
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

SEMESTER-III 

PHYSICAL CHEMISTRY 



 

M.Sc. (Final) Physical Chemistry Syllabus 

Semester-III, Course Code: PCH 301 

Paper-I: Advanced Chemical Kinetics and Physical Chemistry of Polymers 
(w.e.f. 2024-25 admitted batch) 

 

 
Chemical Kinetics-I: (15 hrs) 

Theories of unimolecular gas phase reactions - Lindemann hypothesis - Hinshelwood treatment - 
Reactions in solutions - Kinetic Isotope effect - Linear free energy relationships - Hammett equation - 

Okamato-Brown Equation - Taft Equation; Chain Reactions H2-Cl2, H2-Br2 and H2-O2 reaction - 

Explosion limits. 

Chemical Kinetics-II: (15 hrs) 

Complex reactions - Consecutive - Parallel and Opposing reactions - Equilibrium and Steady state 
technique - Michalies-Menten Models. Flow and relaxation Technique for fast reactions - NMR 
methods determining exchange rates. 

Polymers-I: (15 hrs) 

Characteristics of macromolecules (addition & condensation of polymerization), degree of 
polymerization. Shapes of macro - molecules, bulk, solution and emulsion polymerization - Co- 
Polymerization, block and graft copolymers, Ziegler natta catalysis. The structure and properties of 
polymers- Crystallinity. Glass-transition temperature. 

Polymers-II: (15 hrs) 

Interaction of polymers and liquids - Flory - Huggins treatment and its limitation, 
Fractionation,Viscosities of polymer solutions, Synthesis and properties of polyesters, polyamides 
polyurethanes, polystyrene and bakelite. Determination of molecular Weights of polymers by 
osmometry, light scattering. Ultra centrifuge and Viscometry. 

Reference Books: 

1. Chemical Kinetics by Laidler. 

2. Physical Organic Chemistry by Wiberg. 

3. Kinetics and Mechanism by Frost and Pearson. 

4. Molecular connectivity in Chemistry and Drug Research L.B.Kier and L.H.Hall Academic 

press,1976. 

5. Chemical Kinetics -The study of Reaction Rates in solution -Kenneth A. CANNORSV- 

VCH Publishers. 

6. An introducer to polymer Chemistry -W.R.Moore. 

7. Introduction to polymer Chemistry -R.B.Seymour. 



M.Sc. (Final) Physical Chemistry Syllabus 

Semester-III, Course Code: PCH 301 

Paper-I: Advanced Chemical Kinetics and Physical Chemistry of Polymers 
(w.e.f. 2024-25 admitted batch)  

 

BLUE PRINT 
 

 

 
 

 
 

S.No 

 
 

Unit No. 

 
 

Unit Name 

 
Essay 

Questions 

(10 M) 

 
Short 

Questions 

(4 M) 

 
Total 

Questions 

1 I Chemical kinetics-I  

2 
 

2 
 

4 

2 II Chemical kinetics-II  

2 
 

2 
 

4 

3 III Polymers-I  

2 
 

2 
 

4 

4 IV Polymers-II  

2 
 

2 
 

4 

Total Questions  

8 
 

8 
 

16 



M.Sc. (Final) Physical Chemistry Syllabus 

Semester-III, Course Code: PCH 301 

Paper-I: Advanced Chemical Kinetics and Physical Chemistry of Polymers 
(w.e.f. 2024-25 admitted batch)  

 

 

Model Question paper 

 
Time 3 hours Max Marks: 60 

Section-A 

Answer ALL Questions (4x10=40 Marks) 

1. Write a short note on the following: 

i) Theories of uni molecular gas phase reactions 

ii) Hinshelwood treatment 

 

Or 
 

2. Write about the chain reactions H2-O2 

3. Write about the following: 

i) Consecutive reactions ii) Parallel reactions 

Or 

4. Write about various NMR methods in determining exchange rates 

5. Write about the following 

i) Distinguish between condensation and addition polymers 

ii)Write about solution and emulsion polymerisation 

Or 

6. Write a short note on the following: 

i) Co polymerisation. ii) Ziegler Natta catalysis 
7. Write about Flory-Huggins treatment and its limitation. 

Or 

8. Write about the determination of molecular weights of polymers by osmometry and Viscometry. 

SECTION-B 

Answer Any FIVE Questions (5 x 4 = 20 M) 

9. Write about Taft Equation. 

10. Write about explosion limits. 
11. Write about steady rate technique. 

12. What about Michalies Menten model. 

13. Write about graft copolymers. 
14. Write about the properties of polymers. 

15. Write about viscosities of polymer solutions. 

16. Write about the properties of polyesters. 



M.Sc. (Final) Degree Examination 

Semester-III, Course Code: PCH302 

Paper II: Quantum Chemistry -II and Chemical Applications of Symmetry 

and Group Theory 
(w.e.f. 2020-21 admitted batch) 

 

 
 

Quantum chemistry–I  (15 hrs) 

Wave mechanics of simple systems -Systems with discontinuity in the Potential field -Quantum Mechanical 

tunnelling effect -potential barrier with finite thickness. 

