CHE 331 - 2007 – Sample Final Examination
1. Derive the π-orbitals of ethylene, cyclopropene, cyclobutadiene, cyclopentadiene, showing all work.

2. Show which orbitals on a central metal atom can interact with the M.O.'s of two Cp rings.

3. Show (by a diagram) back-bonding.

4. Draw an M.O. diagram for a generalized octahedral metal complex.

5. Show how CO binds to a metal, showing both σ and π interactions.

6. Draw a picture to show μ1-CO, μ2-CO, and μ3-CO

7. How can we use IR to distinguish among free, terminal, and bridging CO's?

8. Draw the M.O. diagram for CO.

9. Why is CO a better π-acid than CN-?

10. Draw the structure of ferrocene.

11. Explain the Laporte selection rule in detail (in terms of the dipole strength integral).

12. Give the extinction coefficients for a d → d transition in an octahedral complex, a d → d transition in a tetrahedral complex, a fully Laporte-allowed transition, and a spin-forbidden transition.

13. Explain why the molar absorptivity for a Laporte forbidden process isn't zero. Show a specific example for an octahedral complex.
14. Explain how sigma-donation, pi-donation, and pi-acceptance by ligands affects Δ (10Dq).

15. Sketch the energy levels for the following π-conjugated systems: cyclopropenyl cation, cyclobutadiene, cyclopentadienyl anion, benzene, and tropylium. Put in electrons, and show which cations or anions are aromatic or anti-aromatic.
16. Draw a (real) compound in which CO acts as a bridging ligand.

17. Explain the high acidity of cyclopentadiene.

18. Explain why tropylium cation is so important.

19. Explain the color (or lack thereof) of permanganate and Mn+2.

20. Explain the Jahn-Telker theorem.

21. Explain how to use vibrational spectroscopy to elucidate structure. (in detail – degeneracy, cis/trans, tetrahedral v. octahedral)
21. Know how many d electrons are present in a particular ion (Fe 2+, Fe 3+, Cr 3+, Cr 6+, Cu +, Cu 2+, V+5, VO 2+, MnO4-, etc.).

22. Know ccp. fcc, bcc, hcp, NaCl, CsCl, NiAs structures.

 23. Determine how many atoms are in a particular unit cell.
