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ngld rOtor H«”fffm“ CO 1:-; {2;';11 ex:ff 4%;“ ﬁ,::;
(lnear molecules)

gl —— 13 27 0180 486 538

e Eigenstates

300 12 25 0.230 575 500
2
E =——J(J + 1
8n2/ ( ) N
11 23 0.288 6.62 46.1
e | =ur? [kg] moment of inertia I
10 21 0.355 746 423
B — h . 200 | I
o B 2 cm-
8.” cl [ ] 9 19 0428 813 384
rotational constant T
T W21 8 17 0507 862 346
R L i
max (ZhCBj 2 00 b T 7 15 0590 885 30.8
o SeleCtion rU|eS T 6 13 0.673 875 269
|R: AJ =+ 1 T 5 M 0.754 8.29 231
4 9 0828 745 192
AM;=0,£1 : 3 7 0893 625 154
2 5 0945 473 115
Raman: AJ=0,%2 oL =2 1 3 0881 294 7.69
0 1 1.00 1.00 3.84




From the below measurement, determine the
average separation of rotational transitions In
12C160, and hence estimate the bond length.
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Centrifugal distortion

Term values

FJ)=BJJ+1)—D J? (J + 1)2

Freqguency spacing

F(J+1) — F(J) = 2B(J+1) — 4D(J+1)3

D [cm]: centrifugal distortion constant

D = 4B3/w? (harmonic approximation of vibrations)
B (and D) vibration dependence

B, = B, — a(v+1/2)

a [cm]: vibration-rotation interaction constant



Stark Effect

Space guantization of rotational angular
momentum leads to (2J + 1) degenerate energy
levels

In presence of an electric field this degeneracy Is
removed.

Additional energy term:
— . electric dipole moment
— Mj?: energy is independent of M,

Application: guantification of dipole moments

2 EIT + 1) — 3M7]

ke = 2hBI(J + 12T — 1)(2J +3)




Harmonic oscillator

Eigenstates E, = hv{v+3)

Q

2
a)e
[40)e X, ]

® [cm1]: vibration wavenumber

Dissociation Energy D

Selection rules
IR: Av=1, AJ=0+t1
Raman: Av=1, AJ=0+2AJ=0,%+2



Anharmonicity

 Modifies the
selection rule of
IR and Raman to:

Potential energy, V

Av =1, £2, £3...
 Vibrational overtones
« Additional Energy term:

fe Internuclear distance, r

G\V)=aw,(V+1/2)—ao.x (V+1/2)’ + oy, (V+1/2)° +...

— ®, IS the vibrational wavenumber [cm-]
— M X, O, Y, are anharmonic constants



From the following separations of vibrational levels in the
ground electronic state of CO, obtain values of o, ®.X,
and also an approximate value for the dissociation
energy

- -0 2-1 32 4-3  5-4  6-5
(Giv+ 1) — Gi)/em-! 21431 2116.1 20889 20613 20335 2005.5



