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Midterm (Continued) Chem 20A, Winter 2016
1. (30 points total) The boron oxide molecule (BO) is known to be a stable although highly
reactive diatomic, and its structure has been deduced in various spectroscopy experiments.

(a) (20 points) Write down a molecular orbital energy (correlation) diagram for the BO
molecule; you do not need to include the filled MO's formed by LCAOs of the 1s or 2s
orbitals, only those formed from the LCAQ's of the 2p valence electrons. Be sure to fill
the molecular energy levels with the appropriate number of electrons for BO. Label
each of the AO's and MO's in your diagram, and be sure to briefly justify how you
picked the ordering of the MO energy levels.
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1. (Continued)
(b) (10 points) Write down a Lewis structure for BO, and make sure to indicate formal

charges on each atom. Based on your MO diagram in part (a), what is the bond order of
BO? Does this agree with the Lewis structure (yes or no)? Would you expect BO to be

paramagnetic or diamagnetic?
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2. (20 pts total) The Lewis structure (but not necessarily the chemical H H
structure!) for the hydrocarbon molecule propyne (C;H,) is shown
at right. Keep in mind that although the structure is drawn co- ' = |
planar with bonds at right angles, the actual chemical structure a B = C- C —H
and bond angles are likely to be different. Note: No MO diagram -~ €.
is needed for this problem! H

(a) (16 points) Use the ideas of the VSEPR theory to estimate the four bond angles (a, b, ¢
and d) shown in the picture. For each of the 4 bond angles, do you expect the actual bond
angle to be slightly larger, slightly smaller, or equal to your estimate? Briefly explain
why for each angle.
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\)\ (b) (4 points) List the hybridization of each of the three C atoms (left, center, and right) in

the molecule; no justification is needed.
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3. (50 points) A microwave spectroscopy experiment on the 12C-*2S molecule shows a series of
evenly spaced absorption lines, with the lowest frequency line having a wavelength of 6.10
mm (= 6.10 x 10® m). An infrared absorption experiment on this same molecule shows a
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single line at 1277 cm™.
moment of CS is 1.95 D units.
separation) of the C—S bond.
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The bond dissociation energy of CS is 573 kJ/mole. The dipole
Calculate the fraction ionicity (that is, the degree of charge
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