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Introduction:-

For almost 150 years up till now, chemical engineers of all the world have been using the periodic law discovered by
D. I. Mendeleev and its graphic representation in the form of the Mendeleev’ Table [1]. After a significant addition
made a bit more than a hundred years ago stating that the periodicity in the distinction of chemical properties of
elements does not depend on the mass but on the charge of their atomic nuclei, we have been using the periodic
table so far almost without any essential changes in the substance and content. This is another emphasis upon its
great significance for the chemical science.All the more so as it is one of the few laws of science which has no full-
fledged mathematical formulation. The periodic table is a visual aid which demonstrates the link between the
electron structure of the atoms of chemical elements and the location of these elements in the table. It explains the
specifics of chemical properties depending on the structure of electron shells of atoms. And it also proves the
primary structure of these electron shells [3,4].

Results and Discussions:-

Used by chemiststhe Mendeleev’s Table (figures 1) has its specific contradictions which do not let show its potential
to the full. For instance, the essential contradiction is the unconformity between the sequence of infilling specific
series of orbitals of various chemical elements related to various n (principal quantum numbers, or energy levels).
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Figure 1:- Long version of the traditional Mendeleev’s table.

This state of affairs was largely due to the fact that when creating the Periodic Table of Mendeleev, scientists did not
yet discover the basic elementary particles and the structure of the atom itself was unknown. As a result, chemists,
researchers lacked reliable data to obtain the correct conclusions and they made them based only on the structure of
the table itself [2,3,4,5]. At the same time, the unsuccessful situation was complicated by the fact that the final
structure of the table acquired a similar to the modern appearance only after the discovery of elements of the family
of ideal (or noble) gases. It was then that the important conclusion was made that the structure of all periods begins
with an alkali metal, and ends with an inert gas. Due to this, it became apparent that the same number of chemical
elements were present, repeated sequentially in pairs, in the periods proposed by Mendeleev’s table. It was almost
impossible to give a complete scientific explanation to this then, as there was still no proper description of the
electronic structure of the atoms of the elements and the relationship of this structure to the position of the elements
in the Periodic Table. Therefore, the first problem to be solved then was the problem of explaining why the total
number of chemical elements in the periods of the proposed table changes in the following known sequence: 2; 8; §;
18; 18; 32 and 32. This explanation was partially given in the assumption adopted by chemists that this sequence is a
group of numbers, which in turn can be transformed into the following series: 2%12; 202 %02, 232, D#3%, D4
2*4% [6]. In this sequence of this group of numbers, it is already possible to see a certain quantitative pattern of the
increase in the number of elements in periods, but without proper theoretical substantiation. Thus, in the calculations
of all periods, the number 2 is constantly present, the appearance of which has no explanation, the presence of a
square of a degree is also not explained, as is the relationship between the period number and the number of
chemical elements in it. With the exception of the first and second periods. Later, with the growth of our knowledge
of the structure of the atoms of the elements, the electron shells in them, the following problem arose - the need to
explain the dependence of the electronic structure of atoms of chemical elements on their place in the corresponding
period of the Periodic Table. At the same time, it is worth noting that the general approach to calculating the number
of electrons in a period (based on the above group of numbers) was also mainly transferred to counting the number
of electrons they have, if we go to the well-known formula I. N=2n* (1)

The combination of these two positions had its additional positive effect. He made it possible to give a relative
physical meaning to a simple series of numbers erected sequentially in a square in the series of groups of numbers,
considered earlier, as identical to the main quantum number or period number [6]. But the main disadvantage of this
approach and assumptions still remained, Since formula I does not give a complete quantitative and qualitative
coincidence, when comparing the calculated values with the existing structure of the periods of the periodic table.
Many questions also arise from the very receipt of formula I, in which there are enough empirical assumptions and
admissions. As a result of all this, when using the periodic table to explain the physical and chemical properties of
the elements, certain difficulties and ambiguities arise.
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At the same time, as is known, the principal quantum number also denotes the number of respective period in the
Mendeleev’s Table. Calculated amounts of electrons for various values of n are represented in Table 1.The data of
Table 1 represent the comparison of n and the number of chemical elements in the periods of the Mendeleev’s table.

