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5. Determination of a Mixture of Cobalt and Nickel (UV/Vis spec.) 
6. Study of Electronic Transitions in Organic Molecules (i.e., acetone in water) 
7. IR Absorption Spectra (Study of Aldehydes and Ketones) 
8. Determination of Calcium, Iron, and Copper in Food by Atomic Absorption 
9. Quantitative Analysis of Mixtures by Gas Chromatography (i.e., chloroform and 
carbon tetrachloride) 
10. Separation of Carbohydrates by HPLC 
11. Determination of Caffeine in Beverages by HPLC 
12. Potentiometric Titration of a Chloride-Iodide Mixture 
13. Cyclic Voltammetry of the Ferrocyanide/Ferricyanide Couple 
14. Nuclear Magnetic Resonance 

 
 

17. Collection, preservation, and control of blood evidence being used for DNA testing 
18. Use of capillary electrophoresis with laser fluorescence detection for nuclear DNA 
(Ychromosome only or multiple chromosome) 
19. Use of sequencing for the analysis of mitochondrial DNA 
20. Laboratory analysis to confirm anthrax or cocaine 
21. Detection in the field and confirmation in the laboratory of flammable accelerants or 
explosives 
22. Detection of illegal drugs or steroids in athletes 
23. Detection of pollutants or illegal dumping 
24. Fibre analysis 
 
At least 10 experiments to be performed. 
 
Recommended Books: 

1. Principles of Instrumental Analysis - 6th Edition by Douglas A. Skoog, F. James 
Holler and Stanley Crouch (ISBN 0-495-01201-7). 

2. Instrumental Methods of Analysis, 7th ed, Willard, Merritt, Dean, Settle. 
 
 

.  

CHE-HE-6016  : GREEN CHEMISTRY 
(Credits: Theory-04, Lab-02) 
Theory: 60 Lectures 
 
 
Course Objective: The learners will be taught about the emerging discipline of green 
chemistry particularly to differentiate as to how the principles of green chemistry may be 
applied to organic synthesis.  
Learning Outcome: Apart from introducing learners to the principles of green chemistry, 
this course will make them conversant with applications of green chemistry to organic 
synthesis. Students will be prepared for taking up entry level jobs in the chemical industry. 
They also will have the option of studying further in the area. 
 
Introduction to Green Chemistry 
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What is Green Chemistry? Need for Green Chemistry. Goals of Green Chemistry. 
Limitations/ Obstacles in the pursuit of the goals of Green Chemistry. 

(4 Lectures) 
Principles of Green Chemistry and Designing a Chemical synthesis 
Twelve principles of Green Chemistry with their explanations and examples; Designing a 
Green Synthesis using these principles; Prevention of Waste/ byproducts; maximum 
incorporation of the materials used in the process into the final products (Atom Economy); 
prevention/ minimization of hazardous/ toxic products; designing safer chemicals  different 
basic approaches to do so; selection of appropriate auxiliary substances (solvents, separation 
agents), green solvents, solventless processes, immobilized solvents and ionic liquids; energy 
requirements for reactions - use of microwaves, ultrasonic energy; selection of starting 
materials; avoidance of unnecessary derivatization  careful use of blocking/protecting 
groups; use of catalytic reagents (wherever possible) in preference to stoichiometric reagents; 
designing of biodegradable products; prevention of chemical accidents; strengthening/ 
development of analytical techniques to prevent and minimize the generation of hazardous 
substances in chemical processes. 

(24 Lectures) 
Examples of Green Synthesis/ Reactions 
1. Green Synthesis of the following compounds: adipic acid, catechol, BHT, methyl 
methacrylate, urethane, citral, ibuprofen, paracetamol, furfural. 
2. Microwave assisted reactions in water: Oxidation of toluene, alcohols. Microwave assisted 
reactions in organic solvents: Esterification, Fries rearrangement, Diels-Alder Reaction. 
Microwave assisted solid state reactions: Deacetylation, Deprotection. Saponification of 
esters, Alkylation of reactive methylene compounds, reductions, benzimidazoles. 
3. Selective methylation of active methylene group using dimethylcarbonate: Solid-state 
polymerization of amorphous polymers using diphen
nonmetallic oxidative reagent for various reactions; Free Radical Bromination; Role of 
Tellurium in organic syntheses; Biocatalysis in organic syntheses. 

