








19.4.12  lecture PCIII 
Chemische Bindung und Molekulare 

Spektroskopie (Lehramt) 
 

Subjects: 

 

 black body radiation 

 quantization of energy 

 photoelectric effect 

 hydrogen atom energy states 

 wave-particle duality 

 uncertainty principle 

 1 



The more heated material, the more intense radiation  

A huge plume of molten rock that is linked to volcanic  
eruptions has been detected below southern Africa.  

 
B.Israel, OurAmazingPlanet Staff Writer / June 21, 2010  

Radiation of heated bodies (Black body radiation ) 



Black body radiation- quantization of energy  

Planck law  
8𝜋 2

𝑐3
 

ℎ

𝑒
ℎ

𝑘𝐵𝑇 
−1

 

 (October-december 1900) 

Rayleigh –Jeans law 
8𝜋 2

𝑐3
 

(June 1900) 

 𝒉 = 𝟔. 𝟔𝟐𝟔 × 𝟏𝟎−𝟑𝟒  J.s 

Planck equation 
𝑬𝒏 , 𝑬 = 𝒏𝒉 
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Energy is quantized  

4 

- Quantization of energy and light :Photoelectric effect  
 (A. Einstein 1905) 

- Interpretation of energy levels in Hydrogen atom  
(N. Bohr 1913) 

 

microscopic vs.macroscopic world and the 
necessity to a new formalism 

E.Scrödinger , W.Heisenberg, M.Born, P.Jordan (1925-1927) 
 

- Wave-Particle duality (L. de Broglie 1923) 
- Uncertainty rule (W.Heisenberg 1927) 
 

Qantum mechanic formalism is born!  



photoelectric effect : light in packets of 𝒉  

metal 

I, e 
𝒉 = 𝑬𝒌𝒊𝒏 + 
:work function 
𝑬𝒑𝒉𝒐𝒕𝒐𝒏 =  𝒉 

𝑬𝒌𝒊𝒏 =
𝟏

𝟐
 𝒎𝒗𝟐 
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Light intensity 

0 

El
ec

tr
o

n
 k

in
et

ic
 e

n
er

gy
 

Light frequency 

0 

(a) (b) 
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Light frequency Light intensity 

0 

(a) Above a certain threshold (= h0) electron is emitted. The kinetic energy of  
  electron increases linearly with frequency and it is independent of the light intensity. 
 
 (b) The number of electrons emitted per second (i.e. the electric current) is  
  independent of frequency and increases linearly with the light intensity. 
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Hydrogen  

Helium  

Carbon  

Emission lines as finger prints or elemental barcodes: light is emitted at discerete frequencies 
Picture is adapted from www.nasa.gov 

Bohr and Hydrogen atom 

𝟏


= 𝑹𝑯

𝟏

𝒇𝟐
 −  

𝟏

𝒊𝟐
, 𝒊, 𝒇 > 𝟎 

 𝑹𝑯=109677.581 cm-1 

empirically derived formula by J.Rydberg -1880 

Bohr approach : quantized energy levels- 1913 

𝑬𝒖𝒑𝒑𝒆𝒓 − 𝑬𝒍𝒐𝒘𝒆𝒓 = ∆𝑬 = 𝒉 
 : emission /absorbtion frequency 

𝑬𝒍𝒐𝒘𝒆𝒓 

𝑬𝒖𝒑𝒑𝒆𝒓 - 

- 

𝒉 
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Wave-Particle duality of matter 

𝐸𝑝ℎ𝑜𝑡𝑜𝑛 = ℎ 

   𝐸𝑝ℎ𝑜𝑡𝑜𝑛= 𝑚𝑐2 
ℎ = 𝑚𝑐2 ,   =

𝑐 


         𝑝ℎ𝑜𝑡𝑜𝑛=

ℎ

𝑚𝑐
 

Einstein : 

* Rest mass of a photon =0  but relativistic mass of a photon  0 

In a similar way, de Broglie suggested for a particle of mass m : 
 

 =
ℎ

𝑚𝑣
 , 𝑝 = 𝑚𝑣 = 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 

Example : 
-an electron travelling at 1.0 × 106 𝑚 𝑠   = 7.0 × 10−10 = 7𝐴° 
- a particle witha mass 1.0 g travelling at 1.0  𝑐𝑚

