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Introduction


Just as illustrated alphabets feature on the walls of nurseries, posters of the periodic table adorn most science classrooms and are a familiar sight from our school days. While the illustrated alphabets of our infancy showed us the building blocks of language, the periodic table is a summary of the building blocks of life – the elements that make us and all the things around us.


Of the many ways to display these elements, one version is more familiar than most and takes shape as a long, low castle with a tower at each end: each element forms one of the many bricks in its walls. You may only have glanced at the table, but you would know it anywhere. Such a ubiquitous image easily merges into the background, and yet this stunning creation conveys an extraordinary amount of information in its one simple image and deserves closer scrutiny.


To me, the periodic table is a family photograph with all the branches of an extended family brought together for one gigantic wedding/ funeral/baptism. Everyone is there – the conventional and dysfunctional family members, the extroverts and introverts, the standoffish and the friendly. Some elements get along with each other very well, a few are best kept apart, and a handful shun all but their own company. Families often have common physical traits and quirks of personality, and this extended family of elements is no exception. By grouping elements together by the characteristics that connect them, the periodic table manages to reflect the complex kinships between different branches of the family in one coherent design.


In broad terms, there are two types of element: metals, two-thirds of all the elements collected on the left and centre of the table; and non-metals, the remaining one-third occupying the top right. At a more detailed level of organization the elements are grouped by specific chemical traits. Close relatives, with similar characteristics, find themselves in columns with their own family name – the alkaline earth metals, the chalcogens, the halides. Neighbouring columns are more like cousins, similar in some respects but having more in common with members of their own group. The further apart two elements are placed in the periodic table, the more different they are from each other.


[image: image]


The first column on the left contains the exuberant alkali metals, full of life and happiest in company. The last column, on the far right of the table, is made up of quiet, self-contained noble gases that want to be left alone. The middle of the table, the low, flat block that forms the body of the castle, is full of brash, colourful transition metals that are impossible to ignore. Below the main table, two rows of elements – the lanthanides and actinides – are distinct from the rest but remarkably similar to each other. These two tight-knit teams of siblings have caused all kinds of headaches and heartaches for the scientists who have studied them. What is so brilliant about this sophisticated, yet simple, system of organization is that, even for the least familiar elements, the merest glance at the table reveals clues about their appearance, alongside a wealth of information about how they will interact with others.


Beyond the familial similarities, each element is an individual with its own personality and characteristics. The intention of this book is not to present an overview of the periodic table but offers, instead, fifty-two elements with a story to tell. There are tales of the science that makes an element special and accounts of surprising discoveries. Some elements are relatively anonymous or new arrivals; others, already familiar, are seen in a new light; and old friends have secrets to share. Welcome to The Secret Lives of the Elements. Come and meet the family.









The Periodic Table
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Hydrogen


The Misfit


Hydrogen is the original element. Born shortly after the Big Bang, it is one of a kind. Though it has similarities to elements in the first group and the seventh group of the periodic table, it does not really belong to either. It is distinct and special. Hydrogen may not be like other elements, but that is not hydrogen’s fault, it was simply made that way.


Every atom of every element is made up of the same three things: protons, electrons and neutrons. Everything about an element is defined by the number and ratio of these three components. These basic building blocks determine both the identity and the behaviour of the atom. Hydrogen is hydrogen because it has one positive proton at its centre or nucleus, if it had any more it would be something else. To balance the positive proton, a negative electron circles around it. The result is a single atom that is neutral overall.


The third component is the neutron. Neutrons are there to hold all the positive protons together in the compact nucleus of the atom. But hydrogen, with only one proton, has no real need of neutrons and, for the most part, gets on perfectly well without them. This is just one of the many features that makes hydrogen that little bit different to all the other elements.
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If protons give an atom an identity, it is the electrons that give it character. Changing the number of protons in an atom is difficult and requires quite specific conditions for it to occur. Electrons, on the other hand, can be shared, donated, stolen and moved about easily. Hydrogen only has one electron to play around with, but it’s what you do with it that counts.


