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Chemical Reactions in the Atmosphere 

Earth atmosphere contains 

     main components (N2, O2, Ar, water vapor, ...) 

  + complex mixture of reactive trace substances 

  How do chemical transformations proceed ? 

  What are the time scales of chemical transformations ? 

  What are the chemical products ? 

  What are the lifetimes of atmospheric components ? 



         

CO     CO2 

CH4     CO2 + H2O 

NO     HNO3 

SO2     H2SO4 

e.g. 

Products Reactants 

Intermediates (O3, H2O2 ...) 

+ O2 

 somehow 

Chemical Reactions in the Atmosphere 

Earth atmosphere contains 

     main components (N2, O2, Ar, Wasserdampf, ...) 

  + complex mixture of reactive trace substances 



         

Activation of Chemical Reactions 

1 CH4 

3 O2 

no chemical reaction 

CH4-lifetime     



         

1 CH4 

3 O2 

fast  

oxidation  

~ 10-6 s 

Explosion 

CO2 + H2O 

Activation 

Atmosphere: 

1.7 x 10-6  CH4 

      0.21     O2 

slow  

oxidation 

~ 8 years 
CO2 + H2O 

UV-radiation 

Activation of Chemical Reactions 



         

Chemical Reaction Kinetics 

Reaction- 

mechanisms 

Reaction rates 

  = f (concentrations) 

  = f (temperature) 

  = f (radiation hn) 



         

Reaction Mechanisms 

Elementary reactions 

= reactive collisions between molecules 

or decomposition of molecules 

OH +   H2   H2O +   H 

Example : 

reactive 

collision 

Reaction 

dynamics 



         

10 nm 

Air volume element 

at 1 atm, 25°C 

N2 

O2 

O3 

in total 25 molecules 

mean molecular velocity  475 m/s 

mean free pathlength  100 nm (10 boxes) 

40 ppb O3   1 molecule O3 in 1 million boxes 



         

are named according to their molecularity  

(= number of involved collision partners) : 

Elementary Reactions 

uni-molecular:     A   Prod. 

CH3CO(O2)NO2  CH3CO(O2) + NO2 

bi-molecular:   A + B   Prod. 

O3 + NO2  NO3 + O2 

ter-molecular:   A + B + M  Prod. 

O(3P) + O2 + M   O3 + M     

(M = O2, N2) 



         

Composite complex reactions 

proceed on a molecular level via several  

elementary reactions (sequential and/or parallel) 

O3   +   hn   O2   +   O(1D)        l  340 nm   

O(1D) +   H2O   OH +   OH 

O3    +  H2O   +  hn   2 OH   +   O2        l  340 nm   

Example : 

Net reaction 

Reaction Mechanisms 

Reaction mechanism 
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O3 

O3 

hn, O2 

OVOC SOA 

hn HCHO 

OVOC O2 

HONO 
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O3-Production Rate

HO2 + NO 

Cycling 

OH + NO2 

Termination 



         

NOx  

(ppb) 

VOC reactivity (s-1) 

Urban 

 kOH = S kOH+Xi [ Xi ] 

1 

10 

100 

1 10 100 0.1 0.01 

Marine 

Anthropogenic 

Pollution 



         

kOH ~ 1 s-1 

kOH ~ 3 s-1 

Ehhalt et al. (1999) 

Brauers et al. (2001) 

ALBATROSS 96 

Atlantic Ocean 30°W 

POPCORN 94 

North-East Germany 



         

Mexico City 2003 

OH 

HO2 

Exp 

Model 

Shirley et al. (2006) 

Highly Polluted Air 

 
kOH = 10 – 200 s-1 

NOx = 1 – 200 ppb 



         

NOx  

(ppb) 

VOC reactivity (s-1) 

Urban 

Rural 

Forest 

 kOH = S kOH+Xi [ Xi ] 
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OH 
obs 

mod 



         

Michigan, 2000 

Forest 

INTEX-A, 2004 

obs 

mod 
OH 



         

NOx  

(ppb) 

VOC reactivity (s-1) 

Urban 
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10 

100 

1 10 100 0.1 0.01 
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Rural 

Forest 

OH exp > OH model  

 up to a factor of 10 
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VOC reactivity (s-1) 
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NOx  

(ppb) 

VOC reactivity (s-1) 

Urban 
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Rural 

Forest 
Isoprene + 

Anthropogenic VOCs 



         

Asian Megacity 

Clusters 

Pearl River Delta 

Beijing Region 

Industry 

+ Agriculture 



         

°

OH reactivity 

OH, HO2 

O3, H2O, HONO 

NO, NO2, CO, VOC 

J(O1D), J(NO2),  

actinic flux 

Wind, T, p 
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Ek 

Ei 

Energy of OH Molecule 

hn(laser) 

Absorption 

hn(fluorescence) 

Emission 

Ek – Ei  =  hnik  =  hc  /  lik 

h  Planck's constant  

c  light velocity 

n  frequency 

l  wavelength 

Electronic  

Ground State 

OH (X2P) 

Electronically  

Excited State 

OH (A2S+) 

Laser Detection of OH Radicals 



         

Sample

OH 

I(l) = Io(l) e-s[OH]L Io(l) 

incident 

laser beam 

Attenuated laser beam 

follows Lamber-Beer's law 

 

- requires no calibration 

- needs long light path (~ 1km) 

Fluorescence DI    ~  [OH] 

- requires calibration 

- small detection volume (~ 1cm)  

Laser Detection of OH Radicals 



         

at 1atm 

kOH

1

OH lifetime
=
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