an
-y
)
-
-y
Z
S
-
-

w
h
£
-
@
€
J
o
-
('
2
J
=
@
b
QL
o
o
o
J
Q
S
c
o
J
=
i
o
2
U
i
w
A
2
o
=
<L
[
Q
o
o

\
J

al (

10N

Internat

oy

I(@:I INTERMATIOMNAL
CONFERENCES OF PRACTICE

ADVANCED METHODS OF ENSURING THE QUALITY OF EDUCATION: PROBLEMS AND
SOLUTIONS.
International online conference.

Date: 17"'December-2024
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Abstract: In recent years, bimetallic clusters have gained prominence in materials science
due to their unique catalytic, electronic, and optical properties. To accurately model these

systems, computational tools like LAMMPS and PyMOL are invaluable. LAMMPS
(Large-scale Atomic/Molecular Massively Parallel Simulator) excels in molecular
dynamics simulations, providing insights into the dynamics and interactions of atoms
within bimetallic clusters. PyMOL, a powerful molecular visualization tool, aids in the
analysis and interpretation of these simulations by creating detailed 3D models. This article
explores the capabilities of LAMMPS and PyMOL, detailing their use in modeling
bimetallic clusters, and provides a step-by-step guide on integrating these tools to achieve
comprehensive simulations and visualizations.

Keywords: LAMMPS, PyMOL, bimetallic clusters, molecular dynamics, computational
modeling, visualization

Bimetallic clusters, composed of two distinct metal types, offer a broad range of
properties that single-metal clusters do not exhibit. These properties are crucial for
applications in catalysis, electronics, and material science. Modeling these clusters requires
a combination of accurate simulations and effective visualization. LAMMPS and PyMOL
are two essential tools for this purpose. LAMMPS provides robust simulation capabilities
to study the physical properties and interactions within clusters, while PyMOL enables
detailed visualization of these clusters, making it easier to interpret and analyze simulation
results.

LAMMPS Overview

LAMMPS is a molecular dynamics simulator that handles a wide range of particle
interactions, from simple Lennard-Jones potentials to complex reactive force fields. Its
primary strength lies in its scalability and flexibility, allowing it to simulate systems from
small clusters to large-scale materials.

Applications in Modeling Bimetallic Clusters

LAMMPS can model bimetallic clusters by defining complex interactions between
different types of atoms. It supports various potential models that can be used to describe
the interactions in bimetallic systems, such as:

Embedded Atom Method (EAM): Useful for metallic systems, EAM can model
both pure and alloyed metals.
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ReaxFF: For systems where chemical reactions are significant, ReaxFF provides a

reactive force field that can capture bond formation and breaking.

Quantum-Mechanical Potentials: For more accuracy, LAMMPS can integrate with
guantum mechanics codes to use potentials derived from ab initio calculations.

Simulation Setup

To model bimetallic clusters in LAMMPS, users typically set up initial
configurations of the cluster, choose appropriate potential models, and define simulation
parameters like temperature, pressure, and time steps. LAMMPS also offers tools for
analyzing simulation output, such as cluster size, binding energies, and diffusion rates.

PyMOL Overview

PyMOL is a molecular visualization system that excels in creating high-quality 3D
images and animations of molecular structures. It is widely used for visualizing protein
structures, but it is equally effective for visualizing metal clusters and other complex
materials.

Applications in Visualization of Bimetallic Clusters

In the context of bimetallic clusters, PyMOL helps in:

3D Visualization: PyMOL can render the spatial arrangement of atoms in clusters,
providing a clear picture of their geometry and interactions.

Analysis of Structural Properties: Users can analyze bond lengths, angles, and
coordination numbers, which are crucial for understanding the stability and reactivity of
clusters.

Customization and Annotation: PyMOL allows for customization of visual
representations, including coloring atoms by type, adjusting atom sizes, and annotating
important features.

Integration with LAMMPS

To integrate LAMMPS with PyMOL, users typically export simulation data from
LAMMPS in formats compatible with PyMOL, such as XYZ or PDB files. PyMOL can
then be used to generate visual representations and perform further analysis.

Workflow for Modeling Bimetallic Clusters

Step 1: Setting Up the Simulation in LAMMPS

Begin by defining the atomic configurations and potential models. Ensure that the
simulation box is appropriately sized and periodic boundary conditions are set if necessary.

