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The article examines the philosophy of chemistry as an important interdisciplinary field
that influences pedagogical approaches to teaching chemistry. The main philosophical concepts
such as reductionism and holism, scientific realism and antirealism, as well as the use of models
and analogies are discussed. The article highlights how these concepts can be integrated into the
educational process, contributing to the development of critical thinking and understanding of
complex chemical concepts. Practical recommendations for teachers are offered, including the
use of interactive teaching methods, contextualization of educational material and the use of
technology. The study highlights the importance of a philosophical approach to prepare students
for a conscious perception of science and its impact on modern society. There are also key
philosophical issues related to the ontology of matter, the problem of reductionism, the role of
models and idealizations in chemistry, as well as causality and explanatory models. Considerable
attention is paid to the analysis of methodological aspects, such as experimental and theoretical
methods, as well as interdisciplinary approaches linking chemistry with other sciences. The article
emphasizes the importance of philosophical and methodological understanding of chemistry for a
deeper understanding of scientific processes and the evolution of chemical concepts.

Keywords: philosophy of chemistry, pedagogical approaches, holism, scientific realism,
critical thinking, interactive teaching methods, methodology of science, ontology of matter,
reductionism, models and idealizations.

Introduction

For the human being, one of the most important natural sciences is chemistry - the science
of composition, internal structure and transformation of matter, as well as the mechanisms of these
transformations. «Chemistry - the science of studying properties and transformations of substances,
accompanied by changes in their composition and structurey. It studies the nature and properties of
various chemical bonds, the energy of chemical reactions, the reaction capacity of substances, the
properties of catalysts, etc. Chemistry has always been needed by humanity in order to make from
natural substances materials with properties, Necessary for daily life and production. The production
of such substances is a production task, and to realize it, you must be able to carry out qualitative
transformations of the substance, i.e. from one substance to another. To achieve this, chemistry must
solve the theoretical problem of the genesis (origin) of the properties of a substance. Thus, the basis
of chemistry is a two-fold problem - obtaining substances with certain properties (aimed at its
achievement human production activity) and identifying ways to control the properties of the
substance (Scientists' research work is directed towards this goal) [1].

The philosophy of chemistry is an interdisciplinary field in which sciences, philosophy and
pedagogy intersect. This direction allows us to better understand not only chemistry itself as a
science, but also its methodological foundations, as well as ways to transfer knowledge about
chemistry to new generations. In this article, we will look at the main philosophical concepts in
chemistry, their impact on pedagogical approaches and practical recommendations for teaching
chemistry in educational institutions [2].
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The philosophy of chemistry is a relatively young field of philosophical research that deals
with fundamental issues related to chemistry as a science. Although philosophy has long been
interested in physics and biology, chemistry has long remained outside the philosophers' attention.
However, in recent decades philosophers have begun to understand the importance of chemistry
for understanding fundamental categories such as matter, structure and interaction [3].

Materials and methods

1. Materials. Literature:

The main texts and studies related to the philosophy of chemistry, including the works of
famous philosophers and chemists such as D.I. Mendeleev and modern authors in the field of
philosophy of science.

Textbooks and articles describing key concepts such as reductionism, holism, scientific
realism and anti-realism.

Educational resources:

Curricula and courses that include philosophical aspects of chemistry.

Virtual laboratories and simulations that allow you to demonstrate chemical reactions and processes.

2. Methods. Analysis of philosophical concepts:

The study of basic philosophical questions of chemistry, such as the nature of matter, the
structure of molecules and the laws of chemical reactions.

A comparative analysis of reductionism and holism, as well as scientific realism and antirealism.

Teaching methods:

Interactive learning methods: Using group discussions, project work, and active forms of
learning to gain an in-depth understanding of chemical principles.

Contextualization of learning: Linking the studied material with real life situations to
increase students' motivation and interest.

Research approach: Involving students in research projects, which contributes to the
development of scientific thinking and understanding of the scientific method.

Knowledge testing:

Discussing philosophical issues in the context of scientific theories and models, which
helps students develop critical thinking.

Assessment of students' understanding through the performance of tasks related to real
chemical problems and their solutions.