Wave mechanics of systems with variable potential energy - Harmonic Oscillator - Hermite polynomials - 
recursion formula -Energy levels of three-dimensional harmonic oscillators - degeneracy of the energy 

levels. 

Quantum chemistry–II (15 hrs) 

Hydrogen like atoms -Solutions of the wave equation -solution of R(r), ɵ (ɵ) and Ø (Ø) equations - Shapes 

of atomic orbitals - Space quantization of electronic orbitals. 

Angular momentum - Commutation relations - Commutation with Hamiltonian-Spin- Orbit interaction - 

Vector model of the atom. 

Group theory-I: (15 hrs) 

Representation - reducible and irreducible representations - Orthogonality theorem and its consequences - 

Constructions of Character table for C2v and C3v point groups - Wave functions as bases for irreducible 
representations - Direct Product 

Hybridization scheme for ABn type of molecules - AB3, AB4, AB5 and AB6 under point groups D3h D4h, Td, 

C4v and Oh. 

Group theory-II: (15 hrs) 

Symmetry selection rules for I.R. and Raman activity - transition moment integral - application of direct 

product. 

Determination of symmetries of total degrees of freedom: Calculation of Character per unshifted atom for 

different symmetry operations and evaluation of SF6. 

Determination of symmetries of I.R. and Raman active vibrational modes for different molecules SO2, NO2, 

CCl4, POCl3, PCl5 and SF6. Accidental degeneracy and Fermi Resonance. 

Recommended Text Books: 

1. Chemical Applications of Group Theory, F. A. Cotton Wiley Eastern Limited, New Delhi. 

2. Group Theory and its Applications to Chemistry, K. V. Ramana, Tata McGraw- Hill Publishing 

Company Limited New Delhi. 

3. Introductory Quantum Chemistry, A. K.Chandra, TATA MCGRAW-HILL Publishing Company 

Ltd., New Delhi. 

4. Quantum Chemistry, Iran Levine, Pearson Education. Theoretical Chemistry, S. Glasstone. 



 

M.Sc. (Final) Degree Examination 

Semester-III, Course Code: PCH302 

Paper II: Quantum Chemistry -II and Chemical Applications of Symmetry 

and Group Theory 
(w.e.f. 2024-25 admitted batch) 

 

 
 

 BLUE PRINT 
 

 

 
 

 
 

S.No 

 
 

Unit No. 

 
 

Unit Name 

 
Essay 

Questions 

(10 M) 

 
Short 

Questions 

(4 M) 

 
Total 

Questions 

1 I Quantum chemistry-I  

2 
 

2 
 

4 

2 II Quantum chemistry-II  

2 
 

2 
 

4 

3 III Group theory-I  

2 
 

2 
 

4 

4 IV Group theory-II  

2 
 

2 
 

4 

Total Questions  

8 
 

8 
 

16 



 

M.Sc. (Final) Degree Examination 

Semester-III, Course Code: PCH302 

Paper II: Quantum Chemistry -II and Chemical Applications of Symmetry 

and Group Theory 
(w.e.f. 2024-25 admitted batch) 

 

Model Question paper 
Time 3 hours Max Marks: 60M 

Section-A 

 
Answer ALL Questions (4x10=40 M) 

1. Write a note on Quantum mechanical tunnelling effect. 

Or 

2. Write about the following: 

i) Degeneracy of the energy levels, ii) Hermite polynomials 

3. Write about the following: 

i) Space quantization of electronic orbitals, ii) Vector model of the atom 

Or 

4. Write about commutation with Hamiltonian-Spin-Orbit interaction. 

5. Write about the great orthogonality theorem and its consequences. 

Or 

6. Write about Direct Product 

7. Write about symmetry selection rules for I.R. and Raman activity. 

Or 
8. Write about accidental degeneracy and Fermi Resonance 

 

SECTION-B 

Answer Any FIVE Questions (5 x 4 = 20 M) 

 
 

9. Write about wave mechanics of simple systems. 

10. Write about recursion formula. 

11. Draw the shapes of p and d orbitals. 

12. What about angular momentum. 

13. Write about irreducible representations. 

14. Draw the character table of C2v point group 

15. Write about different symmetry operations. 

16. Write about the symmetries of total degrees of freedom. 



 

M.Sc. (Final) Physical Chemistry Syllabus 

Semester-III, Course Code: PCH 303 

Paper-III: Statistical Thermodynamics and Solution Equilibria of Proton Ligand 

Complexes 

(w.e.f. 2024-25 admitted batch) 

 
Unit-I Statistical thermodynamics-I: (15 hrs) 

Statistical mechanics: Ensembles (Canonical and micro canonical)-Basic definition 

distribution and microstates, thermodynamic probability. The classical distribution laws. The 

Maxwell 

- Boltzmann distribution law, method of lagrangian multiplies, indistinguishable particles, quantum 

statistics - Bose -Einstein and Fermi Dirac Statistics, Conditions for the applicability of Maxwell - 

Boltzmann statistics, Bose - Einstein statistics and radiation 

Unit-II Statistical thermodynamics-II (15 hrs) 
 

Statistical thermodynamics: Partition function. Thermodynamics functions from partition 

functions for multiple degree of freedom, theories of heat capacities of solids, statical evaluation of 

entropy, comparison of statistical values with third law entropies (thermal entropies). 

