Matter, Energy and Processes
Dynamic change




Matter—rock, air & water: Things that take up space

* Lithosphere: Minerals, rocks, coal, oil, gas

* Atmosphere: Air, Clouds \

* Hydrosphere: Water (fresh to salty), Water vapor, Ice/glaciers

* Biosphere: Animals, Birds, Insects, Plants & Anthropogenic Infrastructure
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Matter — takes up space
Mass — a measure of matter

Element — cannot be
chemically broken down
into other substances

Atom — smallest unit of an
element

Proton — Positively charged
particle within an atom

Electron — Negatively
charged particle within an
atom (no mass)

Neutron — Particle within an
atom with no charge

Isotope — an atom of an
element with different
numbers of neutrons.


Presenter Notes
Presentation Notes
FIGURE 3.3  Periodic Table  
The periodic table categorizes elements by the number of protons in each element (its atomic number) and by the physical and chemical properties of the elements.



Conservation of Mass

(C6H1005) + 02 — C02 + 5 H2O + 5C
cellulose oxygen E carbon steam/ charcoal
dioxide water ash
gas vapor Matter cannot be

__ A created or destroyed.
Matter can be
chemically
rearranged, but its
primary parts remain
the same.



Presenter Notes
Presentation Notes
FIGURE 3.6  Conservation of Mass  
The law of conservation of mass means that when wood (which is mostly cellulose, or C6H10O5) reacts with oxygen in a fire, it yields an equal number (and mass) of atoms—although they are now in the form of carbon dioxide gas, water vapor, and charcoal or ash.



AT A GLANCE

What about Water Makes It So Important?

All life, including your own, depends on water. Not only does water cover more than two-thirds of
Earth’s surface, it is also present in the air we breathe and in the ground beneath us. And although
less than 1% of Earth’s water is accessible to us, the living cells of all organisms (including us) are

largely composed of water. We humans are about 60% water by weight on average.

l Water is a polar molecule.
The hydrogen atoms in a water mole-

cule are in a “mouse ear” arrange-
ment, with a 104.5° angle between
them. Each hydrogen region of the
molecule has a positive charge, like
the positive pole of a magnet. In
contrast, the oxygen region has a
negative charge, like the negative
pole of a magnet. This concentration
of opposite charges into different
poles makes water a polar molecule.

Hydrogen Hydrogen

Negative oxygen pole



Water is known as the “universal _ o _
solvent.” Table salt is made of alternating ions of sodium

CoResnlves e el e TR any e 95 (positive charge, Na*) and chlorine (negative charge, CI-).

liquid. Water’s positive and negative charges
help it break down many kinds of molecules.

In water, the positive ends of multiple water molecules
attach to and pull off negative chlorine ions. Negative
ends of water molecules attach to and pull off positive
sodium ions. This dissolves the salt.




Cohesion by
hydrogen
bonding

Water is cohesive.

Water molecules “stick” to each
other as the positively charged
hydrogen atoms of one water
molecule are attracted to the
negatively charged oxygen atoms
of other water molecules, forming
hydrogen bonds. These hydro-
gen-bonded water molecules form
a cohesive network.

Nutrients

Cell wall

Cohesion enables plants to draw up columns of
water from their roots as water evaporates from
the leaves. And because it is a solvent, as the
water moves up the plant it also conveys the
essential nutrients of life.



4 Water can absorb a lot of heat.

Water’s cohesive hydrogen bonds require a lot of
energy to break. This means that water can absorb

a lot of heat before it turns into water vapor, its
gaseous form. Water on the surface of Earth and
within organisms can thus moderate temperature

fluctuations by absorbing additional heat and
distributing it to other places as it flows.
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Liquid water is more dense than frozen Ice floats in water, and water freezes from the
water. It is the only commonly found top down rather than from the bottom up,

compound on Earth with this property. n which enables aquatic life to exist beneath a
layer of ice.
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H Acid —a compound that yields positively Base —a compound that yields negatively
p charged H* ions when dissolved in water. charged OH" ions when dissolved in water.
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acid (HCD Lemon  Orange juice

acidic basic

Sulfuric acid Vinegar Baking soda Ammonia



How matter changes...

* Changes in atomic and
molecular conditions may vary
under dynamic heat & pressure.

* Phase changes
* To solids, liquids, gases

* Temp. and Pressure differences

 Chemical reactions can break
molecules apart and new
structures can form, but still
balance.



E ne rgy - Kinetic

* Energy within matter in motion

e Capacity to do work
* Work = Applied force to move matter.
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e Potential

* Energy in matter that has yet to be
released




Processes — Moving matter around

Earth’s dynamic interior and exterior

* Movements/changes in
A. Air circulation
B. Water circulation to Ice flows
C. Gravity
D. Organisms/life — e.g. photosynthesis, respiration
E. Fire
F. Weather/climate
G. Plate Tectonics



Thermodynamics

* First Law: Energy is conserved — It cannot be created nor
destroyed it just changes form...

