	Course name
	Crystal Chemistry (ECTS 4)

	Course/Module code
	KKT04

	Semester(s) taught
	3rd semester

	Responsible teacher
	Sidikova Khulkar Gulomovna. Doctor of Philosophy (PhD) in Chemistry, Associate Professor

	Language of instruction
	Uzbek

	Included in the curriculum
	Elective

	Study hours (including contact hours and independent study)
	Total hours-120.

Classroom hours-60.

Lecture hours– 30

Practical hours – 30
Independent study hours–60

	ECTS
	4

	Prerequisites / related subjects
	General chemistry, inorganic chemistry, mathematics, physics, biology, informatics, organic chemistry

	Course objectives / learning outcomes
	The course content covers the theoretical and practical foundations of crystal chemistry. The course studies crystal structures, their spatial arrangement at the atomic level, and the relationship between the characteristics of chemical bonding and the physical nature of matter. Crystal chemistry is closely related to crystallography and mainly relies on modern methods such as X-ray diffraction (XRD), electron diffraction, and neutron diffraction. The relationship between the structure of crystalline substances and their physicochemical properties is analyzed on a scientific basis.

The purpose of teaching this course is to develop students’ fundamental theoretical understanding of crystal studies and to build skills in determining crystal structures. In addition, practical skills are developed in analyzing and investigating the structure of crystalline substances. The task of the course is to teach the processing and analysis of structural data obtained through X-ray diffraction and other diffraction methods. Students acquire skills in systematizing structural data, identifying patterns characteristic of crystalline substances, and interpreting them. They also develop the ability to scientifically explain the relationship between crystal structure and physicochemical properties.

	Course content (topics)
	I. Main theoretical part (lecture sessions) 

Topic 1. Introduction to Crystal Chemistry. Purpose and objectives of the course.

Topic 2. Geometrical combination of symmetry elements. Symmetry.

Topic 3. Simple forms of polyhedral crystals and methods of their formation.

Topic 4. Geometrical forms of crystals.

Topic 5. Fundamental laws of crystallography.

Topic 6. Chemical crystallography. Geometry of infinite crystallographic forms.

Topic 7. Theories related to chemical crystallography.

Topic 8. Chemical bonding in crystals. Crystal ionic model and lattice energy.

Topic 9. Isomorphism and polymorphism.

Topic 10. Properties of crystals. Magnetic and optical properties of crystals.

Topic 11. X-rays and analysis of crystal systems.
II. Guidelines and recommendations for organizing practical sessions 

- to assist students in systematizing, consolidating, and deepening theoretical knowledge;
o teach students how to solve practical problems and help them acquire skills in performing calculations, graphical tasks, and other types of assignments;

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

-to strengthen the connections and associations formed during lectures through repeated performance of activities specific to the subject studied (monotonous stereotypical repetition does not lead to understanding knowledge);

-to develop the ability for independent learning, that is, to master methods, techniques, and approaches of self-study, self-development, and self-control;

-to ensure the development of the student’s creative activity, scientific thinking, and speech, and to support students’ growth as creative and productive individuals;

-to assess students’ knowledge as an effective means of obtaining prompt feedback.

Recommended topics for practical sessions
Practical session 1. Crystal chemistry and its main components.

Practical session 2. Main properties of crystals. Fundamental laws of geometrical crystallography.

Practical session 3. Geometrical combination of symmetry elements. Symmetry.

Practical session 4. Importance of crystal chemistry and the fundamental laws of crystallography.

Practical session 5. Chemical crystallography. Geometry of infinite crystallographic forms.

Practical session 6. Geometrical forms of crystals.

Practical session 7. Study of crystal systems of substances.

Practical session 8. Representation of the position of crystal system units.

Practical session 9. Simple forms of polyhedral crystals and methods of their formation.

Practical session 10. Chemical bonding in crystals. Crystal ionic model and lattice energy.

Practical session 11. Isomorphism and polymorphism.

Practical session 12. Properties of crystals. Magnetic and optical properties of crystals.

Practical session 13. X-rays and analysis of crystal systems.
III. Independent study and independent assignments
The competence of independent learning helps students develop self-improvement skills and increase the effectiveness of their professional activities. Students complete independent assignments through their own mobile devices, through traditional teacher-guided independent work, and through electronic forms of teacher-supervised independent study.
Recommended topics for independent study
1. Symmetry of crystals. Fundamental importance of symmetry in nature, science, and technology. Study of crystals.

2. Crystallographic indexing method. Translational symmetry.

3. Crystal physics. Physical properties of crystals.

4. Classification of point groups. Curie principle. Neumann's principle.  Expression of crystal physical properties through scalar, vector, and tensor quantities.

5. Physical properties of crystals: mechanical, electrical, magnetic, and optical properties.

6. Fundamental crystal-chemical laws related to crystal composition, symmetry, and structure. Laws of Paul Heinrich von Groth, Evgraf Fedorov, and Aleksei Shubnikov.

7. Crystal defects. Point, linear, and surface defects.

8. Geometry of diffraction patterns. Orientation along crystallographic axes using a Lauegram. Construction of stereographic projections.
9. Representation of crystal faces and calculation of angles between faces. Set of forms.

10. Formation and growth of crystals.

11. Solid, amorphous, and crystalline substances and their main properties.

12. Determining the arrangement of particles (atoms, ions, etc.) in the unit cell through the relationship between crystallography, crystal physics, and crystal chemistry, as well as through symmetry elements and symmetry operations.

13. Basic concepts of crystal chemistry. Crystal structure and structural types. Determination of atomic and ionic radii in crystals.

14. Nature of X-rays and their diffraction in crystals. Methods of obtaining diffraction effects. Stages of structural analysis.

15. Diffraction methods - similarities and differences between X-ray diffraction, electron diffraction, and neutron diffraction. Main purpose of using X-ray diffraction in chemistry.

	Form of examination
	Assessment of students’ theoretical and practical knowledge is important through current assessment, midterm assessment, and final assessment in the course.

1. Current assessment

Current assessment is aimed at evaluating students’ classroom participation, practical skills, and ability to use software tools. Students are assessed based on their 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 situations aimed at applying professional practical skills, teamwork, preparation of presentations, and similar activities during daily classes.

Forms of current assessment:

class participation

preparation of learning materials

working with sources within the topic

use of educational technologies

teamwork

preparation of presentations

tests

2. Midterm assessment

Midterm assessment is conducted twice during the semester based on the lecture hours allocated in the curriculum. Midterm assessment is graded on a 100-point system, with 20 points allocated. Students who obtain 60% of the points allocated for current 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 organized at the end of the semester to determine the level of students’ mastery of theoretical knowledge and practical skills in the relevant course. The final examination ticket consists of 5 questions, and each answer is assessed with a maximum of 10 points.

	Learning outcomes and examination requirements
	To fully master the theoretical and methodological concepts of the topic, correctly present the results of analysis, independently express opinions on the processes under study, complete assignments in current and midterm assessment forms, and fulfill the tasks required for final assessment.

The student must complete and submit current assessment, midterm assessment, and independent study assignments, as well as take the final assessment in the relevant course within the specified deadlines.

A student who fails to submit current assessment, midterm assessment, or independent study assignments, as well as a student who scores within the range of 0–29.9 points for these assignments and assessment types, will not be 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, is considered to have academic debt.
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