


 
 

Copy forwarded for information and necessary action to :- 
 

1 The Deputy Registrar, (Admissions, Enrolment, Eligibility and Migration Dept)(AEM), 

dr@eligi.mu.ac.in 
 

2 The Deputy Registrar, Result unit, Vidyanagari 

drresults@exam.mu.ac.in 
 

3 The Deputy Registrar, Marks and Certificate Unit,. Vidyanagari 

dr.verification@mu.ac.in 
 

4 The Deputy Registrar, Appointment Unit, Vidyanagari 

dr.appointment@exam.mu.ac.in 
 

5 The Deputy Registrar, CAP Unit, Vidyanagari 

cap.exam@mu.ac.in 
 

6 The Deputy Registrar, College Affiliations & Development Department (CAD), 

deputyregistrar.uni@gmail.com 
 

7 The Deputy Registrar, PRO, Fort, (Publication Section), 

Pro@mu.ac.in 
 

8 The Deputy Registrar, Executive Authorities Section (EA)  

eau120@fort.mu.ac.in  
 

He is requested to treat this as action taken report on the concerned resolution adopted by the 

Academic Council referred to the above circular. 
 

9 The Deputy Registrar, Research Administration & Promotion Cell (RAPC), 

rapc@mu.ac.in 
 

10 The Deputy Registrar, Academic Appointments & Quality Assurance (AAQA) 

dy.registrar.tau.fort.mu.ac.in   

ar.tau@fort.mu.ac.in  
 

11 The Deputy Registrar, College Teachers Approval Unit (CTA), 

concolsection@gmail.com 
 

12 The Deputy Registrars, Finance & Accounts Section, fort 

draccounts@fort.mu.ac.in 
 

13 The Deputy Registrar, Election Section, Fort 

drelection@election.mu.ac.in 
 

14 The Assistant Registrar, Administrative Sub-Campus Thane, 

thanesubcampus@mu.ac.in  
 

15 The Assistant Registrar, School of Engg. &  Applied Sciences,  Kalyan, 

ar.seask@mu.ac.in 
 

16 The Assistant Registrar, Ratnagiri Sub-centre, Ratnagiri, 

ratnagirisubcentar@gmail.com  
 

17 The Director, Centre for Distance and Online Education  (CDOE),  

Vidyanagari, 

director@idol.mu.ac.in 

18 Director, Innovation, Incubation and Linkages, 

Dr. Sachin Laddha 

pinkumanno@gmail.com  

19 Director, Department of Lifelong Learning and Extension (DLLE), 

dlleuniversityofmumbai@gmail.com 
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To, 

1 The Chairman, Board of Deans    

      pvc@fort.mu.ac.in 
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Faculty of Humanities, 
 

Offg. Dean 
1. Prof.Anil Singh 

    Dranilsingh129@gmail.com  
 

 

Offg. Associate Dean 
 

2. Prof.Manisha Karne 

    mkarne@economics.mu.ac.in 
 

 

3. Dr.Suchitra Naik 

    Naiksuchitra27@gmail.com 
 
 

Faculty of  Commerce & Management, 
 

Offg. Dean, 

1 Prin.Ravindra Bambardekar 

    principal@model-college.edu.in 

      Offg. Associate Dean 
2. Dr.Kavita Laghate 

    kavitalaghate@jbims.mu.ac.in 

3.  Prin.Kishori Bhagat   

     kishoribhagat@rediffmail.com 

 

         

Copy for information :- 

 

1 P.A to Hon’ble Vice-Chancellor, 

vice-chancellor@mu.ac.in 

 

2 P.A to Pro-Vice-Chancellor 

pvc@fort.mu.ac.in 

 

3 P.A to Registrar, 

registrar@fort.mu.ac.in 

 

4 P.A to all Deans of all  Faculties 

 

5 P.A to Finance & Account Officers, (F & A.O),  

camu@accounts.mu.ac.in 
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Faculty of  Science & Technology 
 

Offg. Dean 
1. Prof. Shivram Garje 

    ssgarje@chem.mu.ac.in 
 

Offg. Associate Dean 
 

2. Dr. Madhav R. Rajwade 

    Madhavr64@gmail.com 
 

3. Prin. Deven Shah 

    sir.deven@gmail.com 

 

Faculty of  Inter-Disciplinary Studies, 

Offg. Dean 
1.Dr. Anil K. Singh 

   aksingh@trcl.org.in 
 

Offg. Associate Dean 
 

 

2.Prin.Chadrashekhar Ashok Chakradeo 

   cachakradeo@gmail.com 

3. Dr. Kunal Ingle 

drkunalingle@gmail.com  
 

3 Chairman, Board of Studies, 

 

4 The Director, Board of  Examinations and Evaluation, 

dboee@exam.mu.ac.in 

 

5 The Director, Board of Students Development,   

dsd@mu.ac.in                  DSW  direcotr@dsw.mu.ac.in 
 

6 The Director, Department of Information & Communication Technology, 

director.dict@mu.ac.in 
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        B.Sc. (Chemistry)  

         Credit Structure (Sem. V & VI) 
 

(B. Sc.)- Major & Minor 

  
R: SU- 525 E (III) 

 

Vertical  1 2 3 4 5 6   

Level Semester Major 1 Major 2 

(Minor)  

Major 3 
(Minor) 

OE VSC, SEC 

(VSEC) 

AEC, 

VEC, 

IKS 

OJT, 

FP, 

CEP, 

CC, RP 

Cum. 
Cr. / 

 

Sem. 

Degree/ 
Cum. 
Cr. 

  M1 M2 M3       

 
 
 
 
 
 
 
 
 
 

5.5 

 
 

V 10+4 
(Mandatory 

+ Elective) 
Advanced 
Physical and 
Analytical 
Chemistry - 
Paper I (2) 
 
Advanced 
Analytical and 
Inorganic 
Chemistry – 
Paper II (2) 
 
Advanced 
Inorganic and 
Organic 
Chemistry – 
Paper III (2) 
 
Practicals in 
Advanced 
Chemistry – I 
(2) 
 

IKS in 
Chemistry (2) 

 

Elective 

Drugs and Dyes 
/ Heavy and 

Fine Chemicals/ 
Petrochemicals 

– I (2) 
 

Practicals in 
Drugs and Dyes 

/ Heavy and 
Fine Chemicals/ 
Petrochemicals 

– I (2 

2 ----    ---- VSC 
(Practical) 

: 2 
Techniques 
in Chemical 

Analysis 
and 

Synthesis 
(2) 

     ---- CC:2 
CEP: 2 

 

22  

 

 

 

 

 

 

 

 

 

UG 

Degree 

132 
 

 

  R: SU- 525 F (III) 



 

VI 14+4 
(Mandatory 

+ Elective) 
Advanced 

Physical and 
Analytical 

Chemistry - 
Paper IV (2) 

 

Advanced 
Analytical and 

Inorganic 
Chemistry – 
Paper V (2) 

 

Advanced 
Inorganic and 

Organic 
Chemistry – 
Paper VI (2) 

 
Practicals in 
Advanced 

Chemistry II (2) 
 

Practicals in 
Advanced 

Chemistry III (2) 
 

 

Elective 
Drugs and Dyes 

/ Heavy and 
Fine Chemicals/ 
Petrochemicals 

– II (2) 

 
Practicals in 

Drugs and Dyes 
/ Heavy and 

Fine Chemicals/ 
Petrochemicals 

– II (2) 

---- ---- ---- ---- ---- OJT :4 22 

Cum Cr. 52 18 8 10 8+2+2 6+4+2 8+6+4 132 

Exit option: Award of UG Degree in Major with 132 credits OR Continue with Major  

 

 

[Abbreviation - OE        – Open Electives, VSC   – Vocation Skill Course, SEC  –  Skill Enhancement Course, (VSEC), AEC  

–  Ability Enhancement Course, VEC  –  Value Education Course, IKS   –  Indian Knowledge System, OJT  –  on Job 

Training, FP – Field Project, CEP – Community Engagement Project, CC –  Co-Curricular, RP  –  Research Project ]  
 

[* 2 Credit IKS Major paper (Core Subject Specific Theory may be included in Sem III or V)] 
 
 

          
 

 

 
 
 
 
 
 



 

Program Structure for Sem. V & VI  
(NEP 2020) 

 
Vertical No Paper Title Credits  

Sem. V 

1. 
 

3. 

Mandatory 1. Advanced Physical and Analytical Chemistry - Paper I 2 

2. Advanced Analytical and Inorganic Chemistry – Paper II 2 

3. Advanced Inorganic and Organic Chemistry – Paper III 2 

4. Practicals in Advanced Chemistry - I 2 

5.  IKS in Chemistry 2 

Electives  1. Drugs and Dyes / Heavy and Fine Chemicals/ 
Petrochemicals – I 

2 

2. Practicals in Drugs and Dyes / Heavy and Fine 
Chemicals/ Petrochemicals - I 

2 

2. Minor 
(To be selected from other discipline) 

 

4 
(2+2) 

4. VSC 
(Practical) 

Techniques in Chemical Analysis and Synthesis 2 

6. CEP 
(To be selected from CEP topic list) 

2 

                                                                                                                 Credits  22 

Sem. VI 

 
 
1. 
 

8. 

 
 
Mandatory 

1. Advanced Physical Chemistry – Paper IV 2 

2. Advanced Inorganic Chemistry – Paper V 2 

3. Advanced Organic Chemistry – Paper VI 2 

4. Advanced Analytical Chemistry – Paper VII 2 

5. Practicals in Advanced Chemistry - II 2 

6. Practicals in Advanced Chemistry - III 2 

7. Practicals in Advanced Chemistry - IV 2 

Electives 1. Drugs and Dyes / Heavy and Fine Chemicals/ 
Petrochemicals – II 

2 

2. Practicals in Drugs and Dyes / Heavy and Fine 
Chemicals/ Petrochemicals - II 

2 

6. VI                       OJT 4 

                                                                                                                Credits  22 

Total Credits 44 

  



 

 

 
 
 

Sem. - V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Sem. - V 
 

Vertical – 1 
Major 

Mandatory 
(2+2+2+2+2) 

 
  



 

Syllabus 
B.Sc. (Chemistry) 

(Sem.- V)  
 

Title of Paper: Advanced Physical and Analytical Chemistry - Paper I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Physical & Analytical Chemistry I 

introduces fundamental and applied concepts of 

physical chemistry and analytical chemistry with 

emphasis on molecular spectroscopy, 

thermodynamics of solutions, surface chemistry, 

polymer chemistry, and quality assurance in 

analytical processes. The course develops 

understanding of spectroscopic methods for 

molecular structure determination, thermodynamic 

relations governing colligative properties, adsorption 

phenomena, polymer characterization, and the role 

of quality control and sampling in reliable chemical 

analysis. The course emphasizes conceptual clarity, 

mathematical derivations, and numerical problem-

solving relevant to academic, research, and industrial 

applications.   

2   Vertical :  Major  

  

3   Type :  Theory   

4   Credit:   2 credits 

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks  

  

7  Course Objectives  

The course aims to: 

COB1: Introduce the fundamental principles of molecular spectroscopy, 

electromagnetic radiation, electromagnetic spectrum, and molecular energy levels. 

COB2: Develop understanding of rotational spectroscopy, including dipole moment, 

rigid rotor model, isotopic shift, applications, and numerical determination of bond 

length. 

COB3: Explain the principles of vibrational spectroscopy, including vibrational modes, 

Hooke’s law, force constant, zero-point energy, IR spectra of simple molecules, and 

related numerical problems. 



 

COB4: Provide knowledge of chemical thermodynamics, particularly colligative 

properties and their application in determining molar mass using elevation in boiling 

point and depression in freezing point. 

COB5: Introduce the concepts of surface chemistry and polymer chemistry, including 

adsorption phenomena, adsorption isotherms, classification of polymers, and 

determination of molecular mass using viscosity method. 

COB6: Develop understanding of quality assurance in analytical chemistry and 

sampling techniques, including GLP, GMP, certified reference materials, and methods 

of sampling solids and liquids. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Explain the basic concepts of electromagnetic radiation, molecular energy 

levels, and spectroscopic transitions. 

CO2: Apply principles of rotational spectroscopy to determine molecular parameters 

such as bond length and interpret rotational spectra. 

CO3: Apply concepts of vibrational spectroscopy to calculate vibrational frequency, 

force constant, and interpret IR spectra of simple molecules. 

CO4: Apply thermodynamic relations to determine molar mass of non-volatile solutes 

using elevation in boiling point and depression in freezing point methods. 

CO5: Explain adsorption phenomena, apply Langmuir and BET isotherms, classify 

polymers, and determine molecular weight using viscosity method. 

CO6: Explain principles of quality control, GLP, GMP, and apply appropriate sampling 

methods for analysis of solids and liquids. 

9  

  

Modules: 

  

Module 1 

  

1.1. Molecular Spectroscopy (10 Hours) 
1.1.1 Introduction:  
Definition of Spectroscopy, Electromagnetic radiation, Inter-conversion of units, 
Electromagnetic Spectrum, Molecular energy levels  
1.1.2. Rotational Spectroscopy: 
Dipole moment and Polarisation of bond, Permanent dipole moment and induced 
dipole moment. Definition and conditions of rotational spectra, Bond length of simple 
diatomic molecule (rigid rotor). Rotational spectrum of a diatomic molecule, Isotopic 
shift in rotational spectra, limitations of rotational spectra, applications of rotational 
spectra. (Numerical expected)  
1.1.3. Vibrational Spectrum: 
Definition and conditions of vibrational spectra, modes of vibrations, Hookes law, 
vibrational frequency, force constant, zero-point energy, vibrational spectra of simple 

harmonic oscillator. Infrared spectra of simple molecules like H2O and CO2, 

Applications of vibrational spectroscopy. (Numerical expected) 



 

 
1.2. Chemical Thermodynamics: (5 Hours) 
1.2.1. Colligative Properties:  
Vapour pressure and relative lowering of vapour pressure, (Numerical Expected) 
1.2.2. Solution of Solid in Liquid: 
1.2.2.1. Elevation in boiling point of a solution:  
Thermodynamic derivation relating elevation in boiling point of the solution and molar 
mass of non-volatile solute. (Numerical Expected) 
1.2.2.2. Depression in freezing point of a solution:  
Thermodynamic derivation relating the depression in the freezing point of a solution 

and molar mass of the non-volatile solute, Rast Method. (Numerical expected) 

 

Module 2  

  

2.1. Surface Chemistry: (4 Hours) 
2.1.1. Adsorption: Physical and Chemical Adsorption, types of adsorption isotherms, 
Langmuir’s adsorption isotherm (Postulates and derivations expected). B.E.T. equation 
for multilayer adsorption, (derivation not expected), Determination of surface area of an 
adsorbent using B.E.T. equation. ((Numerical expected)  
 
2.2. Polymer chemistry: (3 Hours) 
2.2.1. Recapitulations: Basic terms of polymer 
2.2.2. Classification of polymer: Classification based on Source, Thermal response, 
physical properties 
2.2.3. Method of determination molar masses of polymer: Viscosity method using 
Ostwald Viscometer (derivation and numerical expected), 
2.2.4. Light Emitting Polymer: Introduction, Characteristics, Method of preparation and 
applications.  
 
2.3 Quality in Analytical Chemistry (3 Hours) 

2.3.1 Concepts of Quality, Quality Control and Quality Assurance 

2.3.2 Introduction to Good laboratory Practices(GLP) and Good manufacturing 

Practices (GMP) 

2.3.3 Chemical Standards and Certified Reference  Materials: Importance in chemical 

analysis 

2.3.4 Quality of material: Various grades of laboratory reagents 

 

2.4 Sampling (5 Hours) 

2.4.1 Importance of sampling, Terms involved in sampling, Types of sampling, 

Difficulties encountered in sampling 

2.4.2 Sampling of solids: Sample size, bulk ratio, size to weight ratio, multistage and 

sequential sampling, size reduction methods. 

2.4.3 Sampling of compact solids: equipment’s and methods of sampling of compact 

solids 

2.4.4 Sampling of particulate solids: methods and equipment’s used for sampling of 

particulate solids. 

2.4.5 Sampling of liquids: Homogeneous and heterogeneous, Static and flowing 

liquids 

 



 

10 Reference Books:  

 Module 1and 2 : Physical Chemistry 

1 
 
 

K L Kapoor, A Textbook of Physical Chemistry - Dynamics of Chemical 

Reactions, Statistical Thermodynamics, Macromolecules and Irreversible 

Processes by, McGraw Hill Education. Volume 5 , 3rd Edition, 2014 

2 Fred W Bilmeyer, Textbook of Polymer Science, John Wiley & Sons (Asia) Ple. 

Ltd., Singapore, 2007. 

3 Colin N Banwell and Elaine M McCash, Fundamental of Molecular 

Spectroscopy, Tata McGraw Hill Publishing Co. Ltd. New Delhi, 4th Edn. 2008. 

4 B.R. Puri, L.R. Sharma, M.S. Pathania, Principles of Physical Chemistry, Vishal 

Publishing Company, 2008. 

5 Ira Levine, Physical Chemistry, Tata McGraw Hill Publishing Co.Ltd. 5th Edition, 

2002 

6 P.W. Atkins, The Elements of Physical Chemistry, Oxford University Press 

Oxford. 2nd Edition, 2003 

7 P.C. Rakshit, Physical Chemistry, Sarat Book Distributors, Kolkata. 6th Edition, 

2001, 

8 R.J. Silbey, & R.A. Alberty, Physical Chemistry, John Wiley & Sons, Inc, 3rd 

edition , part I, 2001. 

9 G.M. Barrow, Physical Chemistry, Tata McGraw Hill Publishing Co. Ltd. New 

Delhi. 6th Edition, 2025 

10 S. Glasstone, Thermodynamics for Chemists, Affiliated East- West Press, New 

Delhi, 1964. 

11 V.R. Gowariker, N.V. Viswanathan, Jayadev Sreedhar,  Polymer Science, , New 

Age International (P) Ltd., Publishers, 2005. 

  

 Module 2: Analytical Chemistry 

1 E Prichard, Quality in the analytical chemistry laboratory, John Wiley and sons 

N.Y 1997 

2 W Funk, V Dammann, G. Donnevert, Quality assurance in analytical Chemistry, 

VCH Weinheim 1995. 

3 Douglas A. Skoog, Donald M. West, F. James Holler, and Stanley R. Crouch,  

Fundamentals of Analytical Chemistry, 7th edition , 1995 

4 Gary D. Christian, Purnendu K. Dasgupta, and Kevin A. Schug,  Analytical 

Chemistry, 5th edition, 2013 

5 Francis F.Pitard and Maxime A.Pitard, Theory of sampling and sampling 

practice by CRC Press, 4th  Edition, 2025 

 ………………………………………………………………………………………. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

 

  

https://www.google.com/search?q=Fundamentals+of+Analytical+Chemistry&kgmid=/m/068ts49&sa=X&ved=2ahUKEwjwwOCHkvSSAxVLzDgGHQUfE8IQ3egRegYIAQgFEAI
https://www.google.com/search?q=Analytical+Chemistry&kgmid=/g/11n0bx4qpc&sa=X&ved=2ahUKEwjwwOCHkvSSAxVLzDgGHQUfE8IQ3egRegYIAQgFEAs
https://www.google.com/search?q=Analytical+Chemistry&kgmid=/g/11n0bx4qpc&sa=X&ved=2ahUKEwjwwOCHkvSSAxVLzDgGHQUfE8IQ3egRegYIAQgFEAs


 

 
Title of Paper: Advanced Analytical and Inorganic Chemistry – Paper II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Analytical & Inorganic Chemistry I 

provides a detailed understanding of classical 

analytical techniques and fundamental inorganic 

chemistry concepts essential for quantitative 

analysis and structural interpretation. The course 

covers redox, precipitation and complexometric 

titrations, separation techniques such as solvent 

extraction and solid phase extraction, and 

introduces concepts of molecular symmetry, 

chemical bonding, and solid-state chemistry. 

Emphasis is placed on theoretical principles, 

numerical problem-solving, and applications 

relevant to laboratory analysis, research, and 

industry.   

2   Vertical :  Major   

  

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of classical quantitative analytical methods including 

redox, precipitation and complexometric titrations and their applications. 

COB2: Explain principles of solvent extraction and solid phase extraction for 

separation and determination of metal ions. 

COB3: Develop understanding of selectivity, stability constants and role of indicators 

in complexometric titration. 

COB4: Explain concepts of molecular symmetry, symmetry elements and point 

groups relevant to chemical structure. 



 

COB5: Develop understanding of bonding in homonuclear and heteronuclear 

diatomic molecules using theoretical models. 

COB6: Explain structural aspects of solid state chemistry including crystal systems, 

packing efficiency and density relationships. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Calculate equivalence points and electrode potentials in redox titrations and 

select appropriate redox indicators. 

CO2: Apply principles of precipitation titration and complexometric titration using 

EDTA for quantitative analysis of metal ions. 

CO3: Explain factors affecting solvent extraction and solid phase extraction and 

compare their analytical applications. 

CO4: Identify symmetry elements, symmetry operations and assign point groups to 

simple molecules. 

CO5: Explain bonding characteristics of heteronuclear diatomic molecules such as 

CO, NO and HCl. 

CO6: Solve numerical problems related to crystal structure, packing efficiency and 

density of unit cells. 

 

9  

  

Modules: 

Module 1 

  

1.1 Classical Methods (8 Hours) 

1.1.1 Redox titration (Numerical and word problems expected) 

1.1.1.1 Introduction to Redox titration 

1.1.1.2 Construction of the titration curves and calculation of Esystem  in aqueous 

medium for one electron system  (Fe2+ and Ce 4+) 

1.1.1.3 i) Theory of redox indicators ii) Criteria for selection of an indicator                 

iii) Use of ferroin as redox indicators 

1.1.2 Precipitation Titration 

1.1.2.1 Introduction to Precipitation titration –Solubility product and common ion effect 

1.1.2.2 Methods of Precipitation Titration 

  i) Mohr's Method (direct method) 

  ii) Fajans' Method (adsorption indicator) 

1.1.3 Complexometric titration (EDTA with divalent metal ion ) 

1.1.3.1 Introduction to Complexometric titration  

1.1.3.2 i) Absolute and conditional formation constants of metal- EDTA complexes 

ii) Factors enhancing selectivity of EDTA as a titrant with examples.  

iii) Methods to increase the selectivity of EDTA as a titrant in complexometric 

titration 



 

1.1.3.3 Types of EDTA titrations. 

i) Direct Titrations  

ii) Back Titrations  

1.1.3.4 Metallochromic indicators (Metal- Ion indicators): Introduction and 

requirements 

 

1.2 Methods of Separation (7 Hours) 

1.2.1 Solvent extraction: 

1.2.1.1 Factors affecting solvent extraction 

i) Chelation 

ii) lon pair formation  

iii) Solvation  

iv) Synergistic extraction 

1.2.1.2 Technique of extraction 

i) Continuous Extraction- Soxhlet extraction 

ii) Counter current extraction - Craigs counter current extraction  

1.2.1.3 i) Applications of solvent extraction  

ii) Advantages and Limitations of solvent extraction 

1.2.2 Solid Phase Extraction (SPE) 

1.2.2.1 Principle and Process of Solid Phase Extraction  

1.2.2.2 Applications:  

i) Determination of copper as the diethyl dithiocarbamate complex. 

ii) Determination of Fe(III) with 8-hydroxyquinoline 

iii) Determination of nickel by synergistic extraction.  

1.2.2.3 Advantages and Limitations of Solid Phase Extraction 

1.2.2.4 Comparison of solvent extraction and solid phase extraction  

Module 2:  

2.1 Molecular symmetry (5 Hours) 

2.1.1 Introduction and Importance of Symmetry in Chemistry. 

2.1.2 Symmetry elements and Symmetry operations. 

2.1.3 Concept of a Point Group with illustrations using the following point groups :      

(i) C∞V  (ii) D∞h  (iii) C2V (iv) C3v (v)C2h and (vi)D3h 

2.2 Chemical Bonding (5 Hours) 
2.2.1 Comparison between homonuclear and heteronuclear diatomic molecules. 
2.2.2 Heteronuclear diatomic molecules like CO, NO and HCl 
 
2.3 Solid state (5 Hours) 

2.3.1 Explanation of terms viz. crystal lattice, lattice point, unit cell and lattice 

constants. 

2.3.2 Closest packing of rigid spheres (hcp, ccp), packing density in simple cubic 

and bcc lattices.  

2.3.3 Relationship between density, radius of unit cell and lattice parameters. 

(Numerical problems expected) 



 

10 Reference Books:  

 Module 1:Analytical Chemistry 

1 Gary D. Christian, Purnendu K. Dasgupta, and Kevin A. Schug,  Analytical 

Chemistry, 5th edition, 2013 

2 Skoog, D. A.; Holler, F. J.; Crouch, S. R. Principles of Instrumental Analysis, 

Cengage Learning: USA, 6th edition 2014 

3 Skoog, D. A.; West, D. M.; Holler, F. J.; Crouch, S. R. Fundamentals of Analytical 

Chemistry,.;Brooks/Cole: USA, 9th  edition,  2014. 

4 S M Khopkar, Basic Concepts of Analytical Chemistry, New Age International 

(p) Limited, 2008 

5 Sharma, B. K. Instrumental Methods of Chemical Analysis, Goel Publishing 

House: Meerut, 24th ed. 2012 

6 Christian, G. D. Analytical Chemistry, John Wiley & Sons: New York, 6th ed. 

2004. 

7 Willard, H. H.; Merritt, L. L.; Dean, J. A.; Settle, F. A. Instrumental Methods of 

Analysis, CBS Publishers: New Delhi, 7th edition,  2004. 

8 J Marcus and A. S. Kertes, Solvent extraction and ion exchange, Wiley INC 1969 

  

 Module 2: Inorganic Chemistry 

 Molecular symmetry 

1 Gary Wulfsberg, Inorganic chemistry, Viva Books Pvt. Ltd., 2002. 

2 J. E. Huheey, E. A. Keiter, R. L. Keiter and O. K. Medhi, Inorganic chemistry- 

Principles of structure and reactivity, 4th edition, Pearson, 2006. 

