	Course name
	Green Chemistry (ECTS 6)

	Course/Module code
	YKT06

	Semester(s) taught
	1st semester

	Responsible teacher
	Sidiqova Khulkar Gulomovna. Doctor of Philosophy (PhD) in Chemical Sciences, Associate Professor

	Language of instruction
	Uzbek

	Included in the curriculum
	Elective

	Study hours (including contact hours and independent study)
	Total hours -180.

Classroom hours -60.

Lecture hours – 30

Practical hours – 30

Independent study hours –120

	ECTS
	6

	Prerequisites / related subjects
	General Chemistry, Inorganic Chemistry, Mathematics, Physics, Biology, Informatics.

	Course Objectives / Learning Outcomes
	The purpose of teaching this course is to provide students with a deep understanding of the theoretical foundations of Green chemistry, as well as the social, ecological, and scientific factors that led to its formation and development.

The course scientifically explains the globalization of ecological problems caused by human activity, the impact of industrial processes on the environment, and the necessity of sustainable development.

The main concept of Green Chemistry is explained as the organization of chemical processes based on methods that do not harm human health or the environment, while ensuring efficient use of resources and energy.

As an important aspect of the course, the principles of carrying out chemical synthesis processes through alternative and environmentally safe methods, in contrast to traditional approaches, are studied. In this context, minimizing waste generation, avoiding hazardous substances, and reducing energy consumption are considered key scientific criteria.

In addition, it is demonstrated that the principles of Green Chemistry are directly related to improving the economic efficiency of production processes, rational use of resources, and implementation of environmentally safe technologies.

The objective of the course is to develop students’ theoretical knowledge of Green Chemistry, reinforce it through practical activities, and improve their ability to draw scientific conclusions.

Students are also expected to acquire skills in analyzing environmentally safe chemical processes, evaluating production efficiency, and applying sustainable technologies in practice.

As a result of mastering the course, students will gain competencies in scientific approaches to environmental problems, selecting resource-efficient technologies, and applying Green Chemistry principles to real production processes.

	Course Content (Topics)
	I. Main Theoretical Part (Lecture Sessions)

Topic 1. Introduction. Development of Green Chemistry and Green Industry in Uzbekistan. Limited Nature of Hydrocarbon Raw Materials and Substances

Topic 2. Green Chemistry as a New Philosophical Framework for Chemists

Topic 3. Principles of Green Chemistry

Topic 4. Renewable Raw Material Sources and Energy

Topic 5. CO₂ as a Greenhouse Gas. Anthropogenic Impact on the Atmosphere

Topic 6. The Role of Biotechnology and Microbiology in Green Chemistry

Topic 7. Packaging for Food Preservation

Topic 8. Green Nanotechnology and Environmentally Friendly Technologies

Topic 9. Methods for Reducing and Preventing the Formation of Waste and Harmful Products

Topic 10. Relationship of Green Chemistry with Organic, Inorganic, Analytical, Industrial Chemistry, and Chemical Engineering. Views of Paul Anastas on Green Chemistry

II. Guidelines and Recommendations for Organizing Practical Sessions
1. to help students systematize, strengthen, and deepen theoretical knowledge;

2. to teach students how to solve practical problems and assist them in acquiring skills in calculations, graphical tasks, and other types of assignments;

3. to train students to work with books, official documents, and diagrams, and to use reference and scientific literature;

4. to reinforce the connections and associations formed during lectures through repeated performance of subject-specific activities (monotonous stereotypical repetition alone does not lead to understanding);

5. to develop independent learning ability, including mastering methods of self-study, self-development, and self-control;

6. to ensure the development of students’ creative activity, scientific thinking, and speech, and to support their growth as creative learners;

7. to assess students’ knowledge as a means of providing sufficiently prompt feedback.

Recommended Topics for Practical Sessions:

Practical Session 1. Subject, relevance, and necessity of Green Chemistry. The role of Green Chemistry in human life

Practical Session 2. Green Chemistry as a new philosophical approach for chemists

Practical Session 3. Principles of Green Chemistry

Practical Session 4. CO₂ as a greenhouse gas and methods of its utilization

Practical Session 5. Green Chemistry in practice

Practical Session 6. The role of biotechnology and microbiology in Green Chemistry. Biodiesel and hydrogen fuel

Practical Session 7. Packaging for food preservation. Safe variant of “chemical clocks”

Practical Session 8. Green nanotechnology and its methods

Practical Session 9. Problems of increasing CO₂ concentration. Greenhouse effect. Atmosphere. Coal, oil, and gas

Practical Session 10. Methods for reducing and preventing the formation of waste and harmful products

Practical Session 11. Biotechnology of fuel production according to the “starch–glucose–alcohol” scheme

Practical Session 12. Relationship of Green Chemistry with organic, inorganic, analytical, industrial chemistry, and chemical engineering

