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FACULTY OF CHEMISTRY
ACADEMIC YEAR 2022-2023

MASTER PROGRAM 

INORGANIC CHEMISTRY

AUTUMN SEMESTER 
	Row No.
	Course Title
	Department
	Level (Year)
	Language
	ECTS
	Semester

	1st year

	1
	Methods to Determine Crystal Structures
	Inorganic Chemistry
	M (1)
	English
	4
	1

	2
	Advanced Crystal Chemistry
	Inorganic Chemistry
	M (1)
	English
	4
	1

	3
	Phase Diagrams I
	Inorganic Chemistry
	M (1)
	English
	4
	1

	4
	Physical Properties of Inorganic Materials
	Inorganic Chemistry
	M (1)
	English
	4
	1

	5
	Computational Methods in Crystallography
	Inorganic Chemistry
	M (1)
	English
	4
	1

	6
	Application of Knowledge
	Inorganic Chemistry
	M (1)
	English
	5
	1

	7
	Master Seminars
	Inorganic Chemistry
	M (1)
	English
	3
	1

	8
	Professional Ukrainian
	
	M (1)
	
	2
	1


	Row No.
	Course Title
	Department
	Level (Year)
	Language
	ECTS
	Semester

	2st year

	1
	Electronic Structure Calculations
	Inorganic Chemistry
	M (2)
	English
	4
	3

	2
	Inorganic Materials
	Inorganic Chemistry
	M (2)
	English
	4
	3

	3
	Master Seminars
	Inorganic Chemistry
	M (2)
	English
	6
	3

	4
	Master Stage
	Inorganic Chemistry
	M (2)
	English
	8
	3

	5
	Teaching Stage
	Inorganic Chemistry
	M (2)
	English
	8
	3


[image: image2.jpg]


 
FACULTY OF CHEMISTRY 
SPRING SEMESTER 
	Row No.
	Course Title
	Department
	Level (Year)
	Language
	ECTS
	Semester

	1st year

	1
	Methods to Determine Crystal Structures 
	Inorganic Chemistry
	M (1)
	English
	4
	2

	2
	Physical Properties of Inorganic Materials
	Inorganic Chemistry
	M (1)
	English
	4
	2 

	3
	Applied Crystal Chemistry
	Inorganic Chemistry
	M (1)
	English
	4
	2

	4
	Metallography
	Inorganic Chemistry
	M (1)
	English
	4
	2

	5
	Phase Diagrams II
	Inorganic Chemistry
	M (1)
	English
	4
	2

	6
	Philosophical Problems in Chemistry
	Inorganic Chemistry
	M (1)
	English
	2
	2

	7
	Master Seminars
	Inorganic Chemistry
	M (1)
	English
	3
	2

	8
	Master Stage
	Inorganic Chemistry
	M (1)
	English
	5
	2


	Row No.
	Course Title
	Department
	Level (Year)
	Language
	ECTS
	Semester

	2st year

	1
	Master Thesis
	Inorganic Chemistry
	M (2)
	English
	30
	4


COURSES DESCRIPTION
	Status

	Course:  
"Methods to Determine Crystal Structures"
Responsible: 

Professor Roman Gladyshevskii


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master

	8

	2 semesters

	Autumn, spring

	96
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire basic knowledge and experience in the investigation of crystal structures: geometry, physics and chemistry of crystals, theory of X-ray diffraction, methods and equipment for X-ray diffraction on single crystals and powders using photographic methods and automatic diffractometers.

Description: The lectures are divided into two main parts: 1) geometry, physics and chemistry of crystals, and theory of scattering of X-rays; 2) methods and devices for X-ray diffraction of single crystals and polycrystalline materials, structure solution and refinement. During the laboratory work the students learn to derive space groups, describe the crystal structures of inorganic compounds, calculate structure factors, refine atom coordinates using common computer programs, investigate single crystals by the Laue and rotation methods, produce and analyze Debye films and diffraction patterns, perform simple phase analysis, determine and refine cell parameters.


