
Atmospheric	  Chemistry	  Lecture	  16	  

Atmospheric	  Chemistry	  

Lecture	  16	  

1	  



Atmospheric	  Chemistry	  Lecture	  16	  

Summarizing	  Methane	  Oxida9on	  

•  Produces	  CO2	  +	  2H2O	  with	  a	  minor	  channel	  that	  
produces	  H2	  instead	  of	  the	  second	  H2O	  

•  Produces	  formaldehyde,	  CH2O	  and	  carbon	  monoxide,	  
CO	  as	  part	  of	  the	  degrada9on	  chain	  

•  Can	  oxidize	  NO	  to	  NO2	  leading	  to	  O	  atom	  produc9on	  
and	  hence	  ozone	  produc9on	  

•  Can	  produce	  HOx	  radicals	  or	  destroy	  them	  depending	  
on	  condi9ons	  
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How	  does	  methane	  
oxida9on	  lead	  to	  
ozone	  forma9on?	  
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Example of a NOx-hydrocarbon 
interaction that produces ozone

Two photons of wavelength
300 and 450 nm were used to
break the O2 bond that 
normally requires a single 
photon of wavelength less 
than 242 nm

hν
λ ~300 nm

hν
λ ~450 nm

CH4	  +	  OH	  	  CH3	  +	  H2O	  (x2)	  

CH3	  +	  O2	  +	  M	  	  CH3O2	  +	  M	  (x2)	  

CH3O2	  +	  NO	  	  CH3O	  +	  NO2	  (x2)	  

NO2	  +	  hν	  	  NO	  +	  O	  (x2)	  

O+	  O2	  +	  M	  	  O3	  +	  M	  (x2)	  

O3	  +	  hν	  	  O2	  +	  O(1D)	  

O(1D)	  +	  H2O	  	  OH	  +	  OH	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

2CH4	  +	  2O2	  +	  2hν	  (λ	  <427nm)	  +	  hν	  (λ	  <308nm)	  	  O3	  +	  2H2O	  +	  2CH3O	  
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hν
λ ~450 nm

CH3O	  +	  O2	  	  CH2O	  +	  HO2	  

HO2	  +	  NO	  	  OH	  +	  NO2	  

NO2	  +	  hν	  	  NO	  +	  O	  

O+	  O2	  +	  M	  	  O3	  +	  M	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

CH3O	  +	  2O2	  +	  hν(λ	  <	  427nm)	  	  CH2O	  +	  OH	  +	  O3	  
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One	  more	  O3	  forma9on	  
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CH2O	  +	  OH	  	  CHO	  +	  H2O	  

CHO	  +	  O2	  	  CO	  +	  HO2	  

HO2	  +	  NO	  	  OH	  +	  NO2	  

NO2	  +	  hν	  	  NO	  +	  O	  

O	  +	  O2	  +	  M	  	  O3	  +	  M	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

CH2O	  +	  2O2	  +	  hν	  (λ	  <	  427nm)	  	  CO	  +	  H2O	  +	  O3	  
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Looking	  at	  the	  en9re	  oxida9on	  chain	  	  
(one	  of	  the	  branches)	  
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CH4	  +	  OH	  +	  2O2	  +	  NO	  	  CH2O	  +	  HO2	  +	  NO2	  +	  H2O	  

CH2O	  +	  2O2	  +	  2OH	  	  CO2	  +	  H2O	  +	  2HO2	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

CH4	  +	  4O2	  +3OH	  +	  NO	  	  CO2	  +	  2H2O	  +	  3HO2	  +	  NO2	  

3x:	  HO2	  +	  NO	  	  OH	  +	  NO2	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

CH4	  +	  4O2	  +	  4NO	  	  CO2	  +	  2H2O	  +	  4NO2	  

break	  into	  2	  compound	  reac9ons	  
CH4	  +	  2O2	  	  CO2	  +	  2H2O	  	  

4NO	  +	  2O2	  	  4NO2	  



Atmospheric	  Chemistry	  Lecture	  16	  
7	  

CH3CHCH3	  +	  H2O	  

CH3CHO2CH3	  

CH3CHOCH3	  	  
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:	  	  	  	  	  	  Methyl	  peroxy,	  CH3O2	  
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Short-‐lived	  hydrocarbons	  can	  contribute	  to	  
global	  ozone	  produc9on	  through	  intermediates	  
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Surface	  

~	  8	  km	  
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High	  NOx	  	  nitrate	  forma9on	  
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Measurements	  of	  NO2	  column	  amount	  from	  
OMI	  instrument	  on	  Aura	  satellite	  
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Aura	  OMI	  NO2	  column	  
measurements	  over	  the	  

con9nental	  US	  
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Phoenix	  Brown	  cloud	  
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Formaldehyde	  can	  be	  measured	  from	  satellite	  
as	  a	  surrogate	  for	  VOCs	  

Formaldehyde	  

isoprene	  (C5H8)	  
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