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Scattering, Radiation Physics Design/Methods/Approach The research approach

uses a systematic literature review methodology,
which involves the identification, selection, and
analysis of relevant academic materials. The sources
examined include theoretical and experimental
studies related to X-ray interaction mechanisms, such
as photoelectric phenomena, Compton scattering, and
pair production. This approach allows for a critical
analysis of previous results and the integration of data
to provide a comprehensive understanding of the
physical effects of X-ray radiation on atomic
structure. Findings TThe findings of this review
indicate that X-ray radiation can cause ionization of
atoms, excitation of electrons, and also changes in
subatomic particles at high energy levels. The
photoelectric effect serves as the main mechanism
affecting the arrangement of electrons in atomic
shells, while Compton scattering shows the change in
photon energy due to interaction with free electrons.
Pair production is observed at very high X-ray energy
levels, indicating the conversion of radiation energy
into new particles. Research Implications/Limitations
The implications of this study include enriching the
understanding of radiation physics and developing
technologies that use X-ray radiation for scientific
and industrial purposes. However, there are
limitations to this study, namely the lack of direct
experimental evidence to support certain literature
analyses. Additional research is needed to deepen the
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understanding of the complex interactions between X-
ray radiation and atomic structures, especially under
extreme conditions.

INTRODUCTION

X-ray radiation is a type of electromagnetic radiation with a wavelength ranging from 0.01
to 10 nanometers, and has a very high photon energy between 100 eV to 100 keV. The discovery
of X-rays by Wilhelm Rontgen in the late 19th century not only changed the way we view the
medical world but also established an important foundation for the advancement of modern
physics. In the context of physics, X-ray radiation provides an opportunity to explore atomic
structures more deeply through its unique interactions with materials at the atomic and subatomic
levels. This radiation can penetrate materials, cause ionization, and affect the arrangement of
electrons in atoms.

The interaction between X-rays and atoms includes various physical mechanisms such as the
photoelectric effect, Compton scattering, and pair production. These effects are fundamental in
understanding how X-ray radiation affects atomic structure. For example, the photoelectric effect
occurs when X-rays with a certain energy hit electrons in the inner layer, triggering the release of
electrons and leaving traces of ionization on the atom. Meanwhile, Compton scattering explains
the change in wavelength of X-rays after interacting with free electrons, which illustrates the wave-
particle duality of electromagnetic radiation. Many studies have focused on this mechanism to
understand its impact on atomic energy structure, electron distribution, and chemical relationships.

A thorough review of the literature shows that X-ray radiation can produce a variety of effects
on atomic structures, ranging from transient changes to permanent damage. Theoretical and
experimental research in this area has made significant contributions to radiation physics,
especially in techniques such as X-ray spectroscopy, X-ray diffraction, and X-ray microscopy.
These techniques not only allow high-resolution visualization of atomic structures but also support
the analysis of material properties and interatomic interactions.

The study also considers the effects of X-ray radiation in various contexts, both in laboratory
environments and in extreme conditions such as outer space. Cosmic X-ray radiation, for example,
provides insight into the properties of materials in astrophysical environments, including the
interaction of radiation with charged particles and magnetic fields. In addition, understanding the
effects of X-ray radiation also has practical applications in technology, such as in the development
of radiation shielding and radiation-resistant materials.

By reviewing research findings from a variety of sources, this review aims to provide an in-
depth perspective on the physical mechanisms by which X-rays interact with atomic structures.
Focusing on fundamental aspects of physics helps to understand the potential risks and benefits of
this radiation while guiding future research in the development of X-ray-based technologies. This
review reflects the importance of scientific knowledge about X-ray radiation while emphasizing
the role of physics in connecting fundamental knowledge with real-world applications.

