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Preface

P
rior to the publication of this book, teachers often asked me whether the 

book would be more advanced than the fi rst book, Chemistry Basics. The 

answer to that question is yes and no. First, this book builds on concepts 

discussed in the fi rst book. Although the fi rst chapter of this book is a review 

of the concepts covered in the fi rst book, the review will not suffi ce if you are 

not somewhat familiar with those concepts. So, you need to know a few things 

about basic chemistry before tackling this book. Second, there are a number of 

topics in this book that might be considered advanced chemistry, such as the 

uncertainty principle in quantum mechanics, the formation of different kinds of 

bonds and oxidation-reduction reactions. Many of the reviewers of the book said 

things such as, “The teachers in your audience will never teach some of these 

concepts to their students. The students won’t see some of these concepts until 

upper secondary school or even university.” That might be true, but I believe 

that your understanding of the so-called higher-level concepts will enhance 

your teaching. When little Susie says, “These orbits of electrons aren’t correct; 

my mum says we can’t really know what electrons are doing”, what will be 

your response? It could be, “We don’t discuss that in Year 6 – you’ll learn that 

in secondary school.” But if you actually know what Susie is talking about, you 

have a choice. You can discuss it with her individually, or you might even decide 

that the subject will be great for a class discussion. If you don’t know what Susie 

is talking about, you have no choice and no control over the situation. You need 

to ask yourself whether you want the content of your curriculum to be in charge 

of what happens, or if you want your knowledge of the subject matter to be in 

charge of what happens. I prefer the latter. Also, it is empowering to know more 

than you will ever need to teach the students. It gives you a comfort level and 

just might affect how you address certain topics. Teaching is more fun when 

you are secure in the depth of your understanding. 

One more thing on this topic. There is a lot of tradition in the teaching of 

science. You simply don’t address certain concepts until you get to a particular 

year level. This implies that some ideas are much more diffi cult to understand 

than others. I strongly believe, however, that anyone can understand, say, the 
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basics of quantum mechanics. Yes, a complete mathematical treatment of the 

subject requires a sophistication with maths, but the basic concepts are not 

that diffi cult to understand. You can avoid the maths complexities (as I do, for 

the most part, in this book) and still grasp the major concepts. As someone (I 

forget who) said, you can teach anyone of any age just about any concept, as 

long as you do so in an intellectually honest manner. This means that anyone 

can learn any concept, but you must take care not to alter the concept in the 

process to the point that you are teaching lies, which unfortunately happens 

too often when we try to “dumb down” certain material. Suffi ce to say that I 

try to remain intellectually honest in everything I write.

Content aside, this book is arranged the same as all the other books in 

the Stop Faking It! series. I ask you to do a few simple activities prior to the 

explanation of any concepts. We understand concepts better when we can 

anchor them to concrete experiences, and that’s the purpose of these sections. It 

might be tempting to just read through the Things To Do sections, but I strongly 

encourage you to do the activities. They could make the difference between 

memorising concepts and truly understanding them. Memorisation fades, but 

understanding lasts. 

Finally, I want to be clear that this is not a comprehensive chemistry book, 

even when combined with the fi rst chemistry book in the series. For example, 

I do not deal with equilibrium in chemical equations or solubility of solids 

immersed in solutions, both traditional chemistry concepts. I also do not do 

justice to the vast fi eld of organic chemistry. This book is not a textbook, and none 

of the books in the SFI series are intended to be comprehensive textbooks. My 

goal is to help you obtain a deep understanding of a number of basic chemistry 

concepts. I hope that with this understanding, you will know what those short 

descriptions of content in activity books are all about and will have the basis 

for knowing what’s going on in a textbook. Also, although there are activities in 

this book, the activities are there to help you understand concepts and are not 

necessarily intended as classroom activities. That’s not to say that you can’t use 

some of these activities in the classroom, but rather that you should consider 

safety and appropriateness before using the activities with your students. 
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Chapter  
1

T
his is the second chemistry 

book in the Stop Faking 
It! series; the fi rst one is 

called Chemistry Basics. This 

second book introduces new 

concepts and expands on many 

of the concepts presented in 

the fi rst book, so it would help 

if you knew the contents of the 

fi rst book before picking up this 

one. Now, I can’t assume that 

you have already worked your 

way through the fi rst book. It’s 

also possible that you worked 

your way through that book but 

need a refresher on the contents. 