3 D. F. Shriver and P. W. Atkins, Inorganic chemistry, 3rd edition, Oxford University 

Press1999. 

4 R. L. Carter, Molecular symmetry and group theory, John Wiley & Sons, New 

York,1998. 

5 S. F. A. Kettle, Symmetry and structure-Readable Group Theory for Chemists, 

3rd Ed.,John Wiley & Sons, Inc., 2000. 

6 K. V. Reddy, Symmetry and Spectroscopy of molecules, New Age International 

(P) Ltd. 2nd Edition, 2009. 

7 A. S. Kunju and G. Krishnan, Group theory and its application in chemistry, 

PHLLearning Pvt. Ltd., 2012. 

8 F. A. Cotton, Chemical applications of group theory, Wiley Eastern Ltd., 1989. 

9 Per Jensen and Philip R. Bunker, Fundamentals of Molecular Symmetry, Series 

in Chemical Physics, CRC Press 2018 

10 J. S. Ogden, Introduction to Molecular Symmetry, Oxford University Press 

11 Derek W. Smith, Molecular orbital theory in inorganic chemistry Publisher: 

Cambridge University Press, 2001 

12 C. J. Ballhausen, Carl Johan Ballhausen, Harry B. Gray Molecular Orbital 

Theory: An Introductory Lecture Note and Reprint Volume Frontiers in chemistry 

PublisherW.A. Benjamin, 1965. 

13 J.M. Hollas, Symmetry in Molecules, Chapman and Hall Ltd., 1972. 

  

 

 

 

https://www.google.com/search?q=Analytical+Chemistry&kgmid=/g/11n0bx4qpc&sa=X&ved=2ahUKEwjwwOCHkvSSAxVLzDgGHQUfE8IQ3egRegYIAQgFEAs
https://www.google.com/search?q=Analytical+Chemistry&kgmid=/g/11n0bx4qpc&sa=X&ved=2ahUKEwjwwOCHkvSSAxVLzDgGHQUfE8IQ3egRegYIAQgFEAs
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Derek%20W.%20Smith&eventCode=SE-AU
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22C.%2BJ.%2BBallhausen%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22Carl%2BJohan%2BBallhausen%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22Harry%2BB.%2BGray%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=bibliogroup%3A%22Frontiers%2Bin%2Bchemistry%22&source=gbs_metadata_r&cad=3


 

 

 Chemical Bonding  

1 B. R. Puri, L. R. Sharma and K. C. Kalia, Principles of Inorganic Chemistry, 

Milestone Publishers, 2013-2014. 

2 W. W. Porterfield, Inorganic Chemistry-A Unified Approach, 2nd Ed., Academic 

Press, 1993.  

3 J. Huheey, F. A. Keiter and R. I. Keiter, Inorganic Chemistry–Principles of 

Structure and Reactivity, 4th Ed., Harper Collins, 1993. 

4 G. Miessler and D. Tarr, Inorganic Chemistry, 3rd Ed., Pearson Education, 2004 

5 C. J. Ballhausen and H. B. Gray, Molecular orbital Theory, McGraw-Hill, New 

York, 1965. 

6 C, M, Day and Joel Selbin, Theoretical Inorganic Chemistry, Affiliated East West 

Press Pvt. Ltd., 1985. 

7 F. A. Cotton and R. A. Walton, Multiple Bonds between Metal  Atoms, 2nd edition, 

Claranden Press, Oxford, 1993. 

  

 Solid state 

1 U. Muller, Inorganic structural chemistry, 2nd edition, Wiley 2007. 

2 A. F. Wells, Structural inorganic chemistry, 5th edition, Clarendon press, Oxford 

1984. 

3 A. R. West, Solid state chemistry and its chemical applications, 2nd edition, Wiley 

2014. 

4 L. E. Smart and E. A. Moore, Solid State Chemistry-An introduction, 3rd 

edition, Taylor and Francis, 2005. 

5 H. V. Keer, Principles of Solid State, Wiley Eastern Ltd., 1993. 

6 D.K.Chakraborty, Solid State Chemistry, New Age International publishers, 

1996 

7 C. N. R. Rao and J. Gopalakrishnan, New directions in solid state chemistry, 

Cambridge University Press, 1997 

8 T.R.N Kutty and J.A.K Tareen, Fundamentals of Crystal Chemistry, 

Universities Press Ltd.(India), 2001 

9 V. Raghavan, Materials Science and Engineering, A First Course, Prentice-

Hall of India Private Limited, New Delhi, 5th edition 2005 

10 Lesley E. Smart, Elaine A. Moore Solid State Chemistry: An Introduction, 2nd 

Edition CRC Press, 2020 

11 L. V. Azaroff, Introduction to Solids, Tata-McGraw Hill Book Co. New Delhi, 

1977. 

12 N. B. Hanny Solid State Chemistry, Prentice Hall of India Pvt. Ltd. New Delhi, 

1976 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

    

  

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Lesley%2BE.%2BSmart%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Elaine%2BA.%2BMoore%22


 

 

Title of Paper:  Advanced Inorganic and Organic Chemistry – Paper III 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Inorganic and Organic Chemistry – 

Paper III provides comprehensive knowledge of 

inner transition elements and advanced organic 

chemistry concepts relevant to modern chemical 

research and applications. The course covers the 

chemistry of lanthanides and actinides, systematic 

IUPAC nomenclature of complex organic 

compounds, principles of green chemistry and 

sustainable synthesis, and fundamental concepts of 

pericyclic reactions, photochemistry, 

stereochemistry, and natural products. Emphasis is 

placed on understanding reaction mechanisms, 

structural features, stereochemical outcomes, and 

environmentally responsible chemical processes.  

2   Vertical :  Major   

  

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives:  

The course aims to: 

COB1: Develop understanding of electronic configuration, properties and applications 
of lanthanides and actinides. 

COB2: Explain IUPAC nomenclature rules for bicyclic compounds, biphenyls and 
cumulenes. 

COB3: Develop understanding of principles of green chemistry including atom 
economy, E-factor and environmentally benign synthetic methods. 

COB4: Explain fundamental concepts of pericyclic and photochemical reactions 
including their classification and mechanisms. 



 

COB5: Develop understanding of stereochemical concepts such as chirality, 
stereoselectivity and stereospecific reactions. 

COB6: Explain structural features, synthesis and significance of natural products 
such as terpenoids and alkaloids. 

8  Course Outcomes:  

At the end of the course, students will be able to: 

CO1: Describe electronic configuration, oxidation states and important properties of 

lanthanides and actinides. 

CO2: Assign systematic IUPAC names to bicyclic compounds, biphenyls and 

cumulenes containing up to two substituents. 

CO3: Calculate atom economy and E-factor and explain advantages of green 

synthetic approaches such as microwave and ultrasound assisted synthesis. 

CO4: Explain types of pericyclic reactions and photochemical reactions such as 

electrocyclic reactions, cycloadditions, Norrish reactions and di-π methane 

rearrangement. 

CO5: Interpret stereochemical outcomes of elimination and addition reactions 

including enantioselectivity and diastereoselectivity. 

CO6: Explain structural determination and synthesis of natural products such as citral 

and nicotine and discuss their chemical significance. 

 

9  

  

Modules:-  

  

Module 1:  

  

1.1 Inner transition elements (8 Hours) 

1.1.1 Introduction: Position in periodic table and electronic configuration of 

lanthanides and actinides. 

1.1.2 Chemistry of Lanthanides with reference to (i) lanthanide contraction and its 

consequences(ii) Oxidation states (iii) Ability to form complexes (iv) Magnetic and 

spectral properties. 

1.1.2 Applications of lanthanides 

1.2 IUPAC Nomenclature (4 Hours) 

IUPAC Systematic nomenclature of the following classes of compounds (including 

compounds up to two substituents / functional groups):  

 Bicyclic compounds – spiro, fused and bridged (up to 11 carbon atoms) – 

saturated and unsaturated compounds.  

 Biphenyls  

 Cummulenes with up to 3 double bonds. 



 

1.3 Green Chemistry & Green Synthesis (3 Hours) 

1.3.1 Introduction: Twelve principles of Green Chemistry, concept of Atom Economy 

and E-factor with their significance (Numerical problems expected)  

1.3.2 Green Approach in Chemical Synthesis 

i) Reagents: dimethyl carbonate 

ii) Starting materials: D-glucose 

iii) Solvents: supercritical CO2 

iv) Catalysts: Biocatalysts 

1.3.3 Modern Green Techniques in Organic Synthesis: 

i) Microwave-assisted Organic Synthesis (Using organic solvents and in solid 

state) 

ii) Ultrasound in Organic Synthesis 

Module 2:  

  

2.1 Pericyclic Reactions and Photochemistry (5 Hours) 

2.1.1 Definition, general characteristics and classification of pericyclic reactions 

2.1.2 Electro cyclic reactions (ring opening and ring closing), cycloaddition reactions, 

sigma tropic Rearrangement, group transfer reactions, cheletropic reaction (definition 

and one example of each type)  

2.1.3 Definition and general characteristics of photochemical reactions, Difference 

between thermal and photochemical reactions  

2.1.4 Photochemical reactions of olefins - photochemical rearrangement of 1,4- dienes 

(di- π methane), Photochemistry of carbonyl compounds - Norrish I, Norrish II 

cleavages. 

 

2.2. Stereochemistry (5 Hours) 

2.2.1 Molecular chirality & Chirality of compounds without a stereo genic center: 

Cummulenes and Biphenyls. 

2.2.2 Stereoselectivity and stereospecificity: Idea of enantioselectivity (ee) and 

diastereoselectivity (de) 

2.2.3 Stereochemistry of – 

i) Elimination reactions: E2–Base induced dehydrohalogenation of 1-
bromo-1,2-diphenylpropane. 

ii) Addition reactions to olefins: 
a. Bromination (electrophilic anti addition) 
b. Syn hydroxylation with OsO4 and KMnO4 
c. Epoxidation followed by hydrolysis 

 
2.3 Natural Products (5 Hours) 
2.3.1 Terpenoids: Introduction, Classification, Isoprene rule, special isoprene rule and 
the gem-dialkyl rule.  
2.3.2 Citral:  

i) Structural determination of citral.  
ii) Synthesis of citral from methyl heptenone.  

2.3.3 Alkaloids: Introduction, Classification and occurrence.  
2.3.4 Nicotine:  

i) Structural determination of nicotine. (Pinner’s work included).  
ii) Synthesis of nicotine from nicotinic acid.  
iii) Harmful effects of nicotine.  



 

10 Reference Books:  

 Module 1 : Inorganic and Organic Chemistry 

 Inorganic Chemistry 

 Inner transition elements 

1 B. R. Puri, L. R. Sharma and K. C. Kalia, Principles of Inorganic Chemistry, 

Milestone Publishers, 2013-2014. 

2 W. W. Porterfield, Inorganic Chemistry-A Unified Approach, 2nd Ed., Academic 

Press, 1993.  

3 J. Huheey, F. A. Keiter and R. I. Keiter, Inorganic Chemistry–Principles of 

Structure and Reactivity, 4th Ed., Harper Collins, 1993. 

4 G. Miessler and D. Tarr, Inorganic Chemistry, 3rd Ed., Pearson Education, 2004 

5 H. J. Arniker, Essentials of nuclear chemistry, 4th edition; NAIL publishers 2011. 

6 G.Friedlander, J.W.Kennedy, E.S.Macias and J.M.Miller; Nuclear and 

Radiochemistry, John Wiley and Sons, 1981. 

7 Haissinsky, Nuclear Chemistry and its Applications, Addison  Wissely, 1962. 

8 A.V.R.Reddy, D.D.Sood, Nuclear Chemistry, IANCAS Publishers, 2010 

  

 Organic Chemistry 

 IUPAC Nomenclature  

1 Henri A. Favre and Warren H. Powell,  Nomenclature of Organic Chemistry: 

IUPAC recommendations and preferred Names , RSC publication. 2013. 

2 S. C. Pal, IUPAC nomenclature Narosa Publishing House pvt. Ltd. Second 

Edition, 2016 

3 Jonathan Clayden, Nick Greeves, and Stuart Warren , Organic Chemistry,  

Oxford University Press, second edition, 2012. 

4 G.J. Leigh, H.A. Favre, W.V. Metanomski, Principles of Chemical Nomenclature 

A Guide To IUPAC Recommendations, Blackweil Science Ltd, 1998. 

  

 Green Chemistry & Green Synthesis  

1 Mike Lancaster, Green Chemistry an introductory text RSC Publication.Third 

Edition, 2016 

2 V. K. Ahluwalia, Green Chemistry, Narosa Publishing House Pvt. Ltd.  2012 

3 V. K. Ahluwalia, M. Kidwai, New trends in Green Chemistry, Klumer Academic 

publisher, 2004 

4 V. Kumar, An Introduction to Green Chemistry, Vishal Publishing Co.,2013 

5 Francis Carey, Organic Chemistry, Tata Mc Graw Hill, 10th  Edition, 2017 

6 Carey and Sundberg, Advanced Organic Chemistry Springer, 5th  Edition,2007 

  

 Module 2 : Organic Chemistry 

 Pericyclic Reactions and Photochemistry 

1 Jagdamba Singh and Jaya Singh, Photochemistry and Pericyclic Reactions, 

New Age International Publishers, 2005 

2 Jonathan Clayden, Nick Greeves, and Stuart Warren , Organic Chemistry,  

Oxford University Press, second edition, 2012. 

3 G.R. Chatwal, Organic Photochemistry and Pericyclic Reaction Himalaya 

Publishing House, 1998 

4 R.T. Morrison, R. N. Boyd & S. K. Bhattacharjee, Organic Chemistry,  Pearson, 

7th  Edition,2010 

5 John Mc Murry.Organic Chemistry, Cole Cengage Learning, 8th  edition, 2012 

  

https://www.google.com/search?q=Organic+Chemistry&sca_esv=8fb6979f6721b93f&biw=1280&bih=585&sxsrf=ANbL-n6_aQzY99JfrBb6F5C4qD0lmu7j3w%3A1771912512607&ei=QD2daaHgJMim2roP-d_paA&ved=2ahUKEwi6jf70uPGSAxXqr1YBHVSbGdIQgK4QegQIAxAH&uact=5&oq=naming+of+allenes%2C+spiranes+and+biphenyls+books&gs_lp=Egxnd3Mtd2l6LXNlcnAiL25hbWluZyBvZiBhbGxlbmVzLCBzcGlyYW5lcyBhbmQgYmlwaGVueWxzIGJvb2tzMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMgUQABjvBTIIEAAYgAQYogRIySlQhwdYuCVwAXgBkAEAmAGWAqAB2RCqAQMyLTm4AQPIAQD4AQGYAgmgAuQOwgIKEAAYsAMY1gQYR5gDAIgGAZAGCJIHBTEuMC44oAfEH7IHAzItOLgH3w7CBwUwLjguMcgHE4AIAA&sclient=gws-wiz-serp&mstk=AUtExfCquYxGwJYAUcNCkAJXPKtabGnysuRa2yplw4nhvaNvifAGApOdaOYMXOWIlUZ0EAGK5RE06vFYpMj5T-OmeT_TupfkcKP-VyS1YR1PeVhELMIZiERQU82ZMUSAUC_tDCtkMfNThatsiBYTYnvLl7Kl8xSrAlJLKOsL3wCYZDupeSK9aD-iy1L-eRucGHxwFj6Z_r8wj3xTLBVOWXcBXGxIutz3Da8KZVdxf7pAHjilSLhLPyPPqnAQ8y92ZvPeGDzFompA55U9V90HrnmaFgPacZK_LUFOi-pSX-51JT_sQYJ2gilrpJdd76AIQ2w0XPHMvC3KLgSiLFwpowc2uQxP-0Qn7GxfoUdH0EmkPgswcHHU4_p9ev666x05TX9CQTdMYjYQKBkuxRQFW91djA&csui=3
https://www.google.com/search?q=Organic+Chemistry&sca_esv=8fb6979f6721b93f&biw=1280&bih=585&sxsrf=ANbL-n6_aQzY99JfrBb6F5C4qD0lmu7j3w%3A1771912512607&ei=QD2daaHgJMim2roP-d_paA&ved=2ahUKEwi6jf70uPGSAxXqr1YBHVSbGdIQgK4QegQIAxAH&uact=5&oq=naming+of+allenes%2C+spiranes+and+biphenyls+books&gs_lp=Egxnd3Mtd2l6LXNlcnAiL25hbWluZyBvZiBhbGxlbmVzLCBzcGlyYW5lcyBhbmQgYmlwaGVueWxzIGJvb2tzMgUQABjvBTIIEAAYgAQYogQyBRAAGO8FMgUQABjvBTIIEAAYgAQYogRIySlQhwdYuCVwAXgBkAEAmAGWAqAB2RCqAQMyLTm4AQPIAQD4AQGYAgmgAuQOwgIKEAAYsAMY1gQYR5gDAIgGAZAGCJIHBTEuMC44oAfEH7IHAzItOLgH3w7CBwUwLjguMcgHE4AIAA&sclient=gws-wiz-serp&mstk=AUtExfCquYxGwJYAUcNCkAJXPKtabGnysuRa2yplw4nhvaNvifAGApOdaOYMXOWIlUZ0EAGK5RE06vFYpMj5T-OmeT_TupfkcKP-VyS1YR1PeVhELMIZiERQU82ZMUSAUC_tDCtkMfNThatsiBYTYnvLl7Kl8xSrAlJLKOsL3wCYZDupeSK9aD-iy1L-eRucGHxwFj6Z_r8wj3xTLBVOWXcBXGxIutz3Da8KZVdxf7pAHjilSLhLPyPPqnAQ8y92ZvPeGDzFompA55U9V90HrnmaFgPacZK_LUFOi-pSX-51JT_sQYJ2gilrpJdd76AIQ2w0XPHMvC3KLgSiLFwpowc2uQxP-0Qn7GxfoUdH0EmkPgswcHHU4_p9ev666x05TX9CQTdMYjYQKBkuxRQFW91djA&csui=3


 

 Stereochemistry  

1 E. L. Eliel, Stereochemistry of Carbon Compounds, Tata McGraw Hill, 1962. 

2 P. S. Kalsi, Stereochemistry Conformation and Mechanism New Age 

International, 11th  Edition, 2022 

3 D. Nasipuri, Stereochemistry of Organic Compounds: Principles and 

Applications New Age International, 4th  Edition, 2020 

  

 Natural Products  

1 O. P. Agarwal, Organic Chemistry of Natural Products Krishna Prakashan 

Media, Volume I, 2015 

2 O. P. Agarwal, Organic Chemistry of Natural Products Krishna Prakashan 

Media, Volume II,2023 

3 I. L. Finar, Organic Chemistry, Pearson Education / Longman, Volume II, 1964 

4 S. V. Bhat, B. A. Nagasampagi and M. Sivakumar, Chemistry of Natural 

Products, Narosa Publishing House, 2005 

 …………………………………………………………………………………. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 
 

  

  

  

      



 

 

Title of Paper: Practicals in Advanced Chemistry - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

Description of the course :  

  

Including but Not limited to :  

Practicals in Advanced Chemistry – I provides 

hands-on training in physical and inorganic chemistry 

techniques, instrumental methods, and inorganic 

synthesis. The course develops laboratory skills for 

determination of molecular weight, reaction kinetics, 

solubility product, adsorption phenomena, and 

quantitative estimation using potentiometric, 

conductometric, pH-metric and colorimetric methods. 

It also includes synthesis of coordination compounds 

and volumetric analysis using redox and 

complexometric titrations. Emphasis is placed on 

accuracy in experimentation, interpretation of results, 

scientific reporting, and application of good 

laboratory practices relevant to academic research 

and chemical industries.  

2   Vertical :  Major   

  

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives:  

The course aims to: 

COB1: Develop practical skills in determination of physicochemical parameters such 

as molecular weight, rate constant and solubility product. 

COB2: Familiarize students with instrumental analytical techniques such as 

potentiometry, conductometry, pH-metry and colorimetry. 

COB3: Understand principles of adsorption and reaction kinetics through 

experimental methods and graphical interpretation of data. 

COB4: Develop competence in synthesis and characterization of coordination 

compounds. 



 

COB5: Provide training in volumetric analysis including redox and complexometric 

titrations using appropriate indicators. 

COB6: Inculcate good laboratory practices, accuracy in measurement and scientific 

reporting. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Determine molecular weight of compounds and calculate reaction rate 
constants using experimental data and graphical methods. 

CO2: Calculate solubility and solubility product using potentiometric measurements 
and concentration cell data. 

CO3: Determine velocity constant of hydrolysis reaction using conductometric method 
and interpret experimental results. 

CO4: Estimate concentration of analytes using pH-metric and colorimetric methods 
with appropriate calculations. 

CO5: Synthesize coordination compounds and calculate percentage yield from 
experimental data. 

CO6: Estimate metal ion concentration using redox and complexometric titration 
methods and report results with appropriate calculations and accuracy. 

 

9  

  

Modules:-  

 

Module 1:  
  

Non-Instrumental Experiments: 
1) To determine the molecular weight of compound by Rast Method.  
2) To interpret the order of reaction graphically from the given experimental data and 

calculate the specific rate constant. 

Instrumental Experiments: 
1) To determine the Solubility product and solubility of AgCl potentiometrically using 

concentration cell 
2) To determine the velocity constant of alkaline hydrolysis of ethyl acetate by 

conductometric method.  
3) To find out the strength of sodium carbonate solution by titrating it against HCl pH 

metrically.  
4) To study the adsorption of certain dyes such as methyl violet, picric acid or 

malachite on charcoal colorimetrically. 

Module 2:  
 



 

2.1 Inorganic Preparations and Estimations 

1) Preparation of potassium trioxalato chromate (III) complex 

2) Preparation of bis acetylacetonato Copper (II) 

3) Preparation of Potassium dioxalatocuprate (II), K2[Cu(C2O4)2] 

4) Complexometric titration of Al3+ with Xylenol Orange (Back Titration) 

5) Estimate the amount of iron present in the given ferric alum solution by using 

dichromate solution and diphenyl amine indicator  

6) Estimation of Nickel using EDTA (Complexometric) using Murexide indicator 

 

10 Reference Books:  

 Module 1: Physical Chemistry 

1 A. M. James and F.E. Prichard,  Practical Physical Chemistry Longman 

publication, 3rd edition,1974 

2 R.C. Das and B. Behra, Experiments in Physical Chemistry, Tata Mc Graw Hill, 

1983  

3 J. B. Yadav,  Advanced Practical Physical Chemistry, Goel Publishing House, 

2006 

4 J. N. Gurtu and R Kapoor,  Advanced Experimental Chemistry., S. Chand and 

Co. Vol I, 1980 

5 V.D.Athawale, Experimental Physical Chemistry , New Age International (P) 

Limited, 2001 

6 B. D. Khosla, V. C. Garg and A. Gulati, Senior Practical Physical Chemistry, R 

Chand and Co.. 2011 

  

 Module 2: Inorganic Chemistry 

1 A. I.  Vogel, Quantitative Inorganic Analysis, Longman Scientific and 
Technical, 5th Edn, 1989. 

2 J. D. Woollins, Inorganic Experiments. John Wiley and Sons, 2010 

3 W. G. Palmer, Experimental Inorganic Chemistry, Cambridge University Press, 

1954 

4 G. Raj, Advanced Practical Inorganic Chemistry. Goel Publication, 2010 

5 J. E. House, Inorganic chemistry, Academic press, 2nd edition, 2013. 

6 G. N. Mukherjee, Advanced Experiments in Inorganic Chemistry., U. N. Dhur & 
Sons Pvt. Ltd. 2010. 

7 W. Conard Fernelius, Inorganic syntheses, Mc-Graw Hill, Vol.II, 1946. 

8 G. Pass and H. Sutcliffe, Practical Inorganic Chemistry- Preparation, reactions 
and instrumental methods, Springer, 2nd edition.1974.  

9 G. Marr and B. W. Rockett, Practical Inorganic Chemistry, Van Nostrand 
Reinhold Company 1972. 

10 G. Christian, Analytical Chemistry, John Wiley, New York 4th edition 1986. 

 ………………………………………………………………………………………. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 
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Title of Paper: IKS in Chemistry 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

IKS in Chemistry introduces the scientific 

contributions of the Indian Knowledge System (IKS) 

in the development of chemical sciences, medicine, 

materials and metallurgy. The course explores 

ancient Indian concepts of matter, historical 

evolution of chemical knowledge, traditional 

laboratory apparatus, metallurgical advancements, 

glass making technology and perfumery practices. 

It highlights the relevance of classical knowledge to 

modern chemistry and promotes appreciation of 

indigenous scientific heritage and sustainable 

practices.  

2   Vertical :  Major   

  

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives:  

The course aims to: 

COB1: Introduce the concept of Indian Knowledge System (IKS) and its historical 
development in chemistry from ancient to medieval periods, including contributions of 
Indian scholars. 

COB2: Develop understanding of ancient Indian concepts of matter and atomic theory 
and examine their relevance in comparison with modern chemical concepts. 

COB3: Provide knowledge of traditional chemical practices in Ayurveda, including 
apparatus, purification of mercury, and properties and uses of important minerals and 
medicinal substances. 

COB4: Explain the scientific basis of metallurgy in ancient India, including 
development of copper, iron, wootz steel, and zinc metallurgy. 

COB5: Introduce the principles and techniques involved in ancient Indian glass 
making technology, supported by archaeological and physico-chemical evidence. 



 

COB6: Provide knowledge of ancient Indian perfumery (Gandhashastra), 
classification of aromatic substances, and traditional methods of extraction such as 
hydrodistillation. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Explain the concept of Indian Knowledge System and describe the historical 

development of chemistry and contributions of Indian scholars. 

CO2: Compare ancient Indian ideas of atomic structure and constitution of matter with 

modern chemical theories. 

CO3: Describe traditional Ayurvedic chemical practices, apparatus, purification 

processes, and properties of important medicinal minerals. 