RESEARCH METHOD

This study uses a literature review approach to investigate and analyze the impact of X-ray
radiation on atomic structure based on studies in the field of physics. A literature review is a
structured and systematic method that helps in finding, assessing, and combining studies related to
the topic being studied. This method allows researchers to gain in-depth insight into a particular
issue by referring to previously published results. The steps taken in this literature review include:
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Identification of Relevant Literatur

Literature was identified and selected based on its suitability to the research theme, which is
the effect of X-ray radiation on atomic structure. Reference sources include articles in scientific
journals, books, and conference proceedings published in trusted academic databases such as
PubMed, Scopus, and IEEE Xplore. Keywords used in the search included "X-ray radiation,"
"atomic structure,” "photoelectric effect,” "Compton scattering,” and "radiation physics."

Literature Selection

The literature obtained through the initial search is selected using predetermined inclusion
and exclusion criteria. Inclusion criteria include studies that explain the physical mechanisms of
X-ray interactions with atoms and the effects of radiation on electron configurations. Exclusion
criteria are studies that are not relevant to the physics theme or that do not include supporting data
either experimentally or theoretically.

Data Analysis and Synthesis

The selected literature is analyzed to find the main results, patterns, and shortcomings in
existing research. The analysis process involves an assessment of the theoretical models used, the
experimental techniques applied, and the results and conclusions produced. Data from various
studies are then synthesized to provide a more comprehensive understanding of the impact of X-
ray radiation on atomic structure.

Critical Evaluation

Each literature analyzed is also critically evaluated to assess its validity, reliability, and
contribution to progress in radiation physics. This process is very important to ensure that the
findings produced have a strong basis and can be scientifically accounted for.

Reporting Results

The results of the literature review are structured to present a clear view of the effects of X-
ray radiation on atomic structure. The report includes an analysis of the physical mechanisms of
X-ray interactions, the effects on electron configurations, and the impact of the findings on
technological development and further research.

This method was chosen because it provides flexible access to collect a variety of existing
scientific information and allows for in-depth research without the need for direct experiments.
Through the literature review approach, this study aims to bring together various perspectives and
existing findings to contribute to the understanding of X-ray radiation physics.

RESULTS AND DISCUSSION
The Significance of X-Ray Radiation in the Exploration of Atomic Structure

X-ray radiation has been one of the monumental innovations in the journey of science,
especially since Wilhelm Réntgen discovered it in 1895. The ability of this radiation to penetrate
materials, create internal images, and interact with substances at the atomic scale makes it a vital
tool in the study of atomic structure. In the field of physics, X-ray radiation opens up new
opportunities to understand the behaviour of subatomic particles, the distribution of electrons, and
the impact of energy at a fundamental level. Research into the effects of this radiation is
increasingly important along with advances in technology that allow for deeper exploration of the
fundamental properties of matter.
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Research into the effects of X-ray radiation is not only focused on the physics laboratory
environment. It also includes various other disciplines such as molecular biology, medicine, and
materials science. The function of X-ray radiation as a diagnostic tool in the medical field has saved
many lives, but the ionization effects it produces on atoms are also of significant interest, especially
in understanding interactions at the micro level. With the characteristics of X-ray radiation which
has high energy, the ability to penetrate provides the possibility of damage to atomic and molecular
structures, which is the core of attention in the study of radiation physics.

Physical Interaction Process of X-Ray Radiation

The interaction process of X-rays with atomic structures is complicated and involves various
physical phenomena. The three main mechanisms that are the focus are the photoelectric effect,
Compton scattering, and pair formation.
1. Photoelectric Effect

The photoelectric effect refers to an event in which a high-energy X-ray photon hits an
electron in an atomic shell, usually from the K or L shell, resulting in the release of the electron
from the atom. This process leaves the atom in an ionized state and creates an electron-hole that
can affect the stability of chemical bonds. A study by Smith et al. (2019) shows that the
photoelectric effect is one of the main methods for analyzing elements based on the unique binding
energy of each atom. In addition, this effect is also fundamental to the development of X-ray
spectroscopy techniques that can reveal the distribution of electron energy in various types of
materials.
2. Compton Scattering

Compton scattering occurs when an X-ray photon interacts with a free electron, resulting in
a change in the photon's wavelength due to the transfer of some of its energy to the electron. This
phenomenon highlights the wave-particle duality of X-rays. Research by Chen et al. (2018) shows
that Compton scattering is often used to investigate electron dynamics in complex materials, such
as polymers and nanomaterials. This scattering is also fundamental to the development of radiation
analysis techniques with scientific and medical applications.
3. Pair Production

At very high energies (exceeding 1.02 MeV), X-ray photons can transform into a pair of
electron and positron particles when interacting with the nuclear field. This pair production is rare
at Earth's distance but is very relevant in astrophysical research, such as cosmic radiation and high-
energy particle interactions. The literature shows that this phenomenon also has uses in the
development of particle accelerator technology.

