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Part III Photochemistry

•Reaction with radicals

•OH radical chemistry

•Oxidation of CO and methane

•The photostationary equlibrium

•The role of Nox in Ozone Production
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Tropospheric Chemistry (gas phase)
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Sources

biological =
biogenic

industrial = 
anthropogenic

no emission



TROPOSPHERIC CHEMISTRY
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NOx VOC's

EPA,1995 emissions



Tropospheric Chemistry

09/09/2019 Page 5Tropospheric Chemistry

1 CH4

3 O2

No chemical reaction

CH4 lifetime  

The reaction with O2 is kinetically hindered

at low temperatures

(0 - 100km altitude: 205K - 310K)



Atmsopheric Chemistry
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1971: lifetime of CO in the troposphere shorter than expexted

NOx + VOC + hn + O2 O3



Atmsopheric Chemistry
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Anthropogenic

Trace gas 
Biogenic

•OH

O3

•NO3

(photolysis)

+



Atmsopheric Chemistry
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Sources of OH
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O(3P) is too reactive

Conz: O1D 1000 cm-3

Most O1D are quenched

Conz: 107 cm-3

~ 0.2 OH per O3 photolyzed



Reactions of OH
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Net Reaction

CO + OH + O2  HO2 + CO2

HO2 + NO  NO2 + OH

With NO > 0.1ppb



Reactions of OH
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Net Reaction

CO + OH        HO2

NO

NO2  NO + O3

hn



Reactions of OH in Remote regions
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NO > 0.1ppb NO < 0.1ppb

Ozone Production Ozone Loss



Losses of OH
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Clean Air

Polluted Air



Other Sources of OH
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OH: - photolysis of ozone: O3 + hn  O(1D) + O2

O(1D) + H2O  2 OH

- photolyis of HONO: HONO + hn  OH + NO

- photolyis of HCHO: HCHO + hn + NOx OH

- alkene ozonolysis: R-C=C-R + O3  OH



Degradation of Methane
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CH4 + OH  CH3 + H2O (Alkyl)

CH3 + O2 + M  CH3O2 + M (Alkylperoxy)

In the presence of NOx:

CH3O2 + NO  CH3O + NO2 (Alkoxy)

CH3O + O2  HCHO + HO2 (Aldehyd)

HCHO + hn  H + HCO

HCO + O2  HO2 + CO

CO + OH + M  CO2 + H + M

4HO2 + 4NO  4OH + 4NO2

CH4 + 10 O2 +hn  CO2 + 5 O3 + H2O+ 2 OH (net)
+NOx

5NO2 + 5O2 + hn  5NO +5O3

2H  + 2 O2 + M  2HO2 + M

„combustion

of the fuel“
formation of

oxidants

NOx:

„catalyst“



Degradation of organic trace gases 
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• Typical scenario:

• OH as oxidizing species

• NO / NO2 conversion by HO2

• Oxidation chains driven by sunlight = 
"Photooxidation" cycles

• The "fuel" concentration in a slow cycle controls
[O3]ss



Degradation of organic trace gases 
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Lifetime and reaction

rates vary!



NO2, O3 and NO2
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NO2 + hn  NO + O(3P) j5.1

O(3P) + O2 + M  O3 + M k5.2

O3 + NO  NO2 + O2 k5.3

NO2  NO + O3

hn

Photo stationary state relation

[NO]k

][NOj
][O

5.3

25.1
PSS3








NO2, O3 and NO2
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Impact of NO2 on the formation of ozone

NO2 + O2 O3 + NO

+light

 Establishment of a photostationary state

 No net formation of Ozone

-O3

 Without VOCs: Leighthon equillibrium



NO2, O3 and NO2

09/09/2019 Page 20Tropospheric Chemistry

Impact of NO2 on the formation of ozone

NO2 + O2 O3 + NO

+light

 Establishment of a photostationary state

 No net formation of Ozone

-O3

 Without VOCs: Leighthon equillibrium



NO2, O3 and NO2
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 Net production of Ozone

 „summer smog“

NO2 + O2 O3 + NO

+light

+HO2/RO2

O3

 Adding hydrocarbons (VOCs)

Impact of NO2 on the formation of ozone



Formation of other products
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Arerosol formation

more functional groups



NO2, O3 and NO2
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Photochemistry also leads to aerosol production
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NO2, O3 and NO2
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medium NOx

low NOx

high NOx:
NO2+OH+MHNO3+M



Ozone Production and NOx
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Numbers of ozone

alarms decrease

(except from 2003)



Ozone Production and NOx
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Ozone Production and NOx
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High O3 Production

Low O3 

Production

(due to Diesel 

engines)



Reaction with ozone

09/09/2019 Page 29Tropospheric Chemistry

 Formation of
oxygenated
species

 Formation 
OH-radicals
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R2

R3

R4

+ O3
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Criegee-biradical
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Reaction with NO3
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END of part III



OH Balance Equation
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contributions

from transport, i.e., the flux divergence, are small

contributions

from transport, i.e., the flux divergence, are small



Reactions of OH in Remote regions
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NO > 0.1ppb NO < 0.1ppb

Ozone Production
Ozone Loss



Reactions of OH in Remote regions

09/09/2019 Page 33Tropospheric Chemistry

NO > 0.1ppb NO < 0.1ppb



Reactions of OH in Remote regions
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NO > 0.1ppb NO < 0.1ppb
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