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The development of the periodic table of the elements is one of the most
significant achievements in science with broad implications in chemistry,
physics, astronomy and other natural sciences. So the United Nations (UN)
general assembly (72nd session) declared 2019 as the International Year of
the Periodic Table of chemical elements (ITPT 2019). Accidentally the ITPT
will coincide with the 150%™ anniversary of the discovery of the periodic
system by Dmitry Mendeleev, a Russian chemist who in 1869 wrote out the
known elements (of which there were 63 elements at the time) on cards and
then arranged them according to their chemical and physical properties in
columns and rows. As a result of the development, the periodic table stares
from the wall of just about every chemistry labs of schools and colleges. The
periodic table was not actually started with Dmitry Mendeleev. Many
scientists/chemists had attempted with arranging the elements.

1. Aristotle’s periodic table

Going back to ancient times (400 BC), we can see the roots

of our understanding of the elements that make up the periodic
table. In ancient Greece, Aristotle and Plato thought that
everything on the planet came from four root sources. They were
fire, water, air and earth (Figure 1). In ancient times, elements like gold and
silver were readily accessible; however, the elements that Aristotle chose were
Earth, Water, Fire, and Air. Therefore, we can say that the ancient Greeks did
understand the nature of elements and what they were in a basic way. But
they didn't do much to advance our understanding of matter; that is something
that would come later.
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Figure 1. Aristotle’s periodic table

2. Antoine Lavoisier Periodic Table (1770 - 1789)

Antoine Lavoisier (1789) wrote the first list of 33 elements. He classified them
as metals and nonmetals, though we now know that some were compounds or

mixtures.
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3. John Dalton’s Periodic Table (1808 - 36)

In 1803, the English school teacher and part-time scientist,
John Dalton published his first list of elements when he printed
his atomic theory and his early gas law work. His original list
showed only five elements: hydrogen, oxygen, azote (nitrogen),
carbon and sulphur along with their atomic weight (Figure 3).
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Figure 3. Dalton'’s first list of elements published in 1803 contained only
five elements.

Latter Dalton attempted to create a system to symbolize the elements, making
them easier to write them down quickly. So Dalton’s first volume of his second
major work was published in 1808, his newest work included more elements
and even compounds. (Figure 4)
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Figure 4 Dalton’s second list of elements (a) with their atomic masses and
(b) some combinations of elements.



When the second volume of his work came out in 1827, the list of elements had
grown to 36 (Figure 5). His symbols may look strange since they were not easy
to remember and have not been used since the work was published.
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Arsenic Culcivm  Manganese  Uranium Tunsten Titanium Cerium Potassium  Sodium
(Lime) {Potash) {Soeda)
Calcium  Magnesium Barium  Strontium  Aluminivm  Silicon Yitrium Beryllium — Zirconium

(Magnesia) (Baryies)
Figure 5 Second volume of his work with the list of 36 elements.
However, Dalton's symbols did have some benefits: each symbol represented

one atom and the formula of a compound was made up of the symbols of its
elements, it showed how many of these atoms were present in the molecule.

4. Jons Berzelius Periodic Table (1779-1848)

A few years later Dalton's system was superseded with the
chemical symbols and formulae by Jéns Berzelius, which are
still used today. Berzelius was a Swedish chemist. In 1828 he
compiled a table of relative atomic weights, where oxygen was
set to 100, and which included all of the elements known at the
time. Of significance for the periodic table is that he invented the modern
system of chemical notation and established the basic symbols for the elements
as used today. In this system elements are given symbols, and compounds
represented by combining element symbols and numbers representing
proportions. Students working in Berzelius laboratory are credited with
discovering lithium, and vanadium. Other elements attributed to Berzelius
are silicon, selenium, thorium, and cerium. Together with John
Dalton and Antoine Lavoisier he is considered a father of modern chemistry.
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5. Johann Dobereiner’s Periodic Table (1780-1849)