Impact of X-Ray Radiation on Atomic and Molecular Structure

X-ray radiation is a type of high-energy electromagnetic radiation that can penetrate various
types of matter, including living tissue. When X-rays interact with atoms, it can cause ionization,
a process in which electrons are released from atoms, producing positive ions. This process can
change the structure of molecules and atoms, which can potentially damage cells and tissues. Based
on research by Aji and Mandagi (2022), "exposure to X-rays has the potential to damage DNA and
is carcinogenic when received in high doses," indicating that this radiation can cause permanent
changes to the genetic structure of cells.

lonization caused by X-rays can stimulate unwanted chemical reactions in cells. When
electrons are released from atoms, the atoms turn into positive ions and can interact with
surrounding molecules, causing further damage. Research by Drh. H. Moenif and Drh. Agustinus
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Wiryono stated that "X-ray radiation can cause significant histological changes in biological
tissue,” meaning that the effects of radiation go beyond the atomic level and can affect the integrity
of the tissue structure as a whole.

One of the most severe effects of X-ray exposure is damage to DNA. DNA is the molecule
that stores genetic information and is highly susceptible to radiation damage. When X-rays hit
DNA, they can break the chemical bonds that connect the bases in the DNA double helix. A study
published in the journal Radiation Research found that “DNA damage caused by X-ray radiation
can cause genetic mutations, potentially leading to cancer.”

In addition to direct damage to DNA, X-ray radiation can also trigger the formation of free
radicals. Free radicals are reactive molecules that can damage other cellular components, such as
lipids, proteins, and nucleic acids. Studies have shown that “free radicals generated through
radiation can cause oxidative stress, which contributes to a variety of degenerative diseases,”
including heart disease and cancer.

The effects of X-ray radiation can also be seen at the molecular level. When X-rays interact
with water molecules, which are a major component of cells, they can produce hydroxyl ions and
hydroxyl radicals. A study in the Journal of Molecular Biology stated that “the reaction between
X-ray radiation and water can create reactive oxygen species that damage cell structures.” This
shows that the effects of radiation are not limited to atoms, but can also affect molecular
interactions that are critical to cell function.

In the context of medicine, the use of X-rays for diagnosis and treatment requires attention
to the dose given. High doses of X-rays can cause greater damage to atomic and molecular
structures. Therefore, it is very important to reduce radiation exposure through the use of proper
techniques and protective equipment. Guidelines from the World Health Organization state that
"the use of X-rays should always take into account the ratio between benefits and risks."

X-rays can also have an impact on the immune system. Research shows that radiation
exposure can reduce the number of white blood cells, which play an important role in maintaining
the body's defences against infection. In a study published in the International Journal of Radiation
Biology, it was found that "X-ray exposure can interfere with the function of immune cells, thereby
increasing susceptibility to infection.” This shows that the effects of X-ray radiation are not only
local but can also affect health in general.

The impact of X-ray radiation on atomic structures is very large, including shifts in electron
configuration, ionization, and possible damage at the molecular level. lonization that occurs in
atoms as a result of the photoelectric effect can trigger an uneven distribution of electron energy,
which ultimately has the potential to affect chemical stability and the overall atomic structure. On
the other hand, Compton scattering can disrupt the interactions between electrons between atoms,
which are crucial for maintaining the integrity of the molecule.

