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Stratospheric	
  Chlorine	
  and	
  the	
  
Chlorofluorcarbon-­‐Ozone	
  Problem	
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Cl +O3 ! ClO +O2

ClO +O ! Cl +O2

����������
net : O3 +O ! O2 +O2

Chlorine	
  Cataly-c	
  Cycle	
  for	
  Ozone	
  Loss	
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HCl	
  as	
  a	
  temporary	
  reservoir	
  for	
  	
  
cataly@cally-­‐ac@ve	
  chlorine	
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Cl + CH4 ! HCl + CH3

HCl +OH ! Cl +H2O

����������
net : CH4 +OH ! H2O + CH3

ClO +NO2 +M ! ClONO2 +M

ClONO2 + h⌫ ! ClO +NO2

Chlorine	
  nitrate	
  as	
  a	
  temporary	
  reservoir	
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Stratospheric	
  Chlorine	
  Chemistry	
  

4	
  

Cl	
  

HCl	
  

ClO	
  

Temporary	
  
Reservoir	
  

Ac-ve	
  Chlorine	
  

O3	
  
τ=0.1	
  sec	
  

NO	
  
τ=20	
  sec	
  

O	
  
τ=25	
  sec	
  

OH	
  
τ=2	
  days	
  

CH4	
  
τ=20	
  sec	
  



Atmospheric	
  Chemistry	
  Lecture	
  9	
  

Stratospheric	
  Chlorine	
  Chemistry	
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Sources	
  of	
  Chlorine	
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Why	
  are	
  CFCs	
  Important?	
  
They	
  are	
  carriers	
  for	
  chlorine	
  to	
  get	
  to	
  the	
  stratosphere	
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What	
  are	
  CFCs?	
  
(Chlorofluorocarbons)	
  CH4	
  

CF2Cl2	
  (CFC-­‐12)	
  CFCl3	
  (CFC-­‐11)	
   CHClF2	
  (HCFC-­‐22)	
  

Simplest	
  CFCs	
  are	
  just	
  methane	
  (CH4)	
  
with	
  hydrogen	
  replaced	
  by	
  halogen	
  
(chlorine	
  or	
  fluorine):	
  e.g.	
  CFC-­‐11	
  
(CFCl3)	
  or	
  CFC-­‐12	
  (CF2Cl2)	
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Fluorine	
  is	
  a	
  small	
  atom	
  and	
  can	
  replace	
  a	
  hydrogen	
  
with	
  liTle	
  change	
  in	
  the	
  shape	
  of	
  a	
  complex	
  molecule	
  

•  Carbon-­‐fluorine	
  bonds	
  seldom	
  occur	
  in	
  nature.	
  	
  	
  

•  Replacing	
  hydrogen	
  with	
  fluorine	
  can	
  significantly	
  
change	
  chemical	
  proper@es	
  of	
  a	
  molecule.	
  

9	
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Georgius	
  Agricola	
  (Georg	
  Bauer)	
  

Wrote	
  the	
  first	
  comprehensive	
  book	
  on	
  mining	
  and	
  
ores	
  “De	
  Re	
  Metallica”	
  (published	
  posthumously	
  in	
  
1556).	
  	
  Described	
  the	
  natural	
  mineral	
  fluorite	
  
(fluorspar	
  or	
  calcium	
  fluoride,	
  CaF2).	
  

Fluorite	
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Fluorspar	
  or	
  Fluorite	
  (CaF2)	
  

•  Used	
  as	
  a	
  feedstock	
  in	
  metallurgical	
  and	
  chemical	
  
industries	
  
–  >	
  50%	
  for	
  HF	
  produc@on	
  
–  	
  24%	
  for	
  iron	
  and	
  steel	
  making	
  
–  	
  17%	
  for	
  aluminum	
  processing	
  (AlF3)	
  

•  Global	
  Consump@on	
  
–  	
  5	
  Million	
  tons/year	
  

–  	
  60%	
  comes	
  from	
  China	
  
–  	
  China	
  has	
  recently	
  become	
  net	
  importer	
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Aleksandr	
  Borodin	
  (1833-­‐1887)	
  

Chemist	
  and	
  Composer	
  

First	
  to	
  subs@tute	
  fluorine	
  
in	
  a	
  hydrocarbon	
  

Могучая	
  кучка	
  
Moguchaya	
  Kuchka,	
  "The	
  Mighty	
  Handful"	
  	
  

M.	
  Balakirev,	
  N.	
  Rimsky-­‐Korsakov,	
  C.	
  Cui,	
  
Modest	
  Mussorgsky,	
  Aleksandr	
  Borodin	
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Chlorofluorocarbons	
  (CFCs)	
  

1898	
  
Synthesis	
  by	
  Frederic	
  Swarts,	
  a	
  

Belgian	
  fluorine	
  chemist	
  

1930	
  
Process	
  for	
  industrial	
  manufacture	
  by	
  

Thomas	
  Midgely	
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The	
  Curious	
  Case	
  
of	
  Thomas	
  
Midgley	
  

•  Came	
  up	
  with	
  CFCs	
  as	
  a	
  
replacement	
  for	
  dangerous	
  
chemical	
  in	
  refrigerators,	
  e.g.	
  
ammonia,	
  sulfur	
  dioxide	
  

•  Midgley	
  also	
  synthesized	
  
tetraethyl	
  lead	
  to	
  reduce	
  
knocking	
  in	
  auto	
  engines	
  

Midgley	
  became	
  ill	
  with	
  
polio	
  and	
  invented	
  a	
  
mechanical	
  bed	
  to	
  assist	
  
him:	
  but	
  he	
  died	
  of	
  his	
  own	
  
inven@on	
  when	
  he	
  became	
  
entangled	
  in	
  the	
  pulleys	
  and	
  
strangled	
  himself	
  !	
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How	
  did	
  we	
  come	
  to	
  know	
  about	
  the	
  
importance	
  of	
  CFCs?	
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Example:	
  CFC11	
  =	
  CFCl3	
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The	
  Atmosphere	
  as	
  a	
  Simple	
  Box	
  Model	
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