Matter & Energy Resources:
Types & Concepts

tutorial by Paul Rich




Outline

1. Matter (a primer about chemistry)
* What is matter?
e inorganic compounds, organic compounds, matter quality

2. Energy
« What is energy?

« energy quality
3. Changes of Matter

» physical vs. chemical changes, conservation of matter
* nuclear changes

4. Energy Laws

e first law, second law
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1. Matter

matter: anything that has mass & takes up space.
forms:

1)elements: the distinct building blocks that form matter; made
up of a single type of atom, the smallest unit of matter unique to
an element
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atom: fundamental unit of electron
matter unique to an element.

components:

* protons — positively charged
particles in nucleus

* neutrons — uncharged
particles in nucleus

 electrons — negatively
charged particles orbiting
nucleus

« other subatomic particles

eutron
i

+http://www.pfscience.com/wp-content/uploads/2010/11/atom.jpg




characteristics:

: electron
« atomic nhumber — number

protons in a nucleus; defines
an element.

* mass humber — total number
of neutrons (mass =1) &
protons (mass =1); mass of
electrons near O.

6 12.0107

eutron

A R B N +http://www.pfscience.com/wp-content/uploads/2010/11/atom.jpg
*http://farm3.static.flickr.com/2619/4136479623_538898dcff_z.jpg
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Some Important Elements

Symbols

C carbon Ca calcium  Brbromine Al aluminum
H hydrogen Fe iron Cl chlorine Hg mercury
N nitrogen K potassium Fl fluorine Pb lead

O oxygen Na sodium Si silicon

P phosphorus S sulfur

Composition Earth's Crust
by weight of
Earth's crust. Oxygen 46.6%

Only eight All others 1.5%
elements Magnagi.?gz
ELCE o

98.5% of the
Crust.

Potassium 2.6%

Sodium 2.8% Aluminum 8.1%

Calcium 3.6% Iron 5.0%
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Isotopes

- isotopes — various forms of element that have same
number of protons, but different numbers of neutrons.
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Carbon

& protons & protons

& heutrons 8 neutrons
6 electrons R electran

*http://www.sp.uconn.edu/~terry/images/mols/C12C14.GIF
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Isotopes

Hydrogen (H)
2n
1p

Mass number=2+1=3

Mass number=0+1=1 in . Hydrogen-3
Hydrogen-1 1p or tritium (T}
(99.98%) (trace)

Mass number=1+1=2

Hydrogen-2

or deuterium (D)

(0.015%)

Uranium (U)

Mass number = 143 + 92 = 235 Mass number = 146 + 92 = 238
Uranium-235 Uranium-238
(0.7%) (99.3%)

|sotopes of hydrogen & uranium
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lons

ions: charged molecules formed when atoms of some
elements gain or lose one or more electrons.

examples of positive ions (cations):
Na+ sodium, Ca2+ calcium, Fet iron, Al3+ aluminum

examples of negative ions (anions):
ClI- chloride, PO,3- phosphate, SO, sulfate
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Matter

2) compounds: two or more different elements held together in
fixed proportions by chemical bonds.
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Strong Chemical Bonds

ionic bonds — strong bonds formed by joining oppositely
charged ions, e.g., table salt (NaCl) is formed of Na* &
Cl-ions.

Solid crystals of
lonic compounds,

such as NaC(Cl,
consist of a three—
dimensional array
of oppositely
charged ions held
together by ionic
bonds.
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Strong Chemical Bonds

covalent bonds — strong bonds formed by joining one or
more uncharged atoms into molecules by sharing of
electrons, e.g., water molecules (H,0).

09

2
hydrogen oxygen

Some important 0 c o
molecules e

formed by
NO CO
covalent bonas. nitrogen oxide

carbon monoxide
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More Important Molecules

NO» co
No Clo : s B .
nitrogen chlorine nitrogen dioxide carbon dioxide

H

)

HCI
hydrogen chloride

SO HsS © Brooks/Cole Publishing Company / ITP
sulfur trioxide hydrogen sulfide




Inorganic vs. Organic Molecules

inorganic molecule: compounds not originating from
living sources; compounds lacking C—C & C—H bonds.

e.g., water H,O, carbon dioxide (CO,),
nitrogen gas (N.,), oxygen gas (O,), ozone (O,).

organic molecule: compounds containing C—C &/or C—
H bonds (natural & synthetic).

e.g., methane (CH,), sugars, starch, cellulose, proteins,
nucleic acids.
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Weak Chemical Bonds

hydrogen bonds — weak bonds between molecules containing
hydrogen & nonmetallic atoms, in particular between water

molecules.