Table 1:- Comparison of the chemical elements number in periods with the number of electrons calculated with
formula (I).

n N Number of elements in the respective period
1 2 2
2 8 8
3 18 8
4 32 18
5 50 18
6 72 32
7 98 32

Table I shows that the total number of elements in most periods does not correspond to the calculated number of
electrons for the same period. The number of electrons calculated by the formula I becomes greater than the charges
of the atomic nuclei of the elements of the period, and this can not be in principle because of the electron neutrality
of the atom of the element. This state of Affairs allows us to conclude that for large values of the main quantum
number and the sequence number of the period, the formula (I) at least does not work.The contradiction also arises
when considering the sequence of filling by electrons of their electronic orbitals. So 3d electrons of the third main
quantum number begin to fill their orbitals only after 4s electrons belonging to the fourth period. Although logically
they belong to a different energy level and their filling should have occurred earlier. There are other similar
examples.

The aforementioned contradictions, at the present time, are almost not even discussed by chemists and in the course
of recent decades continue to be taken for the final version. Such conservatism, in this case, largely plays a negative
role, not allowing complete clarity in the structure of the periods and in the structure and sequence of filling the
electronic shells of atoms of chemical elements in the Periodic Table. Therefore, first of all, it is necessary to give an
explanation of why formula I allows one to quantify correctly only elements of periods I and II, and the rest are not.
Accordingly, it is necessary to explain the presence of the accompanying number of electrons on the electron layers
of the atoms of these elements, depending on the period number. Since these issues are closely intertwined and
interrelated, the solution of one of them is automatically resolved by the other. Although it should be noted that the
correct scientific and theoretical substantiation of the structure, structure and sequence of filling the electronic shells
of atoms of chemical elements is a more difficult task. At the same time, the behavior of electrons on the
corresponding electron shells depends on a number of factors influencing their behavior, the stronger the farther this
shell is from the atomic nucleus. Of course, the primary in this question is apparently the elucidation of the
electronic structure of the atoms of the elements, the sequence of its filling. And then a discussion of the justification
for the number of chemical elements in the corresponding period.

The very structure of each electron layer separately requires special discussion. At least even at a qualitative level,
without regard to quantitative calculations, which are hardly possible at present. Indeed, according to modern
chemical concepts, the position of an electron in an atom can be characterized only by the probability of finding it at
some point relative to its nucleus. Moreover, this probability is somehow qualitatively associated with the
implementation of the Pauli principle for each of the available electrons. That is, the probability of finding an
electron in the space around an atom is not arbitrary, but still depends on the set of its quantum numbers, the main of
which is the n-principal quantum number. Therefore, it is possible to draw an important conclusion from this that the
possible probability of electrons belonging to more than one principal quantum number falling into one and the same
point will still differ. Or in other words, electrons having different, different from each other, other quantum
numbers should differ, meeting the requirements of these numbers.In other words, it can be assumed that within a
single energy level (the main quantum number) in the atom there exists a complex, strictly structured system of
electrons corresponding to this level. Being on the same energy level, these electrons differ from each other only by
a different set of other quantum numbers and therefore the probability of their being in space relative to the nucleus
of an atom should, in principle, differ. Of course, this probability of finding is also affected by the electrostatic
interaction between the charges of the electrons themselves, which becomes more complex with the increase in the
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number of these electrons. But the main thing is still the fact that the probability of finding an electron in space
around the nucleus of an atom strictly depends on the relationship of all these factors, of which the primary quantum
number is primary, and the rest are secondary.

Thus, based on the above, the need to address these contradictions of the periodic table is long overdue and requires
its detailed analysis. This is very important from the teaching and methodological side, since when acquainting
students with the properties of the table, they especially need an understanding of the inner meaning of its content
and functioning.

In (figure 1) and (Table 1) that there exists a certain sequence in the table. This sequence is that the periods 2 ¢ 3; 4 ¢
5; 6 ¢ 7 duplicate the amounts of chemical elements contained in them.Such a recurrence in certain intervals allows
drawing a conclusion on the existence of common principles in the constitution of electron shells of atoms of these
respective periods. In the general case, such a repetition was noted by the American chemist G.N.Lewis who
demonstrated that infill of electron shells with electrons is running in successive layers, following the general
principles of construction of their electron configurations [7].

