, developments in 

recent years, novel research topics. 

• Internships (at reputed research institutions/R&D centre/Industry): exposure 

in a new environment, development of research problem, data collection, analysis, 

conclusion, relevance of the study, presentation of results, commercialization, 

publication. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
28 

ACH2C06 - CHEMICAL BONDING AND CHEMICAL APPLICATIONS 

OF GROUP THEORY 

(3 credits) 

Course Outcome 

After completion of the entire course, the student should be able to: 

Cognitive level 

C.O.1: apply approximation methods to calculate properties of many 

electron systems of chemical interest.  

Application 

C.O.2: discuss the electron spin of simple chemical systems. Understand 

C.O.3: demonstrate the principles of chemical bonding in diatomic and 

polyatomic molecules. 

Application 

C.O.4: apply the principles of Group Theory in chemical bonding and 

spectroscopy. 

Application 

 
UNIT - I Many-electron atoms and approximation methods  (10 Hours) 

Many-body problem Hamiltonian for many electron systems (example He). Significance of 

interelectronic repulsion terms.  

Approximation methods: 

Variation method. Linear variation theorem with proof, illustration of variation theorem using 

a trial function (e.g. x(a-x) for particle in a 1D-box. Variational treatment of the ground state 

of Helium atom. 

Perturbation method. Time-independent perturbation method (non-degenerate case only). 

Illustration by application to particle in 1D-box with slanted bottom, Perturbation treatment 

of the ground state of the helium atom. 

Hatree-Fock Self Consistent Method for solving many electron atoms (for He atom), Electron 

Correlation, Hartee-Fock Limit. 

UNIT - II Electron spin and atomic structure   (6 Hours) 

Concept of electron spin and its origin. Spin quantum numbers, spin eigen functions and spin 

variable, Spin angular momentum, S, S2, and Sz operators, Construction of wave functions 

including spin for many electron atoms, Symmetric and antisymmetric wave functions, 

Electron spin and Pauli’s exclusion principle, Slater Determinantal wave function, Coupling of 

angular momenta, LS and JJ-couplings. Spectroscopic Term symbols. 
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UNIT - III Chemical Bonding      (14 Hours) 

Schrӧdinger equation for a molecule, Born-Oppenheimer approximation, Hartree-Fock Self-

Consistent Field (HF-SCF) method. Roothan equations. Exchange integrals and Coulomb 

Integrals. post-Hartree-Fock methods and density functional theory. 

Molecular Orbital Theory (MOT) of H2+ and H2; Schrӧdinger equation, wavefunctions and 

energy levels, application to diatomic molecules such as, H2+, H2. Concept of σ, σ*, π, π* 

orbitals and their characteristics; bond order, MO treatment of homonuclear diatomic 

molecules Li2, Be2, C2, N2, O2, F2 and hetero nuclear diatomic molecules LiH, CO, NO, 

HF. Correlation diagrams, Non-crossing rule. Spectroscopic term symbols for diatomic 

molecules. 
 

Valence Bond approach for Hydrogen Molecule, Schrӧdinger equation, Wave functions and 

Energy levels, Comparison between MOT and VBT. Hückel MO (HMO) theory of linear 

conjugated hydrocarbons (Ethylene, Butadiene, Allylic anion). HMO theory of aromatic 

hydrocarbons (benzene). Secular determinants, Electron delocalization energy, calculation of 

charge distribution, bond orders and reactivity. Frost-Hückel circle mnemonic device for cyclic 

and acyclic polyenes. 
 

UNIT - IV Application of Group theory to Chemical Bonding  (10 Hours) 

Vanishing and non-varnishing integrals. Overlap integrals and conditions for overlap. 

Molecular orbital treatment of molecules using Group theory. Treatment of H2O, Classification 

of atomic orbital involved into symmetry species, Group orbital, Symmetry adapted linear 

combination (SALC), Projection Operator, Construction of MOs, Electronic Configuration of 

H2O, Symmetries of the ground and excited states. 
Group theoretical treatment of hybidization, Construction of hybrid orbital in BF3 and  CH4, 

Inverse transformation. 

 

UNIT - V  Application of group theory to Molecular Spectroscopy (10 Hours) 

Symmetries of the ground and excited states, Transition moment integral and selection rules. 

Electronic transitions and selection rules (e.g. formaldehyde). 

Symmetry of normal modes of vibrations, Construction of Гcart. Normal coordinates and 

drawings of normal modes (e.g., H2O and NH3), Selection rules for IR and Raman spectroscopy, 

Complementary nature of IR and Raman spectra, Determination of IR active and Raman active 

modes of molecules (e.g., H2O, NH3, CH4, SF6). 
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REFERENCES 
1. J.P. Lowe, Quantum Chemsitry, 2nd Edition, Academic Press, Inc. 1993. 
2. A.K. Chandra, Introduction of Quantum Chemsitry, Tata McGraw Hill, 1994. 
3. R.K. Prasad, Quantum Chemistry, 2nd Edition, New Age International, 2000. 
4. F.A. Cotton, Chemical Applications of Group Theory, John Wiley & Sons, 3rd Ed. (2006). 
5. R.L. Carter, Molecular Symmetry & Group Theory, John Wiley & Sons (2004). 
6. K.V. Raman, Group Theory & its application to Chemistry, Tata McGraw Hill Publishing 
Co. Pvt. Ltd., New Delhi (1990). 
7. I.N. Levine, Quantum Chemistry, 5th Edition, Pearson Education Inc.2003. 
8. A McQuarrie, Quantum Chemistry, University Sciences Books, 1983. 
9. A. Szabo, N. S. Ostlund, Modern Quantum Chemistry: Introduction to Advanced Electronic 
Structure Theory, Dover Book ed., Mc.Graw-Hill, New York, 1982. 
10. L. Pauling, E. B. Wilson, Introduction to Quantum Mechanics, McGraw-Hill, 1935. 
11. D. Young, Computational Chemistry: A Practical Guide to Real World Problems, Wiley, 
New York, 2001. 
12. A. Salahuddin Kunju, G. Krishnan, Group Theory and its Application in Chemistry, 2nd Ed. 
13. M.S. Pathania, Quantum Chemistry and Spectroscopy (Problems & Solutions), Vishal 
Publications, 1984. 
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ACH2C07 - INORGANIC CHEMISTRY II 

(3 Credits) 
Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

level 

C.O.1: Analyze and interpret molecular orbital diagram and various 

transitions taking place in the electronic spectra of coordination   compounds 

Analyze 

C.O.2: Analyze the stability of metal complexes and evaluate their 

reactivity, and the mechanisms of ligand substitution reactions. 

Evaluate 

C.O.3: Evaluate the mechanism of homogeneous catalytic processes 

by organometallic complexes 

Evaluate 

C.O.4: Illustrate the stability and topology of non-metallic clusters as  

different polyhedral boranes and interpret the structure and properties of 

compounds of sulfur, nitrogen, phosphorous and group 14 elements. 

Analyze 

C.O. 5: Evaluate the structure, bonding, and reactions of carbonyl 

compounds, metal clusters and get an insight into heteropoly and isopoly 

anions of Mo, W 

Evaluation 

 

UNIT  - I Molecular Orbital Theory and Electronic Spectra of Coordination 

Compounds (15 h) 

Correlation diagrams. d1 and d2 systems. method of descending symmetry. Molecular Orbital 

Theory of coordination compounds. Transformation properties of atomic orbitals, 

hybridization schemes for sigma and pi bonding with examples, symmetry adapted linear 

combination of atomic orbitals in tetrahedral, octahedral, square planar complexes, formation 

of symmetry adapted group of ligand, charge transfer spectra. Charge Transfer spectra of 

KMnO4. Electronic spectra of complexes – Terms of dn configurations, selection rules for d-d 

transitions. Effect of ligand fields on RS terms in octahedral- and tetrahedral complexes. Orgal 

diagrams, spectra of 3d metal complexes, calculation of Dq, B and β. Correlation diagram. 

Tanabe and Sugano diagrams. Charge transfer spectra. 

Magnetic properties of transition metal complexes – Types of magnetic properties. Para 

magnetism - the Curie and Curie – Weiss law. The µJ, µL+S and µ spin-only expressions, 

temperature independent paramagnetism. Antiferromagnetism types and exchange 

pathways. 
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UNIT – II Metal Clusters (6 h) 

Metal Clusters Metal – metal bond and metal clusters, General electronic aspects and bonding 

in metal-metal single, double, triple, and quadruple bonded complexes of non-carbonyl 

clusters, Carbonyl clusters - preparation, properties, structure, and bonding of simple mono 

and binuclear metal carbonyls, Polynuclear metal carbonyls with and without bridging. 

Carbonyl clusters - LNCCS and HNCCS, capping rule, reactions of metal carbonyl clusters, 

Wade-Mingos rules, cluster valence electrons, IR spectral studies of bridging and non- 

bridging CO ligands, Isoelectronic and isolobal analogy, isopoly and heteropoly anions of Mo 

and W. 

UNIT – III Non-Metallic Clusters (8 h) 
Non-metallic clusters - preparation, structure, bonding, and reactions of boron hydrides and 

borazine, styx numbers, closo, nido, arachno polyhedral strucutures, boron cluster compounds, 

Wade's rule, synthesis, structure and bonding of carboranes, metalloboranes and metallao 

carboranes, medical applications of boron clusters. Heterocyclic inorganic ring systems: 

Structure and bonding in phosphorous-sulphur and sulphur-nitrogen compounds. Homocyclic 

inorganic ring systems: Structure and bonding in sulphur, selenium and phosphorous 

compounds. Synthesis, structure, and bonding of cage like structures of phosphorous. 

