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Makona THpUK Mojianapna MeHjeneeB cUCTeMacuiaru OOLUIAHFUY KUMEBUI 3JeMEHTIIapU
HHUCOATaH KYIpoK OYIUIIN XaKUAard sHIH (GapasHu §3 Huura oylagy. YUyHUM Ba yHAAH KeHUHTH
TabiMua JNeMeHTIapy OWPMHYM MKKM Tabnuua dJeMeHTIapuiaH GapKid paBUIAA Ky
MHKIOpPAA CyOBaJNeHT 2JIeKTpoH KoOukiapra ora. Iy cababmu orup snmeMeHT aromiapuna k-
9JIEKTPOH KOOMK (KOCMHK Ba eplard HypJIaHUII TabCHUPUAA) HOHU3ALMUSACH MOJICKYIISP
3aHKUpIIap y3waummra cababum Odxke-kackaara om0 Kemamgd. YmOy MeXaHHu3M —Ba
I".P.VIBaHNUIKUIHUHT MEXaHU3MHU THPUK MOJJajapAa €HIHJI KUMEBUH JIeMEHTIap TaHJIaHTaHIa
paauanuoH GUIbTP Ba THAPONUTUK GUiIbTp Bazubacuuu udonaiaimm.

CraTest COEEPXKUT THUIOTE3y O IOMHUHHPOBAHHM XHMHUYECKHX JJIEMEHTOB HAYAIBHBIX MEPHOIO0B
Tabmumpl MeHzIeneeBa B KHMBOM BemIeCTBE. IIes COCTOMT B TOM, 9YTO DJIEMEHTHI TPETHETO H
MOCJICAYIOIUX TEPHONOB TaOIMIBI, B OTIMYHME OT IIEPBBIX JABYX MEPHOJOB, HMEIOT Ooibliee
KOJIMYECTBO CYOBAJEHTHBIX OJJIEKTPOHHBIX 000J0YeK. BciencTBue 3TOro HMOHM3AIUS H3ITyYCHUEM
(KOCMHYECKUM W 3eMHBIM) K-3JIEKTPOHHOI OOOJOYKM TSDKEIBIX aTOMOB BCErZia NMPUBOAUT K OXKe-
Kackaly, 4YTO BBI3bIBACT pa3pylICHUE MOJCKYJSIpHBIX Ienedl. OTOT MeXxaHu3M, Hapsay C
ruzppoauTuieckuM Gunsrpom I'.P. VBaHHMIKOrO, MOXKET UrpaTh pOJb PAAMALMOHHOrO (HIbTPa NpU
BBIOOpE JIETKHX XUMHYECKHX 3JIEMEHTOB B )KMBOM BEIIIECTBE.

The article contains a hypothesis on the dominance of chemical elements of top periods of the Periodic
Table in living matter. The idea is that the elements of the third and next periods of the table, in contrast
to the first two periods, have larger number of subvalent electron shells. Because of this, ionization of
the k-electron shell by radiation (kosmic and terrestrial) in the heavy atoms always leads to the Auger
cascade, which causes the destruction of molecular chains. This mechanism can play a role of the
radiation filter in the selection of light chemical elements in living matter in addition to the mechanism
of hydrolytic filter (G.R. Ivanitskii).

I. INTRODUCTION

It well known that carbon (not Si) lies in the basic structure of biological polymer
(DNA, RNA, etc.), although the total concentration of Si in nature is 900 times greater
than C, and from chemical point of view they are very similar [1-4].

A remarkable solution to this paradox was proposed by G. Ivanitskii [3, 5]. He
believed that all processes of competitive growth of chains during the evolution took
place in the liquid phase, and were synthesized in the womb of the planet or brought by
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ice meteorites from the Cosmos. On this basis, the idea of Ivanitskii says that the
hydrolysis for C- and Si-chains to be such a cause, which leads to crushing of Si-chains.
At the same time, significant assymmetry is also observed for the remaining elements of
the I and II periods in relation to the III period, which cannot be explained by hydrolysis
(see Table). Apparently, the role of the water filter cannot be applied to all of them in full,
as for the elements C and Si.

