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The year 2019 marks the 150th anniversary of the development of the Periodic Law of the Elements independently by Dmitri Mendeleev and Lothar Meyer. To celebrate this, we are reprinting an article on Mendeleev that appeared in two parts in Nov 2012 and Jan 2013 respectively.
The laughing philosopher
Our story of Mendeleev has to begin with Democritus, born in Abdera in Greece some time around 460 BC. He was popularly known as the laughing philosopher since he was a fun loving guy. He is supposed to have traveled widely including to far off places such as India and Egypt. He was not exactly popular with his famous contemporaries like Plato and Aristotle who seem to have disapproved of his ideas.

But he was more a scientist than a philosopher. He is supposed to have said “Nothing exists except atoms and space (or void); everything else is opinion”.  The name atom has its origins in the Greek word “atomos” (a=not+tomos=divisible, meaning indivisible) used by Democritus and revived in 1805 by British chemist John Dalton. (Shown is a 1628 painting of Democritus by Hendrik ter Brugghen; source: wikipedia).

Democritus held the view that everything is made up of atoms which are indivisible. He thought there may be many different types of atoms coming in a variety of shapes and sizes. But if we only have objects with indivisible atoms arranged together, you cannot break or even cut such an object and further no motion is possible. In response to this criticism, Democritus introduced the idea of void or space, or vacuum in modern language, which allows the atoms to wiggle around to make motion possible. 

The notion of vacuum is almost akin to introducing the concept of zero in the theory of numbers. It is really nothing, but its presence is necessary in order to make the connection between indivisible atoms and the structure of matter. The notion of space between atoms is as close as we can get to the modern notion of the structure of matter.

Democritus was ignored by by the dominant Greek philosophers like Plato and Aristotle. We know about Democritus' ideas only through quotations from later Greek historians. Nevertheless, the idea of the atom was put in cold storage for a very very long time for nearly 2000 years. Only recently was it revived by the physicists Galileo and later Sir Isaac Newton, in the 17th century. Later the chemists took over and refined the idea of the atom, leading to the periodic table of atoms. 
Discovery of nothing
To prove Democritus' ideas you not only have to prove the existence of atoms but also show that there is empty space between them. The christian church all along insisted that nature abhors vacuum. This followed the ideas of Aristotle who opposed the idea of vacuum during the time of Democritus.

It was up to Evangelista Toricelli, a student of Galileo Galilei, to prove the that there can indeed be “nothing”. He created a vacuum where the pressure was about a billionth of normal atmospheric pressure. Around the same time, Torricelli's experiments were put on a firm footing by Robert Boyle. Using mercury and air columns, he showed that increasing pressure reduces the volume in direct proportion. We call this the Boyle's law, it is one of the most important discoveries used by scientists extensively in analysing properties of gases.

While squeezing gas was possible, what about liquids and solids? No problem, since you assume there is much less of space or “nothing” in liquids and and even less in solids. Still, Boyle, who preferred to call the atoms corpuscles, had problems convincing his contemporaries in the 17th century who were still rooted in the Aristotelean universe of continuous matter.  
Work of Lavoisier
There remains some thing more---what are these atoms? How many types are there? Democritus had only vague ideas about what types of atoms are there and how they combine. We need to do better. It was left to the chemists to complete this job.

Until the Frenchman Antoine-Laurent de Lavoisier came on the scene in the 18th century (1743-1794), chemistry was not yet a quantitative science. Various beliefs were in existence about the content of matter: people thought the fundamental elements were air, earth, water, fire. In ancient India, space was also added to this to make up five fundamental elements. It was a complex situation with no perceived order.

Lavoisier made accurate mass measurements of reactants and products in a chemical reaction and showed that even though the state of the matter may change in a chemical reaction, the total mass of the matter before and after every chemical change remains the same. He created the “chemical balance” which he used expertly in his work. 

Lavoisier played with gases extensively; he was the first to split water into hydrogen and oxygen (found to be always in the ratio 2:1) and also produced water by mixing hydrogen and oxygen in the correct proportion of two parts of hydrogen with one part of oxygen.  He also investigated the composition of air to prove that it was primarily a mixture of nitrogen and oxygen.

Lavoisier also brought some order to the chaotic system of naming in chemistry during his time. He is remembered today for putting chemistry as a science on par with physics as an exact science in the 18th century.

Unfortunately Lavoisier's life was cut short when he was executed at the age of 50 during the “Reign of Terror in France”.  This was the period following the French revolution when many noblemen were branded as traitors and guillotined.

Nevertheless, Lavoisier did not think in terms of atoms. That was left to John Dalton, an Englishman, after whom followed various other scientists before Mendeleev finally completely solved the puzzle.
The grammar of atoms

John Dalton (1766-1844), an English school teacher, was considered an amateur among scientists. To the extent we know, he was the one to revive the word atom again after a long gap from Democritus. They were variously and vaguely called corpuscles, particles, elements, etc., by others including Newton.

