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Prologue



Like the alphabet or the zodiac, the periodic table of the elements is one of those graphic images that seem to root themselves for ever in our memories. The one I remember is from school, hung on the wall behind the teacher’s desk like an altar screen, its glossy yellowing paper testament to years of chemical attack. It’s an image I haven’t been able to shake off, despite scarcely venturing into a laboratory for years. Now I have it on my own wall.

Or at least a version of it. The familiar stepped skyline is there, and the neatly stacked boxes, one for each element. Each box contains the symbol and atomic number appropriate to the element in that position. However, all is not quite as it should be in this table. For where the name of each element should appear, there is another name entirely, one that is nothing to do with the world of science. The symbol O represents not the element oxygen but the god Orpheus; Br is not bromine but the artist Bronzino. Many of the other spaces are taken, for some reason, by figures from 1950s cinema.

This periodic table is a lithograph by the British artist Simon Patterson. Patterson is fascinated by the diagrams that are the means by which we organize our world. His way of working is to recognize the importance of the thing as an emblem of order but then to play havoc with its contents. His best-known work is a London Underground map with the stations along each line renamed after saints and explorers and football players. Strange things happen at the intersections.

It is no surprise that he should wish to play the same game with the periodic table. He has grim memories of how it was taught by rote at his school. ‘It was convenient to teach it that way, but I could never remember it,’ Simon tells me. Yet he remembered the idea of it. Ten years after leaving school, he produced a series of variations on the table in which the symbol for each element kicks off a false association. Cr is not chromium but Julie Christie, Cu not copper but Tony Curtis; and then even this cryptic system is sabotaged: Ag, the symbol for silver, is not Jenny Agutter, say, or Agatha Christie, but of course Phil Silvers. There are teasing moments of apparent logic in this new tabulation: the sequential elements beryllium and boron (symbols Be and B) are the Bergmans, Ingrid and Ingmar respectively. The acting brothers Rex and Rhodes Reason appear adjacent to one another, co-opting the symbols for rhenium (Re) and osmium (Os). Kim Novak (Na; sodium) and Grace Kelly (K; potassium) share the same column in the table–both were Hitchcock leading ladies. But in general there is no system, only the connections you make for yourself: I was tickled to see, for example, that Po, the symbol for polonium, the radioactive element discovered by Marie Curie and named by her for her native Poland, denotes instead the Polish director Roman Polanski.

[image: image]

I now love the ludic irreverence of this work, but my school-age self would have been quite scornful of such nonsense. While Simon was dreaming up wild new connections, I was merely absorbing the information I was meant to absorb. The elements, I understood, were the universal and fundamental ingredients of all matter. There was nothing that was not made out of elements. But the table into which the Russian chemist Dmitrii Mendeleev had sorted them was even more than the sum of these remarkable parts. It made sense of the riotous variety of the elements, placing them sequentially in rows by atomic number (that is to say, the number of protons in the nuclei of their atoms) in such a way that their chemical relatedness suddenly leapt out (this relatedness is periodic, as revealed in the alignment of the columns). Mendeleev’s table seemed to have a life of its own. For me, it stood as one of the great and unquestionable systems of the world. It explained so much, it seemed so natural, that it must always have been there; it couldn’t possibly be the recent invention of modern science (although it was less than a century old when I first saw it). I acknowledged its power as an icon, yet I too began to wonder in my own tentative way what it really meant. The table seemed in some funny way to belittle its own contents. With its relentless logic of sequence and similarity, it made the elements themselves, in their messy materiality, almost superfluous.

Indeed, my classroom periodic table provided no picture of what each element looked like. The realization that these ciphers had real substance struck me only at the vast illuminated table of the chemical elements they used to keep at the Science Museum in London. This table had actual specimens. In each rectangle of the already familiar grid squatted a little glass bubble beneath which a sample of the relevant element glimmered or brooded. There was no knowing whether they were all the real thing, but I noted that the curators had omitted to include many of the rare and radioactive elements, so it seemed safe to assume that the rest were authentic. Here it was vividly clear what we had been told at school: that the gaseous elements were mostly to be found in the top rows of the table; that the metals occupied the centre and left, with the heavier ones in the lower rows–they were mostly grey, although one column, containing copper, silver and gold, provided a streak of colour; that the non-metals, more variegated in colour and texture, lay over in the top right corner.

With that, I had to start my own collection. It would not be easy. Few of the elements are found in their pure state in nature. Usually, they are chemically locked up in minerals and ores. So instead, I began to cast about the house, taking advantage of the centuries during which man has extracted them from these ores and pressed them into service. I broke open dead light bulbs and surgically snipped free the tungsten filaments, placing the wriggling wires into a little glass vial. Aluminium came from the kitchen in the form of foil, copper from the garage as electrical wire. A foreign coin that I’d heard was made of nickel–though not an American nickel, which I knew was mostly copper–I cut up into coarse chunks. It was worth more to me like this. It made it more, well, elemental. I discovered that my father had some gold leaf kept from his youth, when he used it for decorative lettering. I removed some of it from the drawer where it had lain in darkness for thirty years and allowed it to shine once more.

This was a definite improvement on the Science Museum. I could not only see my specimens close up, but feel whether they were warm or cold to the touch and heft them in my hand–a bright little ingot of tin, which I had cast in a small ceramic bath from a melted roll of solder, was astonishingly heavy. I could make them ring or rattle against the glass and appreciate their characteristic timbres. Sulphur had a primrose colour with a slight sparkle, and could be poured and spooned like caster sugar. For me, its beauty was in no way tainted by its slightly pungent odour. I have reminded myself of this smell just now, with a tin of sulphur bought from a garden shop, where it is sold to fumigate greenhouses. The dry, woody aroma is on my fingers as I type, to me not hellish as the Bible teaches, but evocative simply of childhood experimental enquiry.

Other elements needed more work. Zinc and carbon came from batteries–zinc from the casing, which serves as one electrode, and carbon from the rod of graphite inside it that provides the other. So did mercury. More expensive, mercury batteries were used to run various electronic gadgets. By the time they had run down, the mercuric oxide that powered them had been reduced to metallic mercury. I chopped off the ends of the batteries with a hacksaw and scooped out the sludge into a flask. By heating the flask, I was able to distil off the metal, watching as tiny glistening droplets condensed from the thick toxic fumes and then merged into a single hyperactive silvery bead. (The experiment would be banned now for health reasons, as are these batteries.)

A few of the elements you could still buy, in those innocent days, at a dispensing chemist’s. I got my iodine in this way. Others came from a small chemicals supplier in Tottenham long since driven out of business by restrictions on the sale of what were of course the raw materials for bombs and poisons–as well as everything else. Although my parents were happy enough to indulge my obsession by driving me there, these trips along the farther reaches of the Seven Sisters Road to the shabby counter beneath the thundering railway arches, with its aromas as promising as any spice market, always had a clandestine feel about them.

I made good progress with my table. I had drawn the grid out on a backboard of plywood and hung it on the bedroom wall. As I got it, I dropped each new sample into a uniform vial and clipped it into position on the grid. The pure elements themselves were often chemically rather useless. I saw that. The useful chemicals–the ones that reacted or exploded or made beautiful colours–were mostly the chemical combinations of elements known as compounds, and these I kept in a cupboard in the bathroom where I did my experiments. The elements were a collector’s obsession. They had a beginning and a compelling sequence. They seemed also to have an end. (Little did I know then of the ferocious cold war between American and Soviet scientists, who were striving to add to the 103 I had fixed in my head by synthesizing new ones.) As a collector, my aim, however unattainable it was destined to be, was of course to complete the set. But it was far more than collecting for collecting’s sake. Here I was assembling the very building blocks of the world, of the universe. My collection had none of the artifice of stamps or football cards, where the rules of the game are set arbitrarily by other collectors or, worse still, by the companies producing the items in the first place. This was fundamental. The elements were for ever. They had come into being in the moments after the Big Bang, and would be here long after humankind has perished, after all life on earth, even after the planet itself has been consumed by its own ballooning red sun.

This was the system of the world that I chose–a system as complete as any other on offer. History, geography, the laws of physics, literature: each was all-embracing according to its lights. Everything that happens happens in history, has its place in geography, is reducible solely to the interaction of energy and matter. But it is also materially constituted of the elements, no more and no less: the Great Rift Valley, the Field of the Cloth of Gold, Newton’s prism, the Mona Lisa; all impossible without the elements.

 

At school around this time, we were reading The Merchant of Venice. I was Bassanio for one forty-minute session–not a bad role, though I loathed reading out loud. We came at length to the scene when it is Bassanio’s turn to select the one of three caskets that contains Portia’s likeness in order that he might win her hand in marriage. The unlucky boy who was Portia prattled on while I waited in dread for my entrance. ‘Let me choose / For as I am, I live upon the rack,’ I intoned with no feeling whatever. Then I was having to choose between the imaginary caskets. I am sure nobody could have gleaned anything of my character’s reasoning from my featureless voice as I rejected first the ‘gaudy gold’ and then the silver, ‘thou pale and common drudge / ’Tween man and man’, before plumping for ‘meagre lead’. But somewhere inside my head something clicked. Three of the elements! Was Shakespeare a chemist? (Later, I found that T. S. Eliot was a chemist too, a spectroscopist in fact: in The Waste Land, he presents a vivid image as a nail-studded ship’s timber ‘fed with copper / Burned green and orange’–green from the copper, orange from the sodium in the sea salt.)

Dimly, I began to perceive that the elements told cultural stories. Gold meant something. Silver meant something else, lead something else again. Moreover, these meanings arose essentially from chemistry. Gold is precious because it’s rare, but it’s also considered gaudy because it is one of the few elements that naturally occurs in its elemental state, uncombined with others, glittering boldly rather than disguised as an ore. Was there, I wondered, such a mythology for all the elements?

Their very names often spoke of history. Elements discovered during the Enlightenment had names based on Classical mythology–titanium, niobium, palladium, uranium, and so on. Those found during the nineteenth century, on the other hand, tended to reflect the fact that they–or their discoverers–were sons and daughters of some particular soil. The German chemist Clemens Winkler isolated germanium. The Swede Lars Nilson named his discovery scandium. Marie and Pierre Curie found polonium and named it–not without encountering some resistance–after Marie’s fondly remembered homeland. A little later, the scientific spirit grew more communitarian. Europium was named in 1901–and towards the end of that new century some humorous bureaucrat in one of Europe’s banks would decree that compounds of this element should be used for the luminescent dyes that are incorporated into euro bank notes for the easier detection of counterfeits. Who would have thought it? Even obscure europium has its cultural day.

So the elements inhabit our culture. We should not really be surprised at this: they are the ingredients of every thing, after all. But we should be surprised at how seldom we notice this fact. This missed connection is partly the chemists’ fault for presuming to study and teach their subject in lofty isolation from the world. But the humanities are also to blame: I was astonished to find, for instance, that a biographer of Matisse could complete her work without saying what pigments the artist used. Perhaps this makes me unusual, but then again I’m sure Matisse cannot have been indifferent to the matter.

The elements do not simply occupy fixed spaces in our culture as they do in the periodic table. They rise and fall on the tide of cultural whim. John Masefield’s famous poem ‘Cargoes’ lists eighteen commodities in its three short verses portraying three eras of global trade and plunder, eleven of them either elements in their pure state or materials which derive their value from the particular nature of one element ingredient, from the quinquereme of Nineveh with its calcareous white ivory to the dirty British coaster with its load of ‘Tyne coal, / Road-rails, pig-lead, / Firewood, iron-ware, and cheap tin trays’.

From the moment of its discovery, each element embarks upon a journey into our culture. It may eventually come to be visible everywhere, like iron or the carbon in coal. It may loom large economically or politically while remaining largely unseen, like silicon or plutonium. Or it may, like europium, provide a grace note only appreciated by those in the know. When I wrote my school essays (‘Why does Bassanio choose the lead casket?’) it was with an Osmiroid pen, a brand name inspired by the osmium and iridium that its manufacturer used to harden the nibs.

During its gradual assimilation, we come to understand the element better. The experience of those who mine it, smelt it, shape it and trade it gives it meaning. It is through these muscular processes that an element’s weight is felt and its resistance is gauged, so that Shakespeare can then refer to gold and silver and lead in the ways that he does knowing that his audience will understand him.

It is not only the ancient elements that are culturally involved. Contemporary artists and writers have used relatively newfound elements such as chromium and neon to send particular signals just as Shakespeare used the elements known in his day. These elements, which fifty years ago signified the innocent glamour of the consumer society, now seem to us tawdry and full of empty promise. The place once occupied by ‘chrome’ is now perhaps taken by a newer element, ‘titanium’, which brands fashionable clothing and computer equipment. In such cases, the element’s meaning detaches itself almost completely from the element itself: how many more platinum blondes and platinum credit cards (neither incorporating any platinum) there must be than platinum rings. Even some highly recherché elements undergo this shift. ‘Radium’ was once popular, sometimes in substance, sometimes in name alone, for all manner of health remedies. There are no longer Osmiroid pens, but there is an Iridium telephone company.

 

If I were to reassemble my periodic table now, I would still want to include a specimen of each element, but I would also want to trace its cultural journey. I feel that the elements leave great streaks of colour across the canvas of our civilization. The black of charcoal and coal, the white of calcium in chalk and marble and pearl, the intense blue of cobalt in glass and china slash boldly through place and time, geography and history. Periodic Tales is the start of that collection.

It is therefore a book of stories: stories of discovery and of discoverers; stories of rituals and values; stories of exploitation and celebration; stories of superstition as well as science. It is not a chemistry book–it contains as much history, biography and mythology as chemistry, and generous helpings of economics, geography, geology, astronomy and religion besides. I have purposely avoided discussing the elements in their periodic table sequence or giving a systematic description of their properties and uses. Other books do this well. I believe that the periodic table has become an icon too powerful for its own good. The ordered grid of squares with its raggedy edges, the strange names and cryptic symbols, the way the elements follow a sequence as fixed yet as apparently arbitrarily as the letters of the alphabet: all these things are strangely compelling. They provide limitless raw material for television quizzes: what element lies directly south-east of zinc?* Who cares? Even chemists do not use the table in this way.

The elements provide the real interest. The periodic table that I once thought of as unquestionable I know now does not really exist. A few chemists might deny it, but it is only a construct, a mnemonic that arrays the elements in a particularly clever way so as to reveal certain commonalities among them. Yet there’s no actual law against arranging the elements by different rules. In his famous song ‘The Elements’, the American satirist Tom Lehrer reordered them purely for the sake of rhyme and scansion, to fit the tune of Arthur Sullivan’s patter song, ‘I am the very model of a modern major-general’, from The Pirates of Penzance.

I wish to discover the cultural themes that group the elements anew, to draw up the periodic table as if sorted by an anthropologist. To this end, I have chosen five major headings: power, fire, craft, beauty and earth.

As Masefield’s poem shows, imperial might has always depended on possession of the elements. The Roman Empire was built on bronze, the Spanish on gold, the British on iron and coal. The balance of the twentieth-century superpowers was maintained by a nuclear arsenal based on uranium and the plutonium made from it. In ‘Power’, I consider some of these elements that have been amassed as riches and, ultimately, used as a means of exerting control.

In ‘Fire’, I discuss those elements whose burning light or corrosive action are the key to our understanding of them. We may remember from school that sodium, for example, is an element that entertainingly explodes on contact with water, but we know it above all as the ubiquitous mango-yellow colour of our street lamps–a very particular light that many writers have seized upon as the index of a general urban malaise.

In the end, any cultural meaning that an element acquires derives from its fundamental properties. This is seen most clearly in the case of those elements that craftspeople have chosen as their raw material. It is the centuries or millennia of hammering and drawing, casting and polishing that have given many of the metallic elements their meaning. ‘Craft’ explains why we regard lead as grave, tin as cheap and silver as radiant with virginal innocence.

Humankind has manipulated the elements not only for their utility, but also for the sheer joy of the look of them. ‘Beauty’ shows how the compounds of many of the elements, and the light of others, colour our world. Finally, in ‘Earth’, I travel to Sweden to discover how particular places have marked many of the elements, and how those places are marked in turn by the fluke of finding an element there.


My own journey has led me to mines and artists’ studios, to factories and cathedrals, into the woods and down to the sea. I have recreated early experiments in order to make a few of the elements for myself. I have been pleased to find the elements in abundance in fiction, too, where Jean-Paul Sartre sees fit to remark upon the constancy of the melting point of lead (335 degrees centigrade, he says) and Vladimir Nabokov finds mandalic significance in the carbon atom ‘with its four valences’. Wandering through Shoreditch in London on my way to see Cornelia Parker, an artist who has made it her business to remind us of the cultural significance of many of the elements, I was captivated by a sculpture in a shop window by some other artists of a nuclear power station wittily cast like lime jelly in glowing uranium glass. It was clear. The elements do not belong in a laboratory; they are the property of us all. Periodic Tales is a record of the journey with the elements that I was never encouraged to take when I was a chemist. Come along: there will be fireworks.








Part One: Power




El Dorado

In 2008, the British Museum commissioned a life-size sculpture of the model Kate Moss. The artwork, called Siren, is made entirely of gold and is said to be the largest gold sculpture created since the days of ancient Egypt, though it’s impossible to check whether this is true. Siren was placed on show in the museum’s Nereid Gallery near a statue of a bathing Aphrodite. My immediate impression on seeing Kate Moss’s otherwise familiar image is how tiny she looks, accentuated by the fact that she is knotted in a particularly uncomfortable-looking yoga position, though this may be an optical illusion–we are unused, after all, to seeing so much of the shining metal at once. The gold, I am disappointed to find, is not polished to a high gloss but has a steely brushed finish, which elicits a high sparkle from the grains in the textured surface, not the burnished glow I had expected to see. There are signs of pitting in the casting, which a different goldsmith might have taken care of. The unique qualities of the metal that have made it precious to cultures since antiquity seem poorly served. Only the face is perfectly smooth, and is immediately reminiscent of the funerary mask of Tutenkhamun. The lifeless staring visage has the disturbing effect, entirely unexpected given the high public profile of its subject, of plucking the spectator out of time: this is no longer a rendering of the twenty-first-century celebrity, but a depersonalized, detemporalized figure whose sharp nose and pouting lips belong less to a living person than to a death mask or votive figure.


