
CHEM 103: Chemistry in Context 

Unit 2.2 
Energy: 

air pollution & water intro 



Unit 2.2 Plan 

•  reminder: air is a mixture 
–  review periodic table, classification of matter 
–  discuss pollutants 

•  what is the composition of air? need to get quantitative 
–  review scientific notation and units 
–  concentrations (especially %, ppm, ppb) 

•  where do the pollutants come from? 
–  combustion: CO, CO2, H2O are the products 
–  practice balancing equations 

•  linking our actions to pollution 
–  example: tracking ozone in CA 

•  what to do about air pollution 
–  Conservation 
–  catalytic converters (go into more detail than the text provides) 

•  Water, unique compound 
–  Hydrogen bonding 

•  Specific heat 
•  Boiling point elevation 
•  Ice structure 

–  Molecular solutions 
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Composition of Air 

Air is a mixture – a 
physical combination 
of two or more 
substances present in 
variable amounts. 

note: % = percent = # of 
parts per 100 = pph 



Group 

Period 

The Periodic Table 

X 

1.6 



The Chemistry of Breathing 

•  Oxygen is consumed (“burned” with food), forming carbon dioxide and water 

•  Most of the water doesn’t come from oxygen consumption, but from 
evaporation from the surface of the lungs 

•  Nitrogen doesn’t react, it’s just diluted by the presence of carbon dioxide 
and “extra” water 

•  Argon doesn’t react either: our one digit representation just doesn’t properly 
show the dilution 

Words take up a lot of space and can be confusing…to focus ourselves we’ll use 
formulas (elements are our alphabet) and equations (chemical sentences) to 
describe what’s happening. 

O2 

CO2 

N2 

H2O 

Ar 

CH4 + 2O2  CO2 + 2H2O  



Carbon monoxide-disrupts delivery of oxygen 

Nitrogen dioxide-respiratory irritant (reacts with 
lung tissue) 

Sulfur dioxide-respiratory irritant (reacts with 
lung tissue) 

Ozone-respiratory irritant (reacts with lung tissue) 
in troposphere…but essential for life in the 
stratosphere 

PMx-particulate matter  
         respiratory irritant  
         (reacts with lung tissue,  
          depending upon size) 

Other Stuff in the Air 

note: CO, NO2, SO2, O3 are all compounds with fixed 
chemical formulas; PMx is not a compound because it 
has a variable composition 



number of students at CSU:  ~28000 = 

1.4 

PM2.5 is particulate matter with a diameter of 2.5 microns (µm) = 

2.8 x 104 

2.5 x 10-6
 m 

1.021 x 10-3 g mass of a hungry mosquito is 1.021 mg = 

number of yards in a mile = 1760 

one atom of carbon has a mass of (weighs) 1.995 x 10-23 g 

 = 0.000,000,000,000,000,000,000,01995 g 

an important big # is 602,200,000,000,000,000,000,000  = 6.022 x 1023 

Note: same number of significant figures on both sides of each example.   

Review of Scientific Notation and Units 

(For further review, see Appendix 2) 

= 1.76 x 103 

(units Appendix 1) 
 m 10-3 
 c 10-2 
 k 103 

 m 10-3 
 µ 10-6 
 M 106 



%, ppm, scientific notation 
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% = parts per 100, but it is not always so convenient (preference for 
whole numbers)… (ratio x100) 
 
ppm = parts per million (ratiox1,000,000 or 1x106) 
 
Example: pre-industrial concentration of CO2 in air = 0.015-0.028 %  
 
ppm? 

The largest freshman class ever at Colorado State University has 
helped push enrollment to an all-time high of 26,735 students this fall. 

Scientific notation? 

MilkyWay candy bar weighs 58.1 g & contains 11g fat. 
It contains 5 mg Cholesterol. 

%? 
ppm? 

0.015%⇒ 0.00015
⇒1.5 ×10−4 1.5 ×10−4 ×1×106 = 1.5 ×102

⇒150 ppm

2.6735 ×104

5 mg
58.1 g

× 1 g
1000 mg

= 0.08606 ×10−3 = 9 ×10−5 ×106 = 9 ×101 = 90 ppm

11 g
58.1 g

= 0.1893287

⇒ 0.19 ×102 = 19%



More examples 
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186,000 scientific notation 

0.00345 scientific notation 

ppm? 

%? 



What are the concentrations of these other 
things in the air? It’s time to get quantitative… 

% = parts per 100, but it is not always so 
convenient (preference for whole numbers)… 
 
ppm = parts per million 
 
Example: concentration of CO2 in air = 0.0385 %  
 

Other Stuff in the Air 

= 0.0385 parts per hundred 
= 0.385 parts per thousand 
= 3.85 parts per ten thousand 
= 38.5 parts per hundred thousand 
= 385 parts per million 
 
A sample of air containing 1,000,000 molecules 
Will contain 385 carbon dioxide molecules 
 
Some things are present in parts per billion (ppb) 
concentrations… 



9x10-­‐6	
  

5.3x10-­‐8	
  

1.2x10-­‐7	
  

5.0x10-­‐7	
  

What’s Allowed in the Air? 

•  “Standard” 
represents a 
concentration based 
on # of equivalents 

•  “Approx. Eq. Conc.” 
accounts for the 
mass of the 
molecules  

•  Concentrations that 
are considered to be 
safe for the general 
population 

•  For comparison 
–  O2: 21% of air = 

210,000 ppm 
–  N2: 78% of air = 

780,000 ppm 
•  The standards vary 

quite a bit—why? 



Toxicity – intrinsic health hazard 
of a substance. 

Exposure – the amount of the 
substance encountered. 

Risk Assessment – evaluating 
scientific data and making 
predictions in an organized 
manner about the probabilities of 
an occurrence. 

Example: carbon monoxide 
exposure and toxicity 

Risk Assessment 