Dobereiner was a German chemist whose examinations of the
correspondence of certain elements prompted the development of the
Periodic Table. Because he was a coachman’s son, he had a small
opportunity, for formal schooling. However, he was apprenticed to an
apothecary, read widely, and attended science lectures. Eventually,
he was able to attend the University of Jena, where he became assistant
professor and later become the supervisor of science institutions. Although he
had numerous scientific achievements, he is best known for his contributions
to the creation of the Periodic Table. Between 1817 and 1829, he began to
group elements with similar properties into groups of three, or triads. This
accomplishment initiated when he realized that the atomic weight of Strontium
was halfway between the weight of calcium and barium. He also noted that the
elements possessed similar chemical properties. Thus, by 1829 he had




discovered the halogen triad composed of chlorine, bromine and iodine, and the
alkali metal triad of lithium, sodium and potassium. Furthermore, he
suggested that nature encompassed triads of elements whereby the middle
element has properties that were an average of the other two elements.
However, the poor accuracy of measurements, such as atomic weight, hindered
the classification of more elements.

Alkali formers Salt formers
Li 7 Cl 35.5
Na 23 Br 80
K 39 I 127

6. Newlands Periodic Table (1837-1898)

Newlands continuing the work of Débereiner with triads and
the work of Jean-Baptiste Dumas families of similar elements,
he published in 1865 his 'Law of Octaves', an innovative
concept proposing the periodicity of the chemical elements
arranged in order of atomic weight. He pointed out that every
eighth element in this grouping shared a resemblance

and suggested an analogy with the intervals of the musical
scale. John Newlands put forward his law of octaves in 1864 in which he
arranged all the elements known at the time into a table in order of relative
atomic mass. When he did this, he found that each element was similar to the
element eight places further on. However, this law had some setbacks. For
example, he placed iron, a metal, in the same group as oxygen and sulfur, two
nonmetals. Additionally, this musical analogy was ridiculed. However, it was
found to be profound after the work os Mendeleev and Mayer were published.
Newlands was also the first chemists to assign atomic numbers to the element.
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7. de Chancourtois Periodic Table

In 1862, before Newlands announced his Law of Octaves and
Mendeleev described his Periodic System, de Chancourtois
presented his idea on periodic table before the French Academy
before the French Academy of Sciences. de Chancourtois called
his idea "vis tellurique" or telluric spiral because the element
tellurium came in the middle. It was also somewhat appropriate coming from a
geologist as the element tellurium is named after the Earth. He plotted the
atomic weights on the outside of a cylinder such that one complete turn




corresponded to an atomic weight increase of 16. However, the concept was
poorly presented and difficult to understand.

8. Lulius Lothar Meyer Periodic Table (1830-1895)

Meyer was contemporary with Mendeleev; he qualified in
medicine at Ziirich, Switzerland, and then studied and taught at
various German universities. Thought his first interest was
physiology he was primarily interested in chemistry. Meyer

was examining the physical properties of the elements and
noticed a periodicity in their molar volume. He independently developed a
periodic table based on atomic masses. He found that if the atomic volumes of
the elements were plotted against their atomic weight, a series of peaks were
produced. The peaks were formed by the alkali metals Sodium, Potassium,
Rubidium, and Cesium. Each fall and rise to a peak, corresponded to
a period like the waves. In each period a number of physical properties other
than atomic volume also fell and rose, such as valence and melting point.
Meyer was the first scientist to introduce the concept of valence as a periodic
property.
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In 1864, Meyer published a preliminary list of 28 elements classified into 6
families by their valence. Then in 1868 he prepared an expanded version, and
in 1870 published his list as a table that in many ways was similar to
Mendeleev's.