Unit III Solution Equilibria-I (15 hrs) 
 

Gran analysis of acid base titrations -Determination of Carbonate content and correction 

factors for PH meter dial readings; Secondary formation function nbarh; Calculation of stability 

constants of proton ligand complexes -successive approximation method -half nbarh method; 

Simulation of pH metric titration data for proton -ligand systems. 

Unit IV Solution Equlibria-II (15 hrs) 
 

Prediction of proton -ligand formation constants using Molecular mechanics/ Quantum 

Chemical methods; Effect of solvent on stability - Abraham multilayer model -LD model; 

Components of expert systems - knowledge base, inference engine and user interface. 

Reference Books: 
 

1. M.T.Beck,Complex Equilibria,1991 

2. Alcock,solution Equilibria,1992 

3. Richard E. Dickerson,Molecular Thermodynamics 

4. S.Glasstone, Theoretical Chemistry 

5. S.Glasstone,Thermodynamics for Chemists 

6. C.Andrews, Equilibrium Statistical Mechanics 

7. Davies, Thermodynamics 

8. Yeremin, Thermodynamics 

9.J. Rajaram, and T.C. Kuriacose, Thermodynamics for student of chemistry. 



M.Sc. (Final) Physical Chemistry Syllabus 

Semester-III, Course Code: PCH 303 

Paper-III: Statistical Thermodynamics and Solution Equilibria of Proton Ligand 

Complexes 

(w.e.f. 2024-25 admitted batch)  
 

 

 

BLUE PRINT 
 

 

 
 

 
 

S.No 

 
 

Unit No. 

 
 

Unit Name 

 
Essay 

Questions 

(10 M) 

 
Short 

Questions 

(4 M) 

 
Total 

Questions 

1 I Statistical 

thermodynamics-I 

 

2 
 

2 
 

4 

2 II Statistical 

thermodynamics-II 

 

2 
 

2 
 

4 

3 III Solution equilibra-I  

2 
 

2 
 

4 

4 IV Solution equilibra-II  

2 
 

2 
 

4 

Total Questions  

8 
 

8 
 

16 



M.Sc. (Final) Degree Examination 

Semester-III, Course Code: PCH303 

Paper-III: Statistical Thermodynamics and Solution Equilibria of Proton Ligand 

Complexes 

(w.e.f. 2024-25 admitted batch) 

 

 

 

Model Question Paper 
Time: 3 Hours Max. Marks: 60 M 

 

SECTION-A 
 

Answer ALL questions 4 X 10 = 40 M 
 

1. Write the main features of Bose Einstein and Fermi Dirac Statistics. Highlights of the 

differences between them. 

(OR) 

2. Explain the Lagrange method of undetermined multipliers. Derive Boltzmann distribution law. 

3. Describe the theories of heat capacities based on statistical thermodynamics. 

(OR) 

4. What are partition functions? How thermodynamic functions are calculated from partition 

functions ? 

5. Give an account of experimental determination of ñH . How do you determine formation 

constants of proton ligand equilibria using ñH. 

(OR) 

6. Describe the procedure for simulation of experimental titration data using formation constant of 

equilibrium. 

7. Explain how the proton-ligand formation constants are predicted using quantum mechanical 

methods. 

(OR) 

8. What are expert systems? Explain the functions of all components of the expert system. 

 
SECTION-B 

 

Answer any FIVE questions from the following 5 X 4 = 20M 

 
9. What is meant by ensembles? What is its usefulness in statistical thermodynamics? 

10. Define distribution law and microstates. 

11. Derive an expression for translational partition function. 

12. Derive an expression for enthalpy using partition functions. 

13. What is pH correction factor? How is it determined by Gram method? 

14. Explain half ñH method. 

15. Explain LD model of salvation. 

16. Write a note on Abraham multiplier model to find out the effect of solvent on stability. 



M.Sc. (Final) Physical Chemistry Syllabus  

Semester-III, Course Code: PCH304  

Paper -IV: Instrumentation-I 

(w.e.f. 2024-25 admitted batch)  
 

UNIT-I      Spectrophotometry (15 hrs) 

Spectrophotometry - deviations from Beer - lamberts law Instrumentation -Errors in 

Spectrophotometry - photometric titrations composition and stability constants of mononuclear 

complexes by linear extrapolation methods. Fundamental principles of Fluorescence spectroscopy and 

basic instrumentation of spectrofluorimeter. 

UNIT -II        Chromatogaphic Methods (15 hrs) 
 

Chromatographic methods - Ion exchange chromatography separation of transition metal ion 

- solvent extraction - partition coefficient - distribution ratio - classification of solvent extraction 

systems and evaluation of formation constants and applications Gas liquid Chromatography principal 

- Instrumentation - retention time - retention volume - Elementary principles of HPLC and 

hyphenated instruments. 

UNIT –III Spectroscopy (15 hrs) 
 

Techniques and instrumentation of IR, Microwave and Raman. Theory and instrumentation 

atomic absorption spectroscopy - atomic emission spectroscopy with ICP source - Elementary 

principles of laser mass spectrometry. 