Reading list: 

1. D.L. Bish, J.E. Post, Eds. Modern Powder Diffraction, Mineralogical Society of America, Washington D.C., 1989.

2. C. Giacovazzo, Ed. Fundamentals of Crystallography, Oxford: Oxford University Press, 1994.

3. Ch. Hammond. The Basics of Crystallography and Diffraction, Oxford: Oxford University Press, 1997.

4. V.K. Pecharsky, P.Y. Zavalij. Fundamentals of Powder Diffraction and Structural Characterization of Materials, New York: Springer, 2009.


	


	Status

	Course:  
"Advanced Crystal Chemistry"
Responsible: 

Professor Roman Gladyshevskii


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master

	4

	1 semester

	Autumn

	48
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire fundamental knowledge in modern trends in crystal chemistry, a science that provides a link between solid state chemistry and crystallography. 

Description: The students learn to analyze crystal structures of inorganic compounds, distinguish special features of different groups of compounds, derive hypothetical structures, and predict physical properties based on chemical composition and crystal structure. The lectures are divided into three parts: advanced crystallography, methods to investigate crystals, concepts of crystal chemistry. 


Reading list: 

1. C. Giacovazzo, Ed. Fundamentals of Crystallography, Oxford: Oxford University Press, 1994.

2. Ch. Hammond. The Basics of Crystallography and Diffraction, Oxford: Oxford University Press, 1997.

3. E. Parthé, L. Gelato, B. Chabot, M. Penzo, K. Cenzual, R. Gladyshevskii. TYPI - Standardized Data and Crystal Chemical Characterization of Inorganic Structure Types, Heidelberg: Springer-Verlag, 1993.
4. V.K. Pecharsky, P.Y. Zavalij. Fundamentals of Powder Diffraction and Structural Characterization of Materials, New York: Springer Science + Business Media, 2005. 

5. B.K. Vainshtein, V.M. Fridkin, V.L. Indenbom. Modern Crystallography, Vol. 2: Structure of Crystals, Berlin: Springer, 2000.


	


	Status

	Course:  
"Phase Diagrams I"
Responsible: 

Associate Professor Oksana Zelinska


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master

	4

	1 semester

	Autumn

	48
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire the basics of physical-chemical analysis of the processes that occur in physical and chemical systems, main types of unary and binary phase diagrams, general principles, construction and graphical representation of these types of phase diagram, the conditions of formation of new phases, types of phase transition.

Description: The course covers the main principles and methods of physical-chemical analysis (thermal and differential thermal analysis, X-ray diffraction, microstructure analysis, dilatometry, measurements of hardness and microhardness, etc.), Gibbs' phase rule, classification of phase diagrams, main conditions for the formation of solid solutions and compounds, analysis of unary and binary phase diagrams, the lever rule, interpretation of thermograms, construction of phase diagrams on the basis of experimental results, graphical representation of phase diagrams.

Reading list: 
1. I.Ye Barchiy, Ye.Yu. Peresh, V.M. Rizak, V.O. Khudoliy. Heterogeneous Equilibria (in Ukrainian), Uzhhorod: Zakarpattia, 2003. 
2. O.M. Byalik, V.S. Chernenko, V.M. Pysarenko, Yu.N. Moskalenko. Metallography (in Ukrainian), Kyiv: Polytechnic, 2010.

3. B.Ya. Kotur, Z.M. Shpyrka, G.P. Nychyporuk, O.Ya. Zelinska. Physico-Chemical Analysis of Multicomponent Systems: Laboratory Tutorial (in Ukrainian), Lviv: LNU, 2013.

4. T.B. Massalski, H. Okamoto, P.R. Subramanian, L. Kacprzak, Eds. Binary Alloy Phase Diagrams, Materials Park (OH): ASM, 1990.

5. P. Villars, K. Cenzual, J.L.C. Daams, F. Hulliger, H. Okamoto, K. Osaki, A. Prince, S. Iwata, Eds. Pauling File, Inorganic Materials Database and Design System. Binaries Edition, Bonn (Germany): Crystal Impact (Distributor), 2001.


