Physical chemistry and spectroscopy
1. The real gas and the perfect gas, the van der Waals equation, isotherms – comparison.

2. Heat capacities and state functions. The dependence of heat capacity on T. 

3. The first law of thermodynamics for isolated and closed systems.

4. Description of thermodynamic equilibrium with the changes in thermodynamic functions.

5. How does the Gibbs free energy change with the change in temperature for gasses, liquids and solids at constant pressure?

6. How does the Gibbs free energy change with the change in pressure for gasses, liquids and solids at constant temperature?

7. When is the change in reaction enthalpy equal to the change in internal energy?

8. Define free Gibbs energy and Helmholtz free energy. Give suitable differential equations.

9. How can the change in entropy of the system within a certain range of temperature at constant pressure be calculated when there is no phase transition and when there is one?

10. The definition of chemical potential and the dependence of chemical potential on temperature at constant pressure.

11. The reaction equilibrium constant, its dependence on temperature, isotherm and isobar of the reaction.

12. Phase diagrams for azeotropes.

13. Phase diagram for two-component systems: liquid-liquid, liquid-solid – eutectic.

14. Discuss the dependence of phase transition temperatures on pressure, use phase diagram of water as example. Clausius–Clapeyron relation.

15. Colligative properties – the influence of solute on solvent boiling and freezing points.

16. Osmosis and its practical use.

17. First-order and second-order reactions, the determination of the rate law, the determination of the rate constant.

18. The dependence of the rate constant on temperature.

19. The rate constant in the activated complex theory.

20. Adsorption, chemical and physical adsorption – comparison. The Langmuir adsorption isotherm – derivation of the formula and diagram.

21. Surface tension, definition, physical units, its dependence on temperature and concentration (Gibbs isotherm), surfactants – mechanism of action.

22. Liophylic and liophobic colloid properties.

23. Specific and molar conductivity of electrolytes, their dependence on concentration – diagrams and interpretation.

24. Activity coefficient – definition, Debye–Hückel limiting law,  diagram showing the dependence of log γ± on I1/2.

25. Nernst equation, examples of electrodes of the first and the second kind.

26. Half-cells that can be used to measure pH.

27. The electromotive force, definition, how to calculate the maximal work that can be done by the half-cell.

28. Practical applications of emf – the determination of activity coefficients, equilibrium constants and thermodynamic functions.

29. Galvanic cell as compared to electrolytic cell.

30. The difference between kinetic current and diffusion current.

31. Diffusion – its cause, what affects the diffusion coefficient, its physical units, Fick’s first law.

32. Dynamic and kinematic viscosity – definitions and physical units.

33. Permanent and induced electric dipole moment. Permanent dipole moment and the chemical structure of molecules.

34. Give the right definition of chemical shift. Describe the connection between this parameter and the magnetic shielding of the atoms.

35. NMR spectra parameters – their physical meaning and practical use in chemistry.

36. What are the factors that affect the magnitude of spin-spin coupling in NMR spectra?

37. What molecular interactions influence spin-lattice relaxation in NMR?

38. How can the existence of hydrogen bonds be confirmed using NMR spectra?

39. What is the difference between NMR spectra obtained in solids and in liquids or gasses? What causes the difference?

40. Fluorescence and Phosphorescence – compare the mechanisms.

41. What information about molecules can be obtained using microwave, infrared and uv-vis spectroscopy?

42. Discuss light scattering.

43. Dissociation energy and bond energy – how can bond energy be determined using electron spectroscopy?

44. Using molecular spectroscopy in qualitative and quantitative chemical analysis.

45. Born–Oppenheimer approximation in molecular spectroscopy.

46. The concept of characteristic vibration modes in vibrational spectroscopy. Characteristic vibration modes as compared to normal vibration modes.

47. The consequences of anharmonicity in vibrational spectroscopy.

48. The complementarity of Raman and infrared spectra.

49. The distribution over vibrational and rotational states at thermic equilibrium. 

50. The Transition dipole moment. Its connection to optical spectrum intensity.

51. The dependence of Raman spectrum and infrared spectrum intensity on concentration.

52. The influence of isotope substitution on vibrational spectra.

53. Conditions that need to be fulfilled to obtain laser action. 