CO4: Explain the development and scientific principles of ancient Indian metallurgy, 

including iron technology, wootz steel, and zinc production. 

CO5: Describe traditional glass making techniques and interpret archaeological 

evidence of glass technology in ancient India. 

CO6: Explain the chemistry and techniques of traditional perfumery, including 

classification of aromatic substances and hydrodistillation methods such as the Deg-

Bhapka process. 
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Modules:  

  

Module 1:  

  

1.1 Ancient Indian Landscape of Chemistry (5 Hours) 

1.1.1 Concept of IKS: Introduction, Definition of IKS, Need to study IKS in current times.  
1.1.2 Developmental history in the field of chemistry – five eras of developments           
(i) The pre-vedic period upto 1500 BCE, including the Harappan period, (ii) The vedic 
and ayurvedic period upto 700 CE (iii) The transitional period from 700 CE to 1100 CE 
(iv) The tantric period from 700 CE to 1300 CE and (v) the ‘iatro-chemical period’ from 
1300 CE to 1600 CE.   
1.1.3 Ancient atomic theory – constitution and properties of matter; contribution of 
Maharshi Kapila, Maharshi Kanada - its relevance with modern atomic theory. 
1.1.4 Indian Scholars in the field of chemistry: Nagarjuna – Metallurgy, Vagbhata – 
Rasa Shastra, Sharangdhar – Medicine and Dosage Form, Somdev – Contribution in 
Chemistry, Acharya P.C. Ray – Contribution in Chemistry, Sir Har Govind Khurana – 
Contribution in Bio-Chemistry, Shanti Swarup Bhatnagar – Physical Chemistry, C.N.R. 
Rao – Solid State Chemistry and Nanomaterials   
 
 
 

1.2 Indian Knowledge System in Medicine and Ayurveda (10 Hours) 



 

1.2.1 Different apparatus used in ancient Indian Chemistry for preparing and 
purification of medicines - Dola Yantram, Damaru Yantram, Palika Yantram, Valuka 
Yantram, Ghat Yantram, Patana Yantram, Khalva Yantram, Udukhala Yantram. 
1.2.2 Purification and importance of mercury as medicine in Ayurveda (eight steps)  
1.2.3 Sources, Properties and Uses of Lavana Shataka, Kshara panchak, 
Amlapanchaka, Panchaka Vaikranta (Tourmaline), Makashika (Chalcopyrite), Sasyka 
(Blue Vitriol), Vimala (Cubic Sulphide of Iron), Rasaka (Jasada Zinc), Gandhaka 
(Sulphur), Gairika (Hematite), Kasisa (Green Vitriol), Kankshi (Alum). 
  

Module 2:  

  

2.1 Materials and Metallurgy in Ancient India (10 Hours) 

2.1.1 Introduction to IKS and scientific basis of traditional materials knowledge, Early 
metallurgy in the Indus Valley Civilization.  
2.1.2 Evolution of copper technology (Chalcolithic Period - 3000–1500 BCE with Ahar-
Banas Culture, Malwa Culture, Jorwe Culture). Uses of metals in Rigveda - Gold 
(Hiranya), Copper/Bronze (Ayas) and Atharvaveda  - Copper/Bronze (Ayas), Silver 
(Rajata). 
2.1.3 Iron metallurgy: bloomery process, reduction reactions, slag chemistry, Corrosion 
resistance of the Iron Pillar of Delhi.  
2.1.4 Ancient India’s advanced metallurgical technologies :- A Tale of Wootz 

Steel and Zinc production at Zawar Mines.  

 

2.2 Ancient Indian Glass Making Technology (03Hours) 
2.2.1 Literary and archaeological evidence of glass objects: (Archaeological evidence 
related to Hastinapur and Kaundinyapur)  
2.2.2 Physico-chemical analysis of Indian glass specimens found at Taxila and 
Rajghat  
2.2.3 Glass furnace (e.g. Glass making kiln at Nevasa), glass pots and muffles for 
making glass objects and glass moulding technique  

 
2.3 Ancient Indian Perfumery (02 Hours) 
2.3.1 Introduction to Gandhshastra, Classification of aromatic substances  
2.3.2 Degh-Bhapka method of hydrodistillation, A case study of Kannauj: The 
"Perfume Capital of India, The Chemistry of Mitti Attar.  

10  Reference Books 

 

 Indian Knowledge System in Medicine and Ayurveda 

1 Dr Vilas A. Dole, Dr Prakash Paranjpe, A textbook of Rasashastra, 
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2 Ravindra Angadi, Rasa Tarangini of Sri Sadananda Sarma, Chaukhamba 

Surbharati Prakashan,  pg. 548, 2015, 

3 Bhudeb Mookerjee, Rasa Jala Nidhi, vol 1: Initiation, Mercury and 

Laboratory, 1938, 

https://archive.org/details/in.ernet.dli.2015.382588/mode/2up 

  

 Materials and Metallurgy in Ancient India  

1    R. Balasubramaniam, The  saga  of  Indian  cannons, Aryan  Books  

International,  New  Delhi,  2008,   



 

2 P. C. Ray, History of Hindu Chemistry, The Benngal Chemicals and 

Pharmaceutical works Ltd. 1903, 

https://archive.org/details/in.ernet.dli.2015.39319/page/n3/mode/2up 

3 D. P. Agrawal, Ancient Metal Technology and Archaeology of South Asia, 

Aryan Books International, 2002. 

4 P. T. Craddock, Early Metal Mining and Production, Archetype Pubns, 2010. 

5 W. D. Callister, & D. G. Rethwisch, Materials Science and Engineering: An 

Introduction, Wiley, 10th edition , 2018. 

6 R. Balasubramaniam, The Delhi Iron Pillar: New Insights, Aryan Books 

International.2002 

7 R. F. Tylecote, A History of Metallurgy, Maney Publishing.2013 

8 B. V. Subbarayappa, Indian Science and Technology in the Eighteenth 

Century, Munshiram Manoharlal, 1971. 

9 D. P. Agrawal, The Archaeology of India, Curzon Press.1982 

10 Sharda Srinivasan and S. Ranganathan, India’s Legendary Wootz Steel An 

Advanced Material of the Ancient World, National Institute of Advanced 

Studies, Bangalore and IISC, Bangalore, 2004 

11 Sharda Srinivasan Minerals and Metal Heritage of India, NIAS 2013 

12 Sharda Srinivasan, Metallurgy of Zinc, High-tin Bronze and Gold in Indian 

Antiquity: Methodological Aspects, Indian Journal of History of Science, 

51(1), 22-32, 2016. 

  

 Ancient Indian Glass Making Industry 

1 S. N. Sen, Mamata Chaudhuri, Ancient Glass and India, Published for the 

National Commission for the Compilation of History of Sciences in India by 

Indian National Science Academy, Eastend Printers Pg. 49-51, 61-63, 105 -

111, and 143-149, 1985 

2 D. M. Bose, S. N. Sen, B. V. Subbarayappa, A Concise History of Science in 

India, Indian National Science Academy, New Delhi. University Press, Pg 291-

296, 2009 

3 Mamata Chaudhuri, The Technique of Glass Making in Ancient India (1400-

1800 A.D.), Indian Journal of History of Science, 18(2), 206-219, 1983. 

  

 Ancient Indian Perfumery Industry 

1 D. M. Bose, S. N. Sen, B. V. Subbarayappa A Concise History of Science in 

India, Indian National Science Academy, New Delhi. University Press, Pg. 343 

to 34, 2009. 

2 Jayant Yashwant Deopujari, Raman Shankar Belge, Gandhashastra (Indian 

Art and Science of Cosmetology and Perfumery), Independently published  

2020.  

3 Google Arts & Culture, “Ancient Indian Knowledge of Perfumery”. Stories from 

National Council of Science 

Museums. https://artsandculture.google.com/story/itr-ancient-indian-

knowledge-of-perfumery-national-council-of-science-

museums/pgVxuEAUIIOfJw?hl=en 

4 Madhu Raj, Technological Interventions in Improving Kannauj Attar 

(Perfume)., Alternative Futures, 2018. 

https://archive.org/details/in.ernet.dli.2015.39319/page/n3/mode/2up
https://artsandculture.google.com/story/itr-ancient-indian-knowledge-of-perfumery-national-council-of-science-museums/pgVxuEAUIIOfJw?hl=en
https://artsandculture.google.com/story/itr-ancient-indian-knowledge-of-perfumery-national-council-of-science-museums/pgVxuEAUIIOfJw?hl=en
https://artsandculture.google.com/story/itr-ancient-indian-knowledge-of-perfumery-national-council-of-science-museums/pgVxuEAUIIOfJw?hl=en


 

5 C. Mcmahon, Indian attars, International Journal of Aromatherapy, 7(4), 10–

13, 1996. Online - https://doi.org/10.1016/s0962-4562(96)80023-3. 

6 J. N. Kapoor, Attars of India- A Unique Aroma, Jagat Aroma Oils Distillery, 

Kannauj, India, Perfumer and Flovorist, vol1, 21-24, 1991.   

7 Nirmita Mehrota, Genre of Olfactory Aromatic Heritage & Cultural Tourism of 

Kannauj.Journal of Indian Institute of Architects, 2023 

8 Jyoti Marwah, Attars: The Fading Aromatic Culture of India under SAARC, 

Research Project for Diminishing Cultures of South Asia: Pg. 32 - 35, 2011-

2012 
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B. Sc. (Chemistry) 
(Sem.- V)  

Title of Paper: Drugs & Dyes - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Drugs and Dyes I introduces the fundamental 

concepts of medicinal chemistry and dye 

chemistry, focusing on the chemistry of 

pharmaceuticals, their mechanisms of action, 

and principles governing colour and dyeing 

processes. The course covers classification of 

drugs, drug–receptor interactions, structure–

activity relationship (SAR), dosage forms, and 

synthesis of selected drugs. It also explains 

theories of colour, classification of dyes, 

methods of dyeing, and optical brighteners. 

Emphasis is placed on understanding the 

relationship between chemical structure, 

properties and applications in pharmaceutical 

and chemical industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Introduce fundamental concepts of drugs, including their historical development, 
sources, classification, and ideal properties of therapeutic agents. 

COB2: Develop understanding of drug–receptor interactions, pharmacodynamics, 
pharmacokinetics, therapeutic index, and structure–activity relationship in medicinal 
chemistry. 



 

COB3: Provide knowledge of dosage forms and classification of drugs, including 
synthesis, therapeutic uses, and side effects of selected pharmacologically active 
compounds. 

COB4: Introduce concepts of dyes and pigments, including classification, sources, 
fastness properties, and differences between dyes and pigments. 

COB5: Develop understanding of theories of colour and chemical constitution, including 
chromophore–auxochrome theory, quinonoid theory, and colour shifts. 

COB6: Provide knowledge of classification of dyes, methods of dyeing, and optical 
brighteners, including chemical constitution and applications. 

 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Explain sources, classification, and properties of drugs and describe the 
importance of essential medicines. 

CO2: Explain drug–receptor interactions, pharmacological concepts, and basic 
principles of structure–activity relationship. 

CO3: Classify drugs based on pharmacological action and explain synthesis, 
therapeutic uses, and side effects of selected drugs. 

CO4: Explain classification and properties of dyes and pigments and differentiate 
between natural and synthetic dyes. 

CO5: Explain theories of colour and relate chemical structure with colour properties of 
organic compounds. 

CO6: Classify dyes and explain methods of dyeing and role of optical brighteners in 
improving fabric appearance 
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Modules:  

  

Module 1:  

  

1.1 Introduction to Drugs (2 Hours) 

 Historical development, Sources of drugs (natural, synthetic, semisynthetic), Definition 

and classification of drugs, Ideal properties of drugs, Essential medicines terms.  

 

1.2 Drug–Receptor Interaction (2 Hours) 

Lock and key model; pharmacodynamics and pharmacokinetics; agonists and 

antagonists; therapeutic index. 

 

1.3 Basic Concepts in Medicinal Chemistry (3 Hours) 

Drug nomenclature; functional groups in drugs; introduction to Structure–Activity 

Relationship (SAR) (Explain with examples); prodrugs (with examples).  

 

1.4 Dosage Forms and routes of drug administration (2 Hours) 



 

Tablets, capsules, syrups; controlled release systems (basic idea), routes of drug 

administration-oral and parental with advantages and disadvantages  

 

1.5 Classification of Drugs (6 Hours) 

A brief introduction of the following pharmacodynamic agents and their study with 

respect to chemical structure, chemical class, therapeutic uses and side effects. 

a) CNS Drugs: - Classification based on pharmacological actions, concept of Sedation, 

Hypnotics, & Anesthesia, Trimethadione (Oxazolidinedione), Amphetamine (Phenyl 

ethylamine). Synthesis of trimethadione from acetone.  

b) Analgesics and Antipyretics: - Aspirin (Salicylates), Paracetamol (P-aminophenol). 

Synthesis of Paracetamol from nitrobenzene.  

c) Anti-inflammatory drugs: - Mechanism of inflammation and various inflammatory 

conditions. Acelofenac (Aryl acetic acids), Ibuprofen (Propionic acids).  

d) Antihistamines: - Mechanism of histamine release and its physiological actions. 

Cetirizine (Piperazines), Pantoprazole (Benzimidazoles).  

e) Cardiovascular drugs: -Classification based on pharmacological action, Atenolol 

(Aryloxy propanol amines), Furosemide (Sulphamoyl benzoic acids). Synthesis of 

atenolol from 3-Hydroxyphenyl acetamide.  

f) Antidiabetic drugs: - General idea and type of diabetes. Glibenclamide (Sulphonyl 

ureas), Metformin (Biaguanides).   

 

Module 2:  

  

2.1 Introduction to Dyes & Pigments (4 Hours) 
Definition; sources & classification as: natural dyes & synthetic dyes with examples; 
Difference between dyes and pigments; Fastness properties of dyes: Light, Heat and 
washing fastness.    
 
2.2 Theories of Colour and Chemical constitution (4 Hours) 
Introduction to Complementary colour with examples; Theories:  
(a) Chromophore-Auxochrome theory (b) Quinonoid theory;  
Key Concepts: Bathochromic shift (Red shift), Hypsochromic Shift (Blue shift) & 
Chromogen with examples. 
 
2.3 Classification of Dyes based on Chemical constitution (3 Hours) 
Azo dyes: mono azo (Methyl Orange), Dis Azo (Congo Red) Triphenylmethane dyes (Acid 
magenta), Indigoid dyes (Indigo), Anthraquinone dyes (Indanthrene Blue), Quinoline dyes 
(Quinoline yellow) 
 
2.4 Methods of Dyeing (1 Hour) 
Direct dyeing & Mordant dyeing. 
 
2.5 Optical Brighteners (3 Hours) 
Definition, properties and classification of optical brighteners.   

10  Reference Books:  

 
 Module 1: 

 
 



 

1.  David A.  William & Thomas Lemke, Foye's principles of medicinal 
chemistry. Edited by Indian edition by B I Publication Pvt Ltd, 
Lippmcolt Williams & Wilkins. 6th Edition, 2008. 

2.  John H Block, John M Beale Jr., Wilson & Gisovold’s, Text book of 
organic medicinal & pharmaceutical chemistry. LippincottWilliams ad 
Wilkins,  11th Edition,  2 0 0 4 .  

3.  Ashutosh Kar, Medicinal chemistry. New Age International Pvt. Ltd 
Publisher. 4th edition.2005. 

4.  D. J. Abraham, Burger’s Medicinal Chemistry, Drug Discovery & 
Development, Wiley, 2003. 

5.  V.K. Ahluwalia and Madhu Chopra, Medicinal chemistry. Ane books for CRC 
Press., 2008 

6.  S. S. Kadam, K. R. Mahadik, K. G. Bothara,  Principle of medicinal 
chemistry. Nirali Publications, Vol 1 & 2, 2018 

7.  D. S. Johnson and Jie Jack Li. ,The Art of Drug synthesis. Wiley, 2006. 
8.  Richard B Silvermann, The Organic Chemistry of Drug Design & Drug 

Action.  Academic Press. 2nd ed.2012. 
9.  D. Lednicer and L. Mitsher, The Organic Chemistry of Drug Synthesis. John  

Wiley and Sons, Vol 3,  1984. 
10.  Povl Krogsgaard-Larsen, Tommy Lilliefors and Ulf Madsen,  Textbook 

of Drug Design and Discovery, CRC Press, 3rd ed. 2002. 
11.  Warren C.W. Chan, Bio-applications of nanoparticles, Springer Publication, 

2007. 
12.  Ram B. Gupta & Uday B. Kompella,  Nanoparticle and Technology for 

drug delivery - Drugs and pharmaceutical sciences, Taylor and 
Francis , vol. 159, 2006.  

13.  Maheshwar Sharon and Madhuri Sharon,  Nano forms of carbon 
and its applications. Monad Nanotech Pvt. Ltd. McGraw-Hill 
Professional Publications, 2009. 

14.  A. K. De Environmental Chemistry, New Age Publisher, 2018. 
15.  Chokhani and Ghormade, Text Book on Law and Medicine.. Hind Law 

House, Pune, 2nd Edition..2011 
16.  K D Tripathi, Essentials of Medical Pharmacology. Jaypee Brothers 

Medical publishers Pvt. ltd.2024. 
17.  B. S. Furniss, A. J. Hanford, P.W. G. Smith, A. R. Tatchell, Vogel’s 

Textbook of Practical Organic Chemistry,  Longman Scientific and 
Technical , 5th Edition, 1989. 

  
 Module 2: 
18.  K.Venkatraman,  Chemistry of Synthetic Dyes, Vol I – IV, Academic Press 

1972 
19.  H.A Lubs, The Chemistry of Synthetic Dyes and Pigments, Robert 

E Krieger Publishing Company, NY ,1995 
20.  V.A. Shenai,  Chemistry of Dyes and Principles of Dyeing, Sevak 

Publications, 1973 
21.  Joseph Benny, Environmental Studies, Tata McGraw Hill Education, 2005. 
22.  G. S. Sodhi, Fundamental concepts of Environmental Chemistry, Alpha 

Science International, 2009. 
23.  Shrikrishna D. Tupare, Dyes: Overview, Lulu publications, 2021 
24.  Planning Commission, Niti Aayog, FSSAI and FDA websites, 

https://fssai.gov.in/ 
25.  S.K. Sharma, Green Chemistry for Dyes Removal from Waste 

Water- Research Trends and Applications, Ed. Wiley, 2015. 
26.  S.M. Khopkar,  Environmental Pollution- Monitoring and Control, New 



 

Age International (P) Ltd, New Delhi, 1982 
27.  Gurdeep R. Chatwal, Synthetic organic Chemistry, Himalaya Publishing 

House, 2001 
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40%  

  

External, Semester End Examination 60% 
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12  Continuous Evaluation through:  
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(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Practicals in Drugs & Dyes - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Practicals in Drugs & Dyes – I provides hands-

on training in pharmaceutical analysis, organic 

synthesis and dye chemistry. The course 

develops practical skills in estimation of drugs 

and dyes using titrimetric and colorimetric 

methods, determination of acid value, and purity 

testing using thin layer chromatography (TLC). It 

also includes synthesis of selected 

pharmaceutical intermediates and application of 

mordant dyeing using natural dyes. Emphasis is 

placed on experimental accuracy, calculation of 

percentage purity and yield, interpretation of 

results, and good laboratory practices relevant to 

pharmaceutical and chemical industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop skills in quantitative estimation of drugs and dyes using volumetric and 
colorimetric methods. 

COB2: Provide practical understanding of analytical techniques such as back titration, 
colorimetry and thin layer chromatography. 

COB3: Develop ability to determine purity and quality of pharmaceutical compounds 
using standard analytical methods. 

COB4: Impart knowledge of synthesis of selected organic compounds used as drugs 
and dyes intermediates. 



 

COB5: Develop practical skills in application of mordant dyeing technique using natural 
dyes. 

COB6: Inculcate good laboratory practices, accuracy in measurement and scientific 
reporting of experimental results. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Estimate the amount and percentage purity of pharmaceutical compounds such 
as ibuprofen and paracetamol using titrimetric methods. 

CO2: Determine concentration of analytes such as vitamin B12 and Congo red using 
colorimetric methods and calibration data. 

CO3: Determine acid value of vegetable oil using volumetric analysis and calculate the 
result. 

CO4: Evaluate purity of paracetamol using thin layer chromatography (TLC) and 
calculate Rf value. 

CO5: Synthesize organic compounds such as aspirin, anthraquinone, p-nitroacetanilide 
and m-dinitrobenzene and calculate percentage yield. 

CO6: Apply mordant dyeing technique on cotton using natural dye. 
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Modules: (Minimum 10 experiments to be performed) 

Module 1:  

  

1) Estimation of Ibuprofen from given sample by back titration method  

2) Estimation of paracetamol content in sample 

3) Estimation of free acid in vegetable oil 

4) Estimation of the vitamin B12 by colorimetry 

5) Estimation of Congo red by colorimetry  

6) To check the purity of drug Paracetamol by thin layer chromatography (TLC) 

Module 2:  

  

 1) To Prepare aspirin from salicylic acid. 

2) To prepare Anthraquinone from anthracene  

3) To prepare p-Nitro acetanilide from acetanilide 

4) To prepare m-di-nitro benzene from nitro benzene. 

5) Mordent dying of cotton using Natural Dye 

6) To identify and test the purity of paracetamol 



 

10  Reference Books:  

 

1 Richard J., A Manual of Paper chromatography and papper electrophoresis; 
Academic Press Inc. Publishers. New York, 1958. 

2 Lachman, L., Lieberman, H. A., & Kanig, J. L.; Pharmaceutical Dosage Forms: 
Tablets; Marcel Dekker, 1989 

3 Ansel, H. C., Allen, L. V., & Popovich, N. G.; Pharmaceutical Dosage Forms and 
Drug, Wolters Kluwer, 2013 

4 Michael E. Aulton; Pharmaceutics: The Science of Dosage Form Design; Churchill 
Livingstone, 2007 

5 James Swarbrick; Textbook of Pharmaceutical Manufacturing; Informa Healthcare, 
2007. 

6 C. V. S. Subrahmanyam; Pharmaceutical Engineering; Vallabh Prakashan, 2007 

7 H. Beckett & J. B. Stenlake; Practical Pharmaceutical Chemistry; CBS Publishers & 
Distributors, 2001 

8 W. W. Wells; Quantitative Pharmaceutical Chemistry; John Wiley & Sons, 1960 

9 Willard, H. H., Merritt, L. L., Dean, J. A., & Settle, F. A.; Instrumental Methods of 
Chemical Analysis; CBS Publishers & Distributors, 1988 

10 David G. Watson; Pharmaceutical Analysis; Elsevier, 2009 

11 Indian Pharmacopoeia (IP); The Indian Pharmacopoeia Commission (IPC), 2018 

12 British Pharmacopoeia (BP); The Stationery Office (TSO), vol. 4, 2021 

13 Vogels textbook of practical organic chemistry, 5th Edition. 

14 Manual of Methods of Analysis of Foods Oils and Fats; Food Safety and Standards 
Authority of India Ministry of Health And Family Welfare Government Of India New 
Delhi 2016 

15 Asif & et al. Application, Principles and Synthesis Of Organic Compounds By Using 
Green Chemistry Approaches; Mor. J. Chem. 4 N°1 (2016) 164-176 

 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Heavy and Fine Chemicals - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Heavy and Fine Chemicals I introduces the 

classification, manufacture, properties and industrial 

applications of important heavy and fine chemicals. 

The course provides an overview of major chemical 

industries, manufacture of key inorganic chemicals, 

fertilizers, industrial solvents, perfumes, flavours and 

selected drug intermediates. It also covers economic 

and environmental aspects of chemical 

manufacturing processes and introduces fluorinated 

organic compounds. Emphasis is placed on 

understanding industrial relevance, chemical 

processes and applications in pharmaceutical, 

agrochemical and speciality chemical industries. 

 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

   

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of classification and scope of heavy and fine 
chemicals and their role in chemical industry and economy. 

COB2: Provide knowledge of properties, structure, preparation and industrial 
applications of important inorganic chemicals such as silicates, nitric acid, sodium 
dichromate and chromium trioxide. 

COB3: Explain preparation, properties and industrial significance of fertilizers such as 
urea, superphosphate, ammonium nitrate and ammonium sulphate. 

COB4: Create awareness of economic aspects of chemical manufacturing processes 
including raw materials, energy requirements, manpower and environmental 
considerations. 



 

COB5: Introduce industrially important fine chemicals such as perfumes, flavours, 
solvents and drug intermediates along with their synthesis and applications. 

COB6: Develop understanding of basic principles of fluorination reactions and 
industrial importance of fluoroaromatic compounds. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify heavy and fine chemicals and explain their industrial importance, 
including key players in the Indian chemical industry.  

CO2: Describe the preparation, properties, and applications of silicates, nitric acid, 
sodium dichromate, chromium trioxide, and fertilizers.  

CO3: Evaluate factors affecting the economics of chemical manufacturing processes 
and prepare a basic project report for an MSME chemical unit.  

CO4: Explain the synthesis, classification, and industrial applications of perfumes, 
flavours, and industrial solvents, including green solvent concepts.  

CO5: Apply concepts of sustainability such as green chemistry and nano-
encapsulation in modern chemical industries and fluorination techniques and 
reactions.  
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Modules:  

  

Module 1:  

  

1.1   Introduction to Heavy and Fine Chemicals (4 Hours) 

1.1.1. Introduction, commercial classification of chemicals, Classification of heavy and 

fine chemicals. 

1.1.2. Overview of Heavy and Fine Chemical Industry  

1.1.3. Introduction to Major Indian chemical industries (GSFC, GNFC, Tata 

Chemicals, RCF, FACT etc.).  

