Problem Set #6 due* Thursday 28 November, in class

Chemistry 331

*Y our lowest Chem 331 assignment mark will not be used to calculate your average assignment mark. So if you’ve handed in all the
mandatory assignments (#1,2,3,4,5) and are happy with the results, a zero mark for this assignment will not affect your course mark.

Q1. High-resolution microwave spectroscopy is used for the most precise measurements of chemical bond
lengths. For example, spectroscopic data give 10.5912 ¢cm~" for the rotational constant

~ h
B=—2—
8rcl
[3]  of H¥Cl molecules. Calculate a precise bond length of the molecule. Hint: I=w? Data:
h= 6.626070 x 1074 J s mu = 1.673534 x 10-?" kg misct = 5.806719 x 10-26 kg
c= 2997924 x 10'° cm s-! :
Q2. Calculate|Z| and L. for a H**CI molecule with /=3 and m = =2. [2]

Q3. How rapidly are the nuclei moving in a rotating molecule? Calculate the speed of the H nucleus and the
speed of the **Cl nucleus in a rotating H>>Cl molecule with /=1 and m = 0.

[4]

The energy levels of a diatomic molecule rotating in 3 dimensions are

Q4.
=4 1,2, 3y s

E =II+1)B

2
B is the rotational constant B h2 = heB
8771

a) Calculate the energies of the first five 3-dimensional rotational levels for H*C1 (1=10, 1, 2, 3, 4).

Use the data given in Question 1.
b) Calculate the absorption frequencies for transitions between these levels assuming the changes in

[5]

quantum number / are unrestricted.
¢) To illustrate how selection rules can simplify spectra, recalculate the absorption frequencies in b

using the rigid rotor selection rule Al = 1.
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(1]

The transition dipole moment for a rigid rotor is proportional to

; [ —im|+1 [ +|m
/‘:“1 Eqwﬂ”{%‘gmﬂ(”) + Tupz_umg(”)}d”

uis the electric dipole moment of the rotor and Pix() is the Legendre polynomial for quantum numbers

1 and m. Use this result to derive three selection rules for microwave spectroscopy. Hint: the Legendre
polynomials are orthogonal.

The following frequencies are measured in the microwave absorption spectrum of '*C'%0:

3.84540 cm™! (I=0to I=1)

7.69060 cm™! (I=1to [=2)

11.53550 cm™ (I=2to [=3)

15.37990 cm™! (1=3to [=4)

19.22380 cm™ (I=4to [=5)

23.06685 cm™! (I=5to [=6)
etc.

Use these data data to show the '2C'%0 bond length increases very slightly as the rotational energy
increases.

The selection rule Am = 0 have no effect on the frequencies observed for rotational transitions.
Why?
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