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1. Please assign the point group for the following compounds (8*2 = 16 points)

(a) (b) (c) (d)
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2. All natural diamonds contain the defects made by nitrogen atoms. Clusters of N
atoms are present in Type la diamonds (the most common defect structure), while
Type 1b diamonds contain well-separated N atoms.

(a) What kind of chemical bonding pattern could be seen for these nitrogen
defects? (3 points)
(b) Can N occupy the tetrahedral or octahedral holes in the diamond structures?
Why? (6 points)
(c) Please draw the density of state (DOS) diagram and the position of Fermi
level for the perfect (no defects) diamonds , type la diamonds, and type 1b
diamonds. (3*5 = 15 points)

3. Describe the chemical bonding of molecular oxygen using Valence Bond Theory
and Molecular Orbital Theory. (10 points)

4. Draw the molecular structure of Ni(CO); and (773—C5H5)(775—C5H5)F6(CO). (10
points)
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. What kind of electron transfer reaction will occur in the following pairs of

reactants, and why? (10 points)
(a) [Co(NH3)s(H20)]* + [Cr(H20)6]**  (b) [Co(NH3)sCl]** + [Cr(H20)s] **

. Determine the valence electron counts around the transition metal in the following
complexes. (a) V(CO)s  (b) (77-C3Hs),Ni (10 points)

. Predict the products of the following reaction. (10 points )
[Mn(CO)s]™ + H,C=CHCH,Cl — initial product (a) — CO + final product (b)

. (a) Write down the number of the unpaired electron(s) in [Co(CO)s](OTf),, and (b)
explain your answer in detail using the molecular orbital diagram of the complex.
(10 points)



