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1.  ​Foreword
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Deciphering The Atoms?: Alchemy, Particle Physics And The Periodic Table.

The development of the first Periodic Table from 1869 was a monumental event in the understanding of the science of physics and chemistry in our world.

It was a fascinating history of how alchemy became chemistry, riding on the new science of particle physics, into the updated elegant modern elemental map of the Periodic Table.
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2.  ​History Of Alchemy
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Alchemy was a quasi science that thrived several centuries ago when there was the widely held belief that some minerals and cheaper metals such as lead can be turned into precious metals such as silver and gold.

It was also believed that a mixture of certain materials, after special maniplation and treatment, can produce precious health-giving medicines through some almost magical chemical and special mixing, heating, roasting, and baking processes.

Indeed, the recovery of gold from ores containing small amounts of gold, using mercury derived from cinnabar to amalgamate the gold, was surely a clear example of how gold can really be had from humble ore materials.

This pseudo profession thrived for many centuries in both the Western world and the East, and had attracted many people who dream of getting very rich very quickly by making gold and other precious materials out of common and cheap substances. 

However, undeniably, despite its bad reputation of seeming superstition and false belief, alchemy has also stimulated the development of modern chemistry and other sciences, including the discovery of new chemicals, pigments, medicines; and the making of highly valuable substances such as gunpowder and fireworks, as in ancient China.
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3.  ​Eastern Alchemy
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In China, in particular, alchemy was closely related to the philosophy of Taoism from around 500 BC, and had a special emphasis on enhancing health, vitality, extending longevity, and even achieving eternal life and immortality. 

The most important substances used were cinnabar, or mercury sulfide, known as the scarlet sand or “zhusha”; saltpetre or potassium nitrate; and many other minerals, realgar, arsenic, and herbs and animal products.

In ancient Chinese texts, gold (jin) as a word actually refers to 5 types of metals i.e. gold, white gold, brown gold, green gold, and black gold, meaning gold, silver, copper, lead, and iron respectively.

Alchemy is known as “Lian Tan Shu” 炼丹术 in China, literally the art of forging pills. 

But its focus is more on forging a gold pill (“jin tan”), which may contain gold or artificial gold or synthetic gold or no gold, that is supposed to fortify the body, prolong human life, and even confer immortality.

The gold pills were clearly not real gold. But it was believed that gold pills were a better version of real gold and were better than gold for human health and wealth. 

So, the emphasis of Chinese alchemy was not on making gold, but the so-called “jin tan” or "gold pill”.

Indeed, Chinese alchemists attempted to transmute base substances into gold not because gold was intrinsically valuable, but because of the supposed magical efficacy of artificial gold in achieving superior health and immortality in every way.

It is noteworthy that many of the concepts and practice of Chinese alchemy had also been incorporated into the millenia-old and still thriving Chinese Traditional Medicine which is still widely seen and accepted as efficacious in Chinese communities as well as in other communities around the world.

The Chinese alchemists use the Taoist philosophy of yin and yang (darkness and brightness) and the “wuxing” of 5 elements of metal, wood, water, fire and earth to rationalize their alchemy. 

Interestingly, in Chinese astronomy, the 5 major planets seen by the naked eyes in the night sky were named after the 5 elements: Venus (the star of metal), Jupiter (the star of wood), Mercury (the star of water), Mars (the star of fire) and Saturn (the star of earth). This was as early as 100 BC. 

It truly shows how Chinese astrology, astronomy and alchemy were closely intertwined.

The Chinese alchemists believed that mercury was feminine or yin, while sulfur was masculine or yang. 

They believed that these “wuxing” 5 elements are interconvertible. 

The Taoists even have an exceedingly insightful observation and motto that “wuxing”, the 5 elements (or 5 presentations), are mutually regenerative and mutually annihilative (xiang sheng xiang ke). 

Is this not almost like the modern idea of matter and antimatter?