UNIT - IV        Polarography (15 hrs) 

Polarography - Introduction - types of currents - qualitative and quantitive aspects of polarography - 
analytical applications to organic and inorganic compounds - Evaluation of stability constants by 
deford and hume method - amperometric titrations. Principles of thermo gravimetry - Apparatus and 
working, Differential methods of analysis – principle, factors affecting DTA curve. Application of 
DTA. 

Reference Books: 
 

1. Quantitative Analysis - R.A.Day and A.L.Underwood 

2. Quantitative Inorganic Analysis - A. I. Vogel 

3. Spectroscopy S.Walker and Straw Volumes I, II and III 

4. Instrumental Methods of Chemical Analysis - Kudesla Snwheny (Pragati Prallesan Meerut) 

1988. 
5. Instrumental Techniques for Analytical Chemistry-Frank settle (Pearson Edition)2004. 



M.Sc. (Final) Physical Chemistry Syllabus 

 Semester-III, Course Code: PCH 304  

Paper -IV: Instrumentation-I 

(w.e.f. 2024-25 admitted batch)  
 

 

BLUE PRINT 
 

 

 
 

S.No 

 
 

Unit No. 

 
 

Unit Name 

 
Essay 

Questions 

(10 M) 

 
Short 

Questions 

(4 M) 

 
Total 

Questions 

1 I Spectrophotometry  

2 
 

2 
 

4 

2 II Chromatographic 

Methods 

 

2 
 

2 
 

4 

3 III Spectroscopy  

2 
 

2 
 

4 

4 IV Polarography  

2 
 

2 
 

4 

Total Questions  

8 
 

8 
 

16 



M.Sc. (Final) Physical Chemistry Syllabus 

 Semester-III, Course Code: PCH 304  

Paper -IV: Instrumentation-I 

(w.e.f. 2024-25 admitted batch)  
 

 

 

Model Question Paper 

Time: 3Hours Max. Marks: 60M 

Section – A 

Answer All Questions 4x10=40 M 

1. Describe the theory instrumentation and working principle of spectrofluorimeter. 

(OR) 

2. Explain any method in which composition of mono nuclear complexes is obtained by 

spectrometry. 

3. Discuss the Principle instrumentation and applications of gas – liquid chromatography. 

(OR) 

4. Discuss the principle involves in High pressure liquid chromatography and basic 

instrumentations. 

5. Discuss the basic principle of microwave spectroscopy and its applications. 

(OR) 

6. Write on the principle involved in Raman spectroscopy and the basic instrumentation. 

7. Describe the analytical applications of polarography. 

(OR) 

8. Discuss the instrumentations principle and applications of different thermal analyser 

(DTA) 

 

Section – B 

Answer any five questions 5x4=20 M 

9. Discuss the reasons for deviation of Beer law is sandals sensitivity range. 

10. Write note on photometric titrations. 

11. Explain the uses of ion exchange chromatography in separation of transition metal ions. 

12. Explain the term partition co efficient and time. 

13. Explain various components of atomic adsorption spectrophotometer. 

14. Write about radiation sources and detectors used in different regions of Infrared 

spectroscopy 

15. What are the different types of currents in polarography 
16. Discuss the importance of thermogravimetry in devising gravimetric methods. 



M.Sc. (Final) Physical Chemistry Practical Syllabus 

Semester-III, Practical Code: PCH 305 

Practical-I: Chemical Kinetics-I 

(w.e.f. 2024-25 admitted batch) 

 

 

 

1. Saponification of ester 

2. Ester hydrolysis on effect of temperature 

3. Effect of ionic strength on persulphate iodine solution 

 

SCHEME OF VALUATION 
 

Time: 3 Hours Total: 100 Marks 

 

 
Internal Practical: 40M  

External Practical: 60M (Record: 10 M, Practical: 50M) 

 
M.Sc. (Final) Physical Chemistry Practical Syllabus 

Semester-III, Practical Code: PCH 306 

Practical-I:Instrumentation-I 

(w.e.f. 2024-25 admitted batch) 

 

 
 

1. Conductometric titration of mixture of acids 

2. Determination of mn(VII) and V(V) by using Fe (II) potentiometrically 

3. Determination of ce(IV) and V(V) by using Fe (II) potentiometrycally 

4. Determination of HCL by pH meter 

5. Determination of acetic acid by pH meter 

 

 

SCHEME OF VALUATION 
 

Time: 3 Hours Total: 100 marks 

 

 
Internal Practical: 40M  

External Practical: 60M (Record: 10 M, Practical: 50M) 

 
Project Work: 100 Marks                  (                             Dissertation: 50 Marks VivoVoice: 50 Marks) 



 

 

 

 

 

 

 

 

 

 

 

 

 

SEMESTER-IV 

PHYSICAL CHEMISTRY 



 

M.Sc. (Final) Physical Chemistry Syllabus  

Semester-IV, Course Code: PCH 401 

Paper-1; Advanced Chemical Kinetics and Photochemistry 

(w.e.f 2024-25 admitted batch) 

 

Unit-I: Chemical Kinetics–I 15 hrs 

 

