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In the last issue of JM we read about Democritus who first talked about the existence of atoms, Isaac Newton, who believed that all matter was made of corpuscles or particles, Torricelli and Robert Boyle who discovered the absence of air (vacuum) and that air exerts pressure, and Lavoisier who split water molecules into hydrogen and oxygen gas and began the field of chemistry.

However, Lavoisier did not think in terms of atoms. That was left to Dalton.

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.

BOX:

Dalton's Atomic Theory:

The main points of Dalton's atomic theory consisted of few simple statements based on the experimental results available at that time including his own: 

. All elements are made up of indivisible and indestructible particles called “atoms”.

. Atoms of a given element are identical in size, mass, and other properties no matter where they occur.

. Atoms of different elements have different size and different mass.

. As a consequence of their indivisible nature, they can combine only in whole number ratios. 

. In chemical reactions, atoms combine, separate or rearranged. The number of different of atoms initially present is the same as in the final product after the reaction.

END OF BOX

-------------------------------

Dalton made a list of known atoms, a crude version of the periodic table. He also classified “molecules” as binary, ternary and quarternary depending on whether it is a combination of two, three or four atoms. Various atoms and molecules as depicted in John Dalton's “A New System of Chemical Philosophy (1808)” are shown in the figure (source: Wikipedia).

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.

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.

BOX:

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.

END OF BOX

----------------------------------

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.

Indian grammar

One of Mendeleev's colleague at Saint Petersburgh, Otto von Bohtlingk, was a German Indologist and Sanskrit scholar who wrote a Sanskrit dictionary. He wrote a book with German commentary on Sanskrit grammar of Panini called Astadhyayi. Mendeleev learnt from him about the organisation of Panini's grammar where basic sounds are organised in a two dimensional pattern. We all learn this organisation when we learn alphabets in school--in fact the same pattern or arrangement is used in all Indian languages. All the consonants are written in several rows--kavarga, chavarga, etc. with well-defined relationships between the letters in a row and the letters in a column. These sounds are then combined to form words, sentences etc.

The analogy with the periodic table and phonological table of Panini are striking--just as the sounds in the language is formed out of articulatory properties, the chemical properties of compounds are a function of the atoms that make up the compound. Mendeleev indeed had arrived at the grammar of elements. It was the standard model of the nineteenth century.

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.

This was the standard model of elementary particles of 19th century. 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. The new periodic table, the so-called standard model, had to wait another century to be completed. 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. 

Will there be another standard model a century later? 

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.

