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Abstract

This article highlights the importance of teaching students physics and
chemistry because of the disconnect between theory and practice in the
interdisciplinary study of the atom and atomic nucleus. In addition, the
experiences of scientists in the fields of physics and chemistry are
analyzed, and the relevance of the application of atomic structure and
chemical bonding to students in physics and chemistry is explained in
detail.
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Introduction

The topic "Atomic structure and chemical bonding” is studied in technical higher education in
accordance with the in-depth educational program. It is appropriate to study this topic from a
historical and contemporary point of view, because future engineers need to study physics and

chemistry in depth.

In the first lesson on the topic "Experimental confirmation of the complexity of the atomic
structure™, students will get acquainted with the following short information.
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It should be noted that hundreds of years ago, the atom was considered an indivisible particle, the
limit of division of matter. This concept began to be rejected little by little as experimental
materials were collected in science. For example, D. I. Mendeleev, after discovering the periodic
law, wrote in 1871: "Although it is not yet possible to prove, it can be assumed that the atoms of
simple bodies are complex substances formed by the combination of some smaller particles... The
periodic connection | proposed in my opinion, it is not surprising if such a prediction is
confirmed.”

After that, important discoveries at the end of the 19th century, which put an end to the idea that
an atom is an indivisible simple particle of an element: 1) electrolysis; 2) passage of electric current
in gases; 3) they will have detailed information about the discovery of radioactive events.

After familiarizing yourself with the phenomenon of electrolysis, it will certainly be appropriate
to consider Faraday's laws. This allows us to imagine that the atom is complex. After that, it is
appropriate to study the experience of the English physicist J. Thomson. It is said that in 1897,
this scientist discovered the existence of an electron in an atom, that this particle carries a negative
charge, and finally, the French scientist A. Becquerel discovered the radioactive phenomenon, and
two new elements polonium and radium were discovered thanks to the works of M. Skladovskaya
Curie and P. Curie. Thanks to these great discoveries, it is concluded that the atom is a form of
matter with a complex structure. In addition, naturally occurring nuclei include naturally occurring
radioactive substances, but most radioactive nuclides are artificially produced by nuclear
reactions. At the first stages of the study of this phenomenon, three types of incoming radiation
were released during the decay of the atomic nucleus - a, B and y. Positively charged a-particles
consist of two protons and two neutrons and are helium nuclei, negatively charged p-particles are
electrons, and neutral y-quanta are high-energy photons.

Finally, it should be mentioned that several dozen elementary particles were isolated. In the second
lesson dedicated to the study of the planetary model of the atom discovered by Rutherford, the
students note that the English physicist E. Rutherford discovered the positively charged particle
of the atom in 1911, and called it the atomic nucleus.
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Figure 1. Planetary model of the atom.
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In this lesson, E. Rutherford's experiment on the study of the flight trajectory of a-particles
bombarding paper with a gold die is thoroughly reviewed. Of course, it should be noted that E.
Rutherford was not only a brilliant experimenter, but also a keen analyst. According to the a-
particles displayed on the screen, he determined that there is a positively charged particle with a
much larger mass in the atom - the nucleus of the atom.

Based on the ideas about the structure of the atomic nucleus, we think it is appropriate to say that
the entire mass of the atom is concentrated in the nucleus, that the nucleus is 10 of the atom,
and to give examples showing the dimensions of the nucleus and the atom.

Now students will be introduced to the planetary model proposed by E. Rutherford. According to
this model, the nucleus is located in the center of the atom, around which the electrons move in
orbits, like the planets revolve around the Sun, equalizing the charges of the electrons, and the
atom as a whole remains electroneutral.

In the next lesson, the basics of the quantum-mechanical theory of atomic structure will be studied.
In this lesson, the Danish physicist N.Bohr It is checked by the theory created in 1913. This
scientist discovered a model of the hydrogen atom based on the quantum theory of radiation.
According to this theory, electrons move only in fixed orbits, which depend on the energy of the
atom. In the ground state, the atom has a lot of its own energy, and the electron moves in the orbit
closest to the charge. When an atom receives additional energy, it can move to one of the orbits
away from the nucleus. But this process does not last long, and the electron occupies its previous
orbit again. Such a transition is accompanied by a decrease in the energy of the atom, and this
energy is released in the form of electromagnetic radiation.

