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Abstract

1t has been 150 years since D.I. Mendeleev formulated the Periodic law and expressed it visually
in the form of a table of elements in 1869. As is clearly well known today, Mendeleev's ideas,
confirmed by the discovery of the elements he predicted, turned out to be very promising indeed.
However, Mendeleev was not the first, nor the only scientist to have investigated the periodic
arrangement of the elements. With this in mind, the present paper seeks to highlight some of the
other efforts made in the field during Mendeleev's lifetime.

Keywords: D. Mendeleev, periodic table, table options, history of science.

Introduction

If we examine the decade preceding the creation of Mendeleev’s periodic table,
we will find that several attempts had already been made with a view to classifying
elements according to their atomic mass.

Among such endeavors it is possible to note the tables offered by William Odling
(England, 1857-1864), the spiral offered by Alexandre-Emile Béguyer de Chancourtois
(France, 1862), the octaves offered by John Alexander Reina Newlands (England, 1864)
and the tables offered by Julius Lothar von Meyer (Germany, 1864, 1870). These were
all proceeded, however, by the very first effort made in this direction, namely were
the triads proposed by Johann Wolfgang Ddbereiner (Germany, 1817-1829). These
aforementioned attempts have already been examined and studied in detail by earlier
scholars which are cited in the full version of the present article and which are also
presented in a visual form.

Unfortunately, it should be recognized that all these scientists had also failed in
either finding the key thread in their assumptions (which were later shown to be correct),
or in correctly interpreting the patterns in their theoretical framework. In this respect, it
should be noted that even D. Mendeleev himself and his colleagues even were forced to
defend the priority of their discovery (Mendeleev, 1871a; Chugayev, XVI).

Moreover, it is especially important to note that none of the attempts that preceded
Mendeleev’s 1869 publication made it possible to fully establish a general pattern
applicable to all the elements that were known at the time of publication of his periodic
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table. In addition, none of them even provided for the possibility of correcting atomic
masses, let alone for the possibility of predicting (!) undiscovered elements. Indeed,
and almost forty years later, D. Mendeleev himself wrote in his diary: “Apparently, the
future law does not threaten periodic law with destruction, but only superstructures and
development promises” (Dobrotin). These words turned out to be prophetic. 63 elements
were known in 1869, while 118 elements are known as of 2019, and yet all can be placed
uniquely in Mendeleev’s table.

At least 700 different versions of Mendeleev’s table have been offered thus far.
Some of these are based on the search for a mathematical justification for periodic
dependence, while others are an attempt at a graphical representation of the laws of
nature.

With this in mind, the present study seeks to consider and study several types or
versions of periodic tables proposed by their authors during Mendeleev’s lifetime.

Types of Periodic Tables

As proposed in the initial model, and as a general rule, 19™ century scientists only
considered a short, 8-column, form of the periodic table of elements, which is why we
only considered these versions of the tables included in the present study. Furthermore,
the scientists, who offered suggestions pertaining to the placement of elements in a
graphic form, included Danes, Germans, and Britons, as well as Russians. This, in turn,
serves to underline the argument suggesting that science has no boundaries and that true
discoveries always become the property of and belong to the humanity at large rather
than to a particular nation.

Aswe noted above, the chemical community was well aware of the fact that several
dozens of attempts to classify elements had been made before our great compatriot, D.I.
Mendeleev, plunged into this question. The methodological needs associated with the
preparation of a student textbook, based on a single logical system, was what - in large
part - led Mendeleev to the formulation of a law, that objectively existed in nature, but
was unknown to any scientist at that point in time. The textbook in question was Basics
of Chemistry (Mendeleev, 1868), which contained Mendeleev’s own formulation of the
law, as follows: “the physical and chemical properties of elements, manifested in the
properties of the simple and complex bodies they form, are periodically dependent (form
a periodic function, as they say in mathematics) on their atomic weight” /attributed to
D.I. Mendeleev - S.T., E.T./ (Mendeleev, 1871b, p. 941).