𝑠   = 7.0 × 10−27𝑐𝑚 

Linear momentum is quantized, as well. 
Quantum effects can not be considered for macroscopic objects and vice versa. 
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uncertainty principle 

"The whole problem with the world is that fools and fanatics are always so certain of 
 themselves, and wiser people so full of doubts." - Bertrand Russell ( 1872 - 1970 ) 8 



      Measuring the exact location of a particle in a small area of space is together with 

    an uncertainty in its momentum  and conversely. It means that one can‘t measure 

   (𝑥,p)  simultanously in a precise way. In other words one measuring effects the other!  

 

∆𝑥. ∆𝑝𝑥 ≥
ℎ

4𝜋
   or  ∆𝑥.𝑚∆𝑣𝑥 ≥

ℎ

4𝜋
 

Example : 
The minimum uncertainty on the positin of (a) an electron in H atom  and (b) a virus which  
move at speed of 1.0  𝜇𝑚 𝑠  is calculated as follows: 
 
Take 𝑚𝑒 = 9.11 × 10−31 𝑘𝑔 , 𝑚 𝑣𝑖𝑟𝑢𝑠 = 1.00 × 10−15 𝑘𝑔 

∆𝑥 ≥
ℎ

4𝜋𝑚∆𝑣
 

 

(a) ∆𝑥𝑒 =
6.62×10−34 𝑗.𝑠

4𝜋×9.11×10−31 𝑘𝑔 ×1×10−6 𝑚 𝑠 
= 58𝑚  

 

(b) ∆𝑥𝑣𝑖𝑟𝑢𝑠 =
6.62×10−34 𝑗.𝑠

4𝜋×1.00×10−15 𝑘𝑔 ×1×10−6 𝑚 𝑠 
= 5.3 × 10−14𝑚  

 
 

far larger than the size of atom  (≈ 𝟏𝟎𝟎 𝒑𝒎) 
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10.5.12  lecture PCIII 

 
Chemische Bindung und 

Molekulare Spektroskopie 
(Lehramt) 

 

Schwingungsspektroskopie 



Whereabouts 

infrared 



describing molecular vibrations 

• Classical model : simple Harmonic 
Oscillator (SHO) 

• Quantum SHO (QSHO) 

• first example with potential energy in 
Hamiltonian operator  

• Difference between classic/QM models 
:Zero Point Energy (ZPE) 

 

10.05.2012 3 



Classical model 
(Harmonischer Oszillator) 

𝐹 = −𝑘𝑥 , 𝐹 = 𝑚𝑎 = 𝑚
𝑑2

𝑑𝑥2
  

𝑑2

𝑑𝑥2
+
𝑘

𝑚
 𝑥 = 0 

Hook‘s law      Newton‘s second law  

𝟐: oscillation frequency 

𝑥 𝑡 = 𝐴(sin𝑡 + 𝑏) 

𝑂𝑆𝐶 =
1

2
 
𝑘


  (Hz),  𝜇 =

𝑚1𝑚2

𝑚1+𝑚2
   

 
𝜇 = 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑚𝑎𝑠𝑠 (𝑅𝑒𝑑𝑢𝑧𝑖𝑒𝑟𝑡𝑒 𝑀𝑎𝑠𝑠𝑒) 
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1D-problem 2D-problem 



Quantum SHO (QSHO) 

)()()(
)(

2 2

22

xExxV
dx

xd

m







- free particle : 𝑉 𝑥 = 0 

- particle in box: 𝑉 𝑥 = 0 

- vibration : 𝑉 𝑥 = 1 2 𝑘 𝑥
2 

Quantized systems 

 

𝑣𝑖𝑏  = 𝑓 𝑥 . exp (−
𝛼𝑥2

2
)  (𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑤𝑎𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛)  

  

𝐸𝑣𝑖𝑏 =  𝑣𝑖 +
1

2
ℎ

3𝑁−6

𝑖=1

 , 𝑣𝑖 = 0,1,2,3       𝑣𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑞𝑢𝑎𝑛𝑡𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟  

𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑢𝑙𝑒 ∶  ∆𝑣 = ∓1 
10.05.2012 5 

Solutions to the problem : 

What makes difference between systems is the potential term definition  



classical vs.quantum mechanics, 
energy curves 

Inter-nuclear distance (𝑥) 𝑥𝑒  

A 

A 

B1 

B1 B2 

B2 

E2 

E1 

𝐸 

𝐸 = 1 2  𝑘(𝑥 − 𝑥𝑒)
2 

𝑥 = 𝑥𝑒  → 𝐸 = 0 

- 𝒁𝑷𝑬 ∶ 𝒁𝒆𝒓𝒐 𝒑𝒐𝒊𝒏𝒕 𝒆𝒏𝒆𝒓𝒈𝒚 = 𝟏 𝟐 𝒉 
-𝐚𝒍𝒍𝒐𝒘𝒆𝒅 𝒂𝒏𝒅 𝒇𝒐𝒓𝒃𝒊𝒅𝒅𝒆𝒏 𝒕𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏𝒔 (𝒔𝒆𝒍𝒆𝒄𝒕𝒊𝒐𝒏 𝒓𝒖𝒍𝒆𝒔) 
-t𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏 𝒆𝒏𝒆𝒈𝒊𝒆𝒔 = 𝒉  
 
 

𝐸𝑣𝑖𝑏 = (𝑣𝑖 +
1

2
)ℎ 

𝐸 

𝑣 = 0 1
2 ℎ 

𝑣 = 3 

𝑣 = 2 

𝑣 = 1 3
2 ℎ 

5
2 ℎ 

7
2 ℎ 

𝑥𝑒  Inter-nuclear distance (𝑥) 

10.05.2012 6 

(a) classical mechanics (b) quantum mechanics 



QHSO- wave functions 

10.05.2012 7 

Hermite polynomials 



Normal modes 
(Normalschwingungen)  

10.05.2012 8 

𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒: 3𝑁 − 5   
 
𝑛𝑜𝑛 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒: 3𝑁 − 6 

 
𝑏𝑎𝑠𝑖𝑐 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡𝑠: 

1,2)𝑠𝑡𝑟𝑒𝑡𝑐ℎ𝑖𝑛𝑔 𝑠𝑦𝑚𝑚 − 𝑎𝑠𝑦𝑚𝑚  
(Symmetrische/Asymetrische 
  Streckschwingung) 
 
3)𝑏𝑒𝑛𝑑𝑖𝑛𝑔 
(𝐷𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛𝑠𝑠𝑐ℎ𝑤𝑖𝑛𝑔𝑢𝑛𝑔𝑒𝑛  
Oder 𝐵𝑖𝑒𝑔𝑒/𝐵𝑒𝑢𝑔𝑒𝑠𝑐ℎ𝑤𝑖𝑛𝑔𝑢𝑛𝑔𝑒𝑛) 
 
𝑠𝑡𝑟−𝑎𝑠𝑦𝑚𝑚 > 𝑠𝑡𝑟−𝑠𝑦𝑚𝑚 > 𝑏𝑒𝑛𝑑  

 

picture adapted from http://www.ptli.com 



Example1: linear carbon dioxide 
 

10.05.2012 9 

𝑠𝑡𝑟−𝑎𝑠𝑦𝑚𝑚 = 2282.0 𝑐𝑚
−1 

𝑏𝑒𝑛𝑑𝑖𝑛𝑔 = 561.5 𝑐𝑚
−1 

≠ 𝑛𝑜𝑟𝑚𝑎𝑙 𝑚𝑜𝑑𝑒𝑠 ∶ 3𝑁 − 5 = 4, 
𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍  𝒗𝒂𝒍𝒖𝒆𝒔 ∶ 𝑠𝑡𝑟−𝑎𝑠𝑦𝑚𝑚 = 2349 𝑐𝑚

−1 > 𝑠𝑡𝑟−𝑠𝑦𝑚𝑚= 1340 𝑐𝑚
−1 > 𝑏𝑒𝑛𝑑𝑖𝑛𝑔= 667 𝑐𝑚

−1 

𝑷𝒐𝒊𝒏𝒕𝒔 𝒕𝒐 𝒓𝒆𝒎𝒆𝒎𝒃𝒆𝒓:  𝒍𝒊𝒏𝒆 𝒊𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚, 𝒅𝒆𝒈𝒆𝒏𝒆𝒓𝒂𝒄𝒚  