The price put on the statue was £1.5 million. It was the whim of the artist, Marc Quinn, that the work be fabricated from gold of equal mass to the model’s fifty-kilogramme body, so that in addition to appearing life-size, it could be said to represent her weight in gold, perhaps raising in the mind of the astute onlooker thoughts of ransom and slavery. In solid gold, I calculate, Kate would be shrunk to the size of a garden ornament. Quinn’s piece must therefore be hollow, which may also be an artistic comment of some kind. Although gold is the only declared material from which the work is made, I figure there must be some sort of armature to support the weight of the soft metal, which would otherwise slump out of shape. Afterwards, I look up the price of gold. Although Siren went on display during a period of global financial upheaval, when the price of gold had doubled, it was still only £15,000 a kilo, giving the artwork a scrap value, as it were, of £750,000. Presumably the rest of the £1.5 million is to cover labour.

[image: image]

I watch as people queue to take photographs of the golden Moss, either simply snapping her image or sometimes placing their partner in the shot next to her, making who knows what sort of comparison. I am curious to know what has drawn them to the sculpture. Which is more powerful: the cult of celebrity or the cult of gold? What is really the siren here? It is mainly men who have come to worship this modern Aphrodite. A few purport to admire the sculptural qualities of the work. Some are indeed drawn by the power of celebrity, but are fans of Quinn more than Moss. I ask the girlfriend of one temporarily distracted Polish man what she thinks of it. ‘It is beautiful,’ she concedes, as if to say otherwise would be unacceptable, ‘but it doesn’t belong here.’ Another woman photographing it with her phone is briskly dismissive: ‘I need some gold for my mobile–it’s wallpaper.’

 

More than any of the ancient elements, gold has been judged to possess a timeless allure. None of the elements discovered by modern science has challenged this supremacy. But what, if anything, is truly special about this metal?

Gold is characteristically yellow. In a flower, one might find this yellow attractive or not–beauty is a matter of taste, after all. But in gold, apparently, the unique combination of this colour with the lustre of metal leaves us no other option than to be drawn to it. Even the sociologist Thorstein Veblen, whom one might expect to maintain some professional caution in the matter, falls for the stuff. In a chapter on the ‘pecuniary canons of taste’ in his classic text The Theory of the Leisure Class (1899), he writes that gold has a ‘high degree of sensuous beauty’ as if that were an objective fact, and never mind the eye of the beholder.

There is then the fact that this colour and lustre endure, because gold resists corrosion by the air, by water and indeed by almost all chemical reagents. Pliny the Elder thinks it is this unique quality of endurance, and specifically not its colour, that explains our love of gold: ‘it is the only metal that loses nothing by contact with fire’, he observes. It is this endurance that gives gold its association with immortality, and so with royal lines and divinity. The Buddha is gilded as an indication of enlightenment and perfection, and the metal’s incorruptibility inspires a torrent of other ideals: the golden section, the golden mean, the golden rule.

Gold is special also because of its great density, its malleability and ductility–it can be beaten as thin as hair and ‘long enough to encircle a whole village’, as one West African proverb puts it. It is surely the case that gold’s heaviness, in particular, signifies value in the way that dense materials often do, regardless of their actual composition, because their relative weight transmits a sense of sheer quantity. Gold’s resistance to chemical attack–in other words its ability to retain its pure state–signifies value too, because we naturally place value in things that endure. It is these economically important secondary attributes of the element that give Veblen cause to comment on it at all. And it is this muddled equation between beauty and value that lies at the heart of our understanding of gold.

Though gold was known to the ancients, being the only metal typically found in the elemental state, it was too soft for making weapons and was perhaps not much used at first, even for ornamental purposes. Even where it is relatively abundant, such as in parts of Australia and New Zealand, aboriginal peoples have often ignored it. In Europe, Africa and Asia, however, the metal was generally highly prized and was soon taken up for jewellery and then for coin. The first coins were stamped out of electrum, a natural alloy of gold and silver, in Lydia in the seventh century BCE. Around 550 BCE King Croesus minted purer silver and gold coins, and from then on the yellow metal was man’s chosen element for the expression of great wealth. Backed by state authority, Croesus’ coinage boosted trade and banking. For gold to hold its greater value as coin against native electrum it had to be pure, and its purity had to be ascertainable by assay. With this, gold became subject to comparative testing and valuation as well as absolute worship.

Six hundred years later, Pliny is scathing about the corrupting effect of gold, which he wished ‘could be completely banished from life’. He damns equally those who wear it and those who trade with it: ‘The first person to put gold on his fingers committed the worst crime against human life.’ ‘The second crime against mankind was committed by the person who first struck a gold denarius.’ The difficulty lies not with the material itself, but with man’s transforming hands upon it. Natural gold may contain the light of the sun, but minted gold becomes a ‘symbol of perversion and the exaltation of unclean desire’. Sir Thomas More confirms this moral distinction in his Utopia, reserving its gold not for finery but for making chamberpots.

Harder heads have always understood that gold is the key to power. Had not the Pharaohs reigned for 3,000 years relying on their gold to contain the more ingenious Sumerians and Babylonians? Had not the Romans been driven to conquest by their envy of the gold possessed by the Gauls, the Carthaginians and the Greeks?

 

Such is the monetary value of gold that natural deposits tend to acquire an aura so dazzling that they soon become detached from any real geography. Ophir was the biblical source of Solomon’s gold. It is the port, probably in southern Arabia, from which sails the gold-laden quinquereme of Nineveh in John Masefield’s ‘Cargoes’. Strabo’s Geographica mentions gold mining on the African bank of the Red Sea, presumably one source of the Egyptians’ gold. But as the means expand so do the imaginative horizons. By the time of the Portuguese navigator Vasco da Gama, the best advice was that Ophir lay in southern Africa, roughly where Zimbabwe is today, or perhaps in the Philippines. Columbus thought Ophir was to be found on the island of Hispaniola. With the Spanish expeditions to the New World came new stories of fabulous gold and a new myth of El Dorado. El Dorado, literally ‘the golden man’, was said to be a tribal priest who was covered in gold for the performance of a sacred ritual, but in the imagination of Western explorers it became another unmapped place of riches, a new Ophir.

In March 1519, Hernando Cortés set out on such an expedition, sailing from Cuba with eleven ships and a force of 600 men to claim the mainland of Mexico and its treasure for the Spanish crown. After various skirmishes, Cortés reached the Aztec capital Tenochtitlan, where he and his men were ceremonially received by the emperor Montezuma II and showered with gifts of gold. By means of a subterfuge during the hospitality the Spanish managed to take Montezuma prisoner; before long the Aztec empire had fallen, and Spain was in control of most of Mexico. For all their victory, however, Cortés’s men found little gold besides the presents they had been given by their hosts. It was left to later settlers to develop the Mexican silver mines that would bankroll the Spanish empire.

Thirteen years later, Francisco Pizarro, after lengthy preparations including a voyage of reconnaissance down the Pacific coast to the northern fringe of the Inca empire and another back to Spain to obtain funding, set forth to Peru in search of Inca treasure. Once again betraying the hospitality they were shown (Pizarro had been coached by Cortés back in Spain), the conquistadores launched a surprise attack and captured the Inca ruler Atahualpa. As before, their plan was to control the territory by holding him as vassal ruler. But Atahualpa had another idea, a ransom calculated to appeal to the Spaniards: he bargained his freedom in exchange for a room, some six metres by five metres, that would be filled once with gold and twice with silver as high as a man could reach. This ‘ransom room’ still survives in Cajamarca, Peru. It is clear it cannot have been literally filled. Nevertheless, the Spaniards melted down some eleven tonnes of handsomely crafted gold artefacts for transport as bullion back to Spain. As the ships set sail, they reneged on the deal and put Atahualpa to death.

These were great windfalls. But where was El Dorado? The search went on. Pizarro’s half-brother Gonzalo set off inland from Quito in Ecuador in 1541, but found no city of gold, only a route to the Atlantic Ocean via the River Amazon. Other Spanish adventurers heard stories of the Muisca people of Colombia, who threw gold offerings into a mountaintop lake in order to appease the golden god supposed to live at the bottom of it. When they arrived, they rudely set about trying to drain the lake, but in 400 years only a few pieces of gold have been dredged up.

In 1596, Walter Ralegh sailed to Venezuela, coming away with little gold but his belief in El Dorado nevertheless intact. Accounts of these voyages gave Voltaire plenty of material with which to lampoon the rapacity of the Europeans in his picaresque novella of 1759, Candide. The naive hero Candide is expelled from his vapid and paradisiacal life in Westphalia to travel the world and witness its hardships, from the Thirty Years’ War to the Lisbon earthquake. He finds Eldorado with no trouble and, after being royally entertained, is sent on his way with gifts of fifty sheep laden with gold and jewels. At first, Candide and his companions are buoyed up by the vision of themselves as the ‘possessors of more treasures than Asia, Europe and Africa could gather’, but as they travel on, the sheep fall by the wayside in ones and twos, bogged down in swamps, or fallen from preci-pices, forcing Candide to acknowledge ‘how the riches of the world are perishable’.

Between 1520 and 1660, Spain imported 200 tonnes of gold, never finding it in one convenient hoard, but by expanding its mining activities throughout its territories in the New World. El Dorado was never a place; always an idea.

 

What these recurrent episodes have in common, apart from European greed and treachery, is the presumption that all parties are agreed that gold is the most valuable substance known to man. This was nothing like the case. The Aztecs and the Incas and other New World indigenous peoples made golden offerings to the gods but did not use the metal for money, so it had little tradeable value, and in some cases other metals were more desirable even for religious purposes.

The Taíno inhabitants of Hispaniola, Cuba and Puerto Rico, for example, assigned distinct roles to gold and silver, and also to a range of coloured alloys. These natives, treated as slaves by Columbus and his followers, found a friend in Bartolomé de Las Casas, the first Christian priest to be ordained in the New World. Las Casas was the author of a history of the Indies, a founder of utopian communities and a believer in liberation theology who thought Cortés a vulgar adventurer. He observed the Taíno customs and found that they did not prize gold for its weight or colour, or regard it as self-evidently valuable as the Spaniards did. The Taíno placed more importance on guanín, an alloy of copper, silver and gold. What pleased them about it was its reddish-purplish colour and most of all its peculiar smell, probably arising from a reaction between the copper and the grease of human fingering. Pure gold, by contrast, was yellow-white and odourless and unappealing. Both gold and guanín were associated with power, authority and the supernatural world, but guanín carried the greater symbolic charge. Unlike gold, which was found native, guanín had to be smelted. This made the alloy still more precious, especially since the technology was not available on Hispaniola and had to be imported from Colombia, which made it seem as if it came from another world. Gold could be dredged up from river-beds, but it seemed as if guanín could only be made in heaven.

Brass, an Old World alloy entirely unknown to pre-Columbian societies, had the same attractive qualities as guanín. Brought by the Spanish, it too was seen as coming from the remote heavens and given a local name likening its brightness to the sunny sky. How much did gold appreciate in value with each nautical mile on its eastward journey to Spain? And how much did humble brass gain as it sailed west? The image of Spanish ships ferrying the two yellow metals each way across the Atlantic with no other point than to feed two mutually uncomprehending societies’ taste in luxury is one to bring an ironic smile to the lips of any Veblen or Voltaire.

 

I feel it is time I got my hands on some gold, and arrange to meet Richard Herrington, an economic mineralogist at the Natural History Museum in London and an authority on the stuff. The floor of his office is strewn with variegated rocks, red ochre, glittering white, metallic black, each snug in its own box. I have to pick my way carefully just to take a seat. Herrington himself wears a lumberjack shirt as if he has just come in from the mountainside. ‘I love gold,’ he says simply. ‘I love finding it in the rock.’ He hands me a paperweight-sized piece of quartz with a dark yellow inclusion of gold the size of a fingernail. ‘Everybody understands gold. We’ve seen it in the credit crunch. It’s an alternative and trusted commodity. Even a popular paper will quote the gold price every day.’ The value of a diamond depends on its optical quality, that of a painting on everybody else’s opinion of the artist. But gold is always gold, pure and simple. ‘I can’t see it being replaced.’

Gold became a more democratic pursuit with the gold rushes of the nineteenth century. The American president James Polk inadvertently launched the first of these when he mentioned that gold had been found at Sutters Fort, California, in his annual statement to Congress in December 1848. By the end of 1849, the non-native-American population of the state had quadrupled to 115,000. In Australia not long after, the British crown attempted to assert its medieval prerogative over gold mines, but the gold rush was so frenzied, and the administration so inept, that it could not be enforced. Repeated over and over again in North America, Australia and elsewhere up until the early years of the twentieth century, the rush for gold, and the consequent increase in gold production, led economists, unable to see the metal as anything other than coin currency, to fear a wholesale collapse in the value of money itself.

One of the early American prospectors was Samuel Clemens, who only became the writer we now know as Mark Twain when he failed in his quest for gold. Clemens went west in 1861 to the Nevada Territory, where his brother was the governor. He tried his luck at several seams and wrote about his experience in his memoir, Roughing It. The memoir is peppered with the grandiloquent names given to the modest ledges and seams he acquired as stakes, but it also betrays Twain’s sheer distaste for the work, repeatedly blasting and sifting the ‘hard, rebellious quartz’ to obtain the tiniest specks of colour.

Twain had every reason to feel disheartened, for he may even have finished his spell as a prospector down on the deal. Having failed to find gold, he fetched up in Virginia City, Nevada, and took a job in an ore mill separating the precious metal from the dross. One means of doing this was by amalgamation, using mercury to dissolve the gold, which could then be recovered from the amalgam by heating. Unfortunately, Twain neglected to remove the gold ring he habitually wore, which he soon observed had crumbled to pieces under attack from the mercury.

The gold may now be gone, but evidence of the rush remains in the towns that sprang up when a major deposit was found. Years ago, I visited Cripple Creek, in the high valleys of Colorado, once the site of the world’s biggest gold mine. The story of the town began when a rancher, Robert Womack, found ore there in 1890. The ore was a rare mineral that contained silver and gold in the form of salts rather than as native metals. One version has it that the discovery was made when the heat from a furnace hearth caused the ground to sweat with molten gold. The prospectors came, and a year later, on the Fourth of July, a carpenter, Winfield Stratton, laid claim to Independence lode, one of the largest gold deposits ever found. In 1900, Stratton sold his mine for $10 million, while Womack drank away what little money he made. Cripple Creek eventually yielded some $300 million in gold.

I walked the length of the broad main street, a gently curving dip like the track of a pendulum. At each end, vistas opened towards snow-covered mountains with the geology naked above the tree line. The buildings that lined the street–an ice-cream parlour, a general store, a few craft shops, the boarded-up Phenix Block yet to rise again–sported a rich variety of Victorian ornamentation in brick and plaster and were overhung by elaborate wooden cornices. Many of them bore the date, the same in every case: 1896. A town that had grown from nothing in a year and where nothing had happened since. It was easy to picture the mad excitement of the rush that made these places overnight and then almost as quickly left them to rot. I noticed the offer of ‘free gold ore samples’ at Frego’s Emporium. It seemed to confirm that the great days were over. (People still seek instant riches today even if they are no longer prepared to work for it: the town has recently sought to revive its fortunes by introducing legalized gambling.)
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Mythology has often associated gold with water. The Phrygian king Midas washes away his curse of the golden touch in the River Sardis, while the story of the Golden Fleece originates from the trick of placing wool in a running stream to catch fine particles of precious metal. It is no surprise then to learn that scientists too have directed their quest beneath the waves. The Swedish chemist Svante Arrhenius, the first director of the Nobel Institute, made significant strides in many fields, including prescient speculations about the greenhouse effect in the earth’s atmosphere. Much of his research was done on the electrical conductivity of solutions, during the course of which, in 1903, he arrived at an estimate of the amount of gold dissolved in the sea. His calculations put the concentration of the element at six milligrammes per tonne of seawater. At this level, the total reserve of gold in the world’s oceans would be eight billion tonnes. The global annual production of gold at the time was a few hundred tonnes.

In May 1920, Arrhenius’s German friend Fritz Haber travelled to Stockholm to collect the Nobel Prize that he had been awarded (for the year 1918, but postponed because of the First World War) for his discovery of a synthetic route for making ammonia from nitrogen in the atmosphere, a breakthrough that had quickly proved vital for the manufacture of both fertilizer and explosives. The two men held long discussions. A few days after Haber arrived back in Germany, the victorious Allies announced their peace terms: his country was to pay 269 billion goldmarks in reparations. He resolved to find the money using science.

Somewhere at the back of his mind must have been the legend of the Rhine gold. In the first opera of Wagner’s Ring Cycle, Das Rheingold, the gold appears gleaming in the sunlight at the bottom of the river, guarded by three flippertigibbet Rhine maidens. The dwarfish Alberich eyes the girls, but settles for the gold and the secret they whisper to him that a ring made from it will confer upon the wearer power without limit. In common with Pliny and the great German metallurgist Agricola, Wagner is at pains to make clear that the native metal is quite innocent in all this, and it is only objects made from it by human art that are corrupting. As George Bernard Shaw explains in The Perfect Wagnerite, his critique of the Ring Cycle, the Rhine maidens value the gold ‘in an entirely uncommercial way, for its bodily beauty and splendor’. They sing that only man has the craft to fashion the gold into a ring, which is naturally what the jilted, venal Alberich goes and does. Over the course of the next three nights in the opera house, the ring is traded, stolen, fought over and paid as ransom, working its curse as it goes, until finally the river reclaims its own. It is perhaps significant that Wagner wrote the libretto of the cycle at the time of the first great gold rushes, while Shaw used the Klondike gold rush of 1898 to illustrate his criticisms.