IV. Independent Learning and Independent Assignments
The competence of independent learning serves to promote students’ self-development and improve the effectiveness of their professional activities. Students complete independent assignments through their own mobile devices, through traditional teacher-guided independent work, and through electronically supervised independent learning under the guidance of the instructor.
Recommended Topics for Independent Learning:
1. Green nanotechnology and environmentally friendly technologies

2. Supercritical reactors

3. Methods of using green solvents

4. Ways to reduce or prevent the formation of waste and harmful products instead of processing them after formation

5. Designing synthesis schemes in which almost all of the materials used are converted into the final product

6. Development of synthetic methods in which the substances used and formed are harmless to humans and the environment as much as possible

7. Maintaining product yield while reducing the harmful effects of the obtained material

8. Minimizing or eliminating the use of auxiliary substances and various solvent reagents in production

9. Reducing energy consumption and conducting chemical processes mainly at room temperature, atmospheric temperature, and pressure

10. Ensuring that the products obtained are renewable in order to provide economic and technical convenience

11. Minimizing protection of functional groups, use of substituents, and temporary physicochemical transformations during synthesis, since they require additional reagents and increase waste generation

12. Always striving to choose the most efficient catalytic processes

13. Designing chemical products so that after use, residual amounts do not remain in nature unchanged, but decompose into harmless products

14. Monitoring that all products formed in chemical processes do not transform into harmful substances over time

15. Selecting substances used in chemical processes so that unexpected hazards such as explosions, fires, and leaks are minimized
16. Green Chemistry as a new philosophical framework for chemists

17. The role of Green Chemistry in the concept of modern chemical development

18. Functions of Green Chemistry

19. Carbon dioxide as one of the best potential raw materials for the chemical industry

20. Application scheme of Green Chemistry based on the 12 principles of Paul Anastas and John Warner

21. Use of solar energy and fuel cells, and development of new methods of energy transfer

22. Biotechnology of fuel production according to the “starch–glucose–alcohol” scheme

23. Major achievements in the field of Green Chemistry

24. Relationship of Green Chemistry with organic, inorganic, analytical, industrial chemistry, and chemical engineering

25. Technology of alcohol production from grain

26. Greenhouse effect. Anthropogenic impact on the atmosphere

27. Capturing carbon dioxide and preventing its uncontrolled release into the atmosphere

28. Chemical binding of carbon dioxide

29. Green Chemistry as an important factor of sustainable development

30. Development of new industrial processes capable of producing environmentally safe products in the future



	Examination Form
	Assessment of students’ theoretical and practical knowledge is important in conducting continuous assessment, midterm assessment, and final assessment for the course.

1. Continuous Assessment

Continuous assessment is aimed at evaluating students’ classroom activity, practical skills, and ability to use software tools during lessons. Student performance is assessed through mastery of course topics, constructive interpretation and analysis of learning materials, development of module-related skills, acquisition of practical skills (in terms of quality and required quantity) and competencies, solving problem-based situations aimed at applying professional practical skills, teamwork, preparation of presentations, and similar activities.

Forms of Continuous Assessment:

 Classroom participation

 Preparation of learning materials

 Working with sources related to the topic

 Use of educational technologies

 Teamwork

 Preparation of presentations

 Test

2. Midterm Assessment

Midterm assessment is conducted twice during the semester according to the number of lecture hours. Each midterm assessment is graded with 20 points within a 100-point system. Students who obtain at least 60% of the points allocated for continuous and midterm assessment are allowed to take the final assessment.

3. Final Assessment

Final assessment is conducted at the end of the course and is aimed at evaluating students’ overall knowledge and skills.

The final assessment is conducted at the end of the semester in order to determine the student’s level of mastery of theoretical knowledge and practical skills in the relevant subject.

The final examination paper contains 5 questions, and each answer is assessed with a maximum of 10 points.

	Learning Outcomes and Examination Requirements
	Full mastery of theoretical and methodological concepts related to the topic, accurate presentation of analytical results, the ability to think independently about the processes under study, and completion of assignments in continuous and midterm assessment forms, as well as assignments for final assessment, are required.

The student must complete continuous assessment, midterm assessment, independent learning assignments, and the final assessment for the relevant course within the established deadlines.

A student who fails to submit continuous assessment, midterm assessment, or independent learning assignments, as well as a student who scores within the range of 0–29.9 points in these assignments and assessment types, is not admitted to the final assessment.

In addition, a student who misses 25% or more of the classroom hours allocated to the course without a valid reason will be excluded from the course, will not be admitted to the final examination, and will be considered not to have earned the corresponding credits for the course.

A student who does not take the final examination, or who takes the final examination but scores within the range of 0–29.9 points in this assessment type, is considered to have an academic debt.
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