3. Practical recommendations for teaching chemistry.

The development of curricula based on the principles of reductionism and holism to provide both
a detailed study of individual chemical processes and their interrelationships in larger systems.

Encouraging critical thinking through the analysis of scientific theories and models,
including discussion of their limitations and application contexts.

Integrate technologies such as digital tools and simulations to improve understanding of
complex chemical concepts and create an interactive learning environment.

4. The importance of the philosophy of chemistry.

The philosophy of chemistry contributes to a deep understanding of the science of
substances and their transformations. It allows you to better understand the basic principles of
chemical processes and offers new approaches to solving scientific problems.

A critical analysis of the basic premises and methods used in chemical practice is important both
for the progress of chemistry itself and for other natural sciences with which it is closely related.

5. Methodological and ideological problems of chemistry.

Definition of the subject of chemistry and its changes in the historical context.

Clarifying the place of chemistry in the system of scientific knowledge and its interaction
with other sciences.

Features of the language and organization of the chemical community, which create a
unique identity of chemistry as a science [3].
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The main part

Basic philosophical concepts in chemistry.

The philosophy of chemistry studies issues such as the nature of chemicals, the laws of
chemical reactions, and the structure of molecules. The important aspects are:

e Reductionism versus holism. Reductionism implies that complex systems can be
understood by studying their components. At the same time, the holistic approach considers the
whole as something more than the sum of its parts. In education, this can manifest itself in a
discussion of how chemical reactions affect ecosystems.

e Scientific realism and anti-realism. Scientific realism claims that scientific theories
describe reality, while anti-realism calls this position into question. These ideas can be useful in
educational contexts where students learn to be critical of scientific theories.

e Models and analogies. In chemistry, models are often used to explain complex concepts.
Learning from analogies can help students better assimilate information using examples from
everyday life [4]?

The influence of the philosophy of chemistry on pedagogical approaches.

Philosophical concepts of chemistry can significantly change approaches to teaching. Let's
consider several methods:

¢ Interactive teaching methods. The use of active forms of learning, such as group work,
discussions and project assignments, contributes to a deeper understanding of chemical principles
and the development of critical thinking.

¢ Contextualization of learning. The connection of chemistry with real life situations helps
students realize the importance of the material being studied. For example, discussing the effects
of chemicals on the environment can increase the interest and motivation of students.

e Avresearch approach. Involving students in research projects develops scientific thinking
skills and contributes to a better understanding of the nature of the scientific method [5].

Practical recommendations for teaching chemistry.

For effective teaching of chemistry in accordance with philosophical concepts, the
following recommendations can be used:

e Development of curricula based on the principles of reductionism and holism. The
educational process should include both a detailed study of individual chemical processes and their
interrelationship within large systems.

e Encouraging critical thinking. It is important to encourage students to analyze scientific
theories and models by discussing their limitations and application context.

e Technology integration. Using digital tools and simulations can improve understanding
of complex chemical concepts and make learning more interactive [6].

Importance of the philosophy of chemistry.

The philosophy of chemistry plays an important role in understanding the science of
substances and their transformation. It allows for a deeper understanding of the basis of chemical
processes, offers new approaches to scientific problems and expands the horizons of
interdisciplinary research.

In addition, the philosophy of chemistry is important in practice because it allows a critical
analysis of fundamental assumptions and methods used in chemical practice. This is important for
the progress of both chemistry itself and the other natural sciences with which it is closely linked.

Methodological and worldview problems of chemistry.

The most obvious methodological problems of any science are such as the definition of the
subject of the specialized science itself, the change of the subject in the course of its historical
development, the clarification of the place of a particular science in the system of scientific
knowledge, its relations with other sciences, Attitude to practice. All this is characteristic for
chemistry. As noted above, chemistry, like any science, has a subject, methods, specific cognitive
goals and ideals, as well as a peculiar language, special organization and life of the chemical
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community. But unfortunately, to give a clear one-word answer to the question what is chemistry
impossible. First, any definition is always incomplete, leaving behind many important aspects of
the substance of the defined concept. Second, the content of the term «chemistry» changes over
time. And if in his time D.I. Mendeleev defined chemistry as the teaching about elements and their
connections, i.e. about finished objects, then today this definition does not reflect the main in
modern chemistry - the teaching about processes of qualitative transformation of substances [7].

