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Learn Chemistry in an Hour

Lesson: Learn Chemistry in an Hour
Slide 1: Introduction Slide
Slide 2: Why Chemistry first?
To my way of thinking, chemistry should be taught before
biology, physics, and even earth science.
Biology is in large part chemistry of the cell. The forces of
physics stem from the forces between protons, neutrons, and
electrons.
Earth science makes a lot more sense once students understand
how elements combined to form the earth’s crust, and how the
chemical properties of each geologic structure govern the forces
within the earth’s crust.
In the next hour or so we will cover the fundamental key to
chemistry, which is this: there are about 100 different types of
atoms in the world. Atoms bond to other atoms to make
molecules, but they only use four different ways to bond to
each other. Each of the four bonds produces a characteristic
property in the molecule. So, by understanding the four bonds,
you understand why water at room temperature is liquid, why oil and water don’t mix, why
metals are shiny, and so on. The rest of chemistry that we’ll touch on is how to measure the
number, mass, volume, pressure, and temperature of
molecules, what happens when you change one of these
variables, and how molecules swap atoms in chemical reactions.
If you’re a parent, this lesson will enable you to follow -- and
even guide -- your child’s progress through chemistry. If you’re a
student, the next hour will give you a heads up and a head start.
By seeing how easy the concepts are and how they all make
sense, you can relax, knowing that chemistry is not that hard!
So, let’s begin.
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Slide 3: The Periodic Table
The world is made of atoms. There are over 100 different types
of atoms in the world, and when identical atoms are grouped
together, they’re called “elements.” All 100 elements are
displayed here in this “Periodic Table of Elements.”
Every atom has the same basic structure. In the center of an
atom is its nucleus and revolving around the nucleus, in rings,
are electrons. The electrons in the outer ring in this chart are
colored in yellow simply for emphasis.
The smallest atom in the upper left of the periodic table is
hydrogen with only a single electron revolving around the
nucleus.
The next biggest atom is helium with two electrons revolving
around the nucleus. The first ring can only handle two electrons,
so the next electron has to go into the second ring.
That's why lithium, over to the left of the periodic table, with three electrons has two electrons
in the first ring and one in the second ring. Beryllium has four electrons, boron - five, carbon six, nitrogen - seven, oxygen - eight, fluorine - nine, and neon - ten.
Neon’s second ring is filled when it has eight electrons in it, and
with two electrons in the first ring, that’s ten electrons total.
The next electron goes into Ring 3 and creates sodium. Each
element along this row adds one more electron in Ring 3 until
it’s filled with eight electrons in the element argon.
The next ring, Ring 4, begins with a single electron in the
element potassium, and two electrons in the element calcium.
The periodic table continues like this until all 100+ elements are
displayed. Each row of the periodic table corresponds to the ring around the nucleus. The rows
are called “periods.” Each column corresponds to the number of electrons in each ring, and the
columns are called “groups.”
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Slide 4: The Nucleus
Each electron revolving around the nucleus has a negative
electrical charge on it. Negative electrical charges repel other
negative electrical charges, and positive electrical charges repel
other positive charges. Positive and negative electrical charges
are attracted to each other.
If electrons repel each other, how are they able to stay together
around the nucleus?
They stay together because the nucleus contains positively
charged "protons," and as each element adds an electron, its
nucleus adds a proton to keep that electron in orbit. With equal
numbers of electrons and protons, the atom remains electrically
neutral, neither positive nor negative.
Here are the first 26 elements in the periodic table. The
numbers in each box refer to the number of protons in each
nucleus. How are protons, which are positively charged, able to
cluster together in the nucleus? Why don't they repel each
other and spread apart?
Because protons are held together by the strongest force in the
universe, called the "strong force." When two protons try to get
close to each other, their positive electrical charges prevent
them from getting any closer, much like when you try to push
two north poles or two south poles of a magnet together.
In a nucleus, it’s exactly when two protons get very close
together that the strong force kicks in and pulls the protons even closer together.
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Sure, the strong force only extends the short distance between two protons, but the magnitude
of its power is enormous. You can understand the enormity of its power when an atom bomb
explodes, or when its release is controlled in nuclear reactors.
The second way that nuclei are able to keep all their protons
together is by adding neutrons. Neutrons are a proton and
electron combined, which makes neutrons electrically neutral.
Because neutrons are electrically neutral, they are able to
wiggle in between protons and nudge
them apart slightly so they don't feel
as much electrical repulsion from
neighboring protons. The reason that
nudging protons apart doesn’t reduce the strong force trying to pull
them together is that, like protons, neutrons exert their own strong
force on the protons.
Some atoms of an element may have more neutrons than others. They’re called “isotopes,” but
all isotopes of an element have the same chemical properties. Some isotopes are just slightly
heavier than others.