According to the N.Bohr theory, such a change in atomic energy occurs only when an electron
moves from a more distant orbit to an orbit closer to the nucleus. An electron rotating in the same
orbit does not emit energy, and this ensures that the atom is in a stable state. The theory of N.Bohr
allows to explain that the electron has two-sided properties, that is, it exhibits the property of a
material particle and complete properties.

Therefore, it is not correct to say that the electron moves around the nucleus along a certain
trajectory, but it is reasonable to think that there is a possibility that the electron can be at a certain
point in space.

After a brief introduction to the theory of N. Bohr, students will be able to consider the main rules
of the modern quantum-mechanical theory of atomic structure. Special attention is paid to the
fourth quantum number called electron spin. According to the Pauli principle, no more than two
electrons can be in each orbit in an atom, while their spins will have different signs. Students need
to know this conclusion well, because covalent bonds involve electrons with different spins.
After that, the distribution of electrons in steps and steps, as well as the configuration of electrons,
will be discussed.

Based on the Pauli principle, it is possible to calculate how many electrons can be in each energy
shell and level in an atom. For example, the first energy step K has one step. Let's call it 1s. The
number 1 means that the principal quantum number is n=1, and s means that the electrons occupy
a certain sphere around the nucleus. The electron has the same probability of being in this sphere,
but the maximum density is at a distance of 0.529 A from the nucleus. The first level contains only
s-electrons, their number does not exceed two. The second energy level with quantum number
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n=2 has 22=4 levels. One of these steps consists of 2s and three 2r steps. The 2s-level electron
cloud is spherical like that of 1s, and the 2r-electron cloud is dumbbell or eight-shaped.

The third electron level with quantum number n=3 has 32=9 levels: one 3s - , three 3r - and five
3d levels.

d and f electrons are not considered due to their complex spatial arrangement and shape. Thus,
based on the above, the following conclusions can be drawn:

1. There are only two s-electrons in the first energy level. From the second there will be s and
r - electrons, from the third - s, p, d - electrons, from the fourth - s, p, d, f - electrons, and so on.
2. Taking into account that there are no more than two electrons in each position, we can
write:

3. One s - two electrons in the step, three p - 6 electrons in the step, five d - 10 electrons in
the step, seven f - 14 electrons in the step.

DISCUSSION AND RESULTS

At the end of this lesson, students should learn to fill the rows and rows of atoms of elements of
D.l. Mendeleev's periodic law and periodic system with electrons.

Students are reminded once again that the electron size of an energy level is determined by the
formula N=2n? and the maximum number of electrons in an energy level with the number of holes
N is n. This formula allows to determine the maximum number of electrons in each energy level.
From this formula, it is concluded that the first K energy level close to the nucleus will have two
electrons, the second L level will have eight, then the M level will have 18 electrons, and the N
level will have 32 electrons, etc.
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Figure 3. Filling the orbitals of multi-electron atoms with electrons.
For example, students are given an example of the filling of atomic energy levels with electrons:
1s2,2s2,2p®%, 352,3p% 3d°, 452, 4p%, 4d*°, 4f 14,552, ..
Students practiced writing electron configurations of other atoms.

Oxygen atom 1s2 2s? 2p*
K L

Potassium atom 152 2s? 2p® 3s? 3p® 4st
K L M N

Copper atom 152 2s? 2p® 3s? 3p® | 3d° 4st
K L M N

The next four lessons will explore the types of chemical bonds and the formation of molecules.
All types of chemical language (homopolar, heteropolar, coordination and hydrogen bonds), ionic
bonds, metallic bonds are considered with students. Among these, the most difficult for students
to understand is covalent bonding. In the formation of covalently bonded molecules, electrons are
not transferred from one atom to another, but one or more shared electron pairs are formed between
two atoms. Valence electrons of both atoms participate in the formation of electron pairs. In the
hydrogen (N) molecule, the electrons form a common pair of electrons moving in both nuclear
fields. In the study of this issue, a molecule is considered to be the smallest particle that contains
the main properties of matter. Since this is the case, it is appropriate for the substance to be in the
form of molecules rather than atoms.