The curse worked more slowly on Haber. He launched into the project by calling in samples of seawater from around the world to his Berlin laboratory. The chemical analyses confirmed Arrhenius’s figures. Then, backed by a consortium of metals interests, he equipped a ship and put to sea in 1923. But on this transatlantic journey and on subsequent voyages in other oceans over the next four years, his measurements seemed to show less and less of the precious metal. He concluded despondently–and, it now appears, erroneously–that there was only a tiny fraction of the dissolved gold that had been thought, and certainly not enough to cover the massive cost of extracting it.

More recent estimations of the quantity of gold in seawater are more optimistic, putting levels at three times those that Haber considered worth exploring–twenty milligrammes per tonne. In principle, the oceans of the world could contain gold worth some £300 million million at current prices, or to put it another way 400 million Kate Mosses. But even at this more attractive rate, according to Richard Herrington, ‘the cost of extraction is too great to be contemplated at the moment’. There really is, he further notes, gold in the Rhine, ‘with production in the best years reaching upwards of 15 kg’.

The sheer unexpectedness of dissolved gold has been successfully exploited on at least one notable occasion. By 1933, Nazi oppression of Germany’s Jewish scientists was leading many to emigrate or take refuge in foreign laboratories. Two Nobel physics laureates, Max von Laue, who won the prize in 1914 for his discovery of X-ray diffraction, and James Franck, who won it in 1925 for producing experimental confirmation of the quantization of energy, deposited their medals for safe keeping with Niels Bohr at the Institute for Theoretical Physics in Copenhagen. By the time the German army marched into Denmark in April 1940, Bohr had already donated his own Nobel medal for a war relief auction, but he was concerned to hide the Germans’ medals as their discovery in his laboratory would further compromise the already discredited scientists. The medals bore the names of their recipients, and, as they were made of gold, it was illegal to take them out of Germany.

Working with Bohr in Copenhagen was the Hungarian chemist George de Hevesy, who in 1923 had discovered the element hafnium, naming it after the Latin for the city, ‘Hafnia’. Hevesy first suggested that they bury the medals, but Bohr felt it was too likely they would be discovered. Instead, as Nazi troops flooded into the city, he set about dissolving them in aqua regia–with some difficulty, he complained later, as there was a considerable amount of gold and it was reluctant to react even with this strong acid. The Nazis took over the Institute for Theoretical Physics and carefully searched Bohr’s laboratory, but omitted to enquire as to the contents of the bottles of brown liquid on a shelf, which remained there undisturbed for the duration of the war. After the war, Bohr wrote a letter to the Royal Swedish Academy of Sciences accompanying the return of the medal gold explaining what had happened to it. The gold was recovered, and the Nobel Foundation duly minted new medals for the two physicists.

Aqua regia was one of the many useful, and often unacknowledged, contributions to modern chemistry made by the alchemists, whose discovery that it would dissolve gold naturally occasioned great excitement. In Milton’s Paradise Lost, Satan is given a tour of the wonders of the earth and sees that the ‘Rivers run / Potable Gold’. If solid gold was the symbol of perfection, immortality and enlightenment, its availability in a form that could be imbibed–the solution was typically blended with aromatic oils to make a sort of metallic vinaigrette–surely held promise for a general cure-all.

But gold’s other great claim–its resistance to change–left room for sceptics to wonder whether it did anybody any good, or in fact did anything at all. Thomas Browne, the Norwich physician and author, tackles this question in his Pseudodoxia Epidemica, an erudite and entertaining catalogue of seventeenth-century urban myths scientifically debunked. ‘That gold inwardly taken,’ wrote Browne, ‘is a cordial of great efficacy, in sundry medical uses, although a practice much used, is also much questioned, and by no man determined beyond dispute.’ Observing its ‘invincible’ passage through fire, he finds it easy to believe gold could also pass through the body without alteration or effect–a thought that prompts him to take a moment to discredit the tales of Midas and the golden goose. But then he changes tack to admit that, though it may not be materially changed, gold might yet exert some effect, perhaps similar to the magnetic force of the lodestone or the electrical charge of amber. In the end he equivocates: ‘it may be unjust to deny the possible efficacy of gold’. However, Etienne-François Geoffroy, a French physician and chemist of the following century, had no such doubts. ‘Gold,’ he wrote drily, ‘of all the Metals is the most useless in Physick, except when considered as an Antidote to Poverty.’


I got my chance to try ‘gold inwardly taken’ one Christmas when I bought some ‘gold, frankincense and myrrh’ chocolate. The frankincense and myrrh could not compete for flavour with the cocoa solids, but the gold was at least visible as little flakes on each square. I observed no ill effects as I ate. Perhaps it was doing me a power of good, but I felt no elixir boost either. I turned over the wrapper and idly read the list of ingredients. Gold, I was surprised to learn, merits its own E number, E175. It seems that the food regulators, like Browne, want to keep their options open.

Going Platinum

Wallis Simpson, the twice-divorced American socialite who in 1937 married the former King Edward VIII to become the Duchess of Windsor, was not renowned for her attention to correct social procedure. But on the matter of jewellery she was adamant: ‘Any fool would know that with tweeds and other daytime clothes one wears gold; with evening clothes one wears platinum.’

Platinum rose during the first part of the twentieth century to be seen as the preferred jewellery metal of those who found silver simply too common. It is one of the heaviest lustrous metals, fully twice as dense as silver, but not as purely white. It rarely dazzles, but shines with what John Steinbeck called a ‘pearly lucence’. Platinum’s appeal is particularly relative: it is heavier than silver, trendier than gold. It is fashion’s answer to these timeless elements, full of its own importance, and self-ordained in its rank.

At a time of widespread economic suffering, platinum fulfilled the need of an increasingly disconnected high society for a substance more precious, and possibly less obvious, than gold. It is odd in a way, then, that the material chosen for this task is if anything a little more abundant than gold–although both metals are equally scarce in the earth’s crust, there is ten times more platinum than gold in the soil. No matter. In due course, platinum–if not the bullion itself, then at least the idea of it as the most valuable of all metals–would percolate down to be understood even among the lower social strata and secure its symbolic place above gold in the league table of luxury. Platinum immediately signified a new kind of rich, a badge of wealth not amassed over ages like a hoard of gold, but acquired suddenly, boldly, speculatively–and liable to be lost the same way. In the second book of his America trilogy, The Big Money of 1936, John Dos Passos depicts an array of characters as they struggle to reconcile their ideals with the need to get on in the febrile years leading up to the Depression. The ‘ghosts of platinum girls’ haunt the novel like sirens warning against the temptation of the new riches.

Frank Capra’s film of 1931, Platinum Blonde, made capital out of the emerging symbolism of the metal, and donated its title to the language in return. The platinum blonde in question is another rich socialite who seduces, marries and then controls a reporter who is investigating a scandal in her family. Jean Harlow took the lead. Originally, the film was to have been called Gallagher, the name of the girl who loses and then regains the reporter’s affections. But the producer, Howard Hughes, had Harlow under personal contract and insisted on the change of title in order to promote his starlet. It worked, launching both Harlow and a craze for the etiolated hair colour. Through his studios, Hughes even offered a prize to the main-street hair-dresser who could best replicate the shade. But perhaps his money was safe: only those who had been on set would have been in any position to know if they had got it right since the film was made in black-and-white.


[image: image]

Platinum was recognized as an element by European chemists in the eighteenth century, hailed then as ‘the eighth metal’, an exciting addition to the seven known since antiquity: gold and silver, copper, tin, lead, mercury and iron. But it was effectively discovered by the indigenous peoples of South America 2,000 years ago. The native form of the element known as platina–the diminutive of the Spanish for silver, plata–occurs as granules or nuggets of largely pure metal with inclusions of other precious metals or iron. It is typically revealed in rivers or during panning for gold when heavy pale grains are seen amid the potentially precious residue after lighter minerals have been washed away. Platinum melts at a temperature far higher than gold, bronze and even iron, and higher than can be reached by charcoal fires. It should have been impossible for indigenous smiths to convert these granules into a form which could then be worked into jewellery and other items. Yet archaeological finds in Ecuador have revealed just such pre-Columbian artefacts, forcing European metallurgists to acknowledge the mastery of the native smiths, who had perfected a method of sintering, whereby a granular material coalesces into a mass without melting, by adding gold dust to trigger the fusion of the metal.

Hell-bent for gold, the Spanish conquistadores had paid no heed at first to the dull grey platina. Some gold mines were even abandoned because the presence of platina rendered them uneconomic. That attitude changed, however, when the work of a young French chemist, Pierre-François Chabaneau, sequestered at the Royal Seminary at Vergara in the Basque country, came to the attention of King Charles III of Spain in 1786. The seminary was in fact something of a mineralogical hothouse and must have concealed quite a hoard of exotic specimens by the time that Chabaneau arrived: the brothers Fausto and Juan José Elhuyar, who had been engaged to teach there, had already isolated the element tungsten from wolframite, an exceptionally dense ore which they had obtained during their studies in Germany. They put Chabaneau to work extracting platinum metal from the raw platina they had accumulated from South America.

In due course, the Elhuyars were promoted to direct the new mines in the Spanish colonies, while Chabaneau was brought to Madrid and given a luxurious private laboratory in which to carry on his researches into platinum. The king’s minister, the marquis of Aranda, saw to it that the state’s entire stock of the metal–seen as less valuable even than silver–was turned over to the Frenchman. One reason for the low estimation of platinum at this time was that the Spanish were unable to emulate the New World craftsmen and convert the metal into a malleable form that could be worked into objects. Chabaneau soon thought he had managed to isolate the pure metal, removing the gold, iron and other impurities that made it unworkable. But he was puzzled to find that its properties refused to settle down to a standard pattern (this was because it still contained other, as yet unknown, elements more closely related to platinum such as iridium and osmium). Chabaneau abandoned the work in frustration, but his patron persuaded him to persist. ‘Three months later, the Marqués found on a table in his home a ten-centimeter cube of metal. Attempting to pick it up, he said to Chabaneau, “You are joking. You have fastened it down.” The little ingot weighed 23 kilograms; it was malleable platinum!’

 

At first, samples of platinum were passed around among the aristocracy of Europe, with nobody very sure what to do with it. The difficulty of handling the metal meant that it remained essentially useless. (The Spanish crown had learnt the hard lesson that even well-funded scientific research doesn’t always yield a quick return on its investment.) The eighteenth-century memoirist Giacomo Casanova records a visit to a lady alchemist, the marquise d’Urfé, who planned to convert hers into gold. Gradually, however, Chabaneau’s method caused the new metal to begin creeping up in value. A platinum chalice presented to the Pope by the king of Spain was the first precious object made from his malleable form of the metal. Chabaneau saw that he was in a powerful position and went into business selling platinum ingots, crucibles and other specialist utensils. At the same time, the Spanish government increased shipments of platina from its South American colony of New Granada. In August 1789, a single vessel landed 3,000 pounds of platina. Although the metal was strictly placed under a crown monopoly, it was still cheap enough to appeal to smugglers and counterfeiters who could plate it and pass it off as solid gold because of its comparable density. Spain’s brief ‘age of platinum’ came to an abrupt end with Napoleon’s invasion of the country in 1808 and the rise of the revolutionary independence movement under Simón Bolívar in New Granada. Platinum’s odd combination of great density and resistance to corrosion made it the perfect choice for casting the standard kilogramme and metre of the French republic, but grander ideas of using it for decorative objects requiring the services of talented craftsmen were soon forgotten.

In the nineteenth century, the price of platinum declined again as new sources were found in Russia and Canada and more economic means were developed for refining it. Russian aristocrats did not find the metal bright enough for their tastes and, in the absence of other demand, Russia in 1828 began minting three-rouble platinum coins in order to make use of its resource. But even this had to stop when the worldwide price of the metal tumbled still further.

Having reached this low point so soon after it was introduced to Europe, how did platinum then rise to overtake gold in value? The law of the markets suggests that if the answer is not to be found in shortage of supply then it must lie with excess of demand. The expansion of technical applications–in electrical equipment and in many industrial chemical processes where the metal serves as a catalyst–is undoubtedly a factor. But more interesting is the perceived increase in platinum’s value that arose solely for reasons of social status rather than market economics.


In 1898, Louis Cartier succeeded to his father’s Parisian jewellery business and made the family name by popularizing the wrist-worn timepiece in place of the pocket watch. Cartier had experimented with platinum for some years and now made the decision to use it wherever he could in place of silver and even gold. The ‘white jewels’ such as diamonds that were favoured for evening wear ideally required colourless settings. Gold clashed and was seen as vulgar, and silver had a propensity to tarnish. Furthermore, both metals were inconveniently soft. Hard platinum ensured that Cartier’s settings, especially of the largest stones, could be made almost invisible and yet still prove highly durable. The slightly grey lustre of the metal compared with gold or silver ensured that attention would be focused on the gemstones alone. Cartier’s innovation unleashed a fashion for platinum in the grandest jewellery that lasted until the outbreak of the Second World War when the metal was promptly rationed because of its usefulness as a catalyst in important chemical processes such as the manufacture of explosives. By then, though, platinum had secured a new cachet, capped by the setting of the famous Koh-i-noor diamond in a crown made entirely of platinum for Queen Elizabeth, the wife of George VI, for the coronation in 1937. (Wallis Simpson must have sickened to know her sister-in-law had this bauble!)

As Cartier was changing the rules of high-society jewellery, the revival of the Olympic Games meanwhile implanted the idea of indicating degrees of excellence according to a scale of different metals. The Olympics of ancient Greece had merely awarded laurels to the best athletes. At the first modern Games, held in Athens in 1896, the winner of each event was awarded a silver medal, with bronze going to the runner-up. Only at the St Louis Games in 1904 did the International Olympic Committee decide there should be gold, silver and bronze medals for the first three places, retrospectively amending the medal table for the two preceding Games in line with the new system.
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So it has remained ever since. The hierarchy of gold, silver and bronze has become the conventional way to rank performance in sport and the arts. Record companies introduced the gold disc as a way of congratulating their artists–and themselves–when they sold a million copies of a song. Perry Como was the first international artist to strike gold. When record sales grew and gold discs became too common, the music industry, rather than do the obvious thing and simply raise the sales threshold for gold, saw the marketing advantage of introducing instead the higher tier of a platinum disc in 1976. Under today’s rules, an album goes gold when it sells 500,000 units, and platinum at a million. American Express soon followed, trumping its ‘gold’ charge card with ‘platinum’ in 1984.

None of this was any longer about the appearance or properties of platinum metal. Nor was it really about its rarity, which is, as we have seen, no greater than that of gold. For most of us–no Wallis Simpsons–platinum’s status is the product of a more complicated snobbery. If we perceive it as more desirable than gold, it is entirely by reverse association–by knowing that a record goes platinum after it has gone gold or that a platinum credit card is harder to get hold of than a gold one. In an era when instant coffee, cheap chocolates and lavatory paper are branded ‘gold’, something had to be found with greater prestige. For now at least, that something is ‘platinum’.

Noble Metals, Ignobly Announced

In April 1803, a small quantity of shiny metal went on sale in a Soho curiosity shop. A leaflet distributed anonymously to London scientists trumpeted it as ‘palladium; or, new silver’, and promised that it was ‘a new noble metal’. It went on to describe the material’s properties in some detail: the ‘greatest heat of a blacksmith’s fire would hardly melt it’, for example, and yet ‘if you touch it while hot with a small bit of Sulphur it runs as easily as Zinc’.

The announcement caused an instant furore. Who had placed it? And could it even be true? If it was true, then why had the announcement not been made in the civil spirit of open cooperation that had become the norm in science by this time?

Suspecting a fraud, a talented Irish analytical chemist, Richard Chevenix, visited the shop and bought up all of the substance that had not been sold (three-quarters of an ounce) and immersed himself in a series of analyses to expose the deception. He must have been surprised to find that what he had bought did in fact possess the novel properties claimed for it. Chevenix nevertheless communicated to the Royal Society his opinion that it was not a new metal ‘as shamefully announced’, and was more likely just an amalgam of platinum and mercury. Other scientists could not confirm Chevenix’s result, but scarcely wanted to contemplate the only alternative interpretation–that a major scientific announcement might be made in the guise of an unsigned commercial hand-bill.

In the end, it was almost that bad. For it soon turned out that the metal really was new to science. Only the fact that the author of the flyer, and of the discovery itself, was one of their own mitigated the disaster: he was the already noteworthy chemist William Hyde Wollaston, who was known to be deeply engaged in a project involving platinum. But why had he conducted himself in such a peculiar fashion in this case?

For fifty years, European governments had eyed the platinum brought from South America with a mixture of lust and despair, aware that it had the potential to be transformed into a lustrous precious metal, dreaming perhaps that it would boost their economies as New World gold and silver had done a couple of centuries before, but lacking the means to effect this transformation. In Spain, Chabaneau had kept his method a close secret and had only found a market for occasional decorative objects. Wollaston and another chemist, Smithson Tennant, separately took up the problem, and, when they became of aware of one another’s interest, decided to go into partnership to see if they could produce Pierre-François Chabaneau’s malleable platinum on a larger scale and find new applications for it in science and industry.

Wollaston and Tennant were both the sons of clergymen, and both had studied medicine at Cambridge but then turned to natural philosophy. There, however, the similarities ended. Tennant lost both his parents in childhood and was largely self-taught. Wollaston grew up in a family with fourteen siblings and enjoyed a comfortable path to academic success. Tennant, five years older, was a humorous and kindly man, untidy in his work, often indecisive about his projects, yet always properly observant of the rules of experimental method and reporting when he did finally settle on a course of action. Wollaston was precise and self-controlled almost to the point of obsession–it was said he could write on glass with a diamond a script so small that it could only be read using a microscope. He was also secretive and eccentric and not always easy to get along with. The fruit of their collaboration was to be a substantial fortune from the platinum enterprise and a permanent place in the annals of science, as each man would add two new chemical elements to the thirty-five or so then known. But the way each chose to announce his respective elemental discoveries to the world would reflect their difference in temperament.