Synthesis structure and uses of silicates, aluminosilicates, zeolites, silcones, carbides and 

silicides, Synthesis, structure, bonding and uses of phosphorous-nitrogen, sulphur-nitrogen 

compounds. 

UNIT – IV Reaction Mechanism of Coordination Compounds (12 h) 

Reaction mechanisms of metal complexes, Classification, rate laws, metal and ligand 

substitution reactions in octahedral complexes – A, D and I mechanisms and associated 

energetics aquation and base hydrolysis, stereochemical changes, isomerisation and 

recemisation. Fuoss-Eigen equation and factors determining A and D mechanisms. Lability 

and inertness of the complexes, trans-effect, its theories and applications, the cis-effect. 

Reactions of coordinated ligands: hydrolysis, acid dissociation, aldol condensation, 

transmination, template effect and macrocyclisation. Redox reaction mechanisms – 

classification, outer-sphere electron transfer, chemical activation, Marcus theory and 

thermodynamics. Inner-sphere electron transfer – kinetics, effect of the nature of metal and 

ligand, bridging group effects. Metal-ligand redox reactions. Two electrons, inner-sphere 

electron transfer processes. 
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UNIT – V Catalysis by Organometallic Compounds (7 h) 

Applications of organometallic compounds in organic synthesis and homogeneous catalysis, 

Complex formation and activation of H2, N2, O2, NO by transition metals. Catalytic steps, 

Oxidative addition, reductive elimination and insertion reactions Carbonylation by Collman's 

reagent. Hydrozirconation of alkenes and alkynes. Homogeneous catalysis-Hydrogenation, 

hydrosilation, isomerization of alkenes, alkyne, cycloadditions, Zeigler-Natta catalysis, 

hydroformylation of alkenes, Monsanto acetic acid process and Wacker process. Metal 

complexes in enatioselective synthesis. 
REFERENCES 
1. D. J. Shriver, P. W. Atkins, Inorganic Chemistry, 5th edition, Oxford university press, 
2010. 
2. K.F. Purcell and J.C. Kotz, Inorganic Chemistry, W.B. Saunders Co. 
3. E. Huheey, E. A. Keiter, R. L. Keiter, Inorganic Chemistry: Principles of Structure and 
Reactivity, 4th ed., Harper Collin College Publishers, 1993. 
4. F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry. 5th edition, John and Wiley, 
1999. 5. G. Wulfsberg, Inorganic Chemistry, Viva Books, 2002. 
5. R.L. Dutta and A. Shyamal, Elements of Magnetochemistry, 2nd edition, Affiliated east west 
press. 7. R.S. Drago. Physical Methods in Inorganic Chemistry, 2nd edition, Affiliated east 
west press. 
6. P. Powell, Principles of Organometallic Chemistry, 2nd edition, Chapman and Hall, London, 
1998. 9. S.F.A. Kettle, Concise co-ordination chemistry, Nelson, 1969. 
7. S.F.A. Kettle, Physical Inorganic Chemistry-A Co-ordination chemistry Approach, Spectrum 
academy publishers, 1996. 
8. Ch. Elschenbroich, A. Salzer, Organometallics – A Concise Introduction, VCH Publishers, 
1989. 
9. B. D. Gupta, A. J. Elias, “Basic Organometallic Chemistry”, University Press, 2010. . 10. P. 
Powell, Principles of Organometallic Chemistry, 2nd ed., ELBS, 1991. 
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ACH2C08 – ORGANIC CHEMISTRY II 
 (3 Credits) 

Course Outcome 

After completion of the full course the students should be able to 

Cognitive 

level 

C.O.1: Describe classification system of organic reactions based on 

mechanisms. Identify salient features and MO-based explanations of each 

of these reactions. Describe an overview of various types of natural 

products, polymers, their classifications and applications 

Understand 

C.O.2: Provide detailed description of the mechanistic classes of reactions 

based on changes at MO level and the consequences of these changes on 

stereochemistry. Explain how MO symmetry and aromaticity control 

reaction pathways and outcome in pericyclic reactions 

Understand 

C.O.3: Classify a given reaction into a particular mechanistic class and 

provide an explanation for observed results based on MO picture. 

Rationally explain the reactions given by different heterocycles based on 

delocalisation and aromaticity principles 

Application 

C. O. 4: Predict possible mechanistic pathways for given combinations of 

substrates and reagents from the discussed topics, analyse the structure and 

bonding in polymers and correlate that with the properties.  

Analysis 

 

Unit I -  Substitution Reactions 

Aliphatic Substitutions: The SN2, SN1, mixed SN1 and SN2, SET and SN prime mechanisms. 

Stereochemical considerations, common leaving groups and nucleophiles, Mitsunobu reaction. 

Neighbouring group participation, Classical and nonclassical carbocations, phenonium ions, 

bridged bicyclic systems, side reactions of carbocations. SNi mechanism. Effects of substrate 

structure, attacking nucleophile, leaving group and reaction medium, ambident nucleophiles, 

regioselectivity. 

Aromatic Electrophilic Substitutions: Common electrophiles and substitution reactions, 

arenium ion mechanism, directing, activating and deactivating effects, ipso substitution, 

regiochemical preferences in common heterocycles, major formylation reactions. 

Aromatic nucleophilic Substitutions: General mechanism, Meisenheimer complexes, 

substitutions of diazonium compounds, benzyne mechanism, vicarious substitution, von 

Richter, Sommelet-Hauser and Smiles rearrangements, Chichibabin reaction. 
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Unit II - Polar Additions, Eliminations and Synthetic Photochemistry 

Addition Reactions: General mechanism and stereochemistry of electrophilic additions to 

alkenes, halocyclizations, hydroboration, oxymercuration, cyclopropanations, asymmetric 

epoxidation and dihydroxylation, electrophilic additions to alkynes and allenes. Addition of 

nucleophiles to alkenes and alkynes, tandem conjugate addition-enolate trapping, nucleophilic 

epoxidation.  

Eliminations: E2, E1 and E1cB mechanisms. Reactivity – effects of substrate structures, base, 

the leaving group, medium, stereochemical considerations of elimination reactions. Alkyne 

formation via eliminations. 

Photochemistry: Photochemical reactions of alkenes- photocycloaddition, di-pi-methane 

rearrangement; Photochemical reactions of carbonyl compounds- Paterno-Buchi reaction, 

Norrish type I and II reactions, oxa-di-pi methane rearrangement.  Dienone rearrangement, 

photo-Fries rearrangement, Photochemistry of diazo compounds. 

Unit III - Pericyclic Reactions 

Definitions and types of pericyclic reactions (a) Cycloaddition and cycloreversion- antarafacial 

and suprafacial additions, 4n and 4n+2 systems, 2+2 addition of ketenes, Detailed treatment of 

Diels-Alder reactions (b) Electrocyclic ring closing and ring opening- conrotatory and 

disrotatory modes and effect on stereochemistry, 4n, 4n +2, allyl and pentadienyl systems (c) 

Sigmatropic rearrangements- suprafacial and antarafacial shifts of H and alkyl groups, 1,3, 1,5, 

3,3 and 2,3-sigmatropic rearrangements, Valence tautomerism (divinyl cyclopropane and 

bullvalene) (d) Cheletropic reactions- N2, SO2, CO extrusions (e) Group transfers-diimide 

reduction. Explanations based on FMO and transition state aromaticity methods. Synthetic 

applications of pericyclic reactions such as Diels-Alder and 1,3-dipolar (nitrones, nitrile oxides, 

azides) cycloadditions, Nazarov cyclisation, Claisen, Cope and oxy-Cope rearrangements, 2,3-

sigmatropic rearrangements and ene reactions. 

Unit IV - Heterocycles and Natural Products  

Heterocycles: Synthesis, aromaticity, reactions and applications of Pyrrole, Furan, Thiophene, 

and Indole. Synthesis and reactions of six membered ring compounds. Quinoline, Pyrylium 

salts, 2H-pyran-2 ones, 4H-pyran-4 ones. Five and six membered rings with two or more 

heteroatoms-pyrimidines and purines, quinazoline, oxazine, Thiazine, Imidazole. 

Natural Products: Terpenes- Classification, nomenclature, occurrence, biosynthesis, isolation, 

isoprene rule: Steroids- Occurrence, basic skeleton: Alkaloids- Classification based on the N-
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heterocycle, occurrence and importance, biosynthetic origins, Robinson tropinone synthesis. 

Lipids- occurrence, structure, and importance. 

Unit V - Polymers  
Concept of polymers and macromolecules: definition, classification, understanding the 

following terms - degree of polymerization, average degree of polymerization, number average 

and weight average molecular weights, poly-dispersity index, homopolymer and co polymer, 

alternating, random and block polymers, linear, branched and network polymers. Chain growth 

(radical, anionic and cationic) polymerization, co-ordination polymerization and step growth 

polymerization-illustrated with suitable examples (Mechanism only). Crystalline and 

amorphous polymers, polymer chain flexibility- Factors affecting chain flexibility, glass 

transition temperature. Factors affecting glass transition temperature. Stereochemical 

configuration of polymers- Tacticity, isotatic, syndiotatic, atatic, illustrated with suitable 

examples. 