	


	Status

	Course:  
"Physical Properties of Inorganic Materials"
Responsible: 

Associate Professor Khrystyna Miliyanchuk


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master

	8

	2 semesters

	Autumn, spring

	96
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire fundamental knowledge on the transport properties of inorganic materials based on the band theory, learn to interpret magnetic properties of inorganic materials using the concepts of band and localized magnetism.

Description: The lectures are divided into three main parts: 1) transport phenomena in metals; 2) transport phenomena in semiconductors; 3) magnetism and other properties of intermetallics with particular characteristics. The laboratory works include the determination of the temperature dependence of electrical resistivity and thermopower of metals and semiconductors, and the determination of the temperature dependence of magnetic susceptibility of paramagnetic materials.


Reading list: 

1. N.W. Ashcroft, N.D. Mermin. Solid State Physics, Saunders, 1976.

2. S. Blundell. Magnetism in Condensed Matter, N.Y.: Oxford University Press, 2001.

3. Ch. Kittel. Introduction to Solid State Physics, 7th Ed., Wiley, 1996.

4. A.R. West. Basic Solid State Chemistry, 2nd Ed., John Wiley & Sons, Ltd, 1999.


	


	Status

	Course:  
"Computational Methods in Crystallography"
Responsible: 
Associate Professor Lev Akselrud


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	4

	1 semester

	Spring
	32

	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 1

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits

	100-point scale


	Aims and objectives: learn to use common software tools for solution, refinement and visualization of crystal structures and band structure calculations. 

Description: The course offers an opportunity to the students to improve their theoretical knowledge about band structure calculations and crystal structure determination, and to work with different modern computer programs for data processing, solution, refinement and visualization of crystal structures, and band structure calculations.


Reading list: 
1. R.F.W. Bader. Atoms in Molecules : A Quantum Theory, Oxford: Clarendon Press, 1990.
2. V.K. Pecharsky, P.Y. Zavalij. Fundamentals of Powder Diffraction and Structural Characterization of Metals, New York: Springer Science + Business Media, 2005.


	


	Status

	Course:  
"Application of Knowledge"
Responsible: 

Associate Professor Khrystyna Miliyanchuk


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master

	5
	1 semester
	Autumn

	48
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits
	100-point scale


	Aims and objectives: Acquire fundamental knowledge and improve practical skills in the processing of scientific results and their presentation as scientific papers, conference abstracts, poster and oral presentations, in data mining using scientific databases, in the preparation of a scientific project.

Description: The course is focused on improving the skills of the students in planning a full research cycle applying a scientific approach, extracting relevant information from databases, presenting the results in the form of scientific publications, conference abstracts, poster and oral presentations, in the evaluation and reviewing of scientific texts, in the preparation of a research project. The students get a number of individual tasks and a group task in order to develop skills of team work and time management. 

Reading list: 

1. R.A. Day. How to Write and Publish a Scientific Paper. Phoenix, Arizona: Oryx Press, 1998. 

2. G.M. Hall. How to Write a Paper. London: BMJ Publishing Group, 2003. 



	


	Status

	Course:  
"Electronic Structure Calculations"
Responsible: 

Associate Professor Lev Akselrud


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	4

	1 semester

	Autumn
	32

	
	Year of study

	Weekly lectures/labs

	Prerequisites


	2
	1 / 1

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits

	100-point scale


	Aims and objectives: acquire a basis for the study of the electronic structure of inorganic compounds in the solid state and special aspects of chemistry and physics of solids, master computer software able to produce results that predict physical properties and the nature of chemical bonding.

Description: The lectures are divided into three main parts: 1) basic concepts of physics and chemistry of solids: band structure, Fermi surface, density of electronic states and its calculation; 2) calculation methods: Density functional theory (DFT), self-consistent system of equations Kohn-Sham, Local Density Approximation (LDA), Generalized Gradient Approximation (GGA), Linearized Augmented Plane Wave (LAPW); 3) results of calculations: Density of States (DOS), Charge Density (CD), Electron Localization Function (ELF). During the laboratory work, the students learn how to specify the primary information, crystal structure data of inorganic compounds and appropriate physical parameters. Programs used: ELK, FPLO, DGrid.