© Brooks/Cole Publishing Company / ITP
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Hydrogen

Accounts for
various
properties of
water, including
high surface
tension, high
heat content, &
excellent ability
to serve as
solvent of ionic
compounds.




Accounts for various properties of water, including high surface
tension, high heat content, & excellent ability to serve as solvent of
ijonic compounds.

«http://www.teachmeteamwork.com/photos/uncategorized/pennychallenge_1_1.jpg
<http://www.joyfulabode.com/wp-content/uploads/HLIC/02e12ebb2dbe70016b8d6e74a1fe8343.jpg
«http://www.shorstmeyer.com/msj/geo130/water/water_files/image003.jpg




States of Matter

Energy required

e ——

= ——— Evaporation
[__ﬂ_}} Melting <. = and boiling

e o

—

‘ | Freezing |C Condensation
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Matter Quality

Matter quality is a measure of how useful a matter resource Is
for humans, based on its availability & concentration.

High Quality

Low Quality

,_,‘0“' J | P
& 7 o=

Coal Gasoline

Automobile emissions Coal-fired power
plant emissions

Solution of salt Aluminum ore
Aluminum can in water
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2. Energy

energy: the capacity to do work (by performing mechanical,
physical, chemical, or electrical tasks), or to cause heat transfer
between two objects at different temperatures.

Types:

* kinetic energy — energy of

motion. e.g., a moving car, a
rock rolling down a hill.

 potential energy — stored

energy. e.g., a stretched rubber
band, a rock on top of a hill,
water stored behind a dam.

A
'VLC180_Example.




Energy

some kinds of kinetic enerqy:

« electrical — energy of
moving electrons

+http://i1.trekearth.com/photos/5162/flames.jpg

 heat — total kinetic energy of
all moving atoms, ions, or
molecules; temperature is
o . measure of the motion.

*http://www filterforge.com/filters/237 .jpg




 electromagnetic radiation — form of kinetic energy that
travels as electromagnetic waves, e.g., radio waves, microwaves,
visible light, ultraviolet radiation, & X—rays.

High enargy, short Low energy, long
wavelength wavelength
AN N S e,

laniFing radistion = | -2 Monlznizing radiEation

Waves
Microwaves

10-14 102
Wavelength
In meters
(not to scale)

Energy content of electromagnetic radiation varies in proportion to
wavelength. Shorter wavelengths have higher energy content than
longer wavelengths.




Energy

some kinds of potential enerqy:

- chemical energy — potential
energy stored in chemical
bonds, e.g., energy in C-C & C-H
bonds of fossil fuels or foods.

Fission fragment

nucleus uoleus
u" “I l Fission fragment
(" E - atomic energy — energy
' associated with nuclear

structure, e.g., energy released
by fission of Uranium—-235.

]

*http://ncgogreen.myncblogs.com/files/2009/02/071019_ap_oil.jpg




Energy Quality

Electricity Very high-temperalure heal

Very high-tem perature {greater than 2,500=-C)
heat {greater than 2,500-C) | & - for industrial processes

E ne rgy q u a.l |ty Nuclear fisslon (uranium) and producing electricity to
Huclear fusion {deuterium) run electrical devices

Is a measure ot y | (ights, motors)

of how useful
High-temperature heat Mechanical motion (o mowve
an energy =g i
' Hatural gas (1,000--—2 500--C) for
source Is for Gasoline industrial processes and

Coal praducing electricity

humans, in Frod

I Normal sunlight
termS Of ItS Maderate-veloeity wind — Mﬁﬂtﬂ%ﬁ:hﬂmal

High-velocity water flow " processes, cooking,

concentration Cuncantabed By

il rntr : : electricl .-II'II:' hat water
Made e=1Em P l'ﬁ'
& ablllty to 1,“ pll:'hﬂl.ll'l al

perform useful ooz crop st
Dispersed geothermal energy \ Low-temperature heat

WO rk. Low-temperature heat |'f LOW | {(100-C or less) lor
(100=-C or lower) % ,x“'l space heating

Source of Energy  Relative Energy Quality Energy Tasks
uselulness
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3. Changes of Matter

Physical change
iInvolves no change in
chemical composition.