When a hydrogen atom loses its electron, all that is left is a tiny, bare proton – H+ – an unimaginably little thing with a positive charge. It may be small, but it is mighty. H+ is what gives acids their bite. It is what makes dropping the toaster in a bathtub such a bad idea, because H+ helps water conduct electricity. This single proton, unhindered by an electron, can attach to molecules to change their behaviour. In the presence of H+, chemical reactions occur when before they could not. Molecules that will not dissolve in water can disappear into solution when an H+ is around to help.
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If losing its electron was what hydrogen always did, things would be a lot simpler, but it can also gain an electron to become H–. And, though H– has its uses, it is when hydrogen shares electrons that it really comes into its own. The hydrogen bond, a tenuous bridge of electrons shared between three atoms with hydrogen in the middle, is a game changer. Hydrogen bonds make life as we know it possible. They keep water liquid and ice afloat. These special bonds are strong enough to hold together strands of DNA, but weak enough for them to be pulled apart so that DNA can be read and copied.


The periodic table is organized based on similar properties, but hydrogen’s versatile nature makes it difficult to place. A single negative charge is the defining characteristic of the elements in group 17. And some group-17 elements are gases, like hydrogen, but that is about where the similarities end. For this reason, hydrogen is sometimes, but not often, found at the top of group 17 on some periodic tables.


By contrast, having a single positive charge is the main feature of the first group in the periodic table, the alkali metals. Hydrogen is therefore also often seen hovering around the top of this group, even though it has few other characteristics in common with the group’s other members. The most glaring difference is that hydrogen is a gas and not a metal like all the others in group 1. Many scientists think hydrogen atoms could become a metal if they could just squeeze them together tight enough, but no one here on Earth has yet achieved the required pressure to prove it. When placed with group 1, periodic table designers often give hydrogen a different colour, or leave a little gap, to highlight its uncomfortable position.


Hydrogen might be a difficult element to place but being different is what makes it so important. And when hydrogen makes up around three-quarters of all the atoms in the known universe, maybe it isn’t hydrogen that is the odd one out, maybe it’s all the others.
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Helium


The Loner


Helium is the wallflower of the periodic table. Most elements interact with each other to form compounds, some more enthusiastically than others, but helium will have nothing to do with other elements (or even other atoms of itself). A few elements decay so soon after they are created that they simply do not exist long enough to undergo a chemical reaction, but helium has been around since the beginning. It condensed out of the broiling mass of matter and energy that was the Big Bang at around the 300,000-year mark. Even with time on their side, it is possible that some of the helium atoms that popped into being billions of years ago have never formed a chemical bond with another atom in their entire existence.


Helium is at the head of a group of elements known as the noble gases, a name that gives them an air of smug superiority they frankly do not deserve. Helium is not lazy, it does not look down on other elements as unworthy of interaction, it is simply that a helium atom is perfectly happy by itself.


The two protons at the centre of every atom define it as helium. Some 99.9998% of the helium atoms in your birthday balloon will also have two neutrons alongside those protons to form the nucleus. But it is the two electrons spinning around the protons and neutrons that make helium so content.
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Electrons in all atoms sit in expanding shells around the central nucleus, and there are strict rules as to who sits where. Like teachers guiding students into the assembly hall, electrons fill up from the front, occupying the shells closest to the nucleus first, and there can be no gaps or overfilling before electrons start to occupy the next shell. A perfectly filled shell is both aesthetically pleasing and more energetically stable than a messy part-filled shell. Atoms that do not have perfectly filled shells donate, steal or share electrons from others in order to try and fill in the gaps or get rid of a few untidy extras. This is essentially what all chemical reactions are doing: trying to achieve the most stable arrangement of electrons through bonding with other atoms.


The first shell, being so close to the tiny nucleus, is also the smallest and only has room for two electrons. Helium, therefore, has a perfectly formed first shell. Adding an electron, or taking one away, would spoil the symmetry. It takes tremendous amounts of energy, such as that of high temperatures or high voltages, to budge these electrons out of their comfortable position – more energy than chemical reactions can provide. It is generally accepted that there simply are no compounds of helium. Its lack of interaction with other atoms means it rarely makes its presence felt. It is hardly surprising that helium, so unreactive and unnoticeable, was totally overlooked on Earth for so long. It was first spotted by chance, when someone stared at the sun.
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In 1868, the astronomer Pierre Jules Janssen schlepped halfway across the world to make observations of a solar eclipse. At the top of a signalling tower in Guntur, in eastern India, he set up a spectroscope, an instrument that can split the colours of light into fantastically detailed rainbows. The coloured bands of light obtained by spectroscopes are emitted by electrons that have been moved out of their regular shells by absorbing energy, and then fall back to their comfortable positions, releasing the energy they absorbed as light. The shells of each element are slightly different and so the bands of light they emit also vary – like a brightly coloured barcode that characterizes each element. Among the lines that Janssen recorded was one bright-yellow band that had not yet been assigned to any element, but he failed to take much notice of it.