* Second Law: With each transformation or energy transfer, some
energy is degraded/wasted in the production of heat

* |solated systems tend to become disordered/chaotic over time do to
a lack of energy = High Entropy.



What Is Entropy?
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High entropy

Bricks thrown in a pile will
likely fall in a disordered pile.
This pile has high entropy.

Low entropy

It takes energy to order these
in a chimney. This finished
chimney has low entropy.

lan Hubball/Alamy Stock Photo

It will tend back toward a state of high entropy.


Presenter Notes
Presentation Notes
FIGURE 3.13  Entropy in a System  
The second law of thermodynamics can also be cast in terms of entropy—or disorder. Entropy increases in any system left to itself. In other words, it will become increasingly disordered. It takes inputs of energy to organize and form a load of bricks into a chimney, and without upkeep and maintenance the highly ordered chimney will break down over time.



Enerqgy
Dynamic Earth Tr|n|ty: Structure, Processes, Time

Work
Matter Actions

Change



'ime and equilibrium
- short

- intermediate
- deep/long

Concept 1: Energy drives processes that change the Earth’s systems
over variable time

Concept 2: Equilibrium — Conditions placed on systems where
competing influences are balanced.
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Le Chateleir (1884)

“A change in any of the variables
governing the equilibrium of a
chemical system will cause a
compensating change among other
variables that will seek to re-establish
stability within the system.”




Volume decrease, increases pressure of the system



Sources

e External — Solar radiatic R

54.3%

Crust

(8 to 40 kilometers)

Mantle
{2,900 kilometers)

Quter core

(2,250 kilometers)

Inner core

= 4 (1,300 kilometers)

-~

e Internal — Earth’s core

* Human — Energy Concentration and intensification



Trophic Level Energy Available

Energy and the Biosphere =g

O unit «

* Food chain

* Trophic level = position in food chain tunit [

10 units . . . . .

* Primary producers Vs consumers mbtaaly
Primary producer BEEEEEEREEEREDE

EeRene EEEEEEEEERN

* 10% Law: Every step up the tropic level R L LLLLLLLL
0 : Parkien . B EHAEAEEEEEE

only 10% of the available energy leads to EEEEEEEEEE
the creation of biomass... EEEEEEEEEE
* There is a significant energy cost associated Sunlight = = : = = = = = = =
with each transformation up the food chain. EEEEEEEEEE
vowits [ I A HHEERERNR



Presenter Notes
Presentation Notes
FIGURE 3.14a  Trophic Levels and the Second Law of Thermodynamics  
(a) In a food pyramid, organisms are arranged in trophic levels on the basis of how they obtain energy. Because of the second law of thermodynamics, less energy is available at each step up the pyramid as energy is transferred between trophic levels. The “10% law” holds that for each step up the trophic pyramid, only about 10% of the energy from consumed organic matter is put to use creating biomass. In other words, there is a significant energy cost associated with each transformation up the food chain.



LioNs

* Organisms at high trophic
levels are less abundant

J I~ * Compose far less mass per
&=

unit area than lower than
those trophic levels (e.g. grass)

* Do humans follow this trend?

* Depends on food
consumption.
e Plants — Primary consumers

 Meat — Secondary or tertiary
consumers
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Box Models

Characterizing complex systems
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Input , Output Analysis — Calculating change

1. Input = Output

Use UNI to explain
7 ‘_‘7 this concept



2. Input > Output

Use UNI to explain this
7= °



3. Input < Output

Use UNI to explain
this concept

4 -»_-»s



Box models - simplified versions of complex systems

Provide opportunities to...
* Consider all problem variables (collaborate & brainstorm)
* Investigate interactions between variables (feedbacks, residence
times, carrying capacities)
* Interpret potential outcomes
* Work on and implement solutions



Everything goes somewhere!

* Single use plastics: Goods made primarily from fossil fuels
and meant to be disposed of right after use, seconds to
minutes.
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d REASONS TO REFUSE SINGLE-USE PLASTIC 3 TIPS FOR LIVING WITH LESS

m 2@ 3@ ¢[) 9ff am

Made from fossil fuels Huge carbon footprint Will still be here in
hundreds of years

g™ o

Bring your own shopping bag Carry a reusable water bottle  Bring your own cup

Only a tiny percentage Leaches toxins into Causes hormone /
is recycled food & drink disruption & cancers Pack your lunchin Say no to disposable Skip the plastic
reusable containers straws & cutlery produce bags
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Pollutes our oceans Kills marine animals e T : '
and birds Slow down and dine in Store leftovers in glass jars Share these tips

with your friends
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ABRASIVE MEDIA
USED IN INDUSTRY

How microplastics are generated

MEDICAL APPLICATIONS

CONSUMER PRODUCTS

HANDLING DURING
MANUFACTURING OR
MAINTENANCE
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FRAGMENTING BY

ABRASIVE MEDIA USED AT SEA OR COASTAL ZONE

PHYSICAL AND
CHEMICAL WEATHERING = .
H &7 COATING OR MAINTENANCE OF PLASTIC
PAINTED SURFACES AT SHIPYARDS OR AT SEA
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