Philosophy of chemistry and chemistry subject.

Three main groups of philosophical questions of chemistry can be distinguished.

1. The first of them is related to the generalization of what has been achieved by chemistry
in the knowledge of matter, with the identification of how it enriches the general scientific picture
of matter, nature, what is the worldview of the discoveries made. This is the ontological aspect of
chemistry’s achievements. The development of these questions allows to discover, better
understand the essence of a certain open chemistry of phenomena, see their relationship with other
- physical, biological and other - phenomena, comprehend their place in the general system of
nature. The development of these questions is necessary not only for the production of a general
scientific worldview, corresponding to the level of knowledge about nature reached, but also for
the adjustment of further directions of chemical research.

2. The second and most extensive group of issues are questions of epistemology and
methodology. They address the cognitive activity of the chemist, its logical tools, analysis of
developing chemical knowledge of applied concepts in chemistry, abstractions, methods of
research, etc. The results of cognition, being shaped into new concepts, principles, theories, always
become tools of further learning. To reveal not only the general scientific, worldview significance
of new knowledge, but their importance in the development of the cognitive apparatus of science,
their functioning as tools and means of cognition - this is the task of research on the methodological
and gnosiological side of chemistry. These questions have acquired a special urgency and
importance in the context of the rapid development of modern chemistry, increasing mathematics,
the abstraction of knowledge.

3. The third group of philosophical questions of chemistry are questions pertaining to the
disclosure of the social aspect of chemical development and chemical practice. These are questions
related to the transformation of chemistry into a productive force, related to the fact that concepts
produced by science become tools for practical human activity in the transformation of objective
reality. These are questions related to the fact that the chemical substances studied are not only a
mysterious subject of persistent scientific research, but also a vital need for humanity. The
presence or absence of certain kinds of substance, the ability of chemistry to transform the
substance, its properties and transformations, all are essential factors in social development and
are reflected in different aspects of society.

The philosophical-methodological study of chemistry is an analysis of fundamental
principles, methods and approaches that are used in chemical science. These studies help to
understand how chemical knowledge is formed, how it relates to other areas of science and what
philosophical basis lies behind it. The methodology of chemistry covers both empirical and
theoretical aspects, which makes it unique in the range of natural sciences [8].

Philosophical foundations of chemical science.

1. Ontology of the substance. One of the central questions of chemistry philosophy is the
essence of matter. Unlike physics, which studies fundamental particles, chemistry focuses on
matter in more complex forms - molecules, compounds and their interactions. The question of
what constitutes a chemical is key to understanding the philosophy of chemistry. This substance
can be understood as a collection of particles subject to physical laws, or as something more
holistic, with its own qualities and characteristics.

2. The problem of reductionism. The question of reduction of chemistry to physics and
guantum mechanics has an important philosophical significance. Although many chemical
processes are explained through quantum mechanics, phenomena such as chemical bonds,
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catalytic processes and reaction dynamics are difficult to reduce to physical laws alone. The
methodological aspect of this problem is how much chemistry depends on physical theories and
how much it is a separate science.

3. Role of models and idealizations. Chemistry is actively using models and idealization to
describe complex chemical processes. For example, the idea of molecular orbits or the concept of
hybridization of atomic orbitals helps to explain molecular structures but does not always
accurately reflect reality. The philosophical question is how much models in chemistry reflect the
real world and how useful they are as a tool of scientific knowledge.

4. Causality and explanatory models. Chemistry is closely related to questions of causality:
what causes chemical reactions and how can one explain the transition from one state of a substance
to another? Causality in chemistry is often solved by the concepts of energy, thermodynamics and
kinetics of reactions. However, it raises philosophical questions about how exactly chemists
understand the causal relationships and explanatory mechanisms in their models [9].

Methodology of chemical science.