Correlation analysis – Marcus theory of electron transfer adiabatic electron transfer – 

outer and inner sphere mechanism – effect of solvent on rates – effect of dielectric constants 

on ion-ion-molecule, molecule-molecule reaction-BET isotherm determination of surface 

area – semiconductor analysis – homogeneous catalysis –acid base and redox catalysis 

 
Unit-II: Chemical Kinetics – II 15 hrs 

Correlation of rate with Ho HR, acidity functions and their use in the illustration of 

mechanism in acid base catalysis – catalysis by transition metal ions and their complexes – 

industrially important processes –substitution reaction in octahedral complex 

 
Unit-III: Photochemistry– I 15 hrs 

 
Photochemistry: Absorption excitation – photochemical laws – quantum yields of 

electronically excited states – measurements of lifetimes – flash photolysis – stopped flow 

technique : energy dissipaties by radiative and non-radiative processes, adsorption, spectra – 

Franck – Condon principle , photochemical stages – primary processes and secondary 

processes – rate constants and lifetimes of reactive excited states 

 
Unit-IV: Photochemistry – II 15 hrs 

 
Properties of excited states: structure, dipolemoment - acid base strengths - 

reactivity, kinetics of bimolecular process- quenching sterm volmer equation, photo 

reduction and oxidation, cyclo addition reaction, wood – ward – Hoffmann’s rules 

 

Reference Books 

 

1. Chemical Kinetics by Laidler 

2. Physical Oraganic chemistry by Wiberg. 

3. Kinetics and mechanism by Frost and Pearson. 

4 Techniques in organic reaction mechanism by Zuman and Patel. 

5. Chemical Kinetics – The study of Reaction rates in solution – Kenneth-A.Connors-VCH 

publishers. 

6. Fundementals of Photochemistry- K.K.Rohatgi-Mukhaerjee. 

7. Photochemistry - Cox and Kemp. 

8. Photochemistry- Calvert by Pitts, 



M.Sc. (Final) Physical Chemistry Syllabus  

Semester-IV, Course Code: PCH 401 

Paper-1; Advanced Chemical Kinetics and Photochemistry 

(w.e.f 2024-25 admitted batch)  
 

BLUE PRINT 
 

 

 
 

 

S.No 

 
Unit 

No. 

 

Unit Name 

Essay 

Questions 

(15 M) 

Short 

Questions 

(3 M) 

 
Total 

Questions 

1 I UNIT-I 
2 2 4 

2 II UNIT-II 
2 2 4 

3 III UNIT-III 
2 2 4 

4 IV UNIT-IV 
2 2 4 

Total Questions 
8 8 16 



M.Sc. (Final) Physical Chemistry Syllabus  

Semester-IV, Course Code: PCH 401 

Paper-1; Advanced Chemical Kinetics and Photochemistry 

(w.e.f 2024-25 admitted batch)  
 

Model Question Paper 

Time: 3 Hours Max. Marks: 60 M 

SECTION-A 

Answer ALL questions. (4 x10 = 40 M) 

 

1. Explain the determination of surface area by BET isotherm. 
 

(OR) 

2. Discuss homogeneous catalysis. 
 

3. Explain correlation of rate with Ho,HR. 

(OR) 

4. Discuss acidity function and their use in the illustration of mechanism in acid base 

catalysis. 
 

5. Discuss frank condon principles. 

 

6. Explain stopped flow techniques. 

 
(OR) 

 

 

7. Discuss the reactivity and kinetics of bimolecular processes. 

 

(OR) 

8. Explain wood ward Hofmann‘s rules 

 

SECTION-B 

 

Answer any FIVE questions (5 x 4 = 20 M) 

 

9. Give an account on molecule – molecule reactions. 

10. Write a short note on redox catalysis. 

11. Write industrial importance of acid base catalysis. 

12. Define substitution reaction and explain with an example. 

13. Give an account on measurements of life times. 

14. Write short notes on flash photolysis. 

15. Give an account on reactivity of bi-molecular reactions. 

16. Write a brief note on Quenching. 



M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 402 

Paper –II: - Quantum Chemistry-III, Numerical Methods for Chemists and Computer 

Programming 

(w.e.f 2023-24 admitted batch) 
 

  

Unit-I: Quantum chemistry–I: 15 Hrs 
 

Approximation methods –variation methods its applications- ground state energy of helium 

atom – ground state energy of one dimentional harmonic oscilater,perturbation theory –time 

independent perterbation theory-first order and second order approximatin stark effect- 

calculation of first order and second order perterbation effects on simple systems,time 

dependent perterbation-interaction of matter with radiation, zeeman effect-derivation of 

fermis golden rule. 

Unit-II: Quantum Chemistry–II: 15 hrs 
 

Born-oppenheimer appraximation the lcao appraximation –correlaton diagrams-hartee-fock 

self cansistant field method. Chemical bonding in poly atomic molecules-hybrid orbitals- 

huckel theory of linear conjugated system and cyclic conjugated molecules aromaticity 

calculation of delocalization energy of symple conjugated system. 

Unit-III: Numerical Methods: 15 hrs 
 

Precision and Accuracy, Determinate and indeterminate errors, computational errors and 

rounding off errors, algorithm errors-absolute and relative errors-Error propagation. 

