
Chem 3322 homework #10 solutions

Problem 1

A portion of the pure rotational spectrum of carbon monoxide was recorded on a far

infrared spectrophotometer, as shown. The instrument cannot obtain data below 15 cm�1.

a) From the given spectrum, estimate the bond length of CO as accurately as you can

(in other words, use all the data).

Solution:

From question 4 of homework 8, we know that the spacing between the lines is given by

~2
µr20

(1)

Since µ appears in this formula, we need to know the atom masses. The isotopic information

is not specified. However, for oxygen, 16
O is 99.8% abundant with a mass of 15.994914

amu and 12
C is 98.9% abundant with a mass of 12 amu (this is an exact value) so there

isn’t really any ambiguity here since both isotopes are almost 100% adundant. This gives

µ = 1.138 ⇥ 10�26 kg. Since we have 6 spacings, we should average them to get the most

accurate value. The average spacing is 3.85 cm�1. This yields r = 1.13 Å.

b) For the seven observed peaks, assign each of them to their corresponding carbon

monoxide rotational transition in terms of the rotational quantum numbers by carefully

analyzing the given data.

Solution: Again from question 4 of homework 8, we know that the peaks correspond to

�E`!`+1 =
(`+ 1)~2

µr20

(2)

So we can compute these transitions from our r0 value from part (a) as follows
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` `+ 1 �E`!`+1

1 2 7.700

2 3 11.55

3 4 15.40

4 5 19.25

5 6 23.10

6 7 26.95

7 8 30.80

8 9 34.65

9 10 38.50

10 11 42.35

Therefore we can clearly see that the seven observed peaks correspond to lines 3-9 of the

table.

FIG. 1:

Problem 2

Do problem 5-13 from your textbook.
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Problem 3

Do problem 5-22 from your textbook.
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Problem 4

For HCl (isotopic information not known), you measure the following vibrational transi-

tions:

n = 0 ! 1 2885.64 cm�1

n = 1 ! 2 2781.54 cm�1

n = 2 ! 3 2677.44 cm�1

n = 3 ! 4 2573.32 cm�1

What tells you that this molecule is not a harmonic oscillator?

Estimate its dissociation energy in kJ/mol.

Solution:

The spacing between energy levels is not constant, which tells us this molecule is not a

harmonic oscillator.

We will estimate its dissociation energy using the Morse oscillator model. The formula

for the Morse energy levels in given in Eq. (3) below.
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There are two unknowns in this equation: ! and De. We are given four pieces of data in the

problem, so we should be able to solve for the two unknowns. After that the final answer is

given by D0 = De � ~!/2 because the De energy is measured from the potential minimum

but the molecule retains its zero point energy and this must be accounted for. There are

several ways to carry out the solution, you can look at page “An3” of my lecture notes

(last page of the Old Lecture Notes, part 6) for one method. You should get around (very

roughly) 496 kJ/mol.
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