1. Experimental methodology. Chemistry, as an empirical science, is largely based on
experimental methods. An important methodological problem here is the relationship between
experimental data and theoretical models. Experiments in chemistry often require complex
instruments and techniques such as spectroscopy, chromatography or X-ray structural analysis.
The philosophical question is how the data obtained by these methods are interpreted and how
they relate to theoretical representations of a substance.

2. Theoretical methodology. With the development of quantum chemistry and computer
modeling, chemistry has moved to the use of complex mathematical models and computational
methods. This changed the traditional experimental nature of chemistry, adding an important
theoretical dimension. The methodological interest here is how empirical data relate to theoretical
calculations and to what extent the latter can predict experimental results.

3. Interdisciplinary approaches. Chemistry is at the intersection of many sciences, such as
biology, physics and materials science. This requires the development of interdisciplinary
methodological approaches that allow methods and concepts from different disciplines to be
combined to address common scientific challenges. For example, chemical biology uses chemical
methods to study biological processes, and nanoscale chemistry studies interactions at the
nanoscale. The question is how chemistry will adapt its methods and concepts to integrate with
other sciences [9].

Philosophical and methodological problems.

1. The role of experiment and observation. In chemistry, as in other sciences, experiment
plays a central role in the acquisition of new knowledge. However, the philosophical and
methodological question is how far the results of experiments can be considered objective and how
they influence the formation of theoretical concepts.

2. Evolution of chemical concepts. Chemistry as a science has undergone significant
evolution since its inception. Concepts such as atom, molecule, chemical bond have changed and
refined with the development of new methods of research and theoretical approaches.
Philosophical and methodological analysis of these changes allows to understand how scientific
knowledge is formed and what factors influence its development.

3. Relationship of chemistry with other sciences. Chemistry is closely linked to other
natural sciences, which raises questions about its status and autonomy. The methodological
problem is how chemistry interacts with physics, biology and materials science and how it
maintains its independence as a scientific discipline [10].

Results and discussions

This paper examines the key philosophical concepts related to chemistry and their impact
on educational approaches. The main results of the study can be summarized as follows:

1. Basic philosophical concepts
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Reductionism and holism: These approaches demonstrate how the understanding of
chemistry can vary depending on the chosen methodology. Reductionism helps to deepen
knowledge about specific processes, whereas holism allows you to see the relationship between
chemical reactions and ecosystems.

Scientific Realism and anti-realism: These concepts encourage students to critically
comprehend scientific theories. In the educational process, it is important not only to transfer
knowledge, but also to develop critical thinking so that students can analyze and evaluate theories.

Models and Analogies: Using models and analogies in teaching helps students better understand
complex concepts. This makes the material more accessible and connected to everyday life.

2. Influence on pedagogical approaches

Philosophical concepts have had a significant impact on the methods of teaching chemistry:

Interactive teaching methods: Active participation of students in the educational process
contributes to a better understanding of chemical principles and the development of critical
thinking skills.

Contextualization of learning: The connection of chemistry with real life situations, such
as the effects of chemicals on the environment, enhances students' interest in the subject.

Research approach: Students' participation in scientific projects develops their scientific
thinking and deepens their understanding of the scientific method.

3. Practical recommendations for teaching

The following recommendations are offered for the successful implementation of
philosophical concepts in chemistry education:

Developing curricula that take into account both reductionist and holistic approaches.

Stimulating critical thinking through the analysis of scientific theories and models.

Integrating technologies such as digital tools and simulations to improve understanding of
complex chemical concepts.

Discussion

The philosophy of chemistry is an important field that helps to better understand the nature
of chemical processes and their interaction with other sciences. It not only enriches our knowledge
of substances and their transformations, but also contributes to the development of critical thinking
among students, which is necessary for successful scientific practice.

The problems of defining the subject of chemistry and its methodology, as well as changes
in the understanding of chemistry over time, emphasize the need for constant rethinking of
teaching approaches. Research in the field of philosophy of chemistry can help identify new areas
of learning, as well as improve interdisciplinary interaction in scientific practice.

Conclusion

the philosophical aspects of chemistry play an important role in education and scientific research,
contributing to a deeper understanding of both science itself and its place in the modern world.

