Chemistry 332 Assignment #7 (due Monday 15, March, in class)

Q1.

Q2.

Q3.

Q4.

(2]

H;" is believed to be the most abundant polyatomic molecule in the universe. But studying the
properties of Hs" is difficult under lab conditions because the molecule is unstable and
decomposes rapidly in collisions with other molecules or with the walls of spectroscopy cells. As
a result, the correct structure of H3™ (linear or cyclic) was unknown for many years.

For linear H3*, the Huckel determinantal equation gives the energy levels:

a+2p a a-28
For triangular Hs", the energy levels are:

a+2p a-pfB a-pf

a) Which Hs" structure, linear or cyclic, is predicted to be more stable? Explain.
b) Describe how IR spectroscopy could be used to determine whether Hs™ is linear or cyclic.

¢) Based on experimental evidence, which Hs" structure, linear or cyclic, is more stable?

a) Use Huckel theory to calculate the m-electron energy of cyclobutadiene in terms of a and .
b) Does n-electron delocalization stabilize cyclobutadiene? Justify your answer.
c) Is the ground-state cylcobutadiene molecule a singlet state? Or a triplet state? Explain.

d) Estimate the wavelength of the photon required to raise ground state cyclobutadiene to the
lowest energy excited n-electron state. Use = — 75 kJ mol~".

In Chem 331, we used the Schrodinger equation H v =FEy to develop a basic understanding
of the quantum mechanics of free particles, confined particles, harmonic oscillators, rotators, and
hydrogen-like atoms. Why is this Schrodinger equation inadequate for spectroscopic studies?

i(E,~Ey+hv)tih i(Ey—E,~hv)t/h

1-¢ N l1-e
E, ~E, +hv E,—E —hv
probability of a spectroscopic transition from state 1 to state 2.

In Chem 332, weuse E,,(4,)y [ } to estimate the

a) How can this result be used to predict absorption frequencies?
b) How can this result be used to predict absorption frequencies?
¢) What is Eo,?

d) What is (1£)21?
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Q5.

(4]

Q6.

(4]

a) In Chem 331, we used the harmonic potential energy ¥(x) = kx*/2 to analyze the quantum
mechanics of molecular vibration. x is the displacement from the equilibrium bond length and
k is the force constant.

To analyze high-resolution vibrational spectra, the Morse potential U(x) = De(1 — e—#%)? is
frequently used instead. Show the force constant calculated for a Morse potential is k = 2D¢f3>.

b) In the limit x — oo, show U(x) = D..
¢) Asx — —oo, show U(x) — oo.
d) On the same graph, sketch the harmonic potential ¥(x) and Morse potential U(x). Use the

sketch to explain why the Morse potential gives a better representation of the
internuclear potential energy and vibrational spectra than the harmonic potential.

High-resolution vibrational spectroscopy for H*°Cl gives

transition Vo, /cm™!
0 — 1 (fundamental) 2885.9
0 — 2 (first overtone) 5668.0
0 — 3 (second overtone) 8347.0
0 — 4 (third overtone) 10,923.1
0 — 5 (fourth overtone) 13,396.5

a) Give two reasons why the transition frequencies show H33Cl is anharmonic oscillator.

b) The Morse potential gives the energy levels
1 1Y
E = ﬁe(n+—j - XV, (n+—) n=0,1,23,...
2 2

an anharmonic oscillator. x. is the anharmonic constant. For the anharmonic oscillator,
show the frequency of the » = 0 to n transition is

Voye = nv, — xyn(n+l) n=1,2,3,..

¢) Calculate the fundamental frequency ¥, and the anharmonic constant x. for H*>Cl using the
measured transition frequencies. Suggestion: Plot V,,, /nagainstn + 1.
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intercept = 2989.0 cm™

slope = -51.64 cm™
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