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22.4.3: lil. Exercise Solutions

Q1

a. CCly is tetrahedral and therefore is a spherical top. CHCIl3 has Cs, symmetry and therefore is a symmetric top.
CH,Cl; has Cy, symmetry and therefore is an asymmetric top.

b. CCl4 has such high symmetry that it will not exhibit pure rotational spectra. C HCl3 and C H,Cly will both exhibit pure
rotation spectra.

c. N Hj is a symmetric top (oblate). Use the given energy expression,|

E=(A-B)K?+BJ(J+1),

A =620 cm™, B =9.44cm™!, selection rules AJ = 41, and the fact that ;73 lies along the figure axis such that AKX =0, to
give:

AE=2B(J+1)=2B,4B,and 6B(J =0, 1, and 2).

So, lines are at 18.88¢cm ™!, 37.76¢m L. and 56.64cm L.

Q2

To convert between cm ! and energy, multiply by hc = 6.62618210734 J sec )(2.997925210'° cm sec 1) = 1.9865210?% J cm
Let all quantities in cm~! be designated with a bar,

e.g. B =1.78em ™.

a.
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_ h2
heB, = (22.4.3.1)
2uR?

h

A /2pheB,

mpmo (11)(16)

= = 1.66056210 2"k 22.4.3.3
i mp+mo (11—1—16)x v 8 ( )
= 1.0824210%°kg (22.4.3.4)
c _e = c(1.78cm ~ = 3. z10 4.3.
hcB he(1.78cm ™ = 3.53592107 % 22.4.3.5
R 1.05459210734] sec (22.4.3.6)
\/(2)1.0824:c10*26kg.3.35359x10*23 J
R.=  1.205210 'm =1.205A (22.4.3.7)
4B} - 4B 4)(1.78cm™1)3
D, = ~De=—= WA-T8em ) ¢ o 10-0em ™! (22.4.3.8)
hw? W2 (4)(66782.2cm™1)
hw? 72 1885cm )2
WeTp = — W = wf = ( cm ) =13.30cm™ L. (22.4.3.9)
4DY 4D  (4)(66782.2cm™t)
hwe hwe e y iy e e_ e
Df= DRt ppopi- et (22.4.3.10)
1 13.
= 66782.2— $+¥ (22.4.3.11)
=  65843.0cm ' =8.16€V. (22.4.3.12)
—6B2 6/ Blhw.z.
Qe = + x (22.4.3.13)
Fw, hw,
_6B2 64/ éﬁw{ze
@ = f; =+ — (22.4.3.14)
_ (—6)(1.78)2 6,/(1.78)3(13.3) i
= =0.0175 : 22.4.3.15
e (1885) | (1885) e ( )
1\ - = 1 0.0175
By = B. —a. (§> ,By=B.—a, (5) =1.78-— (22.4.3.16)
=  1.77cm™! (22.4.3.17)
3y = = 3
B, = B, —a, (5) ,B, =B, —da, (5) =1.78 —0.0175(1.5) (22.4.3.18)
=  1.75cm™! (22.4.3.19)

b. The molecule has a dipole moment and so it should have a pure rotational spectrum. In addition, the dipole moment should
change with R and so it should have a vibration rotation spectrum.
The first three lines correspondtoJ =1 —0,J =2 —1,J=3 — 2

2

E= Fuw, (v+%)hwexe (er%) +By,J(J+1)—D.J?*(J+1)2 (22.4.3.20)

AE = hw, — 2hwez, — BoJ)J +1) + By J(J —1) —4D,.J? (22.4.3.21)

AE = W — 2w, — BoJ(J =1)4 By J(J —1) —4D,J? (22.4.3.22)

AE = 1885 —2(13.3) —1.77J(J +1) +1.75J(J — 1) — 4(6.352107%).J3 (22.4.3.23)

= 1858.4 — 1.77J(J +1) +1.75J(J — 1) — 2.54z107° J* (22.4.3.24)
AE(J=1)=  1854.9cm ! (22.4.3.25)
AE(J=2)=  1851.3cm* (22.4.3.26)
AE(J=3 1847.7cm™! (22.4.3.27)
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Q3

The CyHyCl; molecule has a o, plane of symmetry (plane of molecule) a Cy axis (L to plane), and inversion symmetry, this
result in Ch, symmetry. Using (5, symmetry labels the modes can be labeled as follows:
V1, 9,3, 1y, and s are ag, V6 and vy are a,, Vg is by, and vy, 119, V11, and vyo are b,.

This page titled 22.4.3: iii. Exercise Solutions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Jack
Simons via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/84722


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/84722?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Mechanics__in_Chemistry_(Simons_and_Nichols)/22%3A_Problems/22.04%3A_Molecular_Rotation_and_Vibration/22.4.03%3A_iii._Exercise_Solutions
https://creativecommons.org/licenses/by-nc-sa/4.0
http://simons.hec.utah.edu/
http://simons.hec.utah.edu/TheoryPage/BookPDF/

