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MATERIALS FOR MASTER EXAM 

Students should prepare the following exam subjects appropriate for his/her specialty. 

Specialization: Inorganic Chemistry 

1. Occurrence, production and properties of oxygen. 

2. The role of oxygen in processes occurring in nature. 

3. Acidic, alkaline, neutral and amphiprotic nature of oxides. 

4. The oxidation degree of the element. 

5. Reduction of metal oxides with hydrogen. 

6. Red-ox reactions. 

7. Similarities in the properties of the elements in groups of the periodic table and 

variability of properties in periods. 

8. Lithium and beryllium groups. 

9. The amphiprotic nature of aluminum oxide and hydroxide. 

10. Chemical activity of metals – metal chemical activity series. 

11. Common features of block d metals. 

12. Re-dox properties of manganese and chromium compounds. 

13. Physical and chemical properties of iron. 

14. Significant metal alloys. 

15. Rare gases as an example of chemically inert non-metals with closed valence shell. 

16. The halogen group - similarities and properties variability in the 17th group. 

17. The most important properties of sulfur and its compounds - sulfur oxides IV and VI, 

sulfuric acid IV and VI, hydrogen sulfide and salts of these acids. 

18. Nitrogen and phosphorus – their basic properties, chemical compounds, occurrence 

and significance. 

19. Similarities and differences between carbon and silicon. 

20. The role of carbon in flora and fauna and the role of silicon within geological features 

- silicates. 
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Specialization: Physical Chemistry, Theoretical Chemistry and Crystallography 

1. Basic concepts of chemical thermodynamics: system, its surroundings, reversible and 

irreversible processes, state functions, state parameters. 

2. The First Law of thermodynamics, work and heat, internal energy, enthalpy. 

3. The Second Law of thermodynamics, free energy, free enthalpy. 

4. Thermodynamic chemical equilibrium criterion, equilibrium constants, influence of 

temperature and pressure on equilibrium. 

5. Thermodynamic description of mixtures: ideal solutions, real solutions and infinitely 

diluted solutions. 

6. Phase equilibria in one-component and multi-component systems: the phase rule, 

phase diagrams, evaporation and distillation processes. 

7. The concept of reaction order, molecularity, rate constant and reaction activation 

energy. 

8. Homogeneous and heterogeneous catalysis, autocatalysis. 

9. Types of cells and reactions occurring in them. 

10. A Jablonski diagram, processes leading to fluorescence and phosphorescence. 

11. Quantum mechanical principles: the Heisenberg’s uncertainty principle, the energy 

quantization, the wavefunction of the system and the Schrödinger equation. 

12. Electronic states of a molecule. 

13. Vibrational states of a molecule. 

14. Chemical bond theory. 

15. Molecular reactivity indexes in quantum-mechanical calculations. 

16. Crystal symmetry and its implications. 

17. Crystal lattice theory. 

18. Crystal X-ray diffraction and its applications. 

19. Crystal structure: coherence forces in crystals, crystal lattice energy, the principle of 

compact arrangement of structural elements in crystals. 

20. Crystal structures of elements and simple inorganic compounds, description based on 

the close packing, coordination number and coordination polyhedrons. 
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Specialization: General and Analytical Chemistry 

1. The nature of chemical bonds and interactions between molecules. 

2. Sampling and sample preparation for analysis. 

3. Stages of the analytical process. 

4. Statistical parameters characterizing the result of the analysis (accuracy, precision, 

detection, quantification, repeatability etc.). 

5. Mineralization of environmental samples. 

6. Techniques for concentration of the analyte. 

7. Speciation, speciation analysis, fractionation in contemporary analysis of 

environmental samples. 

8. Acids and bases- theories. 

9. Basics of chemical kinetics. 

10. Interaction of electromagnetic radiation with matter. Absorption, emission and 

dispersion. 

11. Absorption laws and reasons for deviation from absorption laws. 

12. Absorption, emission and scattering spectroscopy. 

13. pH and its measurement. 

14. Electrochemical methods in chemical analysis. 

15. Fundamentals of chromatographic methods. 

16. Columns and their filling in GC and HPLC. 

17. Combined techniques in modern chemical analysis. 

18. Atmospheric pollution analysis - sampling methods. 

19. Examples and effects of pollutants accumulation in living organisms. 

20. Standards and legal regulations in the work of a chemist. 
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Specialization: Organic Chemistry 

1. Hybridization, electronic configuration, conformation, conformational analysis. 

2. Isomerism. 

3. Physicochemical methods for determining the structure of organic compounds. 

4. Nucleophilic substitution reactions. 

5. Electrophilic substitution reactions. 

6. Eliminations. 

7. Carboxylic acids, acidity, dependence of acidity on the structure and substituents. 

8. Organic bases, basicity and its dependence on the structure and substituents. 

9. Oxidation and reduction of organic compounds. 

10. Aromatic organic compounds. 

11. Aromaticity, the resonance effect, the induction effect. 

12. Carbonyl organic compounds. 

13. Condensation reactions of organic compounds. 

14. Amino acids, proteins, nucleic acids. 

15. Fats. 

16. Sugars. 

17. Heterocyclic compounds. 

18. Alcohols, ethers, epoxides. 

19. Pericyclic reactions. 

20. Retro-organic synthesis. 
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Specialization: Chemical Technology and Material Chemistry 

1. Homogenous and heterogenous catalysis. 

2. Catalyst activity, selectivity, deactivation of catalysts. 

3. The role of active ingredient, carrier, promoter in catalysis. 

4. Catalytic oxidation and reduction processes. 

5. Acid-base catalytic processes. 

6. Types of catalysts according to Roginski. 

7. Zeolites as the most commonly used isolated catalysts. 

8. Sulfuric acid production. 

9. Ammonia synthesis. 

10. Nitric acid synthesis. 

11. Catalytic cracking. 

12. Catalytic reforming. 

13. Fuels parameters. 

14. Synthesis gas. 

15. Basic raw materials for energy production. 

16. Technological use of hydrogen and methods of its production. 

17. Petroleum processing. 

18. La Chateliera-Braun Principle. 

19. Fluidization process. 

20. Technological principles. 

 

 


