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About This Book

hat you have before you is a book intended to help you understand
many of the concepts basic to the study of chemistry. This is not a
chemistry textbook, and it takes an approach that differs from that of
most of the books on chemistry you’ll find. For starters, this is a view of chemistry
from someone (me) who has primarily a physics background. This means that
I will take a “ground up” approach to the subject, beginning with what atoms
look like and why we believe that atoms look that way. This does not follow the
historical development of modern chemistry, but it’s the approach that makes
the most sense to me. I also will steer away from memorisation whenever possible. I see no sense in memorising the properties of various materials based on
their position in the Periodic Table when you can rather get a clear picture of
why materials do what they do based on an understanding of the mechanisms
that underlie the patterns in the Periodic Table.
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There will be a second book on chemistry in the Stop Faking It! series, so don’t
fret that there are a number of traditional concepts missing from this book. People
might argue about what concepts are “basic” and therefore should be in this
first book, but I just have to chalk that up to a difference of opinion.
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I do make a few assumptions about what you already know before you pick up
this book. For example, I assume you know that there are three states of matter –
solids, liquids and gases – and that you have a rough idea of the properties of each
state of matter. I also assume you know that when you combine atoms together,
the result is called a molecule. Other than that, I pretty much start from scratch.
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All that said, here are the major ideas I hope you can grasp by the time you
finish this book:

●

What an element is, both historically and presently

●

Our current view of what is inside an atom, and what electrons are or aren’t
doing inside an atom

●

How energy is involved when physical systems, including atoms, are by
themselves and how energy is involved when those systems get together
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The different ways, and different reasons, atoms bond with one another

●

What we mean by a chemical equation, how to balance a chemical equation, and how we can get valuable information from a chemical equation.
This includes why in the world someone would want to balance a chemical
equation, other than to do another textbook chemistry problem.

●

What we mean by organic chemistry, why it is a special branch of chemistry,
and how it affects our lives
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Warning. This book is intended as a resource book for teachers and parents,
and not necessarily a book of activities designed for the classroom. The use
of certain chemicals in the classroom is highly regulated in many areas, and
I do not recommend doing the activities in this book with students without
checking on the regulations in your particular area.
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Simple Models

s I said in “About This Book”, I’m not going to take the usual approach
to the subject of chemistry. Because virtually all explanations of chemical
reactions are based on our current model of atoms and molecules, I figure the first thing to do is help you understand why we believe that atoms and
molecules look and act the way they do. That’s not a trivial issue, because despite
the impression you might have gotten from textbooks, no one has ever seen an
atom in the sense that you can see this page in front of you. What we have are
observations and experiments that lead us to formulate models of atoms.
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“Fire. Deﬁnitely ‘Fire’…”
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For starters, I’m going to have you experience a few chemical reactions and
then present a model the early Greeks used to explain observations. That’ll get
us in the mood for making up models to explain the world around us.
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Things to do before you read the science stuff
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In this section, you’ll need a few chemicals that you can get at the store – baking
soda, vinegar and Epsom salts. You’ll also need a couple of metal bottle caps
with the plastic inner liner removed, a ruler, a pencil, tongs, wooden matches,
a candle and a lighter. Ready to play? Good. Now, before you do anything,
prepare to observe carefully. Pretend that your life depends on how detailed
your observations are. Okay, that’s too melodramatic, but observe carefully
anyway, okay?
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Pour a small amount of baking soda in a clear glass or plastic cup. With the
cup sitting on a table, add maybe 40 millilitres of vinegar. Without disturbing
the cup, describe what happens. What do you see and hear? Now light a candle
and place it next to the cup. Carefully “pour” the contents of the cup onto the
candle. “Pour” is in quotes because I
don’t want you to pour out any of the Figure 1.1
Pouring without
liquid in the cup. Just use a pouring
really pouring.
motion until something happens to the
candle. See Figure 1.1.
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For the next couple of activities, a
double pan balance is nice to have. If
you don’t have one, make one as follows. Get two bottle caps and use masking tape to secure them to opposite ends
of a ruler. Then place the ruler on top of
a pencil, with the pencil in the middle
of the ruler, and adjust the positions of
the bottle caps until this whole thing
balances. See Figure 1.2.
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Figure 1.4
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Place one wooden match on top of each bottle cap (or in
each pan if you have an actual double pan balance) and check
that your apparatus still balances. Strike a third match and
light one of the matches sitting on the ruler on fire. Make
careful observations of the burning process. Which way is
the flame directed? Does anything besides the flame seem to
“leave” the match as it burns? What about after the one match
completely burns? Does your apparatus stay in balance? If
not, which way does it tip? See Figure 1.3.
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Get another match and a small glass. Light the match and
hold the glass, inverted, above the match, as shown in Figure
1.4.
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Before the match burns your fingers, blow it out. Then take
a look at the inside of the glass. Rub your finger on the inside
of the glass. Notice anything?
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Clean out your bottle caps and get your balance in balance again. Pour a small pile of Epsom salts into each bottle cap, adjusting the
amounts until your apparatus is in balance. If you’re using a regular pan balance, you still need to use bottle caps for this part. Simply place the Epsom salts
into bottle caps and then place the bottle caps on the balance pans. No masking
tape necessary unless you’re using a ruler for a balance. Check out Figure 1.5.
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Next remove one of the bottle caps containing Epsom salts. Using tongs so you
don’t burn your little fingers, hold the bottle cap over a flame (either a candle or
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Figure 1.5
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a lighter) for a few minutes
(Figure 1.6). Notice any
change in the appearance
of the Epsom salts. Notice
anything else while you’re
heating things up?
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Figure 1.6
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After heating for a few
minutes, let the bottle cap
cool down a bit and then
replace it on either your
ruler or your double pan balance. Which way does the balance tip? What does
that mean in terms of the relative weights of the two sides?