According to Lewis and independently of him, who also proposed the general principle of formation of chemical
compounds of Kossel [8], the reason for the special stability of electronic configurations is the tendency of atoms of
various chemical elements to have eight electrons in the outer electron shell or in inert gases. This aspiration of
atoms of elements, called the octet rule, can serve as a qualitative explanation of the structure of the outer electronic
layers of elements.Since in reality, the outer electron layers of inert gases have a similar structure to each other,
consisting of 2s and 6p electrons. Most likely, at the same time, these external electrons form a complete sphere in
the shape of a sphere as a whole, which determines the chemical strength of this configuration. Other possible
electrons of this external level (d- and f-electrons) play, apparently, an auxiliary role and are more involved in the
formation of the metallic properties of the corresponding elements.Therefore, the periodic dependence of the
chemical properties of elements on the similar structure of their electron shells was possible. In any case, the
dependence of the structure of the outer electronic layers of the atoms of the elements on the position of these
elements in the periods of the periodic table has a deeper meaning, requiring additional explanation.

In the case of the Mendeleev’s Table, the key point, in our opinion, is that complete periods comprise 2, 8, 18, and
32 chemical elements each. Therefore, these elements must correspond to the corresponding quantity of electrons on
the external electron shells should match them. In such case, the energy states of these electron shells should differ
enough from one another, but only on condition, the electron shells contain different quantities of electrons. In case
of the equal amount of electrons on the electron shell, we can assume that they relate to an energy level shared for
them thus forming sequential two sublayers (sublevels) but within the same a principal quantum number. In other
words, unlike widely known conclusions the Mendeleev’s table, we assume the option of separation of respective
energy levels into two sublevels. Since the principle quantum number corresponds to the period number in the
Mendeleev’s table, counting the number of electrons on these sublevels has a particular interest to us. To perform
such counting of electrons the using of the following new formula is suggested:

N=(2n)> (II)
where
N — the total number of electrons on the external layer of the respective period;
n — the principle quantum number (period number);
2 — the number of sublevels in a period,
thesquare poweris an empirically fitted number which allowed to perform the total counting of electrons of the
respective level.

Equation (II) is easy obtained from the obvious conclusion that the number of electrons in the corresponding outer
electron shell is directly proportional to the value of the principal quantum number (n) and is directly proportional to
the product of n by the number of sublevels (2) on this electron shell. In this case, the square of the power in
equation (II) makes it possible to substantiate the qualitative and, most important, quantitative completeness of this
equation.Using equation (II), through division of N by 2 (the number of sublevels), it is easy to calculate the number
of electrons at each of the sublevels.

We carried out calculations for various values of n, which yielded the following results represented in (Table 2).
Table 2 demonstrates a distinct sequence in the structure of electron shells of the atoms of elements. Particularly,
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two sublevels with the same numbers of electrons on them belong to each of the energy levels. But most important is
that these sublevels sequentially, by the number of electrons on them, correspond to the periods of the Mendeleev’s
table applied by us. That is also represented in (Table 2).

Table 2:- Comparison of the number of electrons in periods, as was calculated with formula II, and concomitant

findings.
n N The number of electrons on Distribution of elements by the Suggested period
sublevels as calculated with periods of the Mendeleev’s numbers of the
formula (2) table. Mendeleev’s table
1 2 2% 2 (I period) I
16 8(first) 8(2 period) II.
8 (second) 8 (3 period)
3 36 18 (first) 18 (4 period) I
18 (second) 18 (5 period)
4 64 32 (first) 32 (6 period) v
32 (second) 32 (7 period
5" 100 50 (first) 50 (8 period) %
50 (second) 50 (9 period)

*- In the first period, there are merely 2 electrons and apparently the filling of the electron layer begins with the
second sublayer.
**_ Does not exist in nature

Thus, if we assume the possibility of division of energy levels into two sublevels, as is generally adopted by
chemical engineers, there arise grounds for qualitative rearrangement of periods in the Mendeleev’s table. The major
ground for that can be the rule an infill of electron shells should run sequentially, following the general principles of
building their electron configurations [6,7].

The main rationale for this can be the requirement that the filling of the electron shells should proceed sequentially,
in compliance with the general principles for constructing their electronic configurations. Numbers of periods, as
that should be, need to be equated to the value of the principal quantum number n and to the correspondence with
other calculations represented in (Table 2).
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Figure 2:- The reconfigured long version of the Mendeleev’s table.
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Then the Mendeleev’s table will take the form shown in (figure 2).

