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Introduction

Engineering the Elements

He who understands nothing but chemistry doesn’t even understand
chemistry.
Georg Christoph Lichtenberg

How to Avoid Science

A good way in a science lesson is to wait until some old fashioned poison like
sulphurick acid etc. turns up. As per ushual science master, who not forward-looking,
sa: No boy is to touch the contents of the tube.

Make up tube which look the same and place alongside acid. Master begins
lesson drone drone drone. Sudenly you spring to feet with grate cry: ‘Sir Sir I can't
stand it any longer!’

Drink coloured water and collapse to be carried out as if dead. nb. if you make
a mistake with this one you are still carried out as if dead and you are.

Geoffrey Willans and Ronald Searle
Down With Skool!

Even that most aberrant of schoolboys Nigel Molesworth would have to admit that
there are times when it pays to have a little knowledge of chemistry. It remains,
however, one of the least glamorous of sciences. Physicists, by comparison, are to be
found pondering the deepest mysteries of the Universe: Where did everything come
from? What will happen to it all? What is matter? What is time? Physics represents
science at its most abstract, and also on its grandest scale, as gigantic telescopes
search the heavens for the echoes of creation and particle accelerators miles in



4 Introduction Engineering the Elements

diameter smash subatomic particles into each other in order to glean clues about what
the world is made of. The questions tackled by biologists, meanwhile, are the matters
of life and death — it is for them to take up arms against the thousand natural diseases
that flesh is heir to, or to strive towards understanding how we evolved from sea-bound
blobs of jelly. Geologists brave the awesome fury of volcanoes and earthquakes; oceano-
graphers plumb the hidden depths of the world. What do chemists do? Well, they make
paint, among other things.

One might expect to find nothing more of interest in the practice of making paint
than in watching it dry. But there is, as | hope to convince you later, a subtlety and
cleverness to the art. If that still seems a prospect wanting in enticement, let me mention
that we will also see what paint has in common with living cells and soap bubbles,
with muscle tissues and plastics. The tiny comer of chemistry in which paint is
contrived holds unguessed surprises, and supplies as good an illustration as any other
of the way in which an understanding of the chemical nature of substances helps us
to control the shape and form of our world. For the truth is that, while many of the
other sciences are associated with mysteries of an awe-inspiring scale, chemistry is the
science of everyday experience, of how plants grow and how snowflakes form and
how a flame bumns.

Yet chemistry has acquired the image of a mundane pursuit; and it must be said
that some blame resides with chemists themselves, many of whom seem resigned to
accept a perception of their research as worthy but dull. It is true that chemists are
hampered from the outset by low expectations. (According to the fossilized wit of
Oxford, the chemist (invariably male) is a dour clod with long hair and dirty hands — a
formidable beer-swigger perhaps, but a social gorilla) Yet chemists themselves often
insist on a humility that borders on insecurity. They will say at conferences, “1 don't
claim to understand these results — I leave that to the physicists. All I did was make
the materials.”

I have no crusade in mind, however. Rather, what this book aims to do 1s to
present a selection of some of the things that a chemist today may find her- or
himself engaged in studying. If by doing so it succeeds in demonstrating simply that
the new chemistry is no longer a matter of test tubes and bad smells (although both
may be encountered along the way), that is fine enough. For this demonstration we
will need to take a cursory glance not only at some of the basic principles of
chemistry but also at a pot-pourri of ideas from disciplines as diverse as genetics,
climatology, electronics and the study of chaos. Yet this is most certainly not a
textbook: it will not cover chemistry comprehensively, nor will it provide a rigorous
scientific description of the phenomena that will be discussed. Simply, 1 hope to show
that in order to discover a sense of wonder about the world, it is not always
necessary to look to the stars or to the theory of evolution; one can look instead at
the washing-up liquid, the leaves on a tree or the catalytic convertors in our cars.

In 1950 the distinguished American chemist Linus Pauling said “Chemistry is a
young science.” It is true that chemistry of a sort was practised in Ancient China, in
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Babylonia and beyond, but you could see his point. At that time only a few decades
had passed since we had come to understand the constitution of the atom, chemistry’s
building block; and Dmitri Mendeleev’s Periodic Table of chemical elements was just
81 years old, with several of the gaps only recently filled. But almost half a century
later, does chemistry still retain any of its youthful vigor?

Much of chemistry today is becoming motivated and guided by principles dramatic-
ally different from those that informed Pauling’s comment. The new chemistry pays
scant regard to the disciplines into which the topic has been traditionally divided. At
college, chemistry still is often taught in three distinct chunks: physical, organic and
inorganic. But few are the chemists today who claim firm allegiance to a single one of
these branches; rather, novel concepts and classifications are emerging through which
researchers define their work. I shall give here an incomplete list of some of these; we
will find these ideas cropping up many times in the subsequent chapters, often lending
a common thread to studies that otherwise appear disparate. If you can, bear them in
mind in what follows.

Materials: There may be many who lament the dawn of the plastic age. It has, however,
demonstrated in unambiguous terms that we are no longer forced to manage as best
we can with the materials that the natural world provides — we can design new ones
that better suit our purposes. Plastics now have a seemingly limitless variety of
properties: they show tensile strengths comparable to steel, they can dissolve in water
or be eaten by microbes, conduct electricity, change color or contract and flex like
muscles. Plastics generally consist of carbon-based chain-like “polymer” molecules;
polymers based on silicon and oxygen, meanwhile, serve as the precursors to new kinds
of ceramic materials, “artificial rocks” that promise new limits to hardness and strength

The explosion of interest in materials science in recent years has gained tremendously
from the realization that an understanding of the structure of materials at the molecular
level can lead to the design of properties useful at the engineering level. We can now
control the growth of materials atom by atom, opening up new possibilities in
semiconductor microelectronics for example, or allowing the possibility of mimicking
the impressive design of natural substances like bone and shell. And as our ability to
control the microscopic structure of materials improves, chemistry continues occasionally
to produce materials with unforeseen surprises in store, such as the carbon cages known
as fullerenes or the metal alloys called quasicrystals.

Electromcs: Did | say plastics that conduct electricity? Yes, not only do they exist but
they are already being used in electronic devices. A broad range of synthetic chemical
compounds are now known that possess metal-like electrical conductivities, and some
even show the remarkable property of superconductivity — conductivity without
resistance. Magnets too can now be made without a metal in sight, based on carbon- and
nitrogen-containing molecules more like those found in the organic world. An entire
electronics industry is beginning to look feasible that has no need for metals or