Measures of Dispersion – range, arithmetic mean, mean deviation variance and standard 

deviation – movements – skewness and kurtosis. 

Interpolation: interpolation for linear fit, linear interpolation in non-linear fit6, polynomial 

interpolation – Lagrange interpolation formula – Application to complex equilibria. 

Numerical techniques of solving ordinary first order differential equations: - Euler ‘s method, 

Predictor-corrector method, Rungae Kutta method-application to chemical kinetics. 

Unit-IV: Programming: 15 hrs 
 

Introduction to computer programming- FORTRAN 77: Basic structures and functioning of 

computer with P.C. as an illustrative example- Main memory- Secondary storage memory- 

input/output devices- computer languages- operating systems- principles of algorithms-and 

flow charts-constants and variables- Arithmetic expressions- Arithmetic statements 

Replacement statement- IF statement- logical IF and BLOCK IF statements- GOTO 

statements-subscripted variable and DIMENSION statement. DO statement- Rules for DO 

statement- Functions and subroutines- Development of FORTRAN statements for simple 

formulae in chemistry such as Vander Waals equation- pH of a solution- First order rate 

equation- Cell constant-Electrode potential. Flowcharts and computer programs for 

a) Program for the calculation of Cell Constant, Specific Conductance and Equivalence. 
 

b) Rate Constant of First order reaction or Beer‘s law by linear least square method. 
 

c) Hydrogen ion concentration of a strong acid solution/Quadratic equation. 



 

d) Solution for Vander Waals equation or Hydrogen ion concentration of a monoprotic weak 

acid 

e) Standard deviation and Variance of univariant data 

 

 

RECOMMENDED TEXT BOOKS: 

1. Introductory Quantum Chemistry, A.K.Chandra, TATA McGRAW-HILL 

Publishing company Ltd., New Delhi. 

2. Quantum Chemistry, Iran Levine, Pearson Education. 

3. Theoretical Chemistry, S.Glastone 

4. Computer programming in Fortan-IV by V.Rajaraman, Prentice-Hall of India 

Pvt. Ltd., New Delhi. 



M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 402 

Paper –II: - Quantum Chemistry-III, Numerical Methods for Chemists and Computer 

Programming 

(w.e.f 2024-25 admitted batch) 
 
 

BLUE PRINT 
 

 

 
 

 
S.No 

 

Unit 

No. 

 
Unit Name 

Essay 

Questions 

(15 M) 

Short 

Questions 

(3 M) 

 

Total 

Questions 

1 I Quantum 

chemistry-I 
2 2 4 

2 II Quantum 

Chemistry-II 
2 2 4 

3 III Numerical Methods 
2 2 4 

4 IV Programming 
2 2 4 

Total Questions 
8 8 16 



M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 402 

Paper –II: - Quantum Chemistry-III, Numerical Methods for Chemists and Computer 

Programming 

(w.e.f 2024-25 admitted batch) 
 

 

Model Question Paper 

Time:3Hours Maximum:60 Marks 
 

SECTION-A 
 

Answer ALL questions. (4x10=40 M) 
 

1. Discuss the time independent perturbation for first and second order 

approximation. 

(OR) 

2. Explain The applications of variation method for ground state energy of one 

dimensional harmonic oscillator. 

 

3. Explain (i)Hartree-fock self consistent field method. 

(ii)How do you calculate the delocalization energy of simple conjugated system. 

(OR) 

4. Explain (i) Born-oppenheimer approximation 
( ii) Chemical bonding in polyatomic molecules. Hybrid orbitals. 

(OR) 

5. Explain i) Runge-kutta method 

ii) Eulers method 

iii) Predictor-corrector method 

(OR) 

6. i) Describe the measures of dispersion 

ii) Absolute and relative errors 

7. Discuss the significance of flow charts. Write flow chart and computer 

programming for the calculation of rate constant for first order reaction 

(OR) 

8. Write the general form and functioning of the following statement 
(i) Block IF 

(ii) DIMENTION 

(iii) GOTO 

 

SECTION-B 

Answer any FIVE of the following (5X4=20 M) 

 

9. Write the derivation of the fermis golden rule. 

10. Describe the stark effect 

11. Explain Huckel theory for linear conjugated system. 

12. Write a note on LCAO approximation 

13. Write the Fortran Program for the calculation of Cell Constant 

14. Define determinate errors and indeterminate errors 

15. Write a note on input and output statements 

16. Calculate the charge density in linear  conjugate system 



M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 403 

Paper –III Advanced Thermodynamics and Solution Equilibria of Metal –Ligand 

Complexes 

(w.e.f 2024-25 admitted batch)  

UNIT-I (15hrs) 

Thermodynamics and phase changes –Free energy and meaning of phase changes, 

calculation of phase equilibrium curves, Pressure as a measure of escaping tendency, single 

components phase diagrams, free energy diagrams and the critical point, first and second 

order transitions, partial molar quantities and their determination, chemical potential and 

phase rule. Thermodynamics of chemical reactions, Real gases and fugacity as its 

determination from PVT data. 