On Christmas Eve 1800, the two men bought up nearly 6,000 ounces of river-dredged platina from a disreputable vendor who had probably obtained it smuggled via the British West Indies from New Granada. The purchase cost them £795, a handsome sum, but the quantity was vast, and platinum was as yet far cheaper than gold. If they succeeded in converting this heap of grey crumbs into lustrous metal, they would be very rich men.

Wollaston took the lead in this commercial project, dissolving the raw material a pound at a time in aqua regia, then reacting it with ammonium salts to form a precipitate which could be heated to release the precious metal. However, his ingots turned out brittle and were no use for further work. Tennant meanwhile examined the small amount of black residue that always remained behind when the native platinum was dissolved in aqua regia, quickly becoming convinced that it was not merely graphite as others had supposed, but metallic in nature. By extracting the black powder and carefully treating it with various powerful reagents, he was able to obtain new precipitates of different colours and a pungent oily liquid. These proved to be compounds of two new metals, which Tennant named iridium (after the Greek for rainbow because of the colours of its salts) and osmium (from the Greek for smell). Tennant was closely pursued in this work by French scientists, but had wisely taken the precaution of sharing his hunch that the residue was metallic with Sir Joseph Banks, the President of the Royal Society, thereby ensuring that he was rightfully acknowledged as the discoverer of both elements.

Wollaston followed similar procedures in experiments with the platinum-rich liquor produced by the aqua regia. He too noticed an unexpected precipitate, which he soon satisfied himself contained yet another new metal. He thought to call it ceresium after the minor planet Ceres, which had been discovered a few months before, but then opted for the name palladium. However, rather than publish or communicate the news of his discovery informally as Tennant had done, Wollaston waited until he had amassed a significant quantity of the new metal–and then made his eccentric decision to advertise it for sale in small portions charged at five shillings, half a guinea and one guinea.
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When Chevenix communicated the results of his investigation, it put Wollaston in a quandary. He was now unable to claim the discovery that was his due without admitting his subterfuge. Instead, he issued another anonymous communiqué, this time in a chemical journal, offering a reward of £20 to the person who, before a jury of three chemists, could make twenty grains of palladium. Nobody seems to have risen to the challenge. Meanwhile, he quietly went on with his researches. His next discovery was to offer him a way out. Further experiments with the raw platina and aqua regia yielded new rose-coloured salts, indicative of another new element, which Wollaston named rhodium. This time, there would be no foolishness about the announcement. His friend Tennant had recently given his own paper, formally announcing his discovery of iridium and osmium. Wollaston followed his example and read out his paper on rhodium to the Royal Society in June 1804. He did not use the occasion to disclose the mystery of palladium, but a few months later, he wrote again to the journal where he had advertised his reward, explaining that it was he who had secretly discovered palladium and offered it for sale, putting forward as excuse for his behaviour that chemical anomalies observed at the time of the palladium discovery had prevented him from announcing it then, and that he had resolved these anomalies with the subsequent discovery of rhodium. This was not quite true, but it did enable Wollaston to save face.

The new elements at last explained the brittleness of the platinum ingots. Armed with this knowledge, Wollaston pressed on with his manufacturing process and eventually obtained a valuable product. Over the next fifteen years, he built a tidy business constructing platinum boiling vessels for use in chemical factories and other specialist devices. Wollaston only revealed the details of the process a month before his death in 1828 when he knew he was suffering from a fatal illness.

Over the years, Wollaston and his partner Tennant purchased some 47,000 ounces of native platina and produced 38,000 ounces of malleable platinum–about a bath full–as well as 300 ounces of palladium and 250 ounces of rhodium, enough to fill a pint glass with each metal. Some of the platinum was formed into crucibles for scientific experiments or rods for drawing into wire, but most of it went to gunsmiths, who used the metal to improve the contact points of flintlock pistols where it was cheaper and more effective than the gold they had been accustomed to using for the purpose. Wollaston and Tennant bought their platina at a typical price of two shillings for a thousand ounces, and sold pure platinum at sixteen shillings an ounce–a 6,000-fold increase! The secrecy that necessarily attended the perfection of this highly lucrative process simply appears to have warped Wollaston’s judgement when it came to the discovery of palladium.

Wollaston’s career prospered nevertheless. His momentary lapse of scientific protocol was forgiven, and he won admiration for further discoveries in chemistry and optics as well as for his platinum process, from which he may have made a fortune of £30,000 or more, equivalent to quite a few million pounds today. Chevenix, disheartened by the episode, renounced science, married a French countess and turned to writing historical dramas.

The Ochreous Stain

Earthly power may arise from the possession of gold, but iron once radiated celestial power. Lumps of it fell from the sky–they still do. These iron meteorites, gifts of pure metal handed down from the heavens, held an instant sacred appeal. In some ancient beliefs, the sky itself was made of metal. Ilmarinen, the Eternal Hammerer of Finnish mythology, was said to have hammered out the firmament at the dawn of time. A myth for a grey-skied land.

Having fallen from the sky evidently directed by nothing other than divine will, these aeroliths represented heaven on earth more satisfactorily than any terrestrial material or artefact sanctified by man. Worship must have begun long before it was possible to think of working the metal: there would have been little else to do with the mysterious burnished masses than to place them in the temples. But in more technological times, iron also throws down a moral gauntlet. According to the Qur’an (Sura 57:25), God sent down messengers, scripture and law; ‘And We sent down iron in which is mighty war, as well as many benefits for mankind, that Allah may test who it is that will help, unseen, Him and His messengers.’

The Hayden Planetarium at the American Museum of Natural History in New York is home to some of the largest iron meteorites ever found. One prize is the Willamette meteorite, a fifteen-tonne black-and-silver lump the size of a small car and contoured like a piece of popcorn. It is almost pure metal–iron with a few per cent of nickel–polished by the touch of visitors over the course of the century that it has been on display. Visiting the museum one day, I find it crowded round by children like a tree in a playground. I touch the meteorite, and realize that I have done so entirely casually. I feel no magic–unlike the time when, at another museum, I was lucky enough to be allowed to hold in my hand a tiny meteorite that had fallen to earth having first been blasted off the surface of Mars. Other visitors touch the Willamette iron too, with curiosity and admiration, with rude familiarity or casual indifference, but not with special reverence. Paradoxically, it is the museum setting that makes this remarkable object seem ordinary, just one among hundreds of spectacular exhibits. I struggle to reimagine the metal mass lying in the crater of its own making deep in the Oregon forest where it was found. There, it could only look alien, truly an object from another world, a gift from the gods.

The meteorite was found by chance in 1902 by a Welsh immigrant, Ellis Hughes, on land belonging, fittingly perhaps, to the Oregon Iron and Steel Company. Over a period of months, Hughes dug out the massive lump, constructed a cart and transported it the short distance to his house. Claiming to have found the meteorite on his land, he charged people twenty-five cents a time to see the curiosity. Unluckily, one of his visitors was the lawyer for Oregon Iron and Steel, who suspected that the iron had been taken from company land. Hughes duly lost the complicated legal case that followed, and the company gained possession of the meteorite, later selling it to the donor who gave it to the museum.

The Willamette meteorite is deeply pitted from centuries of corrosion in the humid woods. The best iron meteorites tend to be found near the poles, where they are preserved in ice. In 1818, the British Arctic explorer John Ross was surprised to come across Inuit hunters using steel tools. He suspected their metal was meteoritic in origin, but it was not until 1894 that an American expedition led by Robert Peary found the source–three of a group of meteorites that had been named by the Inuit according to size: ‘tent’, ‘man’, ‘woman’ and ‘dog’. With a great effort, Peary retrieved the thirty-one-tonne ‘tent’, which is also now in the American Museum of Natural History along with ‘woman’ and ‘dog’. The fourth of the group, ‘man’, was only found in the 1960s and was taken for display in Copenhagen.

There is a delicious irony here: in order to recover the massive iron meteorites that he found in the Arctic ice Peary was obliged to build a railway. Its construction must have required the import of a quantity of iron far in excess of the mass of the meteorites–proof that celestial iron retains its power over the terrestrial.

Iron meteorites made mighty objects of worship. But where sheer survival was the priority, the practical value of the metal could not be ignored. For a long time before it was discovered that it could be extracted from terrestrial ores, this metal from heaven was humankind’s main source of iron. Meteorites fall rarely, however, and so in societies from ancient Egypt to the Aztecs, iron was appreciated for its utility, yet at the same time often regarded as more precious than gold. Objects forged from it such as swords were functionally superior to any alternative. Some Bedouin believe that a man armed with a sword of meteoritic iron becomes invulnerable and all-conquering–something quite plausible given the superior qualities of the alloy. But the raw material was never abundant enough to equip armies, and so these weapons were reserved for ritual rather than practical use. The folk memory of a time when forging iron meant working with material from heaven begins to explain the mythic potency of iron and the smiths who have mastery over it.

It was around 5,000 years ago, probably in Mesopotamia, that humankind gained the ability to smelt iron from widespread terrestrial ores. Gradually, reverence for these celestial objects was replaced by sheer incredulity. Well into the nineteenth century, even the most learned societies scorned the idea that lumps of pure metal could simply drop from the skies. On one occasion, the French Academy of Sciences passed a vote that iron meteorites did not exist. Only later were new techniques of analysis able to confirm their other-worldly nature. Specifically, iron meteorites tend to contain a significant proportion of nickel, which indicates that they cannot have been made from terrestrial ores–they are in effect a kind of stainless steel. Indeed, when alloy steel was first produced with nickel it was marketed in recognition of its superior properties as ‘meteor steel’. Conversely, if nickel is absent from the iron in an ancient object, this tells the archaeologist that the iron must have been smelted from ore.

 

Although the words for all the metals in languages derived from Latin are gendered male (neuter in German), it is quite clear that the substances themselves connote gender quite independently of this linguistic happenstance. Gold and silver are linked with the sun and moon, which are almost universally regarded as male and female. In Greek mythology, for example, the sun god Apollo is clothed in gold, and his sister Artemis hunts with a silver bow, and for the Incas the moon was the incestuous bride of the sun. Other ancient metals may be more ambiguously gendered–mercury, for example, is the female principle to sulphur’s male in Chinese and Western alchemical theory, yet is linked to the male god Shiva in Hindu tradition. However, no metal is more clearly masculine than iron.

When the Soviet press called Margaret Thatcher the Iron Lady for her persistent opposition to communism she took it as a compliment. Iron has always indicated strength and toughness–qualities almost synonymous in everyday usage, but which have rather precise meanings in materials science. The metal is generally hard, which means that it changes shape only very slightly when large forces are applied to it, but it is also less ductile and malleable than the other ancient metals. It is this unbending quality, not simply its hardness, that drives ‘iron’ as a metaphor. Churchill’s inspired coinage of the ‘iron curtain’ draws on this physical and attitudinal inflexibility, as well as making sly reference to Stalin, a nom de guerre meaning ‘steel’. Wellington, on the other hand, earned his nickname as the Iron Duke not through military prowess but for putting iron shutters on the windows of his London home as protection against ‘the mob’.

Iron’s masculinity is reinforced by the metal’s eminent suitability for making weapons of war. However, this is not to say that fashioning a serviceable sword was an easy business. At Sutton Hoo in Suffolk, an Anglo-Saxon royal burial site uncovered in 1939, archaeologists found the helmet, made from a single piece of iron, thought to have belonged to King Raedwald, who died around 625 CE. They also found his sword and shield, though less well preserved. The blade of the sword was pattern-welded, a process that involves layering sheets of iron together to build up the shape of the blade, and which often results in a fine decorative pattern at the surface. In this way, desirable properties can be directed where they are needed–extreme hardness towards the edge of the blade, but a degree of flexibility in the core so that the weapon does not shatter upon impact. The skill of the forger lay in his intuitive knowledge of when to incorporate more carbon, obtained from the charcoal of his fire, into the molten iron to produce a harder steel. The Sutton Hoo visitor centre has arranged a display of iron sheets and rods of the kind that the swordsmith would have started with. They look like new grey plasticine. But without the heat of the forge, I find it hard to comprehend how they might be transformed into such a beautiful weapon, or to sense the patient, repetitive actions of heating and softening, hammering and quenching, with their implied cycle of death and rebirth by fire, that would have endowed the sword with ritual significance.

The long-time rarity of iron and the technical difficulty of forging it made blacksmithing a trade of great prestige and mystique. The smithy was a place of hellish fire and stench from the sulphur released by unconverted ore. Wayland or Wieland, the blacksmith god of the Anglo-Saxons, like Hephaestus in Greek myth, is often represented as banished along with his forge to an island because his work is so repulsive. Yet the smith himself is the master of a necessary art and is known for his ingenuity as well as his skill. Ilmarinen, for example, in Finnish mythology, is an inventor as well as a smith.

Swords made of iron were thus exceptionally precious artefacts–far too precious for use in real battle–and it is natural that they were seen as possessing mythic qualities. Although the metallurgy of these weapons is not always explicit, it seems that Excalibur, the sword of Arthurian legend, was made of iron–the name may derive from the Welsh caled, meaning hard, or from the Greek and Latin word for steel, chalybs. Sigurd’s sword, Gram, in Norse mythology is iron too. Iron craftsmanship has been raised to a high art in Japan, whose islands are poorly supplied with copper for bronze, or with the metals regarded as precious elsewhere. Kusanagi, the seventh-century sword that is part of the imperial regalia of Japan, is thus almost certainly made of iron, although it is impossible to know as the object, or its replica, is kept in a shrine where it is forbidden to be inspected.

Not content with the scene in Das Rheingold where the hero Siegfried forges such a magic sword, Wagner also began an opera based on the legend of Wieland the Blacksmith (as well as another based on E. T. A. Hoffmann’s story ‘The Mines of Falun’, set in Sweden’s vast copper fields, which we will hear more of later). When excerpts from documents supposed to be Hitler’s diaries were published and then sensationally revealed to be forgeries in 1983, it was one of the more plausible aspects of the hoax that Hitler, an avowed Wagnerite, should have taken up the unfinished task.

 

Though iron has long been accorded warlike male attributes, it is only with the advent of modern scientific methods that it has been possible to prove that the red of blood and of iron ore are due to the same cause. Yet the connection seems to have been sensed long before. When Siegfried slaughters the dragon Fafner with the sword he has made, he licks the dragon’s blood that has spilt on to his hand. The blood, like the sword, confers magical powers, and the hero is suddenly able to understand the birds in the forest. Perhaps even Irn-Bru–‘made in Scotland from girders’, according to the advertising–appeals in part because it flirts with the taboo against drinking blood, although the amount of iron it contains is minuscule, and its rusty colour is mainly due to E numbers.

Though noted often enough, the metallic taste of blood was only explained in the mid eighteenth century. It is a story seldom found in histories of science. Yet the experiment was simple, and seems to have been first performed by Vincenzo Menghini, a Bologna physician, around 1745. He roasted the blood of various mammals, birds and fish as well as humans. He then poked among the solid residue with a magnetic knife and was pleased to find that particles of it were picked up on the blade. From five ounces of dog’s blood, he obtained nearly an ounce of solid material, the bulk of it being magnetic. (He presumably obtained similar results using human blood, although accounts do not explain how he got hold of it.)

The experiment is very easy to repeat: place in a ramekin a tablespoon of blood (I drained mine off a pack of frozen chicken livers) and partially evaporate in a low oven. Transfer the sludgy residue to a small crucible or other container able to resist heat and roast to dryness. Scrape out the residue and grind to a coarse powder until it resembles coffee grounds. Spread the powder on a sheet of paper, and pass a moderately strong magnet closely over it. A few particles will be lifted on to the magnet.

This was clearly the result Menghini had been expecting. But the question then arises: why did he think iron would be present? It can only be because the association of iron and Mars, blood and war, originating in Greek and Roman mythology, was so securely rooted in the alchemical orthodoxy of the time, even to the extent that those suffering from disorders of the blood were sometimes recommended to take iron salts. Further evidence that it had long been tacit knowledge that iron and blood were connected in some way comes from the name of one of the metal’s principal ores, haematite, a sixteenth-century coinage, the prefix haem-, being derived from the Greek for blood.

Menghini too went on to make up preparations rich in iron which he fed to human and animal subjects, afterwards observing the enrichment of the red blood cells, thereby proving that the colour was linked to iron. His research made a vital contribution towards explaining–and curing–chlorosis, a disease characterized by a greenish pallor of the skin, which only then acquired its present name of anaemia, from an-plus haem-, meaning without blood.

Iron’s association with Mars has equally confused beginnings. It was natural enough for mystics and philosophers to seek correspondences between the sun and the moon and the five observable planets and the similar number of ancient metals. But in the absence of a competent metallurgy it was impossible to decide which metals were pure and irreducible rather than mixtures. As a consequence, brass, bronze and alloys used for coins were often placed on an equal footing with gold, silver, lead and tin, while the special alchemical status of mercury meant that it was not at first linked with a planet at all. In Persia, iron was first linked with the planet Mercury. Only much later did Western alchemists reassign Mercury to its element namesake, freeing iron to pair with Mars.

When was it first thought that Mars might have a more material connection with iron? The invention of the spectroscope in 1859 enabled scientists to analyse the light emitted by luminous bodies, leading to the discovery of several new elements identified by the signature colours of their flames. A spectrum is like a rainbow in which only a few bands of colour appear. Each element has a characteristic atomic spectrum, due to the absorption and emission of light associated with the unique energy levels of its orbiting electrons. These early spectroscopes, however, were only sensitive to emissions of light, such as from laboratory flames or from the sun. They were not able to say anything about the light reflected from non-luminous objects that gives them their colour. Scientists might speculate that the red planet was rich in iron ore, but it was no more possible to check this than it was to prove that the moon was not made of cheese. And at the time when they might profitably have begun to investigate the question, in the last years of the nineteenth century, many were in any case distracted by the planet’s white, earth-like poles and the supposed ‘canals’ crisscrossing its surface.

