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DESCRIPTION OF COURSES

 (duration of study – 1 year, required amount of credits – 60, 1 credit equals to 36 hours)
Sets of courses proposed are focused on the following topics:
- Theoretical Chemistry and Computational Modeling (courses 1-7). Obtained therein theoretical and background and practical skills could be applied further for investigation of properties of organic and inorganic molecules and intermolecular complexes, modeling of chemical reactions mechanisms, simulation of NMR, UV and IR spectra. The following computational chemistry packages will be taught: PCModel, Hyperchem, Gauusian 09, GaussView 5, GAMESS, MathCAD.

- Application of information technology for research work in chemistry is the subject of course 8. 

- Courses 9-11 are devoted to in-depth study of organic chemistry, including methods of synthesis and chemical properties of organic compounds, reaction mechanisms and application of spectral methods for establishing of the structure of compounds.  

- The theoretical and practical skills on a number of modern methods of analytical chemistry can be obtained by study of the next set of courses (12-18). Up-to-date variants of separation and preconcentration methods, molecular spectroscopy methods, mathematical treatment of data obtained during analysis, and automated flow methods are the indispensable part of the knowledge needed for every analyst. All food and pharmaceutical products require analysis as part of a quality management program throughout the development process, through production, and after a product is in the market. The nature of the sample and the specific reason for the analysis commonly dictate the choice of analytical methods. In such circumstances, the analyst must know modern instrumental methods of analysis and their application to analysis of food and objects of environment, quality control of drugs.
- Some courses in Inorganic and Physical Chemistry are also proposed (19-24). One of them deals with properties of bioelements and compounds and their role in human metabolic processes. Set of courses proposed are focused on different problems of Electrochemistry. Obtained therein theoretical and practical skills could be applied further for investigation of nanoscale effect and objects in electrochemical systems, kinetics and mechanism of electrode reactions using advanced electrochemical methods, obtaining and study properties metals electrodeposits. Finally, knowledge of materials science is given in one of the courses, especially in the field of nanomaterials and nanotechnology.
Student could select either courses set close to one of topic or from different topics depending on courses taught at their Home University.

	One of the components of the program is the individual performing of research under the guidance of a professor, which finalized by the defense of research project.
№
	Course
	Description (prerequisite is given in parentheses if necessary)
	Cre​dits

	1
	Molecular Quantum Mechanics 


	Theoretical, algorithmic, and practical aspects of the methods of molecular quantum mechanics and their applications to chemical systems. Topics covered include Hartree-Fock theory, perturbation theory, configuration interaction, coupled-cluster theory, and density-functional theory (Quantum Chemistry).
	4

	2
	Applied Com​pu​tati​onal Chemi​stry 1 (modeling of chemical reactions mechanisms)
	The molecular mechanics. Quantum chemical approaches for investigation of structure of compounds and mechanisms of chemical reactions. Theoretical study of mechanisms of chemical reactions. Topography of potential energy surface and property of reacting system. Theoretical methods of the account of character of environment. 
	6

	3
	Applied Com​pu​tati​onal Chemi​stry 2 (modeling of chemical reactions mechanisms)
	Methods and algorithms for calculations and visualization of NMR, UV and IR spectra. Harmonic and anharmonic approaches. Multireference and time-dependent quantum-chemical methods. 
	6

	4
	Molecular Dynamics and Statistical Methods 
	Modeling of chemical systems by molecular dynamics and Monte-Carlo methods. 
	6

	5
	Сomputer Mathematics Systems in Chemistry


	Basic means of computer mathematics for solving with Mathcad specific training and scientific chemical problems are discussed in the course. During the workshop the students solve chemical examples of algebraic equations, differential equations, systems of algebraic and differential equations; realize optimization, linearization, approximation and interpolation of experimental data; use character conversion, matrix operations; learn the principles of graphic data processing and so on. (“Physical Chemistry”)
	5

	6
	Modern computers in chemical engineering


	Study and application of modeling chemical processes was assumed. The main types of industrial rectors and ways to optimize their performance was considered. During the simulation uses modern software. In the course of practical work students simulate real processes of flow reactors and batch, work stages reactors. (“Chemical Technology”)
	3

	7
	Application of computer technologies in production and research of polymers


	Cource covers the main means of computer simulation of the synthesis of macromolecular substances. Simulated effects of synthesis conditions on the properties of polymers. The current methods for assessing various properties of macromolecular compounds based on knowledge of the chemical composition and structure of macromolecules are considered. Practice involves the calculation of the basic physical characteristics of polymers: density, glass transition temperature, temperature of thermal decomposition, melting point, temperature of transition into the viscous flow, dielectric constant, and solubility. (“Chemistry and Technology of Polymers)
	3

	8
	Information technology in chemical research
	This course provides an introduction to concepts and principles of information technology. 