Dalton's atomic theory as we call it today is based on the classification of chemical elements and determination of their weights by Lavoisier. It defines atoms and their properties as well as how different atoms interact.

Unlike Lavoisier he was not very careful with numbers. He got many right and also many wrong. He had the wrong relative weight between hydrogen and oxygen and therefore a wrong composition for water--he thought it was HO and not H2O. Nevertheless, coming 2,200 years after Democritus, his was a profound discovery.
John Newlands and the law of octaves
A similar table was also prepared by Lother Meyer, in Germany, with 28 elements, but he did not make any prediction about new elements. However, around the same time John Alexander Newlands, in England, also devised a periodic table based on the ``law of octaves", also known as “Newlands Law”.

He arranged all 56 elements known at that time into eleven groups. He noticed that many pairs of similar elements exist whose masses differ by some multiples of eight. That is, an element will exhibit similar properties to the eighth element following it in the table. He likened this to the octaves of musical scales. He also alluded to the existence of as yet undiscovered elements like Germanium. Like Mendeleev he was also ignored and ridiculed by contemporaries and the society of chemists refused to accept his work for publication.
Journey's end
Finally we come to the end of the journey in the quest for atoms--namely to Dmitri Mendeleev (1834-1907)--the man who played cards with the atoms. Mendeleev was born in the Russian province of Siberia. Life was not easy for Mendeleev. He had tuberculosis during his early years, he survived on a diet of sour milk (sort of medical fad).

He first studied and then taught in the University of St. Petersburg until the University fired him for backing the students in a protest. Mendeleev was responsible for the periodic table of elements, a modern version of which may be found in every school chemistry laboratory. This revolutionised our understanding of the structure of matter. However, during his life he was subjected to a lot of derision for his periodic table by his colleagues and contemporaries.

Mendeleev started by ordering his atoms by their atomic weights. He apparently enjoyed playing the game of patience, a kind of card game. He did so with atoms as well. He wrote each one of them on cards listing the symbol, atomic weight and properties. Around 1863 about 56 elements were known and many more were being added at approximately one every year at this time. He arranged these cards in increasing order of their atomic weight. In doing so he discovered an important periodic property. 

He found that the chemical properties of the atoms appeared to repeat after every eight cards--for example the properties of hydrogen (1), florine (9), and chlorine (17) are similar being active gases. Similarly lithium (3), sodium (11) and potassium (19) were all found to be active metals. (Mendeleev put hydrogen together with flourine and chlorine. It is now understood that it is different from them since the latter are what are called electron acceptors.)
Fill in the blanks!
So Mendeleev started making a table with eight columns. Elements with similar properties were arranged in a column. So below lithium came sodium, potassium, etc. It was not perfect, but he was on the right track. The grid of elements so formed had many empty slots. Mendeleev did something that is revolutionary--he gave names to these blanks even though the element was not known in his time! The blank below aluminium was called eka-aluminium, the blank below silicon and boron were called eka-silicon and eka-boron. These were discovered later and given the names gallium (eka-aluminium), germanium (eka-silicon) and scandium (eka-boron) about ten years after he predicted them. The elements that were known and ordered in 1871 is shown in the figure.

Sometimes there were two missing slots, not just one. For the blank below eka- he used the prefix dvi- and below that he called it tri-. He predicted the existence of eight such elements. The Sanskrit sounding prefixes that he used, eka-,dvi-,tri-, (these are to be pronounces as eka, dvee, tree) meaning 1,2,3, has a nice history. In using these names Mendeleev was actually showing his appreciation of Sanskrit grammarians of ancient India whose works inspired his periodic table in the first place.

Mendeleev died in 1907 in Saint Petersburg. He was never fully appreciated by his contemporaries. He was never awarded the Nobel prize though he was nominated twice. He however received the ultimate honour for a teacher--his students followed the funeral procession upon his death holding aloft the periodic table, the chart that adorns every chemistry class room. Now we have a a crater on the Moon named after him. Element number 101 is named after him, mendelevium.
The periodic table today
The modern periodic table has grown since Mendeleev's time. Now we have 118 elements arranged in a more modern way though the basic idea of Mendeleev pervades the arrangement. All matter was made up of indivisible atoms. As long as only chemical reactions are involved this is indeed the end of the story. 

The discovery of electron and nucleus in the beginning of 20th century started yet another inward-bound journey. The understanding of the structure of the nucleus required new types of interactions. A new periodic table of particles, the so-called standard model, was discovered. In fact the last piece of the new periodic table, namely the Higgs boson, has just been discovered after almost exactly 100 years after the discovery of the nucleus by Rutherford. 
Acknowledgement: This article is partly inspired by the beautiful book “The God Particle--If the universe is the answer what is the question?” by Leon Lederman along with biographical accounts of various people as given in Wikipedia.
