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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	

	
	Practical exercises (school internships)
	45

	Total in-class work
	 

	Out-of-class work
	 Course project
	50 

	
	 Self-study in a library and other resources
	100 

	
	
	

	Total out-of-class work
	150 

	TOTAL ACADEMIC WORK
	225

	ECTS credits in-class work
	2,5

	ECTS credits out-of-class work
	5,0

	TOTAL ECTS CREDITS
	7,5


	№
	Grade components

	% of the grade

	1. 
	 Written exam
	 80

	2. 
	 Laboratory exercises
	20

	Outline of the course:

	The course is aimed to acquaint the students with the fundamentals of the general radiochemistry, chemistry of the nuclear transformations and the application of the radionuclides in the chemical investigations. 

The laboratory exercises develop the skills of the students to perform simple laboratory experiments with open radioactive sources and illustrate the lecture material.The extracurricular classes are intended for self-preparation of the students on the material, presented in the lectures and preparation of course-project by the use of specialized scientific journals and references, recommended by the lecturer. This aims to develop the skills of the students to use foreign language literature in the field of radiochemistry and to facilitate the learning of the course material.       


	Preliminary requirements:

	 Basic knowledge in the fields of atomic and nuclear physics, methods for radiation detection and radiation protection.


	Key competences acquired:

	 After the successful finish of the course the students are expected to have basic knowledge in the field of radiochemistry (including reactions of isotope exchange, extraction, co-precipitation, adsorption and formation of radiocolloids), chemistry of the nuclear transformation (chemical effects of the nuclear transformation and synthesis of radioisotopes and labeled compounds) and the various applications of radioisotopes in the chemical investigations.

The students are expected to have basic practical skills to perform laboratory manipulations with open radioactive sources, and to be able to make preliminary calculations for preparation of solutions, sample preparation for radiation detection and basic manipulations for synthesis and analysis of radioactive compounds.


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	General Radiochemistry: Isotope exchange; Distribution of radioisotopes between two phases, co-precipitation and co-crystallization; Characteristics of the state and behavior of the radioactive isotopes in ultra-low concentrations; Radiocolloids; Adsorption. 
	10

	2
	Chemistry of the nuclear transformations, positronium and muonium, Synthesis and separation of radioactive isotopes. 
	5

	3
	Applied radiochemistry and ionizing radiation in the analytical chemistry, for investigation of the structure of chemical compounds and mechanism of the chemical reactions; for determination of physical chemistry constants and preservation of cultural heritage objects.  
	12

	4.
	Radiation chemistry: Basic types of radiation-chemical transformations and their quantity characteristics. Radiation effects in aqua medium and solid substances. Autoradiolysis.
	3

	
	Practical exercises
	

	1
	а). Basic rules for work in radiochemical laboratories. Organization and equipment of radiochemical laboratories. Basic laboratory processes and safety requirements. Storage of open radioactive sources, evaporation, distillation, operations with gas emissions, drying and heating of precipitates.
 b). Preparation of solutions with defined radioactivity. Preparation of samples on solid plate for radiometric measurement by using evaporation, filtration, centrifugation.  
	3

5

	2
	Determination of % mass content of potassium by 40К in potassium salts.
	6

	3.
	Isotope exchange: exchange of 131I between solid and liquid phases. 
	4

	4.
	Synthesis of solid solutions of uranium and thorium oxides. 
	5

	5.
	Separation of chloride and iodide ions by extraction; determination of distribution coefficient and separation factor.  
	4

	6.
	Method of the isotope dilution: determination of iodide in the presence of bromide. 
	4

	7.
	Radiometric titration; determination of silver in multielement solutions. 
	4

	8.
	Determination of soft β – emitters by liquid scintillation spectrometry. 
	5

	9.
	Radioisotope dating of archaeological bones by uranium-protactinium method. 
	5


Topics Covered on the Final Exam

	№
	Topic

	1
	Isotope exchange: mechanism, isotope exchange in different types of chemical compounds, equilibrium constant, coefficient and degree of isotope exchange. 

	2
	Distribution of microquantities of radioisotopes between two phases: co-precipitation – equilibrium distribution, distribution of a microcomponent between solid and gaseous phase and between two liquid phases.

	3
	Characteristics of state and behavior of the radioactive isotopes in ultra low concentrations: adsorption (types and kinetics); state of radioactive isotopes in solution and factors influencing to it – radiocolloids; state of radioisotopes in the solid substances.   

	4
	Chemical effects of the nuclear transformation: synthesis of “hot” atoms, recoil energy, retention and factors, influencing to it. Interaction of the “hot“atoms with the medium (reactions in solid inorganic substances).

	5
	Muonium and positronium.

	6
	Synthesis and separation of radioactive isotopes: overview of the methods for synthesis and separation of radionuclides by nuclear reactions, including by high energy particles. 

	7
	Application of the radioactive isotopes and nuclear radiation in the analytical chemistry: analysis with the use of natural and artificial radioactivity (method of the radioisotope dilution, radiometric titration); methods, based on nuclear reactions in the samples (neutron activation, analysis by neutron absorption reactions); analysis, based on the back-scattering of β-particles. Radioisotope dating.

	8
	Application of radioactive indicators for investigation of the structure of chemical compounds and mechanism of chemical reactions – principles and examples.

	9
	Application of the radioactive indicators for determination of physical chemistry constants – determination of the: solubility of low-soluble compounds, pressure of saturated vapor, coefficients of diffusion and self-diffusion in solids and liquids, distribution coefficients of micro component between two phases; investigation of kinetics of chemical processes; investigation of heterogenic catalysis.  

	10
	Application of ionizing radiation for preservation of cultural heritage objects. 

	11
	Radiation chemistry: Basic types of radiation-chemical transformations and their quantity characteristics. Radiation effects in aqua medium and solid substances. Autoradiolysis.
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






