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Behavior of trace species has a diurnal cycle

Average diurnal cycles of observed VOCs, measured at 75 m above ground at the Bukit 
Atur rainforest site, Borneo. Grey shading and error bars show the variability (±1 s.d.) 
about the mean. Solid line, rainforest; circles with solid line, oil palm. MacKenzie et al. 
(2011)

Mean day-time cycle for net rate of 
ozone change, N[O3] (asterisks with solid 
line), ozone production rate, P[O3] (plus 
symbols with solid line), and ozone loss 
rate, L[O3] (triangles with solid line), from 
O3P. Frpm: MacKenzie et al. (2011)



Background chemistry in the clean troposphere
OH+CH4  CH3+H2O
CH3+O2+M  CH3OO+M methylperoxy radical
CH3OO+NO  NO2+CH3O methoxy radical
CH3O+O2  HCHO+HOO formaldehyde
(HOO+NO  NO2+OH)

HCHO+OH  HCO+H2O
HCO+O2  HOO+CO
(HOO+NO  NO2+OH)

CO + 2O2 + h  CO2 + O2

OH+CO  CO2+H (1)
H+O2+M  HOO+M (2)  hydroperoxyl radical
HOO+NO  NO2+OH (3)
HOO+O3  OH+2O2 (4)
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Los Angeles smog

Credit: © John D. Cunningham/Visuals Unlimited 



Primary photochemical cycle of NOx & ozone

2NO+O2  2NO2
NO2+h  NO+O (1)
O+O2+M  O3+M (2)
NO+O3  NO2+O2 (3)
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Urban air pollution: photo-smog

isolines of ozone
concentrations



Comparison of tropospheric O3 photochemistry
Clean air
O3 +  h  O2 +  O1D (1)
O1D +  H2O    2OH (2)
OH  +  O3  HO2 +  O2 (3)
HO2 +  O3  2O2 +  OH (4)
-----------------------------------------
2O3 +H2O   3O2 +2OH         net reaction 
2O3  3O2 net reaction (3-4)

Polluted air
OH  +  CO    H  +  CO2 (3') 
H  +  O2 +  M    HO2 +  M (4')
HO2 +  NO    NO2 +  OH (5')
NO2 +  h  NO  +  O (6')
O  +  O2 +  M    O3 +  M (7') 
-------------------------------------------------
CO  +  2 O2  CO2 +  O2 net reaction (3-7‘)
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Reaction sequence for alkenes illustrated 
by the example of methane

CH4 +  OH    CH3 +  H2O
CH3 +  O2 +  M    CH3O2 +  M
CH3O2 +  NO    NO2 +  CH3O 
CH3O  +  O2  H2CO  +  HO2

HO2 +  NO    NO2 +  OH 
NO2 +  h  NO  +  O 
O  +  O2 +  M    O3 +  M
----------------------------------------------------------------------
CH4 +  4 O2 +  h 2 O3 +  H2CO  +  H2O     net reaction



Photo-smog



Formation of peroxyacetyl nitrates (PAN) 
from oxidation of acetaldehyde

CH3CHO+OH  CH3CO+H2O 
CH3CO+O2  CH3C(O)OO
CH3C(O)OO+NO2  CH3C(O)O2NO2 (PAN!)

PAN in the Gulf of Alaska from May 21 to August 21, 2006 as obtained by WRF/Chem
Gray p<1000hPa, thin black line = SLP. From: Porter 2009 



Dynamics of pollutant formation



Chapman cycle



Chapman cycle



Catalytic destruction of stratospheric ozone



Ozone hole
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