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Part I1: Inorganic Chemistry

1. (5 points) The history of inorganic chemistry.
2. (15 points) For BF3.

(@) Show clearly how the atomic orbitals interact to form MOs.
(including setup of reducible representation, irreducible representation, molecular shapes of
interactions and energy level diagram)

(b) Use projection operation method to give wavefunctions.

3. (5 points) Predict the order of solubility in water of each of the following series and explain the factors
involved:
(& MgSO, CaSO, SrSO, BaSO,
(b) PbCl, PbBr, Pbl, PbS

4. (10 points) The reaction of zinc-thiolate complex and alkyl halideisthe reaction model  of the enzyme,
methionine synthase. The formula and kinetic data are shown as below:

[Ph(pz®)BE™Zn(SAn) + RX ——>  [P(™)Bt™]ZnX + RSAr

X=Brol)
k2, Mo AH? AS
[Ph(pz®*)Bt™®"]ZnSAr 25°C kcal/mol cal/mol-K
[Ph(pz®")Bt™"]ZnSPh 2.1x10* 16.1+1.4 -21.7+38
[Ph(pZ™") Bt Zn(SCsH40-NHC(O)BU) 6.2 x 10° 185+ 1.0 -20.7+2.6
[Ph(pZ™") Bt Zn(SCsH40-NDC(O)BU) 1.5 x 10° 16.9+ 1.0 -23.9+2.9
[Ph(pz™")Bt™"] ZnSPh* 5.8 x 10° 16.7+1.0 -215+27

*Alkylation by CHsl.  (PNAS 2003, 100, 3695)
Based on the data, please predict the mechanism of the reaction. (Discuss al factors)

5. (5 points) What are the possible magnetic moment of Co(ll) in Td, Oh, and square-planar complex?
6. (5 points) The smallest “nanocrystal” of a salt is the unit in which al of the ions are adequately
neutralized, i.e. at least 60% of the coordination sphere of each ionis complete. A residua charge of

+1 or —1lisusually present. Draw the smallest nanocrystal of NaCl and give its formula.

7. (5 points) Predict the products of the following reactions.
(@ [P(CO)Cl5]” + NHz  (b) [Pt(NH3)Brs]™ + NHs



