
ANNOTATION 
of the work program of the discipline 

"Synthesis of the nanostructured materials" 

 

1. The title of the educational program, which contains the discipline to be taught  

Master's program "Nanoscale structure of materials" under direction 03.04.02 "Physics". 

 

2. Total labor intensity 

According to the Curriculum of the full-time Master course under direction 03.04.02 "Physics", 

which contains  Master-level program “Nanoscale structure of materials", the amount of work 

hours allocated for the discipline "Synthesis of the nanostructured materials" is 216 hour, including 

36 hours of lectures,18 hours laboratory practice and 126 hours of autonomous work of students. 

 

3. The place of the discipline in the structure of educational program 

The educational discipline of the "Synthesis of the nanostructured materials" (B1. DV5) belongs 

to the Block 1 "Disciplines upon a choice". To study this academic discipline, the following 

knowledge, skills and skills, formed by previous disciplines are required: "Condensed state 

physics", "Symmetry and properties of new materials", "Methods of material diagnostics", 

"Concepts of nanomaterials synthesis", "Methods of research in biophysics". 

 

4. The purpose of teaching the discipline 

The purpose of teaching the discipline "Synthesis of nanostructured materials" is the formation of 

students' knowledge in the field of methods of synthesis of nanostructured materials for energy 

and medicine. 

 

5. Requirements for the results of learning the discipline 

The aim of learning the discipline is the formation of the following competencies in accordance to 

the standards in this area. In particular, the formation of general cultural competencies OK-1 and 

OK-3, of general professional competencies OPK-1, OPK-3 and OPK-4, and of professional 

competencies PC-3 and PC-5. 

 

6. Content of the discipline (indicate the names of modules and topics) 

Module 1. "Nanostructured materials for energy". Topics: The main concepts in nanotechnology. 

Influence of size effects on the physical and chemical properties of materials. The main areas of 

applications of the nanostructured materials. 

Ways for the energy generation. Electrochemical power sources: advantages and achievements. 

Chemical power sources: operating principle, classification, the main processes and quantitative 

characteristics. Lithium power sources. Electrodes in lithium-ion batteries. The concept of 

intercalation and lithium poisoning of cathode. Methods to rise the cycling number of lithium. 

Materials for the negative electrode (anode) in lithium-ion batteries: carbon nanomaterials, silicon-

based nanomaterials, metal nanomaterials, metal oxides. Materials for a positive electrode 

(cathode) in lithium-ion batteries: lithium cobaltate, orthosilicate-based materials, vanadium 

oxides, double phosphates. Varying the properties of polymer electrolytes by introducing nano-

sized additives. 

Fuel cells (FCs). Classification and designation of different types of FCs. Low-temperature fuel 

cells. Electrochemical reactions occuring on electrodes in the low-temperature FCs. Stages of the 

reaction of the oxygen electric reduction. Parallel cathodic reactions. The problem of 

electrocatalysis in low-temperature fuel cells. The main types of platinum-containing cathode and 

anode catalysts. Electrochemical methods for studying the catalytic activity of electrocatalysts. 

Determination of the surface area by adsorption-desorption of hydrogen and CO. Cyclic 

voltammetry. Potentiostatic methods. Preparation and aging of the catalytic inks. 