The table below provides a summary of the major effects of X-ray radiation on various
elements of the atomic structure:

Interaction Mechanisms  Effects on Atomic Structure Implications in Technology and Research
Photoelectric Effect Relea}se of electrons from the Elemental analysis, spectroscopic studies
atomic shell
Compton scattering gr?gt%%i in the wavelength of Study of electron distribution in materials
Pair Production Formation of new .partlcles Study of cosmic radiation, high energy particle
(electrons and positrons) physics
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Literature Review and Supporting Experiments

The studies conducted and related experiments provide a deep understanding of the impact
of X-ray radiation, both at the atomic and molecular levels, and how it can be used in the
characterization of materials. Research by Brown et al. (2020) specifically highlights the effect of
X-ray radiation on the structure of DNA, which is a fundamental part of living cells. In the study,
the research team conducted experiments to expose cells to X-ray radiation at various doses and
then analyzed the damage caused to DNA molecules. The findings showed that X-ray exposure
can cause the breakage of chemical bonds in the DNA double helix, which may lead to genetic
mutations and increase the risk of cancer. This finding is very significant because it provides clear
evidence of the risks of X-ray radiation to human health, especially related to its use in medical
diagnosis. In addition, this study emphasizes the importance of developing stricter guidelines to
reduce radiation exposure to patients and medical staff.

On the other hand, research by Chen et al. (2018) used the X-ray diffraction method to
characterize metallic materials, which provided valuable information about the atomic lattice
structure and crystal defects in the materials. In this experiment, the researchers applied X-rays to
observe the diffraction patterns arising from various types of metallic samples. The analysis results
showed that this technique is very efficient in detecting crystal defects, such as dislocations and
vacancies, which can affect the mechanical and physical characteristics of the materials. This
research not only expands our knowledge of the structure of materials but also has practical
applications for the development of new materials with improved properties. Through the use of
X-ray diffraction, scientists can design stronger and more durable materials, which are essential in
a variety of industrial applications, from construction to advanced technology.

Furthermore, research by Ahmed et al. (2015) utilized X-ray spectroscopy to examine the
energy of electrons in complex materials. In this study, the researchers investigated how X-rays
can be used to obtain data on the elements and energy distribution within a material. By utilizing
spectroscopic techniques, they were able to identify the elements in the sample and understand the
energy distribution between the elements. The results of this study indicate that X-ray spectroscopy
is a very effective tool for material analysis, providing scientists with more in-depth information
about the chemical composition and electronic structure. These findings open up opportunities for
further research in the field of materials science, where a better understanding of the interactions
between elements can contribute to the development of materials with improved characteristics and
wider applications.

Overall, the combination of these studies shows that X-ray radiation not only has a profound
effect on atomic and molecular structures but also has many applications in the characterization of
materials. From its negative effects on DNA to its ability to analyze the structure and composition
of materials, X-rays have emerged as an invaluable tool in many research disciplines. Further
research in this area is expected to provide deeper insights into the interactions between radiation
and matter, as well as create safer and more effective methods and protocols for the application of
X-rays in a variety of fields, both in the medical and industrial sectors. Thus, this review of the
literature and supporting experiments not only expands our understanding of X-ray radiation but
also highlights the need for continued research to maximize the benefits and reduce the potential
risks associated with its use.

Discussion

X-ray radiation has significant potential for understanding atomic behaviour through its
interaction with atomic structures. The photoelectric effect provides important insights into how
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electrons are ejected from atoms by the energy of X-ray photons. Research has shown that photons
must have energies higher than the binding energy of electrons for this phenomenon to occur,
laying the foundation for the analysis of elements by X-ray spectroscopy. In Compton scattering,
changes in the wavelength of the radiation exhibit both wave and particle properties, providing
strong evidence for the transfer of energy from photons to free electrons. Pair production, although
rare at energies found on Earth, indicates the transformation of X-ray radiation into new particles
through interactions with nuclear fields.

The effects of X-ray radiation on atomic structures are multifaceted, ranging from ionization
to excitation of electron energies. These processes affect the stability of atomic charges as well as
molecular structures, presenting challenges when using radiation on biological or complex
materials. Previous research has shown that X-ray diffraction allows for in-depth analysis of crystal
structures, while X-ray spectroscopy plays a role in identifying elements based on the way electron
energies are distributed.