Since sublevels with the same number of electrons are close among one another by their electron structure, they
should be distinguished depending on the sequence of the infill of their electron sublayers. To that end, the words
(first) or (second) should be inserted into their electron formula befor the respective sublevel. Thus, we introduce
two new provisionally named quantum states for electronic layers of all the periods except the first. For instance, for
Boron the electron formula will take the following form: B-1s’ ﬁrst2522p1, and for Silicon: Si- lszﬁlrst2s22p6 second
2s”2p” and so on.

In general, the listed additions into the Mendeleev’s table shown in (figure 2) should be better examined in the
example of a long version of this table. The suggested innovations are distinctly seen in that version. In particular,
the order of infill of the respective periods of the table with electrons becomes clear. At the same time, for instance,
infill of the second period will be running sequentially for similar first and second sublevels containing 2s and 6p
electrons each. In the Mendeleev’s table, these sublevels were independent (2 and 3 periods) and for that reason,
there was no proper explanation to the absence of 3d electrons in third period and presence of 3d electrons in the
electron formulas of elements of 4th period of the classical Mendeleev’s table. Merging of the 4 and 5 periods of the
traditional Mendeleev’s table into one common 3 period, as per our suggestion, allows correcting that issue and
bringing the sequence of infill of the electron shells of atoms of that suggested period into a proper order of
priorityln both subperiods of the period, the sequence of infill will be similar and consecutive first3s*3d'°3p° and
second 3s°3d'°3p°. In our opinion, precisely the same will occur during the merging of 6 and 7 periods of the
existing system into one common 4 period. But in that case we will have to take the existence of f electrons into
account. However, that will in no way affect the order of priority and sequence of infill of the period subperiods
with electrons.

The additions to the Mendeleev’s table suggested by us also make it possible to draw a conclusion on the sequence
of infill of electron orbitals of element atoms. As far as one can see, and as follows from (figure 2), infill of the
electron shells starts with s-orbitals, then (except the elements of 2 period) the d and f orbitals are filled, and only p
orbitals are filled at the end. Such an order of infill is quite logical since all the major distinctive chemical properties
of metals and non-metals are generally related just to the electrons of s, p orbitals. As regards the d and f orbitals, the
chemical properties of most metals which take a special place in the periodic table (figure 2) relate to these orbitals.

At a qualitative level, the number of electrons in the outer electron shell of the atoms of the elements, calculated
from the leveling (II), can also help comparing the rotational moments of electrons in different electron orbits. That
is, having the corresponding different principal quantum numbers.

In accordance with the first postulate of the theory of Bohr, there are certain orbits in which an electron can rotate
without loss of energy and, as a consequence, without emitting light. According to Bohr and such orbits, such orbits
are those for which the torque is equal to an integer multiple of h / 2n. Where, h is the constant "Plank's quantum of

action". Therefore, this postulate formulates the first quantum Bohr condition [9]:
h

P=n_ (I1m)

Here: P is the angular momentum, and n is the quantum number of the electron orbit. From equation (III) it follows
that the moment of rotation of an electron in different orbits depends only on the quantum number of the electron
orbit, since the ratio h / 27 is always a constant.

But these arguments were proposed by Bohr for the hydrogen atom, although the corresponding behavior of
electrons in many-electron atoms of elements is no less interesting. Therefore, taking the cumulative conclusions
and suggestions of Bohr, Lewis, Kossel and others as a basis, it is generally possible to assume that the electron shell
of atoms having a repeated layered structure is nevertheless closer in its main feature to the spherical spherical
shape. Then, with a sufficient degree of approximation, we use the formula for determining the surface area of a ball
S = 4nr? Iv)

we can calculate the hypothetical surface areas of the outer electronic layers of the atoms of the elements at the

corresponding periods of the periodic table. These calculations are shown in Table III, where, for comparison, the
quotient separation of these areas of the surfaces of the corresponding electronic subshells by the numbers of
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electrons on these subshells, calculated according to the first proposed formula (II) and the data of Figure 2, is also
given.