Slide 5: Molecules
Atoms bond to other atoms as molecules. Molecules of oxygen
in the air are made up two atoms of oxygen bonded together,
and molecules of nitrogen are made up of two atoms of
nitrogen bonded together. But most everything else you’ll come
into contact with is made up of molecules with different
elements.
The number of atoms in a molecule
can range from two atoms to
thousands of atoms. If atoms are
able to exist alone, why would two
atoms want to bond together?
Because atoms will do anything to fill up their outer ring with
electrons, even if it means bonding to another atom. The reason
atoms are so desperate to fill up their outer ring is that in doing
so, they are able to shed extra energy and settle back into a
more relaxed energy state.
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The only atoms not driven to bond to other atoms are those
that already have filled outer rings – atoms like helium, neon,
and argon. They’re already stable and relaxed so they have no
reason to bond with other atoms. They are, what we call,
“inert.”
The idea that Nature cannot tolerate energy being concentrated
in any one location is called the Law of Entropy. Flattening out
areas of high energy is why hot things cool off, water flows
downhill, and high air pressure expands until its pressure equals
its surroundings. Since energy can never be destroyed, though,
Nature is forced to flatten energy peaks by spreading out the
energy so that it’s equal everywhere. As energy spreads out,
though, things become less organized and more chaotic. In a
sense, then, entropy is a measure of disorder.

Slide 6: Intramolecular Bonds
The Law of Entropy drives the atoms inside the blue line to bond
with other atoms, because it allows them to fill their outer rings
with eight electrons and shed extra energy. Helium, neon, and
argon already have filled outer rings and have no reason to
bond to other atoms.
The bond between atoms is called an “intramolecular bond.”
“Intra” means within, that is, the bond within a molecule
holding the atoms together. Later we’ll discuss the bond of
attraction between whole molecules, called the “intermolecular
bond.”
Atoms bond together in four different ways. I call these four
intramolecular bonds the “give-and-take bond,” the “equalsharing bond,” the “unequal-sharing bond,” and the “dumping
bond,” because that’s what the atoms do with their electrons.
The scientific names for those bonds are the ionic bond,
covalent bond, polar covalent bond, and metallic bond.
In each bond, the atoms move around their outer “valence”
electrons – the electrons in the largest, most outer ring -- in
such a way that not only do the two atoms fill their outer rings
with eight electrons, but they also become strongly attracted to
each other.
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Fortunately, electrons are easy to move about. Simply rubbing a balloon on this
little girl’s hair removes electrons from her hair. Her hair is now electrically
positive because there are fewer electrons than protons. The balloon is
electrically negative because it now has more electrons than protons. Because
positive is attracted to negative, the girl’s positively charged hair is now
attracted to the negatively charged balloon.
Once you understand how different atoms shift their valence
electrons around to form each of the four bonds, you will
understand the properties of the resulting molecule. The reason
you’ll understand the properties of the resulting molecule is
that the distribution of electrical charges in a molecule
determines how attractive that molecule is to other molecules,
and that’s what governs a molecule’s properties. Understand
the four intramolecular bonds and how they determine the
molecule’s properties, and you understand chemistry.
Let’s start that understanding by examining how each of these
bonding methods determines the properties of the resulting
molecule. In a nutshell, the give-and-take ionic bond makes
molecules that form solid crystals that crack when struck; the
equal-sharing covalent bond makes gas molecules; the unequalsharing polar covalent bond makes liquids; and the metallic
bond, by releasing all its outer valence electrons, makes metals
that bend when struck instead of shattering.