Step 2: Running the Simulation

Execute the simulation in LAMMPS, monitoring key parameters and adjusting as
needed. This phase involves running multiple simulations to gather comprehensive data on
the behavior of the clusters under different conditions.

Step 3: Analyzing Simulation Results

Use LAMMPS tools to analyze the simulation data, extracting information about
cluster stability, bonding characteristics, and other properties.

Step 4: Visualization with PyMOL

14
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Import the simulation data into PyMOL for visualization. Generate 3D models and

analyze the structural details to interpret the results of the simulation.

Step 5: Interpretation and Reporting

Combine insights from both LAMMPS simulations and PyMOL visualizations to
draw conclusions about the properties and behavior of the bimetallic clusters.

1. Modeling Gold (Au) and Silver (Ag) Clusters with LAMMPS

Simulation of Cluster Formation and Stability

LAMMPS is adept at simulating the formation and stability of low-atom clusters,
such as those made of gold (Au) and silver (Ag). For instance, researchers often investigate
the structural properties of small Au and Ag clusters, which can range from a few to
several dozen atoms. These simulations involve:

Setting Up Initial Configurations: Using LAMMPS, researchers can initialize
configurations for Au and Ag clusters, defining their atomic arrangements and the
simulation environment.

Choosing Potentials: The Embedded Atom Method (EAM) is commonly used to
model interactions in metallic clusters. Specific EAM potentials for Au and Ag can be
applied to accurately capture the metallic bonding and interaction dynamics.

Running Dynamics Simulations: LAMMPS can perform molecular dynamics
simulations to explore cluster behavior at various temperatures and pressures. This helps in
understanding phenomena such as cluster growth, coalescence, and phase transitions.

Example Process: A typical LAMMPS workflow for Au clusters might involve
creating an initial configuration of a gold cluster with a specific number of atoms, applying
the appropriate EAM potential for gold, and running simulations to observe the cluster’s
behavior under thermal excitation. This process can reveal insights into the cluster's
stability, size-dependent properties, and possible reactivity.

Analysis of Results:

Post-simulation, LAMMPS outputs can be analyzed to determine the cluster’s
geometric and electronic properties. Key metrics might include the cluster’s average bond
length, energy distribution, and structural symmetry.

2. Visualizing Gold (Au) and Silver (Ag) Clusters with PyMOL

Detailed 3D Visualization

Once the simulations are complete, PyMOL can be used to visualize the results of
the LAMMPS simulations. For Au and Ag clusters, this includes:

Loading Simulation Data: Import the simulation output files (e.g., XYZ or PDB
formats) into PyMOL to create 3D models of the clusters.

Creating High-Resolution Models: PyMOL allows for the generation of detailed,
high-resolution visualizations of the clusters. Users can customize the display to highlight
various features, such as atomic interactions and cluster boundaries.

Example Process: In PyMOL, a gold cluster model might be colored according to
atom type, with gold atoms shown in one color and any other elements (if present) in
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different colors. The visualization can be adjusted to show bond lengths and angles,

providing a clear picture of the cluster's geometric arrangement.

Structural Analysis and Interpretation:

PyMOL’s analysis tools enable researchers to measure bond lengths, angles, and
other structural parameters. For instance, analyzing how the cluster structure changes with
n size or temperature can provide insights into the cluster’s stability and reactivity.

Publishing and Presenting Findings

With PyMOL, researchers can create publication-quality images and animations of
the clusters. These visual aids are crucial for effectively communicating findings in
research papers and presentations.

Integration of LAMMPS and PyMOL

Combining the simulation power of LAMMPS with the visualization capabilities of
PyMOL offers a comprehensive approach to studying Au and Ag clusters. By analyzing
LAMMPS simulation data in PyMOL, researchers gain a deeper understanding of the
clusters' structural properties and behaviors, facilitating more accurate interpretations and
effective presentations.

To conclude, Modeling bimetallic clusters requires a blend of robust simulation and
effective visualization. LAMMPS provides the necessary tools for simulating the dynamics
and interactions within these clusters, while PyMOL offers powerful visualization
capabilities to interpret and analyze the simulation results. By integrating these tools,
researchers can gain a comprehensive understanding of bimetallic clusters, aiding in the
development of new materials and technologies.
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