(24 Lectures) 
Future Trends in Green Chemistry 
Oxidation reagents and catalysts; Biomimetic, multifunctional reagents; Solventless 
reactions; Green chemistry in sustainable development. 

(8 Lectures) 
Recommended Books: 

1. V.K. Ahluwalia & M.R. Kidwai: New Trends in Green Chemistry, 
Anamalaya Publishers (2005). 

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

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

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

Society, Washington (2002). 
------------------------------------------------------------------------------------------------------- 

LAB 

60 Lectures 
 

1. Safer starting materials 
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The Vitamin C clock reaction using Vitamin C tablets, tincture of iodine, hydrogen peroxide 
and liquid laundry starch. 

(i) Effect of concentration on clock reaction 
(ii) Effect of temperature on clock reaction.  

 
2. Using renewable resources 
Preparation of biodiesel from vegetable oil. 
 
3. Avoiding waste 
 
Principle of atom economy. 
 
Use of molecular model kit to stimulate the reaction to investigate how the atom economy 
can illustrate Green Chemistry. 
 
Preparation of propene by two methods can be studied 
 
(I) Triethylamine ion + OH-

  

(II) 1-propanol   propene + water 
 
The other types of reactions, like addition, elimination, substitution and rearrangement should 
also be studied for the calculation of atom economy. 
 
4. Use of enzymes as catalysts 
Benzoin condensation using Thiamine Hydrochloride as a catalyst instead of cyanide 
 
Alternative Green solvents 
 
5. Diels Alder reaction in water 
Reaction between furan and maleic acid in water and at room temperature rather than in 
benzene and reflux. 
6. Extraction of D-limonene from orange peel using liquid CO2 prepared form dry ice. 
7. Mechanochemical solvent free synthesis of azomethines 
8. Co-crystal controlled solid state synthesis (C2S3) of N-organophthalimide using phthalic 
anhydride and 3-aminobenzoic acid. 
Alternative sources of energy 
9. Solvent free, microwave assisted one pot synthesis of phthalocyanine complex of copper 
(II). 
10. Photoreduction of benzophenone to benzopinacol in the presence of sunlight. 
 
Recommended Books: 

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

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

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

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

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

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

7. Pavia, D. L. Lampman, G. H. & Kriz, G.S. W B Introduction to Organic Laboratory 
Techniques: A Microscale Approach, 4th Ed., Brooks/Cole;  2007. 

----------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------- 

CHE-HE-6026: INDUSTRIAL CHEMICALS AND ENVIRONMENT 
(Credits: Theory-04, Lab-02) 
Theory: 60 Lectures 
 

Course Objectives: This course provides an introduction to the various industrial gases and 
inorganic chemicals, their manufacturing processes, applications, storage and the hazards of 
handling them. Contribution of these industrial chemicals towards air and water pollution 
and their effects on living organisms and the environment has also been covered. Students 
are also expected to learn about metallurgy, energy generation industry and the pollution 
threat they pose. This course also discusses about management of the different kinds of 
wastes, their safe disposal and the importance of practicing green chemistry in chemical 
industry. 

Learning Outcomes: After successful completion of the course, students would have learnt 
about the manufacture, applications and safe ways of storage and handling gaseous and 
inorganic industrial chemicals. Students will get to know about industrial metallurgy and the 
energy generation industry. Students will also learn about environmental pollution by various 
gaseous, liquid wastes and nuclear wastes and their effects on living beings. Finally, the 
students will learn about industrial waste management, their safe disposal and the 

 

 
 
Industrial Gases and Inorganic Chemicals 
Industrial Gases: Large scale production, uses, storage and hazards in handling of the 
following gases: oxygen, nitrogen, argon, neon, helium, hydrogen, acetylene, carbon 
monoxide, chlorine, fluorine, sulphur dioxide and phosgene. 
Inorganic Chemicals: Manufacture, application, analysis and hazards in handling the 
following chemicals: hydrochloric acid, nitric acid, sulphuric acid, caustic soda, common salt, 
borax, bleaching powder, sodium thiosulphate, hydrogen peroxide, potash alum, chrome 
alum, potassium dichromate and potassium permanganate. 

(10 Lectures) 
Industrial Metallurgy 
Preparation of metals (ferrous and nonferrous) and ultrapure metals for semiconductor 
technology. 

(4 Lectures) 
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