1.1.4. Contribution of Heavy and fine chemical industries to GDP of India.    

 

1.2 Silicates (3 Hours)                                                                   

1.2.1 Introduction to silicates. 

1.2.2 Properties, structure and types of silicates. Preparation of sodium silicate.   

1.2.3. Applications of sodium silicate. 

 

1.3   Manufacture and applications of the following: (4 Hours) 

1.3.1 Nitric acid  

1.3.2 Sodium dichromate 

1.3.3 Chromium trioxide 

 

1.4 Fertilizers: Preparation, properties and uses of: (4 Hours) 

1.4.1 Urea  

1.4.2 Superphosphates 

1.4.3 Ammonium nitrate  

1.4.4 Ammonium Sulphate 



 

Module 2:  

  

2.1 Brief idea about the economic aspects of chemical manufacturing 

processes with respect to (3 Hours) 

2.1.1 Location  

2.1.2 Raw materials 

2.1.3 Energy 

2.1.4 Capital 

2.1.5 Manpower  

2.1.6 Ecological aspects  

2.1.7 Tax benefits. 
  
2.2 Brief account of perfumes and flavours (4 Hours) 

2.2.1 Perfumes: Introduction, classification (ethers, esters and essential oils) 

composition, formation, blending and applications. Synthesis of α and β -ionone‘s 

from citral.  

2.2.2 Flavours: Introduction, classification (natural and synthetic),applications of 

vanillin, 

vanillin., coumarin, (structures) , synthesis of vanillin                               

2.2.3 Nano-encapsulation of flavours: cyclodextrin inclusion complexes for controlled 
release — industrial applications (food, pharma).  
 
2.3 Industrial solvents (3 Hours) 
2.3.1. Introduction – Classification of solvents (Q3C Class I/II/III) as per ICH guidelines. 
2.3.2 Brief idea of green solvents 
2.3.3 Manufacture and uses of ethyl acetate, isopropyl alcohol, Acetone. 
 
2.4 Introduction to drugs and drug intermediates (3 Hours) 
2.4.1 Classification of drugs with one example each.API and drug intermediate 
terminology. India's dominance in generic APIs, 
2.4.2 Synthesis and uses of the following i) p-acetyl amino benzenesulphonyl chloride 
from Aniline ii) Ethambutol iii) Miconazole iv) Diazepam. 
 
2.5 Fluoroaromatics (2 Hours) 
Introduction, important reagents used for fluorination, Halex reaction, Super Halex 

reaction, Preparation of ortho-fluorotoluene and 3-chloro-4-fluoro aniline. 

10  Reference Books 
 
1 C. D. Dryden: Outlines of Chemical Technology, edited & revised by M. 

Gopala Rao & Marshall Sittig,  East West Press, New Delhi.2008. 

2 Faith Keyes and Clerk‘s Industrial Chemicals, Wiley Inter-science, 4th Edn.,  

1975. 

3 Kirk & Othmer: Encyclopeadia of Chemical Technology, John Wiley and sons. 

John Wiley & Sons, New York, 4th Edition, Volume 5,1992. 

4 Industrial Inorganic Chemistry- Büchner, Schliebs, Winter, translated by 

David R. Terrell,VCH/Wiley publisher New York., 2nd edition, 2000 

5 K. Welssermel, H. J. Arpe, Industrial Organic Chemistry- VCH Publishers, 

New York.1997 

6 B. Pearson- Speciality Chemical Innovations in Industrial Synthesis, Kluwer 

Academic Publishers, 1991. 



 

7 Wilson & Giswold’s- Text Book of Organic Medicinal and Pharmaceutical 

Chemistry , John M. Beale Jr. and  John H. Block, Wolters Kluwer India, 12th 

edition, 2010. 

8 R. S. Satoskar and S. D. Bhandarkar, Phramacology and 

Pharmacotherapeutics, Polpular prakashan , 21st edition, 2009. 

9 B. K. Sharma, Industrial Chemistry Goyal publishing house, Meerut, 2000. 

10 Jems A. Kent, Riegel‘s Hand Book of Industral Chemistry, Springer Nature, 

9th Edition, 1992. 

11 E. Stocchi, Industrial Chemistry, Ellis Horwood Ltd. UK, Vol- I, 1990. 

12 Wiseman and Peter, An Introduction to Industrial Organic Chemistry, Applied 

Science Publishers, 1972. 

13 Anna Regini Anthony, Overview of Bulk and Fine Chemicals by 

Walnutpublication.com , 2021. 

14 Peter Pollak,  Fine Chemicals, The Industry and The Business, A John Wiley 

& Sons, Inc., Publication, Second Edition, 2011. 

15 Peter Bamfield, Research and Development in The Chemical and 

Pharmaceutical Industry By Third Completely Revised And Enlarged Edition, 

Publication WILEY-VCH Verlag Gmbh & Co. Kgaa, Weinheim 2006 

 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  

https://www.amazon.in/John-M-Beale-Jr/e/B0DB5LSF74/ref=dp_byline_cont_book_1
https://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=John+H.+Block&search-alias=stripbooks


 

 

Title of Paper: Practicals in Heavy and Fine Chemicals - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

Description of the course :  

  

Including but Not limited to :  

Practicals in Heavy and Fine Chemicals – I 

provides hands-on training in synthesis and 

quantitative analysis of selected heavy and fine 

chemicals of industrial and pharmaceutical 

importance. The course develops practical skills 

in preparation of organic compounds and 

inorganic salts, determination of active 

ingredients in commercial samples, and 

estimation of metal ions using titrimetric and 

complexometric methods. Emphasis is placed on 

reaction techniques, stoichiometric calculations, 

accuracy in measurement, yield determination, 

and application of good laboratory practices 

relevant to chemical and pharmaceutical 

industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop practical skills in synthesis of organic compounds and inorganic salts 
used in heavy and fine chemical industries. 

COB2: Provide understanding of reaction principles involved in oxidation, nitration and 
condensation reactions. 

COB3: Develop ability to determine concentration of chemical substances in 
commercial samples using titrimetric methods. 

COB4: Impart skills in estimation of pharmaceutical ingredients using back titration and 
complexometric titration techniques. 



 

COB5: Develop competence in quantitative determination of metal ions using EDTA 
titration methods. 

COB6: Inculcate accuracy in experimental work, calculation of percentage yield and 
reporting of results following good laboratory practices. 

  

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Synthesize selected organic compounds such as benzil, chalcone, nerolin and p-
nitrobenzoic acid and calculate percentage yield. 

CO2: Prepare inorganic salt copper sulphate pentahydrate and calculate percentage 
yield from experimental data. 

CO3: Determine concentration of phosphoric acid and magnesium hydroxide in 
commercial samples using titrimetric methods. 

CO4: Estimate amount of iodine in tincture iodine sample using volumetric analysis and 
calculate percentage composition. 

CO5: Estimate quantity of ibuprofen using back titration method and calculate 
percentage purity. 

CO6: Estimate metal ions such as Zn and Ca in pharmaceutical samples using 
complexometric titration with EDTA. 
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Modules: (Minimum 10 experiments to be performed) 

  

Module 1:  

  

To prepare - 
1) Benzil from Benzoin. 

2) 5-nitrosalycilic acid from salicylic acid.  
3) Nerolin from 2-naphthol. 
4) Benzal acetophennoe (chalcone) by condensation of benzaldehyde with 

acetophenone.  
5) p-nitrobenzoic acid from p-nitrobenzaldehyde.  

6) Copper sulphate pentahydrate 

Module 2:  

  

To determine - 
1) Phosphoric acid from a given sample using 1-naphtholphthalein and phenolphthalein 

indicator. (Students to prepare succinic acid solution for standardization of NaOH). 
2) Magnesium hydroxide in a commercial sample of milk of magnesia. 
 
To estimate- 
1) Tincture iodine from commercial sample. 
2) Ibuprofen in the given sample (Back titration method) 



 

3) Zn by complexometric titration from the given tablet 

4) Ca by EDTA method (titrimetric) from the given tablet.   
 

10  Reference Books:  

 

1.  A.  I. Vogel , A Textbook of quantitative Inorganic Analysis Including Elementary 
Instrumental Analysis, Jhon Wiley and Sons Inc. 3rd edition 1961. 

2.  N.K. Vishnoi, Advanced Practical Organic Chemistry 3rd Edition, Vikas 
Publication, 2009. 

3.  F. G. Mann and B. C. Saunders, Practical Organic Chemistry, Longman Group 
Limited, 1960.  

4.  G. H. Jeffery, J. Bassett, J. Mendham and R. C. Denny, Vogel’s Textbook of 
Quantitative Chemical Analysis, Longman Scientific and Technical,  5th Edition, 
1989. 

5.  G. Sevhla, Vogel's Textbook of macro and semi micro Qualitative Inorganic 
Analysis, Longman Group Limited, 5th Edition, 1979. 

6.  A.  I. Vogel , A Textbook of quantitative Inorganic Analysis Including Elementary 
Instrumental Analysis, Jhon Wiley and Sons Inc. 3rd edition 1961. 

 

 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Petrochemicals - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Petrochemicals – I provides fundamental knowledge 

of composition, properties and industrial applications 

of petroleum and petrochemical products. The course 

covers chemistry of petroleum fractions, quality 

parameters used in petroleum testing, and methods of 

exploration and production of crude oil and natural 

gas. It also introduces classification and 

characterization of crude oil, special petroleum 

products such as lubricants, wax and bitumen, and 

preparation of important petrochemicals, monomers 

and hydrocarbon derivatives used in fuels, polymers, 

agrochemicals and industrial chemicals. Emphasis is 

placed on understanding industrial relevance, 

chemical transformations of hydrocarbons and 

applications of petrochemicals in modern industry. 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

   

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of composition, classification and properties of 
petroleum and petroleum fractions. 

COB2: Provide knowledge of important quality parameters and laboratory tests used in 
petroleum industry. 

COB3: Explain formation, exploration and production methods of crude oil and natural 
gas. 

COB4: Develop understanding of classification and characterization of crude oil and 
natural gas using industrial parameters. 



 

COB5: Provide knowledge of special petroleum products such as lubricating oils, 
paraffin wax, petroleum jelly, bitumen and their industrial applications. 

COB6: Introduce preparation and applications of important petrochemicals, monomers 
and hydrocarbon derivatives used in polymers, fuels and agrochemicals 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify petroleum fractions based on composition, boiling range and industrial 
applications. 

CO2: Explain significance of quality parameters such as octane number, cetane 
number, viscosity, flash point and cloud point in petroleum testing. 

CO3: Describe methods of formation, exploration and production of crude oil and 
natural gas. 

CO4: Distinguish types of crude oil and natural gas using characterization factors and 
industrial classification methods. 

CO5: Explain preparation and applications of important petroleum products such as 
lubricating oils, wax, bitumen and petrochemicals. 

CO6: Describe preparation and industrial applications of important petrochemicals, 
monomers and hydrocarbon derivatives such as propylene, vinyl chloride, butadiene 
and chlorobenzene. 
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Modules:  

  

Module 1:  

  

1.1 Chemistry of Petroleum (3 Hours) 

1.1.1 Compounds of straight run gasoline: mixture of paraffins, isoparaffins, 

naphthenes, small amounts of aromatics and olefins. 

1.1.2 Kerosene and gas oil Fractions: lighter, more volatile, domestic fuel and aviation 

oils: heavier, less volatile, diesel s and industrial fuel. 

1.1.3 Non-hydrocarbon constituents: sulphur, nitrogen, oxygen compounds, metals, 

water and salts. 

1.1.4 Classification of petroleum products: gases, light distillates, middle distillates, 

heavy distillates, residues based on boiling range and application. 

 

1.2 Quality parameters in petroleum Industry (5 Hours) 

Quality Monitoring and Laboratory tests. Distillation, Vapor pressure, Flash point, Fire 

point, Octane number, Cetane number, Aniline point, Diesel index, Calorific value, 

Smoke Point, Viscosity, Viscosity index, Penetration index, Freezing point, Cloud and 

pour point, Drop point of grease, Melting and Setting point of wax, softening point of 

bitumen, Ductility of bitumen, Gum content (Oxidation stability), Copper strip corrosion 

test, Density and API Gravity, Refractive index, Conradson carbon residue (CCR). 

1.3 Petroleum exploration and production (7 Hours) 



 

1.3.1 Introduction, formation and exploration of oil and gas: Formation from marine 

organic matter under high temperature and pressure over millions of years. Exploration: 

by geological and geophysical methods (seismic) and confirmed by drilling. 

1.3.2 Production: Extraction by drilling wells; primary, secondary, and enhanced 

recovery methods; natural gas obtained from gas wells or along with crude oil.   

Characteristics: Crude Oil: Dark, viscous liquid; mixture of hydrocarbons; properties 

including density, viscosity, and sulfur content.  Natural Gas: Mainly methane, color, 

odour , burning, calorific value and safety. 

Module 2:  

  

2.1 Crude oil, special products from hydrocarbon and their application (6 Hours) 

2.1.1 Classification of Crude Oil: Light/heavy, sweet/sour and based on sulfur content.  

Natural gas: associated and non-associated gas. 

1.1.2 i) Characterization Factors: Watson characterization factor and correlation index 

for determining crude oil nature.  

ii) Evaluation Methods: U.S. Bureau of Mines method for crude oil classification.  

iii) Types of Crude Oil: Waxy and non-waxy (wax-free) crude oil.  

iv) Gas Parameters: Wobbe number for fuel gas quality. 

v) Types of natural gas: Sour and sweet gas; dry gas, wet gas, and clean gas. 

2.1.3 Special Products and their applications:- 

Lubricating oils, paraffin wax, petroleum jelly, bitumen, petrochemicals and their 

applications in lubrication, candles and cosmetics, road construction, waterproofing and 

manufacture of plastics, synthetic fibers, and chemicals. 

 

2.2 Preparation of propylene, isopropanol, cumene, glycerin and acrylonitrile 

from hydrocarbons and their applications (9 Hours) 

2.2.1 Preparation of some monomers – acetylene, vinyl chloride, chloroprene, 

propionaldehyde and acetaldehyde from hydrocarbons and their applications. 

2.2.2 Preparation of C4 – hydrocarbons used in rubber industry from petrochemicals: 

butadiene, isobutene and butane and their applications. 

2.2.3 Preparation of agrochemicals from aromatic Hydrocarbons- aniline, 

chlorobenzene, D.D.T, xylene and their applications. 

10  Reference Books 
 
1 G. N. Sarkar, Advanced Petroleum Refining. Khanna Publishers, 2nd ed., 1996.  

2 Ram Prasad, Petroleum Refining Technology. Khanna Publishers, 1st ed., 1998.  

3 B. K. Bhaskararao, A Textbook on Petrochemicals. Oxford & IBH Publishing Co. 

Pvt. Ltd., New Delhi, 2018. 

4 Arthur I. Vogel, Textbook of Quantitative Chemical Analysis. Longman Group 

Ltd., London, 5th ed.,1989. 

5 N. K. Vishnoi, Advanced Practical Organic Chemistry. Vikas Publishing House 

Pvt. Ltd., New Delhi. 3rd ed., 2023 

6 F. G. Mann, and B. C. Saunders. Practical Organic Chemistry. Pearson Education 

Ltd., London, 4th ed., 1967. 
 



 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal and 

External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Practicals in Petrochemicals - I 

 

Sr. 

No.  

Heading  Particulars  

1  

  

Description of the course :  

  

Including but Not limited to :  

Practicals in Petrochemicals – I provides 

hands-on training in testing, characterization and 

synthesis related to petrochemicals and 

petroleum products. The course develops 

practical skills in determination of physical and 

chemical properties of fuels and hydrocarbons 

such as specific gravity, viscosity, cloud point, 

pour point, aniline point, smoke point and 

acidity/alkalinity. It also includes 

chromatographic separation techniques and 

synthesis of selected organic compounds 

relevant to petrochemical processes. Emphasis 

is placed on experimental accuracy, 

interpretation of physicochemical parameters 

and application of laboratory techniques relevant 

to petroleum, polymer and chemical industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop practical skills in determination of physicochemical properties of 
petroleum products such as viscosity, density and characteristic temperature 
parameters. 

COB2: Provide knowledge of evaluation of quality parameters such as cloud point, pour 
point, aniline point, smoke point and acidity of petroleum samples. 

COB3: Develop skills in quantitative determination of components such as ethanol in 
fuel samples. 



 

COB4: Introduce chromatographic techniques for separation of components present in 
petrochemical samples. 

COB5: Provide practical understanding of organic reactions such as Diels–Alder 
reaction, benzoylation and ammonolysis relevant to petrochemical chemistry. 

COB6: Develop competence in calculation of experimental results and interpretation of 
physicochemical properties of petroleum products. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Determine specific gravity and viscosity of petroleum samples and report 
calculated values using standard formulas. 

CO2: Determine cloud point, pour point, drop point, melting point, aniline point and 
smoke point of petroleum products and interpret their significance. 

CO3: Calculate percentage of ethanol and determine acidity or alkalinity present in 
hydrocarbon samples using titrimetric methods. 

CO4: Separate components of engine oil using paper chromatography and calculate Rf 
values. 

CO5: Synthesize organic compounds such as maleic anhydride–anthracene adduct, 
hippuric acid, dibromocinnamic acid and phthalimide and calculate percentage yield. 

CO6: Select appropriate physicochemical test to evaluate quality characteristics of 
petroleum samples based on experimental observations. 
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Modules: (Minimum 10 experiments to be performed) 

  

Module 1:  

  

1) Determination of specific gravity and viscosity of oil. (Examples- Diesel /petrol/oil). 
2) Determination of drop point and melting point of wax. 
3) Determination of cloud point, pour point, aniline point of diesel /petrol/oil. 
4) Determination of smoke point of given petroleum sample.  (Example diesel /petrol/oil) 
5) To determine percentage of ethanol present in given petrol sample. 
6) To estimate acidity and alkalinity in a hydrocarbon (crude oil) sample. 

 

Module 2:  

  

1) To separate components of engine oil sample by paper chromatography 
2) To prepare maleic anhydride- anthracene adduct by Diels alder reaction. 
3) To synthesize hippuric acid by benzoylation of glycine. 
4) To perform benzoylation of β-naphthol using Schotten–Baumann reaction. 
5) To prepare dibromocinnamic acid from cinnamic acid 
6) To synthesize phthalimide from phthalic anhydride by ammonolysis. 



 

10  Reference Books:  

1 G. N. Sarkar, Advanced Petroleum Refining 2nd Edition, Khanna Publishers, 1996.  

2 Ram Prasad, Petroleum Refining Technology 1st Edition, Khanna Publishers, 1998.  

3 B. K. Bhaskararao, A Textbook on Petrochemicals, Oxford & IBH Publishing Co. 
Pvt. Ltd., New Delhi, 2018.  

4 Arthur I. Vogel, Textbook of Quantitative Chemical Analysis 5th Edition, Longman 
Group Ltd., London, 1989.  

5 N. K. Vishnoi, Advanced Practical Organic Chemistry 3rd Edition, Vikas Publishing 
House Pvt. Ltd., New Delhi.  

6 F. G. Mann and B. C. Saunders, Practical Organic Chemistry 4th Edition, Pearson 
Education Ltd., London. 

 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  
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VSC  
(2) 

(Practical) 
 

 
  



 

 
Syllabus 

B. Sc. (Chemistry) 
(Sem.- V)  

 
Title of Paper : Techniques in Chemical Analysis and Synthesis 
 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Techniques in Chemical Analysis and Synthesis 

provides practical training in separation of organic 

compounds, organic synthesis, and quantitative 

chemical analysis using instrumental and non-

instrumental techniques. The course develops skills in 

systematic separation of binary organic mixtures, 

purification and characterization of compounds, and 

synthesis using conventional and green chemistry 

approaches. It also includes spectrophotometric, pH-

metric, colorimetric and titrimetric methods for 

estimation of analytes in pharmaceutical and industrial 

samples. Emphasis is placed on experimental 

accuracy, yield determination, data interpretation and 

application of good laboratory practices relevant to 

research and chemical industries.  

2   Vertical :  VSC  

  

3   Type :   Practical  

  

4   Credit:   2 credits  

  

5  Hours Allotted :  60 Hours  

6   Marks Allotted:  50 Marks  

   

7  Course Objectives:   

The course aims to: 

COB1: Develop understanding of principles involved in separation of binary organic 

mixtures based on solubility and acid–base properties. 

COB2: Provide knowledge of systematic separation schemes and selection of suitable 

reagents for isolation of organic compounds. 



 

COB3: Develop skills in identification of organic compounds using functional group 

characteristics and determination of percentage yield. 

COB4: Introduce instrumental analytical techniques such as spectrophotometry, pH-

metry and colorimetry for quantitative analysis. 

COB5: Provide training in volumetric analytical methods such as redox, precipitation 

and complexometric titrations. 

COB6: Develop analytical ability for quantitative determination of pharmaceutical and 

industrial analytes using appropriate chemical methods. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify components of binary organic mixtures as acidic, basic or neutral using 

solubility behaviour and functional group properties. 

CO2: Apply systematic separation scheme to isolate components from at least six 

binary organic mixtures using appropriate reagents. 

CO3: Identify separated organic component using characteristic functional group tests 

and calculate percentage yield of the second component. 

CO4: Determine concentration of analytes such as fluoride, vitamin C and dextrose 

using spectrophotometric, pH-metric and colorimetric methods with appropriate 

calculations. 

CO5: Estimate Fe(II), chloride and magnesium using redox, precipitation and 

complexometric titration methods and calculate quantitative results. 

CO6: Select appropriate analytical method based on chemical properties of the analyte 

and justify the choice using experimental results. 
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Modules: 

  

Module 1:  

  

1.1 Separation of Binary solid-solid mixture (2.0 gms mixture to be given) 

(Minimum 6 mixtures) 

 

i) Each student shall complete the analysis of a minimum of six binary organic 

mixtures. 

ii) The components of the mixtures shall include water-soluble and water-insoluble 

carboxylic acids, water-insoluble phenols (1-naphthol and 2-naphthol), water-

insoluble bases (nitroanilines), water-soluble neutral compounds (thiourea), and 

water-insoluble neutral compounds such as anilides, amides, m-dinitrobenzene, 

and hydrocarbons. 

iii) After identification of the chemical nature of the components, the appropriate 

separating reagent shall be selected by the student. 

iv) The systematic separation scheme shall then be carried out using the bulk 

sample of the given binary mixture. 



 

v) Upon separation into Component A and Component B, one component (as 

assigned by the examiner) shall be identified, while the yield of the other 

component shall be determined. 

 

Module 2:  

Instrumental: 
1. Spectrophotometric analysis of fluoride in the given sample solution 
2. Estimation of Vitamin C in a tablet by pH-metric titration with NaOH (Standardization 

is expected)  
3. Colorimetric estimation of Dextrose  

 
Non-instrumental: 
4. Estimation of Fe (II) against Cerium (IV) in tablet using diphenylamine indicator.  
5. Determination of chloride content in saline sample using Mohr’s method. 

Estimation of Magnesium content in talcum powder by complexometry using 
standardized EDTA solution. 
 

10  Reference Books:  

 Module 1 : Organic Chemistry 
1 Furniss, Hannaford, Smith & Tatchell, Vogel’s Textbook of Practical Organic 

Chemistry, Pearson Education, 5th Edition, 1989 
2 F. G. Mann & B. C. Saunders, Practical Organic Chemistry, Pearson Education, 

4th Edition, 2009 
3 John C. Gilbert & Stephen F. Martin, Experimental Organic Chemistry —Cengage 

Learning, 5th Edition, 2011 
4 O. P. Agarwal, Practical Organic Chemistry, Krishna Prakashan Media (P) Ltd, 

2014 
 

 Module 2: Analytical Chemistry 
 

1 Vogel, A. I. Vogel’s Textbook of Quantitative Chemical Analysis, 6th ed.; Pearson 
Education: London, 2000. 

2 Harris, D. C. Quantitative Chemical Analysis, 9th ed.; W. H. Freeman and 
Company: New York, 2016. 

3 Mendham, J.; Denney, R. C.; Barnes, J. D.; Thomas, M. J. K. Vogel’s Quantitative 
Chemical Analysis, 6th ed.; Pearson Education: New Delhi, 2000. 

4 Fifield, F. W.; Kealey, D. Principles and Practice of Analytical Chemistry, 5th ed.; 
Blackwell Science: Oxford, 2000. 

5 Day, R. A.; Underwood, A. L. Quantitative Analysis, 6th ed.; Prentice Hall: New 
Delhi, 1991. 

6 Jeffery, G. H.; Bassett, J.; Mendham, J.; Denney, R. C. Vogel’s Textbook of 
Quantitative Chemical Analysis, 5th ed.; Longman Scientific: London, 1989. 

 …………………………………………………………………………………………. 
 

11 Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal and 

External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 
 

  

  

  

  

     



 

 

 
 
 

Sem. – VI 
  



 

 
 

Sem. - VI 
 

Vertical – 1 
Major 

Mandatory 
(2+2+2+2+2) 

 
  



 
 

Syllabus 
B. Sc. (Chemistry) 

(Sem.- VI)  
 

Title of Paper: Advanced Physical Chemistry - Paper IV 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Physical Chemistry – Paper IV provides 

an in-depth understanding of nuclear chemistry, 

quantum chemistry, electrochemistry and resonance 

spectroscopy. The course covers fundamental 

concepts of radioactivity, nuclear reactions, nuclear 

reactors and applications of radioisotopes as tracers. 

It introduces the principles of quantum mechanics 

including wave-particle duality, Schrödinger wave 

equation, operators and eigen functions, forming the 

basis for modern chemical theory. The course also 

discusses electrochemical concepts such as activity 

coefficients, electrochemical cells, decomposition 

potential and overvoltage, along with principles of 

NMR and ESR spectroscopy. Emphasis is placed on 

theoretical understanding, mathematical treatment 

and applications relevant to modern chemical 

research and technology. 

2   Vertical :  Major   

  

  

3   Type :  Theory  

  

4   Credit:   2 credits  

  

5  Hours Allotted :  30 Hours  

6   Marks Allotted:  50 Marks  

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of nuclear chemistry, including radioactive decay 

processes, nuclear reactions, fission process, nuclear reactors, and applications of 

radioisotopes as tracers. 



 

COB2: Introduce fundamental principles of quantum chemistry, including limitations of 

classical mechanics, wave-particle duality, uncertainty principle, Schrödinger wave 

equation, and operator concept. 

