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1.  Formation and Destruction of Nitric Oxide

2.  Explosion and Ignition Phenomena

3.  Heterogeneous Catalysis



Thermal NO (Zeldovich,1946)
O+N2 →

 
NO+N

N+O2 →
 

NO+O

Prompt NO (Fenimore, 1971)
CH+N2 →

 
NCN+H         NO 

Nitrous NO (Wolfrum, 1972)
O+N2 +M  →

 
N2 O+M

O+N2 O  →
 

2NO
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NO potential energy diagram
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193 nm: NO D-X(0,1)

193 nm: ArF Laser
• Andresen et al.
• Ketterle et al.
• ter Meulen et al.

225 nm: NO A-X(0,0)

225 nm: Dye / OPO / shifted KrF
• Sick et al.
• DiRosa et al.
• Laurendeau et al.

237 nm: NO A-X(0,1) 237 nm: Dye / OPO
• Jamette et al.
• Bessler et al.

248 nm: NO A-X(0,2)

248 nm: KrF Laser
• Schulz et al.

193 nm: ArF
• Ketterle et al
• Andresen et al
• Ter Meulen et al.
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Choice of excitation wavelengthChoice of excitation wavelength

193 nm

225 nm

valvevalve

spark plugspark plug

pistonpiston

00 1      rel. NO1      rel. NO LIF intensityLIF intensity0.50.5

00 33 6 x 106 x 101616 NO NO moleculesmolecules / cm/ cm 33

7.5 cm7.5 cm

SI engine, fueled with SI engine, fueled with 
propane / air, propane / air, φφ = 1.0, = 1.0, 
13 bar, 7°ca after TDC13 bar, 7°ca after TDC

Schulz e t al.Schulz e t al.
ProcProc. . CombComb. Inst.. Inst.26, 2597(1996)26, 2597(1996)

248 nm



CO2 and H2 O absorption cross-sections

Dependence of absorption crossDependence of absorption cross--sections on temperature and wavelengthsections on temperature and wavelength

•• HH22O: Minor importance at O: Minor importance at λλ > 230 nm> 230 nm

•• COCO22: Absorption relevant up to 300 nm: Absorption relevant up to 300 nm
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– Absorption spectra
– LIF excitation spectra
– LIF emission spectra
– p/T-dependence of

LIF signal
– Spectrum fitting
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LIFSim: Implementation of literature spectroscopy
data into a numerical simulation program

http://www.pci.uni-heidelberg.de/pci/lifsim
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Explosion Phenomena

SIMPLE CHEMISTRY: Ozone Decomposition Flame

O3 O2 + O

O + O3 O2 + O2

SIMPLE GEOMETRY:

SIMPLE TIMING:
Laser

Pulse









Modelling of CO2 -laser-induced ignition of O3 /O2 mixtures

F. Behrendt
U. Maas
J. Warnatz





CO  Laser induced ignition of a CH H/O  mixture ( =0,9,p=300mbar) 2 3 2 ΦO

Numerical Simulation
 (J.Warnatz, U. Maas, I. Gran)Experiment (T. Heitzmann)
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pmax: 85 bar
Tmax: 800 K
pfuel: 1200 bar
Rep.rate: 1/s
Fuel: n-decane 

Simultaneous measurement of Diesel fuel vapor density
by Rayleigh scattering and soot volume fraction by LII 

in a high temperature and high pressure chamber



Simultaneous measurement of Diesel fuel vapor density
by Rayleigh scattering and soot volume fraction by LII 

in a high temperature and high pressure chamber
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RH + O2 R+HO2

R + O2 RO2

QOOH         QO + OH
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c
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RH + OH        R + H2 O

Reaction mechanism for the thermal oxidation of n-heptane in the cool flame region
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Surface complexity

Single crystal Single crystal
+ defects

Polycrystalline foil

Materials Gap

Dispersed metals
Nano-structured materials

Powders

J. Warnatz
Modelling of

Real-life catalysis

Investigation of Elementary Surface Reactions
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The deep pain that is felt at the death of every friendly soul arises
from the feeling that there is in every individual something

which is inexpressible, peculiar to him alone,
and is, therefore, absolutely and irretrievably lost.

A. Schopenhauer, 1851
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