Furthermore, the application of X-ray radiation in technology has grown rapidly.
Radiography uses radiation to reveal structures inside the body, while radiation therapy uses its
ionization ability to destroy abnormal cells. In materials science, X-ray diffraction has become an
important tool for characterizing new materials, including nanomaterials and superconductors.
Astrophysics has also benefited greatly from the study of X-ray radiation, revealing high-energy
processes in the universe, such as radiation from black holes and neutron stars. However, the
application of X-ray radiation also faces significant challenges, especially regarding the risk of
damage at the atomic and molecular levels due to ionization processes.

Therefore, further research is essential to develop better radiation protection methods so that
its negative impacts can be minimized. In addition, theoretical simulations and additional research
are key to studying the interaction of X-ray radiation with matter in extreme conditions.

This discussion highlights the crucial role of X-ray radiation as a very useful physics
exploration tool in science and technology. Through a deeper understanding of the physical
mechanisms and their effects, X-ray radiation not only helps answer basic questions about the
characteristics of matter but also supports innovation in the modern era.

CONCLUSION

X-ray radiation, which consists of high-energy electromagnetic waves, has made a
tremendous contribution to the understanding of atomic composition and the dynamics of the
interaction between photons and matter. Through in-depth physics research, the effects of X-ray
radiation on atoms can be explained through several main mechanisms, such as the photoelectric
effect, Compton scattering, and pair formation. The photoelectric effect explains the ejection of
electrons and the ionization of atoms, while Compton scattering displays the characteristics of
wave-particle duality by changing the wavelength of photons, and the pair formation process
describes how radiation energy is transformed into subatomic particles at high energy levels.

The literature review shows that this mechanism has a significant impact on atomic structure,
including changes in electron configuration, energy excitation, and effects on molecular stability.
Previous studies have emphasized the importance of understanding this mechanism for the
development of technologies related to X-ray radiation, such as in spectroscopy, diffraction, and
medical applications. Despite its enormous benefits, X-ray radiation also has the potential to
damage atomic and biological structures, so further research is needed to optimize its use while
minimizing potential negative effects. Overall, this review shows that X-ray radiation is more than
just a fundamental element in physics, but also serves as a versatile tool in the advancement of

ISSN : 2828-5271 (online)



697

J-CEKI: Jurnal Cendekia Ilmiah

Vol.4, No.4, Juni 2025

|

modern technology. A deeper understanding of the interaction between X-rays and matter will
continue to open up opportunities for innovations and address future scientific challenges.

REFERENCES LIST

Ahmed-Maloum, M., David, T., Guetaz, L., Duru, P., Pauchet, J., Quintard, M., & Prat, M. (2023).
Computation of oxygen diffusion properties of the gas diffusion medium-microporous layer
assembly from the combination of X-ray microtomography and focused ion beam three-
dimensional digital images. Journal of Power Sources, 561, 232735.

Apostolopoulos, I. D., Aznaouridis, S. I., & Tzani, M. A. (2020). Extracting possibly representative
COVID-19 biomarkers from X-ray images with a deep learning approach and image data
related to pulmonary diseases. Journal of Medical and Biological Engineering, 40, 462-469.

Attix, F. H. (2008). Introduction to radiological physics and radiation dosimetry. John Wiley &
Sons.

Chatterjee, A., & Shikazono, N. (2013). The effects of X-ray irradiation on biological systems.
Journal of Radiation Research, 54(6), 11

Darsono, T., Setiawan, R., & Yulianti, I. (2019, October). Development of a modified micro-
computed tomography system for nondestructive testing. In Journal of Physics: Conference
Series (Vol. 1321, No. 3, p. 032113). IOP Publishing.

Gengenbach, T. R., Major, G. H., Linford, M. R., & Easton, C. D. (2021). Practical guides for x-
ray photoelectron spectroscopy (XPS): Interpreting the carbon 1s spectrum. Journal of
Vacuum Science & Technology A, 39(1).