Techniques for planning, monitoring and controlling of resources for accomplishing of specific scientific projects goals will be discussed. This course helps to develop of students’ skills that allow to form the searching algorithms using net-work technology in the way of doing the research work. The structure of a scientific article, the location and the availability of online resources, particularly the functioning of the major archives of scientific publications have been review. 
	3

	9
	Advanced organic chemistry


	The structural theory in organic chemistry. Electronic effects in organic chemistry, their quantitative estimation. Steric effects. Energetics of chemical reactions. Intermediates in organic chemistry. Nucleophilic substitution mechanisms at the saturated carbon atom. The role of structure of a substrat, character of an attacking reagent. The solvent role in reaction process. 
	4

	10
	Mechanisms of Organic Chemistry  
	A study of mechanistic aspects of organic reactions included the rate theory, and reaction mechanism, experimental methods and treatment of data.
	3

	11
	Spectroscopic Methods for Structural Determination  
	Using of modern spectroscopic methods, mainly Nuclear Magnetic Resonance, Mass Spectrometry, X-Ray Crystallo​graphy, and Infrared Spectro​scopy for elucidation of simple to complex structures of chemical  compounds. Topics on new developments in modern  NMR, X-Ray, MS, and IR will be updated and included. 
	5

	12
	Drug synthesis
	The course describes discovered medicines, their development and new methods of drug synthesis. The discipline provide information on many complexities of drug discovery, the numerous stringent requirements that many potential therapeutic molecule must meet, the challenges and approaches involved in finding molecular structures that «hit» a biological target, and the many facets of chemical synthesis that connect initial small-scale laboratory synthesis with the evolution of a process for successful commercial production.
	3

	13
	Food chemistry and analysis
	The important food constituents (proteins, lipids, car- bohydrates, flavor compounds, etc.) and the important food groups (milk, meat, eggs, cereals, fruits, vegetables, etc.). The relationship between the structure and properties at the level of individual food constituents and at the level of the whole food system will be given. For important foods will be included brief discussions of manufacturing processes and their parameters since these are closely related to the chemical reactions occurring in foods. 

Food analysis: compositional analysis of foods, spectroscopy, chromatography, color analysis, thermal analysis etc. and physical properties of foods.
Those requirements relevant to food analysis are as follows: (1) understanding the principles behind analytical techniques associated with food, (2) being able to select the appropriate analytical technique when presented with a practical problem, and (3) demonstrating practical proficiency in food analysis laboratory. (Analytical and Organic Chemistry)
	5

	14
	Trends in environmental analysis
	Air, water, soil and sediment, biological sample, radionuclides analysis applications. 

Solid-phase micro-extraction applications. 

Air monitoring and analysis applications: sampling, volatile organic compounds, semi-volatile organic compounds , inorganic compounds, chemometrics and real-time monitoring, automated analysis, deposition and atmospheric transport, incineration and miscellaneous.

Water analysis applications: sample collection, extraction and sample preparation, integrated extraction and detection, separation and detection analytes of interest.

Solid sample types analysis applications. soils and sediments: metals and organics, sewage sludge: metals and organics, organometallic analytes. (Analytical and Organic Chemistry)
	5



	15
	Modern pharmaceuti​cal analysis
	The pharmaceutical analyst plays a major role in assuring identity, safety, efficacy, purity, and quality of a drug product.

