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ATMOSPHERE LAYERS

Troposphere = climate
Stratosphere = protective ozone layer
Temperature 

1.  gets cooler as you move away from the ground in the 
troposphere - due to lower air density.



A. Ozone is the A. Ozone is the 3 oxygen molecule3 oxygen molecule in in 
the stratosphere that absorbs UV the stratosphere that absorbs UV 
radiation and protects the Earth’s radiation and protects the Earth’s 
surface from the mutating effects surface from the mutating effects 

2. What is Ozone?2. What is Ozone?

of the radiationof the radiation



What is Ozone?What is Ozone?
•• Ozone was formed over time in the Ozone was formed over time in the 

early atmosphere as the conc. of early atmosphere as the conc. of 
oxygen increased and built up in oxygen increased and built up in 
the stratospherethe stratosphere



B. How Is Ozone Formed?B. How Is Ozone Formed?

OO22 + + UVUV O  +  OO  +  O

O  +  OO  +  O22 OO3322 33

not not allall free O atoms make free O atoms make 
ozone:ozone:
O + OO + O33 OO22 + O+ O22



OO33 + + UVUV O  +  OO  +  O22

C. How Does Ozone                C. How Does Ozone                
Absorb UV Light?Absorb UV Light?

The absorption of UV light The absorption of UV light 
recreates the free O atom that recreates the free O atom that 
can combine to form ozone can combine to form ozone 
againagain





•• Chloroflorocarbons Chloroflorocarbons 
(CFC’s)(CFC’s)
–– used in aerosol used in aerosol 

D. Causes of Ozone D. Causes of Ozone 
DepletionDepletion

–– used in aerosol used in aerosol 
cans, cooling cans, cooling 
agents in air agents in air 
conditioners and conditioners and 
refrigerators refrigerators 
(Freon)(Freon)



•• CFC’s or Bromine containing CFC’s or Bromine containing 
compounds released drift into upper compounds released drift into upper 
atmosphereatmosphere .

•• UV radiation releases UV radiation releases ClCl or or BrBr ionsions

E. How Ozone Depletion E. How Ozone Depletion 
Takes PlaceTakes Place

•• UV radiation releases UV radiation releases ClCl or or BrBr ionsions

•• Cl and Br ions Cl and Br ions destroy Ozonedestroy Ozone
(Cl(Cl-- + O+ O33 -------->ClO + O>ClO + O22))

•• Free oxygen molecules collide with ClOFree oxygen molecules collide with ClO

And release ClAnd release Cl-- and the cycle continues.and the cycle continues.



•• Cl and Br ions are not degraded by Cl and Br ions are not degraded by 
solar radiationsolar radiation

•• Therefore,  each ions destroys Therefore,  each ions destroys 

How Ozone Depletion How Ozone Depletion 
Takes PlaceTakes Place

•• Therefore,  each ions destroys Therefore,  each ions destroys 
manymany OO33 moleculesmolecules

•• Bromine is more effective at Bromine is more effective at 
destroying ozone than chlorinedestroying ozone than chlorine



•• BromineBromine containing compoundscontaining compounds
––Pesticides, fire extinguishers, and Pesticides, fire extinguishers, and 

other industrial solvents (most other industrial solvents (most 
have been banned)have been banned)

Causes of Ozone DepletionCauses of Ozone Depletion

have been banned)have been banned)



•• Rowland and MolinaRowland and Molina (1974)(1974)

•• Chlorine atoms are removed from Chlorine atoms are removed from 
CFClCFCl by UV lightby UV light

F. F. Chemical Reaction: CFC’s in Chemical Reaction: CFC’s in 
Ozone DepletionOzone Depletion

CFClCFCl33 by UV lightby UV light

•• CFClCFCl3 3 + + UVUV --------------> CFCl> CFCl22 + Cl+ Cl

•• Cl      +  Cl      +  OO33 ---------------->   ClO + O>   ClO + O22

•• 2ClO +  2ClO +  UVUV -------------->  2Cl + >  2Cl + OO22





•• Chlorine acts as a Chlorine acts as a catalystcatalyst in the in the 
reaction because it helps it, but is reaction because it helps it, but is 
not used up in the reaction not used up in the reaction 

How Do CFC’s Contribute How Do CFC’s Contribute 
to Ozone Depletion?to Ozone Depletion?

not used up in the reaction not used up in the reaction 



How Do CFC’s Contribute How Do CFC’s Contribute 
to Ozone Depletion?to Ozone Depletion?

