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ABSTRACT KEYWORDS

The interdisciplinary integration of scientific subjects has become an | Interdisciplinary
important approach in modern education, enabling students to develop integration, atomic
gholistip understanfling of naturql phgnomenq. This arti‘cle exami‘nes the physics, chemical
integration of physics and chemistry in teaching chemical bonding and bondin valence
valence within the context of atomic physics. The study explores how O,n & .
concepts of atomic structure, electron configuration, quantum | S¢'¢M¢C educatl.on,
mechanics, and electromagnetic interactions provide a physical basis for | quantum mechanics,
understanding chemical bonds and valence. Particular attention is given | electron

to interdisciplinary teaching methods that connect theoretical | configuration,
knowledge from physics and chemistry, promoting deeper conceptual | scientific literacy.
understanding and scientific literacy.

Introduction

Annotatsiya. [lmiy fanlarning fanlararo integratsiyasi zamonaviy ta'limda muhim yondashuvga
aylandi, bu esa talabalarga tabiiy hodisalarni yaxlit tushunish imkonini beradi. Ushbu maqolada atom
fizikasi kontekstida kimyoviy bog'lanish va valentlikni o'qitishda fizika va kimyoning integratsiyasi
ko'rib chiqiladi. Tadqiqotda atom tuzilishi, elektron konfiguratsiyasi, kvant mexanikasi va
elektromagnit o'zaro ta'sirlar tushunchalari kimyoviy bog'lanishlar va valentlikni tushunish uchun
gqanday qilib fizik asos yaratishi o'rganiladi. Fizika va kimyodan nazariy bilimlarni bog'laydigan,
chuqurroq kontseptual tushuncha va ilmiy savodxonlikni rivojlantiradigan fanlararo o'qitish usullariga
alohida e'tibor garatilgan.

Kalit so'zlar: fanlararo integratsiya, atom fizikasi, kimyoviy bog'lanish, valentlik, fan ta'limi, kvant
mexanikasi, elektron konfiguratsiyasi, ilmiy savodxonlik.

AHHOTALUA

MexxauciuranHapHas UHTeTPpaIis HayYHBIX TUCIUIUIAH CTajla BAYKHBIM TTOJIXO0J0M B COBPEMEHHOM
00pa3oBaHNM, TTO3BOJISIONIMM CTYACHTaM pa3BHBaTh 1IETOCTHOE IOHWUMAHKE TIPUPOIHBIX sIBJIeHU. B
JTAHHOM CTaThe pacCMaTPHUBAETCSI UHTETpaIus (PU3UKH M XUMHUH B MIPENOTaBaHUN XUMUYECKON CBSI3U
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U BAJICHTHOCTH B KOHTEKCTE aTOMHOW ¢u3uku. VccrnenoBanue m3ydaeT, KaKk KOHIICTIIIUA aTOMHOU
CTPYKTYpBI, D3JEKTPOHHOH KOH(PUTYypaluu, KBAHTOBOM MEXaHUKH H  SJIEKTPOMArHUTHBIX
B3aUMOJICCTBUH 00€CIeunBaOT (U3UYECKYI0 OCHOBY I TOHMMAaHHUS XUMHYECKHX CBSI3CH M
BajieHTHOCTH. Oco00e BHUMAaHHE YJIEIAETCS MEKIUCIUIUIMHAPHBIM MeTo[aM OOy4eHHs, KOTOpbIE
CBS3BIBAIOT TEOPETHYECCKHME 3HAHUA W3 (U3UKHM M XHUMHH, CIOCOOCTBYsl Ooisiee Ti1yOOKOMY
KOHIIENTyaJIbHOMY TOHUMAHUIO U HAYYHOU TPaMOTHOCTH.

KiawueBble c0Ba. MEXIMCIUIUIMHAPHAS WHTETpalusi, aTOMHas (H3MKA, XMUMHUYECKas CBS3b,
BAJICHTHOCTh, HAYYHOE 0Opa3oBaHME, KBAHTOBAs MEXaHUKA, AJICKTPOHHAs KOH(UTypauus, Hay4dHas
IPaMOTHOCTb.

The rapid advancement of science and technology requires educational systems to adopt innovative
approaches that encourage interdisciplinary learning. Traditional subject-centered teaching often
presents scientific concepts in isolation, limiting students’ ability to understand the relationships
between different branches of science. As a result, interdisciplinary integration has emerged as an
effective strategy for improving the quality of science education.

One of the most significant areas for interdisciplinary integration is the teaching of chemical bonding
and valence through atomic physics. Understanding how atoms interact to form molecules requires
knowledge from both chemistry and physics. Concepts such as atomic structure, electron energy levels,
quantum mechanics, and electromagnetic forces provide the theoretical foundation for explaining
chemical bonds and valence.

This article investigates the importance of integrating disciplines in teaching chemical bonding and
valence and examines pedagogical approaches that facilitate meaningful connections between
chemistry and atomic physics.