A few months later another scientist, Norman Lockyer, travelled as far as his own back garden to make similar observations of the sun. He observed the same bright-yellow band that had no known element to answer for it. So, Lockyer declared there was a new element and named it helium, after the Greek helios for sun, thinking perhaps it did not occur on Earth. Most responses to this fantastic discovery, though confirmed by Janssen’s earlier observations, were mocking. Whoever heard of an extraterrestrial element? But in 1895 helium was found to be very much Earth-bound, trapped in a sample of the mineral cleveite, completely unnoticed until William Ramsay found it with his spectroscope.
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Lithium


The Tranquillizer


In 1929, Charles Leiper Grigg introduced a new health drink to the world. Despite the considerable hindrance of an unwieldy name (Bib-Label Lithiated Lemon-Lime Soda) and launching two weeks before the Wall Street Crash, bottles of Grigg’s new beverage sold well. The name was soon shortened to 7Up Lithiated Lemon Soda and, by 1936, was just plain 7Up.


Theories about the drink’s name abound. A few people thought it was because 7Up has a pH of 7, but it does not and never did. Other sources say it was due to the seven ingredients that went into Grigg’s refreshing drink. But chemists prefer to believe it is a reference to just one of the original ingredients – lithium, with its mass number of 7.


Grigg’s choice of lithium was deliberate. Tapping into the patent medicine market that was popular at the time, he originally promoted the drink as a hangover cure, though its efficacy in this regard is doubtful. The health benefits of lithium salts had been touted for decades. In the late nineteenth century, spa towns had grown up around wells that contained lithiated water. Anecdotes of the water curing everything from dementia to rheumatism sent people flocking to swallow it and bathe in it. Grigg was jumping on an already overloaded bandwagon.


[image: image]


Tiny amounts of lithium are naturally present in our bodies simply because it is present in our environment. It is a group 1 metal, like sodium and potassium, and they all have similar chemistry. When scientists found that excess sodium contributed to hypertension and heart disease, doctors prescribed lithium salts in place of the sodium salt normally added to our food. Lithium was also found to dissolve crystals of uric acid that cause the excruciatingly painful attacks associated with gout, and thus more lithium prescriptions were written.


It is true that lithium will help dissolve uric acid crystals, though sadly the amount needed to dissolve the troublesome crystals in gout patients would be toxic. It is also true that lithium is similar to sodium and potassium, but it is not the same. Sodium and potassium carry out important functions in the body, but subtle differences in chemistry mean that lithium does not perform those same functions as effectively. In fact, lithium has no known biological role and even small amounts can easily disrupt and damage the body. By 1948 the dangers of too much lithium were well known and it was banned from all beverages, including 7Up. The following year the sale and medical use of lithium was also banned. The dangers of lithium medicine were very real, but the potential benefits had been overlooked.
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In 1949 an Australian psychiatrist, John Cade, started experimenting with lithium urate. Uric acid was known to be psychoactive, but it did not dissolve very well in water. So, Cade used lithium to make lithium urate, which was soluble and could therefore be injected. The excitable guinea pigs that received the injections became calm. Cade had found that lithium could control mania and promoted its use as a tranquillizer. The rest of the medical world, wary of the potentially lethal consequences of even small overdoses of lithium, was slow to catch on.


Lithium is an unusual drug in many respects. The vast majority of medicines are chemical compounds of one sort or another, but for lithium drugs it is the element itself that does the work. In correct doses, and with careful monitoring, it can be an extremely effective way of treating bipolar disorder, severe depression and schizophrenic disorders. Other psychoactive drugs can create states of euphoria, but not lithium. It stabilizes mood but can also feel like being cut off from the world and, for some, the sense of detachment is too great a price to pay. For something that has no naturally occuring biological role, lithium has a remarkable effect on the body and mind.