It was not until spacecraft–Viking in 1976 and Pathfinder in 1997–landed on Mars that the origin of the colour could at last be explained. Rather than the dark blue expected from its thin atmosphere, they found the sky to be the colour of butterscotch owing to dust storms. The planet’s surface is covered with the same fine dust, composed of the iron oxide mineral limonite. Recent analysis of data from the Mars landers has indicated that the concentration of iron on the planet’s surface is greater than it is in the crust below, suggesting that the iron may have originated from meteorites rather than as a result of volcanic eruptions bringing mantle rock to the surface.

It is rare that science finds itself in a position to vindicate superstitious belief, but it happened twice with the revelation of iron in blood and on Mars.

 

Iron today brings to mind not venerated meteorites or magic swords, but the engineering achievements of the Industrial Revolution. The Romans had made good use of the metal for weapons, tools and construction, but it was not until 1747, when it was found how to use coal with iron to make steel, that the metal really took over. In that year, Richard Ford, who had inherited Abraham Darby’s pioneering iron foundry at Coalbrookdale in Shropshire, showed that it was possible to vary the amount of coke or coal added to the ore in order to produce iron that was either brittle or tough. The greater control of the metal’s properties achievable by the addition of small amounts of this carbon allowed iron to be manufactured for very different uses, from the structural beams of great bridges to the cogs and wheels of steam engines and spinning machines.

The most transforming, extravagant and joyous expression of the new iron age was the railroad, an innovation whose debt to the metal is recorded in practically every language except English: chemin de fer, Eisenbahn, ferrovia, vía férrea, järnväg, tetsudou. The iron way swiftly made this element a more visible symbol of power than gold ever had been or silicon ever would be. Sentimental poets naturally read the Industrial Revolution as a destructive force and used its iron as a chief sign of its enslaving effect. As early as 1728, James Thomson, the Scot responsible for the words of ‘Rule Britannia’, bewailed the loss of the poetic golden age in ‘these iron times’. Blake’s long poem ‘Jerusalem’ positively clanks with such references, as in this sharp tirade against both science and the technology to which it gives rise:


O Divine Spirit, sustain me on thy wings,

That I may awake Albion from his long and cold repose;

For Bacon and Newton, sheath’d in dismal steel, their terrors hang

Like iron scourges over Albion.



But it wasn’t all bad. I think Aldous Huxley struck nearer the mark, when, in Eyeless in Gaza, he comments as his central character embarks with childlike delight upon a train journey: ‘The male soul, in immaturity, is naturaliter ferrovialis.’ (That is to say: boys by nature love railways. Huxley’s typically clever allusion is to the early Christian writer Tertullian’s belief that the soul is by nature Christian, anima naturaliter christiana.) Roman iron might have been the material of shackles and chains, but Victorian steel opened up new territory, crossed oceans and brought people into contact; it literally built bridges. The magnificent cast iron bridge thrown across the Severn near Coalbrookdale in 1779 is now a UNESCO World Heritage Site. The Menai Strait suspension bridge designed by Thomas Telford in 1819 used wrought iron chains to span a channel 166 metres wide. This met the requirement of the British Admiralty that shipping be free to pass underneath, something that would have been impossible with a bridge based on stone piers. Thirty years later, Robert Stephenson completed a second iron bridge based on a tubular box design that would carry the heavier load of a steam locomotive across the strait in a rectangular tunnel. Between them, the two structures demonstrated the lightweight structural gymnastics that were possible with properly engineered iron. From Joseph Paxton’s Crystal Palace to Isambard Kingdom Brunel’s Great Eastern, we still regard these engineering achievements with real wonder. But the railway above all occasioned excitement at the time–think of Turner’s tumultuous painting of a train rattling along a viaduct, Rain, Steam, and Speed–and still occasions fondness in the memory.

 

As the iron meteorites that fell to earth now show, where there is iron, rust is never far behind. Rust has its own potent symbolism, linked to its distinctive bloody colour, and proportionate to the power of iron. As the rise of the industrial age had been accompanied by images of fresh-forged iron so its decline was to be streaked with rust. The band of American states from Michigan east to New Jersey became known as the rustbelt as their steelyards and metal-bashing industries succumbed to foreign competition. The image of rust might be expected to be an entirely negative one. But not so. Just as the love of ruins stems from the vicarious thrill of imagining the collapse of our own civilization, so the corrosion of iron and steel back to the more natural form of rust appears to promise an Arcadian return. Even at the height of the Industrial Revolution, John Ruskin longed to see time and entropy do their work. In 1858, he gave a lecture at Tunbridge Wells, where the famous spring water was apt to turn rusty, commending the ‘ochreous stain’ which he said should not be seen as ‘spoiled iron’ but as the element in its ‘most perfect and useful state’. (He ignored an obvious tautology for the sake of his happy phrase, since ochre is simply iron oxide anyway.)

Ruskin’s sentiment has been enthusiastically endorsed by modern sculptors whose preference is often for steel with an instant patina of rust. Antony Gormley’s Angel of the North in Gateshead embraces multitudes with its wide metal wings. The steel from which it was built recalls the heroic shipbuilding for which Tyneside was famous (ironically from around the time of Ruskin’s lecture), but the rust plainly records its demise. Richard Serra’s great arcs of rusted steel, too, strike me as salutary reminders that our feats of accomplishment are only transient. Most squat in galleries and city squares, but at the Louisiana Museum outside Copenhagen, I discover another Serra slab spanning a wooded gulch. It is a kind of inverse of the achievement of that first great iron bridge–a valley blocked, not crossed, its iron not preserved from nature but left to decompose quietly into the fallen beech leaves. I walk up to the brown wall and tap it to reassure myself that metal lies underneath. I rub my fingers along it as Ruskin must have done to some already neglected Victorian device to capture the ochreous stain. The colour tastes of blood. I wonder if the Martian meteorite I’d held would taste the same–the taste of human blood in a stone from Mars generated from celestial iron.

The Element Traders

The starting point for this book was my adolescent collection of the elements. I probably never got past thirty or forty out of the hundred-plus complete set, harvesting them from round the house, even with the help of one or two more elusive substances stolen from school. I am not a natural collector. But as I set to work this time, I begin to realize there is quite a community of people out there who have stuck with it and who have not only completed their set, but made it into a project, a mission and even a business.

They are abetted in this by the internet. The periodic table provides the perfect map, a familiar visual mnemonic that leads down many rabbit-holes. Peter van der Krogt, a geographer at the University of Utrecht and a cartographic historian, clearly appreciates this. His website gives the etymology and the history of the discovery of 112 elements. (The site also includes a link to his collection of car licence plates and coins with maps on them.) On another website, Theodore Gray’s periodic table is a masterpiece of the carpenter’s art–he will even sell you a periodic table table. The story of each element lies on the other side of an engraved wooden portal. Once past this timber threshold, there are beautiful images of the element and its minerals and details of where and how he obtained them. The sources are sometimes exotic, but more often very ordinary: his cerium comes from a camp-fire starter bought from Walmart, his bromine in the form of sodium bromide used to salt the water in hot-tubs. He also accepts donations. ‘A lot of people seem to have an element or two in their attic,’ he notes laconically on the site. ‘By the way, if you have any depleted Uranium from Afghanistan, I could use it.’

Max Whitby and Fiona Barclay have made more than a hobby of the elements. They are element traders, supplying fellow enthusiasts like Gray with specimens of the pure elements from their mews studio-cum-laboratory in a former chocolate factory in West London. Whitby is a former director of the BBC’s Tomorrow’s World programme. He set up a business publishing multimedia before going back to school and rediscovering his scientific roots. He has recently been awarded a doctoral degree for research in carbon ‘nanopipes’, the tiny rolls of graphite that are currently one of the hottest fields of chemical investigation. Fiona manages a company called Bird-Guides, which produces exactly what its name suggests. Together the two have combined their interests to produce lavish natural history DVDs, and, on the side, run their trade in the elements.
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We meet for lunch at a local greasy spoon serving improbably authentic Thai food. Max and Fiona have come prepared. Out on to the table come samples of various metallic elements, solid lumps the size and shape of thirty-five-millimetre film canisters. I am invited to guess what they are. Magnesium and tungsten are easy enough to tell apart, but others have me stumped. So many are similar at first glance, with the same grey sheen. However, closer inspection reveals slight differences. The light they reflect is subtly different in colour–some metals have the barest tinge of pink, or yellow, or blue. The surfaces have all been polished smooth, but according to the way the metals naturally solidify, they vary in appearance, some being almost mirror-like while others are slightly grainy, hinting at a distinctive crystalline microstructure.

It is when you pick up the specimens that they really start to separate themselves. You start out with a fairly clear idea of what you think a lump of metal that size should weigh–information you’ve gathered over a lifetime from shuffling coins or handling kitchen utensils. But these more unusual specimens soon confound those expectations. Some, like the tungsten, are astonishingly heavy, and a few are so improbably light that you doubt they can be metal at all and wonder if they are cunningly disguised plastic. Lifting them in turn, you unlearn what you think substances ought to weigh and learn to be surprised each time by how heavy or light each sample is compared with the last. They feel different against the skin. Some are warm to hold, others seem to suck the heat from your hand. They smell different too, some metals tainted by the grease of previous touchings, others maintaining a citrus cleanness. As I pick up one sample after another, I am disappointed at how many I get wrong. I take some consolation from the fact that the bar is set pretty high. One specimen is a block of hafnium, an element mainly used to make control rods in nuclear reactors. What on earth are they doing with it? ‘Contemplating it,’ says Max.

Why the elements, I ask. ‘I like the way the table explains our world. Each allocation is a little bit of our civilization,’ Max suggests. For Fiona, it’s about collectible sets–‘birds, butterflies and elements’.

The trick is to buy the elements in bulk, as they are typically supplied for industry, and then to melt them down and remake them into more attractive forms. Most enthusiasts prefer their metal elements prepared as shiny beads that show their lustre to good effect. Others, German collectors especially, for some reason, want more natural-looking specimens, and creating these may involve heating and cooling pieces of the element in such a way that they form large crystals.

Perhaps thirty of the elements can be bought over the counter, if you know the right counter. Magnesium, for example, is sold by ships’ chandlers for use as ‘sacrificial anodes’ placed below the waterline where they corrode in preference to other metal parts of the vessel. Max’s raw magnesium is the sacrificial anode of an oil tanker, a whopping lump the size of a hip bath. Rarer metals used as catalysts are sold in the form of powder. Max and Fiona chop and mould these raw materials into the prettier forms that customers appreciate as ‘elements as they truly are’. Whether this is as they truly are is a moot point, of course. But diced, sautéed and served up in these ways, the elements are certainly deliciously transformed. The inert gases come in discharge tubes bent into the shape of the letters of their respective chemical formulae. The most reactive or poisonous elements come in sealed ampoules–subject to shipping restrictions. Even radioactive rarities such as radium and promethium are offered for sale, in the form of glowing hands salvaged from old wristwatches and safely encased in resin.

Their clients include schools and chemical companies, for whom they construct beautiful displays of elements and their compounds pigeonholed into illuminated boxes. But another significant portion of their business comes from obsessive individuals. Radiologists are prominent among their customers: perhaps the dependence for their work on the ability of radioactive forms of certain elements to decay into other elements leaves them craving the apparent fixity of the periodic table. For others it is undoubtedly the finitude that appeals. A complete set of the elements is after all the ultimate collection: from it you could in principle make anything found in any collection anywhere.

They show me beads of rare metals: rhodium, ruthenium, palladium and osmium. All these elements are closely related to platinum and share its serious grey lustre. They look extremely similiar, although detailed examination reveals slight variations among them. I can see that osmium, for example, has a distinctly blue tinge compared with its precious neighbours. I heft the pieces in my hand–the densest of all the elements and therefore the densest substance known to exist. I cautiously sniff them too. Although osmium metal is benign, its volatile oxide is one of the smelliest and most poisonous substances known. I am relieved to find I can smell nothing. In 2004, osmium tetroxide was at the centre of a terrorist alarm in London. I ask if innocent element-trading isn’t made difficult because of such things. Max admits he has been visited once or twice by the ‘nuclear police’. ‘They were very nice. They gave us some advice on how to improve our inventory.’

Max and Fiona’s task for the day is to prettify some industrial molybdenum. Molybdenum is a good example of the many elements we tend to hear little about even though they are not rare and are often quietly useful, this one being employed mainly in specialist steel alloys. They start with a few pieces of dull grey metal in powder form pressed into cake rather than cast ingots or forged bars. Molybdenum has one of the highest melting points of all the elements, and so the next stage is quite a palaver, requiring a powerful electric furnace. The floor of the furnace is a copper plate which will itself be prevented from melting under the extreme heat by cold water running underneath it. Around this is what looks like a glass bell jar, but is in fact a protective screen of quartz, which makes a transparent circular wall. The whole contraption is no bigger than a pressure cooker, but seems able, like an Elizabethan theatre, to contain worlds.

Unexpectedly, there are three chemical actors upon the copper stage: small pieces of tungsten and titanium as well as the molybdenum. Fiona opens the valve on a nearby gas cylinder that pumps inert argon gas through the chamber. Max switches on the current–453 amps, fed from a thrumming electric welder of the type used in building steel bridges. The tungsten–the only electrical conductor that would not melt–serves as the ‘striker’ that will complete the circuit and ignite the flame. Next, the small piece of titanium is sacrificed in what feels like a ritual but is simply a precautionary way of mopping up any oxygen remaining in the chamber which might otherwise spoil the molybdenum. Then Max brings the flame to each chunk of grey molybdenum in turn. Viewing the proceedings through a thick plate of dark glass, I see the metal glow orange and pucker up into a bead. The orange fades as each bead cools before, miraculously, a bright gleam seems to force its way through the sooty surface. The three elements have all responded differently to their shock–one transformed, one destroyed, one unmoved. The drama is complete. When they have cooled, Max trickles the shining beads of molybdenum into my hand, dimpled like overcooked peas. They are brighter than iron and a little greyer than chromium. I tuck them away to add to my own periodic table.

Among the Carbonari

As long ago as 1939, a man styling himself ‘The Last Charcoal Burner’ was said to be making his living by supplying the grill rooms of London hotels. Yet he was not the first pretender to this title, nor the last. Obadiah Wickens of Tonbridge in Kent and Harry Clark of East Sussex each purported to be the last before him. And in the Forest of Dean, Edward Roberts, who had been calling himself the last charcoal burner as early as 1930, was still plying his trade in the 1950s. Perhaps it is long hours spent pondering the stifled flame of their fires that inspires such doomy claims.

These days, I am able to find a charcoal burner without difficulty. It would even be straightforward to track one down in my own thinly wooded county of Norfolk, but instead I have chosen to pay a visit to Jim Bettle, who works in the woods of Blackmoor Vale, where Thomas Hardy set The Woodlanders. This book has indelible, though not exactly fond, memories for me, being the novel I was required to study for O Level. Jim picks me up near his home in Hazelbury Bryan, and we drive for a few miles before turning up a hillside track and passing through locked gates on to private roads until we reach the wood where one of his kilns should be ready for emptying.

In a late addition to the preface of The Woodlanders, Hardy responded mischievously to the many enquiries he had received from readers regarding the location of ‘Little Hintock’, the village where the action of the book takes place. Even he did not know quite where it was; he said: ‘To oblige readers I once spent several hours on a bicycle with a friend in a serious attempt to discover the real spot; but the search ended in failure.’ Although the academic wisdom has it that Little Hintock is based on a village called Minterne Magna some miles to the west, Jim has reason to believe that the place is in fact Turnworth, which is the hamlet nearest to where we are heading.

Unlike Hardy’s woodlanders, who were obliged to scrape a livelihood from the living fuel that grew around them, Jim turned to charcoal-burning by choice. Having seen that the local golf courses and estates habitually just burnt wood off as waste, he felt he could do better, and began to investigate potential markets for locally prepared charcoal. In 1996, he bought his first kiln and went into business. Jim recounts a conversation with his Business Link advisor, who was full of admiration for his ambition, but spoilt the effect somewhat when, after an hour’s discussion, she asked him where he was going to be digging up his charcoal. ‘It’s amazing how many people don’t know that charcoal is wood,’ he says. Charcoal is almost pure carbon–purer than most coal–and when efficiently burnt releases more heat than wood burnt in an open fire. It is also largely lacking in the sulphur and oils that make coal so unpleasant.

We arrive at our destination, Bonsley Wood, high on the hill south of Blandford. Jim’s kiln is a steel drum two or three metres in diameter covered by a thin steel lid. Round its edge are eight little hatches that control the rate of burning once the fire is set. It sits harmoniously enough in a hazel clearing, its rust walls blending with the autumn colours. Jim and his helpers will typically set up a kiln where the surrounding wood to be coppiced–undergrowth of hazel, birch and ash mostly–will support a dozen or more burns. Then they will move it to another location. They do this two or three times during the season with each of their kilns. It is mid October when we meet, and this particular kiln will now be put to bed for the winter; the 135th burn of the year. Other woods are burnt to make charcoal for specialist markets: artists favour willow charcoal; laboratories, which use charcoal as a neutral absorbent, prefer pine. Manufacturers of pyrotechnics buy several different charcoals to give their explosive mixtures just the right oomph.

Each kiln has capacity for a tonne and a half of wood but will yield only a quarter of a tonne of charcoal. This simple fact of charcoal’s physical nature immediately explains the itinerant life of the charcoal burner. It is far more efficient for him to burn the wood where the wood grows than to transport it for burning in some remote permanent kiln. This in turn confers his marginal position in society, a man apart from the community, always on the move, hidden by trees, and perhaps of no fixed abode.