•• Each chlorine atom can covert up Each chlorine atom can covert up 
to to 100,000100,000 OO33 molecules to Omolecules to O 22

before is finally combines with before is finally combines with before is finally combines with before is finally combines with 
hydrogen to make HCl and it rains hydrogen to make HCl and it rains 
downdown



G. What Is the Ozone Hole?G. What Is the Ozone Hole?
•• The thinning (The thinning ( 4040--70%)70%) of                  of                  

the ozone layer                                the ozone layer                                
over Antarcticaover Antarctica



What Is the Ozone Hole?What Is the Ozone Hole?
•• In Antarctic In Antarctic winterwinter , formation of icy , formation of icy 

clouds provides sites for CFCs to react clouds provides sites for CFCs to react 
and produce chlorine atomsand produce chlorine atoms

•• These atoms stay attached to clouds These atoms stay attached to clouds 
until springuntil springuntil springuntil spring

•• In In springspring , ice crystals melt, releasing , ice crystals melt, releasing 
the Clthe Cl 22 atoms to the air which react to atoms to the air which react to 
remove ozoneremove ozone

•• Largest hole during Antarctic springLargest hole during Antarctic spring





Ozone HoleOzone Hole
Oct 5, 1995Oct 5, 1995



http://ozonewatch.gsfc.nasa.gov/



•• Ozone depletion in 80’s should Ozone depletion in 80’s should 
cause 12 million people to develop cause 12 million people to develop 
skin cancerskin cancer in their lifetimein their lifetime

•• GlaucomaGlaucoma (blindness) increases(blindness) increases

H. EH. Effectsffects of Ozone Depletionof Ozone Depletion

•• GlaucomaGlaucoma (blindness) increases(blindness) increases



EEffectsffects of Ozone Depletionof Ozone Depletion
•• Increased high energy UV radiation Increased high energy UV radiation 

reaching the earth’s surfacereaching the earth’s surface
––Adverse effects on amphibiansAdverse effects on amphibians



•• Reduction in crop productivityReduction in crop productivity

EEffectsffects of Ozone Depletionof Ozone Depletion



•• Adverse effects Adverse effects 
on on 
phytoplankton phytoplankton 

EEffectsffects of Ozone Depletionof Ozone Depletion

phytoplankton phytoplankton 
(base of aquatic (base of aquatic 
food chain)food chain)



I. Protecting the Ozone I. Protecting the Ozone 
LayerLayer

•• 19781978 -- U.S. banned use of CFC’sU.S. banned use of CFC’s
•• 19871987 -- Montreal ProtocolMontreal Protocol

––150 nations signed agreement150 nations signed agreement
––agreed to cut emissions by 50% agreed to cut emissions by 50% 

between 1989 and 2000between 1989 and 2000



http://www.afeas.org/montreal_protocol.html



Protecting the Ozone LayerProtecting the Ozone Layer
•• 19921992 -- Meeting in CopenhagenMeeting in Copenhagen

––Protocol with even more rapid Protocol with even more rapid 
cutbacks (phase out by 1996) was cutbacks (phase out by 1996) was 
adopted by 93 countriesadopted by 93 countriesadopted by 93 countriesadopted by 93 countries

––CFC’s already in atmosphere are CFC’s already in atmosphere are 
going to deplete ozone for the    going to deplete ozone for the    
next 50 yearsnext 50 years



Protecting the Ozone LayerProtecting the Ozone Layer
•• AlternativesAlternatives to CFC’s are  to CFC’s are  HFC’sHFC’s

(hydrofluorocarbons, But, it is a (hydrofluorocarbons, But, it is a 
greenhouse gas)greenhouse gas)



The Good News!The Good News!
•• CFC production has CFC production has fallen 77%fallen 77%

between 1988 and 1995between 1988 and 1995
•• Chlorine levels have already begun Chlorine levels have already begun 

to decrease and should be back to to decrease and should be back to 
safe levels by safe levels by 20452045safe levels by safe levels by 20452045

•• Good example that the world can Good example that the world can 
act quickly and effectively when act quickly and effectively when 
neededneeded