COB3: Provide knowledge of electrochemistry, including activity and activity 

coefficients, ionic strength, Debye-Hückel theory, and classification of electrochemical 

cells. 

COB4: Explain principles of applied electrochemistry, including decomposition 

potential, overvoltage, and factors affecting electrode processes. 

COB5: Introduce the fundamental concepts of NMR spectroscopy, including nuclear 

spin, magnetic moment, relaxation processes, and resonance conditions. 

COB6: Provide knowledge of ESR spectroscopy, including principle, g-value, 

hyperfine splitting, and interpretation of ESR spectra. 

 

8  Course Outcomes: 

 At the end of the course, students will be able to: 

CO1: Explain radioactive decay laws, nuclear reactions, working of nuclear reactors, 
and applications of radioisotopes in chemical studies. 

CO2: Apply fundamental concepts of quantum mechanics including de-Broglie 
equation, uncertainty principle, Schrödinger equation, and operators. 

CO3: Apply concepts of activity and activity coefficients and classify electrochemical 
cells, including concentration cells and liquid junction potential. 

CO4: Explain decomposition potential, overvoltage, and factors influencing electrode 
processes in electrochemical systems. 

CO5: Explain principles of NMR spectroscopy and interpret basic spectral features 
based on nuclear properties. 

CO6: Explain principles of ESR spectroscopy and interpret spectral features such as 
g-value and hyperfine splitting. 
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Modules:  

  

Module 1: 

  

1.1. Nuclear Chemistry (10 Hours) 
1.1.1. Introduction: Radioactive substance, radioactivity, Types of nuclear radiations 
Basic terms-radioactive constants (decay constant, half-life and average life) and 
units of radioactivity.  
1.1.2. Detection and Measurement of Radioactivity: Detection and measurement of 
nuclear radiations using G.M. Counter and Scintillation Counter.  
1.1.3. Radioactive Equilibrium: Difference between chemical equilibrium and 
radioactive equilibrium. 
1.1.4. Application of use of radioisotopes as Tracers: Chemical reaction mechanism, 
age determination- dating by C14. 



 

1.1.5. Nuclear Transmutation: Nuclear transmutation (one example for each 
projectile), artificial radioactivity, Q- value of nuclear reaction, threshold energy. 
(Numerical expected) 
1.1.6. Fission Process: Fissile and fertile material, chain reaction, factor controlling 
fission process, multiplication factor and critical size or mass of fissionable material,  
1.1.7. Nuclear reactor: Construction and working of Nuclear Power reactor 
 
1.2. Basic of Quantum Chemistry: (5 Hours) 
1.2.1. Classical mechanics: Introduction, limitation of classical mechanics, Black body 
radiation, photoelectric effect, Compton effect. 
1.2.2. Quantum mechanics: Introduction, Planck’s theory of quantization, wave 
particle duality, de-Broglie’s equation, Heisenberg’s uncertainty principle. State 
function and its significance (Numerical expected) 
1.2.3. Progressive and standing waves: Introduction, Schrodinger’s time independent 
wave equation (No derivation expected), Properties of wave function. 
1.2.4. Concept of operators: Definition, addition, subtraction and multiplication of 

operators, commutative and non-commutative operators, linear operator, Hamiltonian 

operators, Eigen function and Eigen value. (Numerical expected) 

Module 2:  

  

2.1. Electrochemistry (7 Hours) 

2.1.1. Activity and Activity Coefficient: Lewis concept, ionic strength, Mean ionic 

activity and mean ionic activity coefficient of an electrolyte, expression for activities 

of electrolytes. Debye Huckel limiting law (No derivation) (Numerical expected) 

2.1.2. Classifications of cells: Chemical cells and Concentration cells., Liquid 

junction potential, Chemical cells without transference , Electrolyte concentration 

cells with and without transference. ( derivation and Numericals expected) 

 

2.2. Applied Electrochemistry (4 Hours) 

2.2.1. Decomposition Potential: Introduction, experimental determination, Factors 

affecting it. 

2.2.2. Over Voltage: Introduction, Experimental determination, Hydrogen over 

voltage, Tafel’s equation for hydrogen overvoltage. (Numerical expected) 

 

2.3. Resonance Spectroscopy: (4 Hours)  

2.3.1. NMR -Nuclear Magnetic Resonance Spectroscopy: Principle, Nuclear spin, 

magnetic moment, nuclear ‘ g ‘ factor, energy levels, Larmor precession, Relaxation 

processes in NMR (spin-spin relaxation and spin- lattice relaxation). 

2.3.2. ESR-Electron Spin Resonance Spectroscopy: Principle, Fundamental 

equation, electron g – factor, hyperfine splitting, ESR spectrum of hydrogen and 

deuterium. 

10  Reference Books:  

 Module 1 and 2: Physical Chemistry 

1 Walter D. Loveland, David J. Morrissey, Glenn T. Seaborg , Modern Nuclear 

Chemistry , Wiley, 2017. 

2 H. J. Arnikar, Essentials of Nuclear Chemistry, New Age International (P) Ltd., 

Publishers, 2011. 

3 Ira Levine, Physical Chemistry, Tata McGraw Hill Publishing Co.Ltd. 5th Edition, 

2002. 



 

4 P.W. Atkins,  The Elements of Physical Chemistry, Oxford University Press,  2nd 

Edition, 2003. 

5 B.R. Puri, L.R. Sharma, M.S. Pathania, Principles of Physical Chemistry VISHAL 

PUBLISHING Company, 2008. 

6 J.O.M Bockris & A.K.N. Reddy, Maria,  Modern Electrochemistry, Gamboa – 

Aldeco Springer, 2nd Edition, 1st Indian reprint, 2006. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  

  

  

  



 

Title of Paper: Advanced Inorganic Chemistry – Paper V 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Inorganic Chemistry – Paper V provides 

detailed knowledge of bonding, stability, reactivity 

and spectroscopic properties of coordination and 

organometallic compounds. The course introduces 

Crystal Field Theory and Molecular Orbital Theory for 

understanding electronic structure, bonding and 

stability of transition metal complexes. It also covers 

organometallic compounds, their synthesis and 

reactions, and the role of transition metals in 

homogeneous and heterogeneous catalysis. 

Concepts related to stability constants, ligand 

substitution mechanisms and factors affecting 

stability of metal complexes are discussed. The 

course further explains electronic spectra, term 

symbols and selection rules for electronic transitions 

in coordination compounds. Emphasis is placed on 

theoretical understanding of structure–property 

relationships and their relevance in catalysis, 

materials and modern inorganic chemistry.  

2   Vertical :  Major   

  

  

3   Type :  Theory  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

7  Course Objectives:  

The course aims to: 

COB1: Develop understanding of Crystal Field Theory, crystal field splitting in 

coordination compounds, spectrochemical series, and calculation of crystal field 

stabilization energy. 

COB2: Introduce Molecular Orbital Theory of coordination compounds, including 

metal–ligand bonding, ligand group orbitals, and the effect of π-bonding in metal 

complexes. 



 

COB3: Provide knowledge of organometallic compounds of main group metals, 

including classification, methods of synthesis, and important chemical reactions. 

COB4: Explain the concepts of stability of metal complexes, including thermodynamic 

and kinetic stability, stability constants, and factors affecting stability. 

COB5: Develop understanding of reactivity of metal complexes, including inert and 

labile complexes, ligand substitution mechanisms, and types of reactions in 

coordination compounds. 

COB6: Introduce electronic spectra and catalytic role of transition metals, including 

electronic transitions, term symbols, and homogeneous catalysis mechanisms such 

as Wilkinson’s catalyst. 

 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Explain crystal field splitting patterns and calculate crystal field stabilization 

energy (CFSE) for coordination complexes. 

CO2: Explain bonding in coordination compounds using molecular orbital theory and 

describe the effect of π-bonding on stability of complexes. 

CO3: Describe classification, synthesis, and reactions of organometallic compounds 

of main group metals. 

CO4: Explain thermodynamic and kinetic stability of metal complexes and interpret 

stability constants. 

CO5: Explain mechanisms of ligand substitution reactions and distinguish between 

inert and labile complexes. 

CO6: Explain electronic transitions in coordination compounds and describe the role 

of transition metals in catalysis, including Wilkinson’s catalyst mechanism. 

9  

  

Modules: 

 

Module 1:  

  

1.1 Crystal Field Theory (6 Hours) 

1.1.1 Limitations of Valence Bond Theory. 

1.1.2 Fundamentals of Crystal Field Theory 

1.1.3 Crystal field Splitting of d orbitals in octahedral, square planar and tetrahedral 

complexes. 

1.1.4 Crystal field splitting parameter 10Dq(Δ), factors affecting 10 Dq, 

spectrochemical series. 

1.1.5 Crystal field stabilization energy (CFSE), calculation of CFSE for octahedral 

complexes with d0 to d10 metal ion configurations. 

 

 



 

1.2 Organometallic Compounds of main group metal (5 Hours) 
1.2.1 Introduction to organometallic chemistry:  General characteristics of various 

types of organometallic compounds, viz. ionic, s-bonded and electron deficient 
compounds. 

1.2.2 General synthetic methods of organometallic compounds: (i) Oxidative-
addition, (ii)Metal-metal exchange(trans-metallation), (iii) Carbanion-halide 
exchange,(iv) Metal-hydrogen exchange(metallation) and (v) Methylene- 
insertion reactions. 

1.2.3 Some chemical reactions of organometallic compounds: (i) Reactions with 
oxygen and halogens, (ii) Alkylation and arylation reactions (iii) Reactions with 
protic reagents 
 

1.3 Role of transition metal in catalysis (4 Hours) 
1.3.1 Comparison between homogeneous and heterogeneous catalysis 
1.3.2 Basic steps involved in homogeneous catalysis 
1.3.3 Mechanism of Wilkinson’s catalyst in hydrogenation of  alkenes. 
 

Module 2:  

  

2.1 Molecular orbital Theory (4 Hours) 
2.1.1 Limitations of CFT: Evidences for covalence in metal complexes with respect 

to (i) intensities of d-d transitions (ii) ESR spectrum of [IrCl6]2- (iii) 
Nephelauxetic effect. 

2.1.2 Identification of the central metal orbitals, their symmetry suitable for formation 
of σ bonds with ligand orbitals and Construction of ligand group orbitals  

2.1.3 Construction of molecular orbitals for ML6 complex. Examples like [FeF6]-4, 
[Fe(CN)6]-4, [CoF6]-3 [Co(NH3)6]+3 

2.1.4 Effect of π-bonding on complexes 
 

2.2 Stability of Metal-Complexes (3 Hours) 
2.2.1 Thermodynamic and kinetic perspectives of metal complexes with 

examples. 
2.2.2 Stability constants: stepwise and overall stability constants and their 

interrelationship. 
2.2.3 Factors affecting thermodynamic stability. 
 
2.3 Reactivity of metal complexes (4 Hours) 
2.3.1 Comparison between Inorganic and organic reactions. 
2.3.2 Types of reactions in metal complexes. 
2.3.3 Study of Inert and labile complexes with respect to [Ti(H2O)6]3+ and 

[Cr(H2O)6]3+complexes. 
2.3.4 Ligand substitution reactions : Associative and Dissociative mechanisms. 
2.3.5 Acid hydrolysis, base hydrolysis and anation reactions. 
 
2.4 Electronic spectra  (4 Hours) 
2.4.1 Origin of electronic spectra, Types of electronic transitions in coordination 

compounds: intra- ligand, Charge transfer and intra-metal transitions. 
2.4.2 Selection rules for electronic transitions. 
2.4.3 Electronic configuration and electronic micro states, Terms and Term symbols 

for transition metal ions, rules for determination of ground state term. 
2.4.4 Determination of Terms for p2 and d1 electronic configurations. 

 



 

10  Reference Books:  

 Module 1: Inorganic Chemistry 

 Crystal Field Theory   

1 G. A. Lawrance Introduction to Coordination Chemistry John Wiley & Sons.2009 

2 R. K. Sharma Text Book of Coordination Chemistry Discovery Publishing House, 2007 

3 R. Gopalan and V. Ramalingam, Concise coordination chemistry, Vikas 

Publishing House Pvt. Ltd. 2007. 

4 P. R. Shukla, Advance Coordination Chemistry , Himalaya Publishing House, 

2012 

5 Glen E. Rodgers, Descriptive Inorganic, Coordination, and Solid-State 

Chemistry Publisher: Thomson Brooks/Cole, 2011 

6 Christoph Sontag, 101  Applications of Crystal Field Theory – properties of 

transition metal compounds,  Createspace Independent Publishing Platform 

,2018 

7 D. W. Bruce and Dermont O Hare, Inorganic Chemistry, 2nd Ed. John Wiley and 

Sons, New York, 1966. 

8 R. L. Madan and G. D. Tuli, Inorganic Chemistry,5th Ed., S. Chand, 2012. 

9 B. W. Pfennig, Principles of Inorganic Chemistry, Wiley, 2015. 

10 D. Banerjea, Coordination chemistry, 3rd edition, Asian Books Pvt. Ltd. 2009. 

11 R. D. Wijesekera, Coordination Compounds Bonding, Structure and 

Nomenclature, Narosa Publication House, 2008. 

  

 Organometallic Compounds of main group metal  

1 F. A. Cotton, G. Wilkinson, C. Murillo and M. Bochmann, Advanced Inorganic 

Chemistry, John Wiley, New York, 6th edition, 1999. 

2 F.A. Cotton and R.A.Walton, Multiple Bonds between Metal Atoms, Claranden 

Press, Oxford, 2nd edition, 1993 

3 Gary Miessler and Donald Tarr, Inorganic Chemistry, Pearson Education, 3rd 

Ed. 2004. 

4 Shriver and Atkin’s, Inorganic Chemistry, 5th Edition, 2010. 

5 B. R. Puri, L. R. Sharma and K. C. Kalia, Principles of Inorganic Chemistry, 

Milestone Publishers, 2013-2014. 

6 Gurudeep Raj, Advanced Inorganic Chemistry, Vol- II, Krishna Prakashan 

Media Pvt.Ltd, 2014 

7 R. H. Crabtree, The Organometallic Chemistry of the Transition Metals, Wiley- 

Interscience, New York, 2014. 

8 Ajay Kumar, Organometallic and Bioinorganic Chemistry AAyush Education, 

2014 

9 R. C. Mehrotra and A. Singh, Organometallic Chemistry – A Unified Approach, 

2nd edition, New Age International Pvt. Ltd., 2000. 

10 Gary O. Spessard and Gary L. Miessler, Organometallic Chemistry, Oxford 

UniversityPress 3rdedn., 2015. 

11 Christoph Elschenbroich, Organometallics, Wiley-VCH, 3rd edition, 2005. 

12 B. D. Gupta & A. J. Elias Basic Organometallic Chemistry: Concepts, 

Syntheses and Applications, University press, 2013 

13  V. K. Jain, An Introduction to Organometallic Chemistry: Fundamentals and 

Applications, IIP Iterative International Publishers, 2026. 

  

 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22Geoffrey%2BA.%2BLawrance%22


 

 Role of transition metal in catalysis 

1 G. W. Parshall and S. D. Ittel, Homogeneous Catalysis, John Wiley & Sons. 

Inc. New York, 2nd edition, 1992. 

2 F. Basolo and R. G. Pearson, Mechanism of Inorganic Reactions, Wiley, New 

York, 1967. 

3 Jahn Hartwig, Organotransition chemistry-From bonding to catalysis, 

University science books, California 2010. 

4 William L. Jolly, Modern Inorganic Chemistry, McGraw Hill, Inc. 2nd edition 

1991 

  

 Module 2: Inorganic Chemistry 

 Molecular orbital Theory 

1 B. R. Puri, L. R. Sharma and K. C. Kalia, Principles of Inorganic Chemistry, 

Milestone Publishers, 2013-2014. 

2 W. W. Porterfield, Inorganic Chemistry-A Unified Approach, 2nd Ed., Academic 

Press, 1993. 

3 C. E. Housecroft and A. G. Sharpe, Inorganic Chemistry, Pearson Education 

Limited, 2nd Edition 2005. 

4 R. L. Dekock and H.B.Gray, Chemical Structure and Bonding, The Benjamin 

Cummings Publishing Company, 1989. 

5 R. Sarkar, General and Inorganic Chemistry, Books & Allied (P) Ltd., 2001. 

6 D. Banerjea ,Coordination Chemistry Tata McGraw Hill,1993. 

7 C. M. Day and J. Selbin, Theoretical Inorganic Chemistry, Affiliated East West 

Press Pvt. Ltd., 1985. 

8 P. L. Soni, Textbook of Inorganic Chemistry. Sultan Chand & Sons Publisher, 

15thEdition .1984. 

9 Asim K. Das, Fundamental Concepts of Inorganic Chemistry, Vol. I, II and III, 

CBS Publication, 2000. 

  

 Stability of Metal-Complexes 

1 R. Kapoor and R.S. Chopra, Inorganic Chemistry, S. Chand 2019 

2 Ajay Kumar, Organometallics and Bioinorganic Chemistry, Aaryush Education, 

4th Edn, 2021. 

3 M. V.Twigg, Mechanisms of Inorganic and Organometallic Reactions, Springer  

Nature vol 1., 1985. 

4 M. L. Tobe Inorganic Reaction Mechanisms, Thomas Nelson and Sons Ltd. 

1972. 

5 R..K. Sharma Inorganic Reaction Mechanisms Discovery Publishing House, 

2018 

  

 Reactivity of metal complex's 

1 Gary Wulfsberg, Inorganic Chemistry; Viva Books PA Ltd., New Delhi; 2002 

2 R. L. Madan and G. D. Tuli, Inorganic Chemistry,5th Ed., S. Chand, 2012. 

3 H. Sosler, Chemistry in Non-aqueous solvents, New York Reinhold 

Publication, 1965. 

4 P. Atkins, T. Overton, J. Rourke, M. Weller and F. Armstrong, Inorganic 

Chemistry, 5thEd., Oxford University Press, 2010. 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22M.%2BL.%2BTobe%22&source=gbs_metadata_r&cad=8
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks


 

5 B. Douglas, D. McDaniel and J. Alexander, Concepts and Models of Inorganic 

Chemistry, 3rd Edition., John Wiley & Sons, Inc., 2001. 

6 Ajay Kumar, Organometallics and Bioinorganic Chemistry, Aaryush Education, 

4th Edn, 2021. 

7 M. V.Twigg, Mechanisms of Inorganic and Organometallic Reactions, Springer  

Nature vol 1., 1985. 

8 M. L. Tobe Inorganic Reaction Mechanisms, Thomas Nelson and Sons Ltd. 

1972. 

9 R..K. Sharma Inorganic Reaction Mechanisms Discovery Publishing House, 

2018 

  

 Electronic spectra  

1 R. Kapoor and R.S. Chopra, Inorganic Chemistry, S. Chand 2019 

2 Ajay Kumar, Organometallics and Bioinorganic Chemistry, Aaryush Education, 

4th Edn, 2021. 

3 M. V.Twigg, Mechanisms of Inorganic and Organometallic Reactions, Springer  

Nature vol 1., 1985. 

4 M. L. Tobe Inorganic Reaction Mechanisms, Thomas Nelson and Sons Ltd. 

1972. 

5 R..K. Sharma Inorganic Reaction Mechanisms Discovery Publishing House, 

2018 

6 Gary Wulfsberg, Inorganic Chemistry; Viva Books PA Ltd., New Delhi; 2002 

7 R. L. Madan and G. D. Tuli, Inorganic Chemistry,5th Ed., S. Chand, 2012. 

  

 Common books for Reference  

1 G. Miessler and D. Tarr, Inorganic Chemistry, 3rd Ed., Pearson Education, 

2004. 

2 B. W. Pfennig, Principles of Inorganic Chemistry, Wiley, 2015. 

3 J. Huheey, F. A. Keiter and R. I. Keiter, Inorganic Chemistry – Principles of 

Structure and Reactivity, 4th Ed., Harper Collins, 1993. 

 …………………………………………………………………………………………. 
 

11 Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  

  

  

 
  

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22M.%2BL.%2BTobe%22&source=gbs_metadata_r&cad=8
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor%3A%22M.%2BL.%2BTobe%22&source=gbs_metadata_r&cad=8
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R.K.%2BSharma&search-alias=stripbooks


 

Title of Paper: Advanced Organic Chemistry - Paper VI 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Organic Chemistry – Paper VI provides 

comprehensive knowledge of biomolecules, 

polymers, organic reagents and modern 

spectroscopic techniques used for structure 

elucidation of organic compounds. The course 

covers structure, classification and synthesis of 

amino acids, polypeptides and proteins, along with 

important catalysts and reagents used in functional 

group transformations. It also discusses mechanisms 

of molecular rearrangements and fundamentals of 

polymer chemistry including types of polymerization, 

properties and applications of synthetic and 

biodegradable polymers. The course further 

introduces structure and reactions of carbohydrates 

and principles of UV–Visible, IR and PMR 

spectroscopy for identification of organic compounds. 

Emphasis is placed on understanding structure–

reactivity relationships and interpretation of 

spectroscopic data relevant to research, 

pharmaceutical and polymer industries. 

2   Vertical :  Major   

  

  

3   Type :  Theory  

  

  

4   Credit:   2 credits  

 

5  Hours Allotted :  30 Hours  

6   Marks Allotted:  50 Marks  

  

  

7  Course Objectives:  

The course aims to: 

COB1: Develop fundamental understanding of amino acids, polypeptides, and 

proteins with emphasis on structure, stereochemistry, properties, and biological 

significance. 



 

COB2: Familiarize students with commonly used organic catalysts and reagents and 

their applications in functional group transformations and selectivity. 

COB3: Provide mechanistic understanding of important molecular rearrangements 

and their stereochemical aspects. 

COB4: Introduce polymer chemistry including classification, preparation, properties, 

tacticity, and applications of synthetic and biodegradable polymers. 

COB5: Provide comprehensive knowledge of carbohydrates including classification, 

interconversion (Fischer and Haworth projections), cyclic structures, and reactions of 

monosaccharides. 

COB6: Build conceptual clarity in organic spectroscopy (UV–Vis, IR, and PMR) with 

emphasis on theoretical principles and instrumentation basics. 

COB7: Develop problem-solving skills in interpretation of spectral data for structure 

elucidation of organic compounds. 

8  Course Outcomes:  

At the end of the course, students will be able to: 

CO1: Explain the structure, classification, stereochemistry, properties, and 

preparation of amino acids, peptides, and proteins. 

CO2: Apply knowledge of catalysts and reagents to predict functional group 

transformations and synthetic outcomes. 

CO3: Explain mechanisms and stereochemical aspects of molecular rearrangements 

such as Pinacol–Pinacolone, Benzilic acid, Favorskii, and Curtius rearrangements. 

CO4: Classify polymers and explain their preparation, properties, tacticity, and 

applications including biodegradable and biomedical polymers. 

CO5: Describe carbohydrates with respect to classification, stereochemistry, cyclic 

structures, and reactions of D-glucose and D-fructose. 

CO6: Explain principles spectroscopy, interpret characteristic spectral features and 

elucidate structures using molecular formula, IHD calculation, and combined spectral 

data (UV–Vis, IR, PMR). 

 

9  

  

Modules:-  

  

Module 1:  

  

1.1 Amino Acids, Polypeptides and Proteins (4 Hours) 

1.1.1 Amino Acids: General Structure, configuration, and classification based on 

structure and nutrition. Properties: pH dependency of ionic structure, isoelectric point 

and zwitter ion. Methods of preparations: Strecker synthesis, Gabriel’s phthalimide 

synthesis. 



 

1.1.2 Polypeptides: Nature of peptide bond. Nomenclature and representation of 

polypeptides (di-and tri-peptides) with examples, Merrifield solid phase polypeptide 

synthesis. 

1.1.3 Proteins: Introduction, General idea of primary, secondary, tertiary & quaternary 

structure of proteins, Denaturation of Protein. 

1.2 Catalyst and Reagents (4 Hours) 

Study of the following catalysts and reagents with respect to functional group 

transformations and selectivity (no mechanism)  

1.2.1 Catalysts:  

i) Raney Nickel  

ii) Pt and PtO2 

iii) Pd: Rosenmund Reduction and Lindlar’s Catalyst 

1.2.2 Reagents 

i) LiAlH4 (reduction of carbonyl, carboxylate, nitrile and nitro)  

ii) NaBH4 (reduction of carbonyl) 

iii) SeO2 (Oxidation of active methyl and methylene groups)  

iv) m-CPBA (epoxidation of alkenes)  

v) NBS (allylic and benzylic bromination)  

1.3 Molecular Rearrangements (3 Hours) 

Mechanism of the following rearrangements with examples and stereochemistry 

wherever applicable 

i) Pinacol-pinacolone rearrangement 

ii) Benzilic acid rearrangement 

iii) Favorskii rearrangement. 

iv) Curtius rearrangement 

 

1.4 Polymers (4 Hours) 

1.4.1 Introduction to Polymers:  Definition of monomer and polymers, Classification of 

polymers on basis of source and types of polymerization reactions 

1.4.2 Preparation, properties, and uses of: Polyethylene (PE), Polypropylene (PP), 

Polystyrene (PS), Polyvinyl chloride (PVC), and Polytetrafluoroethylene (Teflon), 

Polycarbonates, Polyurethanes; Polyamides (Nylon) 

1.4.3 Tacticity in Polymers: Definition and concept, Types: Isotactic, Syndiotactic, 

Atactic polymers, and Effect of tacticity on polymer properties 

1.4.4 Biodegradable polymers & Biomedical uses of polymers  

 

Module 2: 

2.1 Carbohydrates (5 Hours) 

2.1.1 Introduction: Classification, Fischer projection (4-6 carbon monosaccharides), D-

L notation, reducing and non-reducing sugars. 