Slide 7: The Ionic Bond
The “give-and-take” ionic bond involves one atom simply giving
its outer valence electron to an atom looking for a single
electron. In doing so both atoms fill their outer rings with eight
electrons. Let’s see how that’s done with sodium and chlorine.
Sodium has one valence electron in its Ring 3 and chlorine with
seven valence electrons is looking for one more electron to fill
up its Ring 3. Do you see how sodium fills up its outer ring by
giving away its single valence electron?
In giving away its single valence electron in Ring 3, there no
longer is a Ring 3, so Ring 2 with its eight electrons now
becomes the outer ring. And in accepting sodium’s electron,
chlorine fills up its Ring 3. But why though does sodium’s giving
Copyright ©|Fascinating Education LLC|www.fascinatingeducation.com

an electron to chlorine bond sodium to chlorine? Because in
giving away an electron, sodium becomes electrically positive
and chlorine, with the extra electron, electrically negative.
Positive attracts negative and the two atoms pull together as a
molecule of sodium chloride.
When sodium gave away its valence electron, sodium was still
an atom and it was still sodium, because what determines the
element is not the number of electrons, but the number of
protons in its nucleus. What did change when sodium gave away
its valence electron was that sodium became an “ion,” a positive
ion. An ion is an atom with more protons than electrons or more
electrons than protons. So, when sodium became a positive ion,
chlorine became a negative ion, hence the name ionic bond.
The sodium side of the sodium chloride molecule is now positive
and the chloride side of the molecule negative. A molecule
that's positive on one side and negative on the other is called
"polar." Because the sodium side is positive and the chloride
side negative, when other sodium chloride molecules happen
along, their positive sodium side is attracted to the negative
chloride side of another sodium chloride molecule. And their
negative chloride side is attracted to the positive sodium side of
another sodium chloride molecule. As more and more sodium
chloride molecules arrive, they gradually form a large 3dimensional crystal of sodium and chloride atoms neatly stacked
atop one another, positive next to negative.
Give-and-take ionic bonds form crystals, and because every
sodium atom is a positive ion and every chlorine atom a
negative ion, crystals of sodium chloride are known as “ionic”
crystals.
Here are sodium chloride
crystals up close. Sodium
chloride is table salt and if
you’ve ever looked at table salt
with a magnifying glass, you’ve
seen the square shaped crystals.

Copyright ©|Fascinating Education LLC|www.fascinatingeducation.com

Slide 8: The Ionic Bond (Continued)
To give you some idea of how strong
the bonds are connecting each sodium
ion to each chloride ion, let’s heat the
salt crystal and measure the
temperature needed to break the
sodium and chloride ions apart into a
molten liquid. Water molecules in ice only need to be heated to
zero degrees Celsius, 32 degrees Fahrenheit, to melt apart.
Table salt, though, has to be heated to 801 degrees Celsius,
1474 degrees Fahrenheit before the sodium and chloride ions in
a salt crystal begin to melt apart and become liquid. Yet, when a
crystal of sodium chloride is struck lightly with a hammer, it cracks apart. How come?
Because tapping a sodium chloride crystal shoves an entire row of sodium and chloride ions
forward slightly so that positive sodium ions are now lying next to other positive sodium ions
and negative chloride ions are now lying next to other negative chloride ions. Positive repels
positive and negative repels negative, causing the crystal to crack apart between the two rows.
So, give-and-take ionic bonds form heat-resistant crystals that readily crack in half when struck.

