Chem 224 Final Exam
December 11, 2003 8 Questions - 10 Pages (+group theory, periodic tables
and Tanabe-Sugano diagrams)
300 points

Name: Exam: Course:

(30 pts) 1) Which of the following low-spin octahedral complexes should undergo a

Jahn Teller distortion? Give a reason (state symmetry) for each answer.
Co(NH3)63+, Co(CNCgH5)62+, V(CO)6, Ti(OH2)63 +, and Zn(S2CNMep)3 .
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(40 pts) 2) In RexClg2- the § -> ™ transition promotes an electron from the filled &
(bag) orbital to the empty x* (eg) orbitals.

a) What is the symmetry of the excited electronic state(s)?

b) What symmetry vibrations could aid and induce vibronic intensity into the spin-
allowed dipole-forbidden electronic transition? Specify the polarization expected for

the various vibronic components.



(20 pts) 3) If two electrons lie in a degenerate orbital the spin and orbital symmetry

problems cannot be considered separately and the direct product has an

antisymmetric piece and a symmetric piece. For example, the t2g2 configuration for
an octahedral d2 complex gives t} g as the antisymmetric direct product and eg, ajg,
and tpg as the symmetric direct product. Given the fact that the total wavefunction

must be antisymmetric with respect to electron interchange list the possible

electronic states (spin included) derived from a ezgz electronic configuration.
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(40 pts)  4) The vibrations of tetrahedral CoCl,” ion belong to a,, e, and 2t,
representations. Explain whether or not the *A, ----> *T, and ‘A, ----> ‘T, d-d
electronic transitions can gain intensity by vibronic coupling and what the vibronic
polarizations would be for each transition.
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(40 pts) 5) The tetrahedral compound SnCI(CH3)3 exhibits two IR active Sn-C

stretching vibrations at 545 cm-1 and at 514 ¢cm-l. On addition of pyridine 5-
coordinate a monoadduct [SnCI(CH3)3-py] forms, which shows a single Sn-C

stretch at 550 cm-1 in the infra red spectrum. What is the probable structure
(square pyramidal or trigonal bipyramidal about Sn) of the monoadduct? Explain

your answer by giving specific irreducible representations and selection rules for the
two structures.
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(60 pts) 6) Consider the square planar d® complex Pt(CN),*=. Construct a MO
diagram (large and clearly labeled) for this complex ion that includes only metal d
orbitals, CN" lone pair and &t orbitals.



7

b) The lowest electronic absorption is a very intense transition at 38,020 cm™. To
what transition do you assign it? Give the symmetry representations of the orbitals
involved as well as the specific electronic states and their irreducible representations.
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(40 pts) 7) The Raman spectrum of Se, [AICl,], (shown below) exhibits two
absorptions at 301 and 317 cm’™ attributable to Se-Se stretching modes. The 317
cm’' absorption exhibits a depolarization ratio of 0.1 and the 301 cm™ absorption
exhibits a depolarization ratio of 0.7. Given this information answer the following:

a) Is a square planar or tetrahedral structure more consistent with the observed
spectrum? Explain why based on the data.

2 S
TN
Se
Se—Se Se——Se
square planar tetrahedral

b) Assign the two absorptions in the Raman spectrum.



c¢) Sketch the nuclear motions involved for the non-degenerate vibration or

vibrations belonging to the Se,** cluster ion.
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(30 pts) 8) What differences would you expect for the g factors of Co’* in O, vs. T,
coordination environments and in the ability to obtain a spectrum at room

temperature?
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