 
REFERENCES 
 
1. March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 7th Edition, 
Michael B. Smith, WILEY, 2013. 
2. Advanced Organic Chemistry PART A and PART B., F. A. Carey and R. J. Sundberg, 
Springer 2007. 
3. Organic Chemistry, J. Clayden, N. Geeves and S. Warren, Oxford University Press, 2012. 
4. Organic Chemistry, Bruice P. Y. Pearson, 8th Ed, 2020. 
5. Organic Chemistry, Morrison, Boyd and Bhattcharjee, &th Edition, Pearson, 2010.  
6. Advanced Organic Chemistry, D. E. Lewis, Oxford University Press, 2016. 
7. Organic Chemistry- Structure and Function, P. Vollhardt and N. E. Schore, W. H. Freeman 
and Co., 7th Ed., 2016. 
8. Advanced Organic Chemistry: Reaction Mechanism, R Bruckner, Harcourt (India) Pvt. Ltd., 
2001. 
9. Pericyclic reactions- A Textbook, S. Sankararaman, 1st Ed., Wiley-VCH, Weinheim, 2005. 
10. Introduction to Organic Photochemistry, J. D. Coyle, 1st Ed., 1986. Heterocyclic Chemistry, 
J. A. Joule, ELBS. 
11. Heterocyclic Chemistry, T. L. Gilchrist, Longman Scientific Technical. 
12. An Introduction to Heterocyclic Chemistry, R. M. Acheson, John Wiley. 
13. Natural products: Chemistry and Biological Significance, Mann, Davidson, Hobbs, 
Banthrope and Harborne, Longman, Essex. 
14. Organic Chemistry, Vol. 2, I. L. Finar, ELBS. 
15. G. Odian, Principles of Polymerisation, McGraw Hill. 
16. V.R. Gowarikar and N.V. Vishwanathan, Polymer Science, New Age international 2010 
Billmeyer, Textbook of Polymer Science, John Wiley & Sons. 
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ACH2C09 - PHYSICAL CHEMISTRY II 

(3 Credits) 
 

Course Outcome 

After completion of the full course the student should be able 

to: 

Cognitive level 

C.O.1: Distinguish different types of statistics and apply the basic 

concepts of statistical mechanics in evaluating the thermodynamic 

thermodynamic systems. 

Analysis 

C.O.2: Evaluate the partition function and thermodynamic properties 

from spectroscopic data and apply the principles of statistical 

thermodynamics to various systems. 

Evaluate 

C.O.3: Define the parameters of different crystal systems and 

elucidate the structure from diffraction patterns.  

Analysis 

C.O.4: Analyze the electronic structure of solids Analysis 
 

C.O.5: Understand and apply the properties of solids for developing 

new materials and devices. 

Analysis  

Applications 

 
UNIT I - Statistical Thermodynamics I 

Basic principle, Permutations. Ensembles, Microcanonical, Canonical and Grand 

Canonical Ensemble. Microstates and macrostates. Statistical weight. Probability 

distribution of particles in energy states. Most probable distribution. Thermodynamic 

probability and entropy. Classical statistics, Boltzmann exponential law, Maxwell-

Boltzmann distribution law of energy for a system of distinguishable and indistinguishable 

particles. The partition function and its relation to the thermodynamics functions. 

Factorization of the partition function in to the translational, rotational, vibrational, and 

electronic parts. Evaluation of the thermodynamic functions and equilibrium constants 

using partition functions.  

UNIT II - Statistical Thermodynamics II 

The perfect gas-ideal monatomic gas – Energy and entropy. Sackur-Tetrode equation. 

Diatomic gases- Evaluation of energy. Heat capacity of gases. Classical and quantum 

theories. Diatomic gases. Anomalous heat capacity of hydrogen - Explanation based on 

ortho and para hydrogen. Heat capacity of solids. Atomic crystals. Einstein theory of 
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atomic crystals, Debye modification.  

Need for Quantum statistics-The ideal Fermi Gas. Fermi-Dirac distribution law. 

Application to electrons in metals. Bose – Bose-Einstein distribution law. The ideal Bose 

gas. Degenerate gas. Bose-Einstein condensation. Application to liquid helium. 

Comparison of the three statistics. 

REFERENCES 
1. G S Rush Brook Statistical Mechanics, Oxford University Press. 
2. T L Hill, Introduction to Statistical Thermodynamics, Addison Wesley. 
3. K. Huary, Statistical mechanics Thermodynamics and Kinetics, John Wiles. 
4. F.C. Andrews, Equilibrium Statistical Mechanics, John Wiley and Sons 
5. O. K. rice, Statistical Mechanics, Thermodynamics and Kinetics, Freeman & Co.  
6. M.C. Gupta, Statistical Thermodynamics, Wiley eastern Limited. 

 
UNIT III - Solid State Chemistry I  

Crystal symmetry: Symmetry elements and symmetry operations, mathematical proof for the 

non-existence of 5-fold axis of symmetry, crystal systems, Bravais lattices Allowed 

combinations of operations leading to 32 crystal classes. Crystallographic point groups - 

Schönflies& Hermann–Mauguin notations, Stereographic Projections of some simple crystal 

classes (e.g. 1, 1, 2/m, 222, mmm). Stereographic projections of the 27 axial point groups, 

translational symmetry elements & symmetry operations - screw axes and glide planes, 

introduction to space groups. 

Bragg’s law and applications, lattice planes and Miller indices, reciprocal lattice d-spacing 

formulae, XRD measurements. Laue method. Rotating crystal method. Powder diffraction 

method. 

UNIT IV - Solid State Chemistry II  

Theories of solids – Classical and Quantum mechanical free electron theories, Fermi Dirac 

distribution in solids and calculation of fermi energy. 

Zone Theory of solids – Bloch theorem, Kronig – Penney model, Energy spectrum of 

electrons in solids, Energy bands and Brillouin zones (First and second Brillouin zones of 

2 D square lattice), Fermi surfaces, Illustrative representation of electrons in zones, 

Density of states. 

Band Theory of solids – Dispersion relation (E vs. k curve), MO approach (Li metal 

lattice), Classification of solids into Conductor, Semiconductors, and Insulators. 

Defects and Non – Stoichiometry – Point, Line and Plane defects, Intrinsic and Extrinsic 

defects, Schottky and Frenkel defects, Color centers.   



 
39 

UNIT V - Solid State Chemistry III 

Electrical Properties of Solids: Electrical conductivity and Ohm’s law, Hall effect, 

Intrinsic and extrinsic semiconductors, Dielectric properties of solids – Piezoelectricity 

and Ferroelectricity, Super conductors – Meissner effect, Type I and II superconductors, 

Basic concepts of BCS theory.  

Magnetic Properties of Solids: Classification of magnetic materials, Diamagnetism, Para 

magnetism, ferro- antiferro- and ferri-magnetism, Super paramagnetism. 

Optical Properties of Solids: Optical reflectance, Plasmon Frequency, Photoconduction, 

Photo and Electroluminescence, Photovoltaic and Photoelectrochemical effects. 

Brief Introduction to New Materials: High temperature superconductors, Ionic 

Conductors, Conducting Polymers, Zeolites, Fullerenes, Molecular Materials etc.  

 
REFERENCES 
1. L V Azaroff, Introduction to solids, McGraw Hill 
2. A K Galway, Chemistry of Solids, Capman and Hall 
3. N B Hanna, Solid State Chemistry, Prentice Hall 
4. G M Barrow, Physical Chemistry., Mc Graw Hill 
5. W J Moore, Physical Chemistry, Prentice Hall 
6. A R West, Solid state chemistry and its applications, John Wiley. 
7. D K Chakraborthy, Solid state Chemistry, New Age Publications, 1996. 
8. H V Keer, Principles of the Solid state, Wiley Eastern, 1993. 
9. O P Khanna, Material Science and Metallurgy, Dhanpathraj Publications, 1987. 
10.L Smart and E Moore. Solid State Chemistry-An Introduction, Nelson ThornesLtd., 
11. P A Cox, The electronic structure and Chemistry of Solids, Oxford Science Publications 
12. G Gottstein, Physical foundation of Material Science, Springer 
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ACH2C10 - MOLECULAR SPECTROSCOPY & PHOTOCHEMISTRY 

(3 Credits) 
 

Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

level 

C.O.1: Understand the interaction of matter with radiation in terms of the 

relation with the molecular energy levels. 

Understand 

 

C.O.2: Explain and apply the selection rules pertaining to various molecular 

spectral transitions.  

Application 

C.O.3: Illustrate the rotational, vibrational, and electronic spectra of 

molecules.  

Application 

C.O.4: Interpret and analyse the molecular structure from spectral data Analysis 

C.O. 5: Understand and apply the theories of resonance spectroscopy in 

elucidating the molecular structure.  

Application 

 
UNIT I – General Theory of Molecular Spectroscopy  

General Theory of Spectra: Electromagnetic radiation and its different regions, 

Quantization of Energy, Interaction of matter with radiation and its effect on the energy 

of the molecule. Origin of molecular spectra, Representation of Spectra and elements of 

practical spectroscopy.  

Theory of the origin of rotational, vibrational and electronic spectra. Intensity of spectral 

lines, Dependence of intensity on population, transition probabilities, Transition moment 

integral, Selection rules. Line widths, Doppler broadening, Lifetime broadening. 