Hence, I’m beginning this book 

with a chapter that reviews the 

content of Chemistry Basics. In 

no way should you consider this 

chapter a substitute for going 

through the fi rst book, though. 

If your knowledge of chemistry concepts is at all shaky, I strongly advise you 

to work through Chemistry Basics fi rst.

Because this is a review chapter, it does not follow my usual format. Normally, 

I have you, the reader, perform a few simple activities before reading explana-

tions of concepts. The explanations use the results of the activities to help you 

anchor the concepts to experiences, thus leading to a deeper understanding 

than would otherwise be possible. If I did the activity thing in this chapter, 

then this chapter would be as long as the fi rst book, and that wouldn’t make 

much sense. So, what follows here are explanations of concepts sans activities. 

Déjà Review
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As such, this fi rst chapter represents what you normally expect from a textbook 

or other science resource, which is a set of straightforward explanations. If you 

do own Chemistry Basics, comparing this chapter to that book will provide a 

clear example of what it’s like to learn science concepts with and without use 

of the Learning Cycle.

And yes, I realise that déjà review is the same as saying re-review. Makes sense 

to me, though, because there is a summary section at the end of each chapter in 

Chemistry Basics. You can consider a summary section a review, so this chapter 

counts as the second review of the material. And yes, I realise that most of you 

don’t care whether or not I justify the chapter title!

Using models to explain observations
The primary building block of chemistry is atomic theory – 

our model of what tiny little things called atoms look like and 

how they behave, both alone and in interactions with other 

atoms. Using atoms to explain observations is typical of what 

scientists do – develop models. For example, two magnets 

exert forces on each other. These forces can be attractive or 

repulsive. To describe and explain such interactions, physicists invented things 

called magnetic fi elds. With rules for the magnetic fi eld lines that magnets 

generate and for how magnets and other objects react when in the presence of 

magnetic fi eld lines, you can understand all sorts of things magnetic in nature. 

Figure 1.1 shows the magnetic fi eld lines associated with a bar magnet.1

1 The magnetic fi eld lines shown in Figure 1.1 are just an example of the models that scientists 

use. I’m not expecting you to know what these fi eld lines represent with respect to magnetic 

interactions. 

Figure 1.1

Topic: Atomic Theory

Go to: www.scilinks.org

Code: MCB001
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The process of creating 

scientific models began 

long ago. One of the ear-

liest models to explain 

the workings of the uni-

verse came from the early 

Greeks, who proposed 

that there are four main 

elements in the universe: 

earth, air, water and fi re. 

All things in the universe 

are composed of these 

elements in different pro-

portions, and these four 

elements strive to attain 

their “proper” places in 

the universe, illustrated in 

Figure 1.2. You can explain 

the properties of objects and what happens when different substances inter-

act simply by determining how much of each of the four basic elements the 

substances contain. 

It turns out you can use the model of earth, water, air 

and fi re to explain many occurrences. This model was so 

effective, in fact, that it’s a wonder that the theory that 

atoms (tiny, indivisible, marblelike objects that make up 

everything in the universe) exist ever got a foothold in 

the scientifi c and philosophic communities. The theory 

of atoms was established, though, and over the span of hundreds of years the 

model of the atom underwent lots of changes and currently is a pretty sophis-

ticated model. The next section explains our current model of the atom. I use 

the word current because it’s a pretty good bet that our model of the atom a 

hundred years from now will look quite a bit different from our model of the 

atom today. Personally, I’m expecting a similar result when I look into a mirror 

a hundred years from now, assuming that living to be 160 years old will soon 

be commonplace.

Atomic fashions, or what not to wear if you want to 
keep up with the halogens
The rather obscure title of this section means that I intend to explain scientists’ 

currently accepted model of what your typical atom looks like. Atoms are all 

Figure 1.2

Topic: Atomic Models

Go to: www.scilinks.org

Code: MCB002
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Figure 1.3

different, but they have many characteristics 

in common. Most books address the model 

of the atom as it developed historically, and 

my fi rst chemistry book in this series takes 

that approach. Here, though, it’s probably 

best to just cut to the chase and present a 

modern picture of the atom. 

Atoms are composed of a positively 

charged, concentrated centre called the 

nucleus, surrounded by negatively charged 

electrons. The nucleus contains positively 

charged protons and zero-charged neu-

trons. In electrically neutral atoms, there 

are equal numbers of protons and electrons. 

The number of neutrons in a nucleus varies. 