In the outer energy level of an atom, there are one to eight electrons. The eight-electron step is
considered complete. Therefore, only inert gases do not tend to chemical interactions and can exist
in atomic form. Since the atoms of other elements are incomplete, they tend to become complete
during chemical reactions. This is achieved by electron loss or attachment, as well as the formation
of shared electron pairs.

Now let's look at the formation of the simplest molecular hydrogen molecule. We will ask the
students such a question. What causes two hydrogen atoms to bond? Why can't hydrogen exist as
single atoms?
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The answer to these questions is that the formation of each mole of hydrogen is accompanied by
the release of 431 kD of energy. So it is convenient for hydrogen to be a molecule rather than an
atom.

The mechanism of homeopolar or nonpolar binding is then considered. According to the modern
theory of chemical bonding based on quantum-mechanical concepts, one of the possible ways of
interaction between two atoms is the existence of unpaired, non-parallel spins in atoms. Therefore,
when two hydrogen atoms with different values of s-electron spins approach each other, their
electron clouds are covered. The electron density of the clouds increases in the space between the
nuclei. This increases the force of attraction between the nucleus and the electrons. This process
occurs with the formation of a stable molecule composed of two atoms due to the release of energy.
This process can be shown schematically as follows:

N-+-N->N:N+431 kD
In this scheme, the electron pair is located symmetrically between the two atomic nuclei, and such
molecules are called symmetric molecules, and the bond is called nonpolar and homeopolar bond.
The structure of halogens, oxygen, nitrogen molecules is also considered in the same order as
above. It should be noted that the more electrons involved in the formation of common electron
pairs, the more stable the molecule. Polar covalent bonding is studied in this way.

After that

CONCLUSION

After studying the subject material, control work is conducted. Ten years of work experiences in
the areas of chemistry have confirmed that they can thoroughly master the materials of the topic
"Atom structure and chemical bonding". Skillful presentation of these issues allows students to
consciously understand the structure and properties of inorganic and organic substances.

REFERENCES

1. Mupcanuxos, b. A., & Caiirxanos, 1. H. (2021). PA3AEJIEHUE S/IPO YPAHA.
HNCIIOJIB30BAHUE METOJA «KJIACTEP» B OBYYEHUU «EITHOM PEAKIIUW»
SEPARATION OF THE URANIUM NUCLEUS. USE OF THE «CLUSTER» METHOD IN
TRAINING «CHAIN RESPONSE». M75 MonoaexHas HayKa: BBI30BbI M IEPCHEKTUBBIL:
Mmatepuaisl, 357.

2. Konmakos B.A. Ctpoenne u cBoiictBa. —M.: “IIpocsemenue”, 1970.

3. BexxoHoB P. Axmanxyxaes b. Atom dusukacu. —T.: “Viurysun”, 1979.

4. lllmonbckuit 9.B. Atom ¢usukacu. 2-xwna. T.1-2. -T.: “Sv’KI/ITquI/I”, 1970.

5. BexxoHoB P. V36ekncronna supo dusnkacu tapuxu. —T.: “Yxurysun”, 1994,

6. Kanoxos 3., Kapaxomxkaes A.K., Hacpunauaos K.P., [Tonsonos C.P. ATom Ba siapo dpusmkacu.
JTaGopatopus uuutapu. —T.: “Viurysun”, 2002.

