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Take a deep breath, and feel the life-giving oxygen that fills your lungs. Plants produced this oxygen. Now breathe out.
The carbon dioxide in your breath gives life to plants. We are connected to plants and other living organisms through an
endless cycle called the carbon cycle.
The carbon cycle is naturally balanced, but humans are disrupting this balance. We are adding carbon dioxide to the
environment by burning fossil fuels, and at the same time we are cutting down forests capable of absorbing it. In the
atmosphere carbon dioxide acts as a greenhouse gas that retains heat, which is resulting in climate change. In the oceans
carbon dioxide reacts with water to produce acid, which is causing ocean acidification.
To understand the processes of climate change and ocean acidification it is necessary to know something about two basic
components of our universe: matter and energy. Matter is the stuff of which our universe is made. Your body is made of
matter, and so is the air you breathe. Energy is the ability to make something happen. Gasoline, for example, contains
energy that makes your car move. Chemistry is the study of matter and how matter interacts with energy. This course,
which will introduce some basic chemistry before delving into more advanced topics, is divided into three parts:
I. What is Matter?
II. What is Energy?
III. What is Climate Change?
Questions are incorporated into each section so you can check your understanding as you read. Answers are provided on
the page 21. You do not need to send in your answers. However, there are writing exercises beginning on page 19 and I
encourage you to send in a response.
Now I’ll tell you a bit about myself. I am a science educational writer, which means I write textbooks and lab protocols
and things like that. I’ve also taught undergraduate biology and chemistry. When I’m not writing I like to spend as much
time outdoors as possible, biking and hiking and working in my garden. I am also a seeing-eye person for a blind dog
named Levi. Before being rescued by the SPCA, Levi was locked in a house with a bunch of mean dogs and got so little
exercise he could barely walk. Now he loves to run and although he is ten years old, he plays like a puppy. I am excited to
be working with Prisoner Express and hope you will provide feedback so I can improve the course.
Before we begin I want to mention that I realize that climate change is a depressing topic. You don’t need another reason
to be depressed while in prison so I’ve asked my yoga instructor, Kelly Morris, to write a yoga meditation (page 19) that
will hopefully lift your spirits.
Andrea
I. What is Matter?
Matter is anything that takes up space and has mass. When you weigh yourself, you are measuring the amount of matter in
your body. The basic building block of matter is a particle called an atom. An atom is really tiny. How tiny? If you’ve got
a pencil handy, use it to make a dot, like a period at the end of the sentence. That dot contains about 10,000,000,000,000
atoms.
Atomic Structure
As small as an atom is, it is composed of even smaller, subatomic particles. There are three types of subatomic particles:
protons, neutrons, and electrons.
Protons and neutrons exist in the nucleus in the center of the atom. A proton has a charge of plus one, and a neutron is
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charge neutral. Electrons exist outside the nucleus. An electron has a charge of minus one. The Bohr model (Figure 1.1)
is a good visual tool for identifying the parts of an atom, but in reality the nucleus is much smaller and the shape of
electron shells is much more complex.

Figure 1.1. The structure of the atom.

question 1.1: How many protons, neutrons, and electrons does the atom in
Figure 1.1 contain?
____ protons ____ neutrons ____ electrons
Protons and neutrons each have a similar mass, about one atomic mass unit (amu). An atomic mass unit is 1.66 x 10-27 kg
(that’s 0.00000000000000000000000000166 kg). As small as protons and neutrons are, an electron is even smaller, with a
mass of about 0.00054 amu. Thus, most of the mass of an atom is in the nucleus. Each subatomic particle plays an
important role in the atom, as described below.
protons
The identity of an atom depends on the number of protons in its nucleus, called the atomic number. A substance that
contains only one type of atom is called an element. There are about 92 naturally occurring elements and a few manmade
ones. All are listed in the Periodic Table in order of increasing atomic number (page 22). Each element is identified by a
name and a one- or two-letter atomic symbol.

Question 1.2 What is the atomic number of the element in Figure 1.1? ______
Look up this element in the Periodic Table. What is its name and atomic
symbol? _________________

Question 1.3 Besides carbon, two other elements play a central role in the
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carbon cycle: oxygen (O) and hydrogen (H). Look up these two elements in
the Periodic Table, and write their atomic number in the space provided.
hydrogen (H) ______ oxygen (O)________
neutrons
Neutrons help stabilize the nucleus, but the exact number of neutrons required can vary. For example, a carbon atom can
have 6, 7, or 8 neutrons. Each of these variants is called an isotope.
Electrons have a negligible mass, and protons and neutrons each have a mass of 1 amu. Thus, the mass of an isotope
equals the number of protons plus neutrons. Carbon, for example, has six protons so an isotope with 6 neutrons has a mass
of 12 amu (6+6 =12). This isotope is called carbon-12, which can also be written as a superscript preceding the atomic
symbol (12C). Carbon with 7 neutrons is has a mass of 13 amu and is called carbon-13 (13C). Carbon with 8 neutrons has a
mass of 14 amu is called carbon-14 (14C).
When you hear the word isotope you might think radioactive, but many isotopes, including 12C and 13C, are stable. A
stable isotope is really stable, and can last the duration of the universe without breaking down. A radioactive isotope
breaks down over time, although some radioactive isotopes break down more quickly than others. 14C is radioactive but
breaks down relatively slowly; after 5730 years half of a sample of 14C will be gone.
If you’ve got a pencil handy pull it out again and take a look at the graphite tip. Graphite is essentially pure carbon. It
contains a mixture of all three isotopes–even radioactive carbon-14, but not enough to worry about. However, carbon-12
is by far the most abundant; 99% of the atoms present are carbon-12. Thus, the average mass of all the carbon atoms
present is 12.01 amu. The average mass, called the atomic mass, can be found on the periodic table.