Reading list: 

1. R.F.W. Bader. Atoms in Molecules : A Quantum Theory, Oxford: Clarendon Press, 1990.

2. H. Eschrig. Optimized LCAO Method and the Electronic Structure of Extended Systems, Berlin: Springer, 1989.
3. M. Kohout. Program DGrid, Dresden: Max-Planck-Institut für Chemische Physik fester Stoffe, 4.6 Ed., 2011.



	


	Status

	Course:  
"Inorganic Materials"
Responsible: 
Associate Professor Khrystyna Miliyanchuk


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	4
	1 semester

	Autumn

	32

	
	Year of study

	Weekly lectures/labs

	Prerequisites


	2

	1 / 1

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits

	100-point scale


	Aims and objectives: Acquire knowledge about materials based on inorganic compounds that are widely used in modern industry and everyday life: construction, magnetic, and superconducting materials, materials for hydrogen storage, electrochemically active materials; learn about their production technology, main properties and principles of performance, ways of optimization, and main applications.
Description: The course is an introduction into the world of functional inorganic materials. It covers theoretical and practical aspects, technology of production, unique properties, principles of operation, and main fields of application. The students learn to investigate and characterize different inorganic compounds, analyze the relations between composition, structure and properties of substances, predict potential fields of application, and implement methods of elimination and utilization of wastes.

Reading list:

1. J.O. Besenhard. Handbook of Battery Materials, Wiley-VCH, 1999. 

2. S. Blundell. Magnetism in Condensed Matter, N.Y.: Oxford University Press, 2001.

3. R.E. Gladyshevskii, K. Cenzual. Crystal Structures of Classical Superconductors, in: Handbook of Superconductivity, Ch. 6, Academic Press, 2000.

4. A.R. West. Solid State Chemistry and its Application, 2nd Ed., Student Edition, Wiley, 2014.



	


	Status

	Course:  
"Applied Crystal Chemistry"
Responsible: 

Professor Roman Gladyshevskii


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master
	4

	1 semester

	Spring

	48
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2
	Bachelor's Degree in Chemistry

	Languages

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire knowledge in the field of modern crystal chemistry of inorganic compounds, trends in structure analysis and composition–crystal structure–properties relationships for compounds with potential applications as functional materials.

Description: The lectures are divided into three main parts: 1) concept of “real structure”, defects, group-subgroup space group relationships; 2) modern trends in structure analysis, single-crystal and powder X-ray diffraction, neutron and electron diffraction; 3) relations between chemical composition, crystal structure and physical properties. The laboratory works include the determination of structural and microstructural characteristics using modern crystallographic software, deduction of group-subgroup space group relationships, derivation of magnetic groups, and construction of hypothetical structures.

Reading list: 

1. D.L. Bish, J.E. Post, Eds. Modern Powder Diffraction, Washington D.C.: Mineralogical Society of America,  1989.

2.V.K. Pecharsky, P.Y. Zavalij. Fundamentals of Powder Diffraction and Structural Characterization of Metals, New York: Springer Science + Business Media, 2005.
3. R.L. Snyder, J. Fiala, H.J. Bunge, Eds. Defect and Microstructure Analysis by Diffraction, Oxford: Oxford University Press, 1999.

4. B.K. Vainshtein, V.M. Fridkin, V.L. Indenbom. Modern Crystallography, Vol. 2: Structure of Crystals, Berlin: Springer, 2000.

5. J.H. Westbrook, R.L. Fleischer, Eds. Intermetallic Compounds, Chichester: John Wiley & Sons, 1993.


	


	Status

	Course:  
"Metallography"
Responsible: 

Associate Professor Oksana Zelinska


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	4

	1 semester

	Spring
	32

	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1
	1 / 1

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits

	100-point scale


	Aims and objectives: Acquire a basis in metallography as a part of materials science and a method of investigation of processes that occur in metallic systems, learn about methods of synthesis, thermal treatment and metallographic investigation of alloys, interpretation of the results.