Lithium helps to release chemicals serotonin and dopamine from nerve cells. It also changes the number of receptors for these chemicals in the brain. But exactly which of these effects is the one that reduces suicidal tendencies and relieves the misery of some psychiatric disorders is unknown. Grigg’s original recipe perhaps helped relieve the angst of the stock market crash, but at the risk of poisoning his customers.
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Beryllium


The Space Crusader


Beryllium is precious. In its pure form it is nothing much to look at, an unremarkable grey metal, but this unprepossessing appearance disguises a life of glamour and riches. Value is given to things for many reasons – beauty, utility, rarity – and beryllium has all three, they’re just not always apparent. It is fitting that the first clues to beryllium’s existence were found in a precious stone.


The eighteenth-century Enlightenment prompted insatiable curiosity about anything and everything. Some looked up at the stars in search of the secrets of the universe, some peered inside the human body to reveal the mystery of life, others examined rocks to track down the truth about nature. A few chemists studied precious jewels, perhaps hoping to find some wondrous substance that made these stones so alluring. Louis Nicolas Vauquelin, a French chemist, turned his attention to beryls, a class of gemstones that include aquamarines and emeralds, and are characterized by the wide variety of colours they display.


In 1798, Vauquelin pounded fine Peruvian emeralds to dust in search of their elusive alluring ingredients. What he found was an abundance of very ordinary silica, or sand, and common-or-garden alumina. Destroying these jewels robbed them of their financial worth, but it also revealed scientific riches. For there was something else lurking in the chemical remains of his destructive experiment. This something tasted like sugar, but it certainly was not sugar. Vauquelin named the mysterious substance glucina, for its sweet taste. He did not know what glucina was, but he was certain it contained a metal, which he proposed to call glucinum. The names did not catch on.
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As more and more valuable gemstones were sacrificed to scientific curiosity, it became apparent that many contained the same basic ingredients. Vauquelin’s sweet substance came to characterize the beryl class of minerals and precious stones, it was therefore named beryllia. The metal component of beryllia, when it was eventually isolated in 1828, was therefore named beryllium.


If scientists had hoped for a beautiful reflective metal that gave these jewels their sparkle, or a brilliantly coloured metal that gave beryls their rainbow hues, they were to be disappointed. Those first few dull, grey grains of beryllium that were produced in test tubes must have been underwhelming, to say the least. Furthermore, these flecks of metal could only be extracted in appreciable amounts from beryls and, though there are more than one hundred different types of beryl gemstone, most of them are rare. Obtaining the pure metal was a laborious process and destroying these beautiful crystals to extract their drab metal ingredient hardly seemed worth it. Its addition to the growing list of elements was a significant scientific achievement, but it needed a use.


Beryllium is brittle and difficult to work with, not least because beryllium dust is extremely toxic, meaning this metal has only specialist applications. But this does not relegate the element to obscure scientific niches. Beryllium’s strength, resistance to heat and low density make it perfect for the aerospace industry. Boring beryllium, after decades languishing in obscurity, now leads an adventurous life in space, where it is used to give resilience to rockets, satellites and space telescopes.


Many elements have a high value placed on them shortly after their discovery. Often, as more applications are found and methods of extraction improve, prices drop, and an element’s status can change from precious to mundane. Not so for beryllium. Its rarity means, even with the advances in technology, it is unlikely to be put to everyday use. This scarcity is due to the inherent properties of its atoms: beryllium may be strong on the outside, but it has a fragile heart.


Most elements are manufactured in stars, where the intense heat and gravitational pressure can force atomic nuclei together. As more and more protons are pushed into the tiny nuclei, new elements are created. But the nuclei of three elements do not survive for very long inside these vast stellar element factories: lithium, beryllium and boron. These three are quickly smashed into other nuclei to make other elements. It is believed that most of the beryllium in the universe was made well away from the intense environment of stars. Instead, it is thought to originate in interstellar dust clouds where cosmic rays smash apart heavier elements to leave beryllium behind in the atomic debris. While most elements are mass-produced, beryllium will always be a rarity produced by cosmic chance.
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