Question 1.4 The most common isotope of oxygen is 16O (oxygen-16). How many neutrons
does an 16O atom contain? ______
electrons
Electrons are arranged in shells that surround the nucleus. Each shell contains a set number of orbitals. An
orbital can hold two electrons. Shell 1 has one orbital and can hold two electrons. Shell 2 has four orbitals and
can hold eight electrons. Larger shells are able to hold even more electrons. Electrons, which are negatively
charged, prefer to be as close to the positively charged nucleus as possible, so shells tend to fill from the inside
out.
Figure 1.2 shows the structure of the oxygen atom. The Bohr diagram (left) shows all of the electrons. The
Lewis diagram (right) shows only electrons in the outermost shell, called the valence shell. Notice that oxygen’s
valence shell is only partly filled.
Figure 1.2. The oxygen atom, Bohr model (left) Lewis
diagram (right)
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In the Periodic Table a row is called a period. Figure 1.3 shows Lewis diagrams for all the elements in period 2. Notice
that the valence shell fills from left to right across the table and that, with the exception of neon, all of these elements have
a partly filled valence shell. Like a tire out of balance, a partly filled valence shell is unstable.

Figure 1.3. Lewis diagrams of elements in period 2.

Atoms with a partly filled valence shell tend to gain, lose, or share electrons. When electrons are gained or lost, a charged
particle called an ion is formed. The charge on an ion is indicated as a superscript after the atomic symbol (Li+1, O2-).
Elements with mostly empty valence shell, called metals, tend to lose electrons to empty their valence shell. Lithium and
beryllium are both metals. Lithium tends to lose its one valence electron to form an ion with a charge of plus one (Li+1).
Beryllium tends to lose its two valence electrons to form an ion with a charge of plus two (Be2+).
Elements with a valence shell that is at least half full are called nonmetals. Nonmetals with a completely filled valence
shell do not readily gain, lose or share electrons and are called noble gases. Neon is a noble gas. Nonmetals with a partly
filled valence shell tend to gain or share electrons. Carbon, nitrogen, oxygen, and fluorine are all nonmetals. Fluorine,
which has seven valence electrons, tends gain one electron to form an ion with a charge of minus one (F-).

Question 1.5 Based on its Lewis structure, how many electrons do you think
the oxygen atom will tend to gain or share? ______ How many electrons will
the carbon atom tend to gain or share? _______
Metalloids, which have a valence shell that is about half full, have properties intermediate to metals and
nonmetals. Boron is a metalloid.
Generally, metals are located toward the left on the periodic table, and nonmetals are located toward the right.
One exception is the hydrogen atom, which has one valence electron in a shell that can hold two (Figure 1.4).
Hydrogen can readily empty its valence shell by losing its electron, or fill its valence shell by sharing an
electron. But based on its properties and interactions with other atoms, hydrogen is considered a nonmetal.
Figure 1.4. Bohr model of hydrogen.

Question 1.6 If the hydrogen atom loses an electron, what ion will be formed?
Write the charge as a superscript after the atomic symbol.______
Electrons lost from one atom are gained by another atom. Electrons may also be shared. When electrons are transferred or
shared a strong connection, called a chemical bond, binds the atoms together. A substance that is chemically bonded
together is called a compound. In the next section you will learn some basic properties of compounds. Before you
continue, fill in the following table to check your understanding of subatomic particles.
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1.7 Table of subatomic particles.
subatomic

significance

charge

mass

location

particle
may be lost,
gained or
shared
stabilizes the
atom
the identity
of an atom
depends on
how many of
this particle
are present

Compounds
Compounds can be divided into two broad classes. An ionic compound forms when electrons are transferred
from a metal to a nonmetal, and a molecular compound forms when electrons are shared between nonmetals.
ionic compounds
A metal wants to lose electrons and a nonmetal wants to gain electrons, so when an ionic compound forms electrons are
transferred from a metal to a nonmetal. The metal becomes a positively charged ion, and the nonmetal becomes a
negatively charged ion. The two ions are attracted to one another, and form a chemical bond called an ionic bond.
Sodium chloride, or table salt, is an ionic compound that forms when sodium (Na) transfers one electron to chlorine (Cl).
The ratio of atoms in an ionic compound is always fixed such that each atom achieves a full valence shell (Figure 1.5).
Ionic compounds have a crystalline structure. The crystal may be large or small, depending on how many atoms react.

Figure 1.5. NaCl is an ionic compound that forms when sodium (Na) transfers an electron to
chlorine (Cl).