<http://www.learner.org/courses/essential/physicalsci/images/s4.ice_melt2.jpg

Chemical change or chemical
reaction involves changes in the
composition of compounds.

Example:

C + O, - CO, + energy

burning of fossil fuels or wood




Conservation of Matter

Law of Conservation of Matter: In chemical reaction
atoms are never created, destroyed, or changed one into
another; they are only rearranged to form different

molecules & compounds.

* Foundation of chemistry, biology, & ecology.

6CO: + 6H:0 wmmp CiH:20: + 60:
Carbon dioxide Water Organic Oxygen
from the matter
atmospl

 Implication that "there is no away" — earth has essentially all
the matter it will ever have.




Nuclear Fission

nuclear fission: a nuclear change in which certain
unstable isotopes of high mass numbers split into lighter
nuclel & release energy in the process.

Fission fragment

nucleus
Fission fragment

Fission of a uranium—235 nucleus, initiated by a neutron.




Nuclear Fission

nhuclear chain
reaction: multiple
fissions resulting from
a positive feedback
loop in which each
fission releases
neutrons that cause
more fissions to
OCCUTr.

A nuclear chain reaction.



Nuclear Fusion

nuclear fusion: a nuclear change in which two isotopes
of light elements are forced together to form a heavier
nucleus, releasing energy in the process.

Fuel —> Reaction Conditions —= Products

A nuclear fusion RKatllgt=tl o
D |

reaction in hydrogen-2 or .\ Wi 1s neutron
which helium bt LSS ;}'E: = energy

nucleus

He) is formed %
(He) ¢ e

: hydrogen-3 or wu oY
by fusion of two tritium million °C ?::::T:L;I

hydrogen (H) D-D Fusion "%'*4® o
. 5 5 [.i.r o
nuclei; fusion in helium-3

Sun is major hydr&ﬁgn-z or WA { ds nucleus
deuterium 3 . 0w
source of nucleus JEEE:*': #

. il | ™
energy for Earth S P AR

deuterium
Processes. nucleus

o O
1 blllmn “C  neutron

@ proton ( neutron




In 1993 scientists at the Tokamak Fusion Test Reactor, at Princeton University’s plasma physics
laboratory in New Jersey, produced a controlled fusion reaction, during which the temperature in
the reactor surpassed three times that of the core of the sun. In a tokamak reactor, massive
magnets confine hydrogen plasma under extremely high temperatures and pressures, forcing the
hydrogen nuclei to fuse. When atomic nuclei are forced together in nuclear fusion, the reaction
releases an extraordinary amount of energy.




Do Nuclear Reactions Break the
Law of Conservation of Matter?

* In nuclear reactions, atoms can be changed, e.g., fusion H to He.

« energy & matter are conserved because very small amounts of
matter converted to energy




4. Energy Laws

first law of thermodynamics: energy is neither created nor
destroyed, but may be converted from one form to another;

e——
-,

e energy Is -
conserved

 implication that
bookkeeping is
possible, e.g., in
ecological study,

energy flow can be
followed

- also stated, "you
can't get —
something for L oo W producers
nothing", in terms g 1T
o g
of energy quantity. _
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Energy Laws

second law of thermodynamics: when energy is converted
from one form to another, some of the useful energy is
always degraded to lower—quality, more dispersed energy.

« also stated, entropy
Increases.

 entropy is a measure of
disorder; increased
entropy means

Increased randomness A
or dispersion; M

 degraded energy
generally in form of
heat;

Ll Producers

* implication that continual [ ussbieencray Wihireplankeans

available at _
energy input is needed Sz RN,
to maintain a System © 2002 Brooks/Cole - Th




Implications for Environment

Conceptual model of eventually unsustainable high—
waste, high—throughput societies.

Qutput
N

4

. A,
'Low-quality’,

> | hgal ?,I
One-way, or \, energy
high-throughput, ”

society

Waste, matter
in air,
water, soil
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Implications for Environment

Conceptual model of sustainable low—waste,
low—throughput societies.

Inputs System Outputs
(from environment) Throughputs (into environment)

nghq uaht-,r L u:rr; 2 ::u ;-._,Ir ity --..:I
b Sustainable *_{heat}

T low-

. waste
Pollution ar

Matter prevention Matter Waslte

by by output matter
reducing and
matter pallutio
throughput :

Energy Feedback
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