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Introduction

e Ecology is the scientific study of the relationship
between organisms and their environment.

* At the core of the study of Ecology is a question
about how matter and energy are exchanged
between organisms and their surroundings. This
chapter looks at matter and energy.




Elements of Life
- everything that has mass and takes up space
*Solid - Liquid - Gas — Plasma = 4 states of matter
* Matter is neither created nor destroyed but rather

recycled over and over. The atoms in your body may
have been in a dinosaur.

*The idea that matter cannot be destroyed but is simply
transformed from one form to another is the principle of

Elements

* Matter consists of elements.

- substances that cannot be broken down into
simpler forms by ordinary chemical reactions
*122 elements, just four (oxygen, carbon, hydrogen and
nitrogen) make up 96% of the mass of living organisms.

\




Elements of Life
¢ All elements are composed of atoms.
- smallest particles exhibiting characteristics of the
element
¢ Atoms are composed of:
*Protons (+) - Neutrons - Electrons (-)

*Protons and neutrons are in the nucleus; electrons
orbit the nucleus.
Number of protons
- forms of an element differing in atomic mass
due to the fact that the isotopes have different
numbers of neutrons
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Chemical Bonds

- substance composed of different
kinds of atoms
two or more atoms joined together
- forces (chemical energy) holding
atoms together in molecules
- Atoms with opposite charges (ions) form a
bond, e.g., Na+and CI-.

- atoms share electrons (but not always
equally). For example, in water the oxygen attracts
the electrons more strongly than the hydrogens do,
so the hydrogens have a slight positive charge and
the oxygen a slight negative charge.

Common Molecules

Copyright © McGraw-Hill Education. Al rights reserved. No reproduction or
distribution without the prior written consent of McGraw-Hill Education.

4
H H N
o N,

Hy 2 Np
Hydrogen Oxygen Nitrogen
H Cl
H H
Hel ,0 co,
Hydrochloric acid Water Carbon dioxide

0o O O

S0, NO, CH,
Sulfur dioxide Nitrogen dioxide Methane




Oxidation and Reduction

*When an atom gives up one or more electrons, it is
oxidized.

*When an atom gains electrons, it is reduced.

¢ Oxidation and reduction are an important part of
how organisms gain energy from food.

*Forming bonds uses energy; breaking bonds
releases energy.

* Activation energy is often needed to begin a
reaction (e.g., match needed to start a fire).

lons, Acids, and Bases

- atoms that have a positive or negative charge
because they have more/less electrons than
protons.

*Anions have a negative charge.
 Cations have a positive charge.
- substances that release hydrogen ions in
water
- substances that readily bond with hydrogen
ions
*pH scale: 0to 7 is acidic / 7 is neutral / 8 to 14 is
basic

pH Scale
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Concentration
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Hydrochloric acid .
Lemon juice, stomach acids, vinegar
Grapefruit, orange juice, soda pop 45722}
Tomato juice
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Soft water, coffee, normal rain water
Urine, saliva, milk =~ &
Neutral Pure water
Sea water
Baking soda ©)
Milk of magnesia, Great Salt Lake
Ammonia 3

Bleaches, oven cleaner .

Liquid drain cleaner g\




+ organic compounds H O
— compounds of S CHZOH
living things that | -
contain carbon H-(i:-OH I

 Four categories: HO-C-H HO'CI:'H
carbohydrates, | C-OH
lipids, proteins, and H-(I}OH I
nucleic acids . H-C-OH H'(i:'OH
|

Glucose  Fructose

Organic Compounds

- Material making up
biomolecules, which in turn make up living
things.

— All organic compounds contain carbon.

« Four major categories of organic compounds:




High quality Matter
Organized, Concentrated,
Found near Earth’s Surface,

dispersed, little potential for
use as a matter resource.

Great Potential for use.
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Low quality Matter
Disorganized, dilute,

High quality Matter
Organized, Concentrated,
Found near Earth’s Surface,
Great Potential for use.

salt

Low quality Matter
Disorganized, dilute,
dispersed, little potential for
use as a matter resource.

solution of salt in water




High quality Matter Low quality Matter

Organized, Concentrated, Disorganized, dilute,
Found near Earth’s Surface,  dispersed, little-potential for
Great Potential for use. use as a matter.resodrce.

coal coal-fired power
plant emissions

High quality Matter Low quality Matter
Organized, Concentrated, Disorganized, dilute,
Found near Earth’s Surface,  dispersed, little potential for
Great Potential for use. use as a matter resource.

gasoline automobile emissions
High quality Matter Low quality Matter
Organized, Concentrated, Disorganized, dilute,
Found near Earth’s Surface,  dispersed, little potential for
Great Potential for use. use as a matter resource.

aluminum can aluminum ore




High quality Matter Low quality Matter

Organized, Concentrated, Disorganized, dilute,
Found near Earth’s Surface,  dispersed, little potential for
Great Potential for use. use as a matter resource.