In a chemical formula, the ratio of each atom in an ionic compound is indicated by a subscript that follows the
atomic symbol. No subscript indicated a ratio of one. Thus, sodium chloride has the chemical formula NaCl.
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molecular compounds
A molecular compound forms when two or more nonmetals share electrons in a covalent bond. Methane, the main
component of natural gas, is a molecular compound that forms when a carbon atom becomes covalently bonded to four
hydrogen atoms (Figure 1.6, left). By sharing electrons, each atom achieves a full valence shell.
Carbon dioxide is a molecular compound that forms when a carbon atom becomes covalently bonded to two oxygen
atoms (Figure 1.6, right). To achieve an octet, the carbon atom must share two electron pairs with each oxygen atom. A
covalent bond involving two electron pairs is called a double bond.

Figure 1.6. Methane (left) and carbon dioxide (right) are molecular compounds; each line
represents a pair of bonded electrons.

Molecular compounds have an exact number of atoms that can be indicated by a chemical formula. Carbon
dioxide, for example, contains one carbon atom and two oxygen atoms and has the chemical formula CO2.
Question 1.8 Write the chemical formula for methane. ________
An organic compound is a molecular compound that contains at least one carbon atom and one hydrogen atom. Some
organic compounds contain other types of atom as well, such as nitrogen or oxygen. All fossil fuels are organic
compounds. Carbon dioxide, which contains no hydrogen, is considered an inorganic molecule.
By definition, a compound contains two different atoms, but some molecules contain only one type of atom. Oxygen, for
example, exists as a molecule containing two atoms (O2). O2 is a molecule but not a compound.

Question 1.9 Match each compound with the correct
category.
ethanol (CH3CH2OH)

ionic compound

rust (Fe2O3)

organic molecular

nitrogen (N2)

inorganic molecular

ammonia (NH3)

molecule but not a

compound
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An attraction that exists between atoms or molecules is called an intermolecular force. The strength of intermolecular
force can vary, which has a profound influence on how matter behaves.
Intermolecular Forces
Some molecules possess an unequal charge distribution, called a dipole moment: one end of a molecule bears a partly
negative charge, and the other end bears a partly positive charge. Molecules with a dipole moment are attracted to one
another, like tiny magnets.
The water molecule has a dipole moment. The oxygen atom bears a partly negative charge, and the hydrogen atoms each
bear a partly positive charge (Figure 1.7). A molecule that possesses a dipole moment is called a polar molecule. A
molecule that does not possess a dipole moment is called a nonpolar molecule.

Figure 1.7. The water molecule is polar and has a bent “V” shape.

Why does water’s dipole moment exist? Think of it this way. The oxygen atom is two electrons shy of a full valence shell
and wants those two electrons very badly, while hydrogen is happy gaining or losing its single electron. In other words,
oxygen wants the electrons more than hydrogen and tends to hoard them.
Notice, also, that the water molecule is bent, like a V (Figure 1.7, right). Pairs of electrons within an orbital are bundled
together, but each electron pair, which bears a negative charge, wants to stay as far from the other pairs as possible around
the spherical oxygen atom. The two unbonded pairs of electrons push the bonded pairs together, so the molecule has a Vshape.
Now, let’s take a look at carbon dioxide. The carbon atom, like the hydrogen atom, has a half filled valence shell. Carbon
wants electrons less than oxygen so the carbon-oxygen bond has a dipole moment. However, the molecule is linear
because the four electrons that form each double bond exist on opposite sides of the oxygen atom. The two dipoles cancel
each other out, so carbon dioxide is nonpolar (Figure 1.8).

Figure 1.8. The carbon dioxide molecule has polar bonds but is symmetrical, so the molecule is
nonpolar.
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The polarity of a molecule has a huge impact on its properties, and on how it interacts with other molecules. Oil and water
don’t mix because water molecules would rather interact with other water molecules than with nonpolar oil molecules.
The state of matter of a molecule at a given temperature also depends on its polarity.
states of matter
At Earth temperatures three states of matter are commonly observed: solid, liquid and gas. In a solid, particles are pack
close together and vibrate in place. In a liquid, particles of matter are packed close together but slide past one another. In a
gas, particles of matter are spread far apart and fly around.
Water is a liquid at room temperature because each water molecule feels an attraction to the water molecules that surround
it, which causes the molecules to adhere together. Carbon dioxide is a gas at room temperature because the molecules do
not feel this strong mutual attraction and are able to fly apart.
Of course, a liquid doesn’t always stay a liquid, and compounds are constantly being broken down and formed. Matter can
under go physical and chemical changes.
Physical and Chemical Changes
A chemical change is a change in matter that results in chemical bonds being formed or broken. The process through
which a chemical change occurs is called a chemical reaction. A chemical reaction, which may occur in one or multiple
steps, can be summarized in a chemical equation. The starting materials, or reactants, appear on the left side of the
equation, and products appear on the right. Below is the chemical equation for photosynthesis, the process in which plants
convert carbon dioxide into sugar.

6CO2 + 6H2O  C6H12O6 + 6O2
reactants
products
A chemical reaction is always balanced, meaning the number and type of atoms in the products equals the number and
type of atoms in the reactants. In photosynthesis, six carbon dioxide molecules must react with six water molecules to
form one molecule of glucose (C6H12O6) and six molecules of oxygen. How many of each molecule reacts is indicated as
a number before the chemical formula.

