
 

List of topics for the MSc entrance examination 

 

Physical Chemistry 

 
1. The laws of thermodynamics. Equation of state for gases (ideal and real). Mixtures of non-

reacting gases, mole fraction, partial pressure. Dalton’s law.  

2. Phase equilibria. The phase rule of Gibbs. Phase diagrams. Phase diagram of one-

component systems. Clapeyron’s equation. Phase diagram of two-component systems. 

Eutectic composition. Ideal and real mixtures. Raoult’s law. Distillation. Fugacity and 

activity. Colligative properties.  

 

3. Chemical equilibriums in reacting systems. The equilibrium constant and its dependence on 

pressure and temperature. The Gibbs-Helmholtz equation.  

 

4. Mechanism of chemical reactions. Elementary reactions in general and their mathematical 

solutions. Complex reaction. Analysis of the chemical kinetics of homogeneous and 

heterogeneous reactions. Methods for monitoring the progress of chemical reactions. 

Determination of reaction orders and rate constants.  

 

5. Thermodynamics of a single bulk phase containing charged particles. Electrolytes. Law of 

electroneutrality. Absolute and mean ionic activity. Activity coefficient. The ionic product for 

water. The concept and determination of pH.  

 

6. Electrochemical systems. Electrode, electrochemical cell, electrochemical reactor. 

Measurement of the terminal voltage and electromotive force (EMF) of an electrochemical 

cell, determination of internal resistance. Concentration and temperature dependence of EMF. 

Calculation of thermodynamic data from electrochemical measurements. The lead-acid 

battery.  

 

7. Quantum mechanical description of the H atom and of many-electron atoms. Aufbau 

principle, electron configuration, characterization of states. Electronic structure of molecules. 

The three major types of intermolecular interactions. Physical characterization of liquids: 

surface tension, compressibility, viscosity.  

 

8. Colloids. Colloidal disperse systems. Classification. Classical theory of colloid stability. 

Stabilization, destabilization. Amphipathic (amphiphilic) molecules, structure and properties. 

Association, 2- and 3-dimensional structures. Practical applications. 



Analytical chemistry 

 

1. Titrimetric methods of analysis: titrations based on acid–base reactions and complexation 

reactions 

 

2. Titrimetric methods of analysis:  titrations based on redox reactions, oxidation with 

potassium permanganate 

 

3. Precipitation: gravimetric analysis, precipitation titrations, 

 

4. Electroanalytical techniques: potentiometric methods of analysis, conductometry 

 

5. Mass Spectrometry: mass spectrum, types of mass spectrometers.  Chromatographic 

Methods 

 

6. Spectroscopic methods of analysis: ultraviolet-visible and infrared spectrophotometry, 

atomic spectroscopy 

 

7. The chemistry of processes in the atmosphere:  gaseous air pollutants, acid rain, formation 

and breakdown of Ozone 

 

8. Radioactive decay: kinetics , half-life, radioactive dating  

 



 

Theses-Organic chemistry 

 

 

1. Hydrocarbons. The most important methods for determining the structure of organic 

compounds. 

 

2. Compounds containing hydroxyl group. Organic polymers, biopolymers. 

 

3. Compounds containing oxo group. Reactions on carbonyl and α-carbon atom. The 

Grignard-reagent. 

 

4. Preparation and reactions of carboxylic acids and carboxylic acid derivatives. Structure of  

amides. Structure of peptides and proteins. Synthesis of peptides. 

 

5. Stereochemistry: chirality, configuration, naming enantiomers (R,S and D,L system). 

Conformation, conformation of cyclohexane and derivatives, and pyranoses. 

 

6. Conjugated and heteroconjugated systems. Preparation, structure and reactions of 

heterocyclic compounds. Nucleotid bases. 

 

7. Radical reactions in solvent and gas phases. Selectivity. 

 

8. Electrophilic and nucleophilic reactions (addition and substitution) on aliphatic and 

aromatic compounds. Mechanism, synthetic application. 

 



 

Inorganic Chemistry 

 

1. Theoretical background of the periodic system of elements. Hydrogen. Categories of 

hydrides based on the bond types. Inorganic syntheses of hydrides. Hydrogen oxides an 

sulfides. Freons and polytetrafluoroethylene (Teflon). 

2. Metals of the p- and s-block. Alkaline and alkaline earth metals and their compounds 

including the hydrides and most stable oxides. Aluminium, tin, lead and their common 

compounds. Industrial produce of alumina and metal aluminium. Practical application of the 

tin ad lead compounds. 

3. Carbon and carbon containing inorganic compounds including the graphite and fullerene 

based ones. 

Silicon and its compounds. 

4. The elementary nitrogen and phosphorus, and their important compounds. Chemical 

structures and behaviour of the N- and P-oxides and acids. Industrial produce of ammonia, 

hydrazine and nitric acid. 

5. Oxygen. Overview of the oxides, hydroxides and oxoacids. Sulfur and its important 

compounds. Natural and synthetic allotropes of the sulfur. Sulfur oxides and oxoacids. 

Produce of sulfuric acid. Most important sulfur halides.  

6. Halogens and their compounds. Interhalogens. Structures and reactivity of the halides, 

halogen oxides and oxoacids. Noble gases.  

7. D-block elements. Characterization of the iron, platinum, copper and zinc group elements 

and their compounds especially their oxides, sulfides, halides and cyanides. Dissolution of the 

metals. 

8. 3D geometry of the inorganic molecules. Crystalline structures, crystal systems. The 

principle of the X-ray diffraction. Inorganic polymers.  

 