9.0 Mendeleev’s Periodic Table (1834-1907)

Dmitri Mendeleev, was a Siberian-born Russian chemist.
Mendeleev was investigating the variation in the chemical
properties of the elements and noticed their periodic variation.
When his family’s glass factory was destroyed by fire, Mendeleev
moved to St. Petersburg, Russia, to study science. He became ill
and was not expected to recover, but he finished his PhD with the help of his
professors and fellow students. He is the best known for his development of the
first version of the Periodic Table and utilized it to anticipate the elements yet
to be discovered. Legend says that on the night of 17, February 1869,
Mendeleev went to bed frustrated because he could not decipher the greatest
puzzle of all the Periodic Table. That night, he dreamed of a table where all the
elements fell into the correct place. His first Periodic Table arranged the
elements in order of increasing atomic mass and grouped them by similarity of
properties. When a gap existed in the table, Mendeleev predicted that a new
element would one day be discovered and assumed its properties. He arranged




the 63 known elements into a Periodic Table and recorded it in his book,
Principles of Chemistry, in 1869. Furthermore, Mendeleev revealed that the
properties of certain elements were inaccurate. Because the noble gases had
not yet been discovered, they were not included in this table.
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10. Henry Moseley’s Periodic Table (1887 - 1915)

Henry Moseley was an English chemist who discovered the
application of the X-ray spectra to study atomic structure.
He found that the wavelength of an X-ray depended on the
nuclear charge of an atom. In 1913, he photographed the

X-ray spectrum of 10 elements that held successive places :
in the Periodic Table. Moseley’'s discoveries produced a more accurate
positioning of the elements in the Periodic Table — the use of atomic number as
the organizing principal for the periods. Argon, for example, although having an
atomic mass greater than that of potassium, was placed before potassium in
the periodic table. While analyzing the frequencies of the emitted x-rays,
Moseley noticed that the atomic number of argon is 18, whereas that of
potassium is 19, which indicated that they were indeed placed correctly.
According to Mendeleev the elements are arranged based on atomic mass, but
this was created some setbacks. For example, lodine has a lower atomic mass




then tellurium. Based on the Mendeleev's Periodic Table, lodine should come
before Tellurium. So, in order to place Iodine in the same group as other
elements with similar properties, Mendeleev had to place it after Tellurium, and
thus broke his own rules. Moseley’s concept (based on the atomic number)
solved the problem faced by Mendeleev's table. Following is the Moseley’s

Periodic Table.
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ignore this for now

Moseley’s Periodic Table

Moseley left his research work at the University of Oxford to join the British
army as a telecommunications officer during World War I. He was killed during
the Battle of Gallipoli in Turkey.

Summary

enlightenment.

theory and Industrial Revolution.

spectrum analysis techniques

Before 1800 (34 elements): discoveries during and before the age of
1800-1849 (24 elements): impulse from Scientific Revolution and Atomic

1850-1899 (26 elements): the age of classifying elements; application of



+ 1900-1949 (13 elements): development of old quantum theory and
quantum mechanics.

* 1950-1999 (16 elements): "post atomic bomb" era; synthesis of atomic
numbers 98 and above

* 2000-present (5 elements): recent synthesis.

The elements in the periodic table are arranged according to their
properties, and the periodic table serves as an aid in predicting chemical
behavior. The periodic table arranges the elements according to their electron
configurations, such that elements in the same column have the same valence
electron configurations. Periodic variations in size and chemical properties are
important factors in dictating the types of chemical reactions the elements
undergo and the kinds of chemical compounds they form. The modern periodic
table was based on empirical correlations of properties such as atomic mass;
early models using limited data noted the existence of triads and octaves of
elements with similar properties. The periodic table achieved its current form
through the work of Dimitri Mendeleev and Julius Lothar Meyer, who both
focused on the relationship between atomic mass and chemical properties.
Meyer arranged the elements by their atomic volume, which today is equivalent
to the molar volume, defined as molar mass divided by molar density. The
correlation with the electronic structure of atoms was made when H. G. J.
Moseley showed that the periodic arrangement of the elements was determined
by atomic number, not atomic mass.
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Some statues of Mendeleev



Dmitriy vanevich Mendeleyev
1834 - 1047
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Coins and Medallions



Periodic Paraphernalia



Periodic Table design at WebElements Shop



Periodic Table shower curtain



One day, maybe we will understand why Mendeleev’'s son always arranges his
blocks the same way (A moment in the life of the Mendeleev family)




Periodic Table Humor

Fun Periodic Table (Periodic Table with some real elements)
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