Quantum chemistry and crystallography

1. What is symmetry and what is its use as far as structure of solids and molecular structure are concerned?

2. Point symmetry groups and their use in the description of crystals.

3. What are Laue groups and what is their use in crystallography?

4. How is crystal lattice defined? Crystal systems – definitions and properties.

5. Define crystal and give main properties that are different for crystal structure and other structures of matter.

6. Space groups – definition and use.

7. Bravais lattices and diffraction groups – definition and use. How can the unit cell volume be calculated in a general case.

8. Close-packed structures. How can the bond length and the value of covalent angle in molecular structure be calculated when the crystal structure is considered?

9. Properties and the use of X-ray for studying crystal structure. Bragg and Laue equations – definition and use.

10. X-ray sources used in structural research. Ewald construction – definition and use.

11. The definition of reciprocal lattice, its main properties and use.

13. The definition of unit cell and its role in crystallography.

14. What classical X- ray crystallography methods for crystal structure analysis do you know? Their role and use.

15. What goniometric methods for crystal structure analysis do you know? Their use. Factors that influence the intensity of the X-ray beam that is diffracted by the crystal.

16. What is the difference between X-ray and neutron radiation diffraction on crystals.

17. X-ray as compared to visible spectra – can objects that cause X-ray diffraction be seen?

18. What is a structure factor? Its definition and role in crystallography.

19. What is the phase problem? What are the methods for solving the phase problem in crystallography?

20. Atomic scattering factor – its definition and role.

21. The main ideas of the direct methods. Interpret the symbols:  4/m, (123), [UVW], P21/c, B222.

22. Patterson synthesis and Fourier synthesis – similarities, differences and uses.

23. What is the crystal structure refinement?

24. What are the systematic absences in crystallography? Definition and use.

25. What is the difference between glyde planes and reflection planes, screw axes and rotation axes? Zone law – its role in crystallography.

26. Which of the diffraction pattern properties are dependent on the atomic positions in the unit cell? Interpret the terms: glyde plane, Harker section, unit cell, Laue equation, structure factor.

27. Define R-factor in X-ray crystallography structure analysis and explain its use.

28. Define main steps of crystal structure prediction. Wilson plot – definition and use.
29. Qualitative and quantitative analyses of electron density distribution in crystals – similarities and differences. Interpret the terms: screw axis, the triplet relation, Ewald construction, symmetry element.

30. Compare and contrast crystal structure analysis of small molecules and macromolecules (proteins). Interpret the symbols: 2, [123], (hkl), Pbca, c, Cc, 21.
31. Discuss time-dependent Schroedinger equation and Schroedinger equation for stationary states. Consider the example of particle in a box.

32. What is the solution to Schroedinger equation for the quantum harmonic oscillator.

33. What is the solution to Schroedinger equation for the linear rigid rotor.

34. Discuss the orbitals of hydrogen atom.

35. What is spin of quantum particle?

36. What are bosons and fermions? What are the mathematical conditions that are imposed on wave functions of many identical fermions and bosons? What is the Pauli exclusion principle?

37. What are the variational principle and the variational method?

38. What is the perturbational method?

39. Discuss the adiabatic approximation and the Born–Oppenheimer approximation. What is their connection to molecular (equilibrium) geometry and potential energy hypersurface for nuclear motion in molecule? What is the molecular geometry optimization?

40. Discuss quantum multidimensional harmonic oscillator and its connection to modelling vibrational structure of polyatomic molecules. What are the vibrational modes?

41. Discuss electron-rotational–vibrational structure of energy levels for diatomic molecules.

42. Discuss structure, properties and applications of Slater determinant.
43. What is the Hartree-Fock method? Why is it an approximation? What is electron correlation?

44. How are molecular orbitals determined? What is LCAO MO method? What are STO and GTO?

45. Explain the concept of: bonding molecular orbital, HOMO, LUMO, localized molecular orbital, hybrid atomic orbital. How do localized orbitals for water molecule look like?

46. What is the dissociation energy for diatomic molecule? What is the description of H2 dissociation within the framework of Hartree-Fock method? How can this description be improved?

47. What is the binding energy? Explain the reason for forming chemical bond in H2+ molecular ion.

48. Give and explain Hund’s rules.

49. What is the configuration interaction (CI) method? Explain using the example of CISD method.

50. What are the multiconfigurational self-consistent field method (MCSCF) and the complete active space self-consistent field method (CASSCF)?

51. What is the coupled cluster (CC) method? Explain using the example of CCSD method.

52. What is the many body Møller–Plesset perturbation theory? Explain using the example of MP2 method.

53. What is the density functional theory? Explain using the example of the Kohn-Sham method.

54. Define adiabatic ionization energy and electron affinity of the molecule.

55. Discuss two methods for finding electron excited states. Define the most important quantities that allow us to theoretically recreate UV-Vis spectrum.

56. What is the interaction energy of two molecules. What division of intermolecular interaction energy does symmetry adapted perturbation theory offer and what is the physical meaning of each component? Why can not the interaction between noble gas atoms (known as van der Waals force) be explained within the framework of Hartree-Fock method?

57. How can the hydrogen bond be described within the framework of quantum chemistry?

58. Discuss Marcus theory of electron-transfer reaction.

59. What is the reaction coordinate? How can the transition state of molecules that take part in a reaction be described? What is the activation energy?

60. Discuss methods for calculating the dipole moment and the static polarizability of a molecule.
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