UNIT-II (15hrs) 
 

Thermodynamics of living systems: Simultaneous coupled reactions, coupled reactions 

and metabolism free energy utilization, free energy utilization in metabolism, citric acid 

cycle, Terminal oxidation, chain aerobic metabolism. Elementary aspects of non-equilibrium 

thermodynamics conservation of mass and energy –entropy production and flow in open 

system – Onsagar theory- principles of microscopic reversibility. 

UNIT-III (15hrs) 
 

Calvin Wilson Titration Techniques foe metal ligand complexes- hydroxylated 

complexes stability constant by martell method – Laden procedure. Solution of non – linear 

function of two variables- Algorithm of MINIQUAD programme- criteria of best fit model 

input/output. 

UNIT-IV (15hrs) 
 

Prediction of metal ligand stability constants – Irwing and William order. Neutral 

networks – Processing element, Transfer function, Training algorithm- BFGS, 

MAFQUARDT and back propagation. Multi-layer perception and radial basis function NN‘s. 

Features of Trajan software- Input Output – Intelligent problem solver. 

Suggested Books 
 

1. M.T.Beck, Complex Equilibria,1991 

2. Alcock, Solution Equilibria,1992 

3. Neural Networks systems Techniques andApplications-Clornelices T.Leondes;vol-I: 

Algorithms and Architectures. 

4. S.Glasstone, Theoretical Chemistry 

5. S.Galsstone, Thermodynamics for chemists 

6. C.Andrews, Equilibrium Statistical Mechanics. 

7. Davies, Thermodynamics 



 

M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 403 

Paper –III Advanced Thermodynamics and Solution Equilibria of Metal –Ligand 

Complexes 

(w.e.f 2024-25 admitted batch) 

 

BLUE PRINT 

 

 

 

S.No 

 
Unit 

No. 

 

Unit Name 

 

Essay 

Questions 

(15 M) 

 

Short 

Questions 

(3m) 

 
Total 

Questions 

1 I UNIT-I 
2 2 4 

2 II UNIT-II 
2 2 4 

3 III UNIT-III 
2 2 4 

4 IV UNIT-IV 
2 2 4 

Total Questions 
8 8 16 



 

M.Sc. (Final)Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 403 

Paper –III Advanced Thermodynamics and Solution Equilibria of Metal –Ligand 

Complexes 

(w.e.f 2024-25 admitted batch) 

 

 

Model Question Paper 

Time: 3 Hours Max. Marks: 60 M 

SECTION-A 

Answer ALL questions. (4 x10 = 40 M) 

i. Discuss 

i) Calculation of phase equilibria curves. 

ii) Thermodynamics of chemical reactions. 

(OR) 

2. Define partial Molar quantity and explain how do you determine partial Molar 

quantity. 

3. Describe the Onsager theory-principles of microscopic reversibility. 

(OR) 

4. Explain Citric acid cycle and free energy utilization in it. 
5. Describe the hydroxylated complexes stability constants by Martell method- 

Laden‘s procedure. 

(OR) 

6. Discuss 

i) Best-Fit Model 

ii) Calvin Wilson titration. 

7. i) Explain the NN‘s features of Trajan software. 

ii) Write about multi-layer perception. 

(OR) 

8. Discuss 

i) MAFQUARDT 

ii) Back propagation 

iii) BFGS 

 

SECTION-B 

Answer any FIVE questions (5 x 4 = 20 M) 

 

9. Write a note on fugacity of gases. 

10. Explain, how pressure as a measure of escaping tendency. 

11. Discuss the chain aerobic metabolism. 

12. Explain elementary aspects of non-equilibrium thermodynamics. 

13. Discuss, how do you determine stability constants using formation constant. 

14. Write about Algorithm of MINI QUAD. 

15. Describe in brief about Neutral Networks. 

16. Write a note on prediction of metal-ligand stability constant. 



 

M.Sc. (Final) Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 404 

Paper –IV Spectroscopy 

(w.e.f. 2024-25 Admitted Bath) 

 

UNIT-I (15hrs) 
 

Rotational (Microwave) Spectroscopy – The rotational energies of polyatomic molecules – 

Rotational selection rules for linear molecules – symmetric top – Asymmetric top molecules 

– degeneracy of rotational energy levels – The stark effect in molecular rotational spectra – 

Molecular Rotation – Nulcear spin coupling – Application of Rotation Sepctra – 

Determination of Inter Nuclear distance – Moment of Inertia and Dipolemoment. The 

vibrations of polyatomic molecules infrared spectroscopy – simple harmonic and anharmonic 

vibrations Born – open himer approximation – Normal modes of vibrations – fundamental 

modes – vibration coupling – over tones and combination bands – interpretation of infrared 

spectra group frequencies - applications of infrared studies to organic and Inorganic 

compounds in the liquid state. 

UNIT-II (15hrs) 
 

Rotation vibration spectra – selection rules and transitions for the rigid rotator – 

harmonicoscillator model – parallel and perpendicular bands of linear and symmetric top 

molelcules – Raman active fundamental– Criterian for their appearance – Rotational and 

vibrational Raman and Infrared studies –AB2,AB3 type molecules – correlation of infrared 

and Raman spectra. 

