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ABSTRACT

It is widely acknowledged that the development of chemistry, both historically and in the present day, is fundamentally rooted in
D.l. MendeleeV's discovery and the Periodic Table of Chemical Elements, which has been in use for over 150 years. This study proposes
a novel conceptualization of chemical elements structured as a three-dimensional matrix. This approach enables the prediction of
new elements, including the determination of their nuclear masses and electron shell configurations. New regularities concerning
the cyclic and block structures of horizontal periods have been formulated, while the structure of vertical groups and their physical
interpretation have been refined. The findings indicate that the Periodic Law fundamentally relies on the system of two equations.
According to these equations, block energy increases cyclically, approaching near-zero values from negative ones in the “8s” block.
The authors propose that the existence of chemical elements in nature culminates with the “8s” block. Thus, the total number of
chemical elements that can exist in nature is evidently 120.

KEYWORDS: electronic structure of atoms, atomic orbitals, sublevel energies, periodicity and block structure, quantum numbers,
electronic characteristics of levels and sublevels (orbitals), prediction of new elements
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AHHOTALMA

Kak n3BecTHo, xMus pa3BmBanacb U pa3BrBaeTcs, Npexae Bcero, bnarogaps otkpbituio .M. MeHaeneesa v cylecTByoLei yxxe
6onee 150 net Meprognyeckor TabnrLe XMMUYECKNX 311eMeHTOB. PaccmaTpriBaeTcs HOBOe BULEHME CTPYKTYPUPOBAHWA XMUYe-
CKMX 3/IEMEHTOB B BUAe 06beMHO MaTpuLbl. DTO MO3BOJSET MPOrHO3MPOBaTb HOBbIE 3IEMEHTbI C 0603HaUeHNEM AAEePHbIX MacC
1 3NEKTPOHHBIM CTpoeHnem ob6onoyek. CHopmynnpoBaHbl HOBbIE 3aKOHOMEPHOCTY MO LMKANYHOCTU U BII0YHOCTY CTPOEHNA ropu-
30HTasIbHbIX PALOB, YTOUHEHO CTPOEHVE BEPTUKANIbHBIX Py 1 Ux Gr3nyeckoe ocMbic/IMBaHMe. M3 npefcTaBneHHOro mateprana
cnepyer, uto B MNeproanyeckom 3aKoHe BaXHbIM ABNIAETCA CUCTeMa ABYX ypaBHeHM. COrnacHo 3TMM ypaBHEHUAM, SHeprus 6/10KoB
BO3pacTaeT, UUKIIMYECKM NPUGNMKasaCh OT OTPULIATENbHbBIX 3HAUYEHWI K 3HAUEHMWAM, 6/TIM3KIM K HyJ1o B 6/10Ke Mo Ha3BaHMEM «8S».
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Brnokom «8s», kak NpeAcTaBnAeTCcA aBTopaMm, 1 3aBepLUaeTCcA Hanmume B NpUpoae XMMUYECKMX 311eMeHTOB. To ecTb obLuee KonmyecTBo
3/1eMEHTOB, CYLLeCTBYIOLMX B NPUPOAeE, 04eBNAHO, paBHO 120.

KJTIOYEBbIE CJIOBA: 351eKTPOHHOE CTPOEeHVe aTOMOB, aTOMHble opbuTanu, SHeprum NoAyPOBHEN, IMKINYHOCTb U BNOYHOCTb,
KBAHTOBbIE UMNCNA, SNEKTPOHHbIE XapaKTEPUCTUKN YPOBHEN 1 MofypoBHel (opbrTanelt), NPOrHO3 HOBbIX 3/1IEMEHTOB
UCTOYHUKN ®UHAHCUPOBAHUA HAYYHOW PABOTDbI, PE3YJIbTATOM KOTOPOW CTAJNIA NYBJIMKALMA: CTaTba Noarotos-
NleHa Ha OCHOBe UCC/1eJOBaHWIN, BbIMOTHEHHbIX aBTOPaMM 3a CHET INYHbIX CPefCTB.

AnAa UMTUPOBAHUA:

lyceB b.B., TeptepaH A.C. CTpyKTypurpoBaH/e XMMNUYECKUX SNIEMEHTOB MO 3NEKTPOHHOMY CTPOEHMIO aTOMOB. HaHomexHoa02uu
8 cmpoumesnibcmae. 2026;18(4):537-544. https://doi.org/10.15828/2075-8545-2026-18-4-537-544. — EDN: PMJDVU.

The theory of the electronic structure of atoms was developed by N. Bohr and W. Pauli [1, 2].

Tables 1 and 2 present energy sequences of atomic orbitals, where:

n is the principal quantum number, which reflects the distance of the electron from the nucleus;

[ is the orbital quantum number, which determines the orbital angular momentum of the electron’s momentum
and the energy state of the electrons in the atom;

s, p, d, fare the atomic orbitals for the following states:

/=0 — one orbital;

/=1 — three orbitals;

[ =2 — five orbitals;

/= 3 — seven orbitals.