The philosophy of chemistry is of great importance for pedagogy, as it allows a deeper
understanding of the nature of chemistry and its place in science. The integration of philosophical
concepts into educational practices can not only enrich the learning process, but also prepare
students for the critical perception of scientific information. It is important to continue to research
and develop pedagogical methods based on philosophical ideas, which, in turn, will contribute to
the formation of more knowledgeable and thinking citizens

Philosophy of chemistry is a dynamically developing discipline that deals with the study
of philosophical aspects of chemistry. Its aim is not only to answer classical questions about the
nature of matter and chemical reactions, but also to propose new approaches to understanding how
chemistry fits into the general context of scientific knowledge.

Philosophical-methodological study of chemical science plays a key role in understanding
both the fundamental foundations of chemistry and its methods. The analysis of philosophical and
methodological aspects of chemistry allows for a deeper understanding of scientific cognition,
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models and experiments, as well as their relationship with other sciences. In the context of rapidly
developing technologies and interdisciplinary research, philosophy and methodology of chemistry
will continue to be an important area of scientific reflection.
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"XUMHUA PUHITOCOPUACDHI" — PUNITOCOPUAJIBIK 9JAICTEMEJIIK XUMUA
FBIJIBIMBIH 3EPTTEY

Taneamosa A./]., Paxunosa C.K.

1. XKancyzipos amuvinoaswl JKemicy ynusepcumemi, Kazaxcman Pecnybnuxacet, Tanovikop2ar K
*e-mail: a.dauletovnaaa@gmail.com, sayra.76@mail.ru

Maxanaoa xumus punoco@usaceyt XUMusHbl OKbIMYOblY NE0A0SUKALIK MACIIOEpiHe acep
ememin MaHbl30bl NIHAPATLIK OAeblm peminde Kapacmuvlpulieal. Peoykyuonusm men xonusm,
EbINbIMU Deanu3M HCIHEe AHMUPEeanusm CUAKmMbl He2izel uiocopuanevix yevimoap, COHOAu-axK
MoOenboep MeH YKCACmbIKmapovl KOIOAHy MAKslianaovl. Maxanaoa Oyn yeuimoapovl CoiHu
MYPeblOaH OULAy MeH Kypoesi XUMUSIbIK Y2bIMOaApObl My CiHy2e bIKnal eme omuvlpbin, Oiim bepy
npoyecine xanaiu Oipikmipyee O6oaramviHObI2bl KopcemineeH. OKblmywbliapea UHMepaKxmuemi
oKbImy 20icmepin KONOAHy, OKY MAMepUdiblH KOHMEKCMMmeY JHCIHe MEeXHOI02ULIAPObl
nanoananyovl Koca an2anod, NPaKmuKaiblk YColHbICMAap YCbIHbIIAObL. 3epmmey cnyoeHmmepoi
EbLILIMObL CAHANBL MYpPOoe Kabvlioayza JHCoHe OHblH Ka3ipel Koeamea acepine O0aublHOAy0debl
@unocouanvix macindiy manvi30vLabLI2LIH Kopcemeoi. CoHnoali-aK 3ammbuly OHMONOSUACHIHA,
PeOYKYUOHUIM Macenelepine, XUMUA0Abl MoOOeaboep MeH UOedlu3ayusaiapobly poiine, COHOAll-
ak cebenminik new myciHOipme Mooerboepine KamviCmul Hezizel urocopusanvly macenenep.
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DKCnepumeHmmiK JcoHe MeopusnblK 20icmep, COHOAU-AK XUMUAHbL OACKA &blILIMOAPMEH
OAUNAHBICMBIPAMBIH NIHAPANLIK, MACIIOEP CUAKMbL d0ICHAMAILIK ACneKminepoi manoayea Kon
Koyin Oeninedi. Makana 2vinblmMu npoyecmep MeH XUMUSALIK YebIMOApOblY 380MIOYUACHIH
mepeHipex myciny YuliH Xumusibl QuiocoQusivlk JiHcoHe 20iCHAMANLIK MYPEblOaH MYCiHYOIH
ManbI30bLIbIEbIH KOpCemeoi.

