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Outline of Lecture

� Prop erties of Light

� Prop erties of Ozone

� Ozone Depletion in the A tmosphere

� Ground Level Ozone

Recommended Links
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� Annenb erg Media Lea rner.Org Online T extb o ok

� EP A Ozone site

� NASA site

� Chemical of the W eek - Ozone

� Wikip edia
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Light
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Energy of light based on t w o cha racteristics:

Amplitude - Height of w ave. Intensit y . Numb er of photons.

F requency - # of oscillations. Energy of each photon

http://www.learner.org/channel/courses/envsci/unit/text.php?unit=11&secNum=10
http://www.epa.gov/ozone/
http://www.nasa.gov/missions/earth/f-ozone.html
http://scifun.chem.wisc.edu/CHEMWEEK/Ozone/ozone.html
http://en.wikipedia.org/wiki/Ozone_layer


Light - Equations
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The energy of light is directly p rop o rtional to the frequency ( � ).

E = h �

The energy is also inversely p rop o rtional to the w avelength ( � ).

E =

hc
�

These equations fo r single photon of light.

Electromagnetic Sp ectrum
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Berk eley Lab

Sola r Radiation
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NASA site

UV Light
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Ultraviolet light is commonly classi�ed as:

UV-A 315-400nm Lo w est energy , least damaging

UV-B 280-315nm

UV-C 100-280nm Highest energy , most ha rmful

Colo r
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The colo r of an object is due to the colo r(s) NOT abso rb ed b y that object.
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http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html
http://ls7pm3.gsfc.nasa.gov/whatsRM/whathappens.html


Ozone Structure
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F o rms of Oxygen in our atmosphere. Rememb er that o xygen no rmally w ants to

have exactly t w o b onds.

O - Single atom. V ery reactive

O 2 - Most stable fo rm of o xygen

O=O

O 3 - Ozone. No �ideal� b onding pattern. Reactive

O=O�O $ O�O=O

(Central O has 3 b onds. One end O has only 1)

Ozone F o rmation
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Lea rner.o rg online textb o ok

Chapman Cycle
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(1) O 2

h �

G G G G G G G G G G G G G G G G A

High Energy UV

2 O Destruction of O 2

(2) O 2 + O �! O 3 F o rmation of ozone

(3) O 3

h �

G G G G G G G G G G G G G G G A

Lo w Energy UV

O 2 + O Reverse of #2.

(4) O 3 + O �! 2 O 2 Destruction of ozone

Height of Ozone La y er
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Ozone La y er va ries with Latitude

Dr. Ea rley Chemistry in Our W o rld � 17 / 39

Role of Ozone La y er
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UV-C: Completely blo ck ed UV-B: Mostly blo ck ed

http://www.learner.org/channel/courses/envsci/unit/text.php?unit=11&secNum=10


Dangers of UV Light
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Red line rep resents loss of 10% of ozone la y er

Abso rption of Light
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Sun

Ultraviolet Visible IR

100-210 210-310 310-380 380-760 >760

+ + + + +

O 2 O 3 Little abso rption

+ + +

Ea rth's surface

Radiation from sun given as w avelength in nm.
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Ozone La y er Depletion
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Ozone Hole Image
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NASA site

2008 Ozone Levels
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NO AA site

http://www.nas.nasa.gov/Pubs/NASnews/95/09/siggraph.pic.html
http://www.cpc.ncep.noaa.gov/products/stratosphere/sbuv2to/ozone_hole.shtml


Mechanism fo r Ozone Hole
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Decrease in concentration of ozone in atmosphere over Anta rctica observed every

fall.

June-Septemb er: Winter at South p ole. Ice fo rms in upp er atmosphere, trapping

chlo rine-containing comp ounds.

Octob er: Sp ring. Ice in atmosphere melts, releasing ozone-depleting molecules.

Novemb er-Ma y: W a rmer temp eratures. Chapman cycle op erates as usual.

Animation
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NASA has a series of animations sho wing b oth daily and annual changes in ozone

levels over the South P ole.

Evidence linking CF C's and Ozone
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NO AA site

CF C's
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CF C's a re p roblematic b ecause they a re very stable. V ery reactive molecules

w ouldn't mak e it into the upp er atmosphere, and if they did, they w ould not last

very long.

CF C Nomenclature
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A three-digit co de is commonly used to name CF C's

1. First digit: #Ca rb on atoms - 1. (If zero, don't include)

2. Second digit: #Hydrogen atoms + 1

3. Third digit: #Fluo rine atoms

4. Remaining atoms assumed to b e chlo rine

Examples :

CF C-12 CF C-113 HCF C-22

CF 2 Cl 2 C 2 F 3 Cl 3 CHF 2 Cl

Ozone Destruction b y CF C's
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Lea rner.o rg online textb o ok

http://ozonewatch.gsfc.nasa.gov/
http://www.al.noaa.gov/WWWHD/pubdocs/Assessment94/common-questions-q2.html
http://www.learner.org/channel/courses/envsci/unit/text.php?unit=11&secNum=10


Reactions of CF C's with Ozone

Dr. Ea rley Chemistry in Our W o rld � 31 / 39

Cl + O 3 G G G G G A ClO + O 2

ClO + O G G G G G A Cl + O 2

O 3 + O G G G G G A 2 O 2

Note that while Cl is used in the �rst step it is refo rmed in the last step. Thus, a

single molecule of Cl can destro y la rge quantities of ozone. Bromine is thought to

undergo simila r reactions.

Montreal Proto col
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� Multinational agreement to limit use of CF C's.

� Agreed in 1987

� Rati�ed b y U.S. in 1989

� Credited with stopping further destruction of ozone la y er

� Ozone hole exp ected to b e gone b y � 25-50 y ea rs

T rends in CF C Concentrations
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Problem
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Scientists have recently rep o rted (P op e, Hansen, Ba y es, F riedl, and Sander in J.

Physical Chemistry A , 2007 , 111(20), 4322-4332) that the UV abso rption of

Cl-O-O-Cl is signi�cantly less than p reviously b elieved.

� Calculated photolysis rates a re 6 times slo w er than p reviously b elieved.

� A t least 60% of ozone destruction b y some unkno wn mechanism.

F o r a summa ry , see

Nature Journal Article

Ground Level Ozone and Smog

Ozone

Prop erties of Light

Ozone

Ozone Depletion

.

Ground Level

Ozone and Smog

Ground-Level

Ozone

T rop ospheric Ozone

Image

Haze at Arcadia

National P a rk

Current Ozone

Levels

Dr. Ea rley Chemistry in Our W o rld � 35 / 39

Ground-Level Ozone
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Ozone is b ene�cial in upp er atmosphere. A t ground-level, it is highly reactive and

can severely damage living tissue of plants and animals.

Ozone can b e fo rmed in the lo w er atmosphere b y p ollutants, in pa rticula r the

combination of:

� volative o rganic comp ounds - b oth natural and man-made

� nitrogen o xides - p rima rily from man-made combustion (auto exhaust, p o w er

plants, ...)



T rop ospheric Ozone Image
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NO AA site

Haze at Arcadia National P a rk
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Lea rner.o rg online textb o ok

Current Ozone Levels
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It is p ossible to obtain recent ozone levels fo r much of the w o rld over the

NASA w eb site .

Note that KSU-Sta rk is lo cated at 40.86

�

latitude and -81.40

�

longitude.

Ozone levels rep o rted in Dobson Units, where the average reading over the U.S. is

~320 D.U.

A UV fo rcast is also available (up dated daily), which attempts to assess risk of UV

exp osure.
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