Slide 9: The Covalent Bond
The second type of intramolecular bond is the covalent bond. I
nickname it an “equal sharing bond,” because in this bond the
two atoms fill up their outer ring by sharing their electrons
equally.
Each of these two fluorine atoms, for example, has seven
valence electrons and needs only one more electron to fill up its
outer ring. The solution?
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Each fluorine atom shares one of its valence electrons with the
other fluorine atom. Each fluorine atom now has eight electrons
in its outer ring.
Here are two nitrogen atoms, each looking for three electrons
to fill its outer ring. By sharing three valence electrons with the
other nitrogen atom, each nitrogen atom fills its outer ring with
eight electrons.
Why, though, does this equal sharing of three electrons bond
the two nitrogen atoms together? Because the six shared electrons, being equally attracted to
both nuclei, tend to hang together midway between the two nitrogen nuclei. As a result, each
nitrogen nucleus sees a dense wall of negative electrons.
Being positive, each nucleus is drawn to that wall of negativity,
not realizing that on the other side of that wall is another
positive nucleus. The two nitrogen atoms pull together into a
covalent bond.
Is this nitrogen molecule polar, meaning is one side of the
nitrogen molecule positive and other side negative? No. The
nitrogen molecule is perfectly symmetrical. No matter how you
slice it, the electrical charge is the same on either side.
So, while ionic molecules like sodium chloride are very polar and
very attracted to each other, molecules with covalent bonds are
completely nonpolar and have no attraction at all for each
other. With no polarity to the nitrogen molecule, what do you
predict will happen when another nitrogen molecule happens
along?
Nothing. They will ignore each other and bounce away as widely
separated gas molecules. Almost 80% of the air is invisible
nitrogen gas. The huge spaces between gas molecules allows
light rays to pass right through them and allow gases to be invisible.
Even though molecules of nitrogen are nonpolar, they can still
become momentarily polar when the electrons revolving around
the two nuclei randomly happen to be more on one side of the
gas molecule than the other. The now negative side of the
molecule repels the electrons on a neighboring nitrogen molecule, inducing that neighboring
molecule to become momentarily polar, too. It’s also possible that, for a split second, the
electrons on that neighboring molecule independently overloaded one side of the molecule
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instead of being pushed there. In either case, two neighboring nonpolar molecules become
momentarily attracted to each other, but only if they’re right next to each other. The name of
this transient, short, and rather weak force between nonpolar molecules is “London dispersion
force.”
In a gas, London dispersion forces don’t do much because gas molecules are so far apart, but if
the gas molecules were forced to bounce around right next to each other, enough molecules
would experience London dispersion forces to begin sticking momentarily to each other. Then
what would you see?
You would begin to see droplets forming and collecting at the bottom of the container as a
liquid.

