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Take a potato. Cut it and you get two pieces of potato.  If you keep cutting them, you keep getting pieces of potato.  At some point, you will give up because you can't cut any finer.  But supposing you could? Suppose you could keep on cutting the potato finer and finer, what would you get?

The Greeks loved asking such questions and trying to guess their answers.  That is why we consider them so important in the history of science. Around 450 BCE, the Greeks Leucippus and his student Democritus proposed a theory: if we kept on cutting potatoes, we would end up with atoms.

Let us be honest. The potato is native to the Americas.  It was not known to any one in Europe or Asia before Columbus discovered the Americas, so these Greek atomists could not have talked about potatoes. What they insisted was that all things, when you keep on dividing them, would ultimately be made up of atoms (the word means "cannot be cut'') which could not be divided any further.

The five elements

But other Greeks did not easily accept such a guess. They had seen that some things, say wood, could be changed into others. Wood could be converted to ash by burning. How could wood and ash be made of the same atoms?

The theory of the Greek Empedocles (430 BCE) was that all things in this world are made of four basic elements--earth, water, air and fire.  Wood, for instance, is made of some combination of these elements.  If we could find out the right proportions, we could make wood from these four elements. By adding fire to wood, we can already produce a different substance---ash.

The first three "elements'' represent what we call today the three phases (solid, liquid and gas), and the fourth element, fire, shows that heat can be used to convert from one phase to another.  This was the view accepted by the great Greek philosophers like Plato and Aristotle (350 BCE). Aristotle added a fifth element called aether, which the heavens were made of.

The rise and fall of alchemy

Chemistry did not begin with the Greeks. Ever since people invented fire, they have been amazed by the way it changes one thing to another. Another substance which has surprised people is gold. Its permanent shine has been noticed by all societies.  There is a belief, common to all traditions, that one who wears gold lives long.

The Chinese revered cinnabar (this is the compound mercuric sulphide, HgS), which is found in parts of China. They tried to use the two components of cinnabar---mercury and sulphur---which they called female (yin) and male (yang), together with gold, to obtain an "elixir of life'' drinking which would make a person live forever. The Chinese were most likely the first alchemists, trying to convert one substance into another, earlier than the 3rd century BCE.

Meanwhile in Alexandria, the Egyptians recognized that if everything was made out of the five elements, gold must be made of them as well! Over the next few centuries, alchemists from several civilizations tried to find out the right combination for making gold. 

The Indians accepted the five-element theory, and tried to relate it to a theory of medicine---ayurveda, the science of long life.  The Indians knew that the food we eat gets digested in the stomach.  How does this change take place? They imagined a "digestive fire'' in the stomach which changes the food. They developed an elaborate theory to relate the elements to properties of the body.  In Indian alchemy, mercury became the key substance for longevity and vigour. In South India,  siddha medicine developed around mercury. 

Much work was done by alchemists of the Ismailiya sect in southwest Asia from the 8th to the 11th centuries CE. Two famous names are Jabir ibn Hayyan and Abu Ali Husain ibn Abdallah ibn Sina, called Avicenna in the west.  His book Kanoon (called Canon in Europe) describes the system of Unani medicine.  The Swiss alchemist Theophrastus Bombastus von Hohenheim (called Paracelsus) also believed in using alchemy to cure the body. 

All these alchemists, in all these different civilizations, experimented with the materials they talked about.  They realized that the original five elements were not enough. 

Not all alchemists were serious. The historian Al-Biruni, writing around 1030 CE, said that "the greediness of the ignorant Indian princes for gold-making does not know any limit.'' Fake alchemists used this greediness to make money by cheating.  Slowly alchemy came to be seen as a faker's profession, and the serious alchemists started calling their subject  chemistry.

Burning questions

Experience with compounds led to questions being asked about Aristotle's five-element theory. We commonly see that when something is burnt, something lighter is produced. Ashes are lighter than the wood they started out from. A candle burns leaving nothing at all. Aristotle had said that fire has no weight, but how could the decrease in weight be explained?

In 1665, the Englishman Robert Hooke had an answer. He thought that air contained an element which, on heating, mixes with things and produces fire. Something in wood burns with this element (and disappears back into air), what is left of the wood was ashes.  Similarly, the wax in the candle mixes with this element and burns off into the air.

But Hooke's theory was a direct challenge to Aristotle's 2000 year-old theory. How could air, an element, be made of two things?  And wax was not a basic element. This explanation was not accepted.

In 1697, the German scientist Georg Ernst Stahl came up with another theory. He said there was a "fiery'' element called phlogiston.  Unlike Aristotle's fire, this element has weight.  When something is burnt, this phlogiston is released. Burning continues until the air around is filled with phlogiston. So he was able to explain that on burning lots of phlogiston, weight reduces.

In Stahl's theory, Wood = Ash + Phlogiston. Wax is pure phlogiston.  If we could find the right proportions, we could mix wax and ash to make wood. Stahl also claimed that rusting was a form of burning where no flame was produced. He said that Iron = Calx + Phlogiston. Iron was produced by heating iron ore with charcoal. Iron ores were calx, Stahl said, and charcoal contained phlogiston. Combining them would give iron. Rusting took the phlogiston away again. The same process would work for other metals. 

In spite of Stahl's explanations, phlogiston was not a good theory for air. The English botanist Stephen Hales had already shown that heating different substances would give rise to different "airs.'' The 17th century Belgian chemist, Jan van Helmont, discovered carbon dioxide in this way. He realized that this "air'' was different from the normal air, and he called it a gas.

In 1772-1774, a series of surprising experiments took place. The German chemist Carl Wilhelm Scheele and the English chemist Joseph Priestley (separately) heated mercuric oxide to get a gas which was very helpful to burning. Priestley even predicted one of its future uses when he said that he suspected it would be useful for breathing.  Both scientists were firm believers of the phlogiston theory.  So they did not realize that they had discovered the element predicted by Robert Hooke!

The measurement of reactions

The first chemist we know of who measured reactions was the Russian Mikhail Lomonosov. In 1756, he burnt tin in a tightly sealed vessel so that the air inside could not escape and air from outside could not come in. Lomonosov found that the weight of tin and air before the reaction was the same as that of the tin calx and air after.

Then came the French chemist Antoine Laurent Lavoisier. He insisted on measurements in every reaction. Towards the end of his life, he worked for a common system of measurement across different countries, which led to the metric system which we use today.

By 1770 Lavoisier had already discovered that when metals are heated, the metal calx formed is heavier than the original metal. It looked as though the calx was taking something from the air. If phlogiston were leaving the metal, what made the remains heavier?

When Lavoisier heard about Priestley's experiments, he immediately set about repeating them himself, with proper measurements. He convinced himself that what was involved was nothing to do with any phlogiston, but a new element which he called oxygen. Now the old explanation of Robert Hooke was recognized to be true. Lavoisier also demonstrated that breathing is a special kind of "oxidation.'' 

In 1787, Lavoisier and three other French scientists wrote a textbook which introduced the modern way of writing formulas for compounds.

In Manchester, England, in 1803, John Dalton revived yet another ancient theory---that elements were composed of their own atoms, and each element's atoms had the same size and weight. Dalton's theory explained the measurements of Lomonosov, Lavoisier and later experimenters.  Dalton boldly predicted that the same atoms could combine in more than one way. 

Slowly, the question that we started with, what are things made of?, was on its way to being answered. The work of all these people contributed to the chemistry we learn in school.
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