Question 1.10 Below is the chemical reaction for the breakdown of octane, a key
component of gasoline. How many molecules of carbon dioxide are formed when
one molecule of octane reacts?
C8H18 + 12.5O2 ___CO2 + 9H2O
A physical change is a change in matter that does not result in bonds being formed or broken. For example,
change in the state of matter, from solid to liquid and from liquid to gas, is a physical change.
Matter is conserved, meaning that it can neither be created nor destroyed by chemical means. For this reason the
mass of matter after a chemical or physical change must equal the mass of matter before. Chemical changes and
physical changes are often associated with changes in energy, which we’ll discuss next.
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II. What is Energy?
Energy is the ability to make something happen. Like matter, energy is conserved and can neither be created nor
destroyed. And like matter, energy can undergo changes. For example, when a skateboard rolls downhill
gravitational potential energy (energy due to height above the Earth’s surface) is changed to kinetic energy
(energy due to motion). A bit of energy is lost due to friction, but the total energy generated (kinetic energy plus
heat due to friction) is equal to the gravitational potential energy used.
In the absence of an external energy source a skateboard always rolls downhill rather than up because an object
prefers to be at the lowest energy level possible. You can force the skateboard to go up but to do so you need to
add energy, for example from your legs. To produce the energy necessary to move your legs, your body must
use energy stored in food, called chemical potential energy.
Potential energy, such as gravitational potential energy and chemical potential energy, is energy that is stored.
Water behind a dam stores gravitational potential energy. Food and gasoline store chemical potential energy.
Changes in matter are often associated with changes in energy. Below, the interaction of three types of energy
(chemical potential energy, thermal energy, and electromagnetic energy) with energy is briefly described.

Chemical Potential Energy
Chemical potential energy is energy stored in chemical bonds. When a chemical reaction occurs, the products may store
more or less chemical energy than the reactants.
If the products store more chemical energy than the reactants, energy is needed for the reaction to occur and is considered
a reactant. A reaction in which energy is required is called an endothermic reaction. Photosynthesis is an endothermic
reaction in which the needed energy comes from sunlight.

photosynthesis: 6CO2 + 6H2O + energy  C6H12O6 + 6O2
If the products store less chemical energy than the reactants, energy is released and is considered a product. A reaction in
which energy is released is called an exothermic reaction. Respiration is an exothermic reaction that our bodies use to
extract energy from food:

respiration: C6H12O6 + 6O2 6CO2 + 6H2O + energy
Question 2.1 What is the relationship between photosynthesis and respiration?
____________________________________________________________
Photosynthesis and respiration are arguably the two most important reactions on our planet. It is these two
reactions that cycle carbon and energy through the environment, enabling life as we know it to exist.
Now, let’s look at another important reaction, called combustion, which is arguably the most important reaction
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in industry. There are many different combustion reactions. Here’s combustion of methane, the key component
of natural gas:
CH4 + 2O2 CO2 + 2H2O + energy
Notice a similarity between respiration and combustion? In both cases an organic compound and oxygen are reactants,
and in both cases carbon dioxide, water, and energy are products. In fact, respiration is combustion, separated into many
steps so the energy release occurs slowly. Combustion is a really exothermic reaction so it is a great source of energy.
But why is combustion exothermic? It all comes down to the fact that oxygen is an electron bully. From experience inside
of prison and out you’ve probably notices that bullies don’t like to pick on other bullies, they like to pick on weaklings.
Oxygen is no exception.
When one oxygen atom is bonded to another in an oxygen molecule neither atom is stronger, which means neither can
win the war over electrons. Whereas in water, the oxygen gets to duke it out with the much weaker hydrogen. Combustion
and respiration are favorable reactions, in large part, because they make oxygen happy.

Figure 2.1. In the oxygen molecule each oxygen atom must share electrons equally (left), a
situation that oxygen doesn’t like. In the water molecule the oxygen gets to hoard electrons
(right).

O=O
Thermal Energy
Atoms and molecules are constantly moving, and this motion is something we measure all the time: we call it temperature.
The lower the temperature, the less motion there is. If the temperature gets low enough, theoretically all motion would
stop. The temperature at which all motion theoretically stops is called absolute zero, and it is really cold, -460°F (-273°C).
Energy associated with the motion of atoms and molecules is called thermal energy. The higher the temperature, the more
thermal energy the particles have. A steam burn really hurts because the hot steam has a lot of thermal energy that
dissipates on your skin. Thermal energy that is being transferred is called heat.
Thermal energy is closely related to temperature, but thermal energy depends on the amount of matter present and
temperature does not. To understand the relationship between these two concepts, imagine scooping a cup of water from a
pool. The temperature is the same in the cup and in the pool, but the pool has much more thermal energy because it has a
larger mass of water.

Question 2.2 Sea surface temperatures must be at least 82°F (28°C) for a hurricane
to form. Why do you think these storms only form in warm conditions?
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______________________________________________

Electromagnetic Radiation
Electromagnetic radiation (EM radiation) is energy associated with electric and magnetic fields that travel in waves.
Various types of electromagnetic radiation are identified based on wavelength, which is the distance between troughs
(Figure 2.2).

Figure 2.2. Types of EM radiation.