So how do we force gas molecules close enough to one another for London dispersion forces to
become effective enough to turn a gas into a liquid? Why are gas molecules so
far apart from each other in the first place, continually bouncing about in all
directions in total chaos?
Energy. Gas molecules have energy but from where? What is the source of a
gas’ energy?
Heat. Removing the heat removes the gas’ energy and reduces the ability of
gas molecules to bounce away from each other. If we cool off a gas
enough, the gas molecules will get within kissing distance of each
other, close enough for London dispersion forces to turn a gas into
a liquid.
Another way we could get gas molecules closer together is to
compress the gas and push all the gas molecules together, in other
words, increase the gas pressure.
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Slide 10: The Covalent Bond (Continued)
Two identical atoms share their electrons equally because each
nucleus exerts an equal pull on the valence electrons being
shared, but the two atoms don’t have to be identical. Carbon
and hydrogen share their electrons equally even though
carbon’s nucleus with six protons is so much more positive than
hydrogen’s nucleus with just one proton.
Hydrogen’s pull on the shared electrons is as strong as carbon’s
because the shared electrons are in hydrogen’s Ring 1, closer to
hydrogen’s nucleus, and there are no other electrons around
hydrogen’s nucleus to shield the shared electrons from
hydrogen’s pull.
Since carbon and hydrogen share their electrons equally, a
molecule like methane, with one carbon atom sharing its four
valence electrons with four separate hydrogen atoms, is
nonpolar. So are molecules like ethane, propane, butane,
pentane, hexane, heptane, and octane.
But even though each of these molecules is nonpolar, they can
still be attracted to each other and stick to each other, however
briefly. How? London dispersion forces.
Which one of these molecules exerts the strongest London
dispersion force?
The one with the longest nonpolar chain because each link in
the chain exerts a London dispersion force.
What test could you perform to prove that the longer the chain, the more the force of
attraction?
Measure the boiling points. The stronger the London dispersion forces, the higher the boiling
point, because it takes more energy to separate the molecules and evaporate them into the air.
Geckos and spiders rely on London dispersion forces to climb
walls and ceilings. They have enough London dispersion forces
to do this, because they have billions of tiny hair fibers along
their feet generating the London dispersion forces.
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Slide 11: The Polar Covalent Bond
Carbon, with six protons in its nucleus, can only share an electron equally with hydrogen.
Oxygen, though, has eight protons in its nucleus so when it shares an electron with hydrogen,
oxygen exerts a much stronger pull on hydrogen’s electron than
carbon, and the sharing is no longer equal.
Fluorine, with nine electrons in its nucleus, and needing only
one more electron to fill up its Ring 2, exerts an even greater
pull on hydrogen’s electron than oxygen.
The unequal sharing of electrons, as seen when hydrogen bonds
to oxygen, or when hydrogen bonds to fluorine, is the third
intramolecular bond, the “polar covalent bond.”
Here is a water molecule in which oxygen fills up its Ring 2 by
sharing an electron with two separate hydrogen atoms. The two
hydrogen nuclei, being electrically positive, turn the hydrogen
side of the water molecule slightly positive, leaving the opposite
side - without the hydrogen atoms - slightly negative. Right now,
a water molecule is slightly polar, but it is about to become even
more polar.
Electrons normally travel in pairs, each electron in the pair
spinning in the opposite direction. In a water molecule, oxygen’s
eight electrons in Ring 2 are divided into the two pairs being
shared with hydrogen, and the two pairs of unshared electrons.
Because the two pairs of shared electrons have to spend some
time around the hydrogen nucleus, their electrical field is
weaker than the electrical field exerted by the two pairs of
unshared electrons. Having a stronger electrical field, the two
pairs of unshared electrons are able to push the two pairs of
shared electrons -- and their hydrogen nuclei -- closer together,
making the hydrogen end of the water molecule even more positive.
When the positive side of one water molecule strikes the negative side of
another water molecule, the positive and negative sides stick briefly
together, but then quickly bounce away to attach briefly to another
molecule. Doing this billions of times a second results in a fluid state we call
“liquid.” The intermolecular bond pulling water molecules together is known
as the “hydrogen bond.”
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Slide 12: Properties of Water
If you’ve ever stuck your finger into water begin heated on a stove, and
compared that temperature with the temperature of the pot, you know
that water temperature rises very slowly.
The reason water temperature rises so
slowly is that a thermometer only
measures kinetic energy, the energy that
makes molecules move about, but not potential energy. Water
is able to absorb a great deal of heat energy and store it in its
intramolecular and intermolecular bonds
as potential energy, which allows water
to slow the rise of its temperature
despite absorbing lots of energy. By
absorbing heat without raising its temperature very much, water can
remain liquid long enough to extinguish the fire.
Water temperature’s slow response to changes in outside temperature
allows the oceans to store heat energy and keep our world from
becoming intolerably cold or intolerably hot with the changing seasons.
That’s why deserts without much water cool off so dramatically at
night.
Heating water to the boiling point takes a great deal of energy, because
the energy has to accomplish two things in order for water to boil. First,
it has to break water’s hydrogen bonds and allow water molecules to
escape as invisible gas molecules called
“steam.” Second, heat has to provide
water molecules with enough energy for
them to form bubbles of steam equal in
pressure to atmospheric pressure, which
is the weight of air pressing down on the
water. Air pressure is the weight of air from the surface of the
earth all the way up to the beginnings of outer space. Every
square inch of ground is experiencing 14.7 pounds of air
pressing down on it.
When steam comes into contact with something cool, like your skin, and condenses back into
water droplets, all that energy is released into the deeper layers of the skin, which is why steam
burns are so severe.
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Should the temperature of steam drop below the boiling point, the water molecules still remain
far enough apart to be invisible “water vapor.” As the temperature drops further and the water
molecules begin to hydrogen bond to each other, they finally become visible as a cloud or a
mist of tiny water droplets.
In any sample of water, some water molecules have more energy than
others. Those with the most energy are the most likely to evaporate. That’s
why water molecules evaporating from warm ocean water pack so much
energy. When these water molecules rise into the swirling cloud of a
hurricane, they cool off and condense back
into water droplets. In doing so, they release their heat energy
into the hurricane’s spiraling winds.
As temperature declines, molecular movement slows. As air
temperature approaches the freezing point, water molecules in
the air begin to hydrogen bond to each other in the shape of a
hexagon. As water molecules continue to attach, they maintain
the six-sided arrangement, which is why all snowflakes have six
sides.
In water that’s nearing the freezing point, water molecules again begin
to hydrogen bond to each other, forming six-sided ice crystals that
leave a large empty space in the middle. Each six water molecules now
occupy more space than they did when liquid, and because hydrogen
bonding at subfreezing temperatures is so incredibly strong, freezing
water expands with enough force to burst metal pipes.