UNIT II – Microwave Spectroscopy  

Rotation spectra of diatomic and poly atomic molecules, Rigid and non-rigid rotator 

models, Asymmetric, symmetric and spherical tops.   Isotope effect on rotation spectra, 

Stark effect, Nuclear and electron spin interactions. Rotational transitions and selection 

rules. Microwave spectrometer - Principles - Instrumentation (brief mention only). 

Applications. 

UNIT III – Infrared Spectroscopy 
Vibrational Spectroscopy: Vibrational spectra of diatomic and poly atomic molecules, 

Harmonic oscillator model, Anharmonicity. Vibrational transitions and selection rules. 

Morse potential, Fundamentals, Overtones, Hot bands, Combination hands, Difference 

bands. Vibrational spectra of diatomic and polyatomic molecules, P, Q, R branches. IR 
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and FTIR spectrophotometer - Principles - Instrumentation (brief mention only), 

Applications.  

Raman Spectroscopy: Principle of Raman spectroscopy,  Selection rules, Pure rational, 

pure vibrational Raman spectra, Vibrational- rotational Raman spectra, Mutual exclusion 

principle. Raman Spectrophotometer – Instrumentation (brief mention only).  Laser 

Raman  spectroscopy and applications. 

UNIT IV - Photochemistry & Electronic Spectroscopy 

Physical Photochemistry: Laws of Photochemistry, Photophysical and Photochemical 

processes, Mechanism of absorption and emission of radiation – Electric dipole 

transitions,  

The fate of electronically excited state species - Jablonski diagram, Environmental effects 

of absorption and emission spectra, Properties of excited state molecules – Excited state 

dipole moment, Acidity constant, Redox potential etc., Excimers and Exciplexes, 

Sensitization, Quantum yields, Static and Dynamic quenching, Stern – Volmer equation, 

Resonance Energy Transfer, Light induced electron transfer. Delayed fluorescence - E-

type & P-type, Multi photon excitation and applications, Chemiluminescences.   

Electronic Spectroscopy: Beer-Lambert Law, Molar extinction coefficient, Intensity of 

electronic transitions – Theoretical absorption intensity, Basics of selection rules. 

Vibrational and rotational structures, Frank – Condon Principle, Photoelectron 

spectroscopy (Brief mention only), Photodissociation, Predissociation, Lifetimes of 

excited electronic states, electronic spectra of diatomic molecules, Charge Transfer 

transitions, electronic spectroscopy of polyatomic molecules. 

UNIT V – Resonance Spectroscopy 

NMR Spectroscopy: Magnetic properties of nuclie, Theory of nuclear magnetic resonance, 

measurement techniques, NMR spectrometer -Principles and instrumentation (brief mention 

only), Solvents used, Chemical shift and factors influencing chemical shift, relaxation effects, 

Shielding effects, Spin-Spin interaction coupling constant, factors influencing coupling 

constant, Effects of chemical exchange, Fluxional molecules, Hindered rotation on NMR 

spectrum, Karl's relationships. 

Applications of NMR spectroscopy to structure elucidation of simple organic and inorganic 

molecules.  
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ESR Spectroscopy: Theory and measurement techniques, hyperfine interactions, Equivalent 

and non-equivalent protons, Kramer's theorem. 

REFERENCES 

1. C.N. Banwell & E.N. McCash, Fundamentals of Molecular Spectroscopy, Tata, 
McGraw Hill 

2. Aruldhas, Molecular Structure & Spectroscopy, Prentice Hall, India 
3. F.W. Atkins, Physical Chemistry, Oxford University Press. 
4. Modern Spectroscopy – J.M.Hollas, John Wiley. 
5. Applied Electron Specteroscopy for Chemical Analysis Ed.H.Windawi & 

F.L.Wo.Wiley Interscience. 
6. Physical Methods in Chemistry – R.S.Drago, Saunders College. 
7. Introduction to molecular Spectroscopy – G.M.Barrow, McGraw Hill. 
8. Quantum chemistry & Molecular Spectroscopy, Volume 4, Laxmi Publications – New 

Delhi. 
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ACH2P04 INORGANIC CHEMISTRY – PRACTICAL II 

(2 Credits) 
 

Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

level 

C.O.1: Synthesis, characterization, and application of metal complexes of 

macrocycles 

Application 

C.O.2: Analyze metal ions using volumetric, gravimetric, and colorimetric 

analysis 

Analysis 

C.O.3: Green synthesis of nanoparticles, its characterization, and 

applications 

Apply 

C.O.4: Synthesis of metal complexes and characterize them by various 

physicochemical methods. 

Evaluate 

C.O.5: Interpret electronic spectrum of different metal complexes. Evaluate 

Part I 

Estimation of metal ions 

(a)  Estimation of iron (gravimetric method) and chromium (colorimetric method) 

(b)  Estimation of iron (gravimetric method) and nickel (colorimetric method) 

(c)  Estimation of iron (volumetric method) and chromium (colorimetric method) 

(d)  Estimation of iron (gravimetric method) and calcium (volumetric method) 

(e)  Estimation of iron (gravimetric method) and chromium (volumetric method) 

(f)  Estimation of iron (volumetric method) and chromium (volumetric method) 

(g)  Estimation of iron (volumetric method) and nickel (gravimetric method) 

(h)  Estimation of copper (gravimetric method) and zinc (volumetric method) 

(Minimum 5 experiments to be conducted and recorded) 

Part II 

Preparation and characterization (IR, NMR, UV-vis, and fluorescence spectroscopy) of 

nanoparticles and metal complexes 

(a)  “Green synthesis’’ of silver nanoparticles  

(b)  Bis(dimethylglyoximato)nickel(II) 

(c)  Hexammine cobalt (III) chloride 

(d)  Schiff base complexes of various divalent metal ions 

(e)  Ferrocene 
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(f) Metal complexes of tetraphenyporphyrin 

(Minimum 3 synthesis and characterization is to be performed and recorded) 

REFERENCES 
1. A.I. Vogel, A Text Book of Practical Organic Chemistry, ELBS. 
2. Fiester, Experiments in Organic Chemistry. 
3. Mann and Saunders, practical Organic Chemistry. 
4. Dey. Sitaraman and Govindachari, A Laboratory Manual of Organic Chemistry. 
5. Cheronis and Fatrikin, Semi-micro-organic analysis. 
6. P.G. Singh, D.S. Gupta and K.S. Bajpal, Experimental Organic Chemistry, Vols. I and II, 
1980. 
7. R. Srinivasan, Ed. Photochemical Synthesis Vols. I and II. 
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ACH2P05 ORGANIC CHEMISTRY – PRACTICAL II 

(2 Credits) 

Course Outcome 

After completion of the full course the students should be able to 

Cognitive level 

C.O.1: Demonstrate the skills required for quantitative analysis. Develop 

skills for accurate weighing, transfer, measurements and other operations. 

Awareness about environmental aspects of laboratory practices. Develop 

knowledge and skill in planning and implementing multistep synthesis and 

chromatographic separations. 

Understand 

C.O.2: Acquire practical skill and theoretical knowledge of isolation, 

purification and analysis of impure materials. Acquire skill to handle the 

necessary glassware, equipment, and assembly of required set-ups.  

Understand 

C.O.3: Develop a systematic approach to handle an unknown sample for 

determining the number of components, isolating and purifying the 

individual components in a qualitative manner. Acquire the skill to set up 

reactions, follow the progress of the reaction, work up, isolate and purify the 

desired product from the reaction mixture. 

Application 

C. O. 4: Analyse the obtained products by standard techniques to conform 

the identity. Estimate the amount and calculate the efficiency of the process. 

Innovate to minimise the waste. 

Analysis 

 

A) Quantitative analysis  

Estimation of aniline and phenol via bromination method 

Determination of saponification value and iodine value of an oil 

Estimation of vitamin C content in fruit juice/tablet 

B) Green Chemistry 

Selected experiments from among the following  

Biomass-derived products such as furfural from corn cobs, biodiesel preparation, ionic 

liquid synthesis and its use in a reaction as solvent, mechanochemical synthesis, 

synthesis in aqueous medium, multicomponent reactions, sonochemistry. 

C) Multistep Organic Synthesis 

Any suitable three-step synthesis from the following examples or similar ones 
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(eg. Banzaldehyde-benzoin- benzil-benzilic acid; Benzaldehyde-cinnamic acid- b-

bromostyrene; Benzaldehyde-chalcones-pyrazoline-pyrazole; Hydroquinone-quinone-

Diels-Alder reaction; Benzaldehyde-imine-reduction-Mannich etc) 

D) Column chromatography 

To be integrated to one of the purifications in multi-step organic synthesis (B) 

 

REFERENCES 

1. A Hand book of Organic Analysis-Qualitative and Quantitative by H.T. Clarke, and revised by B. 
Haynee, Edward Arnold, London 1975. 
2. Vogel's Text Book of Practical Organic Chemistry by B.S. Furhen et. al., Longman-Group Ltd.  
3. Systematic Qualitative Organic Analysis by H. Middleton, Edward Arnold (Publishers) Limited, 
London 1959.  
4. Elementary Practical Organic Chemistry by Arthur I. Vogel, EX CBS Publishers and Distributors.  
5. Experiments in Organic Chemistry by Louis, F.Fieser, D.C. Heath and Company Boston, 1955.  
6. Experiments and Techniques in Organic Chemistry, D. Pasto, C. Johnson and M. Miller, Prentice 
Hall.  
7. Macroscale and Microscale Organic Experiments, K.L. Williamson, K.M. Masters, Cengage 
learning.  
8. Systematic Qualitative Organic Analysis, H. Middleton, Adward Arnold. 
9. Vogel’s Textbook of Practical Organic Chemistry, A.R. Tatchell, John Wiley 
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ACH2P06 - PHYSICAL CHEMISTRY – PRACTICAL II 

(2 Credits) 

 
Course Outcome 

After completion of the full course the student should be 

able to 

Cognitive 

level 

C.O.1: Demonstrate and practice the basic laboratory skills in 

handling laboratory          glassware, equipment, and chemicals. 