According to the authors, the energy of the levels for the most fundamental element in nature, the hydrogen atom,
and for other atoms as well, is determined by the formula [1, 2]:

E=—13.6 eV/n?, )]
where 7 is the period number and the corresponding number of the level boundary (n =1, 2, 3,4, 5, 6,7, 8).

Thus:
E,=—13.6—13.6 = -27.2 ¢V

El=—13.6/12=—13.6/1 =—13.6 eV ES=—13.6/52=—13.6/25= —0.54 ¢V
E2=—13.6/22=—13.6/4= 3.4 ¢V E6=—13.6/62 = —13.6/36 = —0.38 &V
E3=—13.6/32=—13.6/9 = —1.51 &V E7=—13.6/72 = —13.6/49 = —0.28 eV
E4=—13.6/42=—13.6/16 = —0.85 eV ES = —13.6/82 = —13.6/64 = —0.21 &V

Energy sequence of orbitals in isolated atoms [2]:
The energies of the level boundaries are represented by thick lines in Figures 1, 2, and 3.
Each level can be divided into sublevels with energies determined by the formula [4]:

p=Q=1)/ L, (2
where /is the sublevel number (/=1 (s), /=2 (p), /=3 (d), /=4 (f)), and L is the total number of sublevels.

The number of orbitals in the sublevels of the 1, 2", 37 and 4™ levels are in the ratio of 1; 1:3; 1:3:5; and 1:3:5:7,
respectively. For the sublevels of the 5", 6%, 7t and 8™ levels, the ratio is reversed: 7:5:3:1; 5:3:1; 3:1; and 1.

The proportions of sublevels at each level are as follows:

for the 1% level — 1;

for the 2" level — 0.25, 0.75;

for the 3" level — 0.111, 0.333, 0.555;

for the 4™ level — 0.0625, 0.1875, 0.3125, 0.4375;

for the 5™ level — 0.0625, 0.1875, 0.3125, 0.4375;

for the 6™ level — 0.111, 0.333, 0.555;

for the 7" level — 0.25, 0.75;

for the 8" level — 1.

Thus, the total number of blocks (1s, 2s, 2p, 3s, 3p, 3d, 4s, ..., 8s) is 20.
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Table 1
Period Quantum Orbital Quantum
Number Numbers Number Atom orbitals
(n+1) n I
1 1 0 1s} | period
25 7
2 g e ~ |l period
2P~
3 g (1) 3s |
~ 1l period
2P -
4 i ; 4s
IV period
3 2 id i
5 4 1 P
5 0 5s
_ V period
4 2 gd §
6 5 1 65 .
6 0
4 3 4f VI period
5d
5] 2 |
7 6p
6 1 -
; 0 7s
VIl period
5 3 5f [
8 6 2 6d ]
7 1 7p
8 0 8s } VI period
Table 2
Principle quantum number n Orbital quantum number / Atom orbitals
1 0 1s
2 0,1 2s,2p
3 or 1, 2 35, 3p, 3d
4 0,123 4s,4p, 4d, 4f
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The energies of the sublevels according to formula (2) will be as follows:
« for the 1% level, all the energy is at Is sublevel: e, = —13.6 eV,

« for the 2" level, the distribution of energy between 2s and 2p sublevels will be as follows:

€)= [—13.6—(—3.4)]%0.25 = (—13.6+3.4)x0.25 = —10.2X0.25 = -2.55¢eV e, =—2.55¢V,
e, = [-13.6—(=3.4)]x0.75 = (—13.6+3.4)x0.75= —10.2x0.75 = —=7.65 eV e, =—7.65¢eV;
« for the 3" level, the distribution of energy between 3s, 3p, and 3d sublevels will be as follows:
€,y = [3.4—(—=1.51)]%0.111 = —1.89%0.111 = —0.21 eV e,=—0.21ev
ey, = [—3.4=(—1.51)]x0.333 = —1.89x0.333 = —0.63 eV e, =—0.63 eV
e, = [-3.4—(=1.51)]x0.555 = —1.89%0.555 = —1.049 eV e, =—1.049 eV;

« for the 4" level, the distribution of energy between 4f, 4d, 4p, and 4s sublevels will be as follows:

e, = [-1.51—(=0.85)]%0.0625 = —0.66x0.0625 = —0.04 eV e, =—0.04 ¢V,
e, = [-1.51—(-0.85)]x0.1875 = —0.66x0.1875 = —0.124 eV e, =—0.124 eV,
e, = [—1.51-(-0.85)]x0.3125 = —0.66%0.3125=—-0.206 eV e, =—0.206 ¢V,
eds =[—1.51—(—0.85)]%0.4375 = —0.66%0.4375 = —0.29 eV e, =—0.29 eV;