UNIT-III (15hrs) 
 

ESR spectroscopy – the resonance condition – anisotropy in g-factor due to spin-orbit 

coupling – Theory and applications of ESR method – Crystallin solids – free radicals in 

solutions – other aspects of ESR studies – Interpretation of ESR spectra of typical radicals 

and ion like Mn+2, Cr+3, Zn+2, CU+2 photolysis of water – alcohol system – nitrobenzene, etc. 

Hyperfine interactions in the following systems. P-Benzoquinone – (semi) napthline radical 

anion and anthracene radical anion. 

UNIT-IV (15hrs) 
 

NMR spectroscopy – Introductory principles – Types of environmental effects – chemical 

shifts and shielding – effect of chemical exchange on spectra – some application of NMR 

spectra – Determination of quadrupole interactions – Nuclear spin – spin interaction by 

means of bonding electrons – an elementary study of isotopes other than proton – Fluroine - 

19, phosphorous-31, Carbon-13, Boron-11. 



 

Suggested Books 

1. Spectroscopy S.Walker and straw, volumes I, II and III 

 

2. Molecular Spectroscopy, - Gordon M.barrow 

 

3. Fundamentals of Moelcular Spectroscopy – Banwell 

 

4. Spectroscopy – B.K.Sharm – Goel Publishing House Meerut. 1990 
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(w.e.f. 2024-25 Admitted Bath)  
 

 

 

BLUE PRINT 
 

 

 
 

 
 

S.No 

 
 

Unit No. 

 
 

Unit Name 

 
Essay 

Questions 

(15 M) 

 
Short 

Questions 

(3 M) 

 
Total 

Questions 

1 I UNIT-I  

2 
 

2 
 

4 

2 II UNIT-II  

2 
 

2 
 

4 

3 III UNIT-III  

2 
 

2 
 

4 

4 IV UNIT-IV  

2 
 

2 
 

4 

Total Questions  

8 
 

8 
 

16 



M.Sc. (Final) Physical Chemistry Syllabus 

Semester-IV, Course Code: PCH 404 

Paper –IV Spectroscopy 

(w.e.f. 2024-25 Admitted Bath)  

 

Model Question paper 
 

Time: 3Hours Maximum: 60Marks 

SECTION-A 
 

Answer ALL questions. (4x10=40 M) 
 

1. Derive an expression for rotational energies of symmetric top molecule. 
 

(OR) 
 

2. Explain stark effect in molecular rotational spectra , Nuclear spin coupling – 

application of Rotation Spectra. 

3. Discuss the parallel and perpendicular bonds in linear molecules. 
 

(OR) 
 

4. Discuss the Raman and infrared studies of AB2 type of molecules. 

5. (i) Discuss hyperfine interactions in ESR spectra with examples 
 

(ii) Give the ESR spectrum of p-benzo quinone 
 

(OR) 
 

6. What is meant by anisotropy in g- factor. What are factors affecting the value of g‘ 
 

7. Discuss effect of chemical exchange on NMR spectra. 
 

(OR) 
 

8. Discuss the NMR spectroscopy of isotopes other than proton like F-19,P-31 and 

C-13 

SECTION-B 
 

Answer any FIVE questions (5X4=20 M) 
 

9. Explain how inter nuclear distance is obtained from rotational spectra 

10. What are the rotational selection rules for linear molecules 

11. Give the ESR spectrum of Cr+3 ion 

12. what is the quadrapole interaction on NMR spectra 

13. Explain chemical shift in NMR spectra. 

14. ESR spectra of Mn+2 ion 

15. What are the selection rule for vibrational and rotational spectra. 

16. What are the overtones and combination bands? 



 

M.Sc. (Final) Physical Chemistry Practical Syllabus 

Semester-IV, PCH 405 

Paper– I, Chemical Kinetics Practical 

(w.e.f 2024-25 admitted Bath) 

 

1. Kinetics of reaction between K2Cr2O7 and oxalic acid (order with respect to K2Cr2O7 and 

order with respect to oxalic acid) 

2.  Effect of chloride ion on the stability constant of chromic acid - oxalic acid reaction. 

3. Iodination of Acetone Order with respect to Acetone, Iodine and H+ ions 

4. Effect of Dielectric constant 

 

 

 

 

SCHEME OF VALUATION 
 

Time: 3 Hours Total: 100 Marks 

 

 
Internal: 40M External: 60M                               (                            Record: 10 M Practical: 50M) 

 
Project Work: 100 Marks                 (                                  Dissertation: 50 Marks Vivo Voice: 50Marks) 



 

M.Sc. (Final) Physical Chemistry Practical Syllabus 

Semester-IV, PCH 406 

Paper- II, Instrumentation Practical 

(w.e.f 2024-25 admitted batch) 
 

1. Determination of Mn (II) by Spectrophotometric method 

2. Determination of Fe (II) by spectrophotometric method 

3. Potentiometric titration of KCl VS AgNo3 

4. Potentiometric titration of KI VS AgNo3  

5. Potentiometric titration of KCl+KI VS AgNo3 

 

SCHEME OF VALUATION 
 

Time: 3 Hours Total: 100 marks 

 

 
Internal: 40M  

External: 60M                                                    (                                          Record: 10 M Practical: 50M) 
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