Application 

C.O.2: Illustrate experiments based on various laws of physical 

chemistry. 

Application 

C.O.3: Interpret the results obtained from various experiments by 

constructing ideas to account for results employing recent thoughts. 

Evaluation 

C.O.4: Perform advance physical chemistry experiments and analyze 

the results using sophisticated instruments 

Create 

(Synthesis) 

 

1. Chemical Kinetics – II 

• To study the kinetics of the interaction of crystal violet with NaOH colorimetric 

/ spectrophotometric method. 

• Kinetics of the reaction between acidified acetone and iodine by using 

colorimetric or spectrophotometric method. 

• Study of the kinetics of inversion of sugar and mutarotation of glucose by using 

polarimetry 

• Determination of the individual orders of the reactant (order with respect to KI 

and H2O2) for H2O2 – KI clock reaction 

2.  pH measurements 
• To prepare the following buffer solutions and to measure the pH of each of the 

solution using pH meter (Acidic buffer: Sodium Acetate – Acetic acid; Basic 

buffer: Ammonium chloride – Ammonium hydroxide) 

• Determination of the dissociation Constant (Ka) of a given acid by using pH 

titration, method 
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3.Potentiometric Measurements 

• To study the titration curve for an acid with alkali potentiometrically and to 

determine the normality of the given acid solution. 

• To find out the strength of the given potassium dichromate solution by titrating it 

potentiometrically with standard Mohr’s salt solution. 

• Determination of the thermodynamic parameters, ΔG, ΔH, ΔS and the equilibrium 

constant Kc of the Daniel Cell from emf measurements. 

9. Viscosity Measurement  

• Determination of absolute and relative viscosities of the given liquid taking 

waster as the reference. 

• Studies on the variation of viscosity with different concentrations of sugar 

solutions. 

• Studies on the variation of coefficient of viscosity with different 

concentrations of poly vinyl alcohol (PVA) in water and to determine the 

molar mass of PVA.\ 

10. Refractometry 

• Analysis of a binary mixture and determination of molar refraction of a solid 

and the composition of chloroform and acetone in its azeotropic mixture by 

refractometry 

• Determine the refractive index of a given liquid by Abbe Refractometer and 

find the specific and molar refractions. 

11. Cyclic Voltammetry 

• Determination of the diffusion coefficient of [Fe(CN)6]3- in 0.1 M KCl by using 

Cyclic voltammogram (CV) under different scan rate. 

• Determination of the electrochemically active surface area (ECSA) of the 

electrode from CV measurements.  

12. Spectrophotometric Measurements 

• Determination of the dissociation constant of Phenolphthalein indicator by 

colorimetric method. 

• To study the absorption spectra of KMnO4 (in water) and K2Cr2O7 (in 0.1 M 

H2SO4) in the range of 200 – 500 nm and determine the λmax values (Calculate the 

energies of these transitions in different units, kJ.mol-1, eV etc.) 
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• Record UV spectra (180 – 400 nm) of given compounds (Acetone, 

Acetaldehyde, 2- propanol, Acetic acid etc.) in Cyclohexane and water and 

calculate the energies of electronic transitions involved in it. 

13. Photochemistry 

• Construction of simple Jablonski diagram of a polyaromatic compound. 

• Estimation of the Quantum yield of Perylene and Pyrene excimer formation. 

• Determine the quenching constant for the fluorescence quenching of fluorescein by 

iodide ion in basic solution. 

REFERENCES 
1. A Findlay, Practical Physical Chemistry, Longman's Green & Co., 1972. 
2. R.A Alberty et al., Experimental Physical Chemistry, McGraw Hill, 1956. 
3. J.B.Yadav,Advanced Practical Physical Chemistry,Goel Publishing 
4. Gurtu&Gurtu,Experimental Physical Chemistry,Prgti Prakashan 
5. Gurdeep Raj, Experimental Physical Chemistry, Krishna Prakasha. 
6. A. Anand and R. Kumari Physical Chemistry Laboratory Manual – An Interdisciplinary 
Approach  
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ACH2A02 – PROFESSIONAL COMPETANCY COURSE (PCC) 

(Credits: 2) 

PCC particularly aims to improve the skill level of students, especially for using specific 

as well as nonspecific softwares useful in their respective field of study, both related to the 

core and elective subject area. Also, it is a platform for the student community to undertake 

socially committed projects and thereby developing a method of leaning process by 

through the involvement with society. 

One particular PCC may be selected for all the students in a batch in the department or 

each student in a batch may choose one PCC, among the pool of courses suggested below. 

Credit of the PCC will not be considered while calculating the SGPA/CGPA. But the 

student has to obtain minimum pass requirements (weightage 15) in this course, which is 

compulsory for overall pass in the programme. Evaluation/examination on PCC must 

contain the following components: MCQ type written examination (weightage: 10), Report 

on PCC (weightage: 10), Presentation on PCC (weightage: 5), Viva voce on PCC 

(weightage: 5). 
 

Course Outcome 

After completion of the entire course, the student should be able to : 

Cognitive 

level 

C.O.1: Describe the basic principles and concepts related to the application 

of computers in chemistry. 

Understand 

C.O.2: Discuss the main similarities and differences between various 

computational approaches. 

Analysis 

C.O.3: Develop skills for molecular modelling. Application 

C.O.4: Evaluate skill of using specific and nonspecific software to solve 

problems in chemistry. 

Evaluation 

C.O.5: Construct ability to conduct socially related projects. Create 

C.O.6: Develop learning processes through the involvement of society. Application 

C.O.7: Develop solutions for e-security issues and system design. Application 

 

1. Applications of computers: History of development of computers, mainframe, mini, 

micro’s and super computer systems, Personal computers, General awareness of computer 

hardware, CPU, input and output devices, memory, other peripheral devices, auxiliary 
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storage devices, Basic knowledge of computer systems, softwares - System softwares and  

application softwares Programming languages: machine language, assembly language and 

high level languages, Interpreter and compiler, Flow charts and Algorithms, General 

awareness of operating systems: Disk operating system, Windows, MaCintosh, Linux. 

2. Development of skills (using software’s in chemistry): General awareness of 

Software and other scientific application packages, Applications and uses of common 

softwares in chemistry, Origin, Chemsketch, Chemdraw, GaussView, Gaussian 09, VASP, 

Autodock, Schrodinger, DataWarrior, etc. Basic ideas on the use of Internet in Chemistry 

education, Z- matrix, different computational tools, optimization of structures, global and 

local minimum, potential energy surfaces, molecular modelling, drug designing, drawing 

chemical structures, converting name to structure and vice versa, computing geometric 

parameters, calculation of molecular descriptors, analysis, plotting graphs, correlation 

study, advantages of computational chemistry. 

3. Training on computational chemistry: introduction to computational chemistry, 

different computational methods: molecular mechanics, Ab initio methods, semi empirical 

methods, density functional theory methods, merits and demerits, computation vs  

experiment, computer aided drug designing, QSAR/QSPR studies, theoretical studies in 

various areas of chemistry, knowledge on z-matrix, advancement of computational tools 

in research: a brief review. 

4. Case study and analysis on any relevant issues in the nearby society: water analysis: 

importance of water analysis, impurities in water, water contamination, removal of 

impurities and water purification, instruments in water analysis, references used in water 

analysis. soil analysis: important minerals in soil, references in soil analysis, 

instrumentation, pH analysis, acid/alkali content analysis, sugar content analysis: various 

methods for sugar testing, references. 

5. Any community linking programme relevant to the area of study: Training for 

society- need and importance, drugs and cosmetics manufacturing, waste disposal, plastic 

recycling, knowledge on pollution: pollutants, different types, awareness programs in 

decreasing pollution, surveys. 

6. Cyber security: Security and system design, vulnerabilities, security challenges, social 

engineering, e-security issues, cryptography & digital signature, anti-spyware program, 

spread via Trojans, display fake security messages, privacy violation, compromise, 

computer crime, cyber terrorism, cyber warfare, network sniffers, packet spoofing, 
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hijacking, automated probes and scans, automated widespread attacks, email propagation 

of malicious code, hackers, white hat hackers, gray hat hackers, website hacking, security 

mechanisms selecting good password, authentication, antivirus software. 
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ACH3C11 - INORGANIC CHEMSITRY III 

(3 Credits) 
Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

Level 

C.O.1: Explain emergence of bioinorganic chemistry Analyze 

C.O.2: Discuss the photochemical reactions of coordination compounds 

and its mechanisms 

Analyze 

C.O.3: Evaluate the structure of metal complexes using IR and NMR Evaluate 

C.O.4: Identify the role of metals in biological systems and the natural 

process taking place with the aid of metal ions in biological systems 

Application 

C.O.5: Analyze the ESR spectra of any given transition metal 

complex and Mossbauer spectra of iron, and tin complexes. 

