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Chapter 13 – AIR
Houston, TX
13.1 Earth’s Atmosphere: Divisions and Composition

Atmosphere Composition
Troposphere

Stratosphere

Ozone

Mesosphere
13.2 Chemistry of the Atmosphere

Nitrogen Cycle
nitrogen fixation

lightning

Haber process

3H2 + N2 ( 2NH3
decaying animals & plants

N2 returns to atmosphere

Nitrates

Oxygen Cycle
Respiration & metabolism

Decay

Combustion

Photosynthesis
Thermal Inversion
13.3 Pollution Through the Ages

Air Pollution
Dust from an Asian storm April 2001

Natural Pollution
Primary pollutants 

SO2, NO, CO, hydrocarbons, particulates, ozone, Pb
Sources

stationary fuel combustion

industry

transportation

13.4 Coal + Fire ( Industrial Smog

Beijing, China November 5, 2005

Industrial Smog 
London smog

S + O2 ( SO2 

2SO2 + O2 (  2SO3

SO3 + H2O (  H2SO4
SO3 & H2SO4
H2SO4 + 2NH3( (NH4)SO4
Primary & secondary 

pollutants

Gray air cities

long,cold,wet winters

scrubbers

CaCO3 + heat ( CaO + CO2
CaO + SO2 ( CaSO3
2CaSO3  +  O2  (  2CaSO4
Scanning electron micrograph of PM from coal-burning power plant

PM Particulate matter
electrostatic precipitators
baghouse filters

cyclone separators

wet scrubbers

13.5 Automobile Emissions

13.6 Photochemical Smog: Making Haze While the Sun Shines

Photochemical Smog (LA smog)

Automobiles

NOx, CO, O3, Pb,  organic pollutants (unburned hydrocarbons), PAN (peroxyacyl nitrates), aldehydes Brown air cities

warm sunny dry climate

N2 + O2 ( 2NO

2NO + O2 ( 2NO2
3NO2 + H2O ( 2HNO3 + NO

HNO3 + NH3 ( NH4NO3

photochemical reaction

NO2 + UV ( NO + O

O + O2 ( O3 
O3 + hydrocarbons ( aldehydes

O3 + NOx + hydrocarbons ( PAN

RC(=O)OONO2
Afterburners

catalytic converter

CO
hydrocarbons

NO

oxygen containing fuels

methanol, ethanol, methyl tbutyl ether
13.7 Acid Rain: Air Pollution ( Water Pollution

Acid Rain / Acid Deposition
Pure rainfall pH of 5.6
SO2, SO3, NO, NO2

limestone (CaCO3).

13.8 The Inside Story: Indoor Air Pollution

Indoor Air Pollution

Formaldehyde, NO2, Radon, CO

22286Rn ( 21884Po + 42He

Cigarette smoke

Chronic bronchitis

Pulmonary emphysema

lung cancer

13.9 Ozone: The Double-Edged Sword

Ozone

Mesosphere 

Stratosphere

1986 Susan Solomon – CFCs & Ozone depletion
O3 + UV ( O2 + O

Chlorofluorocarbons

CFCs, Freons
http://home.howstuffworks.com/refrigerator4.htm

CF2Cl2 + UV ( .CF2Cl + .Cl 

.Cl + O3 ( .ClO + O2
.ClO + O ( .Cl + O2
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HFC’s and HCFC’s

Montreal protocol – 1987

lower stratosphere 20-50km

O2 + UV ( 2O

O + O2 ( O3
3O2 + UV ( 2O3
13.10 Carbon Dioxide and the Greenhouse Effect

Global Warming
Greenhouse Gases

CO2, CH4, CFC’S, N2O, H2O
Heat
Solar Energy
Solar radiation


23% absorbed by atmosphere


46% by continents & oceans


25% reflected by atmosphere


6% reflected by earth’s surface

9% emitted from surface

37% absorbed in atmosphere

60% emitted from atmosphere

Greenhouse Gases – capable of absorbing and reemitting IR
CO2, CH4, CFC’S, N2O, H2O
Infrared as compared to visible and UV

Enhanced greenhouse effect

Ice core samples – carbon dioxide

Measuring trapped CO2 and 2H/1H ratio

Industrial revolution and carbon dioxide

Global Temperature Changes

Why CO2 absorbs in the infrared

Water also absorbs

Global Carbon Cycle

Sources of Carbon Dioxide

Changes in CO2, CH4, N2O

Frozen methane hydrate

GWP Global Warming Potential

Modeling of surface temperature

IPCC Intergovernmental Panel on Climate Change report

World sources of CO2
U.S. CO2 emissions from fossil fuels

Carbon capture

Regional and state initiatives

World CO2 emissions 1995 & 2035
Increases in atmospheric gases 1750-2000

Global warming and ozone depletion
Actions

Reduce garbage

Shorter showers

Lower thermostat in winter

Raise thermostat in summer


Clean filters

Reduce vehicle miles

More efficient vehicles

Insulate water heater

Compact fluorescent bulbs

Seal air leaks

Tune up furnace

Energy efficient appliances

Green power

Tune up your car

Plant trees

Community action
13.11 Who Pollutes? Who Pays?

EPA

CO

Hydrocarbons

Sulfur Oxides

Nitrogen Oxides

Particulates

Ozone

Pb
Problems 
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