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UV  Absorp=on  in  Atmosphere
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Ozone:  UV-­‐b  (280-­‐320  nm)  ‘sunscreen’
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2.  Ozone  Forma=on/Destruc=on
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Ozone  Destruc=on  
Chemistry  (oxygen  only)
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The Chapman Reactions 


Synthesis 
  O2 + hv (λ << 240 nm)  O + O   (1)  SLOW 
   O + O2 + M       O3 + M  (2)  FAST 

 
Decomposition 
 O3 + hv (λ ~ 240-320 nm)   O2

* + O*  (3)  FAST 
    O + O3  O2 + O2  (4)  SLOW 





Recall the Chapman Reactions… 
O2   +   hv (λ < 240 nm)  à   O   +   O 

O   +   O2   +   M   à   O3 + M 
The upper stratosphere has plenty of high-energy photons which create 

enough O, but at higher altitudes, the concentration of O2 is limited. 
 

The lower stratosphere has plenty O2, but has limited high-energy 
photons (to split O2) and therefore, is limited in O. 

 
At 20~30 km, there is enough high-energy photons to produce O and still 

plenty O2 

Why	
  does	
  O3	
  Concentra7on	
  peak	
  ~	
  20-­‐30	
  km	
  al7tude?	
  



3  O2 




                          2  O3


When,	
  
	
  	
  O3	
  forma7on	
  rate	
  =	
  O3	
  destruc7on	
  rate	
  

	
  
	
   	
   	
  Then	
  [O3]	
  is	
  at	
  steady-­‐state	
  

Oxygen-­‐only	
  chemistry	
  explains	
  the	
  appearance	
  of	
  the	
  ozone	
  
layer,	
  but	
  over-­‐es7mates	
  the	
  peak	
  ozone	
  concentra7on	
  by	
  2x.	
  
	
  
Therefore,	
  addi7onal	
  O3	
  destruc7on	
  processes	
  are	
  occurring.	
  



3.  Cataly=c  Ozone  Destruc=on  


General Mechanism: 
 
    X  +  O3   à  XO  +  O2 

                   XO  +  O   à  X  +  O2 
 
Net Reaction   O + O3    !  2 O2      

	
  Where X can be; 1. HOx (H., HO.,HO2
.)

2. NOx (.NO, .NO2)
3. ClOx (Cl., ClO.)

	
  



Hydroxyl  Radical  (HOx)  Cycle


 
    HO·    +   O3    à    HO2·   +   O2 

   HO2·  +   O    à   HO·   +   O2 

Net Reaction          O   +   O3     !    2 O2 
    
    

 

Photochemical	
  produc7on;	
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  =	
  singlet	
  excited	
  
state	
  oxygen	
  aka	
  1O*	
  
(generated	
  photochemically	
  
from	
  O3)	
  

Natural	
  contribu7on	
  to	
  O3	
  
destruc7on.	
  Increasing	
  
importance	
  with	
  al7tude.	
  



Nitric  Oxide  (NOx)  cycle


 
    ·NO    +   O3    à    .NO2   +   O2 

   ·NO2  +   O    à   ·NO   +   O2 

Net Reaction          O   +   O3    !   2 O2 
    
    

 

‘Natural’	
  contribu7on	
  to	
  O3	
  
destruc7on.	
  Increasing	
  
importance	
  at	
  lower	
  al7tude.	
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Nitrous	
  oxide	
  tropospheric	
  life7me	
  ~160	
  yr,	
  
reac7on	
  occurs	
  in	
  stratosphere.	
  Increasing	
  

tropospheric	
  concentra7ons	
  due	
  to	
  fer7liza7on.	
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Chlorine  radical  (ClOx)  cycle


Most ·Cl and ClO· radicals in stratosphere are 
from anthropogenic sources	
  

 
    ·Cl    +   O3    à    ClO·   +   O2 

   ClO·  +   O    à   ·Cl   +   O2 

Net Reaction          O   +   O3    !    2 O2 
    
    