« for the 5" level, the distribution of energy between 5f, 5d, 5p, and 5s sublevels will be as follows:
e, = [-0.85—(—=0.54)]%0.0625 = —0.31x0.0625 = —0.02 eV e, =—0.02 eV,
e, = [—0.85—(—0.54)]x0.1875 = —0.31x0.1875 = —0.06 eV e,,=—0.06 eV,
e;,= [—0.85—(—0.54)%0.3125 = —0.31x0.3125 = —0.097 eV e, =—0.097 eV,
e, = [-0.85—(—0.54)%0.4375 = —0.31x0.4375 = —0.1356 ¢V e, = —0.1356 eV;
« for the 6™ level, the distribution of energy between 6d, 6p, and 6s sublevels will be as follows:

e = [—0.54—(—0.38)]x0.1111 = —0.16x0.1111 = —0.018 eV e, =—0.018 eV,
e, = [—0.54—(—0.38)]x0.3333 = —0.16x0.3333 = —0.051 eV e, = —0.051¢V,
e, = [—0.54—(—0.38)]*0.5555 = —0.16x0.5555 = —0.089 eV e, = —0.089 eV;

« for the 7" level, the distribution of energy between the 7p and 7s sublevels will be as follows:
e,, = [-0.38—(=0.28)]x0.25 = —0.1x0.25 = —0.025 eV e, =—0.025¢V,
e, = [-0.38—(—0.28)]%0.75 = —0.1x0.75 = —-0.075 eV e, =—0.075¢eV,

« for the 8" level, all the energy will be at the 8s sublevel:
e, = [-0.28—(-0.21)]x1 = —0.07x1 = —0.07 eV e, =—0.07 eV.

The sublevel boundaries (in Figures 1, 2, and 3) are represented in thin lines and are as follows:

—13.6—(~7.65) = —5.95
~3.4-(—1.049) = —2.35
~2.35-(—0.63) = —1.72
—1.51—(=0.29) = —1.22
—1.22-(~0.206) = —1.014
—1.014—(—0.124) = —0.89

—0.85—(—0.1356) = —0.7144
—0.7144—(—0.097) = —0.6174
—0.6174—(—0.06) = —0.5574
—0.54—(—0.089) = —0.45
—0.45—(—0.053) = —0.398
—0.38—(—0.075) = —0.305.

2 S5s

3s 5p

5d

4s 6s

6p

eofieciiclieciieses!
m M M M mm
Il

4d 7s

As can be seen from the calculations presented above, the sequence of energy values of the formed blocks: 1s,
2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d, 4f, 5s, 5p, 5d, 5f, 6s, 6p, 6d, 7s, 7p, 8s coincides with the experimentally determined
sequence (Table 3).

Figure 4 presents a block-type distribution table of chemical elements [3].

Table [3, 4] offers a number of advantages:

« It is visually well-structured;

» Each level begins with an alkali metal and ends with a noble gas;

» Elements are arranged sequentially according to their atomic numbers;

» Element blocks (1s, 2s, 2p, 3s, 3p, ..., 7p, 8s) follow one another in sequence [1].
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Table 3. Block numbers (N), blocks, block energy, atomic mass of the block, and number of elements in the block

N 1 2 3 4 5 6 7 8 9 10
nl 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d
ev -136 | -765 | -255 | -105 | -063 | -029 | -021 | -021 | -014 | -0.12
Ar. atomic 25 8.0 1533 236 322 396 55.3 76.1 86.55 99.8
mass unit

Z (elements 12 34 5-10 | 11,12 | 13-18 | 1920 | 21-30 | 31-36 | 3738 | 39-48
number)

N 11 12 13 14 15 16 17 18 19 20

nl 5p 5s 4f 5d 6p 7s 5f 6d 7p 8s
eV -0.1 -009 | -004 | -006 | -005 | -0.08 | -002 | -0018 | -0.025 | -0.07
Ar. atomic 1235 | 1351 | 1538 188 210 2245 246 273 292 -
mass unit

Z(elements | 49 54 | 5556 | 57-70 | 71-80 | 81-86 | 87,88 | 89-102 | 103-112 | 113-118 | 119,120
number)

Thus, the Periodic Law of Chemical Elements Distribution can be formulated as follows:

“The periodic and cyclic variation in the properties of chemical elements is dependent on the distribution of sublevel
energies | (I =s, p, d, f) across the energy levelsn (n =1, 2, 3, ..., §).”

The energies of the level boundaries (£) are determined by the formula:

E =—13.6/n.

The distribution of sublevel energies (p,) across all levels n is determined by the formula:

p,=Q-=1/L,

where: [=1(s), /=2 (p), [=3(d),/=4(f); and L is the total number of sublevels at level n.

It follows from the presented material that a system of two equations is central to the Periodic Law. According to
these equations, the block energy increases, cyclically transitioning from negative values to values approaching zero
in the 8s block. It is our view that the existence of chemical elements in nature concludes with block 8s.

Therefore, the total number of elements existing in nature is evidently 120.
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