Period S = 4mr? S/n (number of electrons)
relation to number Tt
I 43,14+1°=12,56 12,56/2=6,28 21t
11 4¢3,14+27=50,24 50,24/8=6,28 21
111 403,1437=113,04 113,04/18=6,28 21
v 4¢3, 14+4°=200,96 200,96/32=6,28 21

Table I1I:- Calculation data for the conditional hypothetical areas of the surfaces of the outer electron shells and
their comparison with the corresponding number of these electrons.

From the data of Table III, we can assume a very important conclusion that the rotational moment noted in the first
quantum condition of Bohr or h / 2x also retains its importance for electron orbits with a higher quantum number.
This can be seen from the result of dividing the conditional hypothetical areas of the surfaces of the corresponding
electron shells by the number of electrons on them. The quotient of this division for all  is 2. This indirectly can
confirm the sequence of similarity of the moments of rotation for electrons belonging to different electron
shells.Since the value of 2x is their component in a constant factor of equation (II). In principle, this expands the
possible implementation of the first postulate and can serve to explain the behavior of electrons in external electron
shells and in other atoms of chemical elements. In other words, the partial separation of the total (conditional)
surface and corresponding electron shells by the number of electrons on this shell, equal to 2z for all cases, can
serve as evidence of the similarity in the behavior of electrons for the existing hypotheses of their behavior.

Therefore, all the above allows highlighting the following points:

- a new order of building the periods of the Mendeleev’s table has been suggested on the base of changing the
structure of the periods;

- into the periods, except the first one, two subsequent periods from the existing Mendeleev’s table have been
merged as subperiods. To differentiate subperiods, designations of their quantum states as first and second have
been suggested.

As a result, the numbers of periods are reduced to four. Introduction of the first and second subperiods allows
meeting the requirement of the Pauli exclusion principle in new conditions. At the same time, the principle quantum
number of the chemical elements of a period, which characterizes the energy of electron shell, remains unchanged,
but the suggested quantum states of sublevels denoted as first and second do change. So, the provision stating that
electrons can be inside the atom at strictly admitted orbits holds and is complemented by introduction of the notion
“quantum state of a sublevel” to the already existing ones. Then the order of formation of electron layers will be as
follows: the principle quantum number (n), followed by the quantum state of a subperiod (first or second) in a
period, and then all the remaining quantum orbitals;

Under the definition of a quantum state of sublevels, we propose to adopt an additional quantum characteristic for
the behavior of an electron, together with other quantum numbers, describing the probability of its finding relative to
the atomic nucleus of a chemical element. An introduction to the theory and practice of the chemistry of these
quantum states makes it possible to more clearly structure the description of the electronic structure of
elements.They are another indirect confirmation of the disparity of the existing set of quantum numbers available to
describe the behavior of electrons in an atom. At the same time, they allow us to relate to each other: the main
quantum number; other quantum numbers; the number of periods in the periodic table; the number of chemical
elements in the periods and the structure of their outer electron shells.

The “quantum state” expression which is suggested for designating of two sequentially infilled sublevels in each of
the newly viewed periods where the configuration of electron subshell corresponding thereto is retained and
duplicated.

The introduction of new quantum states “first” and “second” into circulation is consistent with some of the
suggestions outlined in the work of B.F. Makhov. [10] In it, on the basis of the Symmetric Quantum Periodic
System of Neutral Atoms (CK — PSA) developed by the author, a partial mathematical expression of the Periodic
Law of Mendeleev is proposed. At the same time, its new formulation looks like this: “characteristics of neutral
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atoms of elements are in periodic dependence on the magnitude of the intensity (o Z) of the alternating
electromagnetic field (EMF) created by their nuclei”.That is, instead of the magnitude of the electric charge of the
atomic nucleus (e Z), the magnitude of the intensity (e Z) is used, which is included in the a-constant fine structure.
In quantum electrodynamics, the “effect” of electromagnetic interaction is characteristic [11].

Calculation of equations of communication, quantum numbers, taking into account the rules of V.M. Klechkovsky
[12] and D.N. Trifonov [13], identified two bundles of quantum numbers. One of which is periods in (SC-PSA)
(they are all paired and form dyads), and the other horizontal group is a series of consecutive atoms, up to 4 in a
period, representing sequences of f-, d-, p- and s- elements.In other words, these bundles allow for the presence of
several quantum states at a single quantum energy level. And also, in general, the sequence of locations of the above
mentioned horizontal rows contained in the periods is determined.

