5. Rotational Spectroscopy  HE#EXaE  ([EIEEGRE)

5.1 Rotational spectra of diatomic molecules
a) Quantum theory of a point mass rotor

Born-Oppenheimer approximation
Rigid body approximation
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b) Rotational energy levels and selection rules
absorption

absorption intensity o absorption cross section « B coefficient

B =

3g, hz f ¢ (0. P)u(6, §)p:(0, ¢) sin 9d6d¢

¢:(6, @) : initial rotational state
¢ £(6, ¢) : final rotational state
u(6, @) : electric dipole moment

Selection rule : fqb}ytﬁ,d?’ # 0

w0, ¢) = (0,0,1)  Molecule fixed coordinate

w(0,¢) = (U, s =) Space fixed coordinate
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Raman scattering
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c) Rotational absorption spectra of diatomic molecules
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Rotational spectrum of CO at 50 K
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CO rotational spectrum: line spacing 3.8cm*
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d) Rotational Raman spectra of homonuclear diatomic molecules and the nuclear

spin weight 203

p=20
14B
E.= BI(l+1) o

Al =2 10B
0B
Intensity 3(Z+ 1)(1+ 2) _ BI(+1) 0
oc e 2Q21+1)
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Nuclear spin weight

Bose particle Nuclear spin | I: integer 2H, N
Fermi particle I: half integer 'H, N

Exchange of nuclei

W > |y

Exchange

{ + 1/  Bose particle
y—

— iy  Fermi particle

'H, molecule (1 = 1/2)

U= ydN

w exchange R + evenl x1 para
"o 00+ — oddl  x3 ortho

wN aa, af, pa, BB aa
S =0 ap-pa S =1 af + pa
pp



2H, (D2) molecule (1 =1)
=Ygy

W exchange R { + evenl x6
r

06— 0+m ] — oddl x3
'ﬁN |1,1>, |1,0>, |1,-1>, |0,1>, |0,0>, |0,-1>, |-1,1>. |-1,0>, |-1,-1>
$=0 [1,-1>+[0,0>+|-1,1> (1 fold)

S=1 [1,0>-]0,1>;|1,-1>-]-1,1>;]-1,0> - |-1,0> (3 fold)
S=1 |1,1>;1,0>+|0,1>; |0,0>; |-1,0> + |0,-1>; |-1,-1> (5 fold)
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5.2 Rotational spectra of polyatomic molecules (£ Jfi+4y+)

a) Quantum theory of a rigid rotor  [I{&HEE A&+ iR
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Inertia tensor  J
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Angular velocity ¢V Angular momentum L
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Conversion to inertial system



x,v,z—> A,B,C

Iy 0 0O
I=|0 Iz O Iy <Ip<Ic
0 0 ]C Principal moments of inertia
w4y Ly
w = wp L: LB
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b) Spherical molecules [y =[g=10=1

1
7 = 2—[(Lj + Ly + LE)
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g — — > T = —
2] quantization 27
Energy levels
I(1+ D’ h?
= = B=—
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Selection rules
Absorption p=0 — inactive

Raman scattering

100
a=[010|~Y — inactive
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¢) Linear molecules I,=0 Ig=I[-=1

L2 IA—0, Lao—0
A, O  La approaches to zero faster
Iy
115 Ly L¢
T = —(— + — + _)
2\, Iy Ic
17 5
2 _ g2
. I
T = 2— : same as diatomic molecules

Selection rules
Absorption u#s0 Al=1

Raman scattering Al = +2

d) Symmetric top molecules

(prolate (&) 14 <Ip=Ic

Symmetric top <

\Oblate (RF) Iy = I < I
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Prolate symmetric top
Iy <Ip=1Ic

I(Li Ly L%)
2

Euler angle

0 ¢ x

"6, ¢, x) = Opn(B)e™ ™

L2™ = 11+ DR*e™™ 1=0,1,2,---
L™ = mhig!™ m=—1,-1+1,---,-1,0,1,--- , 1= 1,1
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L™ = kg™ k= -, -1+1,---,=1,0,1,--- , 1= 1,/

Energy levels

E}{,‘,m:ll(l+1)h2+l(l 1)k2h2
2 Iy 2

= BI(I+ 1)+ (4 - Bk
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Selection rules
Absorption
u#0

Al=1 Ak=0
Raman scattering
Al==+1 (k+0) £2
{ Ak =0
Al=+1 4B,6B,8B, -, R-branch
Al = +2 6B,10B,14B,---,  Sbranch
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Benzene

B.P. Stoicheff Can. J. Phys 32, 339(1954)
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4.2.1 v vopiEs~va-ts ALY, (Q)FENH 70 mm
288 K, 488.0nm . (b)EJ7 380 mmHg, fEE 333K, 435.8nm [
.

Line spacings of S branch

CeHs 0.7584 cm* Bx=0.1896 cm™
CsDs 0.6272 cm™! Bp=0.1568 cm™
hZ
B=—
21p

{ I5(CHg) = 1.476 x 10 *kg m?
I5(CeDg) = 1.785 x 107 ¥ kg m?
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