KinT ce3nep: xumus punocogpusicol, nedacocuxanvly macinoep, Xoausm, bliblMU Peaiusm,
CHIHU OUAY, OKbIMYObIH UHMEPAKMuUuemi a0icmepi, bliblM 20icmeMmeci, 3ammuly OHMOLOSUACHI,
PEOYKYUOHUIM, MOOENbOEP IHCIHE UOeANUSAYUSL.

«@UJTOCOPUA XUMHUN» - PUTTIOCOPCKO-METOJOJTOI'MYECKOE
NCCIEJOBAHUE XUMHNYECKOHN HAYKH

Taneamosa A./l., Paxunosa C.K.

HKemuwicyckuti ynusepcumem umenu Unvsica ’Kancyeyposa, Pecnyonruka Kazaxcman,
2. Tanovikopean
*e-mail: a.dauletovhaaa@gmail.com , sayra.76@mail.ru

B cmamve paccmompen @urocoua  xumuu Kaxk 8adNCHOE MeHCOUCYUNTUHADHOE
Hanpaegienue, euugiouee Ha nedazocuueckue nooxoodvl Kk obOyuenuio xumuu. Obcyscoaromces
OCHOBHble punocoghckue KoHyenyuu, maxkue Kaxk peOyKYyuoOHusM U XOIU3M, HAVUHbIL Peanrusm u
AHMUpeanu3m, a makice UCnoIb308anue mooenel u ananozui. Cmams noouepxusaem, Kaxk 3mu
KOHYenyuu Mo2ym Oblmb UHMe2pUPOBAHbl 8 00PA308aAMeENbHbLIL NPOYECcc, CNOCOOCMBYSL PA3BUMUIO
KPUMUYECKO20 MbIUACHUSI U NOHUMAHUSL CILONCHBIX Xumudeckux nousmutl. IIpednocervl
npakmuyecKue peKxomeHoayuu Oas npenooasameinel, 6KIIOYAs NPUMeHeHUe UHMEPAKMUBHBIX
Memo008 00yUeHUsl, KOHMEKCMYATUZAYUIO YHeOHO020 MAMEPUANA U UCNOTIb30BAHUE MEXHOL0SUIL.
Hccneoosanue noduepkusaem 8axcHoCmv QUIOCOPCKO20 N0OX00a O NOO20MOBKU CHYOEeHMO8
K OCO3HAHHOMY BOCHPUSIMUIO HAYKU U ee 6IUSHUI0 HA cO8peMeHHoe 0bujecmao. Tak dice Knouegole
@unocogckue 6onpocwi, Kacarowuecs OHMONOUL 8eujecmad, npodIeMsbl peOYKYUOHUZMA, POTU
MoOenell u udeanu3ayutl 6 XuMuu, d maxKdice NPUYUHHOCIMU U OOBACHUMENbHbIX MOOEEl.
3uayumenvHoe BHUMAHUE YOENEeHO AaHANU3Y MemOoOON0SUHeCKUX dACNeKmOos, MAaKux Kak
IKCNEPUMEHMATIbHbIE U MEOPEemuyecKue Memoovl, a MaKdiIce MeHCOUCYUNTUHAPHbIE N0OXO0Ob,
ceazvisarouue xumuro ¢ opyeumu Haykamu. Cmamos nooyepkugaem 8aiCHoCms Guiocoghckoco u
MEMOO0N02ULECKO20 OCMBICAEHUS. XumMuu 0Jisi 60ee 2yH0K020 NOHUMAHUSL HAYYHbIX NPOYECCO8 U
9IB0NIOYUU XUMUYECKUX NOHAMUIL.

KuaroueBble ciioBa: gunocogusa xumuu, nedazozuueckue nooxoowvl, XOAU3M, HAYYHbIL
peanusm, Kpumuyeckoe mvlulieHue, UHMepaKmueHvle Memoobl 00y4eHUs, Memooolo2usi HAyKu,
OHMON02UA 8euecmsd, pedyKYUOHUIM, MOOeU U UOeaNU3ayUlU.
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