Slide 13: Oxygen Makes Nonpolar Molecules Polar
I’ve shown you that carbon and hydrogen form a
covalent bond. It shouldn’t surprise you, then,
that long chains of carbon and hydrogen atoms,
which form fats , lipids, and oils are also
nonpolar. Being nonpolar, long-chain
hydrocarbons are attracted to each other by rather weak
London dispersion forces that allow them to slip and slide over
one another, which gives fats, lipids, and oils a greasy, oily feel.
Water molecules, on the other hand, bond together with much stronger hydrogen
bonding. When water and oil are poured into the same glass, they separate, because
hydrocarbons aren’t polar enough to break water’s hydrogen bonds and mix in
among the water molecules. Oil and water do not mix.
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To get long-chain hydrocarbons to mix with water, we need to
make the hydrocarbons polar. The simplest way to do this is to
add oxygen atoms. Oxygen atoms make nonpolar molecules
polar by exerting a very strong pull on any electrons they share.
After all, oxygen’s nucleus has 8 protons, two more than carbon,
and those eight protons are able to pull any shared electrons
closer to their nucleus than carbon’s six protons can to their
nucleus. What makes those two extra protons so effective is
that there are only two electrons in oxygen’s Ring 1 to block the
nucleus’ view of any shared electrons in Ring 2.
So, by adding an oxygen atom and OH hydroxyl group to one end of a long-chain hydrocarbon,
that end becomes polar -- polar enough to mingle freely among water molecules while leaving
its long hydrocarbon “tail” nonpolar. Replacing the hydrogen atom with a sodium atom makes
this long-chain hydrocarbon a soap molecule.

Despite the polar end, the nonpolar tail of a soap molecule is
still prevented from mixing in with water molecules. Instead, the
nonpolar tails form their own little oasis called a “micelle.”
Being nonpolar, micelles trap bits of greasy, nonpolar dirt and
escort them down the drain along with the soapy water.
Introducing oxygen atoms into carbon chains begins to make
these short-chain hydrocarbons a little polar.
Adding an atom of oxygen to each carbon atom makes short-chain hydrocarbons into even
more polar “carbohydrates.” Short carbohydrates, known as “monosaccharides,” are the
familiar sugar molecules. Two monosaccharides linked together make a “disaccharide,” like the
lactose in milk and the sucrose in table sugar. Long-chain polysaccharides include glycogen in
animals, starch in food, and cellulose in plants.
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With so many oxygen and hydrogen
atoms in a polysaccharide straddling
the carbon backbone, it’s no wonder
that carbohydrates form strong
hydrogen bonds with other polar
molecules. That hydrogen bonding is
what makes spaghetti stick to pots and pans when they dry out.
Placing dirty dishes immediately in water, before they have a
chance to dry out, allows the carbohydrates to hydrogen bond
to the water molecules instead. Fatty foods don’t stick to pots
and pans, because they can only stick to pots and pans with much weaker London dispersion
forces.