Discovery of new chemical entity and high-throughput screening; solid-state analysis of drug substances; degradation and impurity analysis of drug substances; pre-formulation analysis; analysis of solid oral dosage forms; analysis of injectable dosage forms; compendial testing; method development; setting specifications; method validation; stability studies; analytical methodology transfer; documentation and inspections; innovative analytical platforms. (Analytical and Organic Chemistry).
	5

	16
	Statistics and chemometrics for analytical chemistry
	Statistics of repeated measurements. Significance tests. Calibration methods: regression and correlation. Experimental design and optimization, simplex and nonlinear optimization. Resolution of analytical signals. Multivariate analysis. An introduction to control and optimization. Principal factor analysis, PLS. Pattern recognition. Validation of analytical methods. Signal detection and manipulation.
	4

	17
	Modern methods of separation and preconcentra​tion
	Solvent extraction. Extraction systems. Mechanisms of extraction. Aqueous two-phase systems. Micellar extraction. Dispersive liquid-liquid microextraction. Solid-phase extraction. Precipitation. Membrane separation. Ion-exchange. Chromatography. Gas chromatography. High-performance liquid chromatography, HPLC-mass spectrometry. Ion chromatography. Capillary electrophoresis.
	4

	18
	Modern molecular spectroscopy methods
	The origins of spectroscopy. Molecular absorption spectroscopy. Methods of quantitative spectrophotometric analysis. Single analyte analysis. Multiple components analysis. Investigation of protolytic and complex formation equilibriums. Reflection spectroscopy. Colorimetry. Luminescence. Fluorescence spectroscopy. Scattering. Resonance light-scattering spectroscopy. 
	4

	19
	Flow analysis
	Automation in a chemical laboratory. Theoretical foundations of flow methods. Segmented flow analysis. Flow injection analysis. Instrumentation. Sequential injection analysis. Sequential injection chromatography. Multicommutated flow analysis. Multisyringe flow analysis. Flow-batch analysis. Experimental techniques. Separation and preconcentration techniques.
	3

	20
	Perspective Inorganic Materials


	Main tendencies of development of theory and practice of perspective inorganic materials in scientific institution and manufacture are elucidated in the course. Knowledge of the perspectives and path of development of modern material science, especially in the field of nanomaterials and nanotechnology are given. The nature, classification, methods of obtaining and application areas advanced inorganic materials is taught. Lab works involves synthesis and study of properties of materials, the analysis of the experimental data. (“Inorganic Chemistry”)
	4

	21
	Nanoelectro​chemistry
 
	Knowledge of nanoscale effect and objects in electrochemical systems are given in the course. Ways of applying knowledge nanoelectrochemistry to the solution of advanced problems of chemical science and technology are shown. Students are introduced to the advanced condition of electrochemical nanotechnology, environmental and ethical aspects of nanotechnology and the main methods of obtaining, study and stabilize nanoscale using electrochemical methods. Knowledge of the main researching methods of nanoscale electrochemical systems are given and field of their practical use are mentioned. (“Electrochemistry”, “Colloid Chemistry”)
	4

	22
	Electroplating

	Theoretical principles (bases on electrochemical kinetics and nucleation theory) of metals electrodeposition are elucidated in the course. It is assumed development of the main experimental methods of metals electrodeposition and electroplating. Lab works includes introduction to the basic technological processes of application of protective metal coatings and surface treatment. (“Electrochemistry”)
	5

	23
	Advanced chemistry of coordination compounds

	It is assumed study of basic properties of elements and compounds and their role in human metabolic processes. It is consider the correlation between atomic structure of bioelements, their chemical properties and biogenic role. Explained influence of bioligands structure on their coordination in biomolecules and nature of biometals on the structure of biomolecules and their ability to function of enzymes and vitamins. It is assumed introduction to the basic experimental methods of synthesis and investigation of the structure of coordination compounds. (“Inorganic Chemistry”, “Physical Methods”)
	3

	24
	Macrokinetics  


	Analysis of chemical reactions taking into account both chemical kinetics and mass- and heat transfer are considered in the course. The approach to develop models for chemical reaction in flow is shown by macroscopic kinetics method. Practical training includes simulation of chemical reactions taking into account real processes of  mass- and heat transfer. (“Physical Chemistry”)
	4

	25
	Electrochemi​cal kinetics


	During the course students are introduced to the theoretical foundations of electrochemical kinetics and their practical use in the study of the kinetics and mechanism of electrochemical reactions. Knowledge of the contemporary understanding of polarization, strain and kinetics of electrode processes are given. Series of laboratory work involves experimental determination of basic thermodynamic and kinetic parameters of electrode processes. (“Physical Chemistry”)
	4

	26
	Research
	Individual laboratory or theoretical work under the supervision of a professor finalized with project defense.

(Amount of credits is subject to discussion during adjustment of plan of education)
	6-12


PAGE  
1