Hydrogen has no neutrons, and many of 

the lighter atoms have equal numbers of 

protons and neutrons. Even within one type of atom, the number of neutrons 

can vary. Atoms that have the same number of protons but different numbers 

of neutrons are called isotopes. 

Before moving on, I want to show you a drawing of an atom that one often 

fi nds in primary school textbooks and reference books for laypeople. Figure 1.3 

shows protons and neutrons in the nucleus, surrounded by electrons moving 

in orbits not unlike the orbits of planets around the Sun. 

Note the circle and slash through this drawing, indicating that it’s wrong. Elec-

trons do not orbit the nucleus 

like this. If they did, they would 

radiate energy away rapidly, 

resulting in a quick collapse 

of the universe. No collapsing 

universe that I notice, so why 

do books still use this outdated 

drawing? I’ve had people tell 

me it’s useful for early year 

levels because it’s easier to un-

derstand than a more accurate 

drawing (which we’ll get to 

later), but I’m not buying that. 

My position is that you can ex-

plain just about any concept to 

any age group in an intellectu-

Atomic fashions
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Chapter 1

Topic: Energy Levels

Go to: www.scilinks.org

Code: MCB003

ally honest way, which means you might need to simplify things a bit, but you 

can stay true to the correct model. Orbits aren’t true to the correct model, so I 

think an adjustment is in order. Unfortunately, the textbook companies don’t 

ask for my advice much!

Anyway, let’s move on. Protons and neutrons have approximately the same 

mass (we’ll usually assume that the masses are equal), and both are much more 

massive than electrons. The mass of an electron is so small, in fact (over 1000 

times smaller than the mass of a proton), that it’s common to ignore the elec-

tron mass when determining the mass of an atom. Electrons also are physically 

smaller than protons and neutrons – so small, in fact, that they don’t have a 

measurable size.2 Even though electrons are that tiny, they do help determine 

the overall size of an atom because they move around in a “cloud” that extends 

beyond the confi nes of the nucleus. The further out the electron cloud extends, 

the larger the atom.

More details
We do know more about an atom than what makes it up. We have some idea of 

what the protons, neutrons and electrons are doing. The protons and neutrons 

in the nucleus (Remember, the nucleus by far makes up most of the mass in an 

atom.) pretty much stay put in relation to the atom as a whole, even though all 

atoms in the universe are themselves moving at all times.3 The electrons are a 

different story. As I mentioned, they don’t move in circular orbits. So, what are 

the electrons doing? We know that they have only certain energies, with those 

energies being dictated by the type of atom you have. We speak of atoms as 

having energy levels or energy shells in which the electrons can reside. It’s sort 

of like the electrons can sit in a football stadium but only in 

rows 2, 7, 15 and so on. The in-between rows (in-between 

energies in an atom) aren’t available to the electrons. It’s 

not that those energies don’t exist but rather that they’re 

off-limits for electrons in different atoms. This fi ts with 

the notion that electrons behave as bundles of waves (a 

premise of the mathematics of quantum mechanics) that 

are confi ned, in this case confi ned because of the electric 

2 It might seem strange to you that something doesn’t have a measurable size, but that’s the case 

with electrons as well as with other subatomic objects in the universe. Scientists consider such 

objects to be point objects. And if the existence of point objects troubles you greatly, keep in mind 

one of my favourite phrases: All of science is made up. Mathematically, electrons act like they 

have zero size, so that’s what we have to deal with, even if it doesn’t seem to make sense.

3 Here I refer to a random jiggling motion that characterises all atoms, even those that make up 

solids. Even at the lowest temperatures possible, atoms still jiggle just a bit.
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Figure 1.4

attraction between the electrons and the nucleus. When you confi ne waves, 

only certain “resonant” energies are allowed, as demonstrated using waves on 

a string shown in Figure 1.4.4

The electrons can only have certain energies, but they can jump from one 

energy level to the next. In the process, the atom either gives off or absorbs 

electromagnetic waves, some of which we know as light. Figure 1.5 shows 

an electron jumping between two energy levels in an atom. This drawing is a 

cross-section of the two lowest energy levels in an atom. These energy levels 

4 Keep in mind that this is a review chapter. If this is your fi rst introduction to the fact that 

electrons reside in distinct energy levels and why that is, then you really should pick up a more 

basic resource on this (say, my fi rst chemistry book in the series … hint, hint) to understand the 

topic better. 
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