Since we work at school, we have the opportunity to acquaint ourselves and
our students with the chemical-historical events of the 19" century. In this respect, we
will focus on the rather rare versions of the table of elements stored in our school’s
small collection. Moreover, we also wish to posit that the tables considered below are
of historical and chemical, as well as chemical and mathematical, interest. With this
in mind, we shall begin our journey with the periodic table proposed in Kazan by F.
Flavitsky (Figure 1) in 1887 (Flavitsky).
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Figure 1. The location of the elements, with respect to the cotangent
function by F.M. Flavitsky.

The next stop in our journey is the table proposed by Lothar Meyer in 1894, which
is interesting because it is presented on a cylinder (Meyer). We will then proceed to the
table offered by J. Thomsen from Denmark, in 1895 (Thomsen, 1895a, 1895b); the spiral
triangle offered by N. Delone of St. Petersburg, in 1898 (Delone) and the spiral eight (the
first spatial table) offered by W. Crookes of London, in 1898 (Crookes).

With this in mind, it is worth noting that Mendeleev himself opined that “...the
spiral arrangement of the elements ... I consider it marginally applicable and largely
artificial...” (Mendeleeff, 1871a, p. 352). While this is probably true from a scientific
perspective, visuals are also important when teaching students and it is in this respect
that spiral versions of the table offer a clear advantage.

Our journey ends with a study of the periodic table proposed by the artillery
colonel Nikolai Nechaev in 1893 (Figure 2) (Nechaev). Nechaev’s approach to the table
is original in two respects: Firstly, it is a special, rather than a planar, representation of
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periodic dependence. Secondly, Nechaev presented his table in the form of a projection
of rotational bodies onto a plane represented as truncated cones installed alternately in
the form of a tower, of which there are no surviving copies.

That said, we would also like to mention one more version of the periodic table,
namely the one offered by V. Ipatiev. Ipatiev’s version was one of the first to have
been applied in a school textbook, and is also concise and accompanied by a detailed
methodological commentary. More specifically, Ipatiev is important in directing our
attention to the fact that an essential feature common to all elements should be chosen
if the elements are to be systematized. Furthermore, Ipatiev also offered another crucial
insight in arguing that this selected feature must satisfy certain conditions, namely: 1) it
must be measurable, 2) it must be common to all elements and 3) it must be paramount,
i.e. that all the remaining properties of the elements must depend on it [Ipatiev].
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Figure 2. Scanning of the projection of rotational bodies in the form of
truncated cones as used in Nechaev’s spatial construction of the
periodic system, 1893.

In this respect, we would like to first and foremost direct the reader's attention to
the fact that only Crookes’ 1898 table (Crookes) contains the inert elements.

It is important to note that many variants of the periodic table of the elements
are accessible to those who wish to study them. Particularly instructive in this respect is
the collection assembled by the famous chemist and science communicator, as well as
a participant of the XXIst Mendeleev Congress scheduled for September, and the Vice
President of the London Royal Society, Nottingham University Professor Sir Martyn
Poliakoff. Professor Poliakoff also kindly presented part of his collection at the second
chemistry teaching conference in Moscow in February 2019. A similar collection is also
available for public viewing at the Riga Polytechnic University. This second collection
was gathered and donated to the university by Mikhail Gorskis (Iecava, Latvia).
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Finally, we wish to stress that the table versions presented by us above are rare
and are not necessarily part of either the Poliakoff or Gorskis collections.

Conclusions

D.I. Mendeleev conceived and formulated a system of elements, about which
he quite deservedly argued that: “it would be more correct to call my system periodic
because it follows from the periodic law” (Mendeleev, 1871b). The publication of his
table also represented the breaking of a metaphorical intellectual dam in the sense that
sources suggest that between 500 and 700 versions of the table have been published or
discovered thus far! Note, however, that these are all versions of Mendeleev'’s original
periodic table of elements!

We would also like to note that the original version of the table prepared by
Mendeleev himself and sent to colleagues in February 1869 entitled “The experience of
a system of elements based on their atomic weight and chemical similarity” [Journal]. In
light of this, it is possible that subsequent translations sounded like “periodic table” and
were offered without the name of the author. It is also quite possible that Mendeleev’s
name itself will be included in the title of the table of elements in he created as we
celebrate the 150th anniversary of its creation.

In closing, we hope that this study, which has plunged you into chemical antiquity,
will also allow you to better understand how you can reach the highest peaks in science
by joining forces with the global scientific community!
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