In India, similar work on alchemy also took place from its very early history, including those by Indian Buddhist scientists and philosophers. 
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4.  ​Western Alchemy
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In the West, alchemy started in Hellenistic Egypt, especially in Alexandria, where the ancient theory on matter of Aristotle was used to rationalize the discipline. He believed that matter and form make up all substances, and matter has four elements of earth, water, air and fire which are interchangeable and can be transformed into any substance.

The Greek alchemy later attracted much interest in the Arab Islamic Caliphates where many of the Greek tract were translated into Arabic. The belief then was that mercury, sulfur and saltpetre were the basis of all transmutations.

These principles were later revived in Europe when those Arab texts were translated into European languages and made alchemy fashionable again.

In fact, the name alchemy was derived from “Al Kimiya" in Arabic for changing or transforming matter. And this in turn was borrowed from the early Egyptian word “khemia" relating to the rich black Nile soil, and the Greek word “khemeioa”, which means a liquid or an elixir.

Even in Britain in the 17th century, prominent men of science including Robert Boyle and Issac Newton were known to be interested in alchemy and were dabbling in alchemy. They were known to have believed in the transmutation of base metals to gold, and had carried out meticulous experiments on substances known as “red earth” and “philosopher’s stone” in their bid to transmute base metals to gold. They were reported to have witnessed the precipitation of gold from certain solutions containing. Their recipes had remained a secret, but their secret recipes for these wonderful chemicals would probably have included the red cinnabar, mercury, sulfur, and mineral acids.

Corpuscularianism was a dominant theory in Europe for centuries, and was blended with alchemy by these early scientists. This theory is somewhat like the atomic theory and explains natural transformations as a result of the interaction of corpuscles. It was theorized that mercury could penetrate into metals and modify their inner structure, a step on the way towards the production of gold by transmutation. There is no doubt that they believed in the intrinsic relation between all elements, and believed that these elements can be interconverted under certain conditions. This is really not so different from the modern theory of a number of common fundamental particles making up all the elements.

Clearly, they were unsuccessful in their alchemy, but their experiments and study of alchemy have certainly led to the development of glasswares, apparatuses, furnaces, and various laboratory techniques of distillation, extraction and chemical reactions. 

The efforts of these reputable men had obviously, over the intervening years, led to the flowering of the important scientific discipline of chemistry.

Indeed, there is no question that alchemy led to the discovery of many chemical laboratory methods of manipulating materials such as distillation and condensation, and the development and recognition of new elements and chemicals such as the highly useful mineral acids and alcohol.

Unfortunately, alchemy’s reputation was tarnished by some of the people practicing alchemy who were the early con artists and scammers of their time, and who were out to cheat the unsuspecting public using fake gold, false gold, and magical potions.
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5.  ​Modern Alchemy Or Chemistry?
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Little did the alchemists of old realize that converting cheap metals to precious metals, and lead to gold, would become possible in the modern age of nuclear science.

In today's nuclear reactors, radioactive uranium atoms are routinely broken apart by neutron bombardment and radioactive decay to yield smaller nuclei of elements such as xenon and strontium and more neutrons. This then leads to a chain reaction of a criticality state when sustained radioactive decay and heat generation is assured, and the heat is harnessed to generate huge amounts of electricity using turbines. These nuclear reactors have become common in the modern world and the safe control of the neutron blasts was the key in keeping them safe and operational. They are now a major source of global electricity at 9%. In particular, France derives about 70% of its electricity from nuclear energy

Highly sophisticated and expensive particle accelerators and cyclotrons are also available now to accomplish similar tasks for various elements using high energy bombardments.

Basically, it is now possible to tear away or add protons and neutrons to the nucleus of elements to create new elements.

This knowledge is now apparent with the modern day understanding of the Periodic Table.

But the monetary cost is extremely high.

So, alas, it is still not a sensible, economical and practical way to make gold out of cheaper metals after all!

Indeed, if one looks at the Periodic Table and finds that element 79 gold is just next to element 80 mercury, and that element 82 is lead, it would seem that the ancient alchemists were not too far wrong in assuming that mercury and lead can be transmuted to gold. It’s all a matter of knocking off some protons and neutrons from the nuclei.
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