IR spectrum is calculated using ORCA software , http://www.thch.uni-bonn.de/tc/orca/ 
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Example2: non linear water 

𝑏𝑒𝑛𝑑𝑖𝑛𝑔 = 1618.4 𝑐𝑚
−1 

𝑠𝑡𝑟−𝑠𝑦𝑚𝑚 = 3613.1 𝑐𝑚
−1 

𝑠𝑡𝑟−𝑎𝑠𝑦𝑚𝑚 = 3778.5 𝑐𝑚
−1 

≠ 𝑛𝑜𝑟𝑚𝑎𝑙 𝑚𝑜𝑑𝑒𝑠 ∶ 3𝑁 − 6 = 3, 
𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍  𝒗𝒂𝒍𝒖𝒆𝒔 ∶ 𝑠𝑡𝑟−𝑎𝑠𝑦𝑚𝑚 = 3755.9 𝑐𝑚

−1 > 𝑠𝑡𝑟−𝑠𝑦𝑚𝑚= 3657.1 𝑐𝑚
−1 > 𝑏𝑒𝑛𝑑𝑖𝑛𝑔= 1594.7 𝑐𝑚

−1 

IR spectrum is calculated using ORCA software , http://www.thch.uni-bonn.de/tc/orca/ 
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Chemische Bindung und 
Molekulare Spektroskopie 

(Lehramt) 
 

Raman-Spektroskopie 

 



RAMAN Spectroscopy 
Sir C.V.Raman (1788-1970) 

 Discovered the inelastic scattering phenomenon in 1928,  

  Was awarded the Nobel Prize for Physics for his work on  

the scattering of light and for the discovery of the effect  

named after him in 1930. 

 
http://nobelprize.org/nobel_prizes/physics/laureates/1930/raman-lecture.pdf 

Was ist Lichtstreuung? 

Raman-Streuung  und Rayliegh-Streuung  
 



• Raman spectroscopy probes the vibration modes of 
materials, much like infrared (IR) spectroscopy. 

 

• They both results from the same type of quantized 
vibrational changes. Thus, the difference in wavelength 
between the incident and scattered visible radiation 
corresponds to wavelengths in the mid-infrared region. 

• However, whereas IR bands arise from a change in the 
dipole moment, Raman bands arise from a change in 
the polarizability. 

 

• In many cases, transitions that are allowed in Raman are 
forbidden in IR, so these techniques are often 
complementary.  

 

  

IR and RAMAN spectroscopies-I  

3 



How is Raman Different from IR? 

Selection rules are therefore different and can be exclusive for centrosymmetric  
molecules. 

 

IR-Change in Dipole Moment :0                          

Raman-Change in Polarizability: 0    

Rule of mutual exclusion 
(Ausschlußregel) 4 



IR Spectrography - Absorption 

Raman Spectrography - Scattering 

Elastic scattering (Rayleigh): original frequency shift: 0 

 
Inelastic scattering (Raman): with frequency shift: 0 M 

I0() I() 
Laser detector 

0 

0 - Rayleigh 

Sample 

0  M - Raman 
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Sample 



Photon scattering energy scheme  
The Raman effect comprises a very small fraction, 

about 1 in 107 of the incident photons.  

Virtuelles Energieniveau 

En
er

gi
e

 

 Rayleigh Streuung 
(elastic) 

Stokes 
Streuung 

Anti-Stokes 
Streuung 

h0 h0 

h0 

h0 h0-

hm 

h0+hm 

Grundzustand: E0 

erster angeregter 
zustand:E0+hm 

E0+hm 

IR 
Absorption 

Raman 
(inelastic) 

Stokes Anti-Stokes 

0  0 + 𝑚 0 − 𝑚 

Notice: Stokes line is stronger 

E0 

∆𝐸𝑣𝑖𝑏 = ℎ𝑣𝑖𝑏 



 212
2

2

2
1

2

21

21 xxK
dt

xd

dt

xd

mm

mm
-


















qK
dt

qd
2

2

-
Reduced mass displacement 

x1 x2 

m1 m2 

K 

 t2cosqq m0 




K

2

1
mWhere: 

Just like 
Hooke’s law: 
F=kX 

Scattering of radiation by diatomic 
molecule 
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? 

