CHEM-651: Advanced Inorganic Chemistry |

Midterm | - October 4™ 2012
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Answer each question to the best of your ability. Partial credit will be awarded
where appropriate. You are not permitted to use any supplemental materials
other than what is included in this test booklet. Calculators are not needed and
are not permitted to be used. PLEASE DO NOT REMOVE ANY PAGES FROM THIS
EXAM.

Write all your answers directly in this test booklet and show all work where
necessary.

Good Luck!
1. (10 pts)
2. (10 pts)
3. (24 pts)
4, (10 pts)
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6. (16 pts)
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1. Please answer each of the following questions dealing with solutions to the Schrédinger
equation, W(n, /, m,). Please keep your answers succinct — two sentences or less (10 pts)

(a) What information about an orbital is conveyed by each of the quantum numbers for the
three-number solution to the Schrédinger equation? Be sure to make clear which
property correlates with each quantum number (3 pts)
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(b) How does the energy of the 3d,, orbital in the hydrogen atom compare to the energy of
the 3p, orbital of hydrogen? Please explain your answer. (3 pts)
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(c) How does the energy of the 1s orbital of hydrogen compare to the energy of the 1s
orbital of carbon? Please explain your answer. (2 pts)
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(d) What is the ground-state electron configuration of a gas-phase Cr* ion? What is the
multiplicity of this species? (2 pts)
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2. Three isomers having the empirical formula N,CO are known: ONCN (Nitrosyl Cyanide), ONNC

(nitrosyl isocyanide) and NOCN (isonitrosyl cyanide). See Angew. Chem. Int. Ed. 1997, 36, 1707.
(10 pts)

(a) Draw the most important resonance structure for each of these isomers (3 pts).
(b) Determine the formal charges on each atom (3 pts).
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(c) Which of the three isomers do you predict to be most stable? Please provide a brief
explanation for your reasoning. (4 pts)
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3. Provide the lowest energy VSEPR structure for each of the following. Indicate whether the
species is polar or non-polar and if polar, denote the direction of the dipole moment. Lastly,
please indicate the point group to which the molecule belongs. (24 pts)
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4. Determine the point groups of the following. For cases in which the structure is not provided,
determine the ideal structure based on VSEPR analysis. (10 pts)

(a) Diborane
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(b) Naphthalene
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5. Nitric Oxide (NO) is a biologically relevant species that has been shown to serve as a
neurotransmitter and vasodilator. (22 pts)

(a) Prepare a molecular orbital energy level diagram for NO. Be sure to show how atomic
orbitals combine to form the MOs. (10 pts)
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(b) Based on you MO diagram, predict the bond order and multiplicity of NO. (2 pts)
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(c) NO*and NO- are also known to exist. Based on the MO diagram you constructed in part
(a) predict the trend in nitrogen-oxygen bond length (from smallest to longest) for these
three species. (3 pts)
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(d) What are the predicted multiplicities of NO* and NO-? How would you expect each of
these species to behave in a magnetic field? (4 pts)
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6. We saw in class that metals can be involved in multiple bonding with other metals. This was first
demonstrated by F. A. Cotton and coworkers for [Re;Clg]*” in which a metal-metal quadruple
bond was observed. It has been shown that photolysis of Mo(CO)e in the gas phase produces the
dimer Mo,(g) (J. Mol. Spec. 1978, 73, 430-440). The results of this experiment indicate that this
Group 6 transition metal dimer has a bond order of six! (16 pts)

(a) Prepare a MO diagram that details the valence bonding of this molecule. Please be sure
to label all atomic and molecular orbitals. (10 pts)

(b) Sketch the six individual metal-metal bonding interactions that exist for Mo,. Please
label the atomic orbitals that you use in each case. (3 pts)

(c) Label each interaction as being either a G, m or & bond. (3 pts)
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7. Consider the following proton transfer reaction and corresponding proton affinities. For this
problem, you may assume that entropic factors are negligible such that AG® = 2.303 RT pK =
AH®, where R is the universal gas constant (8.31 J K> mol™).
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(a) Is the above reaction spontaneous in aqueous solution? Please explain your answer. (3
pts)
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(b) Determine the free energy change for the proton transfer in the gas phase. Is the proton
transfer spontaneous as written? (5 pts)
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8. Extra Credit: Provide the correct symbol for each of the missing elements below (note: there are
ten missing elements in total). (5 pts)

PERIODIC TABLE OF THE ELEMENTS

7 )
H He
1.0079 400260
3 a 5 8 7 3 o 1

Li | Be B C N| O F | Ne
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