5. The Harmonic Oscillator and the Rigid Rotator:
Two spectroscopic Models

{Harmonic Oscillator — Vibrational spectra (Force constants of molecules)
Rigid Rotator—s  Rotational spectra (Bond lengths)
Classical {oscillator = quantum mechanical representation of energy
rotor

5-1 A Harmonic Oscillator Obeys Hook’s Law.
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5-2 The Equation for a Harmonic-Oscillator Model of a Diatomic
Molecule Contains the Reduced Mass of the Molecule.

Two particles connected with a spring
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5-3 The Harmonic Oscillator Approximation Results from
the Expansion of an Internuclear Potential Around its Minimum.

Taylor expansion
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(— Chapter 13)




5-4 The Energy levels of a Quantum-Mechanical Harmonic
Oscillatoris E, - ﬁwtwi] ,wherev=0,1, 2, ...

Y = Eu), V= ke

2 dx’
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- ha{v + %] zero-point energy
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5-5 The Harmonic Oscillator Accounts for the Infrared Spectrum
of a Diatomic Molecule.

2 1 Compound % /N m! v /cm?
E =h ;(”E) v=0.12 Ty 510 4401
AE =hvgs Av=x=1 D, 527 2990
k H35Cl1 478 2886
= E\'—l _El =h |—

1 160, 1142 1556
1 \F [\ 1 \F J N, 2243 2330

Vobs = —.[— Vobs = —,|—
2n Y u 2me \ u 12C160 1857 2143




5-6 The Harmonic-Oscillator Wave Functions Involve
Hermite Polynominals. 1

v () = N, H,(Vax) exp(f ﬂj AN T

b Mog(3)
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H(£)=2¢ dH.(2) +— =0
)= 4E£2 -2 Vel 9y, - )
Hy(8)=45-2 dz 2vH,4($) 5 5 3
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Iw‘ *(x)y,(x)dx=46,, orthonormalized

5-7 Hermit Polynominals are Either Even or Odd Functions.
(x)= {%(Y) (v:even) Average of the position
W=
w,(x) (v:odd) ()= [y * (@) xy (x)dx =0
Average of the momentum
d
= [w, * ()| —in— |y, (x)dx=0
p)=[v (\’)( i dr]w (x)dx




5-8 The Energy Levels of a Rigid Rotatoris E =/*J(J+1)/2l.

Rigid-rotator model: bond length holds unchanged during rotation.

V= 2WhVig = 1, Vy = 2V = 1@
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EY(G, @) =R J(J+1)Y (6, 0) Y(6,9)=0(8)®(@) : spherical harmonics

Kinetic Energy K =




5-8 The Energy Levels of a Rigid Rotator is E=72J(J+1)/21.

cont.
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5-9 The Rigid Rotator is a Model for a Rotating Diatomic

Molecule.
Selection rule among rotation levels: AJ=+1
AE=E;,-E; :g{(J+])(J+2)*J(J+l)}

:%(J+l), J=0,1,2,0+-

I of diatomic molecule is 10-*~10-4¢ kg m?

= v=101"-10" Hz (microwave region)

v=2B(J+1), J=0,12,--

J=3 S
I = /
B=C_ Ji=_—
8-t 8m-cl AE = 6hB
B: rotational constant s
AE=4hB
Microwave absorption J

=1 e
spectra show serial peaks at P AE =2hB

2B intervals.
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