The article discusses the use of digital technologies, simulations, and inquiry-based learning activities
to enhance students’ comprehension of atomic and molecular structures. The findings suggest that
interdisciplinary instruction improves students’ analytical thinking, problem-solving skills, and ability
to apply scientific concepts across disciplines. The study concludes that integrating chemistry and
atomic physics contributes significantly to the effectiveness of science education and supports the
development of comprehensive scientific competence.

Interdisciplinary integration refers to the process of connecting knowledge, methods, and concepts
from different academic disciplines to achieve a deeper understanding of complex phenomena. In
science education, interdisciplinary approaches help students recognize the unity of natural laws and
understand how scientific knowledge is interconnected.

Physics and chemistry share many fundamental concepts. While chemistry focuses on the composition,
structure, and transformations of matter, physics explains the underlying principles governing these
processes. The study of atomic structure serves as a bridge between the two disciplines.

Integrating atomic physics with chemistry enables students to understand:

The structure of atoms and electron shells;

The arrangement of electrons in orbitals;

The physical origins of chemical bonds;

The role of energy in chemical reactions;
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The relationship between atomic properties and chemical behavior.

Atomic physics provides the scientific foundation for understanding chemical bonding. The
development of quantum theory revealed that electrons occupy specific energy levels around atomic
nuclei. The distribution of electrons determines an atom’s chemical properties and its ability to form
bonds.

Atoms consist of a nucleus containing protons and neutrons surrounded by electrons. The behavior of
electrons is described by quantum mechanics, which explains the existence of discrete energy levels
and atomic orbitals.

Electron configuration determines how electrons are distributed among atomic orbitals. Atoms tend to
achieve stable electronic arrangements, which often resemble the electron configurations of noble
gases.

The tendency toward stability explains why atoms form chemical bonds through electron transfer,
sharing, or delocalization.

Quantum mechanics explains the probabilistic nature of electron positions and energies. Concepts such
as wave functions, quantum numbers, and orbital hybridization are essential for understanding
chemical bonding mechanisms.

Understanding Valence Through Interdisciplinary Learning

Valence refers to the combining capacity of an atom and is closely related to the number of electrons
available for bond formation. Traditionally taught as a chemical concept, valence can be more
effectively understood when linked to atomic physics principles.

Through interdisciplinary instruction, students learn that valence depends on:

Electron shell structure;

Valence electron distribution;

Atomic energy levels;

Quantum mechanical interactions.

For example, the valence of carbon can be explained through its electron configuration:

1s* 28 2p?

The presence of four valence electrons enables carbon to form four covalent bonds, a concept that
becomes clearer when students understand atomic orbital structures and electron behavior.

Types of Chemical Bonds and Their Physical Basis

Ionic bonds form through the transfer of electrons from one atom to another. Atomic physics explains
this process through differences in ionization energy and electron affinity.

Covalent bonds involve the sharing of electron pairs between atoms. Quantum mechanics provides a
detailed explanation of electron density distribution and orbital overlap.

Metallic bonding arises from the collective behavior of delocalized electrons in metallic structures.
Concepts from solid-state physics help explain electrical conductivity and metallic properties.
Hydrogen bonds result from electrostatic interactions between molecules. Understanding these forces
requires knowledge of molecular polarity and electromagnetic interactions.

Pedagogical Approaches for Interdisciplinary Teaching

Inquiry-based activities encourage students to investigate atomic and molecular structures through
experimentation and problem-solving.
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Students analyze real-world scientific problems that require knowledge from both chemistry and
physics.

Concept maps help learners visualize relationships between atomic structure, electron configuration,
valence, and chemical bonding.

The integration of Science, Technology, Engineering, and Mathematics promotes interdisciplinary
thinking and practical application of scientific concepts.

Digital technologies significantly enhance interdisciplinary science education.

Simulations allow students to visualize: Atomic orbitals; Electron movement; Molecular structures;
Bond formation processes.

Virtual experiments provide opportunities to investigate chemical and physical phenomena in safe and
interactive environments.

Animations and 3D models improve understanding of abstract concepts such as electron clouds and
molecular geometry.

Educational Benefits of Interdisciplinary Integration

The integration of chemistry and atomic physics provides several advantages: Improved conceptual
understanding; Enhanced critical thinking skills; Greater scientific literacy; Better problem-solving
abilities; Increased student motivation;

Stronger connections between theory and practice.

Students become more capable of applying scientific knowledge across different contexts and
disciplines.

Despite its benefits, interdisciplinary teaching presents several challenges: Curriculum fragmentation;
Limited instructional time; Insufficient teacher preparation; Lack of interdisciplinary teaching
materials.

Future educational reforms should emphasize curriculum integration, teacher professional
development, and the use of digital technologies to support interdisciplinary science education.

The integration of disciplines in teaching chemical bonding and valence through atomic physics
provides students with a deeper and more comprehensive understanding of scientific concepts. By
connecting chemistry and physics, educators can help learners recognize the physical principles
underlying chemical behavior and develop stronger analytical and problem-solving skills.

Modern pedagogical approaches, supported by digital technologies and inquiry-based learning, create
effective conditions for interdisciplinary education. Consequently, integrating atomic physics and
chemistry should be considered an essential component of contemporary science teaching aimed at
preparing scientifically literate and competent learners.
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