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Annotation: This study explores the process of creating metal clusters using computer modeling
techniques. Modern computational software was employed to analyze interatomic interactions,
energetic stability, and geometric structures. The formation mechanisms of clusters, their
physicochemical properties, and potential applications are discussed. The research findings may serve
as a scientific basis for the development of high-performance nanomaterials in the future.
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Introduction

As a result of the development of modern science and technology, the possibilities of studying the
micro- and nanoscale structures of materials and using them effectively in practice are expanding. In
particular, nanostructures such as metal clusters have gained great scientific and practical significance
in recent years in the fields of physics, chemistry, materials science, and nanotechnology. Metal
clusters are small particles composed of several metal atoms, and they may possess unique
physicochemical properties compared to bulk materials.

It is important to carry out preliminary modeling in order to thoroughly study the properties of such
structures and to apply them in various fields. Since traditional experimental methods often require a
considerable amount of time, funds, and resources, computer modeling methods have become widely
used as an effective tool for solving such problems. In particular, quantum-chemical models based on
Density Functional Theory (DFT) allow highly accurate calculations of the structure, energetic state,
and electronic properties of metal clusters.

In recent years, scientific research conducted in nanotechnology and materials science has led to a
significant increase in interest in metal clusters. Metal clusters are nanoscale particles consisting of
several atoms, and their physicochemical properties differ radically from those of bulk materials. Due
to these unique properties, clusters are widely used in catalysis, electronics, optoelectronics, and
biomaterials.

Because traditional experimental methods cannot fully determine the structure and energetic properties
of clusters, computer modeling technologies serve as an effective tool in this field. Using modern
software, the formation, stable states, and mutual interactions of clusters can be thoroughly analyzed.
This work presents a scientific approach based on computer modeling to create metal clusters and
study their fundamental properties.

Metal clusters are structures usually composed of 2 to 100 metal atoms. They represent an intermediate
stage between nanoparticles and isolated atoms.

The main properties of metal clusters include:
Strong manifestation of quantum effects due to small size.

Sharp changes in electronic structure as the number of atoms increases.
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A larger number of surface atoms compared to inner atoms, increasing their reactivity.
Applications of metal clusters:

Catalysis: Used to accelerate chemical reactions (e.g., gold clusters catalyze CO oxidation).
Electronic devices: Cluster-based nanocomponents are used in transistors and sensors.
Medicine: Can be applied in drug delivery and as biological markers.

Methods used in the creation of metal clusters through computer modeling include molecular
dynamics (MD), quantum mechanical calculations such as DFT (Density Functional Theory), and
Monte Carlo methods.

Common software tools used for computer modeling of metal clusters include: LAMMPS, Gaussian,
VASP, Quantum ESPRESSO, and Materials Studio.

Advantages of creating metal clusters through computer modeling:

Fast and accurate results.

Ability to study conditions that are difficult or impossible to reproduce experimentally.

Reduced cost and enhanced safety.

Additional advantages of modeling:

Safety: Experiments can be performed virtually without harming humans or the environment.
Prototyping: Allows designing and testing new products before mass production, saving resources.

Prediction: Makes it possible to forecast future effects or risks and find solutions before problems
arise.

Visualization: Helps observe, understand, and analyze interactions within a system; processes can be
accelerated or slowed down.

Repetition: Models can be tested repeatedly under various scenarios by changing parameters.
The most widely used modeling methods for studying metal clusters include:

Molecular Dynamics (MD): Calculates interatomic interactions based on classical mechanics.
Newton’s laws are applied to each atom, and their motion over time is simulated.

Density Functional Theory (DFT): A quantum-mechanical method based on electron density,
providing highly accurate calculations of interatomic forces. Widely used to determine the
energetically stable states of clusters.

Monte Carlo Method: A statistical approach that determines optimal configurations based on
probability. Often used together with other methods.

The shape and energetic state of metal clusters depend on the number of atoms and their arrangement.
Research shows that certain atom numbers (13, 19, 38, 55, etc.) correspond to energetically stable
clusters. These clusters are called “magic numbers,” which arise due to their electronic configuration
and geometric symmetry.

Analysis and Results

In this study, the formation process and energetic stability of metal clusters were investigated using
computer modeling methods. Molecular dynamics and quantum mechanical (DFT) modeling
techniques were mainly applied. Copper (Cu), gold (Au), and silver (Ag) atoms were selected for the
simulations.

Cluster formation methods:
Simulations produced metal clusters consisting of 2 to 55 atoms.

Clusters were observed to form spherical, icosahedral, and octahedral geometries.
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As the number of atoms increased, the structures became more stable.
Total energy calculations were performed for each cluster.

Clusters containing 13, 19, 38, and 55 atoms were found to be relatively stable (known as “magic
numbers”).

DFT calculations indicated that small clusters have variable electron density, which increases their
reactivity.

Characteristics of interatomic interactions:

Interatomic distances and bond lengths differ among various metal clusters; for example, Au clusters
have longer bonds, while Cu and Ag clusters exhibit shorter bond lengths.

The arrangement and symmetry of atoms significantly influence the overall stability of the cluster.

Surface atoms in the modeled clusters exhibit higher reactivity, making them suitable for catalytic
applications.

The electrical properties of the clusters demonstrate their potential for use in nanoelectronic devices.
Conclusion

Computer modeling is a powerful and effective scientific tool for deeply studying complex systems
such as metal clusters, visualizing their structures, identifying energetically stable configurations, and
determining their potential fields of application. This approach is expected to open new directions in
the development of high-performance nanomaterials in the future.

Within the scope of this research, the formation, geometric structure, energetic stability, and
interatomic interactions of metal clusters were investigated using computer modeling methods. During
the simulations, molecular dynamics and quantum-mechanical approaches (particularly DFT —
Density Functional Theory) were successfully applied.

The results obtained demonstrate the existence of stable atom numbers known as “magic numbers” in
clusters. Among them, clusters consisting of 13, 19, 38, and 55 atoms were found to exhibit especially
high stability. According to the modeling results, small clusters possess high reactivity due to the large
ratio of surface atoms, which is an important factor for their application in chemical catalysis.

As revealed during the study, the physicochemical properties of metal clusters directly depend on their
structure, number of atoms, and geometric configuration. This makes it possible to predict and
optimize the properties of clusters in advance.

Modeling technologies make it possible to evaluate the stability, shape, and properties of metal clusters
before conducting real experiments, thereby saving time and resources in scientific research. Such an
approach is especially important in the development of nanomaterials, drug-delivery systems, and
sensor technologies, where high precision and efficiency are required.
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