Description: The course covers the main characteristics of matter in metallic state, basics of the band theory of metals and alloys, main methods of investigation of metallic samples, theory of crystallization of pure metals and alloys, formation and types of solid solutions, peculiarities of the morphology and internal structure of real crystals, mechanical properties of metals and alloys and the methods of their investigation, basics of thermal treatment of metals and alloys, relations between structure and properties of metals and alloys, main methods of single crystal growth, main types of technological and metal-ceramic alloys.

Reading list: 
1. O.M. Byalik, V.S. Chernenko, V.M. Pysarenko, Yu.N. Moskalenko. Metallography (in Ukrainian), Kyiv: Polytechnic, 2010. 

2. O.Ya. Kuzin, R.A. Yatsiuk. Metallography and Thermal Treatment of Metals (in Ukrainian), Lviv: Afisha, 2002.

3. A.R. West. Solid State Chemistry and its Application, 2nd Ed., Student Edition, Wiley, 2014.



	


	Status

	Course:  
"Phase Diagrams II"
Responsible: 

Associate Professor Oksana Zelinska


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	4

	1 semester

	Spring

	48
	
	Year of study

	Weekly lectures/labs

	Prerequisites


	1

	1 / 2

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Written / oral exam

	100-point scale


	Aims and objectives: Acquire knowledge about advanced methods of physical-chemical analysis, main types of ternary and quaternary phase diagrams, general principles of the construction, description and analysis of these types of phase diagram, isothermal and polythermal sections, conditions for the formation of new phases and solid solutions, phase transitions.

Description. The course covers the main principles and methods of physical-chemical analysis of multicomponent systems: thermal and differential thermal analysis, scanning calorimetry, X-ray diffraction, microstructure analysis, dilatometry, measurements of hardness and microhardness, etc., classification of multicomponent systems, analysis, description, construction and graphical representation of phase diagrams, isothermal and polythermal sections, the rule of triangles, tetrahedration of quaternary phase diagrams, interpretation of thermograms, main conditions for the formation of solid solutions and compounds. 

Reading list:

1. I.Ye Barchiy, Ye.Yu. Peresh, V.M. Rizak, V.O. Khudoliy. Heterogeneous Equilibria (in Ukrainian), Uzhhorod: Zakarpattia, 2003. 

2. O.M. Byalik, V.S. Chernenko, V.M. Pysarenko, Yu.N. Moskalenko. Metallography (in Ukrainian), Kyiv: Polytechnic, 2010.
3. B.Ya. Kotur, Z.M. Shpyrka, G.P. Nychyporuk, O.Ya. Zelinska. Physico-Chemical Analysis of Multicomponent Systems: Laboratory Tutorial (in Ukrainian), Lviv: LNU, 2013.

4. P. Villars. Handbook of Ternary Alloy Phase Diagrams, 10 Vols., ASM International, 1995.


	


	Status

	Course:  
"Philosophical Problems in Chemistry"
Responsible: 
Associate Professor Oksana Zelinska


		
	Acad. cycle

	ECTS credits

	Duration

	Semester

	Hours of presence

	
	Master's
	2

	1 semester

	Spring
	16

	
	Year of study

	Weekly lectures/seminars

	Prerequisites


	1

	0 / 0.5

	Bachelor's Degree in Chemistry

	Language

	Examination

	Assessment


	English

	Credits

	100-point scale


	Aims and objectives: acquire knowledge about philosophical approaches to different aspects of chemistry, main achievements and problems of contemporary chemistry, and scientific research. 

Description: The course is held in the form of seminars and discussions covering issues of philosophical approaches while assessing phenomena occurring in Nature and society, problematic aspects in chemistry of today, principal achievements and problems of modern chemistry.

Reading list:

1. M. Weisberg, P. Needham, R. Hendry. Philosophy of Chemistry, The Stanford Encyclopedia of Philosophy (Spring 2019 Edition), Edward N. Zalta (ed.) https://plato.stanford.edu/archives/spr2019/entries/chemistry/

2. H.B.J. Vančik. Philosophy of Chemistry. Springer Nature, 2021. 


	