Entropy — measure of the disorder or randomness of a system

Low Entropy High Entropy
More Ordered More disorder

Q]llmi‘l’“lm Can Alraind s B

Entropy tpically increases — it takes
energy to reduce entropy.

ENERGY IS THE CAPACITY TO DO WORK
AND TRANSFER HEAT.

“Combustion”
by the body
move alter
objects / \ temperature
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ORGANIZED, NOT CONCENTRATED,
CONCENTRATED, CAN BE CAN BE USED FOR
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Kinetic energy Kinetic energy

Energy
- ability to do work
- energy in moving objects
- stored energy
- stored in food or fossil fuels

- Energy that can be transferred between
objects of different temperature. When a substance
absorbs heat, the motion of its molecules increases
and it may change state (e.g., a liquid may become
a gas). Evaporation and condensation distribute
heat around the globe.
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Thermodynamics

» Energy must be supplied (from the sun) to keep
biological processes running, because as it
flows through the various biological processes, it
becomes dissipated.

- Energy is neither
created nor destroyed (it is conserved).

- With each
successive energy transfer, less usable energy
is available to perform work.

(disorder) increases.

Law of Conservation
of Matter = matter is
neither created or
destroyed it is just
rearranged into a
different physical or
chemical form.

Is this a violation of
the law of
conservation of
matter?




Energy for Life

« Ultimately, most organisms depend on the sun
for the energy needed to carry out life
processes.

« A few very ancient organisms called archaea are
able to get their energy from inorganic
compounds that bubble up from vents in the sea
floor or from hot springs ( ).

— These organisms represent one-third of all the
biomass on the planet.

—The methane generated by these undersea

Energy from the Sun

e Solar energy is essential for two reasons:
— Warmth - Most organisms can exist only in a
relatively narrow temperature range.
in plants
« Radiant energy is transformed into useful,

high-quality chemical energy in the bonds of
organic molecules. Most life on Earth
depends on photosynthesis.

Energy For Life

» Of all solar radiation reaching the earth’s surface,
about 10% is ultraviolet, 45% is visible, and 45% is
infrared.

— Most of this energy is absorbed by land or water,
or reflected back into space.

— Only about 1-2% of the sunlight falling on plants
is captured for photosynthesis.




Electromagnetic Spectrum
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Photosynthesis

¢ Occurs in organelles called chloroplasts within
plant cells =

» Water and carbon dioxide in the presence of
sunlight and chlorophyll (the green pigment in
chloroplasts) yield glucose (sugar) and oxygen.

» Glucose serves as primary fuel for all metabolic
processes. Energy in its chemical bonds can be
used to make other molecules such as proteins,
fuel cellular movement, or transport of ions
across membranes.

Photosynthesis
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Cellular Respiration

» Photosynthesis captures energy, while
releases energy.

¢ Cellular respiration splits carbon and hydrogen
atoms from sugar and recombines them with
oxygen to produce carbon dioxide and water
(opposite of photosynthesis).

¢ This is how animals get all their energy. The reason
that you need to breathe is to supply this pathway
with oxygen.
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ves of Selected Radioisotopes

Radiation
Isotope Half-Life Emitted

lodine-131
Cobalt-60

Hydrogen-3
(tritium)

Strontium-90 28 years . Beta
Plutonium-232 240,000 years Alpha, gamma

Uranium-235
Uranium-238 4.5 billion years Alpha, gamma




FISSION = SPLITTING OF AN ATOM

FUSION= SLAMMING TOGETHER TWO
SMALLER ATOMS TO MAKE A LARGER
ONE AND ENERGY

The Two Laws of Energy
First Law of Thermodynamics - during ordinary
chemical reactions

60y + 6 H,0, *9 CeHizOg + 6 Oy

Second Law of Thermodynamics — as energy changes

form,
ieated wood rel

6C;H,;0; + Heat = CgoH, 0 + 10CH,0

( wood ) ( charred wood ) ( gas )
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Second Law: Each time energy changes forms the energy
is degraded to a lower quality; usually to waste heat.

Simplified view of net energy losses in production & utilization
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