Visible light is electromagnetic radiation that humans can see. The color of the light depends on its wavelength. Red light
has a wavelength of about 650 nm (0.000000650 meters), and violet light has a wavelength of about 400 nm. Ultraviolet
light, x-rays and gamma rays have a shorter wavelength than visible light. Infrared, microwaves, and radio waves have a
longer wavelength.
The energy associated with EM radiation increases with decreasing wavelength. Thus, gamma rays have the highest
energy, and radio waves have the lowest energy.
EM radiation can interact with an electron, but to do so the radiation and the electron must have compatible wavelengths.
Wait, you say, an electron is a particle of matter. How can it have a wavelength?
Oddly enough, although the electron is a particle, it can also act like a wave. The best way to think of this is to imagine
the electron as a wave that surrounds the nucleus. Each electron-wave must exist a discreet distance from the nucleus,
because only at this distance can it join up with itself (Figure 2.3. This is the reason electrons must exist in shells, and not
just anywhere outside the nucleus.

Figure 2.3. An electron has wavelike properties.

When an electron-wave has a wavelength compatible with a wave of EM radiation, the electron absorbs the
radiation. What happens next depends on how energetic the radiation is.
high-energy radiation
Gamma rays and x-rays are the Babe Ruth of EM radiation, having sufficient energy to knock an electron out of
12

the atom. With the loss of an electron the atom becomes an ion, so this process is called ionization.
intermediate-energy radiation
Ultraviolet and visible light don’t have enough energy to knock an electron out of the atom. However, they can
cause an electron to briefly jump to a higher energy level, called an excited state, in a process is called
excitation (Figure 2.4). Just as a skateboard prefers the bottom of a hill to the top, an electron prefers the
ground state to an excited state. Thus, it soon falls back to ground state. When this happens the energy is rereleased as light. A bit of energy is lost in the process as heat so the emitted light has less energy and therefore a
longer wavelength.
Figure 2.4 Visible light can excite an electron, causing it to jump to a higher energy level
(left). When the electron falls back down, light of a slightly longer wavelength is released
(right).

Question 2.3 As a wave of visible light travels through matter it is absorbed by
electrons and re-released multiple times. Each time this happens, the wave loses
energy and its wavelength grows longer. At the end of this process, what type
of EM radiation could possibly be formed? Circle the correct answer.
infrared / ultraviolet / x-rays / gamma rays
low-energy radiation
Microwave and infrared light doesn’t even have enough energy to excite an electron, but can cause an electron to vibrate
or rotate. When electrons in a bonded pair vibrate the atomic nuclei move as well. The nuclei are much more massive than
the electrons, and when they start to move the temperature and thermal energy increases. Infrared heat lamps cause
molecules to vibrate, and microwave ovens cause water molecules to rotate. In each case the temperature increases. Not
all molecules are good at absorbing infrared. But one class of molecules, called greenhouse gases, does it really well. To
make a good greenhouse gas, the molecule must possess a dipole.

greenhouse gases
When a molecule with a dipole moment vibrates, the opposite charges alternately move closer together and farther apart.
Energy must be absorbed to move the charges farther apart, which is supplied by infrared radiation that an electron
absorbs. Energy is released as heat when the charges move closer together, causing an increase in temperature. Water has
a dipole moment and acts as a greenhouse gas (Figure 2.5, left).
When a molecule without a dipole moment vibrates, no change in charge distribution occurs. Thus, there is no energy
transfer and no change in temperature. When the vibration stops its as if no energy was absorbed in the first place. The
oxygen molecule doesn’t have a dipole and is not a greenhouse gas (Figure 2.5, right).
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Figure 2.5. When the water molecule vibrates charges move closer together and farther apart,
which produces heat (left). When the oxygen molecule vibrates there is no charge separation
and no heat is produced (right).

But what about carbon dioxide? In part I you learned that the carbon dioxide molecule has no dipole moment, so why is it
a greenhouse gas? Recall that, although carbon dioxide has no dipole, it does have two polar bonds connecting oxygen to
carbon. Vibrations can torque the molecule, producing a temporary induced dipole (Figure 2.6). When the induced dipole
disappears, energy is re-released as heat. In other words, carbon dioxide acts as a greenhouse gas.

Figure 2.6. Carbon dioxide is a greenhouse gas because molecular vibration can cause an
induced dipole.
You don’t need fancy lab equipment to observe carbon dioxide behaving as a greenhouse gas. Just take two, 2-liter soda
bottles and fill each half way with water. Drop an Alka-Seltzer tablet in one (the tablet produces carbon dioxide when it
dissolves). Cap the bottles and place in the warm sun, measuring the temperature at the beginning and again an hour later.
The Alka-Seltzer bottle, which contains more carbon dioxide, will be several degrees warmer than the bottle with water
only.

III. What is Climate Change?
Our eyes are adapted to see the most abundant EM radiation that reaches Earth from the sun: visible light. Atmospheric
gases are transparent to visible light, meaning that on a clear day the light passes through without interacting much with
the atmospheric molecules. A few electrons are excited, but otherwise not much happens.
Then the light strikes the surface. Oceans and soil absorb the light, meaning that the light does not pass through. Electrons
in the soil and water are excited, over and over. Each time, the EM radiation is re-released at a slightly longer wavelength.
The process continues until the radiation is no longer in the visible range. It is infrared. Some of the infrared then radiates
back out to the atmosphere, where it is absorbed by greenhouse gases and re-radiated in all directions, as heat. This
process is called the greenhouse effect (Figure 3.1).

