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Environment

The Extraordinary Chemistry of Ordinary Things, 4th Ed.

Lithosphere – solid ground – 100 km thick
Hydrosphere – ocean, rivers, lakes, ground water
Atmosphere – gases that surround us
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Chemistry in the Atmosphere

Smog Los Angeles

Beijing

wikipedia
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Atmosphere – not all gases are equally distributed

Concentrations are not stable 
over long time: initially zero 
but cyanobacteria 
photosynthesis eventually 
produced excess O2 then 
photosynthetic plants caused a 
second rapid increase

wikipedia

wikipedia

Limited by 
fires
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Tropospheric Pollutants: Ozone in the troposphere fluctuates during the day

Ozone – secondary pollutant – formed with sun light

The Extraordinary Chemistry of Ordinary Things, 4th Ed.
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Pollutants from Coal

Oxides of sulfur or nitrogen

The Extraordinary Chemistry of Ordinary Things, 4th Ed.

primary pollutants

secondary pollutants

‘acid rain’

C. Bohne/D. Berg Copyright 2011‐19 – For use in the Uvic Chem 400 course only – Spring 2019 



6

The Extraordinary Chemistry of Ordinary Things, 4th Ed.

Acid rain

Sulfuric acid – H2SO4

Nitric acid – HNO3

1920’s 1990’s
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Air Pollution

Photochemical smog

Thermal inversion

The Extraordinary Chemistry of Ordinary Things, 4th Ed.
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World NO2 distribution: 2009
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The Extraordinary Chemistry of Ordinary Things, 4th Ed.

More pollutants

CO >>>   odorless, tasteless and invisible

Volatile organic compounds and volatile organic solvents
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See also: Real-time World Air Quality Index: https://waqi.info/
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The Extraordinary Chemistry of Ordinary Things, 4th Ed.

SOX and NOX

Byproduct of energy production: combustion of hydrocarbons containing N and S impurities

Electrostatic precipitator Filtration
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Scrubbers
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The Stratospheric Ozone Layer: Earth’s Protective Blanket

University Corporation for Atmospheric Research (UCAR): courtesy of NASA

UV A: 315-400 nm UV B: 280-315 nm UV C: 200-280 nm

O2 + UV-C → 2 O•
O• + O2 → O3
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Chlorofluorocarbons: unintended consequences  and a success story for action 

Ozone destruction in the stratosphere – CFCs, •OH, •NO

Uses of CFC:
• refrigerant
• aerosol for spray cans
• gas to expand plastic foam
• solvent for oil and grease
• sterilizer for surgical instruments

Halons contain bromine (Br) or fluorine (F) to replace some of the Cl

Freon 12

# of F

# of H + 1
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(see later)
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CFCs are destroyed by UV light at high altitudes

At 20 ‐25 km Cl• forms HCl
Most O3 destruction occurs at 40 km

From: On‐line Textbook, http://biologytb.net23.net/text/index.html

Cl3CF  +  h Cl2CF  +  Cl
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill
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The good news
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http://www.theozonehole.com/

EESC: equiv. 
effective 
stratospheric Cl
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http://www.theozonehole.com/
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Banning OF CFC’s: An Ozone Recovery Story

2017 Antarctic ozone hole was the smallest since 1988

University Corporation for Atmospheric Research (UCAR): courtesy of NASA
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Replacement CFCs

• Correct boiling point between ‐10 and ‐30 oC
• Not toxic 
• Not too stable
• Not flammable
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CFC ChloroFluoroCarbons

0 Number of double bonds, omitted if zero

1 Number of carbon atoms minus 1, omitted if zero

2 Number of hydrogen atoms plus 1
3 Number of fluorine atoms

4 Number of chlorine atoms replaced by bromine, always used with 
prefix "b" (b1, b2), omitted if zero

a

Added to identify isomers, the isomer without suffix always has the 
smallest mass difference on each carbon atom. If there are more 
isomers the suffix is counting from a - z, omitted if only one isomer 
exists
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Naming of HCFC’s and Halons
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Global warming

Chemistry in Context 6th Edition, ACS, McGraw‐Hill
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Nitrous 
oxide

385
41
92

Net effect
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Comparison to 1950‐1980 mean values

Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Global temperatures 
track CO2 concentrations 
very closely
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

N2 and O2 have no effect: no dipole 
moment change on vibration
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Chemistry in Context 6th Edition, ACS, McGraw‐Hill

Intergovernmental Panel on Climate Change – 2007 Synthesis Report
http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html

Observed changes in climate:

“Warming of the climate system is unequivocal, as is now evident from observations of 
increases in global average air and ocean temperatures, widespread melting of snow 
and ice and rising global average sea level”

Summary of how to 
interpret language 
for policy makers!
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http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html
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“Observational evidence from all continents and most oceans shows that many natural 
systems are being affected by regional climate changes, particularly temperature increases”
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“There is medium confidence that other effects of regional climate change on natural and 
human environments are emerging, although many are difficult to discern due to 
adaptation and non-climatic drivers”

Causes of change:

“Global GHG emissions due to human activities have  grown since pre-industrial times, 
with an increase of 70% between 1970 and 2004

Global atmospheric concentrations of CO2, methane (CH4) and nitrous oxide (N2O) 
have increased markedly as a result of human activities since 1750 and now far 
exceed pre-industrial values determined from ice cores spanning many thousands of 
years

Most of the observed increase in global average temperatures since the mid-20th 
century is very likely due to the observed increase in anthropogenic GHG 
concentrations. It is likely that there has been significant anthropogenic warming over 
the past 50 years averaged over each continent (except Antarctica)”

http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html
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http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html
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http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html

“Advances since the Third Assessment Report show that discernible human
influences extend beyond average temperature to other aspects of climate:

Human influences have: {2.4}

• very likely contributed to sea level rise during the latter half of the 20th century

• likely contributed to changes in wind patterns, affecting extra‐tropical storm tracks and 
temperature patterns

• likely increased temperatures of extreme hot nights, cold nights and cold days

• more likely than not increased risk of heat waves, area affected by drought since the 1970s 
and frequency of heavy precipitation events”

“Anthropogenic warming over the last three decades has likely had a discernible influence at the 
global scale on observed changes in many physical and biological systems”
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Top Greenhouse Gas Emitters by Country
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http://climatechangereconsidered.org/climate-change-reconsidered-ii-physical-science/

Alternative viewpoints on climate change have been expressed.

See for example:

https://www.youtube.com/watch?v=dSVkSCN_hLQ

…but always bear in mind the source of these ideas and consider 
carefully whether you think this is unbiased and genuine.
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