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CHM 3411, Dr. Chatfield, March 9, 2009
Exam 2

Each problem is worth 20 points. You may a calculator, your text and notes but nota
laptop. If you need extra room, you may use scratch paper, but put all final answers on
the exam itself. Read all problems carefully. Set up problems methodically, show your
work, and be neat. Partial credit will be given when it is possible for me to follow your

work. If you are having trouble with a problem, go on to the next and come back. GOOD
LUCK!

1. Short answer problems.

(a) Predict the hydridization of the boron atom in BH;. Draw a picture of the molecule
that shows all orbitals that overlap to form bonds and identify the type of bond (o, =, etc).

Also identify any valence electrons that d articipate in bonds.
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(b) Calculate the fundamental frequency (v) and the zero point vibrational energy for the / ££ x/.;1

diatomic molecule 'H'F. (Table (22)
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(c) Consider the diatomic molecular ion LiH"'., Write the Hamiltonian for this ion in the

Bom-Oppenheimer approximation. (Hint: begin by considering how many electrons are
present. Using atomic units is fine.)
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2. Consider the following wavefunction for an electron in a hydrogen atom (in atomic
units):

Y = Nr2e~7/3(3cos%0 — 1)
(a2) How many radial nodes and how many angular nodes are there?
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(b) What are the values of » and /7
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(c) What is the energy in atomic units?
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(d) Name the orbital, being as specific as possible (e.g., 1s, 2p, 2px etc.).
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3. Consider the possible electronic transitions between a °P and a 2D term.

(a) What are the possible values of J for a *P term?
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(b) What are the possible vales of J for a °D term?
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(c) Whate are the possible allowed transitions that can occur between the various P and
2D terms above?
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4. Determine the probability of finding a 1s electron in a He" cation beyond the classical
turning radius. Hint: using atomic units will make this much simpler. The

wavefunction for a Is orbital is (you can convert this to SI units with one small
simplification):
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5. Consider the following Schrédinger equation for a two dimensional system:
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Can the above equation be simplified by a separation of variable? If so, give the
equations obtained after separating variables.
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