Application 

 
UNIT – I Photochemistry of Coordination Compounds (10 h) 

Photochemical reactions of metal complexes. Prompt and delayed reactions. Excited states of 

metal complexes – intra ligand, ligand field, charge transfer and delocalized states. Charge 

transfer excited states and redox processes, communication between excited states, radical 

pair models. Properties of ligand field excited states, rules for photo substitution, photo- 

aquation and ligand exchange reactions. Substitution and redox reactions of Cr (III), Co (III), 

Rh (III) and Ru (II) complexes. Photo-isomerization and photo-racemization. Metal complex 

sensitizers, chemical actinometry and photo-chromism. Semiconductor supported metal oxide 

systems. Water photolysis, nitrogen fixation and CO2 reduction, dinitrogen splitting. 

UNIT – II IR and NMR spectroscopy of Coordination Compounds (7 h) 

Studies (IR and NMR) of simple inorganic compounds and metal complexes. Changes in 

ligand vibrations on coordination with metal ion. Metal ligand vibrations. Vibrational spectra 

of metal carbonyls. NMR spectroscopy for structural studies of diamagnetic metal complexes 

from chemical shift and spin-spin coupling. 

UNIT – III ESR and Mossbauer Spectroscopy of Coordination Compounds (7 h) 

ESR spectra of metal complexes-Hyperfine splitting and A parameter, g values, zero field 

splitting and Kramer’s degeneracy, application to simple copper complexes. Mossbauer 

spectroscopy-the Mossbauer-effect, hyperfine interactions (qualitative treatment). Application 

to simple iron and tin complexes. 



 
54 

UNIT – IV Bioinorganic Chemistry-I (12 h) 

Occurrence of inorganic elements in biological systems, bulk-and trace metal ions, emergence 

of bioinorganic chemistry. Co-ordination sites in biologically important ligands. Metal protein 

interactions. Role of metal ions in biological functions. Biochemistry of non metals. 

Biomineralization. Biological role of some trace nonmetals. (B, Si, S, Se, As, CI, Br, I). 

Biological importance of nitric oxide. Ion transport across membranes. Role of alkali metal 

ions in biological systems. The sodium/potassium pump, structural role of calcium. Storage 

and transport of metal ions- ferritin, transferring and siderophores. Oxygen transport by heme 

proteins-hemoglobin and myoglobin, structure of the O2 binding site, nature of heme-dioxygen 

binding, cooperativity. Hemerythrin and hemocyanin. 

UNIT – V Bioinorganic Chemistry-II (12 h) 

A brief idea on structure and function of copper proteins in electron transport process, 

cytochromes, iron-sulphur proteins, tyrosinase, superoxide, dismutase. Lewis acid role of Zn 

(II) and Mn (II) containing enzymes, carboxy peptidase, vitamin B12 and coenzymes. 

Chlorophyll II-Photo systems I and II. Nitrogen fixation – Nitrogenase, Anticancer drugs.  

REFERENCES 

1. D. J. Shriver, P. W. Atkins, Inorganic Chemistry, 5th edition, Oxford University press, 
2010. 
2. K.F. Purcell and J.C. Kotz, Inorganic Chemistry, W.B. Saunders Co. 
3. J. E. Huheey, Inorganic Chemistry – Principles of Structure and Reactivity, 4th edition, 
Pearson education, 1993. 
4. F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry. 5th edition, John Wiley, 
1999. 
5. A.E. Martell, Coordination Chemistry, Vol I and II, Van Nostrand Reinhold, New York, 
1971. 
6. D.E. Fenton, Bio co-ordination Chemistry, Oxford, 1995. 
7. S.J. Lippard and J. M. Berg, Principles of Bioinorganic Chemistry, University Science 
Books, Mill Valley, 1995. 
8. R.S. Drago. Physical Methods in Inorganic Chemistry, 2nd edition, Affiliated east west 
press, 1993. 9. Robert W. Hay, Bioinorganic Chemistry, Ellis Horwood Limited, UK, 1984. 
don Press, Oxford, 1976. 
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ACH3C12 – ORGANIC CHEMISTRY III 

(3 Credits) 

Course Outcome 
After completion of the full course the students should be able to 

Cognitive level 

C.O.1: Give accounts on various spectroscopic methods including basic 
principles, and specific applications for structure determination of organic 
molecules. Describe the various reagents that are used in classical and 
modern organic synthesis. Describe the structure, classification and uses of 
biopolymers and synthetic industrial polymers  

Understand 

C.O.2: Categorise the structural information available from different 
spectroscopic techniques, describe the measurement techniques, estimate 
quantitatively by using appropriate mathematical relationships, explain 
various levels of selectivity of different reagents and reactions, explain 
migratory aptitudes and stereochemistry of migrations in rearrangement 
reactions.  

Understand 

C.O.3: Apply spectroscopic techniques to detect presence of functional 
groups, bonds, molecular mass and symmetry elements in given unknown 
compounds. Predict suitable reagents and conditions for specific 
transformations, correlate structure and function in biopolymers and 
industrial polymers. 

Application 

C. O. 4: Analyse given spectroscopic data and arrive at complete structure 
of unknown compounds, Design reactions and reagents for specific 
synthetic tasks, compare and contrast biopolymers with synthetic polymers 
and design new polymeric materials. 

Analysis 

 
UNIT – I  IR and UV-Spectroscopy and Mass Spectrometry 

Applications of UV, IR and MS in the structural elucidation of organic compounds (structure 

identification only, instrumentation not required) UV- characteristic absorption of organic 

compounds - Empirical rules for calculating absorption maximum. 

IR-Characteristic group absorption of organic molecules - Alkanes, Alkenes, Alkynes, 

Mononuclear aromatic Hydrocarbons, Alcohols, Phenols, Ethers, Carbonyl compounds, 

Amines and Amides, Nitriles, S-H and S=O groups. 

Mass Spectrometry-Mass Spectra, Determination of molecular weight, molecular formula from 

isotope ratio data, fragmentation pattern in differing classes of compounds. Modern techniques 

of ionization, molecular ion peak, metastable peak, McLafferty rearrangement. Nitrogen rule, 

patterns given by chloro and bromo compounds. 
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UNIT – II NMR Spectroscopy  

1H NMR - The chemical shift and shielding, local diamagnetic shielding, Magnetic anisotropy, 

Spin-spin coupling, coupling constants, the mechanism of coupling (One bond and two bonds 

coupling only), spin systems, Pople notation, Karplus curve-variation of coupling constant with 

dihedral angle, chemical and magnetic equivalence, protons on heteroatoms, coupling of 

protons to other nuclei, Quadrupole broadening, First and second order spectra. Aromatic 

compounds, Homotopic, enantiotopic and diastereotopic hydrogens. Spin decoupling, double 

resonance, effect of hindered rotation, nOe. 
13C NMR - 13C chemical shifts, correlation charts, proton decoupled spectra, off-resonance 

decoupling. 

UNIT – III Reagents, Reactions and synthesis 

Oxidations: Alcohols- Cr-based, DMSO-based (Kornblum, Mofftatt, Swern), hypervalent 

iodine-based and TEMPO-based oxidants. Alkenes- DMDO, OsO4-NMO (UpJohn), NaIO4, 

ozonolysis, Sharpless asymmetric epoxidation and dihydroxylation.  

Reductions: Hydride reducing agents- sodium borohydride, Luche reduction, cyano and 

acetoxy borohydrides, LAH, DIBAL-H. Asymmetric CBS reduction. Birch reduction. 

Catalytic (Pd-C and RaNi) and transfer hydrogenations, dimide reduction. 

Olefinations: Wittig, Peterson, Julia, McMurry and Tebbe olefinations. Shapiro reaction  

Reagents:  N-Bromosuccinimide (NBS), Diazomethane, Dicyclohexylcarbodiimide (DCC), 

Selenium dioxide, m-chloroperbenzoic acid, Dichloro-dicyano-benzoquinone (DDQ), 

sulfonium and sulfoxonium ylides, allyl silanes. 

Synthesis: Concept of retrosynthesis, disconnection approach, synthons and synthetic 

equivalents. Umpolung (acyl anion equivalent- cyanide and dithiaacetal), overall yield, linear 

and convergent synthesis. 

UNIT - IV Rearrangement Reactions 

Rearrangement to electron deficient Carbon: Wagner-Meerwin rearrangement, Pinacol-

Pinacolone rearrangement, Tiffeneau-Demjanov, Dienol-Phenol.  Rearrangement to electron 

deficient Nitrogen: Beckmann, Lossen, Hofmann, Curtius. Rearrangement to electron deficient 

Oxygen: Baeyer-Villiger, Dakin reaction. Acyl carbene rearrangements: Wolff, Arndt-Eistert 

synthesis. Anionic rearrangements: Favorskii, Benzilic acid, Brook, Stevens. Other- 

Achmatowicz, Baker-Venkataraman rearrangements, Eschenmoser fragmentation. 
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UNIT – V Industrial and Biopolymers 

Brief study of the synthesis, structure, properties and application of the following polymers: - 

Styrene butadiene rubber, Natural rubber, Neoprene, Polyethylenes, Polypropylene, 

Polystyrene, PVC, Teflon, plexiglass, urea-formaldehyde resin, melamin-formaldehyde resins, 

polyethylene terephthalate, polycarbonate, polyurethanes foams, silicon elastomers. 

