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Born-Oppenheimer Approximation

Molecules are collections of electrons and nuclei:
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… Nuclei move so slowly compared to electrons, so 
electrons adjust instantaneously to any nuclear motion.
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* * Electronic SchrElectronic Schröödinger equation of many electron moleculesdinger equation of many electron molecules
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Spectra of Diatomic MoleculesSpectra of Diatomic Molecules

-- molecular orbital diagram (molecular orbital diagram (OxtobyOxtoby))

BB22
OO22



-- Symbols of molecular Symbols of molecular orbitalsorbitals (diatomic case: C(diatomic case: C∞∞vv, , DD∞∞hh))
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-- Ground state total electronic configuration (OGround state total electronic configuration (O22 case):case):

g u g
2 * 2 * 2

1 1( ) ( ) ....( )σ σ π only unpaired electrons only unpaired electrons 
characterize electronic statescharacterize electronic states



-- Total electronic state (use character table):Total electronic state (use character table):

g g g gg[ ]π π + −⊗ = Σ ⊕ ⊕ ∆Σ
antisymmetricantisymmetric wrtwrt inversion (Einversion (E** n LFC) n LFC) 

on electronic on electronic wavefunctionwavefunction
( ( σσvv in MFC)in MFC)

-- PauliPauli principle:principle:
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-- Angular momentum coupling:Angular momentum coupling:

Electron: orbital AM (L)
spin AM (S)

Nuclei: rotational AM (R)
spin AM (I)
vibrational AM (V)

→ Total AM  J = L + S + R + I + V

Important coupling !Important coupling !

“cylindrical symmetry
along molecular axis”

cf. spherical  symmetry for atoms 

AA BB
ee

electron motions couple to bond axis 
by electric field of nuclei   → generate magnetic fields 

→ spin (S)-orbit (L) coupling occur



““Molecular term symbolMolecular term symbol””
SS

JL atom22 11 ( )++
Ω ↔Λ

Hund’s case (a): weak spin-orbit coupling

L, S couple to bond axis
→ “precession” occurs
→ L : not good quantum number
∴ projection QN: Λ, Σ = good QN

Λ= 0, 1, 2, …; Σ= S, S-1, … -S
total electron AM Ω = |Λ+ Σ|
total AM J = Ω + R (rotation) 

Λ = 0 (Σ), 1 (Π), 2 (Δ), 3 (Φ), 4 (Γ),…

““Energy Energy splittingssplittings””

E A∆ = ΣΛ A: positive (normal) → lower Ω: lower energy
A: negative (inverted) → higher Ω: lower energy

Jn S v JM| | |Λ Σ〉 〉 Ω 〉

e.g. molecules w/ light atomse.g. molecules w/ light atoms



Hund’s case (b): medium spin-orbit coupling

“Only L couples to bond axis → only Λ defined”

N R rotation
total AM J N S spin

( )
( )

= Λ +
= +

Hund’s case (c): strong spin-orbit coupling

S2 1+ Λ

“L, S strongly couple: Ja=L+S”
→ Ja couple to bond axis: Ω
→ total AM J = Ω + R (rotation)

JJaa

e.g. molecules w/ heavy atoms

S J2 1+
Ω



-- Symmetry of energy levels: ParitySymmetry of energy levels: Parity
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gerade/ungerade(g/u) parity: symmetry wrt inversion 
in MFC

“only for homonuclear diatomics and 
electronic orbital wavefunctions”
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-- Electronic selection rules:Electronic selection rules:
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* * VibrationalVibrational structures in electronic spectrastructures in electronic spectra

- Potential energy curves: C2 case
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- Franck-Condon principle:

““……electronic transition occurs within a stationary electronic transition occurs within a stationary 
nuclear framework  nuclear framework  ↔↔ vertical transitionvertical transition in PES picturein PES picture””

AA--B transition is dominant!B transition is dominant!
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Example of
Vibronic transitions

Typical Vibrational Structures



- Vibrational progressions: v (any integers)∆ = ±

VibrationalVibrational progressions!progressions!
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- Deslandres table:

VibrationalVibrational spacing spacing 
in ground electronic statein ground electronic state

VibrationalVibrational spacing spacing 
in excited electronic statein excited electronic state



- Determination of dissociation energies:    

use of Birge-Sponer extrapolation

0 0D Dν ν ν′ ′′= + = ∆+0 atomiclimit
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- Repulsive states and continuous spectra:    
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linear (D∞h)

bent (C2v)

Spectra of Polyatomic MoleculesSpectra of Polyatomic Molecules

* * TriatomicTriatomic molecules AHmolecules AH22 :: 1s + (2s, 2px, 2py, 2pz) + 1s

bentbent linearlinear

Walsh diagram
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1 1
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* * HH22CO case:CO case:

““12 valence electrons, three 12 valence electrons, three σσ--bonds, 1bonds, 1ππ--bondbond””
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* * Conjugated molecules: Conjugated molecules: 

- Hückel MO theory:    
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Benzene Case:
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- Organic Chromophores: n transition
transition
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- Decay behaviors of excited states:
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Coupling w/ pseudo-continuum  of S0, T1:

Internal conversion (S1 → S0)
Intersystem crossing (S1 → T1)

Fluorescence quantum yield:
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