Slide 14: Metallic Bond
I have described electrons as revolving around the nucleus in rings. Actually, electrons
completely encircle the nucleus in three-dimensional shells, beginning with the smallest shell,
Shell 1.
Each larger shell is at a higher energy level. In addition, each larger shell is subdivided into more
and more subshells, identified by the letters s, p, d, f, and so on.

The more subshells a shell has, the more electrons it can hold.
Each new electron represents a new element. Those elements
filling up the d and f subshells represent the “transition metals”
in the blue and brick-red boxes located in the middle of the
periodic table.
Metal atoms, including the transition metal atoms, have only
one, two, or three electrons available in their outer shell for
bonding to other atoms. That’s not enough electrons to fill up each other’s
outer shell by giving or sharing electrons. What metal atoms can do, though, is
empty their outer valence shell by simply dumping their valence electrons into
a sea of electrons. This will leave behind positively charged atoms with filled
outer rings. All the loose electrons swimming about in the sea of electrons
swarm under, over, and around all the positively charged metal ions.
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All the positively charged ions are naturally attracted to all the
electrons swarming around them. What the metal ions don’t
see through the cloud of electrons are all the other positively
charged metal ions. All they see are electrons, to which they are
naturally attracted. So, all the positively charged metal ions
unwittingly pull together into a tight metallic bond.
And because each metal ion is identical, they all line up next to
each other in rows and columns, disregarding the fact that they
should be repelling each other. This is the fourth intramolecular
bond, the “metallic bond.“
When a metal is hammered, the rows of metal ions shift, but
since the positively- charged ions were content lying next to
each other before, they remain content lying next to each other
in their new position. So, when metals are hammered, they
don't break apart; the atoms simply shift over, which we see as
a nail bending instead of cracking apart.
If metallic bonds make for very densely packed atoms that
readily roll over each other, we should be able to make a metal
stronger by preventing metal atoms from rolling over each
other when hammered.
One way to do this is to arrange the atoms in an interlocking
pattern so they can’t roll over each other very easily.
Another way is to sprinkle other kinds of atoms in among the
metal ions to act as speed bumps, preventing the rows of metal
ions from sliding over one another. That’s what an “alloy” is and
that’s why alloys of metals are stronger than the original metal.
When carbon atoms, for example, are
sprinkled in and among iron ions, you get
strong steel.
Here are some other alloys: brass, which is
copper sprinkled with zinc; bronze, which
is copper sprinkled with tin; pewter, which is tin sprinkled with antimony
or copper; and white gold, which is gold sprinkled with silver.
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Slide 15: Moles
Having learned the four ways atoms bond, let’s turn our
attention to some of the mathematical problems students are
likely to encounter. When dealing with solids, it’s often
necessary to calculate the number of molecules in a sample
weighing a certain number of grams, or the reverse, calculating
how much a particular sample should weigh knowing that it
contains a certain number of molecules.
If you knew that an atom of one element weighed twice as
much as an atom of another element, then two grams of the
first element should have the same number of atoms as one
gram of the second element.
The periodic table lists the mass of each atom. An atom of
sodium, for example, has a mass of 22.990, and an atom of
chlorine has a mass of 35.453. Because atoms are so incredibly
tiny, the units are not in grams but in “atomic mass units.”
If you had a sample of sodium atoms weighing 22.990 grams,
and wanted to weigh out a sample of chlorine atoms with the
same number of atoms, how many grams would you weigh out?
35.453 grams, because so long as the ratio of atoms is the same
as it is in the periodic table, whether the units are in grams,
ounces, pounds, or tons, you can rest assured that both samples
contain the same number of atoms.
How many atoms do you suppose it would take to weigh out a
sample of sodium atoms weighing 22.990 grams, which is its
atomic weight in grams?
The answer to this question is attributable to Amedeo
Avogadro, who in 1811, realized that two gases with the same
volume, pressure, and temperature must have the same
number of molecules. That number was eventually determined
to be 6.02 x 1023, a number we now call “1 mole.”
Knowing that 1 mole of atoms contains 6.02 x 1023 atoms that
weigh in grams what the periodic table says the atom weighs in
atomic mass units, we can solve a large percentage of chemistry problems.
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When problems concern liquids, students must understand that solutions are made by
dissolving a solute in a solvent.
The concentration of a solution is the number of moles of solvent per liter of solution, called its
“molarity.” A 2.0 molar solution, for example, has 2.0 moles of solute in every liter of solution.
To make a 2.0 molar solution, first dissolve 2 moles of solute in less than a liter of solvent. Then
add enough solvent to bring the total volume up to 1 liter.
When chemistry problems concern gases, where volume,
temperature, and pressure become important, students must
keep in mind that one mole of a gas still contains 6.02 x 1023
molecules. At a temperature of 0 degrees Celsius, 1 mole of gas
occupies a volume of 22.4 liters and exerts a pressure of 760mm
of mercury. Typical chemistry problems involve changing one of
these variables and asking how the change affects one of the
other variables.

