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Introduction

The periodic table is the basic menu of ingredients for everything around us. We interact with many of the 118 elements listed on it every day, but we know very few of them as individuals. The elements are more often found joined up and clustered together. They can be combined, connected and mixed into an incredible number of different arrangements to give us the variety of molecules that make us and the world around us.

A molecule is a combination of atoms bonded together in a particular way, just as a word is a collection of characters in a specific arrangement. Both are constructed from a limited set of components, either elements or letters. And both take on properties and significance greater than the sum of their parts.

The first step to reading words is learning the alphabet and the first step to reading a molecule is learning about its atoms. At its heart, every atom has a nucleus of protons that defines that element’s identity. Neutrons are also squeezed into the nucleus to hold the protons in place. The body of the atom is swelled out by electrons, one for each proton. It is the electrons that give an atom its personality. They shimmer around the nucleus in well-ordered shells, each with a fixed capacity. If there are more electrons than spaces in the shell, a new shell is formed. A self-content atom is an atom with a set of full shells. But most atoms have a few gaps or extras in their outermost shell and these spoil an atom’s otherwise neat structure.

At its simplest level, chemistry is the negotiation between atoms to swap, share, donate and acquire electrons to complete their outermost shell, or at least to give the appearance of a complete shell. The exchange of electrons between atoms forms bonds between them and holds them together. The nature of those bonds can vary depending on the strength of an element’s personality and negotiating skills.

Some elements can offload unwanted electrons with ease and others in need of electrons can persuade almost any other element to relinquish them. If two of these extreme types meet, electrons are handed from one to the other and everyone is happy. The atoms that lose electrons become positively charged, and those that gain electrons become negatively charged. Opposites attract and the atoms align themselves in regular repeating arrays of positive and negative to make ionic compounds. But not all elements are so forceful in their behaviour. If one atom is less willing to give up its electrons, and its potential partner cannot persuade it to do so, the two can come to a discrete arrangement between themselves and share. Their outermost shells can overlap and the electrons they contain can buzz around both atoms giving the impression of completeness. Such like-minded elements share common interests to form covalent bonds.

Covalent and ionic bonding are the two main ways atoms can get together, but there is a full spectrum of atomic partnerships that fall between these two extremes. Transfers may not be complete and electrons might not be shared equally. These subtleties make all the difference to a molecule. Just as accented letters give emphasis to portions of a word, electrons clustered around or absent from some regions of a molecule are the focus of chemical interest.

The redistribution of electrons around a molecule offers a compromise for the atoms of the elements it contains. The changes to the electrons in its shells change an element’s behaviour. Once excitable atoms can be tamed and others invigorated. Individual identities become blurred and merge with others just as particular groupings of letters lose their individual sounds to create a new one.

For both words and molecules, the physical arrangement of their components is important: a pea is not an ape. Adding a little group of letters to a word, such as ‘ism’, can transform how it interacts with the rest of a sentence. Words can be very specific, or perform different tasks in different circumstances, like ‘bow’ for example. The same is true for molecules; small changes in structure or context can make a big difference. Some words – war, love, freedom – can change the world. And some molecules have just as much power and influence.

Taking each of fifty-two molecules in turn, this book shows how some individual atoms, when grouped together, take on new and bigger roles. This is not a chemistry text book, however. Instead, the focus is on the tales these compounds have to tell, rather than the chemistry they contain. Choosing fifty-two molecules has been difficult – like choosing just a handful of important words of a language made up of hundreds of thousands. To complicate matters, just as speakers of one language often borrow words from other languages, I have included several combinations of atoms that might be better described as materials, rather than molecules.

