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	CH-623 Green Chemistry (Section N)

	Lecture Schedule
	Tuesday
06:30-09:15
	Semester
	Spring 2023

	Resource person
	Dr. Muhammad Azeem Akbar Rana
	Office
	Second Floor, South Block,
3S-32 (Office # 07)

	Contact
	azeem.rana@umt.edu.pk
	Credit Hours
	03

	Moodle Link
	[bookmark: _heading=h.gjdgxs]https://lms.umt.edu.pk/course/view.php?id=17576
	Office Hours
	Displayed on the office door
& on Moodle

	Course Description
	Green chemistry is the utilization of principles that reduces or eliminates the use or generation of hazardous substances in the design, manufacture and application of chemical products, including fuels, plastics, polymers, synthetic fibers, pharmaceuticals, food additives, fragrances, pesticides, herbicides, detergents and cleaning supplies.  This course will introduce the principles and fundamental concepts of green chemistry, and provide examples of commercial applications of green chemistry.  The course will be especially pertinent for students studying chemistry, medicinal chemistry, chemical engineering, and environmental sciences.  

	Expected Outcomes
	The course objective is that each student will demonstrate the ability to:
· Understand key green chemistry technologies and concepts orally and in writing.
· Explain the chemical basis behind greener chemical processes & identify unknown compounds by modern instrumental techniques. 
· Use appropriate assessment methods to evaluate the" greenness" of processes.
·   Recognize the current progress toward sustainable chemical technologies and the challenges we face

	Textbook
	· Green Chemistry, An Introductory Text, 2nd Edition by Mike Lancaster, Royal Society of Chemistry, 2010.

	Reference books
	· Handbook of Green Chemistry and Technology,by James Clark and Duncan Macquarrie,      	Blackwell Science Ltd. USA.
· 	Green Chemistry: Theory and Practice" by Paul T. Anastas and John C. Warner published by Oxford University Press USA.

	Grading Policy
	· Quizzes:                            10%
· Assignments:                    10%
· Presentation                      10%
· Term Project                     10%

	· Midterm:                                           25%    
· Final Exam:                                      35%
· 80% ATTENDANCE is mandatory to give the final Exam
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	Week
	TOPICS
	Recommended Materials 

	1
	Introduction to Green chemistry, Sustainable development & Green Chemistry. Green Engineering. Atom Economy & atom economic reactions. Rearrangement & Addition Reactions. Atom Un-economic Reactions, Substitution, Elimination & Wittig reactions. 
	(Lancaster, 01-16)

	2
	Measuring Toxicity, Reducing Toxicity. (Lancaster, 17-22) Waste Production, Problems and Prevention. Problems Caused by waste. Sources of wastes from chemical industry. Cost of waste. 
	(Lancaster, 23-29)

	3
	Waste minimization techniques, 1. The team approach to waste minimization, 2. Process design for waste management, 3. Minimizing waste from existing processes. On-site waste treatment, 1. Physical treatment, 2. Chemical treatment, 3. Biotreatment plants. 
	(Lancaster, 33-46)

	4
	Design for degradation, 1. Degradation & Surfactants, 2. DDT, 3. Polymers. 4. Some rules for degradation. Polymer Recycling, 1. Separation and sorting, 2. Incineration, 3. Mechanical recycling, 4. Chemical recycling to monomers. 
	(Lancaster, 47-60)

	5
	The importance of measurement, 1. Lactic Acid, 2. Safer Gasoline. Introduction to life cycle assessment (LCA), 1. Four stages of LCA, 2. Carbon footprinting. Green process Metrics. 
	(Lancaster, 61-72)

	6
	Designing Greener Processes, Introductions, Conventional Reactors, Batch Reactors, Continous Reactors. 
	(Lancaster, 246-257)

	7
	Inharent Safer Design, minimization, simplification, substitution, moderation, limitation.
	(Lancaster, 246-257)

	8
	Process Intensification (PI), Some PI Equipments, Examples of intensified processes. In process monitoring, near-infrared spectroscopy. Process safety. 
	(Lancaster, 258-270)

	9
	Mid Term

	10
	Introduction to catalysis. Types of catalysts & Comparison.  Heterogeneous catalysis, Basics of heterogeneous catalysis, 
	(Lancaster, 90-117)

	11
	Zeolites and the bulk chemical industry, Heterogeneous catalysis in fine chemical and pharmaceutical industries, Catalytic converters.
	(Lancaster, 90-117)

	12
	Homogeneous catalysis, 1. Transition metal catalysts with phosphine or carbonyl ligands, 2. Greener Lewis acids, 3. Asymmetric catalysis. 
	(Lancaster, 117-128)

	13
	Phase transfer catalysis, 1. Hazard Reduction, 2. C-C bond formation, 3. Oxidation using H2O2. Bio & Photocatalysis. 
	(Lancaster, 128-135)

	14
	Biomass as a renewable resource. Energy, 1. Fossil Fuels, 2. Energy from biomass, 3. Solar power, 4. Other forms of renewable energy, Fuel cells.
	(Lancaster, 175-188)

	15
	Chemicals from Renewable feedstocks, 1. Chemicals from fatty acids, 2. Polymers from renewable resources. (Lancaster, 194-204) Industrial Case Studies, Introduction, Methylmethacryalte, Greening of acetic Acid Manufacture, EPDM Rubbers, Dyeing to be Green. 
	(Lancaster, 271-292)

	16
	Environmental Management system (EMS), 1. ISO 14001, 2. The European Eco- Management & Audit Scheme (EMAS). Eco-Labels. Legislation, Integrated Pollution Prevention, and Control (IPPC). REACH. 
	(Lancaster, 77-88)

	17
	15-20 min class Presentations (Project Presentations)
	(Project Presentations)

	18
	Final Exam
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