Slide 16: Chemical Reactions
A chemical reaction is a process in which two molecules, called “reactants,” come together and
exchange atoms to make entirely new molecules, called “products.”
The number of atoms in a molecule is noted by its subscripts
and if more than one molecule of a substance is participating in
the chemical reaction, a number, called a “coefficient,” is placed
in front of the molecule.
In this reaction, two molecules of hydrogen gas react with a
single molecule of oxygen gas to form two molecules of water.
A fundamental law of chemistry is that atoms and molecules are
never destroyed in a chemical reaction. So in every chemical
reaction, the number of atoms of each element entering a
chemical reaction – the “reactants” on the left side of the
chemical reaction -- must equal the number of atoms exiting the
chemical reaction -- the “products” of the chemical reaction.
Figuring out the fewest number of molecules needed to satisfy
this requirement is called “balancing” a chemical equation, or
“stoichiometry.”
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Here, for example, aluminum combines with oxygen to make aluminum oxide. Balancing the
equation so that the same number of aluminum atoms, and the same number of oxygen atoms,
are on each side of the arrow, is like doing a Sudoku puzzle. The solution is that four aluminum
atoms reacted with three oxygen molecules to make two molecules of aluminum oxide.

Slide 17: Acids and Bases
The pH of a solution indicates whether a solution is acidic or basic.
A solution is acidic if the pH is less than 7.0, and basic, or alkaline,
if the pH is greater than 7.0. Pure water has a pH of 7.0, so it’s
neutral.
Each whole pH unit equals a ten-fold change in acidity -- more
acidic if the pH drops, more alkaline if the pH increases.
Lemon juice and other sour juices have an acidic pH of around 2,
tomato juice a pH of 3, coffee a pH of 4.5, and on the alkaline
side, baking soda has a pH of 10, ammonia solutions like Windex
a pH of 11, and drain cleaners a pH of over 13.

Slide 18: Conclusion
An hour ago, chemistry was just an amorphous subject with a
reputation for being difficult. In less than an hour, you
understand chemistry’s big picture, which is, that atoms bond to
each other to form molecules in four different ways, and each
bond produces characteristic properties of the molecule,
properties that explain so much of the world around us.
What I really want you take away from this hour-long lesson is
an appreciation of the effectiveness of narrated images, which
allowed you to see exactly what I was talking about as I was
explaining it.
In the actual lessons, I move through the material much more slowly, explaining each step with
illustrations. Once or twice in each lesson is a “Catch Our Breath” slide where I summarize
what’s just been taught.
At the end of each lesson are “What You Know So Far” slides that list exactly what I want
students to take away from each lesson.
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In addition to reviewing each lesson with a “Catch Our Breath” slide and a “What You Know So
Far” slide within each lesson, I also provide a separate review lesson where I pose questions for
students to answer using what they’ve just learned. Allowing students to use what they’ve just
learned helps solidify the concepts.
Finally, there is a multiple-choice test. Each question has a “hint” button, so that if students are
having difficulty, they can listen to the hint and then return to answer the question. The intent
of the hint button is to ensure that a student is always succeeding.
It’s essential for every child to realize that science is understandable, that it makes sense, and
that it really is useable material as it explains so much of our everyday experience.
Should have any questions or comments, please contact us at
fascinator@fascinatingeducation.com.
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