Stretching the definition of a molecule beyond its strict scientific limits has allowed me to include minerals that have helped us navigate the globe and polymers that have taken us to the moon. The final fifty-two molecules, compounds and substances range from the fundamental to the frivolous. Some have changed our world, while others simply keep us engaged with life and living. There are the good, the bad and downright smelly. Ultimately, I have included some molecules simply because I find them, or their story, interesting. I hope you do too.
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Ozone

Location, Location, Location

Ozone is a self-contained love triangle. Like a molecular soap opera, it is the centre of a never-ending cycle of stormy relationships and messy break-ups – the kind of story we love to watch but hate to experience personally. It has taken us a while, but we have learned that these toxic relationships are best kept at a distance.

Atoms usually get together to form molecules for their mutual benefit. Two oxygen atoms happily pair up as O₂, sharing their electrons to satisfy each atom’s needs. Occasionally, a third oxygen atom turns up and latches onto O₂. In this newly formed threesome, not everyone gets their fair share of electrons. As far as oxygen is concerned, two is company and three is definitely a crowd.

The break-up of ozone’s three-way relationship is inevitable; it just needs the right nudge to cause a split. The oxygen pair return to their original, more sedate state and the third oxygen atom storms off in a huff. What happens then depends on what the newly formed singleton bumps into next. If it finds another lone oxygen, the two pair up immediately to form a happy couple. Or this single oxygen might latch onto another molecule, oxidizing it. That other molecule will be changed by the experience, and not always for the best.
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Humans had been vaguely aware of ozone’s antics for a long time. The ancient Greeks wrote about the sharp smell that occurred around thunderstorms. Scientists conducting electrical experiments in the eighteenth century also noted a distinctive smell around their equipment, but they were not to be distracted from their important work by frivolous sideshows. It was not until the nineteenth century that Christian Friedrich Schönbein isolated the malodorous culprit, a pale blue gas, and named it ozone after the Greek ozein, ‘to smell’. It was later shown that ozone was O₃, formed when lightning bolts and smaller sparks rip apart and reorganize O₂ molecules.

The Victorians loved being around ozone. They found its dramatic behaviour stimulating. Its fresh, clean, natural smell was certain to be healthy and so they pumped it into hospitals, churches and theatres. These highly strung molecules were enthusiastically sucked into Victorian lungs, but that was where they came undone. Ozone’s bit on the side was offloaded onto lung tissue, causing damage. Invigorating could also be irritating. Eventually it was realized that ozone’s molecular break-ups were best observed from a distance, ideally several kilometres above Earth’s surface.

High above the streets and houses, in a band about 20 km (13 miles) thick and centred between 25 and 35 km (16–22 miles) up, is the ozone layer. The stratosphere is where oxygen atoms go about their assignations and break-ups on a grand scale. At this altitude, ultraviolet light from the sun splits the O₂ molecules it encounters in two. The resulting single oxygen atoms then latch onto other O₂ molecules to make ozone. But these newly formed relationships do not last long. More ultraviolet light, at a different wavelength, breaks up these unstable threesomes. The ongoing saga of getting together and falling apart has been going on for millions of years. The process absorbs much of the sun’s harmful ultraviolet radiation, preventing it from damaging organisms living below.

In the twentieth century, a new character was introduced into the drama, in the form of chlorofluorocarbons, or CFCs, used in aerosol cans and as refrigerants, among other things. They appeared to be calm, reliable types that would endure through all manner of chemical trials and tribulations. CFCs became part of the backdrop of our everyday lives, but in the 1980s, they were given a dramatic new story arc. CFC molecules were so stable and unchanging that they hung around for a long time, long enough to make their way up into the upper atmosphere. For the first time they came face to face with intense levels of ultraviolet light, and it tore them apart. Chlorine atoms were liberated from CFCs and went on the rampage, ripping into ozone molecule after ozone molecule. So much ozone was lost from the skies over the Antarctic, that damaging ultraviolet light could reach Earth’s surface.

A few plot holes are inevitable in a soap. The hole in the ozone layer above Antarctica appears every spring but, thanks to humans introducing more CFCs, that hole now gapes. Once popular CFCs have become the antagonists. Their role has been restricted but it will take decades to restore balance to the ozone drama.
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