Biodegradable polymers. Fundamentals of structure and function of biopolymers 

(carbohydrates, nucleic acids, proteins) 

REFERENCES 
1. Spectrometric Identification of Organic Compounds, Silverstein, Bassler and T Morrill, 

John Wiley. 
2. Application of Spectroscopy of Organic Compounds, J. R. Dyer, Prentice Hall. 
3. Spectroscopic Methods in Organic Chemistry, D.H. Williams, I. Fleming, Tata 

McGraw-Hill. 
4. Organic Spectroscopy, William Kemp, Mac publsihers, 3rd Edition, 2011. 
5. D. L. Pavia, G.M. Lampman, G.S. Kriz and J. R. Vyvyan; Introduction to Spectroscopy, 

5th ed. Cengage India, 2015. 
6. Modern Synthetic Reactions, H.O. House, W.A. Benjamin. 
7. Some Modern Methods of Organic Synthesis, W. Carruthers, Foundation Books. 
8. Principles of Organic Synthesis, R.O.C. Norman and J.M. Coxon, Blackie Academic 

& Professional. 
9. Advanced Organic Chemistry Part B, F.A. Carey and R.J. Sandburg, Plenum Press. 
10. Reagents in Organic Synthesis, Fieser and Fieser, Wiley. 
11. D. Feldman and A. Barbalata, Synthetic Polymers, Chapmann and Hall. 
12. G. Odian, Principles of Polymerisation, McGraw Hill. 
13. V.R. Gowarikar and N.V. Vishwanathan, Polymer Science, New Age international 
14. Billmeyer, Textbook of Polymer Science, John Wiley & Sons. 
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ACH3C13 - PHYSICAL CHEMISTRY III 
(3 Credits) 

 
Course Outcome 

After completion of the full course the student should be able to 

Cognitive 

level 

C.O.1: Explain and apply the concepts of chemical kinetics of gas and 

solution phase reactions and solving problems. 

Analysis 

C.O.2: Illustrate the power of photochemistry and radiation chemistry as 

individual technique and have a notion about their complementarity 

Application 

C.O.3: Explain photochemical, radiochemical, and fast reaction kinetics and 

techniques employed for their studies. 

Application 

C.O.4: Describe various adsorption phenomena and apply the properties of 

colloidal systems and their applications 

Application  

C.O.5: Describe the concepts of catalysis and apply their potential for 

industrial processes. 

Application 

C.O.6: Describe the basic principles and concepts related to the application of 

computers in chemistry 

Understand 

 
UNIT I -  Chemical Kinetics - I 

Reaction dynamics. Theories of reaction rate. Effect of temperature on reaction rate. The 

Arrhenius equation. The energy of activation. Collision theory (Derivation). Reaction 

cross section. Transition state theory (Deviation). Potential energy surface (brief 

treatment). Comparison between Collision theory and Transition state theory. 

Thermodynamic treatment of reaction rates.  

Kinetic of reaction in solution. Comparison of solution and gas kinetics. Diffusion 

controlled reactions. Influence of solvent on rate. Cage effect. Effect of dielectric 

constant on rate. Primary and secondary kinetic salt effects. Structural effects on rate. 

Linear free energy relationships. Hammett and Taft Equations.  

UNIT II – Chemical Kinetics II 

Study of fast reactions: Flash photolysis, Flow techniques and Relaxation methods. 

Kinetics of Photochemical Reactions: Kinetics of chain reactions (H2 – Cl2 and H2 – Br2 

reactions, Photolysis of HI, Ammonia etc.) Techniques for studying kinetics of 

photochemical reactions: Rotating sector techniques, Laser photochemistry – Principles of 
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light amplifications, Types of lasers, Conditions of laser actions, laser cavities and laser 

radiation, Laser spectroscopy – Ultrafast (Pump-probe) and multi-photon spectroscopy. 

Radiation Chemical Reactions: Primary processes, Pulse radiolysis, Radiation chemistry of 

water and aqueous ferrous sulphate solution. Radiation dosimetry – Frick’s dosimeter - 

Calculation of absorbed dose. Szilard - Chalmers effect and their applications. 

REFERENCES 
1. Fundamental Chemical Kinetics, Margaret Robson Wright. Horwood publishing Limited. 
2. K. J. Laidler, Chemical Kinetics, McGraw Hill, New York 
3. Kinetic and Mechanism, A.A. Frost and R. G. Pearson, John Wiley. 
4. Steinsfeld, Francisco and Hase, Chemical Kinetics and Dynamics, 2nd Edition, Prentice Hall 
International Inc. 
5. Physical Chemistry, F Daniels and R.A. Alberty, Wiley. Hall International Inc. 
 
UNIT III - Surface Chemistry 

Structure and chemical nature of surfaces, Adsorption at surfaces – Adsorption isotherms, The 

Langmuir isotherm its kinetic and statistical derivation. Freundlich equation, BET equation, 

derivation, Determination of surface area and pore structure of adsorbents, Heat of adsorption 

and its determination. 

Colloids, their preparation and purification, stability of colloids, Zeta potential and its 

determination- electrokinetic phenomena Electrophoresis, Electroosmosis, Sedimentation 

and streaming potential. Colloidal Surfactants, Micelles, HLB number. Stabilising action of 

surfactants, Practical importance of surfactants. Langmuir- Blodget films.  

UNIT IV - Catalysis 

Homogeneous catalysis, Theories of homogeneous catalysis. Acid base catalysis, Bronsted 

catalysis law. Enzyme catalysis: features, Michaelis Menten Mechanism. Auto catalysis. 

Oscillating reactions. – mechanisms of oscillating reactions (Lotko -Volterra, brusselator, and 

oregonator). Catalytic inhibitors and poisons, Heterogeneous catalysis: Adsorption and 

catalysis. Kinetics and mechanism of surface catalyzed reactions. Unimolecular surface 

reaction: Bimolecular reactions: Eley – Rideal Mechanism. Langmuir – Hinshelwood 

Mechanism- illustration using the reaction 2CO + O2 -› 2CO2. Industrial Applications (brief 

mention only). Methods of preparation of heterogeneous catalysts - precipitation and 

coprecipitation methods, sol-gel methods, hydrothermal method, flame hydrolysis. Preparation 

of Zeolites and silica supports. Introduction to Phase transfer catalysis, biocatalysis, 

nanocatalysis, and polymer supported catalysis. 
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REFERENCES 

1. Keith J. Laidler, Chemical Kinetics 3rd edn., Pearson Education, 1987 (Indian reprint 2008). 
2. E. K Rideal, Concepts in catalysis, academic press. 
3. A. Clark, theory of adsorption and catalysis, Academic press. 
4. R. Opearce and Patterson (Ed.) Catalysis and Chemical process, Blackie and sons Ltd (1981). 
5. Jens Gagen, Industrial catalysis: A practical approach (Wiley VCH). 
6. G. Etrl, H. Knozinger, J. Wltamp, Handbook of heterogeneous catalysis, Heterogenous 
    catalysts Volumes 1-5, Wiley VCH (1997). 
7. Physical Chemistry, Peter Atkins, Julio de Paula, Oxford University Press. 
8. Richard I. Masel, Chemical Kinetics and Catalysis, Wiley Interscience, 2001. 
9. A.W. Adamson, Physical Chemistry of surfaces, 4th edition, Interscience, New York, 1982. 
10. Dipak Kumar Chakrabarty, Adsorption and Catalysis by Solids, New Age.2007. 
11. Kurt K. Kolasinski, Surface Science: Foundations of Catalysis and Nanoscience, 3rd Edn,   
Wiley U. K., 2012. 
 
UNIT V – Introduction to Computational Chemistry 

Application of computational quantum chemistry to molecules, specification of 

molecular geometry using a) cartesian coordinates b) internal coordinates, The Z matrix. Z-

matrix of simple molecules (example: H2O, formaldehyde). Basis sets. Slater and Gaussian 

functions, classification of basis sets - minimal, double zeta, triple zeta, split valence, 

polarization and diffuse basis sets, contracted basis sets, Pople style basis sets and their 

nomenclature, correlation consistent basis sets. Geometry optimization, stationery point, 

potential energy surface - local minima, global minima, saddle point and transition states, 

electron density, energy levels, molecular orbitals, vibrational frequency, NMR parameters. 

References 

1. F. Jensen, Introduction to Computational Chemistry, 2nd ed., Wiley, New York, 2009. 
2. Cramer C.J., Essentials of Computational Chemistry – John Wiley 
3. D. Young, Computational Chemistry: A Practical Guide to Real World Problems, Wiley, 

New York, 2001. 
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ACH3C14 - INSTRUMENTAL METHODS – THEORY, AND 

INSTRUMENTATION 

(3 Credits) 

Course Outcome 

After completion of the full course the student should be able 

to : 

Cognitive 

 level 

C.O.1: Understand the theory, instrumentation, and application of 

various optical methods of analysis 

Understand 

C.O.2: Analyze the properties of materials using surface 

characterization techniques 

Application 

C.O.3: Understand the theory of thermal, and radiochemical methods 

and its applications 

Application 

C.O.4: Apply the use of various chromatographic techniques in 

analytical chemistry 

Application 

C.O.5: Understand new trends and techniques in analytical chemistry 

and its probable applications and design of new materials. 