2.1.2 Ring structures of monosaccharides: Evidences in support of ring structures, 

Interconversion of open chain into Haworth forms of monosaccharides (Furanose and 

Pyranose forms of D-Glucose and D-Fructose) 

2.1.3 Reactions of D-glucose and D-fructose:   

i) Osazone formation 

ii) Reduction: (i) H2/Ni (ii) NaBH4 

iii) Oxidation: (i) Bromine water (ii) conc. HNO3, (iii) HIO4  



 

iv) Acetylation* 

v) Methylation*  

*with cyclic pyranose forms  

 

2.2. Organic Spectroscopy (10 Hours) 

2.2.1 Introduction: Electromagnetic spectrum, units of wavelength and frequency. 

2.2.2 UV-Visible Spectroscopy: Introduction, Electromagnetic radiations, electronic 

transitions, λmax & εmax, chromophore, auxochrome, bathochromic and hypsochromic 

shifts 

2.2.3 IR Spectroscopy: Introduction, Infrared radiation and types of molecular 

vibrations, Selection rule, functional group and fingerprint region. Application of IR 

Spectroscopy 

2.2.4 PMR Spectroscopy: Basic theory of PMR, nature of PMR spectrum, chemical shift 

(δunit),TMS as reference and its advantages, solvents used. Factors affecting chemical 

shift: (1) inductive effect (2) anisotropic effect (with reference to alkenes, alkynes, 

aldehyde and benzene ring). Spin-spin coupling and coupling constant, application of 

deuterium exchange technique. 

2.2.5. Problems of structure elucidation of simple organic compounds using individual 

or combined use of UV-Vis, IR and PMR spectroscopic data. (Molecular Formulae to 

be provided) (Calculation of Index of hydrogen deficiency should be the first step in 

solving the problems) 

 

10  Reference Books:  

 Module 1: Organic Chemistry 

 Amino Acids, Polypeptides and Proteins 

1 J. M. Berg, J. L. Tymoczko, G. J. Gatto Jr., L. Stryer, W. H. Freeman 

Biochemistry Eighth Edition, 2015 

2 D. L. Nelson and M. M. Cox, Lehninger, W. H. Freeman, Principles of 

Biochemistry, Seventh Edition, 2017 

3 U. Satyanarayana and U. Chakrapani, Biochemistry, CBS, Seventh 

Edition,2025 

4 G. Odian, Principles of polymerisation, John Wiley &Sons., 3 rd edition,2004 

5 P. Bahadur, N. V. Sastry, Polymer Chemistry, Narosa Publishing House, 2nd 

Edition, 2002 

6 V. K. Ahluwalia& A. Misra, Polymer Science-A Text Book, Ane Books, India, 1st 

Edition, 2008 

7 Charles E. Carraher Jr., Introduction to Polymer Chemistry, CRC Press, 3rd 

Edition, 2017 

  

 Module 2: Organic Chemistry 

 Catalyst and Reagents / Molecular Rearrangements / Carbohydrates 

1 Jie Jack Li, Name Reactions, Springer, 4th Edition, 2009 

2 I. L. Finar, Organic Chemistry, Pearson Education, 6th Edition, 2006 

3 Morrison, Boyd and Bhattacharjee, Organic Chemistry Pearson Education, 

Seventh Edition, 2010.   

4 T. W. Graham Solomons, Craig B. Fryhle & Scott A. Snyder, Organic Chemistry 

Wiley, 12th Edition, 2016 

5 B. S. Bahl & Arun Bahl, Advanced Organic Chemistry, S. Chand, Revised Multi-

Colour Edition, 2012 

6 V.K. Ahluwalia & R.K.Parashar, Organic Reaction Mechanisms, Third Edition 

2006 



 

  

 Organic Spectroscopy 

1 Robert M. Silverstein, Francis X. Webster & David J. Kiemle, Spectrometric 

Identification of Organic Compounds, Wiley, 7th Edition, 2005 

2 William Kemp, Organic Spectroscopy, Palgrave Macmillan, 3rd Edition, 1991 

3 Donald L. Pavia, Gary M. Lampman, George S. Kriz & James R. Vyvyan 

Introduction to Spectroscopy,  Cengage, 5th Edition, 2015 

4 Jag Mohan, Organic Spectroscopy, Narosa Publishing House, 2nd Edition, 2004 

 ………………………………………………………………………………………. 
 

11 Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  



 

Title of Paper: Advanced Analytical Chemistry – Paper VII 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Advanced Analytical Chemistry – Paper VII 

provides detailed knowledge of modern analytical 

techniques used for qualitative and quantitative 

chemical analysis. The course covers 

electroanalytical methods such as polarography and 

amperometric titration, thermal methods including 

thermogravimetric analysis (TGA), differential 

thermal analysis (DTA) and thermometric titrations, 

and optical techniques such as flame emission 

spectroscopy, fluorescence and phosphorescence 

spectroscopy. It also introduces advanced 

chromatographic methods including HPLC, HPTLC 

and ion exchange chromatography for separation 

and analysis of chemical and biological samples. 

Emphasis is placed on understanding principles, 

instrumentation and applications of modern analytical 

techniques relevant to pharmaceutical, 

environmental and industrial analysis.  

2   Vertical :  Major   

  

  

3   Type :  Theory 

  

  

4   Credit:   2 credits 

 

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks  

  

  

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of electro-analytical techniques, including principles, 

instrumentation, and applications of polarography and amperometric titration. 

COB2: Provide knowledge of thermal analytical techniques such as TGA, DTA, and 

thermometric titrations, including instrumentation and interpretation of thermal curves. 

COB3: Introduce principles and applications of flame emission spectroscopy, 

including atomization process, instrumentation, and calibration methods. 



 

COB4: Develop understanding of molecular fluorescence and phosphorescence 

spectroscopy, including Jablonski diagram, factors affecting emission intensity, and 

instrumentation. 

COB5: Provide knowledge of High Performance Liquid Chromatography (HPLC) and 

High Performance Thin Layer Chromatography (HPTLC), including principles, 

instrumentation, and applications. 

COB6: Introduce the principles of ion exchange chromatography, including ion 

exchange resins, separation mechanisms, and applications in purification and water 

treatment. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Explain principles and instrumentation of polarography and amperometric 

titration, and interpret polarograms and titration curves. 

CO2: Explain working principles of TGA, DTA, and thermometric titration, and 

interpret thermograms for analytical applications. 

CO3: Explain principle and instrumentation of flame emission spectroscopy and apply 

calibration methods for quantitative analysis. 

CO4: Explain principles of fluorescence and phosphorescence spectroscopy, interpret 

Jablonski diagram, and identify factors affecting emission intensity. 

CO5: Explain principles, instrumentation, and applications of HPLC and HPTLC in 

chemical analysis. 

CO6: Explain separation mechanism and applications of ion exchange 

chromatography in analytical and purification processes. 
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Modules:-  

  

Module 1:  

  

1.1 Electro-analytical technique  (08 Hours)                                                                
1.1.1 Polarography 
1.1.1.1 Basic Principle of DC Polarography  
1.1.1.2 Polarogram (terms involved): 

i) residual current 
ii) diffusion current 
iii) limiting current 
iv) half wave potential   

1.1.1.3 Role of  supporting electrolyte, maxima suppressors and inert gas in 
Polarographic analysis  
1.1.1.4 Dropping Mercury Electrode (DME) : Construction , Working, Advantages and 
Limitations.  
1.1.1.5 Qualitative  aspect: Half wave potential , Factors affecting it and its 
significance  



 

1.1.1.6 Quantitative aspect (Numerical Expected): Ilkovic equation, terms involved, 
Practical applicability with reference to calibration curve method   
1.1.1.7 Applications, Advantages and Limitations of Polarography  
  
1.1.2 Amperometric Titration 
1.1.2.1 Principle    
1.1.2.2 Instrumentation (Diagram & Construction), Rotating Platinum Electrode.  
1.1.2.3 Titration curves with examples              

i) Titrand is reducible but other species are not 
ii) Titrant is reducible but other species are not  
iii) Both titrand and titrant are reducible but products is not  

1.1.2.4 Advantages and Disadvantages  
 
1.2 Thermal methods (07 Hours)                                                                
1.2.1 Thermogravimetric Analysis (TGA) 
1.2.1.1 Introduction to thermal method and its classification    
1.2.1.2 Instrumentation and Working (TGA):Block diagram of  thermobalance  
1.2.1.3 Factors affecting thermogram and its significance  
1.2.1.4 Applications : 

1) Identification of primary and secondary standard and  
2) Determination of drying and ignition temperature range based on thermogram 

of 
i) CaC2O4.H2O     
ii) CuSO4.5H2O      

 
1.2.2 Differential Thermal Analysis (DTA)  
1.2.2.1 Principle, instrumentation ,Block Diagram and types of reference materials 
1.2.2.2 Applications: DTA curve with reference to determination of drying and ignition 
temperature for CaC2O4.H2O (in atm of air)  
1.2.2.3 Comparison between TGA and DTA   
 
1.2.3 Thermometric titrations 
1.2.3.1 Principle and Instrumentation   
1.2.3.2 Thermometric titrations of:  

i) HCl v/s NaOH  
ii) Mixture of Ca(II) and Mg(II) v/s EDTA  

 

Module 2  

  

2.1 Optical methods (8 Hours) 
2.1.1 Flame emission spectroscopy (FES)                                           
2.1.1.1 Introduction to FES: Principle, events taking place when sample is aspirated in 
to the flame   
2.1.1.2 Instrumentation: Block Diagram and function of  

i) Nebulizer 
ii) Flame atomizer 
iii) Burner :Types of burner ,advantages and limitations of  Total consumption 

burner and Premix burner 
iv) Wavelength selector and Detector  

2.1.1.3 Applications: Qualitative analysis  and  Quantitative analysis (Calibration 
Curve method  and Standard addition method), Advantages and  Limitations  
 
2.1.2 Molecular Fluorescence and Phosphorescence Spectroscopy 
2.1.2.1 Introduction: 

i) Principle and Jablonski diagram 



 

ii) Relationship of Fluorescence intensity with concentration 
iii) Factors affecting Fluorescence and Phosphorescence  

2.1.2.2 Instrumentation, application and comparison of Fluorimetry and 
Phosphorimetry. 
 
2.2 Chromatography (7 Hours)                                                               
2.2.1 High Performance Liquid Chromatography (HPLC)] 
2.2.1.1 Introduction to HPLC: Principle, Isocratic elution and gradient elution  
2.2.1.2 Instrumentation: Block Diagram and components, Role of Precoloumn, UV 
Detector    
2.2.1.3 Applications of HPLC   
 
2.2.2 High Performance Thin Layer Chromatography (HPTLC) 
2.2.2.1 Introduction to HPTLC: Principle, Stationary phase, Sample application and 
mobile phase  
2.2.2.2 Comparison of TLC and HPTLC  
 
2.2.3 Ion exchange Chromatography 
2.2.3.1 Introduction, Principle, Classification of ion exchange chromatography, Ion 
exchange resin, examples of resins and its ideal properties   
2.2.3.2 Factors affecting separation in an Ions  

i) Selectivity coefficient    
ii) Ion exchange capacity  

2.2.3.3 Applications  with reference to  
i) Protein,peptide  and nucleic acid purification 
ii) Deminarlisation of Water treatment and purification  

  

10 Reference Books:  

 Module 1 and 2 : Analytical Chemistry 

1 Kamala Zutshi, Introduction to Polarography and Allied Techniques, New Age 

International, 2006. 

2 Michael E. Brown, Introduction to Thermal Analysis Techniques and 

Applications, Springer Nature, 2001 

3 P.J Haines, Thermal Methods Of Analysis: Principles Applications and 

Problems, Springer 1995  

4 D.A. Skoog and D. M. West and F. J. Holler Holt., Fundamentals of Analytical 

Chemistry, Saunders 9th Edition, 2014.  

5 S M Khopkar, Basic Concepts of Analytical Chemistry, New  academic science 

ltd. 3rd Edition 2012, 

6 Willard, Merritt,  Dean, Instrumental methods Of Analysis,  CBS Publisher and 

distribution Pvt Ltd, 7thEdition,1986 

7 Skoog, Holler, Nieman, Principles of Instrumental Analysis,Cengage 7th Edition, 

2017 

8 Lloyd R. Snyder, Introduction to Modern Liquid Chromatography, A John Wiley 

& Sons, Inc., Publication, 3rd Edition, 2010.  

 …………………………………………………………………………………………. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  



 

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  

  

  

 
  



 

Title of Paper: Practicals in Advanced Chemistry - II 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Practicals in Advanced Chemistry – II provides 

practical training in Physical and Inorganic Chemistry 

through systematic laboratory experiments. The 

course emphasizes electroanalytical techniques 

such as potentiometry, conductometry, pH-metry and 

colorimetry for quantitative determination of ions and 

evaluation of physicochemical properties. 

Experiments on phase equilibria, viscosity and 

reaction kinetics develop understanding of 

thermodynamic and kinetic principles of physical 

chemistry. The course also includes preparation of 

inorganic coordination compounds and estimation of 

metal ions using complexometric titration methods. 

Emphasis is placed on experimental accuracy, 

analytical skills and interpretation of experimental 

data relevant to physical and inorganic chemical 

systems.  

2   Vertical :  Major   

  

  

3   Type :  Practical  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours  

6   Marks Allotted:  50 Marks  

  

  

7  Course Objectives:   

The course aims to: 

COB1: Develop understanding of electroanalytical techniques such as potentiometry, 

conductometry, pH-metry and colorimetry for quantitative chemical analysis. 

COB2: Explain physicochemical principles underlying phase equilibria, viscosity 

measurements and reaction kinetics. 

COB3: Apply analytical methods for determination of ions, transport numbers, acid 

strength and basicity using instrumental techniques. 



 

COB4: Develop skills in preparation and characterization of inorganic coordination 

compounds. 

COB5: Perform quantitative estimation of metal ions using complexometric titration 

methods and suitable indicators. 

COB6: Interpret experimental data to evaluate thermodynamic, kinetic and analytical 

parameters with accuracy and precision. 

8  Course Outcomes:  

At the end of the course, students will be able to: 

CO1: Determine concentration of halide ions in mixtures using potentiometric titration 
with silver nitrate. 

CO2: Estimate strength of mixed acids (HNO₃ and H₂SO₄) and basicity of acids using 
conductometric methods. 

CO3: Determine concentration of Fe³⁺ ions colorimetrically and evaluate transport 
number of Ag⁺ and NO₃⁻ ions potentiometrically. 

CO4: Study phase diagram of ternary systems and calculate molecular radius using 
viscosity measurements. 

CO5: Determine energy of activation for second order reactions using experimental 
kinetic data. 

CO6: Prepare coordination compounds and estimate metal ions such as Mn²⁺ using 
complexometric titration with appropriate indicators. 

9  

  

Modules: 

  

Module 1:  

 

1.1 Instrumental Experiments:  
 

1) To determine the amount of iodide bromide and chloride in the mixture by 
potentiometric titration with silver nitrate. 

2) To estimate strength of HNO3 & H2SO4  in the mixture of both acids 
conductometrically.  

3) To find out the strength of borax solution by titrating it against HCl  pH-metrically. 
4) To estimate Fe+3 ions by thiocayanate method colorimetrically . 
5) To determine the transport number of Ag+ and NO3

- ions in   AgNO3 
potentiometrically. 

6) To determine the basicity of an acid such as citric acid conductometrically. 
 

Module 2:  

  

2.1 Non- Instrumental Experiments:  

1) Phase equilibria::To study phase diagram of three component system water- 
chloroform/ toluene- acetic acid by weight method. 

2) To determine the radius of Glycerol molecule by viscosity measurement. 
3) The study of energy of activation of second order reaction i.e. reaction between 

K2S2O8 and KI (Unequal concentrations) 



 

2.2 Inorganic Chemistry 

1) Preparation of Tris(acetylacetonato)iron(III) 

2) Preparation of tetraamine copper sulphate [Cu(NH3)4]SO4.H2O 

3) Estimation of Manganese  by complexometric titration method using EBT indicator. 

 

10 Reference Books:  

 Module 1 and 2 : Physical Chemistry 

1 A. M. James and F.E. Prichard,  Practical Physical Chemistry Longman 

publication, 3rd edition,1974 

2 R.C. Das and B. Behra, Experiments in Physical Chemistry, Tata Mc Graw Hill, 

1983  

3 J. B. Yadav,  Advanced Practical Physical Chemistry, Goel Publishing House, 

2006 

4 J. N. Gurtu and R Kapoor,  Advanced Experimental Chemistry., S.Chand and 

Co. Vol-I, 1980 

5 V. D. Athawale, Experimental Physical Chemistry , New Age International (P) 

Limited, 2001 

6 B. D. Khosla, V. C. Garg and A. Gulati, Senior Practical Physical Chemistry, R 

Chand and Co.. 2011 

  

 Module 2: Inorganic Chemistry 

1 A. I.  Vogel, Quantitative Inorganic Analysis, 5th Edn Longman Scientific and 

Technical, 1989. 

2 J. D. Woolins, Inorganic Experiments. Hohn Wiley and Sons, 2010 

3 W. G. Palmer, Experimental Inorganic Chemistry, Cambridge University Press, 

1954 

4 G. Raj, Advanced Practical Inorganic Chemistry. Goel Publication, 2010 

5 J. E. House, Inorganic chemistry, Academic press, 2nd edition, 2013. 

6 G. N. Mukherjee, Advanced Experiments in Inorganic Chemistry., U. N. Dhur & 

Sons Pvt. Ltd. 2010. 

7 W. Conard Fernelius, Inorganic syntheses, Mc-Graw Hill, Vol.II, 1946. 

8 G. Pass and H. Sutcliffe, Practical Inorganic Chemistry- Preparation, reactions 

and instrumental methods, Springer, 2nd edition.1974.  

9 G. Marr and B. W. Rockett, Practical Inorganic Chemistry, Van Nostrand 

Reinhold Company 1972. 

10 G. Christian, Analytical Chemistry, John Wiley, New York 4th edition 1986. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  

  

  

 
  



 

Title of Paper: Practicals in Advanced Chemistry - III 

 

Sr. 

No.  

Heading  Particulars  

  

  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Practicals in Advanced Chemistry – III provides 

advanced laboratory training in analytical chemistry 

techniques and interpretation of spectroscopic data 

for structure elucidation of organic compounds. The 

course develops practical skills in quantitative 

estimation of analytes such as urea, proteins and 

casein using titrimetric and colorimetric methods, 

separation of mixtures using chromatographic 

techniques, and determination of purity using ion-

exchange methods. It also includes application of 

instrumental techniques such as pH-metry, flame 

photometry, spectrophotometry and potentiometry 

for quantitative analysis. Emphasis is placed on 

interpretation of UV, IR and NMR spectral data for 

identification of organic compounds and 

development of analytical competence relevant to 

research, pharmaceutical and industrial laboratories.  

2   Vertical :  Major   

  

  

3   Type :  Practical  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours  

6   Marks Allotted:  50 Marks  

  

  

7  Course Objectives:  

The course aims to: 

COB1: Develop practical skills in quantitative estimation of organic and inorganic 

analytes using titrimetric and colorimetric methods. 

COB2: Provide knowledge of chromatographic and ion-exchange techniques for 

separation of mixtures and determination of purity. 

COB3: Develop competence in use of instrumental analytical techniques such as pH-

metry, flame photometry, spectrophotometry and potentiometry. 



 

COB4: Provide understanding of estimation of biomolecules such as proteins and 

casein using standard analytical procedures. 

COB5: Develop ability to interpret spectroscopic data (UV, IR and NMR) for structural 

elucidation of organic compounds. 

COB6: Enhance analytical reasoning for selection of appropriate analytical 

techniques based on chemical nature of analytes.  

8  Course Outcomes:  

At the end of the course, students will be able to: 

CO1: Estimate urea, casein and protein content using titrimetric and colorimetric 

methods and calculate quantitative results. 

CO2: Determine percentage purity of common salt using cation exchange method 

and perform chromatographic separation of indicators by calculating Rf values. 

CO3: Determine concentration of maleic acid using pH-metric titration and calculate 

result. 

CO4: Determine potassium content using flame photometry and chromium content 

using spectrophotometric method with calibration data. 

CO5: Perform potentiometric titration of KCl using AgNO₃ and calculate concentration 

of analyte. 

CO6: Interpret UV, IR and NMR spectral data to identify structure of at least three 

monofunctional organic compounds. 
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Modules: 

  

Module 1:   

  

1.1 Analytical Chemistry (Non -Instrumental) 
1) Estimation of Urea content in commercial urea sample by back titration method 
2) Estimation of Casein from Milk Powder 
3) Estimation of protein by Lowry method 
4) Determination of percentage purity of common salt using a cation exchanger. 

(Amberlite IRC-50) (Standardization is expected). 
5) To separate the mixture of Indicator by Paper Chromatography (any two) and find 

the Rf value 
i. Methyl Red + Methylene Blue 
ii. Methyl Red + Bromocresol Green  
iii. Bromothymol Blue + Methyl Red 

Module 2:  

  

2.1 Analytical Chemistry (Instrumental) 

1) Determination of Maleic acid pH-metrically. 
2) Determination of potassium content in a commercial salt sample by flame 

photometry. 



 

3) Estimation of Chromium in water sample spectrophotometrically using 
diphenylcarbazide  

4) Potentiometric titration of a standard solution of KCl against AgNO3 
 

2.2 Analysis of Spectral Data (UV, IR and NMR) (Minimum 3 compounds) 

Interpretation and analysis of UV, IR and NMR spectra for structural elucidation of 

aliphatic and aromatic monofunctional organic compounds.  

Students shall study and interpret spectral data corresponding to the following 

suggestive compounds:  

(The list is indicative only; equivalent suitable compounds may be included for 

spectral analysis) 

i) 2-Butanone 

ii) Propionic acid 

iii) Ethyl acetate 

iv) Pinacol 

v) Iodoethane 

vi) 2-propanol 

vii) 1-Nitropropane  

viii) Anisole 

ix) Benzyl amine 

x) Benzyl alcohol 

 

10  Reference Books:  

 Module 1 and 2: Analytical Chemistry 

1 Vogel, A. I. Vogel’s Textbook of Quantitative Chemical Analysis, 6th ed.; 

Pearson Education: London, 2000. 

2 Harris, D. C. Quantitative Chemical Analysis, 9th ed.; W. H. Freeman and 

Company: New York, 2016. 

3 Mendham, J.; Denney, R. C.; Barnes, J. D.; Thomas, M. J. K. Vogel’s 

Quantitative Chemical Analysis, 6th ed.; Pearson Education: New Delhi, 2000. 

4 Fifield, F. W.; Kealey, D. Principles and Practice of Analytical Chemistry, 5th ed.; 

Blackwell Science: Oxford, 2000. 

5 Day, R. A.; Underwood, A. L. Quantitative Analysis, 6th ed.; Prentice Hall: New 

Delhi, 1991. 

6 Jeffery, G. H.; Bassett, J.; Mendham, J.; Denney, R. C. Vogel’s Textbook of 
Quantitative Chemical Analysis, 5th ed.; Longman Scientific: London, 1989. 

7 Khosla, B. D.; Garg, V. C.; Gulati, A. Senior Practical Physical Chemistry, R. 

Chand & Co.: New Delhi, 2010. 

8 Dash, U. N.; Dharmarha, O. P.; Soni, P. L. Advanced Practical Chemistry, S. 

Chand & Company: New Delhi, 2009. 

  

 Module 2: Organic Chemistry 

1 Robert M. Silverstein, Francis X. Webster & David J. Kiemle, Spectrometric 

Identification of Organic Compounds, Wiley, 7th Edition, 2005 

2 Donald L. Pavia, Gary M. Lampman, George S. Kriz & James R. Vyvyan, 

Introduction to Spectroscopy, Cengage, 5th Edition, 2015 

3 William Kemp, Organic Spectroscopy, Palgrave Macmillan, 3rd Edition, 1991 

4 Jag Mohan, Organic Spectroscopy, Narosa Publishing House, 2nd Edition, 2004 

5 L. D. Field, S. Sternhell & J. R. Kalman, Organic Structures from Spectra, Wiley, 

5th Edition, 2013 
 



 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2) 

  

  

  

  

  

  

 
  



 

Title of Paper: Practicals in Advanced Chemistry - IV 

 

Sr. 

No.  

Heading  Particulars  

   

1  

  

 Description of the course :  

  

Including but Not limited to :  

Practicals in Advanced Chemistry – IV provides 

laboratory training in Inorganic and Organic Chemistry 

through systematic experimental work. The course 

develops practical skills in preparation of coordination 

compounds and quantitative estimation of metal ions 

using complexometric titration techniques. Qualitative 

and quantitative analysis of inorganic salts helps in 

understanding analytical methods and identification of 

impurities. The organic component of the course 

focuses on separation of binary liquid–liquid and 

liquid–solid mixtures using microscale distillation 

techniques, enabling students to identify components 

based on their physical and chemical properties. 

Emphasis is placed on accuracy, systematic 

experimental approach, purification techniques and 

interpretation of analytical data relevant to inorganic 

and organic chemistry.  

2   Vertical:  Major   

3   Type:  Practical  

  

4   Credit:   2 credits  

  

5  Hours Allotted:  60 Hours  

6   Marks Allotted:  50 Marks   

7  Course Objectives:  

The course aims to: 

COB1: Develop skills in synthesis of inorganic coordination compounds using appropriate 
laboratory techniques. 

COB2: Explain principles of complexometric titration for quantitative estimation of metal 
ions. 

COB3: Apply qualitative and quantitative analytical methods for identification of cations 
and anions in inorganic salts. 

COB4: Develop understanding of principles involved in separation of binary liquid–liquid 
and liquid–solid mixtures. 

COB5: Apply microscale distillation techniques for purification and identification of organic 
compounds. 



 

COB6: Interpret experimental observations for accurate analysis and characterization of 
inorganic and organic substances.. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Prepare coordination compounds such as ferrous ethylenediammonium sulphate 

and copper chloride dimethyl sulfoxide using standard laboratory procedures. 

CO2: Determine calcium and copper content using EDTA complexometric titration with 

suitable indicators. 

CO3: Analyze water soluble salts for percentage purity and detect impurity ions using wet 

chemical methods. 

CO4: Identify type of binary mixture and select appropriate method for separation of 

liquid–liquid and liquid–solid systems. 