Figure 3.1. The greenhouse effect.

The greenhouse effect is a natural process, and it is a good thing it occurs. If no greenhouse gases were present in the
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atmosphere, most of the infrared would travel back out to space and our planet would be too cold to support life.
The amount of warming that occurs depends on how much of each greenhouse gas is present, and how much each gas
contributes to the greenhouse effect. The most abundant gases in Earth’s atmosphere are listed in the table below. Notice
that carbon dioxide doesn’t top the list. Water vapor does. Water is abundant on our planet, and we humans have little
impact over how much of it ends up in the atmosphere.

Compound

Formula

concentration (ppm)

water vapor & clouds
carbon dioxide
methane
ozone

H2O
CO2
CH4
O3

10-50,000
400
1.8
2-8

Contribution to
greenhouse effect
36-72%
9-26%
4-9%
3-7%

In fact, the lower atmosphere is already saturated with greenhouse gases. Some skeptics argue that since the greenhouse
gases in the lower atmosphere are already saturated, adding more shouldn’t make a difference. And they are right: adding
more greenhouse gases to the lower atmosphere doesn’t make a difference.
The story changes, however, in the upper atmosphere. There, the air is quite thin so adding a few molecules makes a big
difference. The air in the upper atmosphere is also quite dry so carbon dioxide is a more important contributor to the
greenhouse effect. Additional greenhouse warming in the upper atmosphere is like putting a warm blanket over the planet.
Another reason that carbon dioxide is an important greenhouse gas is that it absorbs slightly different wavelengths of light
than water, and is therefore able to absorb some EM radiation that would otherwise escape into space (Figure 3.2).
Carbon dioxide also stays in the atmosphere longer than water.

Figure 3.2. Absorption spectra of different gases in the atmosphere.

Records from the geologic past indicate that changes in carbon dioxide are linked to changes in global climate. In this
section we will explore how climate has changed in the past, how it is changing now, how it might change in the future.
We will then explore another consequence of adding carbon dioxide to the environment: it is acidifying our oceans.

15

How Climate Has Changed in the Past
Snow that falls in the Antarctic doesn’t melt, and instead accumulates year after year, forming a thick ice sheet. Core
samples drilled from this ice sheet provide a chronological record of past climates, going back 800,000 years. Past
atmospheric carbon dioxide levels can be measured directly, from air bubbles trapped in the ice. Changes atmospheric
temperature can be determined indirectly, by measuring the ratio of oxygen and hydrogen isotopes in molecules of water.
The oxygen atom has two stable isotopes (16O and 18O), and so does the hydrogen atom (1H and 2H). All of these isotopes
are mixed together, which means that a molecule of water may contain any combination. For example, one water
molecule may have the isotope signature 1H216O, and another may have the isotope signature 2H218O. 2H218O is heavier
than 1H216O, which means it takes more energy to evaporate. For this reason the relative amount of heavy isotope in the air
decreases with decreasing temperature, enabling scientists to reconstruct how temperatures have changed in the past.

question 3.1: How many atomic mass units heavier is 2H218O than 1H216O?
________
Figure 3.3 shows data from the Vostok ice core that goes back 400,000 years. Changes in temperature have closely
paralleled changes in atmospheric carbon dioxide. However, close inspection of this data reveals that the change in carbon
dioxide levels lags behind the change in temperature. What’s happening?

Figure 3.3: Data from the Vosok ice core.

Changes in carbon dioxide levels did not trigger past changes in climate. Instead, scientists think that these changes were
triggered by periodic changes in the shape of the Earth’s orbit and in the tilt of the planet. But changes in orbit and tilt are
too slight to be capable of causing the observed change in temperature.
This is where carbon dioxide comes in. Scientists believe that a slight drop in temperature caused atmospheric carbon
dioxide levels to drop, which then caused a further drop in temperature. A process in which a small changed is amplified
is called a positive feedback loop. A reverse feedback loop would have caused an increase in temperature.
But why would a drop in temperature cause atmospheric carbon dioxide levels to drop? One possibility is that as global
temperatures drop, a confluence of factors caused increased growth of tiny, photosynthetic ocean creatures called
phytoplankton. Phytoplankton use carbon dioxide to make organic compounds, and they also use it to make shells. The
stuff of which shells is made, calcium carbonate (CaCO3), is heavy and sinks when the phytoplankton die, taking carbon
dioxide out of the atmosphere and storing it on the ocean floor.
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How Climate is Changing Now
Since 1956, atmospheric carbon dioxide levels measured at the Mauna Loa observatory in Hawaii have increased steadily
(Figure 3.4). As of October, 2016 atmospheric carbon dioxide is at 401.84 ppm, which is a third higher than has been
seen in the past 800,000 years.

Figure 3.4. Atmospheric carbon dioxide at the Mauna Loa observatory in Hawaii.