For a small amplitude of vibration, the 
polarizability  is a linear function of q: 

















q
q

0q

0

? 
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 t2cosEE 00 

 t2cosqq m0 

Induced dipole moment:  = . 𝐸 = . 𝐸0cos (2𝜋0. 𝑡) 

     

        tmtmEq
qq

tE

tEtmq
qq

tE

-

















































02cos02cos00
02

1
02cos00

02cos02cos0
0

02cos00μ

 Rayleigh 
scattering 

Stokes 
scattering 

Anti-Stokes 
scattering 

𝑐𝑜𝑠𝐴. 𝑐𝑜𝑠𝐵 = 1/2[cos 𝐴 + 𝐵 + cos (𝐴 −B)] 



• A Change in Polarizability of the Molecules upon Interaction with the Incident Light 

+ 

e- 

e- 

e- 

e- 

e- 

e- + 

E 

e- moving with the oscillating 
electric vector 

+ 
e- 

e- 

e- 

e- 

e- 

e- 

e- e- 

e- e- 

Induced dipole moment: 

μ αEind

Polarizability fluctuates 
with time 
 Oscillating 
 

μ ind+ 

e- 

e- 

e- 

e- 

e- 

e- 

e- e- 

Light emission (scattering) 

 incident

scattered  or  incident 
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Induzierte Dipolmomente 



The polarizability ellipsoid  

𝑥

𝑦

𝑧

=

𝛼𝑥𝑥 𝛼𝑥𝑦 𝛼𝑥𝑧

𝛼𝑦𝑥 𝛼𝑦𝑦 𝛼𝑦𝑧

𝛼𝑧𝑥 𝛼𝑧𝑦 𝛼𝑧𝑧

𝐸𝑥

𝐸𝑦

𝐸𝑧

 

The polarizability tensor 

1- Atomic number Z:  

  the amount of electrons,  

Electrons become  less control by  nuclear charge.  

2- Bond Length: 

  Bond Length  

3- Atomic or Molecular  Size: 

  Size,  

4- Molecular orientation with respect to an electric field  

  Parallel or perpendicular  (Exp: Parallel has more effect) 

5- Bond Strength (Bond order): 

  1/strength of bond C=C, and C≡C, C≡N bonds are strong scatterers, bonds 
undergo polarization.  

6- Electronegativity difference: 

  1/ difference in electronegativity 

7- Covalent bonds more polarizable than ionic bonds. 

 

P
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ri
z
a

b
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y
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s
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ff
e

c
te

d
 b

y
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Example 1: the vibration modes of CO2 

Raman 
Active 

IR Active 

IR Active 

        t2cost2cosEq
q2

1
t2cosEP m0m000

0q

000 -
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Symmetrische-Streckschwingung 

Asymmetrische-Streckschwingung 

Biegeschwingung 

Ausschlußregel !!! 



Example 2: the vibration modes of H2O 

No inversion center! 

All the modes are both 
Raman  & IR Active 

12 

Symmetrische-Streckschwingung 

Asymmetrische-Streckschwingung 

Biegeschwingung 



Selection rules (Auswahlregel) 
 

As a molecule rotates, the polarizability presented to the electric field changes: 
 
 the induced dipole is modulated by rotation, 
 results in rotational transitions. 

∆𝐽 = 0,∓2 
∆𝐽 = 0 : Rayleigh 
∆𝐽 = +2 : stokes line 
∆𝐽 = −2 :Anti-stokes line 

13 



𝐸𝑗 = 𝐵𝐽 𝐽 + 1  , 𝑐𝑚−1     ( 𝐽 = 0,1,2, …) 
 

