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Photochemistry of Aromatic Nitro Compounds
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One Application: Caged Compounds

Example: Caged ATP (J. H. Kaplan et al. 1978)
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Directed Release of Biological Active Substances!



„Our“ Reaction: Photochemistry of 
o-Nitrobenzaldehyde
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Acid or Ester is formed
NBA

First Described by
G.Ciamician and P.Silber, 
Chem. Berichte, 34 (1901) 2040 





o-Nitrobenzaldehyde
and the Photochemical Equivalent

Quantum yield is 50 %

F. Weigert and L. Brodmann, Transaction of the Faraday Society 21 (1925) 453



Reaction Mechanism – What Others Did

• George and Scaiano saw
nanosecond transients
in aprotic solvents

• assigned to triplet state

M.V. George and J.C. Scaiano, 
J. Phys. Chem. 84 (1980) 492

• Yip and Sharma detected
ps (ns) transients protic
(aprotic) solvents

• assigned to a ketene intermediate

R.W.Yip and D.K.Sharma, 
Research on Chem. Intermediates
11 (1989) 109

MeCN: 24 ns

50 % Water: 75 ps



Our Experiments: Femtosecond Excitation,
Probing by ...
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260 nm 
Femtosecond
Excitation



... UV/Vis Spectroscopy (I)

Three time constants:

0.4 ps

90 ps

3 ns

Assignment?
Solvent: Ethanol



... UV/Vis Spectroscopy (II)

0.4 ps

0 % Water 90 ps

3 ns50 % Water

→13 ps
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Points to Ketene

Spectroscopic
Evidence?



... Stimulated Raman Scattering (Technique)

signal

reference

M.Yoshizawa and M. Kurosawa, Phys. Rev. A, 61 (2000) 013808 

D.W.McCamant, P.Kukura, R.A. Mathis, J.Phys.Chem. A 107 (2003) 8208 



... Stimulated Raman Scattering (Results)

CW-Stimulated Spectra

Excitation Induced
Difference Spectra

Bleach of NO2 Band at 
1360 cm-1

Emerging Bands of 
Intermediates

Solvent „Senses“ the
Reaction

Something is missing!



Matrix Isolation Spectrum of Ketene Intermediate
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VERY Distinct
Resonance of Ketene

Ketene Intemediate
Trapped in 20 K Ar

2100 cm-1

Maybe we see it in the IR?

S. Kuberski and J. Gebicki, J. Molecular Structure, 275 (1992) 105



... Probed by IR Spectroscopy
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Ketene is Present!

Formed in some 100 fs
Decays in ~ 60 ps

2100 cm-1

Shift due to Vibrational Relaxation!



Analysis of Raman Spectra



DFT Calculations

N
+ OO

O

H

Structure of NBA available
thanks to X-ray diffraction

Nice agreement between calculation (B3LYP, 6-311G**) and experiment

Gives confidence that we can predict spectra of intermediates!



Suggested Mechanism
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Take Take HomeHome MessageMessage



Summing up

• Monitored photo-redox-reaction of NBA with
three femtosecond techniques

• UV/Vis spectroscopy yields precise time constants

• Ketene intermediate identified by IR spectroscopy

• First application of femtosecond stimulated Raman scattering
for study of photoreaction

• Outlined an „evidenced based“ mechanism
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