7. FOcymnos, 1. b., & Caiitmxanos, 1. H. (2021). ®U3UKA MACAJTAJIAPUHU EUNIIOA
MATEMATHKAHUHI YPHU. Xypuan ®usnxo-mMaTemaTnueckue Hayku, 2(1)

32| Page


https://scientifictrends.org/index.php/ijst

International Journal of Scientific Trends- (1JST)
ISSN: 2980-4299

Volume 3, Issue 01, January, 2024

Website: https://scientifictrends.org/index.php/ijst

Open Access, Peer Reviewed, Scientific Journal

8. Perens A.P., I'mazoB B.M. [lepuonndeckuii 3ak0oH M (PU3HUECKUE CBOHCTBA AJIEKTPOHHBIX

pacimiaBoB. M.: Hayka, 1978. 309 c.

9. I'mn3z0ypr, B.JI. CoopHuK 3a1a4 o obmemMy Kypcy dusuku: AtomHas ¢usnuka. dusuka sapa u
anemeHTapHbIx dactuil. kH.5/ B.JI. T'unzOypr, JL.H. Jleeun, M.C. PabunoBuu. — CIIb.: Jlans,
2006. — 184 c.

10. Mirsaatov, R., Khudoyberganov, S. Development of a Non-Destructive Method Determination
of the Maturity of Mulberry Cocoons AIP Conference Proceedings this link is disabled, 2022,
2432, 040018.

11. Sidikova, T., Barxanadjyan, A., Hakimov, R., Sabirova, D., Mirsaatov, R. The impact that
crushed rubber can have on the quality of bitumen and asphalt concrete. IOP Conference Series:
Materials Science and Engineeringthis link is disabled, 2020, 883(1), 012198.

12. I'pakoB, B.E. AtomnHas ¢usuka. TeopTuueckre OCHOBBI M JITAOOPATOPHBIA MPAKTUKYM:
Yyebnoe mocooue/ B.E. I'pakoB, C.A. MackeBuy, A.A. Cokonbckuii; mox o6mi. pem.A.IL
Knumenko. — M.: Undppa-M, Hos. 3nanue, 2011.- -333 c.

13. Acradypos B.I., ByceB A.1. Ctpoenne BemectBa. —M.: “IIpocBemienne”, 1983.

14. MupcamuxoB, b. A., & Caittmxkanos, L. H. (2022). 3HAUEHUE IIPUHIUIIA
OPTAHU3AIIUNU B TIPEIIOJABAHMUUN CTPOEHUA ATOMA U SAJIPA HA OCHOBE
MEXJUCLMIIJIMHAPHBIX HMH®OPMAIIMOHHBIX TEXHOJIOI'MI. SCIENTIFIC
ASPECTS AND TRENDS IN THE FIELD OF SCIENTIFIC RESEARCH, 1(4), 72-76.

15.T. A. Kyna6nynnaes, I'. A. AbnynnaeBa, FO. H. Kobmuk, I1I.H. Caiitmpkanos, A.A. Kuwm, I'.T.
Jxypaea. K ucrnonp30BaHUIO raA0IMHIS IS UCCIIEOBAHUI IO HEUTPOH 3aXBAaTHOW Tepanuu Ha
peaktope BBP-CM. V36ekckuii pusznueckuii xypHan, 2013, T.15, No5-6, ¢.292-304.

16. Mupcamuxos, b., & Caiitmkanos, 11I. (2022). IJJPO HYPJAPMHU TUBBUETJIA
KYJUIAHWJIUIINHUHT AXAMUSTH. Involta Scientific Journal, 1(3), 129-135.

17. B.II. T'ony6eB. JlozumeTpust u 3amurta OT HOHM3UpYrommXx u3nydeHuid. [lox pen. E.JIL
CronsipoBoit. M.-JI., ['ocaneprousaar, 1963. 336 ¢

18. Jlanac6epr, I'.C. Dnemenrtapubiii yueOHuk ¢usuku. T.3. KonebGanus Bomnbl. OnTHKa.
AtomHas u sinepHas ¢pusuka: Yuebnoe nocodue / I'.C. JlanncOepr. - M.: ®uszmatiur, 2016. - 664
C.

