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Atmos. Chem. Lecture 7, 9/25/13: 

Stratospheric Chemistry 1 


- Quick intro to ozone 


- Ox: Chapman Mechanism 


-Catalytc cycles: NOx, HOx, ClOx , BrOx 


No class Wed, Oct 2 

pSet 2 due Wed, Oct 9 

Ozone 


WMO: Scientfc 
Assessment of Ozone 
Depleton: 2006 

htp://en.wikipedia.org/wiki/ 
File:DNA UV mutaton.gif 

Madronich et al., J. photochem 
photobiol B, 46:5 (1999) 
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This image is in the public domain.

This image is in the public domain.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com.
Used with permission.

http://www.sciencedirect.com
http://en.wikipedia.org/wiki/File:DNA_UV_mutation.gif
http://en.wikipedia.org/wiki/File:DNA_UV_mutation.gif
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Chapman Mechanism 

O2 + hv → O + O (1) 

O + O2 + M → O3 + M (2) 

O3 + hv → O2 + O (3) 
O + O3 → O2 + O2 (4) 

Ox family 
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[Note: Additional material is discussed here during lecture.]

[Note: Additional material is discussed here during lecture.]
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Chapman mechanism results vs. measured [O3] 

S&p 

NOx in the stratosphere 

Quart. J. Roy. Met. Soc. (1970) 96:320-325 

Science (1971) 173:517 
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Increasing importance of N2O 

fpee 200 , 2007 

O3 destructon by NOx 

NO + O3 → NO2 + O2 3.0 X 10-12 e-1500/T
 

NO2 + O → NO + O2 5.6 X 10-12 e180/T
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© AAAS. All rights reserved. This content is excluded from our Creative Commons

license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

© Intergovernmental Panel on Climate Change (IPCC). All rights reserved.  This content is excluded
from our  Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

[Note: Additional material is discussed here during lecture.]

http://ocw.mit.edu/help/faq-fair-use/
http://ocw.mit.edu/help/faq-fair-use/
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NOX chemical family 

O3 

O 

O(1D)
 G]G 

HOx family 
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OO 
O(1D) 

O(1D) 

OH + O → HO  + O 1.7 X 10-12 -940/T 
3 2 2  e OH + O3 → HO2 + O2 1.7 X 10-12 e-940/T 

HO2 + O → OH + O 3.0 X 10-11 200/T 
2  e HO2 + O3 → OH + 2O2 1.0 X 10-14 e490/T 

G G]G G
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[Note: Additional material is discussed here during lecture.]
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Role of chlorine 


Cl + O3  →
ClO + O 

 ClO + O2 2.3 X 10-11 e-200/T
 

→ Cl + O2 2.8 X 10-11 e85/T
 

Source of ClOX: chlorofuorocarbons 
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Reprinted by permission from Macmillan Publishers Ltd: Nature.

Source: Nature 249: 810 - 812. © <1974>.

Source: Stolarski, R. S. and R. J. Cicerone. "Stratospheric Chlorine:
A Possible Sink for Ozone." Canadian Journal of Chemistry 52
(1974): 1610-15, 10.1139/v74-233.

"Large volcanic eruptons which penetrate to the middle or 
Also: Wofsy and McElroy, same issue, p.  582 upper stratosphere where most of the ozone destructon 

occurs could leave a notceable local ozone hole" 
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CFC stability 

• Unreactve with OH, other tropospheric oXidants 

• Volatle, insoluble: won�t deposit out 

• Sometme can react with O(1D) (minor channel) 
• Main atmospheric sink: photolysis in far UV (τ �10�s of years) 

��L 

Actnic fuX in the stratosphere 
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© source unknown. All rights reserved. This content is excluded from our Creative

ommons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.

S&P	  

Image from the textbook removed due to copyright restrictions. See Figure 4.11 in Seinfeld,
J. H., and S. H. Pandis. Atmospheric Chemistry and Physics, 2nd ed. Wiley 2006.

http://ocw.mit.edu/help/faq-fair-use/
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ClOx family 

O3 

O 

hv 
� �� 

Chlorine parttoning 


WMO: Scientfc 
Assessment of Ozone 
Depleton: 2006 
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This image is in the public domain.
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[Note: Additional material is discussed here during lecture.]
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Bromine 

Br + O3 → BrO + O2 Br + O3 → BrO + O2 Br + O3 → BrO + O2 

BrO + HO2 → HOBr + O2 Cl + O3 → ClO + O2 Cl + O3 → ClO + O2 

HOBr + hv → OH + Br BrO + ClO → BrCl + O2 BrO + ClO → ClOO + Br 
OH + O3 → HO2 + O2 BrCl+ hv → Br + Cl ClOO + M → Cl + O2 + M 

WMO: Scientfc 
Assessment of Ozone 
Depleton: 2006 

Importance of di�erent cycles (mid-lattudes) 
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This image is in the public domain.
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Image from the textbook removed due to copyright restrictions. See Figure 5.29 in Seinfeld,
J. H., and S. H. Pandis. Atmospheric Chemistry and Physics, 2nd ed. Wiley 2006.
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