It should be noted that from chemistry point of view, carbon and silicon differ by the
numbers of electronic shells around the nuclears. This means that the silicon atom has a
larger number of subshells than carbon (3 and 2 respectively). Let us check our
assumption on the role of a number of subshells considering other pairs of elements that
are similar in properties due to valence shells, but different in the number of subshells.
The results of such analysis, carried out for a large number of publications, are
summarized in Table [4-7]. Thus, it becomes obvious that in addition to the “water filter”
of G.R. Ivanitskii [2-3], there should be a different factor in the selection of chemical
elements in living matter, sensitive to the number of their electronic subshells.

Table. The content of “leading” elements (mass fraction, %) in Nature [4-7].

Expansion % Number
Element Symbol of
In the living matter | Innon-living nature | gybshells
Carbon C 10.5 0.2 1
Silicon Si 0.15 30.0 2
Hydrogen H 10.0 1.0 0
Sodium Na 0.1 2.6 2
Nitrogen N 2.5 0.1 1
Phosphorous P 0.95 0.08 2
Oxygen o 70.0 50.0 1
Sulfur S 0.16 0.04 2

Il. THE RADIATION FILTER FOR THE SELECTION OF ELEMENTS

Among the possible candidate factors for the screening filter of elements for living
matter, first of all, it is necessary to highlight the role of radiation, which has both the
cosmic and terrestrial origin and presented long before the onset of life on Earth. The
modern fundamental knowledge of the radiation impact on objects [8, 9] allows us to
identify the most important mechanisms of radiation destruction of matter:

1) Elastic scattering of fast particles (radiation) on atoms. Some of these collisions
lead to a direct knockout (elastic knockout) of atoms from their regular sites in chains;

2) Ionization of electrons of atoms and molecules, after which a series of electron-
ion processes occur, leading to the destruction of covalent bonds between atoms in the
chains (ionization mechanism).

Let us discuss these two mechanisms in more details (see [8-12]).

Elastic mechanism. The efficiency of the elastic knockout mechanism F is defined
by the ratio of masses, m./M,, where m, is the mass of incident fast electrons, and M, is
the mass of an atom. This efficiency F is proportional to the cross-section 6, of the elastic
displacement (knockout)
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giving as a result F~m,/M,. It is obvious that the elastic scattering will more efficiently
destroy the chains with light atoms than with heavy ones. According to the mechanism,
the light chemical elements should more effectively have been knocked out from their
sites. This mechanism of destruction is not able to explain the predominance of light
elements in nature.

lonization mechanism. It is very interesting to consider the electron-ion processes
initiated by the primary ionization of core electrons and leading to breaking of covalent
bonds of light and heavy atoms. It turns out that the Auger effect should take place then
[10]. Let us compare how this effect proceeds in the pair of atoms discussed above.
Figure 2(a) corresponds to the case when ionization occurs in the deepest electron shell of
the atom from the second period (for example, carbon presented in macromolecular
chains). The hole formed in the K shell of the carbon atom as a result of ionization is
unstable. This state relaxes by two possible ways: either by falling of a valence electron
into the hole of the K shell with emission of a photon (radiative channel), or by transition
of valence electrons into the hole of the K shell with energy transfer to the neighboring
electron of the valence shell (Auger effect).
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Figure. The destruction of a molecular chain by the Auger explosion mechanism as a function of
the number of electron subshells of an atom with ionization of the K shell: the smaller number of
subshells (left); the larger number of subshells (right).

This competition of the radiation and Auger transition is characteristic of all atoms
(both light and heavy) [10]. An individual radiative transition that causes fluorescence is
more likely for atoms with a large nuclear charge (2):

Q,~Z"/(a+Z"), )
i.e. the radiative transition L—K is more probable for the elements of the 3-rd period of
than for the 2-d period (Q <Qj S ).

For the entire atom as a Whole, the process goes through the intermediate L level,
and this introduces a significant change in the corresponding relaxation channels of the
deep-level hole. Indeed, the relative probabilities of carrying of one hole to the valence
shells are for C and Si the following:

QG =W IWS+wy) (3)
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and
Qi; — (WrSi /(Wrsl‘ + WASi)) . (WrSi /(Wrsl‘ + WASi))MHL ~ (WrSi /(WrSi + WASi))

L—

2

4)

Then the expression
1-0% <1-0F (5)

means that the carrying of the primary hole from the K-shell by the Auger process
prevails in Si. It is interesting to note that this conclusion seems to be valid for all cases of
K-hole relaxation if intermediate subshells participate in it.