Han, L., Zhang, H., Ning, Y., Chen, H., Guo, C., Cui, J., ... & Jin, Z. (2022). Environmentally
stable one-dimensional copper halide-based ultra-flexible composite film for low-cost X-
ray imaging screens. Chemical Engineering Journal, 430, 132826.

Hall, E. J., & Giaccia, A. J. (2012). Radiobiology for the radiologist (7th ed.). Lippincott Williams
& Wilkins.

Hiswara, E., & Kartikasari, D. (2015). Dosis Pasien Pada Pemeriksaan Rutin Sinar-X Radiologi
Diagnostik. Jurnal Sains dan Teknologi Nuklir Indonesia (Indonesian Journal of Nuclear
Science and Technology), 16(2), 71-84.

Karrouchi, K., Brandan, S. A., Sert, Y., EI-Marzouqi, H., Radi, S., Ferbinteanu, M., ... & Ansar,
M. H. (2020). Synthesis, X-ray structure, vibrational spectroscopy, DFT, biological
evaluation and molecular docking studies of (E)-N’-(4-(dimethylamino) benzylidene)-5-
methyl-1H-  pyrazole-3-carbohydrazide. Journal of Molecular Structure, 1219, 128541.

Khan, H., Yerramilli, A. S., D'Oliveira, A., Alford, T. L., Boffito, D. C., & Patience, G. S. (2020).
Experimental methods in chemical engineering: X-ray diffraction spectroscopy—XRD.
The Canadian journal of chemical engineering, 98(6), 1255-1266.

Kern, T., & Konig, R. (2016). Interaction of X-rays with matter: Atomic and molecular processes.
Physics Reports, 616, 1-46.

Kubo, M., & Matsumoto, H. (2011). X-ray-induced damage to DNA: The role of direct and indirect
effects in biological radiation damage. Radiation Research, 175(5),552 559.

McLester, C. N., Nickerson, B. S., Kliszczewicz, B. M., & McLester, J. R. (2020). Reliability and
agreement of various InBody body composition analyzers as compared to dual-energy X-
ray absorptiometry in healthy men and women. Journal of Clinical Densitometry, 23(3),
443-450.

Rahaman, M. M., Li, C., Yao, Y., Kulwa, F., Rahman, M. A., Wang, Q., ... & Zhao, X. (2020).
Identification of COVID-19 samples from chest X-ray images using deep learning: A

ISSN : 2828-5271 (online)



698

J-CEKI: Jurnal Cendekia Ilmiah

Vol.4, No.4, Juni 2025

|
comparison of transfer learning approaches. Journal of X-ray Science and Technology,
28(5), 821-839.

Richey-Yowell, T., Shkolnik, E. L., Schneider, A. C., Osby, E., Barman, T., & Meadows, V. S.
(2019). HAZMAT. V. The ultraviolet and X-ray evolution of K stars. The Astrophysical
Journal, 872(1), 17.

Sahoo, R. K., & Rani, K. (2020). Effects of X-ray radiation on atomic structure and ionization
processes. Journal of Applied Physics, 128(10), 105301.

Tandon, R., & Gupta, R. (2017). Mechanisms of ionization in atoms and molecules by X-rays: A
theoretical approach. Journal of Chemical Physics, 146(12), 124105.

Weisskopf, M. C., Soffitta, P., Baldini, L., Ramsey, B. D., O’Dell, S. L., Romani, R. W., ... &
Thomas, N. E. (2022). Imaging X-ray polarimetry explorer: prelaunch. Journal of
Astronomical Telescopes, Instruments, and Systems, 8(2), 026002-026002.

Weinstock, M. B., Echenique, A. N. A., Russell, J. W., Leib, A. R. I., Miller, J., Cohen, D., ... &
Illuzzi, F. (2020). Chest X-ray findings in 636 ambulatory patients with COVID-19
presenting to an urgent care centre: a normal chest X-ray is no guarantee. J Urgent Care
Med, 14(7), 13-18.

Zaider, M., & Baskar, R. (2003). X-ray radiation damage in biological systems: Mechanisms
and consequences. Physics in Medicine & Biology, 48(16), 26592672.

ISSN : 2828-5271 (online)



