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1. [11 marks]
(a) Draw the valence molecular orbital energy level diagram (MO diagram) for Cs. [7 marks]

Your diagram must include:
e labeled molecular orbital energy levels (you don’t need to draw pictures of the MOs)
e identification of each molecular orbital as bonding, nonbonding or antibonding
e electrons in the appropriate molecular orbitals

(b) Identify the HOMO and LUMO of C,. Draw a picture showing each. If there are two degenerate MOs for
either answer, you only need to draw a picture of one of them. [4 marks]

HOMO: LUMO:



2. The partial molecular orbital energy level diagram (MO diagram) below is for NO. Each molecular orbital
energy level has been labeled with a numbered W so that specific energy levels can be referenced. [17 marks]
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(a) Complete this diagram by: [8 marks]

e adding the appropriate number of electrons to the molecular orbitals,

e adding tie lines to show which atomic orbitals combine to make each molecular orbital, and

e labeling each molecular orbital using notation that shows its symmetry and whether it is bonding,
antibonding or nonbonding (i.e. 1m, 2¢*, etc.)

(b) Write the electron configuration (or “orbital occupancy”) for a neutral molecule of NO. [1 mark]

(c) Calculate the bond order for a neutral molecule of NO. [1 mark]

continued on next page...



2. ..continued

(d) Based on what you see in your completed MO diagram, explain why NO is very reactive. [1 mark]

(e) Consider how the vibrational line spacing will change when NO is ionized to NO*. Do you expect ionization
to make the N-O bond more rigid, less rigid or not particularly affect rigidity? What is the consequence for
the spacing between the vibrational energy levels? How would that affect the spacing of the lines on a
photoelectron spectrum? [6 marks]

Imagine three different scenarios:

i. How will the vibrational line spacing change if the electron is removed from ¥, ?

ii. How will the vibrational line spacing change if the electron is removed from W5?

iii. How will the vibrational line spacing change if the electron is removed from ¥¢?



3. Consider the following three species: [7 marks]
H H H

(a) In the space underneath each species, draw its pi MO diagram. Each diagram should include energy levels
(labeled using the convention taught in this class that clearly indicates whether MOs are bonding, antibonding
or nonbonding) and the appropriate number of electrons. You do NOT need to draw pictures of the MOs.

[5 marks]

(b) With reference to the three MO diagrams, explain why the cation is favoured over both the anion and the
neutral species. [2 marks]



4. The diagrams below show pi MO diagrams for increasingly long pi systems:

At20°C, 1 eV = 40 kgT.
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Based on this information, draw a labeled band diagram for polyethene and, with reference to that
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[5 marks]

diagram, explain whether you expect polyethene to be a conductor, an insulator or a semiconductor.



5. Consider Lewis diagrams A and B. [5+2 marks]

For each of parts (a) to (d), look only at the diagram referred to by that part of the question.
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(a) According to valence bond theory, what is the hybridization of the carbon atom in diagram A?

(b) According to valence bond theory, what is the hybridization of the nitrogen atom in diagram A?

(c) According to valence bond theory, what is the hybridization of the carbon atom in diagram B?

(d) According to valence bond theory, what is the hybridization of the nitrogen atom in diagram B?

(e) What is the relationship between diagrams A and B?

In other words, complete the statement “A and B are V!

BONUS (2 marks)

In light of your answers to parts (a) to (e) of this question, comment on why valence bond theory may not be
the best approach to describing the bonding in this case.