We know that the added carbon dioxide is manmade because of its isotope signature. Of the two stable isotopes of carbon
(12C and 13C) plants preferentially use 12C for photosynthesis. Fossil fuels are derived from plants that were buried in the
ground millions of years ago, and when this plant matter is burned a lot of 12C is released into the atmosphere. Today, the
ratio of 12C and 13C is higher than it has been for the past 10,000 years, most likely because of the burning of fossil fuels.
Currently, the Earth’s temperature is increasing. The past ten years have been the warmest since record keeping began in
1880. On average, global temperature have increased 1.4°F (0.8°C) in this period. A 1.4° increase in temperature might
not sound like a lot, but twenty thousand years ago an eight degree drop plunged us into an ice age.
In the Arctic, the change in temperature has been even more extreme, about 3.5°F (2°C). Scientists attribute the intensified
Arctic warming, at least in part, to melting sea ice. Ice reflects light back into the atmosphere. When it melts less light is
reflected, and more is absorbed by exposed land and sea. Since the 1970s, arctic sea ice has decreased 13.3% per decade.
Atmospheric moisture has increased ~4% over past 40 years. Scientists attribute this increase to warmer temperatures,
which cause more water to evaporate. In wetter regions increased atmospheric moisture is expected to cause fewer, more
intense rainstorms. In drier regions increased evaporation is expected to dry out vegetation and soil, resulting in drought.
It is not possible to attribute any single weather event to climate change, but since the 1970s heavy precipitation events in
the United States have steadily increased and droughts have become longer and more extreme. The intensity, frequency
and duration of hurricanes has increased since the 1980s, another expected consequence of wetter, warmer air.

How Climate Might Change in the Future
If carbon emissions are not cut, atmospheric carbon dioxide levels could double by the end of the century, resulting in an
additional increase in temperature of 0.5 to 0.8°F and a rise in sea level of 1 to 4 feet. As a consequence of these changes
the incidence of extreme weather events, including floods, droughts, and storms, is expected to increase. Climate may also
cause changes in a worldwide ocean circulation pattern called the Global Conveyer Belt.
The Global Conveyer Belt is driven by differences in the temperature and salinity of ocean water. Cold, salty water in the
north Atlantic is very dense and sinks. This cold, salty water flows south, while warmer water from the tropics flows north
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on the surface to replace it. Prevailing winds that are warmed by this tropical water blow over Europe, keeping the
European continent warmer than it would otherwise be. As Arctic Sea ice melts the water becomes less saline, which
could disrupt the Global Conveyer Belt. If this happens, Europe could, ironically, become colder.

Ocean Acidification
About a third carbon dioxide produced by human activities ends up in the ocean. There, it reacts with ocean water to form
carbonic acid. Carbonic acid, in turn, dissociates to form bicarbonate and carbonate. Acid (H+) is released in the process.

H2O + CO2 H2CO3 H+ + HCO3- 2H+ + CO32carbonic acid
bicarbonate
carbonate
question 3.2. . Acid (H+), bicarbonate (HCO3-), and carbonate (CO32-) are all
charged particles. What are charged particles called? ___________ Bicarbonate
and carbonate are each composed of covalently bonded nonmetals. What type
of compound consists of nonmetals covalently bonded together? ____________
As acidity increases, pH decreases. Thus, as carbon dioxide is added to ocean water the pH is expected to decrease. There
is evidence that this is happening already. Since the industrial revolution began it is estimated that the pH of ocean water
has dropped about 0.1 unit. pH is measured on a logarithmic scale, and a drop of 0.1 unit represents a 29% increase in acid.
This increased acidity of ocean water is called ocean acidification.
One of the end products of the reaction of carbon dioxide with water is carbonate (CO32-). Looking at the reaction above
you might think that added carbon dioxide would increase carbonate levels, but in fact it has the opposite effect because
the reaction also produces acid. Acid reacts with the carbonate to form bicarbonate:

H+ + CO32-  HCO31So as carbon dioxide increases, carbonate levels drop. The problem is, many ocean creatures use carbonate to build
calcium carbonate shells and skeletons:

Ca2+ + CO32-  CaCO3
When the pH drops there less carbonate is present to build shells and skeleton, and shells or skeletons that already built
tend to dissolve.

question 3.3. Calcium carbonate forms from two ions, calcium and carbonate.
What type of bond holds the calcium and carbonate together? ________
Ocean acidification is already having an adverse effect on oyster fisheries. In 2007 the Whiskey Creek Shellfish Hatchery,
which pumps water in from the Pacific Ocean, had no viable offspring. The hatchery’s owner attributed the die-off to
bacterial contamination, but a filtration system that removes bacteria failed to solve the problem.
Then hatchery worker Alan Barton read an article about ocean acidification. He decided to test the pH of the ocean water
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that was drawn into the hatchery, and found that it was unusually low. An upwelling event had just occurred, which brings
deep, cold water to the surface. The pH was low because cold water holds more carbon dioxide than warm water. Barton
fixed the problem by installing a monitoring that allowed him to draw water into the hatchery when the pH was
sufficiently high.

question 3.4. Barton noticed that the pH rose during the day and dropped
at night, and attributed this change to the presence of sea grass. How could
sea grass cause a change in pH?