Create 

 
UNIT – I Molecular Spectral Analysis (10 h) 

Introduction to instrumental methods, selection of instrumental methods: precision, sensitivity, 

selectivity, and detection limit. Sources of noise and S/N ratio. Fundamental law of 

spectrophotometry, nephelometry and turbidometry and Fluorimetry. UV-visible and IR 

spectrophotometry – instrumentation, single and double beam instruments, 

Spectrophotometric titrations. Introduction to NMR spectroscopy: magnets, shim coils, sample 

spinning, sample probes (1H, 13C, 31P).  

UNIT – II Atomic and Surface Techniques (12 h) 

Atomic emission spectrometry – excitation sources (flame, AC and DC arc), spark, inductively 

coupled plasma, glue discharge, laser microprobes, flame structure, instrumentation, and 

qualitative and quantitative analysis. Atomic absorption spectrometry: sample atomization 

techniques, instrumentation, interferences, background correction, and analytical applications. 

Atomic fluorescence spectrometry – theory, instrumentation and applications. Instrumentation 

of X-ray methods: X-ray absorption and X-ray diffraction. Photoelectron spectroscopy. XPS, 

UPS. Auger, ESCA. SEM, TEM, AFM, STM.  
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UNIT – III Thermal and Radiochemical Methods (10 h) 

Thermogravimetry (TG), Differential Thermal Analysis (DTA), and Differential Scanning 

Calorimetry (DSC), and their instrumentation. Thermometric Titrations. Measurement of 

alpha, beta, and gamma radiations, neutron activation analysis and its applications. Principle 

and applications of isotope dilution methods. Radiation dosimetry – Fricks dosimetry-

calculation of absorbed dose. 

UNIT – IV Chromatography (10 h) 

Classification, migration rates of solutes, important relationships. Gas chromatography, GSC 

and GLC instrumentation - preparation of column and column materials, temperature, effects, 

different types of detectors, TCD, FID, ECD, and NPD, capillary columns - bonded and 

crosslinked phases, chiral stationary phases, selectivity factors, applications. Liquid 

chromatography: column efficiency, band broadening and the factors affecting it, particle size. 

HPLC – instrumentation, pumps, sample injection, columns, solvent selection, and detectors. 

Partition chromatography - bonded phase. Ion exchange chromatography - ion exchange 

equilibria, packings, detectors, and applications. Size Exclusion Chromatography- columns 

and limits of permeation and exclusion, applications. Planar Chromatography -methodology, 

materials for stationary phases, applications. Paper chromatography. Supercritical fluid 

chromatography: properties of supercritical fluids, operating variables in instrumentation, 

stationary and mobile phases, comparison with the techniques, applications, supercritical fluid 

extraction, advantages, applications. 

UNIT – V Modern Techniques in Analytical Chemistry (6 h) 

Hyphenated techniques – Gas Chromatography – Mass Spectrometry (GC-MS), Liquid 

Chromatography – Mass Spectrometry (LC-MS), Gas Chromatography/Liquid 

Chromatography-Infrared Spectroscopy (GC/LC-IR), Liquid Chromatography-Nuclear 

Magnetic Resonance Spectroscopy (LC-NMR), Tandem Mass Spectrometry (MS/MS) 

techniques, Flow injection analysis (FIA).  

 
REFERENCES 
1. D. A. Skoog, D. M. West, F.J. Holler, S.R. Crouch, Fundamentals of Analytical Chemistry, 
8th Edn., Saunders College Pub., 2007. 
2. J.H. Kennedy, Analytical Chemistry: Principles, Saunders College Pub. 1990. 
3. G.H. Jeffery, J. Bassett, J. Mendham, R.C. Denney, Vogel's Textbook of Quantitative 
Chemical Analysis, 5th Edn., John Wiley& sons,1989. 
4. G. D. Christian, Analytical Chemistry, 6th ed., John Wiley & Sons, 2007. 
5. R.A. Day, A.L. Underwood, Quantitative Analysis, Prentice Hall, 1967. 
6. A.I. Vogel, A Textbook of Practical Organic Chemistry, Longman,1974. 
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7. H.A. Laitinen, W.E. Harris, Chemical Analysis, McGraw Hill,1975. 
8. V.K. Ahluwalia, Green Chemistry: Environmentally Benign Reactions, CRC,2008. 
9. F.W. Fifield, D. Kealey, Principles and Practice of Analytical Chemistry, BlackwellScience, 
2000. 
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ACH3P07 – INSTRUMENTAL METHODS OF ANALYSIS – 

PRACTICAL 

(2 Credits) 
Course Outcome 

After completion of the full course the student should be able to: 

Cognitive 

level 

C.O.1: Analyze various samples using optical and electrochemical techniques Analysis 

C.O.2: Evaluate the structural and physical properties of metal complexes Evaluate 

C.O.3: Perform the separation and analysis of various materials 

using solvent extraction, and chromatography 

Analysis 

C.O.4: Analyze the composition of pharmaceutical samples by spectroscopic 

methods 

Analysis 

C.O.5: Perform the computational modeling of simple organic and inorganic 

molecules - Geometry optimization, electron density, molecular orbitals, IR, 

UV-vis, NMR parameters. 

Analysis 

Section A 

Determination of organic, inorganic, and environmentally hazardous materials using (i) 

fluorimetry, (ii) flame photometry, (iii) nephelometry, (iv) turbidimetry, (v) elemental analysis, 

(vi) electrogravimetry, (vii) atomic absorption spectroscopy (AAS), (viii) inductively coupled 

plasma –mass spectrometry (ICP-MS), and (ix) polarimetry. 

(Minimum 6 experiments to be conducted and recorded) 

Section B 

(a) Determination of stoichiometry of complexes using (i) mole ratio method, and (ii) 

continuous variation method (Job’s plot), (b) determination of binding constant using Benesi-

Hildebrand equation (UV-vis and fluorescence spectroscopy), (c) determination of quantum 

yield, (d) time-resolved fluorescence lifetime measurements, (e) determination of dehydration 

kinetics of simple oxalate hydrates by TGA and DSC (f) synthesis of semiconductor particles 

(ZnO or TiO2 ) and determination of band gap using Tauc plot method, and (g) spectral analysis 

of organic compounds (IR, NMR, Mass Spectrometry) 

(Minimum 4 experiments to be conducted and recorded) 

Section C 

Separation techniques using (i) solvent extraction, (ii) ion-exchange, (iii) paper 

chromatography, (iv) thin layer chromatography, and (v) column chromatography. 
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Estimation of pharmaceutical samples (i) paracetamol, and (ii) aspirin 

(Minimum 3 experiments to be conducted and recorded) 

Section D 

Computational modeling of simple organic and inorganic molecules - Geometry optimization, 

electron density, molecular orbitals, IR, UV-vis, NMR parameters. 

 

REFERENCES 
1. A.I. Vogel, A Textbook of Practical Organic Chemistry, ELBS. 
2. Fiester, Experiments in Organic Chemistry. 
3. Mann and Saunders, practical Organic Chemistry. 
4. Dey. Sitaraman and Govindachari, A Laboratory Manual of Organic Chemistry. 
5. Cheronis and Fatrikin, Semi-micro-organic analysis. 
6. P.G. Singh, D.S. Gupta and K.S. Bajpal, Experimental Organic Chemistry, Vols. I and II, 
1980. 
7. R. Srinivasan, Ed. Photochemical Synthesis Vols. I and II. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 



Research Methodology for Chemistry 
A. RESEARCH METHODOLOGY  

Chapter I:  Methods and types of Research in Chemical Sciences 

Research methods vs Methodology. Types of research – Descriptive vs. Analytical, 
Applied vs. Fundamental, Quantitative vs. Qualitative, Conceptual vs. Empirical. Research 
proposals- design and components. Major areas of research in Chemical Sciences and 
their technical details. 

Chapter II: Literature review 

Defining and formulating the research problem - Selecting the problem - Necessity of 
defining the problem - Importance of literature review in defining a problem – Literature 
review – Primary and secondary sources – reviews, treatise, monographs-patents – web 
as a source – searching the web - Critical literature review – Identifying gap areas from 
literature review - Development of working hypothesis.  

Chapter-III - Research design and methods as applied to Chemical Sciences  

Experiment design- monitoring- laboratory safety- Laboratory notebook keeping- data 
collection-coding of samples and experiments- storage of samples- Hypothesis-testing - 
Generalization and Interpretation. Major advances in Chemical Sciences that have 
become textbook knowledge. 

Chapter IV: Reporting, documentation and presentation 

Structure of research reports- technical reports and thesis-publication writing-
presentation of raw and processed data-Bibliography- Plagiarism - Citation and 
acknowledgement Oral presentations-visual aids 

References  

1. Garg, B. L., Karadia, R., Agarwal, F. and Agarwal, U.K. An introduction to Research 
Methodology, RBSA Publishers, 2002. 

2. Kothari, C.R., Research Methodology: Methods and Techniques. New Age 
International. p 418, 1990. 

3. Trochim, W.M.K. Research Methods: the concise knowledge base, Atomic Dog 
Publishing. P. 270, 2005. 

Additional reading  

1. Anthony, M., Graziano, A.M. and Raulin, M.L. Research Methods: A Process of 
Inquiry, Allyn and Bacon. 2009 

2. Coley, S.M. and Scheinberg, C. A., "Proposal Writing", Sage Publications. 1990 
3. Day, R.A. How to Write and Publish a Scientific Paper, Cambridge University Press. 

1992. 
4. Fink, A. Conducting Research Literature Reviews: From the Internet to Paper. Sage 

Publications, 2009. 
5. Advanced Chemistry textbooks also prescribed. 
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