19. Apremos, A. B. ®usnueckas xumust / A.B. Apremos. - M.: Ipoda, 2013. - 288 c.

20. PoxxxkoB M.M. Metoauka M3y4eHHs] CTPOSHHS aToMa B Kypce (PM3MKH CpeiHed MIKOJIBI.

ABToped. JiC. KaH. nes. HayK. -M., 1954
21. bemoctun, A. A. [ToreHnmomerpusi. PU3NKO-XUMHUECKHE OCHOBBI M TPUMEHEHHsS. Y4eOHOe
rocooune / AA. Bemroctun. - M.: Jlans, 2015. - 336 C.

22. benses, A. I1. ®uzndeckas u koyutonanas xumus / AL benses, B.M. Kyuyk. - M.: TDOTAP-
Menaua, 2014. - 752 c.

23. Maxmynos, 0. I'., & Caitrmpkanos, 1. H. (2019). USYYEHUE TEMbI «CTPOEHUE
ATOMA 1 XUMHNYECKHUE CBA31» HA YPOKAX XUMWNU U ®U3UKU. B nomepe, 31.

24. Maxwmynos, 0. I'., & Caitmxanos, . H. (2018). K u3ydennro 3aKk0HOB AJIEKTpOJIM3a Ha
ypokax ¢usuku u xumun. Monooou yuenwiil, (40), 196-198.

25. T'opmixos, B. M. OcHoBsl pusudeckoit xumuu / B.U. I'opmkos, U.A. Ky3uenos. - M.: bunowm.
Jlaboparopus 3HanwmiA, 2011. - 408 c.

26. Tommnymaros F0.T., FicxokoB A. Anopranuk kumé. —T.: “Yrurysan”, 1992.

33| Page


https://scientifictrends.org/index.php/ijst
https://www.scopus.com/authid/detail.uri?authorId=57219267428
https://www.scopus.com/authid/detail.uri?authorId=57222569194
https://www.scopus.com/authid/detail.uri?authorId=57219267428#disabled
https://www.scopus.com/authid/detail.uri?authorId=7801657805
https://www.scopus.com/authid/detail.uri?authorId=57219266367
https://www.scopus.com/authid/detail.uri?authorId=57219268748
https://www.scopus.com/authid/detail.uri?authorId=57219266512
https://www.scopus.com/authid/detail.uri?authorId=57219267428
https://www.scopus.com/authid/detail.uri?authorId=57219267428#disabled
https://www.scopus.com/authid/detail.uri?authorId=57219267428#disabled

International Journal of Scientific Trends- (1JST)

ISSN: 2980-4299

Volume 3, Issue 01, January, 2024

Website: https://scientifictrends.org/index.php/ijst
Open Access, Peer Reviewed, Scientific Journal

27. TopmikoB, B. 1. ®usndeckas xumus. Yueonuk / B.M. T'opmikos, U.A. Ky3nenos. - M.:
UsnarensctBo MI'Y, 2015. - 264 c.

28. A.A. MaxmynoB. Onmii TabiuM Myaccacayiapuja ymMmymui ¢uzukanuHr "Bomopon atomu
CIIEKTpJiapy Ba yJapjard KoHyHusTiaap" wmap3ycuHu "[llaptHoma" nuaakTuk VHUHUAAH
doitganann® Ykutum Meroaukacu//M>Koakop YKUTYBYM WIMHA-YCITyouid xypHaiu.— DaproHa,
2022. — Ne22. —b.336-40.

29. AM. XynaitbepranoB. Hunbc BopHHHT aroM (HU3MKAaCHMHUHT PHBOXJIAHHUINWTA KYIITaH
xuccacuHu omnacu3mu? Vbkoakop YKUTYBUM UIMHIA-yCITyOuit xypHamu. 2022, Ne23. 373-77.

30. AM. XypnaiiGepranoB. KBaHT aroM (QHU3MKAaCMHM TYIIYHTUPUIIIA KBAaHT MEXaHHUK
OTIEPATOPJIAPHUHT pOiH. VKoAKOp YKUTYBUM UMUK -yCITyOui sxypHanmu. 2022, No22. 331-35.

34|Page


https://scientifictrends.org/index.php/ijst

