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1.(2) The hydride ion (H™) and methoxide ion (CH;0™) have much greater affinities
for H” than the OH™ ion does. Write equations for the reactions that occur when

NaH and NaOCHj are dissolved in water. (6 % )
(b) You are given a compound that is either iren{ IT) sulfate or iron(IE ) sulfate.

How could you determine the identity of the compound by using a dilute
solution of potassium permanganate ? (6 % )

2. (a) What do we mean when we say that a 4s electron is more penetrating than a 3d
electron? (4 % )
(b) Explain why a graph of ionization energy versus atomic number {(across a row)
is not linear. Where are the exceptions ? Explain why they occur. (8 % )

3. Determine the point group for each of the following species. (8 % )
(2) CHFCl (b)) NSF3  (c) CIOF,™  (d) IO;F;

4. The following are *'P nmr spectra of PF4(NMey), Ip = Ir = 1/2. No Jp-y coupling is

ever resolved.
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(a) Explain the low temperature spectrum. (4 % )

(b) Explain the high temperature spectrum. (2 % )

(c) On the basis of these spectra, what can you say about the mechanism of
exchange ? (6 % )
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5. The ion H;" has been observed, but its structure has been the subject of some
controversy. Prepare molecular orbital energy level diagrams for H;*, assuminga
cyclic structure, (8 % )
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6. Why are octahedral Mn?** complexes (weak field) much less intensely colored than
those of Cr’* 7 (8 % )

7. The % ions CrO4*~. MnO,’ ~ FeO,*", and RuO,*~ have been reported.
(a) Which of these has the largest value of A, ? Explain briefy. (4 % )
(b) The change-transfer transitions for the first three complexes occur at 43,000,
33,000, and 21,000 cm ™", respectively. Are these more likely ligand to metal or
metal to ligand change-transfer transitions ? Explain briefy. (6 % )

8. The ion Re;Clg*™ is made up of two square planar ReCl, units joined by a Re—Re
bond. The two planes are paralle! and the chlorines are eclipsed.
(a) Determine the point group for the ion. (2 % )
(b) In Re;Clg?™, the transition of an electron from the by, orbital to the by, orbital is
a d-d transition in a molecule with a center of inversion. Is it allowed ? Explain.
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9. Of the compounds Cr(CO)s(PF3) and Cr(CO)s(PCl3), which would you expect to
have :

(2) the shorter C~— O bonds ?

(b} the higher energy Cr—C stretching bands in the infrared spectrum ?
Explain your resuits. (8 % )

10. Give structural formulas for A through D :
Na/Hg Br, LiAlH,
(7 °-CsHspFex(CON(A) —~> B ——+ € —— D
Vo= 1961,1942, 1790 em ™
B has strong IR bands at 1880 and 1830 cm™'; D hasa 'H NMR spectrum
consisting of two singlets of relative intensity 1:5 at approximately &-12 ppm
and & 5 ppm, respectively. (12 % )