 





Sources	
  of	
  ClOx	
  species	
  
CH3Cl	
  (biogenic)	
  
CH2Cl2,	
  CHCl3,	
  CCl4	
  –	
  solvents	
  
CFC’s	
  –	
  refrigerants,	
  foaming	
  agents	
  and	
  propellants	
  (freons)	
  

	
  CFC-­‐xyz	
  (x	
  =	
  #	
  C-­‐1;	
  y=#H+1;	
  z=#F)	
  
Long	
  tropospheric	
  life7mes	
  (λ	
  >	
  300	
  nm)	
  
Photo-­‐dissociate	
  in	
  stratosphere	
  (λ	
  <	
  300	
  nm)	
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Ozone  Deple=ng  Poten=al  (ODP)

Common	
  CFCs	
  

Substance	
   Formula	
   τ
(troposphere)	
  

ODP	
  

CFC-­‐11	
   CFCl3	
   60	
   1	
  

CFC-­‐12	
   CF2Cl2	
   195	
   1	
  

CFC-­‐113	
   CF2ClCFCl2	
   101	
   0.8	
  

CFC-­‐115	
   CF2ClCF3	
   522	
   0.6	
  

CFC	
  alterna.ves	
  

Substance	
   Formula	
   ODP	
  

HCFC-­‐22	
   CHClF2	
   0.06	
  

HCFC-­‐123	
   CHCl2CF3	
   0.02	
  

HCFC-­‐124	
   CHClFCF3	
   0.02	
  

HFC-­‐125	
   CHF2CF3	
   0.00	
  



4.  ‘Null’  and  ‘Holding’  cycles
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  stable	
  forms	
  that	
  
act	
  as	
  a	
  temporary	
  reservoir	
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Other reservoir species 

	
   	
   	
  ClO• + HO2•   HOCl + O2 
 
       ClO• + •NO2 + M   ClONO2 + M 

 

Reservoir species are non-reactive and store the reactive radicals until 
they are later released and re-enter the catalytic cycle to destroy ozone 



5.  Antarc=c  and  Arc=c  Ozone    
Hole


•  Occurs	
  during	
  polar	
  SPRING	
  

•  Aker	
  very	
  cold	
  and	
  dark	
  condi7ons	
  

•  Polar	
  stratospheric	
  clouds	
  

•  Reservoir	
  species	
  release	
  Cl	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  





Why does the ozone hole form at the poles? 

During the dark winter, it is very cold and due to the Earth’s rotation, a polar vortex 
is created as air is drawn towards the South Pole. 

Due to the low temperatures, you get polar stratospheric clouds (PSCs). 
 Type I: ~193 K, particles 1 µm of HNO3•3H2O(s) 
 Type II: 187 K, particles 10 µm H2O(s) 

 

Accumulated reservoir species are also present in the vortex.  The reservoir species 
react on the PSCs, releasing Cl2 and HOCl. 
   HCl + ClONO2  Cl2 + HNO3 
   H2O + ClONO2  HOCl + HNO3 

 

 

 

 

 

 



Here comes the sun! 
       Cl2 + hv  à    2 •Cl 
              HOCl + hv  à    •Cl + •OH 

 
The chlorine radical can now enter the catalytic cycles and destroy ozone 
Occurs very quickly (within days), the ozone levels drop to less than half their 

winter value 
As the temperature increases, the polar vortex breaks up and the PSCs begin to 

disappear 
Chlorine radicals become reservoir species (HCl and ClONO2) once again 







Reservoir	
  species?	
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  &	
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Polar	
  Vortex	
  Polar  Vortex  

•  extreme	
  cold	
  (minus	
  80-­‐90	
  oC)	
  
•  descending	
  air	
  
•  PSCs	
  





Why	
  South	
  pole?	
  
	
  

Colder	
  temps	
  à	
  more	
  PSCs	
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Antarc=c  Ozone  1979-­‐94
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October  Ozone  :  1979  -­‐  1994