The wood is carefully arranged for each firing. First, a core of charcoal from the previous burn is piled up in the centre. Long timbers called runners are then laid out from the top of this heap towards the vents to ensure an airway to the heart of the fire. After that, other timbers are carefully layered in, interleaved with more charcoal. Smaller pieces of wood are placed towards the rim of the kiln, and larger ones at the centre where it is hotter, so that all the wood burns evenly. Although Jim’s kilns are steel, this careful selection and arrangement of the wood and charcoal is part of the traditional method of charcoal-burning that goes back to ancient times, when the wood was stacked in a shallow pit dug into the ground and then covered with turf to control the rate of burning.

The fire is lit by igniting the charcoal at the centre and allowed to flare up before the steel lid is put on. This restricts the amount of oxygen let into the kiln and prevents the carbon in the wood from being consumed altogether and converted into carbon dioxide gas. From now on, there is no flame and very little smoke as the wood is carefully burnt to charcoal. The rate of burn is governed by the eight vents around the foot of the drum, which are alternately fitted with long chimneys so that they act as flues, or left alone to serve as air intakes. Jim and his men swap the chimneys round during the course of the burn to ensure that all the wood inside the kiln receives equal heat.
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At the kiln we are to empty, the fire was set two days ago and then starved of all air from the following morning, which has given it twenty-four hours to cool. Jim and a helper lift off the lid. The charcoal is not all black as I had expected. Freshly prepared, it lies in large smooth limbs with a sheen like brushed steel. Many pieces still hold the shape of the branch or trunk of the tree that went in. In some cases, it is almost possible for me to identify the species of timber. The job is simply to reach into the kiln and lift out the pieces. Twisted in the hands, they break into fragments suitable for bagging as barbecue fuel. The charcoal is indeed surprisingly light–I find it takes many gathered handfuls to fill a ten-kilogramme paper sack.

It may be too much to claim that charcoal-burning is undergoing a revival. There are only a few score men like Jim in the country. ‘It’s quite challenging to remain in business,’ Jim admits. Imported charcoal, consumer ignorance and centralized purchasing by the retailers are some of the problems. But the economic, environmental and moral arguments surely lie in his favour over the long haul. Demand for charcoal has risen greatly in Britain as people have become more enthusiastic about barbecues, but, Jim claims, more than ninety per cent of the charcoal supplied for this market comes from abroad, much of it as the by-product of uncontrolled timber extraction in the tropical forests of West Africa, South-east Asia and Brazil. Jim’s timber is sustainably sourced–he has a coppicing lease from the Forestry Commission–but he says it would cost his small-scale operation too much to get the accreditation that would allow him to prove this to consumers by putting the Forest Steward-ship Council symbol (seen on the copyright page of this book, for example) on his charcoal sacks. Meanwhile, British barbecue chefs unwittingly play their part in the razing of the Amazon, unaware that the very word ‘Brazil’ refers to burnt timber, the country having been named by the Portuguese after brasa, meaning ‘hot coals’, in reference to the red of the brazilwood trees that are being cleared at a rate of 10,000 square kilometres (four times the area of Dorset) every year.

 

Trying to survive in business has necessarily turned Jim into something of an environmental campaigner. But perhaps there is also something about the commodity he deals in that kindles the activist in him. For black carbon–charcoal or coal–has always been stuff for rebel causes. It is won by the poor to warm the rich. As long ago as 1662, John Evelyn gave a discourse to his fellow members of the Royal Society on trees and woodland culture called ‘Sylva’, in which he noted that all the charcoal made in the forests went for iron, for gunpowder and for ‘London and the Court’. (Evelyn knew his business as his own family had a licence to make gunpowder for the crown.)

There is always a frisson between the getters and the consumers, the winners of the fuel and the winners in the end, that reminds us that energy is power. Coal miners’ strikes are traditionally the bloodiest and most intractable of all industrial disputes. In The Road to Wigan Pier, George Orwell lionizes coal miners as the ‘grimy caryatids’ propping up the national economy. His famous description, both admiring and appalled, of a coal mine paints the men as ‘splendid’, the quantities hefted as ‘monstrous’, the noise as ‘frightful’, but the coal itself as merely black, an undifferentiated commodity to be attacked and demolished. In Lady Chatterley’s Lover, D. H. Lawrence’s Connie, Lady Chatterley, fears ‘the industrial masses’ and holds the miners in awe and dread; they are ‘Fauna of the elements, carbon, iron, silicon…Elemental creatures, weird and distorted, of the mineral world!’ Emile Zola’s novel Germinal gives a graphic portrait of the collier’s life in nineteenth-century France with a bitter strike at the heart of its story. After the defeated miners have returned to work, the eldest son of the principal family is killed in an underground explosion, and his body is brought up to the surface, reduced to ‘black charcoal, calcined, unrecognizable’. We are what we mine.

Charcoal burners and the foresters for whom they often work excite similar fears and admiration, the more so since they at least appear to operate with a degree of autonomy, but also because the woods where they freely wander have always been the domain of outlaws. In the medieval period, the forests that covered much of Britain belonged to the king. ‘Forest courts’ decreed severe penalties ranging from death for taking the king’s deer to blinding or castration for lesser offences. Even the taking of windfall timber was forbidden after the king usurped commoners’ traditional rights and took control of ever more woodland for hunting. Charcoal burners needed a royal licence to burn timber for fuel and for use in forging iron. Charcoal-burning was thus one of the few more or less legitimate things one could claim to be doing in the forest if challenged by the king’s men.

Tales of Robin Hood abound with disguises, including disguises as charcoal burners. A more authenticated medieval story concerns Fulk FitzWarin, a Shropshire gentleman sent in childhood to the court of Henry II, later dispossessed and driven to live as an outlaw. At court, he quarrels with the boy prince John. Later, when the outlawed Fulk learns that John, now king, is near by in Windsor Forest, he disguises himself as a charcoal burner in order to lure him deeper into the woods, saying that he has seen a magnificent stag. When he has the king at his mercy, he forces him to promise that he will restore his inheritance. John reigned at the beginning of the thirteenth century and decreed that the forest forges be shut down, perhaps after one too many encounters of this sort. Magna Carta, the English bill of rights that King John was forced to accept in 1215, was motivated in part by popular rejection of these draconian woodland powers.


The idea of strange men from the woods passing out gifts probably strikes us as creepy today, but it is a thread that runs from the myth of Robin Hood to the originally green-robed Santa Claus, who arises partly from the ‘green man’ of pagan religion. The association is not only with the trees but with their combustion products. In the Basque country, Santa Claus takes the form of the fat charcoal burner, Olentzero, who brings wooden toys that he has carved in his charcoal sack.

The redistribution of wealth and power was also one objective of the Carbonari, revolutionary precursors of the Risorgimento that would lead to the unification of Italy in 1871. They began as a secret society in the Kingdom of Naples, formed to resist French occupation during the Napoleonic Wars, taking their name from the Italian for charcoal burner, carbonaro. Their flag was red, blue and black for charcoal, only later becoming the red, white and green of modern Italy. The impulses of the Carbonari were patriotic, liberal and secular. After the defeat of Napoleon, they directed their efforts against their new over-lords, the Austrians and the allied Papal States. The movement spread and, in 1820, after a number of failed uprisings, the Carbonari staged patriotic rebellions in several Italian cities. Shortly after eight in the evening of Friday 8 December 1820, the poet Lord Byron, then living in Ravenna, was caught up in one of these dramas when a powerful local Carbonari chief was assassinated. In Don Juan, he describes–‘This is a fact, and no poetic fable’–how he heard shots and ran out of his home to find the man lying in the street: ‘for some reason, surely bad, / They had slain him with five slugs’. Though he distances himself from the crime–‘The man was gone: in some Italian quarrel’–Byron was himself active in the Carbonari movement, having been elected a capo, and was involved in buying and storing arms.

The Carbonari organized themselves along similar lines to the freemasons. The idea that they wore charcoal sacking and that their leader sat on a throne made of a charcoal bundle was merely an inspired piece of invented tradition to go with the romantic image of free men plotting liberty and independence in the forests of the Abruzzi. In reality, they were farmers and labourers, but also tailors, and even members of the junior clergy, who merely felt a certain solidarity with the sooty-faced practitioners of one of the most ancient crafts. The Italian Carbonaro was as ignorant of charcoal-making as the freemason is of stonework.
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Carbon enjoys its economic centrality not because it is the only fuel, but because it is the only solid fuel with the convenient, and in fact essential, property that it burns away to nothing. In 1860, Michael Faraday devoted one of the Royal Institution Christmas lecture series that he had made famous to ‘The Chemical History of a Candle’ and explained to his youthful audience how the product of all carbon combustion is carbon dioxide, a gas that leaves no residue. Nearly fifty years before, he himself had seen this demonstrated in the most dramatic fashion in Florence by his mentor Humphry Davy, who burnt a diamond away to nothing using ‘the great burning glass of the Grand Dukes of Tuscany’. In this behaviour, carbon is unlike almost all other combustible materials. If carbon left behind it the solid waste that metals leave when they burn–that is to say, an oxide heavier than the original material–the volume of waste from our hearths would be insupportable.

Gas though it is, even carbon dioxide has to go somewhere, of course. Faraday recognized this chemical quirk as an economic miracle, but he was not insensitive to what we would now call the carbon emissions of the Victorian city. ‘A candle will burn some four, five, six, or seven hours. What, then, must be the daily amount of carbon going up into the air in the way of carbonic acid [carbon dioxide]!’ A man in a day converts seven ounces of carbon from sugar in his body, Faraday calculated, and a horse seventy-nine ounces. ‘As much as 5,000,000 pounds, or 548 tonnes, of carbonic acid is formed by respiration in London alone in twenty-four hours.’ Faraday marvelled that plants were able to take up all this carbon dioxide, ignorant as he was of the level of the gas already building up in the earth’s atmosphere. London’s carbon emissions are today estimated as 44 million tonnes of carbon a year, 220 times the amount due to respiration alone in Victorian times.

Plutonium Charades

Glenn Seaborg was arguably the greatest element discoverer of them all. He produced plutonium in 1940, curium and americium in 1944, berkelium and californium in 1949 and 1950 and had a hand in several others. His tally surpasses that of William Ramsay, who discovered the inert gases, and beats the serial discoverers of new metals, Humphry Davy and, more significantly perhaps, the great Jöns Jacob Berzelius of Stockholm.

For Seaborg, like so many discoverers of the elements, had Swedish blood in his veins. His father’s name was Americanized from Sjöberg, his mother was Swedish, and Swedish was the first language in the house where he grew up in Ishpeming in northern Michigan, a region of the United States favoured by Scandinavian immigrants who must immediately have felt at home walking along earthen streets of packed iron ore.

Seaborg’s high-school years had been punctuated by news of chemists around the world excitedly claiming to have found the last few elements that would plug the remaining gaps in Mendeleev’s periodic table. The names they proposed invariably declared a geographic allegiance: alabamine, russium, virginium, moldavium, illinium, florentium, nipponium. By the time Seaborg was seventeen and graduating from school in 1929, the periodic table seemed complete up to uranium, with ninety-two protons in the nucleus of each atom, and therefore atomic number ninety-two. Although some of these claims were erroneous or at least premature, it was eventually confirmed that the elements we now know as technetium, astatine, promethium and francium had been successfully synthesized in radiation laboratories.

Seaborg was excited by the new realm on the border of physics and chemistry where chemical elements could be transformed into one another and to which these powerful laboratories held the key. As soon as he could, he was doing his own radiation experiments. While still a graduate student at the University of California at Berkeley, for example, he bombarded tellurium with deuterium atoms and neutrons in order to convert it into a heavy isotope of iodine whose radioactive presence could be traced and used to monitor the functioning of the thyroid gland. Tumours could then be found by using a Geiger counter to locate the hotspots where the iodine concentrated. Working with tellurium is always unpleasant–the compound that it forms with hydrogen is like hydrogen sulphide, with its infamous rotten-eggs smell, but far more offensive. Later, Seaborg managed to delegate the tellurium chemistry to his own student, who had great trouble ridding himself of the stink. Days afterwards, it was even possible to tell which library books he had been consulting from the revolting odour they exuded.

Seaborg was not content to leave his experiments in transmutation of the elements at that. He realized that the apparent ceiling on the number of the elements was only a matter of power. The strong nuclear force that binds neutrons and protons together to form the nuclei of atoms is only strong over extremely short distances. In larger atomic nuclei, the mutual repulsion of the positive electric charges of the protons becomes more important. ‘At some point, the two forces could equalize. No one had realized that this might be why we had found no elements in nature with more protons than uranium’s 92,’ Seaborg wrote in a memoir.

The obvious thing then was to bombard uranium with particles and see whether any of them stuck. By early 1939 there were other reasons to do this. The world was arming rapidly in preparation for global war. Atomic fission had been reported by Otto Hahn in Nazi Berlin. Hahn had bombarded uranium atoms with neutrons and found not merely small particles breaking off as in a natural radioactive decay chain but whole atoms splitting in two–he was baffled to find barium, just over half the atomic mass of uranium, among his reaction products. His bafflement subsided somewhat when his long-time collaborator, the Jewish Lise Meitner (with whom he had discovered the element protactinium in 1918, and who was now in exile in Sweden), made calculations that confirmed the truth of what he had seen but not believed. She also noticed that heavy uranium, whose atoms contained more than the usual number of neutrons, could be expected to split into atoms of less massive elements with the release of huge amounts of energy. Seaborg’s colleague Ed McMillan soon made similar observations, which led him to the conclusion that not all the uranium atoms split in this way, and that some might simply be absorbing the neutrons. If so, they would be transmuted into atoms of a new element, number ninety-three. This supposition was soon confirmed and the discovery published in 1940. By this time, Europe was at war, and the open publication of such potentially strategic information provoked a furious reaction from the British. It seems that the only thing that was kept quiet was the element’s name: McMillan had chosen to call it neptunium, following the precedent of uranium, even though the planet Neptune had by then been known for nearly a century, but this information was not made public until after the war.

Seaborg’s research into element number ninety-four was to proceed by contrast under a cloak of secrecy. Neptunium had too short a half-life for many applications, and certainly for making what was now being referred to as an ‘atomic bomb’ (although H. G. Wells seems to have coined the phrase in his 1913 novel The World Set Free). But there was reason to think the next element in the sequence would be different. The research began at Berkeley, but following the American entry into the war and the setting up of the Manhattan Project, the locus of the effort to synthesize plutonium moved to Chicago. Seaborg worked here for three years until 1945 in a building called, with deliberate obfuscation, the Metallurgical Laboratory, or Met Lab. The first task was to build an atomic pile in which slugs of uranium were stacked in such a way that they would undergo a chain reaction to produce element number ninety-four. At the start, the sought-for element was referred to simply as 94, but, as this was a little obvious, the chemists brightly adopted the code number 49 instead and took to calling it ‘copper’. This was fine until one experiment actually required some copper, which then had to be distinguished by calling it ‘honest-to-God copper’.

The new element was isolated in August 1942. Seaborg wrote–rather self-consciously–in his journal about ‘the most thrilling day’ in the Met Lab: ‘Our microchemists isolated pure element 94 for the first time! It is the first time that element 94 (or any synthetic element, for that matter) has been beheld by the eye of man. I’m sure my feelings were akin to those of a new father who has been engrossed in the development of his offspring since conception.’

Next, the offspring had to have a proper name. Extremium and ultimium were rejected, wisely in view of the chemical and military events that were to unfold. Seaborg instead followed McMillan’s example and took advantage of the fact that there was one planet in the solar system left for inspiration, Pluto, which had been discovered in 1930. ‘We briefly considered plutium, but plutonium seemed more euphonious,’ he wrote later, insisting that the planets had been his only guide in choosing a suitable name. When he was reminded that Pluto is also the Roman god of the underworld and of the dead, Seaborg insisted that any such symbolic meaning was ‘entirely coincidental; I was unfamiliar with the god or why the planet was named for him. We were simply following the planetary precedent.’

I think the chemist protests too much. Seaborg had literary leanings at school and came relatively late to science. It seems impossible he could have been unaware of Pluto’s darker meanings. Certainly, his thinking was more knowing when it came to the chemical symbol. ‘Each element has a one-or two-letter abbreviation. Following the standard rules, this symbol should be Pl, but we chose Pu instead,’ he explained. P.U.–peee-euggh –was and is American slang for a stink, something objectionable. ‘We thought our little joke might come under criticism, but it was hardly noticed.’ For certain key workers on the chemical side of the Manhattan Project, there was even ‘the UPPU club’–you pee plutonium. To qualify for membership you had to have had enough exposure to plutonium for it to show up in your urine.

Seaborg had his first microscopic speck of plutonium by August 1943, a year after he had isolated the first invisible atoms. Another year later, his reactors were producing masses of a gramme or more, which were stockpiled at Los Alamos. With the need to press on and complete the building of the bomb, there was little time for meditation on the thrill of discovery, and still less for much consideration of what plutonium was actually like. In most cases, the discovery of an element is followed by a rush of chemists keen to measure its properties, test its reactivity and prepare its compounds. In the case of plutonium, it was important to verify certain highly technical parameters to do with its nuclear decay. But beyond that, nobody seemed to care. Even the name–the usual sign of pride in what one has brought into the world–had to wait before the world could know it. At the end of the war, some of the Manhattan Project workers and their wives got together for a game of charades, which confirmed that secrecy had been maintained: ‘When the husbands tried to act out the word “plutonium,” the wives were mystified; they’d never heard of the stuff.’