Thus, there is a significant difference in the relaxation of deep-level holes (for
example, in the K-shell) for the elements with different number of subshells: Auger
relaxation (cascade) prevails for heavier atoms, as a result of which a larger charge carry
to the valence shell, and the chemical bonds are destroyed (Fig. 2).

The detailed analysis shows [10] that for silicon, the Auger-cascade is not only
competitive with radiative transitions, but also in some cases prevails over them. Thus,
after the first act of relaxation, two "holes" appear on the L-shell. Now each of these holes
will be filled by the drop of electrons from the M-shell, and mainly, by Auger transitions
(because the atom is heavy). As a result, four "holes" are formed in the M-shell, which
corresponds to two broken chemical bonds. This is the way the of breaks of chains occur
in the localization of heavy atoms, and this becomes important for the elements,
beginning from the third period, for which three electron shells (K, L, M) and later are
realized. Moreover, this process increases so called shaking [10].

Here, however, there is one more important point, namely the destruction of
Coulomb-unstable structures after the carrying of the large charge into the valence shell.
Indeed, after a very rapid phase of the breaking of chemical bonds, this Coulomb-unstable
complex can relax by two ways: either by displacing of the ionized atom from its position
in the chain, or by neutralizing of the defective region (its "flooding" by surrounding
electrons), i.e. there is competition between these two processes (the Dexter-Varley
paradox) [8, 10-12]. It was found [8, 11] that this paradox is quantum, and the probability
of destruction of the quantum system is regulated by the expression

P~exp(—AE, / hw,), (6)

where AEy is the width of the valence band, and wp is the Debye frequency. It is
necessary to note that macromolecules (for example DNA) in cells are not always in
linear but rolled conformation. It results in the change of AE) and affects the probability
of chain destruction. We note that the value of this probability P depends very strongly on
AEy and is contained in a wide range of values from 10" to 10~ for molecular chains of
organic nature and classical semiconductors, respectively. In the case of polymeric
objects, these probabilities are very large [13], which is important for the problem
discussed in the article.

The mechanism of destruction of molecular systems by Auger cascades has been
known for a long time. In particular, so-called subthreshold defect formation occurs in
silicon due to this effect [10-12]. We assume that Auger cascades in relatively heavy
atoms from the third and lower periods play an important role as filters for light elements
to be selected as constituents to form stable structures of biological objects. Moreover,
there was a synergy between those two filters in the cases when the Auger mechanism
discussed above was supplemented by the hydrolysis filter.
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It is necessary to note that the universal character of the radiation filter (Auger filter)
makes it more preferable, at least from the points of view of E.Mach and W.Occam's
razor principles [14]. All mathematical calculating part on sub-threshold defect formation
in semiconductors due to Auger effect has been performed in [8, 11].

IV. CONCLUSION

The obtained results can be formulated as the following.

It is evident that a prominent asymmetry of the abundance of light atoms and heavy
ones is observed in Nature. In living matter, light atoms dominate, while heavy atoms in
non-living mater.

This disparity is most obvious for C and Si: only carbon atoms composed the most
important biopolymers, organize the living matter.

The basic concept that explains the disproportion with respect to C and Si is the
"water filter", which leads to the destruction of the length of Si-molecules, in contrast to
the C-molecules.

Since this disproportion in the distribution is also valid for the elements that are
more inert to water, the concept of "light" and "heavy" atoms can be used for the atoms
with smaller and larger number of subvalent shells.

On this ground, we propose a hypothesis on the role of ionizing radiation, which
leads to completely different results for atoms with the small and large number of shells:
in the former case, a single Auger transition occurs, and in the latter case Auger cascades
take place.

As a result of the Auger processes, complete breaking of chemical bonds can occur
in heavy atoms with multi-shells included into the bioobjects. Efficiency of ionization
mechanism of selection depends on the type of conformation.

In general, it can be assumed that both water and ionizing radiation are two effective
filters giving a preference of light atoms in living matter.
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