Example: Rigid rotor 

∆𝐸 = 𝐸𝐽 + 2 − 𝐸𝐽  = 𝐵(4𝐽 + 6), 𝑐𝑚−1 

 = 0 ∓
𝐵(4𝐽 + 6), 𝑐𝑚−1 

-a gap of 6B between 0 and 1st lines of 

each branch 
- lines in each branch of equal spacing = 4B 

Stokes and Anti-Stokes  lines are observable at 

14 



• Advantages 
•  detects vibration motions for symmetric structures, 
• Raman is more sensitive in some cases (like rough surfaces), 
• useful for studying the catalyst itself (crystalline phases, low frequency 
• vibrations whereas IR is more useful for molecules and adsorbates, 
•  needs a small sample voloum(laser spot)  
• Can be used for aquoues samples (biological applications) 
• Glass /quarz cell (no NaCl tablet!) 
• Few intense overtone/combination bands , so few spectral overlaps 
• Single shoe/scan between 4000-50cm-1 without setup modifications 

 
• Problems: 
• Laser source/ heating or decomposition of sample, 
• Can cause flourescenece, 
• Expensive appartus, 
• Obtaining high res RO/RO-Vib spectra is difficult . 

 

IR and RAMAN spectroscopies-II  

15 



 



 



 



 



 



05.07.12  lecture PCIII 
(Lehramt) 

Scarlet tanager summer Scarlet tanager early fall 

 molekulare elektronische 
Übergänge 

Pics are taken from www.kcbirdingwalks and www.birdcapemay.org 



Molecular transitions - outline  

electron transitions 
higher energy  
(100 - 104 kJ mol-1) 
UV-vis radiation 

molecular vibrations/rotations 
medium /lower energy  
(1 - 120 kJ mol-1), (0.01 - 1 kJ mol-1) 
IR/MW radiation 

Grundzustand 

angeregter Zustand 



Molecular term symbols: 
diatomic  molecules 

Classify according to angular momentum around the internuclear axis, λ. 

λ is similar to ml in atoms, so for a p orbital: λ=0, ±1 

pz (ml=0) so (λ =0): σ , σ* MOs 

px,y (ml= ±1) so (λ =±1): π, π* MOs 

Two p orbitals : sigma(σ) and pi(π) molecular orbitals 



Spin-orbit levels : Ω=|Λ+Σ|,  
 Σ is the projection  of S on  internuclear 
axis 2Π3/2 Singlet, doublet and triplet states 

spin multiplicity =(2s+1) 

Λ values , according to: 
 Σ for Λ=0, Π for Λ= ±1 
∆ for Λ= ±2, Φ for Λ= ±3,… . g⊗g=g 

u⊗g=u 
u⊗u=g 
 

For sigma terms,the symmetry is shown as (+/-) 
considering the reflection in a plane contains 
 the internuclear axis. 

N2-ground state 

atom N atom N 

Overall angular momentum on the internuclear axis 

center of inversion 

nodal plane 

Internuclear axis 



Selection rules 

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



6 

Transition dipole moment integral 
(Time dependent hamiltonian , how are the selection rules obtained) 

2: final state, 1:  initial state 

1s---> 2s 

1s---> 2p 

 verboten 

 Erlaubt 

Born-Oppenheimer Näherung: 

S(v,v‘) 
Überlappungsintegral 

Übergangsdipolmomentintegral  



Franck-condon principle 

(Vertical transitions)  

(c) example: photoelectron spectrum of the ionization H2 

(a) How does the internuclear distance change? (b) Franck-condon energy diagram 



Fate of molecule? Jablonski diagram 

The foundation  of a typical Jablonski diagram Possible absorptions (10-15s) 
 

Absorbance, internal conversion 
and vibratoinal relaxation (10-14-10-11s) 

Fluorescence 
(10-9-10-7s) 

Intersystem crossing (10-8-10-3s), 
 phosphorescence (10-4-10-1s) 
 

−schematic energy diagram , 
−specific multiplicities, 
−electronic states (bold), 
−vibronic  energy states/rotations, 
−continuous energy band, 
−straight/curved lines. 


	05.07.12  lecture PCIII (Lehramt)
	Foliennummer 2
	Molecular term symbols:�diatomic  molecules
	Foliennummer 4
	Selection rules
	Transition dipole moment integral�(Time dependent hamiltonian , how are the selection rules obtained)
	Franck-condon principle
	Fate of molecule? Jablonski diagram