In our opinion, the calculations presented in [14] have a certain value, especially in the field of the individual
quantum states implying the existence at the quantum level. But the author was somewhat carried away by the
mathematical model, not comparing it directly with the periodic table itself. But the table is a graphic representation
of the periodic law of Mendeleev.And with such a comparison, the shortcomings and improvements of the proposed
mathematical model immediately appear, since they do not give an opportunity to properly characterize the features
of the table itself. But for the changes we propose in the article, the main conclusion of this model, the possibility of
the existence of separate quantum states, is quite sufficient. What we offer in the form of "first" and "second"
quantum states.

When discussing, tetrahedral numbers (Zm = 0; 4; 20; 56; 120) indirectly associated with some minimum quantum
energy levels for a dyad may also be useful, so-called by the author. The tetrahedron of the medium of other spatial
bodies has a minimum surface area with a fixed volume. These tetrahedral numbers correspond in the periodic table
to the chemical elements: Be, Ca, Ba. That is, the elements after which, in our opinion, the subsequent elements
begin filling in a new layer of electronic orbitals (respectively, s-, p, d- and f-).

It is worth noting that the layered in the energy and, most importantly, structurally electronic structure of the atoms
of the elements is confirmed by the structure of their X-ray spectra. Opened in 1913 by GD Mosley's law [15] linked
the purity of the lines of the characteristic X-ray spectra of chemical elements with their sequence number in the
periodic system. And the basic laws of this connection were then interpreted by Kossel in 1914 [8]. Although here it
is necessary to distinguish and remember that the nuclear charge or serial number is an atomic constant, and the
periodically changing properties of the elements are associated with the electron shells of the atoms.

Mosley found that when moving from one chemical element to another, the frequency of X-ray radiation will
increase in order in exactly the same way as the number of the element will increase. But Mosley and other
researchers did not explain the nature of the sequence of filling the electron shells of the atoms of the elements,
focusing only on the nature of the X-ray radiation itself. Although the law of Mosley just confirms the strict
sequence and sequence in filling the electron shells of atoms.For example, a comparison of the spectra and chemical
properties of alkali metals shows that each subsequent alkali metal has a new level of electron energy. And this level
of energy exceeds the level of the previous inert gas in a new qualitative state. This knowledge made it possible to
discover new chemical elements of hafnium (1922) [16] and rhenium (1925) [17], only on the basis of their
characteristic x-ray radiation, in the presence of foreign elements accompanying them in nature. Therefore,
according to each configuration of inert gas in chemistry, certain energy levels are identified for: helium — K level,
neon — L; argon - M; Krypton - N; xenon - o and radon - p level.

But the main thing for us is the Mosley law confirms the strict sequence of filling the electronic orbitals of the
elements in periods proposed by us. First, s-, then d-, - and only then p-elements.

It should be also added that formula (II) and the changed Mendeleev’s table (figure 2) allows counting the
hypothetic quantities of g-orbitals and electrons of the V period. (Table 2) represents the number of electrons (50) at
each of the hypothetic sublevels of that period. And since the s, d, f- and p-orbitals have 32 electrons in the total,
then the difference in 18 electrons makes the total number of electrons at the respective 9 g-orbitals.

Conclusion:-
Thus, in this article:
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- new quantum states and a new formula for counting the number of electrons on the external electron shell of the
elements of periods and subperiods has been put forward;

- it has been revealed that at the start of all the periods of the modified table there occurs infilling of S-orbitals, then
p-orbitals in the 2 period, since d and f orbitals are not there in this period. However, in the 3 and 4 periods there the
d and f orbitals are infilled at first, and only after that - the respective p-orbitals are infilled. At the same time, in all
the cases the sequence of infilling of orbitals occurs in a strict order.

- it is shown that the order of filling the outer electron orbitals of the atoms of elements by electrons corresponds to
the order of the sequence of finding elements in the periodic system, calculated according to the Mosley law.

- as a result, the performed calculations and reconfigurations made it possible to strictly structures and synchronize
the sequences of infilling the electron shells of atoms in chemical elements with their locations in the changed
Mendeleev’s table.
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