Chapter 4
Rigid Models and Angular Momentum Eigenstates
Homework Solutions
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Therefore, the Energy is: E =
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Note: The above result illustrates that y is a wavefunction with | = 2
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Thus we see that, for this wavefunction, mz = -2



The energy levels for a 2D Rigid Rotor (see PP) are given by:
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5.

Any molecule with a dipole moment will have a rotational microwave spectrum.
DO have a rotational microwave spectrum: H20, H-C=C-ClI, cis-1,2-dichloroethylene, NHs

DO NOT have a rotational microwave spectrum: H-C=C-H, benzene
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(b) 7th. Line: J'=6 —>J' =
7 = B(7)(8) - B(6)(7) =14B =14(1.92cm™) = 26.9cm™
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The transition intensity is proportional to Ns where J is the initial state of the absorption.
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(d) The maximum intensity transition is from the value of J with the highest value of N,
We can determine his from basic calculus. We will differentiate Ny with respect to J
and set the derivative equal to 0 to determine Jmax
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7. H-CJfC-H rcc=1.21 A, rcu=1.05A

Therefore, rc = 0.50(1.21) = 0.605 A
ra = 0.50(1.21) + 1.05 = 1.655 A
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(c) T=100°C =373 K
Line 20: J'=19 — J'=21

Line 5: J'=4 — J'=6
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Preliminary Calculations: Partition Function and Derivative
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i.e. the rotational partition function is independent of volume.



Internal Energy: U™t
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Note: This result illustrates equipartition of Internal Energy. Each of the
three rotations contributes (1/2)RT to U™,

Enthalpy: H™t
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Notice that the rotational contribution to both the constant volume and constant pressure
heat capacities are the same. It is only the translational contribution to the two heat capacities
which is different.
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C is a constant which cancels out when taking ratios.
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Note: Because we only need the ratio of reduced masses, it is not necessary
to convert to Sl units.
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