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 In Urban and industrialized locations, anthropogenic emissions 
lead to large concentrations of undesirable chemical species which 
can adversely affect air quality, visibility, and pose threats to 
human health. 

 Severe air pollution episodes occur when the rates of emissions 
or formation of pollutants greatly exceed the rates at which the 
pollutants are dispersed by winds, chemical reactions, or 
deposition. 

 Severe air pollution episodes tend to occur in association with 
extended periods of light winds and strong static stability. 

Emissions from Fossil Fuel Combustion: 
 CO, CO2, NOx (radicals of N), SO2, hydrocarbons, etc. 











 It forms a protective shield that 
   reduces the intensity of UV  
   radiation (with wavelengths 
   between 0.23 and 0.32 µm) 
   from the sun that reaches the 
   earth’s surface. 

 Because of the absorption of 
  UV radiation by O3, it determines 
  the vertical profile of temperature 
  in the stratosphere. 

 It is involved in many stratospheric 
  chemical reactions. 



The ozone layer, or ozonosphere layer (rarely used term), is that part of the 
Earth’s atmosphere which contains relatively high concentrations of ozone (O3). 
"Relatively high" means a few parts per million - much higher than the 
concentrations in the lower atmosphere but still small compared to the main 
components of the atmosphere.  

The ozone layer was discovered in 1913 by the French physicists Charles Fabry 
and Henri Buisson. Its properties were explored in detail by the British 
meteorologist G. M. B. Dobson, who developed a simple spectrophotometer that 
could be used to measure stratospheric ozone from the ground. Between 1928 
and 1958 Dobson established a worldwide network of ozone monitoring stations 
which continues to operate today.  

The "Dobson unit", a convenient measure of the total amount of ozone in a 
column overhead, is named in his honor.  

http://www.search.com/reference/Ozone_layer 



http://en.wikipedia.org/wiki/Image:Ozone_altitude_UV_graph.jpg 



http://en.wikipedia.org/wiki/Image:Ozone_cycle.jpg 





http://earthobservatory.nasa.gov/Library/Aura/Images/StratosphericChemical_HiRes.jpg 
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Let: 
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These last two equations imply: 
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Using only the Fastest 
Two Reactions 

The last relation implies: 



O2 + hν  2O                 ja       Slow 
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O3 + hν  O2 + O           jc       Fast 
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Let: 
n1 = [O]    Atomic Oxygen 
n2 = [O2]   Molecular Oxygen 
n3 = [O3]   Ozone 

Ozone  Abundance 

Finally: 

In Steady State, we can 
solve algebraically for n3 
in terms of background  
atmospheric properties and  
known rate coefficients. 



      O + O2 + M  O3 + M 
         O3 + hν  O2 + O 
Net:  Nothing (no net change) 

    OH + O3  HO2 + O2 
     HO2 + O  OH + O2 
Net: O + O3  2 O2 

      NO + O3  NO2 + O2 
      NO2 + O  NO + O2 
Net:  O + O3  2 O2 

       Cl + O3  ClO + O2 
      ClO + O  Cl + O2 
Net: O + O3  2 O2 



CFCl3 + hν  CFCl2 + Cl 

CF2Cl2 + hν  CF2Cl + Cl      

       Cl + O3  ClO + O2 
      ClO + O  Cl + O2 
Net: O + O3  2 O2 

Industrially manufactured chlorofluorocarbons (CFCs): compounds containing 
Cl, F, and C.  They were produced for non-toxic, non-flammable refrigerants. 

CFC-11:   CFCl3 
CFC-12:   CF2Cl2 

In the troposphere CFCs have residence times of hundreds of years. 
But in once they are transported into the stratosphere, UV radiation 
photo-dissociates them, releasing highly reactive Cl. 

By 1990, ~85% of the chlorine in the 
stratosphere was anthropogenic. 

The first measurements indicating a 
global effect of anthropogenic Cl on 
ozone were in the Antarctic. 











During Polar Night: 

1) Cold, stagnant, isolated air leads to formation of polar stratospheric 
      clouds (PSCs, ice particles of H2O and HNO3). 
2) Heterogeneous chemistry inside the PSCs produce and release the  
      molecules Cl2 and HOCl. 

During Polar Spring: 

3) Immediately upon sunrise, photolysis of HOCl and Cl2 produces free 
    Cl atoms. 
4) Free Cl atoms rapidly catalyzes the destruction of O3, leading to  
    extreme depletion of lower stratospheric ozone. 







1987 – Montreal Protocol signed 
1992 – Copenhagen amendment called for complete elimination  
            of CFC by 1996. 
1995 – Vienna Amendment called for complete elimination of  
            HCFCs by 2020 

2001 – First evidence that stratospheric levels of anthropogenic Cl 
            was leveling off. 
2005 – First evidence that stratospheric levels of Cl were decreasing. 

Several decades will be required for all stratospheric Cl of  
anthropogenic origin to disappear. 



http://www.nasa.gov/centers/goddard/images/content/139177main_ozone_recover_hurst.jpg  









Stratospheric sulfate aerosols are produced primarily by oxidation of  
SO2 to SO3, followed by formation of H2SO4 that condenses with H2O 
to form high altitude stratospheric haze. 

OH + SO2 + M  HOSO2 + M 

HOSO2 + O2  HO2 + SO3 

O + SO2 + M  SO3 + M 

SO3 + H2O  H2SO4 (condenses onto aerosols) 

Stratospheric Aerosols: 
The Junge Layer 



1) What is it about the atmosphere that makes atmospheric chemistry 
      so complex? 
2) Does atmospheric chemistry drive climate or vice versa? 
3) Would chemistry occur in the atmosphere without sunlight? 
4) Could the ozone hole “grow” with time to eventually cover the  
     entire globe? 
5)  If the Earth was completely cloud covered, would tropospheric  
      chemistry cease? 
6)  In what situations do transport effects dominate over chemical effects? 
7)  If the Earth was in a global ice age (Snowball Earth episode) with 
      complete ice cover and hence high surface albedo, would  
      stratospheric chemistry be substantially different? 