The science stuff
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Before getting into explanations, see if your results agree with the following. As
you do this, you no doubt will realise that, throughout this book, I’m going to be
discussing what most likely happened in the “things to do” sections. Therefore, you
can get through the book without ever doing a single activity other than reading.
That, however, is not the best way to learn concepts. Actually experiencing things
will give you a solid basis for understanding concepts, a better basis than you can
get just by reading. Okay, end of lecture. Here’s what you probably observed.
Vinegar has a distinctive smell. Baking soda doesn’t. When you combine the
two, lots of fizzing and bubbles result. If you put your hand or cheek just
above all the fizzing, you’ll notice that something seems to be moving upward,
because liquid keeps spitting at you.

●

“Pouring” the baking soda and vinegar mix over the candle results in the
flame being snuffed out. You can’t see anything actually pouring over the
candle.

●

A burned match weighs less than an unburned match, as evidenced by the
fact that your balance, be it ruler or actual pan balance, went down on the
side of the unburned match. The flame of the match rises upward.

●

When you hold a burning match underneath a small glass, a mist of water
forms on the inside of the glass. You can usually see this, but you can always
feel it when you rub your finger on the inside of the glass.

●

When you heat Epsom salts, they sizzle quite a bit. You can definitely see some
sort of liquid form as you heat the salts, and they change appearance from
crystalline to something that’s more of a powder. You should have found that
Epsom salts lose weight when you heat them.
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Figure 1.7
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According to Empedocles, each object or substance is some combination of the four elements.
The elements themselves
never exist in a pure form,
although they aspire to take
their proper place in the
universe. The proper place
for earth is, well, on the
Earth. Because water floats
on earth, its proper place is
above the Earth. Air rises
higher than water, so air is
above the water. Fire rises
highest of all (flames go
upward, right?), so it’s on
top. Figure 1.7 shows how
Empedocles might have
viewed things.
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Okay, time to explain your observations. As promised in the introduction to
this chapter, we’ll use a model developed by a Greek philosopher, in particular
one named Empedocles. His model was that all things in the universe consist of
four elements: earth, water, air and fire. These elements are characterised by the
following qualities: earth is cold and dry, water is cold and moist, air is hot and
moist, and fire is hot and dry. Empedocles went even further, assigning qualities
such as love and hate to these elements, but we won’t go into that other than to say
that love and hate are emotions often associated with chemistry and other sciences.
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You can explain lots of
occurrences by assuming that things are composed of these elements. I’ll attempt to do that for the activities you did in the previous section. No guarantees
that my explanations are what Greek philosophers would have provided, but
they’re dead and can’t do anything about it.1

1

Irreverence aside, I want to be clear that I am not a qualified scientific historian. The explanations
I’m going to provide are most assuredly not the ones Empedocles or other Greek philosophers
would have provided (for one thing, mine are too simple), and of course there were many theories
that competed with the one of earth, fire, air and water. My only purpose here is to show that
seemingly primitive models can go a long way toward explaining observations, even in the hands
of a rank amateur like me.
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So here goes my explanation of the activities assuming the Greek notion of
there being four elements – earth, water, air and fire. Let’s start with baking soda
and vinegar. The vinegar itself obviously has lots of water in it, but it must also
contain air. If it didn’t contain air, then the smell from the vinegar wouldn’t be able
to rise up to your nose. Keep in mind we’re talking about air as one of the four
basic elements. If there isn’t any air or any fire, then nothing rises up. When you
mix the two, you get more evidence of “trapped air”. Those bubbles rise upward
and release air. Most likely, the baking soda itself also contains the element air.
The fact that you can “pour” an invisible substance out of the cup and extinguish
a candle is a bit more difficult to explain, but not too hard. Clearly whatever is
right above the mixture of baking soda and vinegar has air (because it’s invisible)
and either a bit of earth or water, or both. We know there is either earth or water
present, because otherwise this stuff would move upward just like all other things
that have lots of air. There’s enough water and/or air, in fact, that this substance
falls downward and extinguishes the candle. When the candle is extinguished,
clearly that invisible falling substance has absorbed the fire in the candle.
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Let’s move on to a burning match. An unlit match contains earth (obviously)
and also contains fire. You know it contains fire because simply striking the
match releases the fire. The evidence that a match also contains water is in the
formation of a fine mist of water on the inside of a glass held upside down over a
burning match. Okay, why should a burned match weigh less than an unburned
match? Well, you have released fire and water from the match, so there’s less
“stuff” in the match. Of course, it’s not quite that simple. Because fire tends to
move upward, you might expect the release of the “upward tendency” of the
fire would actually cause the match to weigh more. However, we can get around
that by noticing that water would contribute to the match’s weight, so as long
as you release more water than fire, the match will weigh less.
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I’m going to leave the explanation of the Epsom salts to you. I’m sure you
can do as well as I can simply by considering the release of some of the four
elements that make up the Epsom salts. I can add one thing, which is that the
salts go from a bright, crystalline substance to a powdery substance. The early
Greeks associated light with fire, so as the crystals lose some of their luster, they
are obviously losing fire.
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Time to move on to a different kind of simple model to explain observations.
Another Greek philosopher by the name of Democritus was among the first to
come up with the theory of atoms – small, indivisible things that make up all
matter. In Democritus’s view, and in the view of many scientists who also subscribed to the atomic theory into the eighteenth century, there are many kinds of
atoms in the world. Elements are substances that are composed of only one kind
of atom, and observations can be explained by the exchange of atoms among
substances. Contrary to the theory of Empedocles, who thought that “pure”
elements did not exist in the real world, Democritus tells us it is now possible to
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