Meditation on Our Connection to Trees
This is a meditation inspired by photosynthesis. Photosynthesis is the process by which trees produce oxygen. It
literally means “to put together with light”. Sunlight and water and carbon dioxide combine to nourish and grow
a tree. Oxygen is released as a waste product.
Sit up well on the edge of a chair, your spine lengthened and lifted and not rounding over.
(You can also do this meditation lying down if you prefer.)
Close your eyes if you are comfortable doing so or let them be very lightly open so that your attention draws
inward. Reach the crown of your head up to the sky just like the crown of a tree reaches up to the sky. Begin to
focus on your breathing. Relax your belly. Relax your brain. See if you can feel how your lungs expand and
deflate with every breath. Take as long as you need to feel your lungs expanding and deflating.
Now, bring to mind a tree with a full crown of green leaves. It could be any tree: a tree you are able to see now
or sometimes during your day. It could be a tree you remember, or imagine, or have seen in a book. It could be
a single tree or it could be a tree in a forest. Imagine this tree in as much detail as you can: see the trunk and the
branches and the green leaves.
Now, as you breathe in realize that this tree and all trees and even all green plants are giving off oxygen through
their leaves. Imagine that you are breathing in the oxygen directly from the leaves of the tree in your
imagination. If it is helpful to you, you might even imagine breathing in the life-affirming and healing color
green with the oxygen. As you breathe out, realize that you are releasing carbon dioxide into the air that your
tree and all trees use to produce more oxygen. Tree leaves have tiny pores that actually breathe in the carbon
dioxide in the air that all humans and animals breathe out. You and the tree are giving each other life. We,
trees, plants and animals are all connected to one another and interdependent on each other in this way.

writing promps
Choose any one, and send in your response to Prisoner Express, 127 Anabel Taylor Hall, Ithaca, NY, 14853.
Selected writing samples will be published in the next newsletter or in PE’s next science oriented publication.
1. What does nature mean to you? Did you grow up in a place where you could commune with nature or was
natural habitat missing, and how did this affect you? How has prison affected your connection with nature?
2. What can we do about climate change? Should anything be done, and if so, what? How do we protect the
interest of businesses? Should people be forced to make changes?
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3. Anything else that comes out of this course. Do you have a background in science that you would like to
share? Did you love science in school or did it turn you off? Any other thoughts?
4. Can you create a piece of art or a poem around the issue of climate change or something you have learned in
this packet.
I am also hoping to teach more prisoner express courses, including one on quantum mechanics (this would
explain how an electron acts like a wave) and one on the biology of thought. Let me know if you would be
interested in taking either course. Best wishes to you all!
Dear Science Students,
I hope you have enjoyed and benefited by reading Andrea’s explanation of climate change. One thing about
climate change is that it effects all beings on the planet. It has no distinction between free or incarcerated. It is
unrelenting and we are still trying to understand the consequences of the changes. It is good to understand the
chemistry behind it, and the fact that there is chemistry behind all of creation. Science is humankinds way of
understanding what is happening, yet I also like how Andrea included a meditation exercise as another way of
teaching understanding. Perhaps one day we can get a chemistry and science packet on what happens when you
meditate. Relaxation is a chemical response as well. Please write and let us know your thoughts on this packet. I
am curious if you find it understandable or if you need even more background information to utilize and
understand this information. We all come from different educational backgrounds and producing meaningful
lessons for a diverse group of 500 + participants is challenging. I hope you enjoy perusing the periodic table at
the end of this lesson. It is the building block of chemistry and includes all the known elements. It’s hard to
believe that we and all elements we are made of were created by exploding stars.
I hope you can find something to be thankful for this upcoming holiday season. We at Prisoner Express wish
you the very best. Please send Andrea feedback on the course as it will help her in the development of future
lessons. In that way you co-create and influence the Prisoner Express Program.
Be well,
Gary
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Answer Key
1.1 6 protons, 6 neutrons, 6 electrons;
8;

1.4 8 (16-8=8);

subatomic

1.5 2,4

1.2 6, carbon (C);

1.3 1,

1.6 H+; 1.7:

significance

charge

mass

location

may be lost,

-1

0.00054

shells

amu

outside the

particle
electron

gained or
shared
neutron

stabilizes the

nucleus
0

1 amu

nucleus

+1

1 amu

nucleus

atom
proton

the identity
of an atom
depends on
how many of
this particle
are present

1.8 CH4; 1.9 ethanol–organic molecular compound, rust–ionic compound,
nitrogen–molecule but not a compound, ammonia–inorganic molecular
compound; 1.10 8; 2.1 Respiration is the reverse of photosynthesis; 2.2
More thermal energy is present when the temperature is warm; 2.3
infrared, as the wavelength must be longer than visible light; 3.1 3 amu;
3.2 Charged particles are ions. Covalently bonded nonmetals form
molecules. (a charged molecule is called a polyatomic ion). 3.3 An ionic
bond holds the calcium and carbonate together. (So calcium carbonate is a
hybrid containing both covalent bonds and ionic bonds.) 3.4 Sea grass is a
plant capable of photosynthesis. During the day when photosynthesis
occurs the plants remove carbon dioxide from the water, which causes the
pH to increase. At night there is no photosynthesis so carbon dioxide
levels rise.
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