CO5: Separate components of binary mixtures using microscale distillation technique. 

CO6: Identify purified organic components based on physical properties and systematic 

experimental observations. 

 

9  

  

Modules: 

  

Module 1  

  

1.1 Inorganic Chemistry 

1) Preparation of Ferrous ethylene diammonium sulphate 

2) Preparation of copper chloride Dimethyl Sulfoxide  

3) Determination of Calcium in presence of Magnesium by EDTA titration using Patton 

Reader indicator 

4) Complexometric titration of copper with EDTA using Fast sulphon Black F indicator 

5) Determination of percentage purity of the given water soluble salt and qualitative 

detection w.r.t added impurity cation and/or anion ( any Two)  

Salts of selected Main group  metal ions viz. Mg, Ba, Sr/Ca, . Quantitative analysis 

by titration method. (complexometric titration  of all   ions using Eriochrome Black 

T  indicator). Qualitative analysis by wet test method. 

Impurity : NH4
+,K+, Cl-, NO3

-, I-, (Note: Standardization  of EDTA is not expected) 

Module 2  

  

2.1 Separation of Binary liquid-liquid and liquid- solid mixture.  

 (Minimum 6 mixtures) 

1) Minimum six mixtures to be completed by the students.  

2) Components of the liquid-liquid mixture should include volatile liquids like acetone, 

methyl acetate, ethyl acetate, isopropyl alcohol, ethyl alcohol, EMK and non-volatile 

liquids like chlorobenzene, bromobenzene, aniline, N, N- dimethylaniline, 

acetophenone, nitrobenzene, ethyl benzoate.  



 

3) Components of the liquid - solid mixture should include volatile liquids like acetone, 

methyl acetate, ethyl acetate, ethyl alcohol, IPA, EMK and solids such as water 

insoluble acids, phenols, bases, neutral.  

4) A sample of the mixture one ml to be given to the student for detection of the 

physical type of the mixture. 

5) After correct determination of physical type, separation of the binary mixture to be 

carried out by distillation method using microscale technique.  

6) After separation into component A and component B, either Volatile Liquid or Solid 

to be given for identification. 

 

10  Reference Books:  

 

 Module 1: Inorganic Chemistry 

1 A. I.  Vogel, Quantitative Inorganic Analysis, 5th Edn Longman Scientific and 

Technical, 1989. 

2 J. D. Woolins, Inorganic Experiments. Hohn Wiley and Sons, 2010 

3 W. G. Palmer, Experimental Inorganic Chemistry, Cambridge University Press, 

1954 

4 G. Raj, Advanced Practical Inorganic Chemistry. Goel Publication, 2010 

5 J. E. House, Inorganic chemistry, Academic press, 2nd edition, 2013. 

6 G. N. Mukherjee, Advanced Experiments in Inorganic Chemistry., U. N. Dhur & 

Sons Pvt. Ltd. 2010. 

7 W. Conard Fernelius, Inorganic syntheses, Mc-Graw Hill, Vol.II, 1946. 

8 G. Pass and H. Sutcliffe, Practical Inorganic Chemistry- Preparation, reactions and 

instrumental methods, Springer, 2nd edition.1974.  

9 G. Marr and B. W. Rockett, Practical Inorganic Chemistry, Van Nostrand Reinhold 

Company 1972. 

10 G. Christian, Analytical Chemistry, John Wiley, New York 4th edition 1986. 

  

 Module 2: Organic Chemistry 

1 Furniss, Hannaford, Smith & Tatchell, Vogel’s Textbook of Practical Organic 

Chemistry, Pearson Education, 5th Edition, 1989 

2 F. G. Mann & B. C. Saunders, Practical Organic Chemistry, Pearson Education, 4th 

Edition, 2009 

3 John C. Gilbert & Stephen F. Martin, Experimental Organic Chemistry —Cengage 

Learning, 5th Edition, 2011 

 ………………………………………………………………………………………………. 
 

11 Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal and 

External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, project, 

creative writing, assignment  

(any 2) 

  

  

  

  

  

  

 
  



 

 
 
 

SEM VI 
Vertical – 1 
Electives  

(2+2) 
 
 

 
  



 

 
Syllabus 

B. Sc. (Chemistry) 
(Sem.- VI)  

Title of Paper: Drugs & Dyes - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Drugs and Dyes II provides comprehensive 

knowledge of chemotherapeutic agents and dye 

chemistry with emphasis on structure, 

classification, synthesis and applications. The 

course introduces important classes of drugs such 

as antibiotics, antivirals, antimalarials, antifungals, 

antitubercular and anticancer agents, along with 

modern concepts in drug development including 

clinical trials, nanoparticles, biopharmaceuticals 

and regulatory aspects. It also covers fundamental 

unit processes in dyestuff chemistry, synthesis of 

industrial dyes, applications of dyes in textiles and 

non-textile fields, functional dyes and eco-friendly 

natural dyes. Emphasis is placed on 

understanding the relationship between chemical 

structure, therapeutic activity, industrial relevance 

and environmental sustainability. 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop understanding of classification, structure and therapeutic applications of 
important chemotherapeutic agents such as antibiotics, antivirals, antimalarials, 
antifungals and anticancer drugs. 

COB2: Provide knowledge of synthesis and chemical properties of selected 
pharmaceutical compounds and their therapeutic significance. 



 

COB3: Introduce concepts of modern drug development including clinical trials, 
nanoparticles, computer aided drug design and biopharmaceuticals. 

COB4: Develop awareness of drug safety, adverse drug reactions, pharmacovigilance 
and intellectual property rights in pharmaceuticals. 

COB5: Provide understanding of important unit processes used in dye synthesis such 
as nitration, sulphonation, halogenation and diazotisation. 

COB6: Develop knowledge of synthesis, applications and environmental aspects of 
dyes including functional dyes, natural dyes and green chemistry approaches. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify chemotherapeutic agents based on chemical structure, therapeutic use 
and pharmacological action. 

CO2: Explain synthesis pathways of selected drugs such as fluconazole, metronidazole 
and dapsone. 

CO3: Describe concepts of clinical trials, nanoparticles, biopharmaceuticals and 
regulatory aspects involved in drug development. 

CO4: Explain unit processes such as nitration, sulphonation, halogenation and 
diazotisation with suitable examples. 

CO5: Illustrate synthesis and applications of dyes such as Orange IV, indigo, eosin, 
Bismarck brown and indanthrene blue. 

CO6: Explain environmental impact of dye industry and describe green chemistry 
approaches and eco-friendly dyes for sustainable development. 
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Modules:  

  

Module 1:  

  

1.1 Chemotherapeutic agents (6 Hours) 
A brief introduction of the following chemotherapeutic agents and their study with 
respect to chemical structure, chemical class, therapeutic uses and side effects. 

a) Antibiotics and antivirals: Definition, characteristics and properties, Amoxicillin 
(Penicillin’s), Cefpodoxime (Cephalosporins), Acyclovir (Purines) and role of Remdesivir 
in COVID-19.  

b) Antimalarial: -Types of malaria, symptoms, Pathological detection during window 
period, Chloroquine (4-Amino quinolones), Artemether-Lumefentrine, combination 
therapy (No structure).  

c) Anthelmintic and Antifungals: Albendazole (Benzimidazoles), Fluconazole (Triazoles). 
Synthesis of fluconazole from 1-Bromo-2,4-difluorobenzene.  

d) Antiamoebic drugs:- Types of amoebiasis, Metronidazole (Imidazole’s), Diloxanide 
furoate (Furans). Synthesis of Metronidazole from glyoxal.  



 

e) Antitubercular and Antileprotic drugs: Symptoms and types of tuberculosis and leprosy, 
General idea of antibiotics used in their treatment. Isoniazide (Hydrazides), Dapsone 
(Sulfones). Synthesis of Dapsone from 4-Chloronitrobenzene.  

f) Antineoplastic drugs: Idea of malignancy, types of Tumors, causes of cancer, Therapy 
for Cancer.  Anastrozole (Triazoles), Cisplatin (Chloro platinum). 

1.2 Modern Drug Development (5 Hours) 
Introduction to clinical trials; Role of food and drug administration (FDA), Nanoparticles in 
medicinal chemistry (Gold and Silver Nanoparticles), Computer aided drug design and 
Repurpose drugs. 

1.1 Biopharmaceuticals (2 Hours) 
Vaccines e.g. Covishield and Covaxin; monoclonal antibodies; recombinant DNA drugs 
(introductory level). 

1.2 Drug Safety & Regulatory Aspects (2 Hours) 
Adverse Drug Reactions (ADR); pharmacovigilance; intellectual property rights (IPR) in 
pharmaceuticals. 

Module 2:  

  

a. Unit Processes (4 Hours) 
Explanation of Sulphonation, Nitration, Halogenation, Diazotisation & coupling reactions 
with one example.;Detailed mechanism of Nitration reaction.   
 
2.2 Synthesis of Dyes (4 Hours) 
i) Synthesis Orange IV ii) Industrial preparation of indigo iii) Preparation of eosin iv) 
Synthesis of Bismarck brown v) Synthesis of Indanthrene blue  
 
2.3 Applications of Dyes (3 Hours) 
Textile: Especially in preparation of blended fibres; Non-textiles: Drug formulations, Food-
stuff & Cosmetics; Biological staining agents; Laser & Hair dyes.  
 
2.1 Functional Dyes (1 Hour) 
Fluorescent dyes: e.g. Copper Phthalocyanines; photochromic dyes. e.g. Chromenes 
(Naphthopyrans) 
 
2.5 Natural & Eco-Friendly Dyes (5 Hours) 
Natural biodegradable dyes such as -Indio, Turmeric, henna, Saffron (Without structures), 

Environmental impact of dye effluents; Green chemistry approaches to minimize industrial 

pollution. Importance of effluent treatment plant. Perspectives of India: Importance of 

Make in India.                                                                                              

10  Reference Books:  

 Module 1: 

1  David A.  William & Thomas Lemke, Foye's principles of medicinal 
chemistry. Edited by Indian edition by B I Publication Pvt Ltd, 
Lippmcolt Williams & Wilkins. 6th Edition, 2008. 

2  John H Block, John M Beale Jr., Wilson & Gisovold’s, Text book of 
organic medicinal & pharmaceutical chemistry. LippincottWilliams ad 
Wilkins,  11th Edition,  2 0 0 4 .  

3  Ashutosh Kar, Medicinal chemistry. New Age International Pvt. Ltd 
Publisher. 4th edition.2005. 

4  D. J. Abraham, Burger’s Medicinal Chemistry, Drug Discovery & 

 
 



 

Development, Wiley, 2003. 
5  V.K. Ahluwalia and Madhu Chopra, Medicinal chemistry. Ane books for CRC 

Press., 2008 
6  S. S. Kadam, K. R. Mahadik, K. G. Bothara,  Principle of medicinal 

chemistry. Nirali Publications, Vol 1 & 2, 2018 
7  D. S. Johnson and Jie Jack Li. ,The Art of Drug synthesis. Wiley, 2006. 
8  Richard B Silvermann, The Organic Chemistry of Drug Design & Drug 

Action.  Academic Press. 2nd ed.2012. 
9  D. Lednicer and L. Mitsher, The Organic Chemistry of Drug Synthesis. John  

Wiley and Sons, Vol 3,  1984. 
10  Povl Krogsgaard-Larsen, Tommy Lilliefors and Ulf Madsen,  Textbook 

of Drug Design and Discovery, CRC Press, 3rd ed. 2002. 
11  Warren C.W. Chan, Bio-applications of nanoparticles, Springer Publication, 

2007. 
12  Ram B. Gupta & Uday B. Kompella,  Nanoparticle and Technology for 

drug delivery - Drugs and pharmaceutical sciences, Taylor and 
Francis , vol. 159, 2006.  

13  Maheshwar Sharon and Madhuri Sharon,  Nano forms of carbon 
and its applications. Monad Nanotech Pvt. Ltd. McGraw-Hill 
Professional Publications, 2009. 

14  A. K. De Environmental Chemistry, New Age Publisher, 2018. 
15  Chokhani and Ghormade, Text Book on Law and Medicine.. Hind Law 

House, Pune, 2nd Edition..2011 
16  K D Tripathi, Essentials of Medical Pharmacology. Jaypee Brothers 

Medical publishers Pvt. ltd.2024. 
17  B. S. Furniss, A. J. Hanford, P.W. G. Smith, A. R. Tatchell, Vogel’s 

Textbook of Practical Organic Chemistry,  Longman Scientific and 
Technical , 5th Edition, 1989. 

  
 Module 2: 

18  K.Venkatraman,  Chemistry of Synthetic Dyes, Vol I – IV, Academic Press 
1972 

19  H.A Lubs, The Chemistry of Synthetic Dyes and Pigments, Robert 
E Krieger Publishing Company, NY ,1995 

20  V.A. Shenai,  Chemistry of Dyes and Principles of Dyeing, Sevak 
Publications, 1973 

21  Joseph Benny, Environmental Studies, Tata McGraw Hill Education, 2005. 
22  G. S. Sodhi, Fundamental concepts of Environmental Chemistry, Alpha 

Science International, 2009. 
23  Shrikrishna D. Tupare, Dyes: Overview, Lulu publications, 2021 
24  Planning Commission, Niti Aayog, FSSAI and FDA websites, 

https://fssai.gov.in/ 
25  S.K. Sharma, Green Chemistry for Dyes Removal from Waste 

Water- Research Trends and Applications, Ed. Wiley, 2015. 
26  S.M. Khopkar,  Environmental Pollution- Monitoring and Control, New 

Age International (P) Ltd, New Delhi, 1982 
27  Gurdeep R. Chatwal, Synthetic organic Chemistry, Himalaya Publishing 

House, 2001 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  



 

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Practicals in Drugs & Dyes - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Practicals in Drugs & Dyes – II provides 

practical training in quantitative estimation of 

pharmaceutical compounds and dyes, synthesis 

of organic intermediates, and application of 

dyeing techniques. The course develops 

laboratory skills in volumetric and colorimetric 

estimation of drugs and dyes, determination of 

acid neutralizing capacity of antacids, and purity 

testing of pharmaceutical compounds. It also 

includes synthesis of important intermediates 

and dyes using conventional and green 

chemistry approaches, along with application of 

direct dyeing on textile fibres. Emphasis is placed 

on experimental accuracy, calculation of 

percentage purity and yield, and understanding 

the relationship between chemical synthesis and 

industrial applications. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop practical skills in quantitative estimation of pharmaceutical compounds 
using titrimetric and colorimetric methods. 

COB2: Provide knowledge of analytical techniques for determination of purity and 
quality of drugs. 

COB3: Develop competence in estimation of dyes and pharmaceutical compounds 
using suitable analytical methods. 



 

COB4: Impart practical knowledge of synthesis of organic intermediates and dyes using 
conventional and green chemistry methods. 

COB5: Develop understanding of preparation of industrially important dyes such as 
fluorescein and Orange-II. 

COB6: Provide practical exposure to application of dyeing techniques on textile fibres 
using direct dyes. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Estimate amount of pharmaceutical compounds such as methyl salicylate, aniline 
and iodine using titrimetric methods and calculate results. 

CO2: Determine acid neutralizing capacity of antacid and concentration of methyl 
orange using volumetric and colorimetric methods. 

CO3: Identify aceclofenac using standard tests and evaluate purity based on 
experimental observations. 

CO4: Synthesize organic compounds such as m-nitroaniline, neroline and 4-
nitrosalicylic acid and calculate percentage yield. 

CO5: Prepare dyes such as fluorescein and Orange-II and record observations of 
reaction conditions. 

CO6: Apply direct dyeing technique on cotton fibre using suitable dye and evaluate dye 
uptake. 
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Modules: (Minimum 10 experiments to be performed) 

Module 1:  

  

i. Estimation of Methyl salicylate in given sample  

ii. Estimation of Aniline/p-Toluidine from given sample 

iii. Estimation of Iodine from tincture Iodine 

iv. Estimations of acid neutralizing capacity of antacid 

v. Estimation of methyl orange by colorimetry  

vi. To perform identification and test of purity of Acelofenac 

Module 2:  

  

 1) To prepare m- nitro aniline from m- di-nitro benzene  

2) To prepare Neroline (o-methoxy naphthalene) from β- naphthol by methylation 

method 

3) To prepare 4- nitro salicylic acid by using Ceric Ammonium Nitrate. (green method) 

4) To prepare fluorescein from resorcinol & β-Naphthol. 

5) To prepare Orange-II from sulphanilic acid 

6) Dyeing of cotton fibre with direct dye. 



 

10  Reference Books:  

 

1 Richard J., A Manual of Paper chromatography and papper electrophoresis; 
Academic Press Inc. Publishers. New York, 1958. 

2 Lachman, L., Lieberman, H. A., & Kanig, J. L.; Pharmaceutical Dosage Forms: 
Tablets; Marcel Dekker, 1989 

3 Ansel, H. C., Allen, L. V., & Popovich, N. G.; Pharmaceutical Dosage Forms and 
Drug, Wolters Kluwer, 2013 

4 Michael E. Aulton; Pharmaceutics: The Science of Dosage Form Design; Churchill 
Livingstone, 2007 

5 James Swarbrick; Textbook of Pharmaceutical Manufacturing; Informa Healthcare, 
2007. 

6 C. V. S. Subrahmanyam; Pharmaceutical Engineering; Vallabh Prakashan, 2007 

7 H. Beckett & J. B. Stenlake; Practical Pharmaceutical Chemistry; CBS Publishers & 
Distributors, 2001 

8 W. W. Wells; Quantitative Pharmaceutical Chemistry; John Wiley & Sons, 1960 

9 Willard, H. H., Merritt, L. L., Dean, J. A., & Settle, F. A.; Instrumental Methods of 
Chemical Analysis; CBS Publishers & Distributors, 1988 

10 David G. Watson; Pharmaceutical Analysis; Elsevier, 2009 

11 Indian Pharmacopoeia (IP); The Indian Pharmacopoeia Commission (IPC), 2018 

12 British Pharmacopoeia (BP); The Stationery Office (TSO), vol. 4, 2021 

13 Vogels textbook of practical organic chemistry, 5th Edition. 

14 Manual of Methods of Analysis of Foods Oils and Fats; Food Safety and Standards 
Authority of India Ministry of Health And Family Welfare Government Of India New 
Delhi 2016 

15 Asif & et al. Application, Principles and Synthesis Of Organic Compounds By Using 
Green Chemistry Approaches; Mor. J. Chem. 4 N°1 (2016) 164-176 

 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Heavy and Fine Chemicals - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Heavy and Fine Chemicals – II provides knowledge 

of industrial processes, materials and technologies 

involved in manufacture of important heavy and fine 

chemicals. The course covers industrial reactors, 

glass manufacturing, production of major chemicals 

such as sulphuric acid, ammonia and sodium 

hydroxide, and preparation of inorganic fine 

chemicals. It also introduces zeolites, ion-exchange 

resins, composite materials, energy systems, 

refrigeration, oils, fats and detergents, along with 

basic concepts of small-scale industries, research 

and development, intellectual property rights and 

dye intermediates. Emphasis is placed on 

understanding industrial processes, material 

properties, technological developments and their 

relevance to chemical, pharmaceutical and allied 

industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

   

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of industrial vessels, reactors and materials used in 
chemical industries. 

COB2: Provide knowledge of manufacturing processes of important heavy chemicals 
such as sulphuric acid, ammonia and sodium hydroxide. 

COB3: Impart understanding of properties and applications of materials such as 
glass, zeolites, clays, ion-exchange resins and composite materials. 

COB4: Introduce concepts of small-scale industries, research and development, 
technology transfer and intellectual property rights. 



 

COB5: Provide knowledge of industrial utilities such as energy sources, refrigeration 
systems, oils, fats and detergents. 

COB6: Develop understanding of synthesis and applications of dye intermediates 
and fine chemicals in industry. 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify industrial reactors, pressure vessels and storage vessels based on 
their functions in chemical processes. 

CO2: Explain manufacturing processes of sulphuric acid, ammonia and sodium 
hydroxide with reference to raw materials, reactions and applications. 

CO3: Describe properties and industrial applications of glass, zeolites, ion-exchange 
resins and composite materials. 

CO4: Explain role of small-scale industries, R&D, technology transfer and intellectual 
property rights in chemical industry. 

CO5: Describe principles and applications of energy sources, refrigeration systems, 
oils, fats and detergents used in industries. 

CO6: Explain synthesis and uses of selected dye intermediates and fine chemicals 
relevant to industrial applications.  
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Modules:  

  

Module 1:  

  

1.1 Introduction to industrial vessels (2 Hours) 

Classification of chemical reactors, pressure vessels for internal or external pressure, 

maintenance, storage vessels for liquids and gases. 

 

1.2 Glass (2 Hours) 

Composition, types and applications (soda-lime, borosilicate, optical); float glass 

process.  

 

1.3 Manufacturing process and applications (4 Hours) 

1.3.1 Sulphuric acid - Contact Process: raw materials, roasting, double 

absorption,V2O5 catalyst, pollution control, oleum; applications (fertilizers, batteries, 

pickling, explosives). 

1.3.2 Ammonia - Haber Process, applications of ammonia. 

1.3.3. Sodium Hydroxide- Chlor-Alkali Process: brine electrolysis, 

diaphragm/mercury/membrane cell comparison; co-production of Cl2; caustic soda 

grades.  

1.4 Zeolites, Clays and Ion-exchange resins (2 Hours) 

Structures, properties, industrial applications (water softening, catalysis, pharma 

purification). Nano-zeolites: improved catalytic properties, enhanced drug loading 

capacity. 



 

 

1.5 Industrial preparation of Inorganic Fine chemicals (2 Hours) 

1.5.1. KMnO4 

1.5.2. FeSO4.7H2O   

 

1.6 Composite materials (3 Hours) 

Introduction, Constitution, Classification and applications of the following – 

1.6.1. Particle Reinforced composites, Fiber reinforced composites GFRP/CFRP, 

Structural Composites or Layered composites,  

1.6.2. Nano composites: polymer-clay (montmorillonite), carbon nanotube reinforced 

polymers - properties and applications. 

Module 2:  

  

2.1 Small scale industries, R & D and technology transfer (5 Hours) 

2.1.1 Introduction- Industry Structure. 

2.1.2 Need and scope of small scale industry, SSI rules and regulations. 

2.1.3 R and D, technology transfer, Role of R and D, Functional structure of R and D 

unit, Research strategies and manufacturing interface, University-Industry interface, 

2.1.4 IPR- Patents, Trade Mark 

                                             

2.2 General idea of the following (4 Hours) 

2.2.1 Energy sources and  boilers  in Industries:  

2.2.2 Refrigeration: System, media used for cold transfer (i.e. brine and other)  

2.2.3 Different Sources of Energy: Generation, Treatment of boiler feed water, 

Properties of steam, steam table Boilers   

 

2.3 Oils and Fats (2 Hours) 

2.3.1 Introduction, Classification, Properties of oils and fats.  

2.3.2 Extraction of oils from oil seeds, hydraulic pressing and solvent extraction, 

extraction of animal fats. 

2.3.3 Hardening of oils. 

 

2.4 Detergents (2 Hours) 

2.4.1. Introduction, Classification- cationic, anionic, nonionic, amphoteric. 

2.4.2. Manufacture of DDBS, Industrial applications, Biodegradability issue, Bio-based 

surfactants   

 

2.5 Introduction to dyes and dye intermediates (2 Hours)  

2.5.1 Definition, types of dyes, properties.  

2.5.2 Synthesis and uses of the following dye intermediates and dyes: i) Nitro 

derivatives of benzene and naphthalene ii) Indigo iii) Congo red 

 

 

 

 

10 Reference Books 

 

1 C. D. Dryden: Outlines of Chemical Technology, edited & revised by M. 
Gopala Rao & Marshall Sittig,  East West Press, New Delhi.2008. 



 

2 Faith Keyes and Clerk‘s Industrial Chemicals, Wiley Inter-science, 4th Edn., 
1975. 

3 A. S. Foust, L. A. Wenzel, C. W. Clump, L. Maus and L. B. Anderson, 
Principles of Unit Operations,  John Wiley & Sons. 2nd edition, 2008. 

4 W.L. McCabe,  J. C. Smith and P. Harriott. Unit Operations of Chemical 
Engineering, McGraw- Hill International Edition, 7th edition, 2005. 

5 P. H. Groggins: Unit Processes in Organic Synthesis, McGraw Hill., 1938. 

6 Kirk & Othmer: Encyclopaedia of Chemical Technology, John Wiley and 
sons.1978. 

7 Büchner, Schliebs, and Winter translated by David R. Terrell, Industrial 
Inorganic Chemistry Wiley-VCH,  publisher, New York., 2nd edition, 2000. 

8  K. Welssermel, H. J. Arpe, Industrial Organic Chemistry, VCH Publishers, 
New York. 1997. 

9 B. Pearson- Speciality Chemical Innovations in Industrial Synthesis and 
applications, Kluwer Academic Publishers, 1991. 

10 K. Venkatraman, The Chemistry of Synthetic Dyes,  Academic press Inc. 
London, vol.1,  1952. 

11 B. K. Sharma, Industrial Chemistry Goyal publishing house, Meerut, 2000. 

12 James A. Kent, Riegel‘s Hand Book of Industrial Chemistry, Springer Nature 
Link, 9th Edition, 1992. 

13 E. Stocchi, Industrial Chemistry, Ellis Horwood Ltd. UK, Vol- I, 1990. 

14 Wiseman and Peter, An Introduction to Industrial Organic Chemistry,: Wiley 
Interscience, New York,1972. 

15 
Peter Pollak,  Fine Chemicals, The Industry and The Business, A John Wiley 
& Sons, Inc., Publication, Second Edition, 2011. 

