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molekulare elektronische
Ubergange
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Molecular transitions - outline

angeregter Zustand

electron transitions
higher energy v =0
(100 - 10% kJ mol?)
UV-vis radiation

Grundzustand

molecular vibrations/rotations
medium /lower energy

(1-120 kJ mol?), (0.01 -1 kl mol?)
IR/MW radiation




Molecular term symbols:
diatomic molecules

Classify according to angular momentum around the internuclear axis, A.
A is similar to m, in atoms, so for a p orbital: A=0, +1
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Two p orbitals : sigma(c) and pi(rt) molecular orbitals
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A=D A=A+, +4,+...

Overall angular momentum on the internuclear axis o

Spin-orbit levels : Q=|A+X],
> is the projection of S on internuclear
spin multiplicity =(2s+1) "\

ZH naxis
Singlet, doublet and triplet states r 3/2
A values , according to:

2 for A=0, I1 for A==£1

A for A= +2 ® for A= +3 ... center of inversion gRg=g
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.o For sigma terms,the symmetry is shown as (+/-)
atom N |It atom N

considering the reflection in a plane contains
the internuclear axis.
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Selection rules

1. AA = 0,41,
example: transitions 2-2, [1-2, A-I1 and so on are allowed but A- X or I'I-® are forbidden .

2.A5 =0,
(true for light atoms, however does not hold for very heavy atoms, for example in 1,).

3. AQ=0,11,
for transitions between multiple components.

4.Further subdivisionfor X states:only X*-X%* or £7-X~ transitions are allowed.
notice:Xt —I1 ,X~ —II areboth allowed.

5. g,
g to g or u to u transitions are forbidden.

From: RF.Bernath, chap.16-electronic spectroscopy of Diatomic molecules



Transition dipole moment integral

(Time dependent hamiltonian , how are the selection rules obtained)
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|H=I/J\0+H1(t) Iﬁ(t)=—uzcoswt|

Ry1 = fw *2 Hydt = (v p|wy) Wy =X,y = ey, |, = ez

2: final state, 1: initial state

Ubergangsdipolmomentintegral Born-Oppenheimer Naherung: Weot=We(r). Wyin(R)

1s--->2s
verboten
1s--->2p
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transition moment overlap S(V:V)
Uberlappungsintegral
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AA=0,%1 Franck-Condon factor

AS=0 and AZ=0 I (square of the vibrational

g <> U (where g, ur exist) overlap integral)

+ €3 + ; — <> — (for T-L transitions)




Franck-condon principle
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Nuclear Coordinates

(a) How does the internuclear distance change? (b) Franck-condon energy diagram
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Counting R
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(¢) example: photoelectron spectrum of the ionization H,
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Redrawn from data of Sharp, T. E,,

Internuclear Separation
Atomic Data, 2,119 (1971)



Fate of molecule? Jablonski diagram
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v Ve Vo —schematic energy diagram ,
Vi —specific multiplicities, §§
V2 —electronic states (bold), Vs
v, . . . Vv
—vibronic energy states/rotations, ‘
SO . So — Vo
—continuous enerqy band,
—straight/curved lines.
The foundation of a typical Jablonski diagram Possible absorptions (10-1%s)
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Absorbance, internal conversion Fluorescence Intersystem crossing (10-8-10-3s),

and vibratoinal relaxation (10-14-10-11s) (109-107s) phosphorescence (104-10-1s)
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