The natural chemist in Seaborg reappeared much later. In a 1967 report called with perhaps unintentional poetry The First Weighing of Plutonium, he described his new chemical element with obvious awe: ‘Plutonium is so unusual as to approach the unbelievable. Under some conditions it can be nearly as hard and brittle as glass; under others, as soft as plastic or lead. It will burn and crumble quickly to powder when heated in air, or slowly disintegrate when kept at room temperature…And it is fiendishly toxic, even in small amounts.’ Despite all this, Seaborg fondly believed that plutonium might one day replace gold as a monetary standard. Maybe he really was oblivious of all plutonian symbolism.

The potency of plutonium was–and still is–felt in another sphere, of course. A few pounds of the element is enough for an atomic bomb, making it far more efficient than the alternative fissile isotopes of uranium. Werner Heisenberg and other German scientists were aware in 1941 that element number ninety-four might be a powerful nuclear explosive. However, it seems that the Allies never seriously entertained the possibility that the Nazis might be working on plutonium, while the Germans didn’t realize that the Allies had it either. If either side had known of the other’s interest and taken its implications into account in their military planning, the war might have run a very different course.

Plutonium, an element which hardly anybody has seen, has moved swiftly to occupy the demonic space traditionally reserved for sulphur, at first because of its use in the bomb and then because of gradually dawning public awareness of the difficulty of getting rid of it. The radioactive half-life of the isotope mainly present in plutonium nuclear waste is 24,000 years, which makes planning for its safe disposal an issue that transcends normal engineering considerations. Any storage structure must be sure to outlast the Pyramids and must communicate its deadly contents in a way that is sure to be understood by civilizations that will succeed our own.

 

As a budding chemist, I once applied for a summer job at what was then grandly called the Atomic Energy Research Establishment at Harwell in Oxfordshire. It was here that I had my first and only encounter with plutonium. The aura of power surrounding the element was made apparent when, as a condition of employment, I had to sign the Official Secrets Act. Was it the spartan accommodation they wanted to keep secret, or possibly the clapped-out military bus that ferried us to work? I passed the journeys knowingly reading Catch-22 as the bus coughed its way along the weedy runways of the wartime airfield where the research establishment had pitched camp after 1945.
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I found myself assigned to work in a laboratory led by a pipe-smoking figure with the windblown stride of Monsieur Hulot. The lab was designated ‘red’, the third of four levels of security. This meant I was cleared for laboratory work on dilute solutions containing plutonium and got to wear canvas overshoes which were good for gliding along the linoleum floors. Immediately, though, I felt a faint envy of those summer students who had been assigned to work in ‘purple’, the areas of highest security. The objective was to see how plutonium might be absorbed in material which could then be turned into blocks of glass. This vitrifying was thought to be a promising way to secure the waste for disposal by means and in locations never discussed. My experiment was always the same and involved pouring solutions of ‘ploot’ into columns containing the white titanium sand that was the raw material for the glass. I had no real sense of the dangers as I carried flasks of the radioactive liquid back and forth. It didn’t glow green as it does in The Simpsons, nor did I find myself carelessly leaving work with test tubes of it stuffed in my pockets as Homer Simpson does at the Springfield reactor. (I don’t recall ever being searched either.) My abiding memory is of the quiet tedium as the summer days slipped by while I transferred endless readings from the columns of sand into columns of figures on musty government stationery. It was the only time I worked in a laboratory.

Recalling those days, I feel a nostalgic urge to add plutonium to my own periodic table. I am missing all the natural elements with atomic numbers beyond eighty-two, lead; and of those above uranium which have to be manufactured artificially I have only Seaborg’s americium, plundered from the mechanism of a domestic smoke detector where the stream of alpha particles emanating from it completes an electric circuit that is only broken if smoke blocks the path. I don’t even have a piece of the highly collectible radioactive Fiesta chinaware made in the United States from the 1930s, whose papaya orange colour arises from uranium oxide used in its glaze.

Tracking down a specimen of the element I had once decanted in gushing quantities clearly isn’t going to be easy. The reactors and research programme at Harwell were gradually wound down during the 1990s, amid accusations of contamination of the local water supply and, ironically enough, poor waste disposal practices. AEA Technology, the private company that inherited the business of the United Kingdom Atomic Energy Authority, has perhaps wisely changed tack and positions itself, slightly improbably, as a crusading consultancy on climate change. It is unable to help me. I try British Nuclear Fuels, the outfit in charge of Britain’s nuclear waste, but find the telephone number of its director of corporate communications mysteriously cut off and later learn from its website that the company ‘has progressively divested all its businesses and run down its corporate centre’.

The Americans seem more open about these things. Jeremy Bernstein’s book Plutonium thoughtfully reproduces the specification of the isotope 239 of plutonium that is available for purchase from Oak Ridge National Laboratory in Tennessee. It is sold as oxide powder, at least ninety-nine per cent pure. ‘This would be super weapons-grade plutonium.’ There is a telephone number and an email address, isotopes@ornl.gov. I write requesting a small sample, plaintively adding that it would be a nice reminder of the hours I spent handling plutonium solutions as a student. The reply is as prompt as it is adamant: ‘No we could not offer a sample of plutonium for any display.’

This seems a little mean-spirited. Plutonium appears to be restricted simply because, so far as its official guardians are concerned, the only conceivable reason anybody could have for wanting it is if they are planning to add to the global total of 23,000 nuclear warheads by building their own atomic bomb. The element’s violent reputation is all that seems to matter; the fact that it is also a blameless occupant of the chemical pantheon, simply element number ninety-four, counts for nothing.

Besides, it is not as if I want a lot of it. The one course of action left to me is to pursue this logic to its ultimate conclusion. I learn that I can in fact easily buy ‘plutonium’ over the counter as a homoeopathic remedy. The point of homoeopathic remedies of course–incomprehensible to anybody with scientific training–is that they contain only the tiniest trace, or possibly even precisely none, of the stated active ingredient. So Plutonium (Homoeopathic Proving), a liquid distributed by Helios Homeopathy of Tunbridge Wells in Kent, presumably contains an extreme dilution of some plutonium solution, perhaps of the kind I once worked with at Harwell. It seemed perverse to name a product designed to appeal to soft-headed mystics after the chemical element that has come to be seen as the distillation of the human urge for self-destruction. The Helios literature makes a wild stab at an explanation: ‘The Pandora’s box of radioactivity has been opened and has released the dark into the light,’ it says. ‘To rekindle the light our only option is to enter this dark side fully. These radioactive materials, plutonium in particular, affect the deepest levels of the human being–bone marrow, DNA, genetic structure, inner organs, and the deepest emotions.’

I should say they do. Still, the fare to the dark side is a reasonable fourteen pounds. I dash to the Helios shop in Covent Garden.
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‘I’d like some plutonium please,’ I ask sweetly.

The assistant looks serious. ‘I’ll have to ask the pharmacist.’

The what? I wonder, looking up from reading the nonsensical blurb on some remedy. There are muttered words from behind a wall of little brown bottles before the assistant returns. It seems the shop does not have any Plutonium. It’s listed on the website, I point out helpfully. Reluctantly, the ‘pharmacist’ emerges from her lair and explains that they never have it–not that it’s restricted or banned in any way, she adds. If I want to know more I will have to talk to head office. Then she breaks the shopkeeper’s code of discretion and, through narrowed eyes, demands to know why I am interested in Plutonium anyway. I say I’m a chemist, and that I’d like some plutonium for my elements collection. Perhaps I should have said I wanted it in case I’m struck by some form of late-onset radiation sickness, but it’s too late. She’s exultant at having exposed an obvious homoeopathy sceptic.

At Tunbridge Wells, John Morgan is more helpful. ‘There is no physical presence of the element,’ he tells me. I suppose this is a homoeopath’s idea of a guarantee. ‘It is only the imprint of that element,’ made by a process of ‘molecular dilutions’ or perhaps ‘radionically’, he’s not sure. ‘It’s obviously impossible to go to a source material.’ When it was ‘proved’, the remedy was judged to be particularly efficacious in dealing with depression. But, Morgan adds brightly, ‘I suppose it could help to repair some damage if you had been exposed to plutonium.’

Mendeleev’s Suitcases

Blackballed by the Russian Academy of Sciences and overlooked in the first years of the Nobel Prizes, Dmitrii Mendeleev was only properly rewarded for his discovery of the periodic table nearly fifty years after his death. Then, finally, in 1955, honour was bestowed in the most fitting way, by naming after him one of the elements–the 101st–in the table. Astonishingly for this late date, Mendeleev was the first full-time chemist to be commemorated in this way. The elements that precede mendelevium in the periodic table, fermium and einsteinium, are named after physicists, reflecting their genesis in the great physics experiment known as the Manhattan Project. Later, other elements, too, would be named after physicists–Rutherford, Bohr and so on. The only elements celebrating chemists were gadolinium and curium, and even Marie Curie was as much a physicist as a chemist. It is the chemists’ misfortune that the heyday of element discovery occurred in times more concerned to see honour done to nation and to Classical ideals than to their fellows. Today, their chance seems to have gone. It is unlikely now that we will see davium, berzelium, bunsenium or ramsayon.

Born in 1834, probably the fourteenth and last child of a Siberian family, young Dmitrii was taken by his mother to St Petersburg in the hopes that at least one of her children might improve himself. Like many aspiring scientists of the day, he travelled to Germany to complete his education on a government subsidy. His kind is unfairly satirized in several novels by Turgenev. However, for a Russian chemist of any ambition this was not dilettantism but an essential way to catch up on the latest developments in the science. Upon his return to St Petersburg in 1861, Mendeleev divided his time between the university, where he soon occupied the chair in chemistry, and expeditions to remote regions of the Urals and the Caucasus, where he acted as a consultant for the government and various commercial interests on everything from cheese-making and agricultural productivity to the nascent oil industry.

The periodic table is one of those discoveries of science that suddenly explains so much that it seems it can only have sprung fully formed from the mind of its creator as if revealed in a dream. Mendeleev obligingly concocted a myth that this was exactly how he had come by it. But in the way of these things, his story of a dream came along rather late in the day. In fact, of course, the periodic table arose as the product of long cogitation. Mendeleev struggled to find a way of making sense of the elements for students as he worked on a much-needed introductory textbook in the Russian language. He wrote out the known elements with their atomic weights and some of their chemical characteristics on sixty-three cards. Then he began to group the cards as if playing a game of patience, placing the lightest elements in a row to begin with, but mindful that certain cards, for example those representing the halogens such as chlorine and iodine, seemed to belong together. He soon found that the lightest elements of each typical kind–the lightest halogen, the lightest alkali metal, and so on–provided a template for placing their heavier cousins. This breakthrough was made in the space of a day. From there, it might simply have been a matter of inserting all the remaining elements beneath the top-row element of their group in order of increasing atomic weight. But this is to reckon without the ambiguities among the sixty-three supposedly known elements, or the number of substances then tentatively accepted as elements that would later prove in fact to be some other element or combination of elements entirely. Both of these factors made it much harder for Mendeleev to be sure he had provided the best fit for the scientific evidence. The resulting ‘Attempt at a System of the Elements, Based on Their Atomic Weight and Chemical Affinity’ finally appeared in his textbook Principles of Chemistry in 1869, and only the following year, more confidently stated, in a scientific paper. He covered his bets by including variants of the layout that are today forgotten, and though by 1871 he was calling it ‘periodic’, it was to be many decades before all the cards were properly placed into their final, familiar pattern.


[image: image]

The difficulty for everybody else was that Mendeleev’s table seemed to come from nowhere. For several years there was no telling whether it was true or false. What could be ‘true’ anyway about an arrangement of symbols on paper? The Russian claimed his table could be used to predict important properties of the elements such as densities and melting points, but the fact that it did this from an entirely theoretical standpoint was merely grist to the mill for his opponents.

However, the critics were silenced in 1875 when Paul-Emile Lecoq de Boisbaudran, entirely unaware of Mendeleev’s work, announced that he had discovered a new aluminium-like element, which he named gallium. Its atomic weight corresponded exactly to the value Mendeleev had assigned to a gap in his table directly below aluminium, and even the mode of its discovery–by identification of its characteristic spectrum–was as he had predicted. Lecoq reported a density rather lower than the Russian had estimated, but Mendeleev brazenly wrote to Lecoq suggesting he prepare a purer sample. When he did, the density very closely matched Mendeleev’s value, dramatically vindicating the Russian’s theoretical science. (Gallium’s most striking property, however, its low melting point, had been anticipated by no one–it melts in the hand, making it only the second metal, after mercury, readily observed in the liquid state.)

The story was repeated in 1879, when Lars Nilson at Uppsala University filled the space Mendeleev had left between calcium and titanium with the discovery of scandium, and again in 1886, when Clemens Winkler at the Freiberg mining university in the ore-laden mountains on the border of Saxony and Bohemia isolated the semi-metal germanium, intermediate in the periodic table between silicon and tin, from a local mineral specimen.

Subsequent printings of Mendeleev’s Principles filled in each gap as the news came through, and the 1889 edition went so far as to print photographic portraits of Lecoq, Nilson and Winkler, lionizing them as ‘reinforcers of the periodic law’. Though now honoured by many foreign science academies, Mendeleev was nevertheless blocked from higher recognition at the St Petersburg Academy of Sciences because of concerns about his anti-imperial politics, the seeds of which had been sown in his Siberian youth when he fell in with a group of exiled Decembrists, the failed revolutionaries who tried to topple Tsar Nicholas I in 1825. Later he was forced to resign his professorship at the university. Ironically enough, he quickly found alternative employment in advisory positions to the government.

For a while, each discovery of a new element drew an appreciative response from Mendeleev when it fitted into his grand plan. But in time, more sophisticated techniques came along that were able to reveal new elements with unforeseen properties that could not be so readily embraced. William Ramsay’s discovery of the inert gases, beginning with argon in 1894, was the first major interrogation of the periodic table after twenty-five years of successful consolidation. Mendeleev had once again observed that there were gaps, based on atomic weights, between the alkali metals and the halogens, but on this occasion the scarcely believable implication was that an entire family of elements was missing, and it was less clear how, or indeed whether, the table should be amended. The 1895 edition of his still standard textbook entered a note of scepticism about the first reports of argon and helium. There followed a tetchy correspondence between the two men, with Mendeleev at first refuting Ramsay’s claim and suggesting that his new gas argon was simply a heavy form of nitrogen. (Like the ozone form of oxygen, which contains three atoms rather than two, this putative three-atom molecule would be half as heavy again as the normal nitrogen molecule of two atoms, bringing it close to the observed weight of Ramsay’s argon.) As Ramsay added more elements of similar character, first helium, and then neon, krypton and xenon, in rapid succession, Mendeleev came round to the idea that they could after all be accommodated in his system by the simple expedient of adding a new column to the edge of the table. Astonishingly, it appears that Mendeleev’s failure to predict the inert gases after so many other successes may have been a major reason why the Nobel Committee decided not to award him the prize in chemistry when they considered the possibility in 1906.

The discovery of the radioactive decay of elements by Marie Curie and others in Mendeleev’s declining years played further havoc with his system of chemical order. What was the point of putting elements in boxes if they could simply jump from one box to another by shedding a few subatomic particles? Mendeleev had once taken to the road in Russia in order to do battle against the spiritualism that he felt was preventing progress in the country; visiting the Curies’ laboratory in 1902, he felt he was once again dealing with the same ungovernable forces, which he scathingly called ‘spirit in matter’.

Mendeleev has frequently been characterized as a mystic and a prophet, but this is more to do with his Siberian origins, his irascibility and his dishevelled beard than his professional record. Contemporary portraits don’t always help: one shows the chemist leaning back in his chair maniacally clutching a book to his face with both hands, a glowing cigarette held in his fingers. Mendeleev had brilliantly devised a periodic system of the elements in which he had sufficient confidence to leave gaps, but this was a sensible conjecture based on scientific evidence, not prophecy. His other activities were equally grounded in rationalism–tackling spiritualism, advising on the national economy, recommending agricultural reforms. Though full of ideas, he was by nature something of a conservative and, while not accepted into institutions such as the Academy of Sciences, he still seemed like an establishment figure to others. The final seal of conventionality surely came in 1893, when he was put in charge of the newly founded national board of weights and measures.

Shortly before becoming a professor, Mendeleev had bought a summer estate outside Moscow. Like Levin in Anna Karenina, he used the land to showcase his ideas of progressive farming. Here, his daughter Liubov’ Dmitrievna Mendeleeva met and fell in love with the young poet Alexander Blok, whose family owned a neighbouring estate. In 1903, the year of their marriage, Blok wrote admiringly to Mendeleeva of her father, who ‘knows everything that happens in the world already for a long time. He has entered into everything. Nothing is concealed from him. His knowledge is most complete.’ Blok–the author of ‘The Scythians’ and other works in which a Russian identity rooted in the wildest regions is given voice in the language of the literary avant-garde–surely responded to Mendeleev’s incongruous blend of deep Russian ancestry and immersion in the latest currents of thought in scientific Europe. After Mendeleev’s death in 1907, Blok contrasted him favourably with the cynical establishment intelligentsia for holding to an optimistic view of the country’s future. But later something snapped, and the poet, filled with revolutionary zeal, decided that his father-in-law belonged too much to the past. On 31 January 1919, he wrote in his diary: ‘Symbolic action: on the Soviet New Year I smashed Mendeleev’s desk.’

Mendeleev’s university apartment–though sadly not the laboratory that once adjoined it–is now preserved as a museum. I visited it one blistering June day, crossing the glittering Neva in a dazzle of golden domes to find myself strolling along the elegant terraced avenues of the university complex on the grid-planned Vasilevskii Island. The entire place still glowed with the sense of Peter the Great’s ambition to found a city that would rival the greatest in Europe.