16 Peter Bamfield, Research and Development in The Chemical and 
Pharmaceutical Industry By Third Completely Revised And Enlarged Edition, 
Publication WILEY-VCH Verlag Gmbh & Co. Kgaa, Weinheim 2006 

17 Anna Regini Anthony, Overview of Bulk and Fine Chemicals by 
Walnutpublication.com , 2021. 

 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal 

and External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  



 

 

Title of Paper: Practicals in Heavy and Fine Chemicals - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

Description of the course :  

  

Including but Not limited to :  

Practicals in Heavy and Fine Chemicals – II 

provides hands-on training in synthesis and 

quantitative analysis of chemicals relevant to 

heavy and fine chemical industries. The course 

develops practical skills in preparation of organic 

compounds, dyes and inorganic salts, and 

determination of physicochemical parameters 

such as saponification value, iodine value and 

free fatty acid content of oils and fats. It also 

includes estimation of organic compounds and 

metal ions using titrimetric and complexometric 

methods. Emphasis is placed on experimental 

accuracy, stoichiometric calculations, 

determination of percentage yield and application 

of laboratory techniques relevant to industrial and 

pharmaceutical chemistry. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop practical skills in synthesis of organic compounds, dyes and inorganic 
salts relevant to heavy and fine chemical industries. 

COB2: Understand reaction principles involved in preparation of intermediates used in 
industrial chemistry. 

COB3: Gain knowledge of determination of physicochemical properties of oils and fats 
such as saponification value, iodine value and free fatty acids. 



 

COB4: Develop skills in quantitative estimation of organic compounds using hydrolysis 
methods. 

COB5: Acquire training in estimation of metal ions using redox and complexometric 
titration techniques. 

COB6: Develop competence in calculation of percentage yield and quantitative results 
from experimental data.  

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Synthesize compounds such as Orange II, Malachite Green, phthalimide, 
anthranilic acid and ammonium ferric sulfate and calculate percentage yield. 

CO2: Determine saponification value of the given sample using titrimetric method and 
calculate the result. 

CO3: Determine iodine value and percentage free fatty acids of the given sample using 
standard titration procedures. 

CO4: Estimate amount of acetamide using hydrolysis method and calculate percentage 
composition. 

CO5: Determine concentration of Fe(II) using KMnO₄ titration and calculate quantitative 
result. 

CO6: Estimate copper content using EDTA complexometric titration and calculate 

concentration of Cu²⁺ ions. 
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Modules: (Minimum 10 experiments to be performed) 

  

Module 1:  

  

To prepare - 
1) Orange II from sulphanilic acid. 

2) Malachite Green from benzaldehyde and N,N-dimethylaniline 

4) Phthalimide from Phthalic anhydride.  

5) Anthranilic acid from phthaliamide 

6) Ammonium ferric sulfate 

Module 2:  

  

To determine - 
1) Saponification value of a given sample 
2) % Free Fatty Acids of a given sample 
3) Iodine Value of a given sample 

 
To estimate- 
1) Acetamide by hydrolysis.  
2) Fe(II) by KMnO4 method (titrimetric) 
3) Cu by EDTA method (titrimetric) 



 

10  Reference Books:  

 

1 A.  I. Vogel , A Textbook of quantitative Inorganic Analysis Including Elementry 
Instrumental Analysis, Jhon Wiley and Sons Inc. 3rd edition 1961. 

2 N.K. Vishnoi, Advanced Practical Organic Chemistry 3rd Edition, Vikas 
Publication, 2009. 

3 F. G. Mann and B. C. Saunders, Practical Organic Chemistry, Longman Group 
Limited, 1960.  

4 G. H. Jeffery, J. Bassett, J. Mendham and R. C. Denny, Vogel’s Textbook of 
Quantitative Chemical Analysis, Longman Scientific and Technical,  5th Edition, 
1989. 

5 G. Sevhla, Vogel's Textbook of macro and semi micro Qualitative Inorganic 
Analysis, Longman Group Limited, 5th Edition, 1979. 

 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  

https://www.amazon.in/Arthur-Israel-Vogel/e/B001HOFEH2/ref=dp_byline_cont_book_1


 

 

Title of Paper: Petrochemicals - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

 Description of the course :  

  

Including but Not limited to :  

Petrochemicals – II provides detailed knowledge of 

preparation, properties and industrial applications of 

important petrochemicals derived from C₂, C₃, C₄ and 

higher hydrocarbons. The course covers conversion 

of alkanes into value-added chemicals such as acrylic 

acid, ethylene oxide, ethylene glycol and synthesis 

gas, along with important industrial reactions such as 

oxidation, ammoxidation, hydroformylation, hydration, 

chlorination and polymerization. It also introduces 

carbon monoxide based petrochemicals, methanol 

production and Fischer–Tropsch synthesis. 

Environmental aspects related to petroleum industry 

including air and water pollution, carbon footprint and 

carbon credit are discussed to understand sustainable 

petrochemical processes. Emphasis is placed on 

industrial relevance, chemical transformations of 

hydrocarbons and environmental impact of 

petrochemical industries. 

2   Vertical :  Major (Elective) 

  

3   Type :  Theory  

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  30 Hours 

6   Marks Allotted:  50 Marks 

   

7  Course Objectives: 

The course aims to: 

COB1: Develop understanding of conversion of C₃, C₄ and higher hydrocarbons into 
value-added petrochemicals used in fuels, polymers and industrial chemicals. 

COB2: Explain preparation, properties and industrial applications of important 
petrochemicals such as acrylic acid, ethylene oxide, ethylene glycol, allyl chloride and 
higher alcohols. 



 

COB3: Provide knowledge of important industrial reactions such as oxidation, 
ammoxidation, hydroformylation, hydration, chlorination and polymerization used in 
petrochemical manufacturing. 

COB4: Develop understanding of synthesis gas based processes for production of 
methanol, ammonia, synthetic fuels and other carbon monoxide based chemicals. 

COB5: Create awareness of environmental issues associated with petroleum and 
petrochemical industries including air and water pollution and their control measures. 

COB6: Introduce concepts of sustainable petrochemical processes including carbon 
footprint, carbon credit and environmentally responsible industrial practices. 

 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Classify petrochemicals obtained from C₃, C₄ and higher hydrocarbons based on 
structure and industrial applications. 

CO2: Describe preparation and applications of petrochemicals such as acrylic acid, 
ethylene oxide, ethylene glycol and allyl chloride. 

CO3: Explain industrial reactions such as oxidation, hydroformylation, hydration, 
chlorination and polymerization used in petrochemical synthesis. 

CO4: Describe production and industrial significance of synthesis gas, methanol and 
carbon monoxide derived chemicals. 

CO5: Explain sources and control methods of air and water pollution generated in 
petroleum refining industries. 

CO6: Describe concept of carbon footprint and carbon credit with relevance to 
environmental sustainability in petrochemical industries. 
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Modules:  

  

Module 1:  

  

1.1 Chemicals from C3 and C4 alkanes (2 Hours) 

Propane and butane as sources for LPG and to produce propylene, butadiene and 

other petrochemicals.  

Chemicals from Higher Alkanes: for manufacture of olefins, alcohols, acids, detergents 

and polymers.  

Applications in: fuels, petrochemical feedstock, plastics, synthetic rubber and industrial 

chemicals. 

  

1.2 Products from Propane (1 Hour) 

i. Acrylic acid: by oxidation and application in paints, coatings, adhesives and 

polymers.  

ii. Allyl Chloride: by chlorination and application in resins, plastics and 

pharmaceuticals.  



 

iii. Synthesis Gas (Syngas):by reformation of mixture of CO and H₂; and 

application for methanol, ammonia and fuel synthesis 

 

1.3 Chemicals from Ethane (1 Hour) 

Acetic Acid: oxidation of ethane/ethylene; uses in solvents, plastics and chemicals.  

Ethylene Glycol: Produced from ethylene (derived from ethane); uses as antifreeze and 

in polyester manufacture.  

Nitro ethane: from ethane derivatives by nitration; uses as solvent and fuel additive.  

Ethylene Oxide: by oxidation of ethylene; uses in production of ethylene glycol and 

surfactants. 

 

1.4 Derivatives of hydrocarbons higher than butanes (1 Hour) 

Higher Alcohols: Long-chain alcohols; used in solvents, plasticizers and detergents. 

 

1.5 General study of the following reactions and their application in 

petrochemical industry (10 Hours) 

Oxidation, Ammoxidation, Hydroformylation (oxo reaction), Hydration of olefins, 

Chlorination, Polymerization (free radical and ionic), Addition Polymerization, 

Condensation Polymerization, Reduction Reactions of Polymers. 

Module 2:  

  

2.1 Environmental aspects related to Petroleum Products and Their Importance 

(6 Hours)   

2.1.1 Manufacture of following by using synthesis gas (syngas):  

i) methanol and ammonia  

ii) synthetic fuels (Fischer–Tropsch process)  

iii) hydrogen production for refining and in chemical industries.  

iv) chemicals like aldehydes and alcohols. 

2.1.2 Methanol: Production, Properties and Uses  

Production by oxo synthesis process. Properties: Colour, volatility, flammability, 

miscibility in water; toxicity and solvent properties.  

Uses: Manufacture of formaldehyde, acetic acid and fuels; solvent; antifreeze; 

feedstock for chemicals. 

2.1.3  Production and proportionality of pentanol in petroleum  

2.1.4 Petrochemicals Based on Carbon Monoxide  

i) Source and Importance: 

ii) Conversion Processes: 

iii) Major Products and applications 

 

2.2 Air Pollution (3 Hours) 

Introduction, air pollutants from refining operations and air pollution control techniques. 

 

2.3 Water Pollution (3 Hours) 

Introduction to water pollution, types of water pollution, control of water pollution in 

petroleum refining, study of various parameters of polluted water. 

 

2.4 Concept of carbon foot print and carbon credit with case study (3 Hours) 



 

10  Reference Books 
 
1 B. K. Bhaskar Rao, Petrochemistry. Khanna Publishers, 2007.  

2 Sukumar Maiti, Introduction to Petrochemicals. Oxford & IBH Publishing Co. Pvt. 

Ltd., 2002. 

3 Sami Matar, and Lewis F. Hatch. Chemistry of Petrochemical Processes. Gulf 

Professional Publishing, 2001.  

4 Uttam Ray Chaudhuri, Fundamentals of Petroleum and Petrochemical 

Engineering. CRC Press, 2011.  

5 James G. Speight, Petroleum Refining: Technology and Economics. CRC 

Press, 2014. 

6 William L. Leffler, Petroleum Refining in Nontechnical Language. PennWell 

Corporation, 2008. 

7 S. R. Ghosh, Petrochemical Technology. Tata McGraw-Hill Publishing 

Company, 2010.  

8 Robert A. Meyers, Handbook of Petrochemicals Production Processes. 

McGraw-Hill Education, 2005.  

9 A. K. De, Environmental Chemistry. New Age International Publishers, 2012.  

10 Gilbert M.  Masters, and Wendell P. Ela. Introduction to Environmental 

Engineering and Science. Pearson Education, 2008. 
 

11  Internal Continuous Assessment: 40%  

  

External, Semester End Examination 

60% Individual Passing in Internal and 

External Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

 

Title of Paper: Practicals in Petrochemicals - II 

 

Sr. 

No.  

Heading  Particulars  

1  

  

Description of the course :  

  

Including but Not limited to :  

Practicals in Petrochemicals – II provides 

laboratory training in evaluation of 

physicochemical properties of petroleum 

products and synthesis of selected organic 

compounds relevant to petrochemical processes. 

The course develops practical skills in 

determination of boiling range, surface tension, 

colour, ash content and sediment content of 

petroleum samples using standard testing 

methods. It also includes qualitative analysis of 

petroleum products, preparation of nitro 

derivatives and alcohols from aromatic 

hydrocarbons, determination of oil and grease in 

water samples, and assessment of carbon 

footprint and carbon credit concepts. Emphasis is 

placed on interpretation of petroleum quality 

parameters, environmental aspects of 

petrochemical industries and application of 

analytical and separation techniques such as thin 

layer chromatography. 

2   Vertical :  Major (Elective) 

  

3   Type :  Practicals 

  

  

4   Credit:   2 credits 

  

5  Hours Allotted :  60 Hours 

6   Marks Allotted:  50 Marks 

  

  

7  Course Objectives 

The course aims to: 

COB1: Develop practical skills in determination of physicochemical properties of 
petroleum products using standard laboratory methods. 

COB2: Provide knowledge of evaluation of quality parameters such as boiling range, 
colour, ash content and sediment content of petroleum fractions. 



 

COB3: Develop ability to perform qualitative analysis of petroleum products using 
simple laboratory tests. 

COB4: Impart practical understanding of synthesis of selected petrochemical 
intermediates from aromatic hydrocarbons. 

COB5: Develop awareness of environmental aspects of petrochemical industry 
including determination of oil and grease content in water samples. 

COB6: Introduce practical aspects of carbon footprint and carbon credit through 
numerical evaluation and real-life assessment studies. 

 

8  Course Outcomes: 

At the end of the course, students will be able to: 

CO1: Determine boiling range of petroleum fractions such as petrol and kerosene and 
compare their volatility characteristics. 

CO2: Determine surface tension, ash content and sediment content of petroleum 
products using appropriate experimental methods. 

CO3: Perform qualitative analysis of petroleum samples using standard laboratory tests 
and interpret results. 

CO4: Synthesize nitro derivative of β-naphthol and p-nitrobenzyl alcohol and calculate 
percentage yield. 

CO5: Determine oil and grease content in industrial water samples using suitable 
analytical procedure. 

CO6: Calculate carbon footprint and carbon credit values using numerical data and 
analyze petroleum fractions using thin layer chromatography. 
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Modules: (Minimum 10 experiments to be performed) 

  

Module 1:  

  

1) To determine and compare the boiling ranges of petrol and kerosene fractions. 
2) To determine surface tension of engine oil by capillary rise method. 
3) To determine and compare colour of petroleum products using Saybolt test   

Example 1: Gasoline  
Example 2: Kerosene 

4) To determine ash content of petroleum product using lubricating oil sample. 
5) To estimate sediment content of petroleum products using two samples (e.g. diesel 

and lubricating oil) 
6) To perform qualitative analysis of petroleum products by simple laboratory tests  

(colour test, odour test ,water test, solubility Test: sulphur test, unsaturation test, flame 
test, evaporation test, grease spot test, smoke test, residue test, drop spreading test 
and  transparency test) 
 



 

Module 2:  

  

1) To prepare nitro derivative of β-naphthol using Ca(NO₃)₂. 
2) To prepare p-nitrobenzyl alcohol from p-nitrobenzaldehyde using NaBH₄. 
3) Determination of oil and grease in industrial (Garage) water sample.  
4) To study carbon credit and carbon footprint system with numerical.  
5) To assess the carbon footprint of a laboratory or college campus. 
6) To separate gasoline, kerosene and diesel fractions of petroleum by thin layer 

chromatography (TLC). 

10  Reference Books:  

1 B. K. Bhaskar Rao, Petrochemistry, Khanna Publishers, 2007.  

2 Sukumar Maiti, Introduction to Petrochemicals, Oxford & IBH Publishing Co. Pvt. 
Ltd., 2002.  

3 Sami Matar and Lewis F. Hatch, Chemistry of Petrochemical Processes, Gulf 
Professional Publishing, 2001.  

4 Uttam Ray Chaudhuri, Fundamentals of Petroleum and Petrochemical 
Engineering, CRC Press, 2011.  

5 James G. Speight, Petroleum Refining: Technology and Economics, CRC Press, 
2014.  

6 William L. Leffler, Petroleum Refining in Nontechnical Language, PennWell 
Corporation, 2008.  

7 S. R. Ghosh, Petrochemical Technology, Tata McGraw-Hill Publishing Company, 
2010.  

8 Robert A. Meyers, Handbook of Petrochemicals Production Processes, McGraw-
Hill Education, 2005.  

9 A. K. De, Environmental Chemistry, New Age International Publishers, 2012.  

10 Gilbert M. Masters and Wendell P. Ela, Introduction to Environmental Engineering 
and Science, Pearson Education, 2008. 

 
 

11  Internal Continuous Assessment: 

40%  

  

External, Semester End Examination 60% 

Individual Passing in Internal and External 

Examination  

12  Continuous Evaluation through:  

Quizzes, Class Tests, presentation, 

project, creative writing, assignment  

(any 2)  

  

  

  

  

  

  

  



 

QUESTION PAPER PATTERN  

(External) 
 

Time: 1 Hour Marks: 30 

N.B.: 

1. All Questions are Compulsory. 

2. Draw neat and labelled diagrams wherever necessary. 

Q. No Type Marks Module 

Q.1 
Multiple Choice Question / Fill in the Blanks  

(Any 5 out of 10) (5 from each Module) 
5 1 & 2 

Q.2 
Answer in 1–2 Sentences:  

(Any 5 out of 10) (5 from each Module) 
5 1 & 2 

Q.3 Answer any 2 of the following. (Any 2 out of 4) 10 1 

Q.4 Answer any 2 of the following. (Any 2 out of 4) 10 2 

 

 
Letter Grades and Grade Points: 

 

 
Semester GPA/ Programme 

CGPA Semester/ Programme 

% of Marks Alpha-Sign/  

Letter Grade Result 

Grading 

Point 

9.00 - 10.00 90.0 - 100       O (Outstanding) 10 

8.00 - < 9.00 80.0 - < 90.0        A+ (Excellent) 9 

7.00 - < 8.00 70.0 - < 80.0        A (Very Good) 8 

6.00 - < 7.00 60.0 - < 70.0        B+ (Good) 7 

5.50 - < 6.00 55.0 - < 60.0      B (Above   Average) 6 

5.00 - < 5.50 50.0 - < 55.0         C (Average) 5 

4.00 - < 5.00 40.0 - < 50.0         P (Pass) 4 

Below 4.00 Below 40.0         F (Fail) 0 

Ab (Absent)              -          Ab (Absent) 0 
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As Per NEP 2020 
 

  
                                  

 

University of Mumbai 
 

 

 

 

                                                 

Syllabus for Community Engagement 

Project (CEP) 

Vertical-6 
 

Faulty of Science & Technology     

Board of Studies in Chemistry  

Name of the Programme – B.Sc. (Chemistry) 

Semester  

 

V  

Credit 2 

Duration    30 hrs (Field Work+ Survey)   
+ 15hrs (Discussion + Report Writing) 
 : Total - 45 hrs 
 

From the Academic Year 

 

2026-27 

 
 

 
 
  



 
 

 

Name of Faculty:-  Science & Technology 
Name of Programme :- B.Sc. (Chemistry) 
Duration :- 30 hrs (Field Work+ Survey) + 15hrs (Discussion + Report Writing)  : Total - 45 hrs 

 

Indicative Topics for CEP 

Sr. No. Name of the Topic 

1 Water quality testing of local drinking water sources  

2 Soil testing and soil health awareness  

3 Plastic waste management awareness  

4 Composting of biodegradable waste  

5 Air pollution awareness survey  

6 Green chemistry awareness for sustainable living  

7 Rainwater harvesting awareness  

8 Environmental impact of detergents  

9 Methods of safe drinking water purification  

10 Household chemical safety awareness  

11 Detection of food adulterants in daily food items  

12 Hygiene and sanitation awareness programme  

13 Preparation of hand sanitizer  

14 Awareness on safe storage of medicines  

15 Role of chemistry in daily life  

16 pH testing of household substances  

17 Preparation of natural acid-base indicators  

18 Preparation of eco-friendly cleaning agents  

19 Awareness on chemicals in cosmetics  

20 Nutritional chemistry awareness (proteins, vitamins)  

21 Awareness on chemical fertilizers and soil health  

22 Safe use of pesticides awareness  

23 Biofertilizers and sustainable agriculture  

24 Water conservation awareness in agriculture  

25 Soil pH and crop suitability awareness  

 

                 The topics are indicative and the faculty members should allot Community 

Engagement Project that are relevant and important as per core Subject. The Community 

Engagement Project may be taken individual or in a group up to 5 students with proper 

guidance from Faculty. 



 

Evaluation Pattern:- 

Evaluation during CEP Program involves two key components :- 

External Evaluation 60% 

Internal Evaluation 40% 
 

Evaluation Chart 
 

(i) External Evaluation (Marks 30) 
 

Criteria Marks 

Objectives, Literature Review , Methodology, Data 

Analysis, Conclusion and Recommendations 

15 

Overall Project Report Structure and Style 5 

Presentation Skills & Communication 10 

Total 30 

 
(ii) Internal Evaluation by Guide (Marks 20) 

 

Criteria Marks 

Attendance, Community interactions completion and 

interaction with Supervisor 

10 

Overall Report quality 10 

Total 20 
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Physical Chemistry (Mandatory, Minor and VSC) 
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(Autonomous) , Mira Road East, Thane. 

  aqsattar@gmail.com 

 

 

2. Ms. Farahat Javed Khan 

Satish Pradhan Dnyanasadhana College, Thane 

farahat1987@gmail.com 

 

 

3. Prin. Dr. Asha .Mathew 
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New Marine Lines, Mumbai 
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4. Dr.  Amit Shrikant Varale 

Devrukh Shikshan Prasarak Mandal's 
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Commerce & Vid. Dadasaheb Pitre Science College, 

Devrukh (Autonomous)  

amitvarale@gmail.com 

dspmaspamitdr@gmail.com 

 

5. Dr. Sajid Fakirmahamad Shaikh 

Anjuman Islam Janjira Degree College of Commerce, 

Shreewardhan, Dist. Raigad 

sajidoshaikh@gmail.com 

 

6. Dr. Sandip Dadarao Maind 

Hazarimal Somani College of Arts, and Science and 

Jayaramdas Patel College of Commerce and 

Management Studies, Girgaon Chowpatty, Mumbai 

(Bhavan’s College Chowpatty) 

sandipmaind@haavanschowpatty.ac.in 

 

 

7. Dr. Pranjali Maskar 

B.K Birla College of Arts, Science & Commerce, 

Kalyan 

 

8. Dr. Willy Jayprakash Shah 

Vidyavardhinis Annasaheb Vartak College of Arts, 

Kedarnath Malhotra College of Commerce, E. S. 

Andrades College of Science, Vasai. 

willyshah@gmail.com 

 

9. Dr. Vishal Kamble 

Changu Kana Thakur Arts, Commerce and Science 

College, New Panvel (Empowered Autonomous) 

vishalchemistry1@gmail.com 

 

mailto:farahat1987@gmail.com
mailto:principal@nnchsc.edu.in
mailto:ashamathew@nnchsc.edu.in
mailto:amitvarale@gmail.com
mailto:dspmaspamitdr@gmail.com
mailto:sandipmaind@haavanschowpatty.ac.in
mailto:vishalchemistry1@gmail.com


 

10. Dr. Ganga Shivaji Gore 

Dapoli Urban Bank Senior Colllege, Dapoli, Dist. – 

Ratnagiri 

ggore3@gmail.com 

 

 

Inorganic Chemistry (Mandatory, Minor and VSC) 

 

1 Dr. Rupesh Hiraman Gaikwad (Chairman) 

Maharshi Dayanand College of Arts, Science and 

Commerce, Parel, Mumbai 

email id: rupeshhgaikwad@gmail.com 

 
2 Dr. Lahu Arjun Ghule 

Rishi Dayaram and Seth Hassaram National College 

and Seth Wassiamull Assomull Science College, 

Bandra, Mumbai  

email id:ghulela@gmail.com 
 

3 Dr. Udaysinha Chandrakant Patil 

Shri Pancham Khemraj Mahavidyalaya, Sawantwadi, 

Dist.-Sindhudurg  

email id: ucpatil26@gmail.com 
 

4 Dr. Nilesh Bhagawan Jadhav 

Kinhavalis Arts, Commerce and Science College, 

Kinhavali, Dist.-Thane  

email id : nbj.vpmkchem@gmail.com 
 

5 Mr. Parhad Laxman Subhash 

Arts, Commerce and Science College, Onde, 

Vikramgad, Dist.-Palghar 

email id :parhadlaxman93@gmail.com 
 

6 Dr. Archana Dhuri 

Bharatiya Vidya Bhavan's, M. M. College of Arts, N. 

M. Institute of Science, H. R. J. College of 

Commerce, Bhavan’s College, Andheri, Mumbai 

Email id: archana.dhuri@bhavans.ac.in  

7 Dr. Chitralekha Gangadhar Kotian 

Royal College of Arts, Science and Commerce, Mira 

Road  

email id: chitralekharewa1998@gmail.com  
8 Dr. Richa Pankaj Singh 

K.L.E. Society's Science and Commerce College, 

Kalamboli, Dist.- Raigad 

email id: richa.s@klessccmumbai.edu.in  

9 Dr. Yogini Ravindra Bambardekar 

Smt. Chandibai Himathmal Mansukhani College, 

Ulhasnagar  

email id: bambardekar.yogini@gmail.com 
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Organic Chemistry (Mandatory, Minor and VSC) 

 

1 Dr. Karthik Krishnan (Chairman)  

Guru Nanak College of Arts, Science and Commerce 

(Autonomous) 

G T B Nagar, Sion, Mumbai  

karthik@gncasc.org  

2 Dr. Uday Arvind Bamne 

D.B.J. College, Chiplun, Dist.-Ratnagiri 

bamneuday@gmail.com 

 
3 Dr. Santosh Katariya  

SIES College of Arts, Science and Commerce, Sion, 

Mumbai  

santoshbk@sies.edu.in 

 

4 Dr. Shagufta Parveen M. A. Ansari  

Maharashtra College of Arts, Science and 

Commerce, Byculla, Mumbai 

edu.spansari@gmail.com 

 

5 Prof. (Dr.) Sarkar Leena  

Mohanlal Raichand Mehta College, Diwali Maa 

College of Science, Amritlal Raichand Mehta 

College, Padmashree Dr. R.T. Doshi College, Airoli, 
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leenahem@gmail.com 

 

6 Dr. Mahesh Narottam Nalawade  

Kinhavalis Arts, Commerce and Science College, 

Kinhavali, Dist.-Thane mnn.vpmkchem@gmail.com  

7 Dr. Hemant Vilas Chavan  
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& Vid. Dadasaheb Pitre Science College, Devruhk 
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8 Dr. Hemant Akolkar  
Rayat Shikshan Sansthas Abasaheb Marathe Arts & 

New Commerce Science College, Rajapur, Ratnagiri 

hemantakolkar@gmail.com 
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