
CHEM 103: Chemistry in Context 

Unit 4.1 
 

Atmospheric Chemistry: 
the ozone layer 

 
Reading: Chapter 2 



Unit 4.1 Plan 

•  What is ozone and where does it come from? 
–  allotropes (same element, different forms) 
–  molecular structure  
–  What does (UV) light do to us and how does ozone play a role? 
–  light as radiant energy 
–  interaction between UV light and ozone 
–  biological impact of UV light 

•  Ozone depletion in the stratosphere and our response… 
–  halogens and chlorofluorocarbons (CFCs) 
–  social change (positive) resulting from widespread use of CFCs 
–  atmospheric change (negative) resulting from widespread use of CFCs 
–  replacements for CFCs 
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        The Ozone “Layer” 

1 Dobson Unit (DU): 3 x 1016 molecules of ozone 
in a column of air with cross section 1 cm2 

- measured by measuring how much UV 
light is blocked in a column of air 1 DU ~ 1 ppb ozone 



Ozone energy + 3O2 à 2O3 

Ozone is an allotrope of 
oxygen: different forms 
of same element with 
differing structures & 
hence differing 
properties 

20-100 ppb 

12,000 ppb 
(12 ppm) 

National Ambient Air 
Quality Standards 
(troposphere): 
0.12 ppm for 1-hr average 
0.08 ppm for 8-hr average 
(see table 1.5) 

Ozone: What and Where is It? 
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double arrow 
indicates 
resonance 
structures—the 
“true” structure is a 
combination of the 
canonical 
resonance 
structures 

lone pair e– 

bonding pair e– 

true structure: both O-O 
distances are the same 

: : 

true shape: ozone is 
bent, just like water 



         Review of Waves 

wavelength (λ): distance covered in one cycle 
 (peak-to-peak or trough-to-trough) 

 
frequency (ν): number of cycles per unit time 

 Hertz (Hz) = #cycles/second 

frequency (ν)= speed of light(c )
wavelength(λ)

⇒νλ = c  (a constant) as λ ↑,ν ↓
note: c = 3 x 108 m/s 



à most sunlight is in the form 
     of IR (we feel the heat) 

Light: a Subset of Radiant Energy 

Electromagnetic 
spectrum: 

Output from 
the sun: 



UV-Visible Spectrum 
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gov’t officials didn’t take CHEM 103… 



à most sunlight is in the form 
     of IR (we feel the heat) 

Light: Waves/Particles of Radiant Energy 

High energy: 
small λ, high ν 

Low energy: 
large λ, low ν Energy (E) = hc/λ 

 
h = Planck’s constant 
c = speed of light 

remember: ν = c/λ 
therefore:  E = hν  

Thus, energy is proportional to frequency 
and inversely proportional to wavelength 

“Dual” nature of light: 
 
1. wave properties (λ,ν) 
--two light beams don’t 
interfere with each other 
 
2. particle properties 
--energies of light are 
quantized (while a wave is 
continuous), leading to 
photons: “packets” of radiation 

note:  
h = 6.63 x 10-34 J·s 



Using Light to Break Bonds 

O O O +

O

λ ≤ 320 nm
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Potential energy diagram: 

distance between O atoms 

1. A UV photon 
is absorbed by 
the molecule 

A stable molecule has an 
equilibrium O-O distance 

2. Now the O atoms are too 
energetic to remain close to 
each other 

1 

2 

3 

3. O-O bond breaks 

Net process: 



Using Light to Break Bonds 

O O O O+
λ ≤ 242 nm

O O O +

O

λ ≤ 320 nm
O O

494 kJ/mol 374 kJ/mol 

More energy is 
required to break O-O 
bonds in oxygen than 
in ozone… 



O O O O+
λ ≤ 242 nm

O O O +

O

λ ≤ 320 nm
O O

Types of UV Light and Chemical/Biological Effects 



In addition to breaking O-O bonds in O2 and O3,  
UV radiation can break other bonds… 
 
Biological sensitivity measures the impact 
on DNA, our formula tape for who we are. 
Mistakes can lead to cancer, birth defects … 

374 kJ/mol 

Biological Impact of UV Radiation 



Consequence of ROS Production: Guanine Oxidation 

Hydrogen atom abstraction 

Hydroxyl radical addition 

Isomerization 



Guanine Oxidation Leads to Base-Pairing Disruption 

Normal base-pairing Mismatched base-pairing 
Instead of A-T we now have 
A-G 

T – A 
C – G 

A – G critical to proper 
DNA replication 
and transcription 

Rutroh 
Astro… 



DNA Duplex with Oxidized Guanine 



Incidence of Melanoma in US 



Tanning Beds 

18 

New Jersey Mom 

Molecular structure of phaeomelanin (A) and eumelanin (B) 

Use both UV-A & UV-B radiation 
Exposure leads to melanin production 



Sunscreens absorb and/or scatter UVA 
& UVB radiation 

octyl methoxycinnamate (OMC) oxybenzone 

TiO2 & ZnO 
scatter UV light 

These organic molecules absorb UV light & emit IR radiation: 

Sunscreens  

Note: the Sun 
Protection Factor 
(SPF) only 
measures blockage 
of UVB light 


