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1. Find the lowest energy atomic term for the following species:
a) Cl [Ne]3s*3p° b) Na [Ne]3s? ) Sc [Ar]3d*4s?
_ _ (10)
2. For the SOF, molecule, write the Lewis dot structure that minimizes formal charge, give the
formal charge and oxidation number on each atom, draw the molecular shape, give the likely
hybrid on the central atom, and give the point group.
‘ ‘ (12)
3. Assign the point groups of the following molecules. Is the compound below left optically active?
Which of the protons in the cubane molecule below right are equivalent?
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4. Consider the CN™ ion.
a) Prepare a molecular orbital energy diagram for the fon. What is the bond order and how many
unpaired electrons are in this ion?
b) What is the most likely position for adding H* to the CN~? Explain your choice based on the
nature of the HOMO.
. (14)
5. Draw each of the following coordination complexes. State whether the complex ion has isomers
and, for those which do, draw the isomers and indicate which isomer is which (cis/trans, A/A,
etc.).

a) [NH4][Cr(ox),(H;0);] (ox* = oxalate) b) [RhCl3(PMe;)4)
(10)
6. In which of the following complexes would A, be farger and why?
a) [Cr(H,0)61** and [Cr(H,0)6)** b) [CrFe]® and [Cr(NH3)e]**
c) [Fe(CN)s]* and [Fe(CN)®]* d) [Ni(H,0)6]** and [Ni(en)*]?*
e) [MnFg]* and [ReFg]* f) [Co(en)s}** and [Rh(en);}**
(12)

7. When CoCl; is dissolved in water, a pale colored pink solution is obtained. On adding conc. HCl =~
the solution turns an intense blue color. Suggest structures for the pink and the blue complexes,
and draw the appropriate orbital splitting diagrams. What is the reason for the change in color?
Calculate the spin-only magnetic moments of the two complexes you propose.

(12)

8. a) Determine the spin multiplicity for the following species:

i) [MnFe]*” ii) [Fe(CN)e]*"
b} Indicate which of the following complexes exhibits a distorted octahedral geornetry.
i) [Ti(H20)6]" it) [Cr(H0)s]*" i) [Fe(CN)el™
c) For the following two molecules, determine the ground state and the number of spin-allowed
d-d transitions:
i) [Ti(CN)4]™ ii) [Fe(H,0)6]™
d) MnO,” has no d electrons, yet itis a very deep purple color. Briefly explain how this is possible,
and sketch a very simple M.O. energy level diagram to illustrate your point.
(20)




