Chemistry 332 Tutorial #5

a) The rotational constant B of H”Cl is 10.591 cm™' Calculate the moment of inertia of the molecule
and the bond length. Use my; = 1.67265 x 1077 kg and mc = 5.80672 x 128 kg.

b) Assuming that the rotation of H>Cl is classical, calculate the number of revolutions per second

the molecule makes in the J = 10 rotational state.

a) The results we derived for the rotation of diatomic molecules also apply to linear polyatomic
molecules. The moment of inertia of the linear H'>C'*N molecule is 1.89 x 107*® kg m*. Use this
information to predict the microwave (“pure rotational””) absorption spectrum of H*C"N.
b) The moment of inertia for a set of point masses rotating about an axis is defined as

= Z:m[r‘.2

r; is the perpendicular distance of mass m; from the axis of rotation. The moment of inertia of the
H'">C"*N molecule is therefore
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F'=myr; +mely =+ MgFy
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Show that the moment of inertia of H C"N can be written as
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where ryc, rux, and 1oy are the bond lengths.

¢) Given the bond lengths ryc = 106.8 pm and rcx =115.6 pm, calculate the moment of ine_rtia [ and
compare the result to the spectroscopic value 1.89 x 107 kg m?. Use my = 1.67265 x 107" kg, mc =
1.99265 x 107 kg, my = 2.32527 x 107 kg.

In class, your instructor asked to accept (as his instructors asked him to accept), without proof, that
the moment of inertia for a linear molecule rotating about the bond axis can be ignored because all of
the nuclei are located on the axis of rotation and are therefore not moving.

Let’s test this assumption for the H, molecule by comparing the moment of inertia of two spinning
protons (rotating about their centers) with the moment of inertia of a hydrogen molecule rotating
about an axis perpendicular to the bond axis.

a) Using spherical coordinates, show that a solid spherical body of radius R, mass M, and uniform
density p spinning about its center has the moment of inertia

8§ .2 N
I e — —71.',0R' =—MR’ Useful integral: Jsin} axdx = - cos ax [sin” ax + 2]
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b) The radius of a proton is about 1.7 x 10" m. Calculate the moment of inertia of two protons
spinning around their centers.

¢) Compare the result from part b with the moment of inertia of a H, molecule (bond length 74.16 x
107"? m) to show that the moment of inertia for the rotation of H; about the bond axis is negligible.

Using the table of data in your notes, calculate the rotational energy of 'Li’Li in the J = 10 rotational
state. Also calculate the contribution to the energy of rotation from centrifugal distortion.

Calculate the fraction of the total vibrational energy due to anharmonic vibration for a H>Cl
molecule in the

a) n =0 vibrational state b) n =5 vibrational state.

Use E =v.(n+ —;-) —x,v,(n+ —;—)2

A simple function that gives a good representation of the potential energy of a diatomic molecule is
the Morse potential

V(g)=D, (1)

D, is the bond dissociation energy and ¢ = R — Ry is the displacement of the internuclear distance
from the equilibrium value Ry.

a) Show that the force constant calculated from the Morse potential is k= 2D, =

b) For H35Cl; given that D, = 7.31 x 107" J and S=1.83 x 10" m™!, calculate .

Determine the number of translational, rotational, and vibrational degrees of freedom for the
following molecules:

a) CH;Cl b) OCS
c) CeHs ' d) HCCH
e) H,CO f) cyclopropane



8.

10.

The normal modes of vibration of the planar Gal; molecule are sketched below. Which modes are

infrared-active?

Explain why the force constants and the equilibrium nuclear separations of H,, HD, and D, are the
same under the Born-Oppenheimer approximation. Are the fundamental vibrational frequencies the
same? Are the rotational constants the same?

A sample cell contains a gas mixture of two diatomic molecules from the table below. A Raman
spectrum of the mixture shows the vibrational-rotational lines whose Raman shifts, in cm™', are:

3300.64, 3543.88, 3761.62, 3787.11, 3845.38, 3929.13

4012.89, 4030.35, 4138.52, 4264.15, 4347.91, 439520

4431.67, 4515.42, 4760.05, 5003.29, 5246.53, 5489.76
a) Identify the two molecules in the mixture.

b) Identify the S branch and O branch lines for each molecule.

¢) Which Raman lines correspond to the Q branch for each molecule?

molecule VO Jem™! Bl/em™
2ol 2861.8 14.457
BoiPel 564.9 0.2438
¥ 793.2 0.51651
2ol 2170.21 1.9313
H, 4395.2 60.809
H¥Cl 2989.74 10.5909
H"F 4138.52 20.939
=) 214.57 0.03735
Li'Li 35143 0.6727
"LiH 1405.1 7.5131
MNMN 2359.61 2.010
N0 1904.03 1.7046
00 1580.36 1.44566

SOH 3735.21 18.871
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