CHEM 103: Chemistry in Context

Unit 2.2

Energy:

air pollution & water intro

Coggado

University




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, CO,, H,0O 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



Composition of Air
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Matter

Pure
substances

Elements Compounds

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

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

Mixtures

Table 1.6 Classification of Matter

Substance Observable Properties

Element Cannot be broken down
into simpler substances

Compound Fixed composition, but
capable of being broken
down into elements

Mixture Variable composition of

elements, compounds,
or both

Other Gases (1%)

| Oxygen (21%)
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Atomic Level

One type of atom

Two or more different atoms
in a fixed combination

Variable assortment of
atoms, molecules, or both




The Periodic Table
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The Chemistry of Breathing
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Table 1.2 Typical Composition of Inhaled and Exhaled Air

Substance Inhaled Air (%) Exhaled Air (%)
N2 —> Nitrogen 78.0 75.0 _ B
O, Oxygen 21.0 16.0 w4 s s o BN
Ar —> Argon 0.9 0.9 sfielizl s 2l
C02 Carbon ledee 0’04 4.0 1081 = 1201 & 1401 16.00 = 19.00 © 20.18
HZO —> Water vapor 0.0 4.0 al alielis]ialla
2698 2809 @ 30978 32078 35458 3995

Oxygen is consumed (“burned” with food), forming carbon dioxide and water
CH, + 20, 2 CO, + 2H,0

* 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.
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. . Altitude A
Other Stuff in the Air —
Carbon monoxide-disrupts delivery of oxygen 310 +
Nitrogen dioxide-respiratory irritant (reacts with T
lung tissue) |
Sulfur dioxide-respiratory irritant (reacts with

lung tissue)

. .. . . 18.6 30+
Ozone-respiratory irritant (reacts with lung tissue) - E——
in troposphere...but essential for life in the

L ]
stratosphere
Ozone layer
Tops of intense
124 20 o thunderstorms
PM,-particulate matter
respiratory irritant 93 15
(reacts with lung tissue, ) Jct airplanes
dependlng upon Slze) = 1 e Mt Everest, Nepal
note: CO, NO,, SO,, O, are all compounds with fixed O —

chemical formulas; PM, is not a compound because it
has a variable composition 0 0

Denver, Colorado

Sea level

® Galen Rowell/Corbis



Review of Scientific Notation and Units

(For further review, see Appendix 2)

number of students at CSU: ~28000= 2.8 x 104

PM, . is particulate matter with a diameter of 2.5 microns (um)= 2.5x10®m

(units Appendix 1)

mass of a hungry mosquito is 1.021 mg = 1.021 x 103 g m 10-3
c 102
. : k 103
number of yards in a mile = 1760 =1.76 x 103
m 10-3
u 109
one atom of carbon has a mass of (weighs) 1.995 x 1023 g M 106

= 0.000,000,000,000,000,000,000,01995 ¢

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.
1.4



%, ppm, scientific notation

% = parts per 100, but it is not always so convenient (preference for
whole numbers)... (ratio x100)

ppm = parts per million (ratiox1,000,000 or 1x10°)

Example: pre-industrial concentration of CO, in air = 0.015-0.028 %

2 0.015% = 0.00015 1.5x10"* x1x10° =1.5x10?

ppm —1.5x10™ =150 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? 26735 x%x10*
119

——— =0.1893287
MilkyWay candy bar weighs 58.1 g & contains 11g fat. %? 58.1g
It contains 5 mg Cholesterol. ppm? —0.19 x 102 =19%
m 1 _ _
°M9 19 _008606x10° =9x10° x10° =9x10' =90 ppm

58.1g 1000 mg g



More examples

186,000 scientific notation
0.00345 scientific notation

ppm?

%?



Other Stuff in the Air

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 CO, in air = 0.0385 %

= 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...
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Altitude A
miles km .
.
34.1 55+ .
.
Mesosphere
31.0 50 +
27.9 451
248 404

186 3

Weather balloons

Ozone layer
Tops of intense
thunderstorms

g Ict airplancs

Mt Everest, Nepal

-
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La Paz, Bolivia

Denver, Colorado

Sea level
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What’s Allowed in the Air?
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+ "Standard” . National Ambient Air Quality Standards
represents a - (NAAQS), 1999
concentration based Approximate Equivalent
on # of equiva|ents Pollutant Standard (ppm) Concentration (ug/m?)
« ” Carbon monoxide
¢ Approx. Eq Conc. 8-hr average 9 9x10° 1 >0
accounts for the I-hr average 35 4 % 10*
mass of the Nitrogen dioxide
molecules Annual average 0.053 5.3x10® 100
Ozone
« Concentrations that 8-hr average 0.08 7 157
are considered to be 1-hr average 0.12 1.2x10 235
Lead
safe for the general Quarterly average 155

population Particulates’

. PM,,, annual average 50

 For comparison T e 150
— 02: 21% of air = PM, s, annual average 15

21 0’000 ppm PM, s, 24-hr average 65

Sulfur dioxide

— N,: 78% of air =

Annual average 0.03 80
780,000 ppm 24-hr average 0.14 365
3-hr average 0.50 5.0x107 1300

« The standards vary
CIUIte a blt_Whyr) ... Data not available

*PM,,, refers to airborne particles 10 um in diameter or less. PM, 5 refers to particles less than 2.5 um in diameter.



Risk Assessment

Example: carbon monoxide

Risk Assessment — evaluating exposure and toxicity
scientific data and making
HP H H Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
predictions in an orgamze.d. . Q0=
manner about the probabilities of
an occurrence. 70 - Dangerous
to life
60
Coma,
- . . . . - ~ “ se
Toxicity — intrinsic health hazard £ oo b
of a substance. =
B 40 Severe headache,
2 nausea, dizziness
=)
Exposure — the amount of the > 30
substance encountered. i Slight
headache
20
10
| | | | |
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