This was where Mendeleev lived for twenty-four years, from his appointment to the chair of chemistry in 1867, through the time when he worked out the periodic table and enjoyed the satisfaction of seeing his predictions of missing elements realized, to his forced retirement in 1890. The rooms were crowded with heavy armchairs and sofas and equally heavy volumes of journals. In one, a cigar-smoking portrait presided over the scene. Photographs of Mendeleev with scientists, including the discoverers of his predicted elements, and leading figures in St Petersburg lined the walls. The signatures of his visitors were illegibly inscribed on a tablecloth. There was also a desk. Was this where he had laid out his element cards, or was that on the desk that Blok demolished? The pack of cards and other documents showing Mendeleev’s workings are long lost, but his textbook survives, and so does the periodic table in it, the sequence of the elements instantly recognizable, even though the whole thing is twisted through ninety degrees, making rows into columns and columns into rows. Thus, B, C, N, O, F appears as a column on the left; Al, Si, P, S, Cl to its right. As the atomic weights increased, I noticed alignments that we would now think of as misleading–mercury grouped with copper and silver, for example, while gold was aligned with aluminium. But there were also the question marks against gaps in the sequence that were the true sign of Mendeleev’s genius.

Seeing the familiar array of letters in cold print, it was hard to believe it had not swept all before it. I asked the museum’s curator, Igor Dmitriev, why this was. ‘There were many classifications already,’ he explained, ‘none of them taken seriously. So it is understandable that Mendeleev would have had a hard time.’

But it was the suitcases that really stuck in my mind. Mendeleev may not have been a mystic, but he certainly had his eccentricities, and one of the oddest of them was his hobby of making leather suitcases. His apartment was cluttered with cases in varying states of completion, as well as the leather and buckles and tools used to make them. It’s tempting of course to see this curious pastime as a metaphor, as material evidence of the character of a man obsessed with packing things neatly away. But it’s neither necessary nor helpful to do this. In truth, Mendeleev could confess to his fair share of nineteenth-century science’s passion for organizing nature–he had been attentive to contemporary naturalists’ efforts to classify living species, for example. But his system for the chemical elements, the ultimate pigeonholing of nature, sprang simply from a pedagogical need to streamline the presentation of chemical knowledge rather than from rage at the disorder of the world.

 

Mendelevium was the first element that had to be dragged into the world atom by atom, beginning in 1955. Even now, it has never been made in quantities visible to the eye. ‘We thought it fitting that there be an element named for the Russian chemist Dmitrii Mendeleev, who had developed the periodic table,’ wrote its discoverer, Glenn Seaborg. ‘In nearly all our experiments discovering transuranium elements, we’d depended on his method of predicting chemical properties based on the element’s position in the table.’ At the height of the Cold War, this ‘somewhat bold gesture’, as Seaborg admits, was condemned by some Americans, but was not unappreciated in top Soviet circles. The tiny amounts of mendelevium that have been made in the particle accelerators at Berkeley and elsewhere decay rapidly, and it has not been possible to make more than a start on measuring its essential properties or investigating its chemistry. One suspects that this would have bothered Dmitrii Mendeleev, the supreme theoretical chemist of his day, not one bit.

The Liquid Mirror

In Jean Cocteau’s 1949 film Orphée, Orpheus enters the underworld in pursuit of Eurydice by passing through a mirror of mercury. The scene is a masterly cinematic sleight of hand. Orpheus, played by a Grecian-coiffed Jean Marais, is led to a large dressing mirror. He dons latex gloves–a magical preparatory ritual that doesn’t entirely disguise the fact that Cocteau, the renowned avant-garde artist, seems to have had a thoroughly modern concern for health and safety. ‘With these gloves, you will be able to pass through the mirror like water’, Orpheus’ guide explains. ‘First the hands.’ Doubtfully, Orpheus does as he is told and puts his palms to the reflective surface, and is met by its resistance–it’s just a mirror. ‘Il s’agit de croire’, he is advised: you must believe. Then we see his fingers in close-up pushing through the barrier, its surface set aquiver by the fateful action. The film cuts to an overhead shot. With the liquid mirror surface now hidden from our view, Orpheus and his guide disappear through the portal.


[image: image]

It is axiomatic that we cannot know the underworld until we ourselves leave the world, and for this reason Cocteau sought for his divide between the two a total optical barrier that was nevertheless physically penetrable. The set-up is said to have required a reservoir of half a tonne of mercury. This seems excessive until one remembers that this metal is so dense that lead will float on its surface. A pool of this weight the size of a full-length mirror would be not much more than a centimetre deep. It is of course not possible to arrange for such a pool to stand upright, so Cocteau had to turn his camera to produce the illusion of a vertical mirror for the brief scene where Orpheus’ hands pass through the barrier. And it is not possible, or safe, for whole bodies to be immersed in mercury, hence the subsequent cutaway to overhead.

The artist might have used milk or paint to achieve some of the necessary effect, but mercury was well chosen as the only liquid able to provide a perfect reflection. The material also offered a serendipitous bonus. In an interview, Cocteau later explained: ‘In mercury the hands disappear, and the gesture is accompanied by a kind of shiver, whereas water would have produced ripples and circles of waves. On top of that, mercury has resistance.’ In this single action, then, are made visible signs of Orpheus’ trepidation, of his fright and of the effort of will he must summon in order to abandon life. Furthermore, the unfamiliar, almost unnatural, quality of the mercury hints nicely at uncertainties to come in the supernatural world.

 

Known for perhaps 5,000 years, mercury has always been celebrated for its unique confluence of liquid and metallic properties, even if this made it no easier for people to find a use for the stuff. For a material that is clearly special, yet also rather useless, there is one obvious application, and that is in sacred rites. Cocteau’s employment of mercury as the gateway to another world is merely a modern twist in a long and universal tale.

The first emperor of China, Qin Shi Huang, who unified the country in 221 BCE, is said by legend to lie buried beneath a rugged verdant mound near Xi’an in the Shaanxi Province of northern China. The historian Sima Qian, writing a century after the emperor’s death, describes a vast bronze-lined chamber, its ceiling jewelled to represent the heavens, containing a fantastic model of the emperor’s palace, his capital city Xianyang lying around it, and his entire empire beyond. Through the model landscape are said to run channels of mercury representing the hundred great rivers of China. Although it is not easy to see how it could be done, Sima writes of mechanisms to pump the heavy liquid round, maintaining a continuous flow that symbolizes the eternal lifeblood of the emperor. It is likely, what’s more, that Qin’s blood actually did contain mercury at the time of his death as he is thought to have swallowed mercury pills in the hope of obtaining immortality.


It was in this region of China in 1974 that archaeologists began to uncover the now famous Terracotta Army, hundreds of life-size earthenware figures, soldiers first, then later musicians, athletes and bureaucrats, providing extraordinary details of life at the beginning of the Qin Dynasty. The location of the find was soon matched with descriptions of the landscape in Sima’s history, and from this it was surmised that a particular eminence a kilometre off to the west might hide the emperor’s tomb. Subsequent excavations have revealed that the pits containing the Terracotta Army were just part of a large underground complex around this feature, but the mound itself has not yet been broached for fear that it may not be possible to preserve its contents–not least its fabulous mercury rivers–if they are disturbed. However, scientists have carried out various non-destructive tests at the site, including chemical analysis of soil samples. These have revealed levels of mercury well above the normal in the immediate vicinity of the burial mound. In Sima’s account, the model empire is carefully oriented underground to correspond with the real geography, and it has been found that some of highest concentrations of mercury align with some of China’s coastal seas and the vast sweep of the lower Yangtze River.

The Chinese obtained mercury metal readily enough from the abundant red ore cinnabar, and this pigment has itself permeated the culture in the form of the ubiquitous vermilion that is regarded as a uniquely auspicious colour. Cinnabar was strewn in graves to restore colour to the cheeks of the dead, and as early as the Shang Dynasty, 1600 BCE, it was being used to make ink with which to tint the Chinese characters incised in pieces of bone. The metal itself was used as an alternative liquid to drive water clocks or in mechanized armillary spheres. It was even used to make tumbling toys. ‘The Chinese have probably used mercury and cinnabar more extensively than any other people,’ according to the great sinologist Joseph Needham in his twenty-four-volume Science and Civilisation in China.

 

A modern mercury cascade with its own message of life and death was created by Alexander Calder for the Spanish Pavilion at the 1937 Paris Exposition. The American artist received the commission indirectly from the short-lived republican government in the midst of Spain’s civil war, and his Mercury Fountain duly went on display in the same space as the documentary masterpiece of those years, Picasso’s Guernica. Calder’s work is more oblique in its reference to the conflict. The mobile sculpture consists of a series of three metal plates arranged above a large pool of mercury. Mercury is pumped up so that a fine stream trickles on to the top plate. It quickens in droplets and rivulets across the plates in turn while they gyre and bow under the weight of the metal, before it vanishes quietly into the pool below. The mercury is the key to the meaning of the work. It came, like the majority of the world’s mercury at that time, from the cinnabar deposits at Almadén in Ciudad Real southwest of Madrid. This strategically important location was to be repeatedly besieged by Franco’s insurgents, and Calder’s work commemorates the miners who had successfully held off the first nationalist onslaught a few months earlier. In one of the most imaginative war memorials ever devised, we see bright lives aggregating, separating, shaping larger events, and those events in turn determining their fate, before their ultimate absorption into stillness.
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Almadén means ‘the mine’ in Arabic, and this site was well known to the Arabs who ruled Spain from the eighth to the fifteenth centuries. Calder’s fountain is an acknowledgement of this history too. In 936, at Medina Azahara near Córdoba, some hundred kilometres to the south of Almadén, the caliph Abd al-Rahman III began to erect a vast personal estate with a mosque and gardens overlooked by a sumptuous palace. An enchanting feature of this richly decorated alcázar, or palace complex, was a pool of mercury positioned such that it bounced bright shafts of sunlight round the interior of the room in which it was situated. Guests were able to dabble their fingers in the metal, enjoying its cool, enveloping touch, and sending wild dapples across the ceiling like an early version of a dance-floor glitter ball. Ornamental pools of mercury were a feature of Islamic high living, and there is evidence that they were also used in pre-Columbian America. Before the element’s poisonous qualities were known, it was natural in places where it was easily obtained to rejoice in the coursing, trickling, glittering quality of the liquid.

When it was moved to the Joan Miró Foundation in Barcelona in 1975, Mercury Fountain was put on display in its own glass cubicle. No longer could visitors do as they had done in Paris and throw coins on to the liquid surface just to see them float there. It had in fact shown a remarkably lax attitude to public health that the viewers were allowed to enjoy such open access to it in 1937. Of the 200 litres of mercury that arrived from Almadén on the afternoon of the press opening of the Spanish Pavilion (Calder had used steel ball bearings to mock up the action of the sculpture as he worked on it), an astonishing fifty litres were to be held in reserve, said Calder, to take care of losses due to splashing and leakage over the course of the exhibition. The toxic effects of mercury–familiar as an occupational hazard of hatters and others who used mercury compounds in their work–are felt when it is absorbed through the skin or when vapour enters the lungs. Yet for admirers of Calder’s artwork there was not even Cocteau’s rudimentary precaution of latex gloves.

The quarantining of Mercury Fountain is emblematic of what is happening to the element everywhere. From its beginnings as a decorative and mystical wonder, mercury went on to find many uses exploiting its exceptional combination of properties–density, fluidity, conductivity. Its compounds have been used as pigments and cosmetics. Their often poisonous nature suits them for insecticides and marine antifouling. In medicine, they have provided the active ingredients of everything from drastic syphilis treatments to routine laxatives and antiseptics such as calomel and Mercurochrome. But all these and many other applications are now falling into disfavour. On 1 January 2008, Norway banned all imports and manufacturing involving mercury, even including the making of dental amalgams. The European Union is to ban the export of mercury from July 2011 in an effort to reduce global exposure to the element. Mercury thermometers and barometers will become historical relics. Almadén has finally ceased production after more than 2,000 years of operation. With mercury stopped at its source, attention turns to what is already in circulation. A British study of cremations has even raised concern about the element escaping into the environment as the fillings in the teeth of the deceased are vaporized–the spectre of our once-easy coexistence with the metal come to haunt us.

Soon only highly specialized applications may be left, although it is some consolation that one or two of these recapture the surreal delight of more ancient mercury amusements. In the mountains of British Columbia not far from Vancouver is the Large Zenith Telescope, which obtains its images of the heavens using a liquid mirror. Mercury is poured into a wok-like dish six metres in diameter. The dish revolves at a stately pace, forcing the surface of the mercury into a paraboloid more perfect than can be obtained by solid glass or aluminium. The idea had been around for more than a century, but it is only recently, as the metal was drawing opprobrium elsewhere, that it has become possible to create a sufficiently smooth-running mechanism to enable sharp images to be produced from such a mercury pool. Liquid-mirror devices must of course be held horizontal if they are not to spill their magical fluid. Constrained to gaze ever upward, these telescopes do not scatter sunlight but gather the light of the stars, offering a window not on the underworld but out on to other worlds.

 

Many chemical procedures that were well known to the alchemists now lie beyond the bounds of normal scientific practice, not because they are especially complicated or obscure, but because they are regarded as so hazardous that modern health and safety laws will not permit them to be undertaken even with all the safeguards of a state-of-the-art laboratory. One of these procedures is the reversible combination of mercury and sulphur, a reaction that was central to alchemical theory. The alchemists’ interest in this simple reaction is easily explained. By putting yellow sulphur, which is dry and hot, together with liquid mercury, which feels cool and wet, they brought together the four principles of all matter.

The colour of the sulphur and the bright gleam of the mercury suggested furthermore that gold might be the outcome of the fusion. The alchemists believed that all metal deposits in the earth were on their way to becoming gold; if a man found instead tin or lead he had simply come too early. With their auspicious appearance, mercury and sulphur, both frequently occurring in their native state, looked to offer a faster route to this goal. The great Arab alchemist and mystic of the eighth century, Jabir ibn Hayyan (his name often appears latinized as Geber), who may have been responsible for bringing Chinese knowledge of cinnabar and mercury to the West, believed that perfection in metals, whether found in nature or made by man, could only be achieved when these two elements were present in the correct proportion and at the right temperature. Lack of perfection–that is to say finding base metal when one hoped for gold–was simply explained as a disproportion of these factors. In Jabir’s view, the more precious metals were made by ensuring that a relatively greater amount of mercury was present. But there were further provisos to do with the purity and type of each element used. Silver was to be made by combining mercury with what Jabir called white sulphur, for example, whereas gold was made from ‘best’ mercury with only a little red sulphur, though it is impossible to be sure exactly what he meant by these terms.

That was the theory. Experiments proved disappointing, needless to say, although some disreputable practitioners managed to persuade a few credulous souls that they had at least increased the quantity of their existing gold through the addition of mercury and sulphur–the sulphur would have burnt off while the mercury merged with the gold by amalgamation, producing an apparent gain in weight, but of course no more gold. Rather than abandon their cherished hope, the alchemists elaborated Jabir’s theory in the light of these unsatisfactory results by suggesting that all manner of metals in addition to gold might be brought forth simply by juggling the relative proportions of these two elements. This reaction was therefore at the heart of mainstream science in medieval Europe, and remained core to alchemical thinking for several centuries. It was often performed and it enjoyed scholarly approval. One early seventeenth-century text shows an engraving of Thomas Aquinas pointing like a holiday tour guide towards an instructively cutaway turf-covered furnace in which the vapours of two elements intertwine. ‘As nature produces metals from sulphur and mercury, so does art,’ reads the caption. This reaction, though undertaken on the basis of erroneous belief, was nevertheless a key turning point on the road to modern chemistry. It was perhaps the first instance of the informed synthesis of a new substance from two known ingredients. Furthermore, it was the first clear demonstration of the reversibility of chemical reactions–for not only did mercury combine easily with sulphur to form mercury sulphide (cinnabar), but the mercury sulphide also, when heated, separated back into its two constituent elements–so providing an important hint that matter could be neither created nor destroyed.

[image: image]

It is not a difficult experiment. I could easily cannibalize the mercury from an old thermometer, put it in a crucible, mix in an appropriate amount of sulphur, cover it, and heat it until the rich vermilion colour of mercuric sulphide began to appear. I could heat it again in order to separate these two constituent elements, distilling off the mercury as the sulphur burnt away. But, while I am sceptical of the advertised hazards of the many chemical experiments one is these days discouraged from attempting at home, I am aware now (as I wasn’t when I used to obtain my mercury by roasting dead batteries) that mercury vapour is deeply unpleasant stuff.

I settle for witnessing the experiment at one remove with the assistance of Marcos Martinón-Torres at University College London. Marcos has carved out an academic career at the junction of archaeology and materials science that gives him a marvellous pretext for re-enacting the experiments of the alchemists in the interests of historical accuracy. When it comes to repeating the mercury–sulphur experiment, however, even he is banished from the laboratories of his institution and obliged to make himself scarce in a secret field hidden in the suburbs.


The reaction vessel is a clay aludel–an Arabic word, like so many in chemistry–which is a kind of large crucible with a high pointed lid like a witch’s hat where vapours can mingle and cool. The contraption is about the size and shape of an ostrich egg. A small vent at the top prevents the pressure from building up inside the vessel and causing an explosion. Marcos and a colleague, Nicolas Thomas from the Panthéon-Sorbonne University in Paris, sprinkle the cinnabar they have brought into the bottom of the aludel, put the hat on and seal it shut with wet clay. Then they build a small furnace of bricks and clay and fill it with charcoal and light it. When they judge it is hot enough to decompose the cinnabar, but not so hot that the mercury will escape as vapour, they place the aludel in the furnace. Wearing breathing apparatus, they crouch at the field edge, watching the aludel carefully as the red heat of the fire begins to warm it. Relieved that it has not cracked, they soon observe small beads of mercury that have condensed around the vent hole. This is the sign that the reaction has occurred. They allow the vessel to cool and then break it open. A firmament of tiny bright globules has settled over the inner wall. By collecting the mercury, adding sulphur and heating once more, they recover the cinnabar, a yellow and orange mess, part solid, part melt, looking for all the world like a steamed treacle pudding but smelling of the devil.

[image: image]
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