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ABSTRACT

MD (Molecular dynamics) simulation is very useful method to held physics
experiments. It is inexpensive, also you may see a lot combinations of the experiments.
As well as it can measure many parameters of the experiments and it is time-saving
method. Nowadays MD simulation is method which be between theory and
experiment. In this report, MD simulation is discussed. There are discussion of
equations, force fields , numerical calculation in the report. Nowadays, there are a lot
of MD simulation force fields such as GROMACS, CHARMM , DL_POLY , AMBER and
others. In this Interest program, we studied DL_POLY and AMBER force fields.



Introduction

Molecular Dynamics (MD) simulation is a computational technique used to study
the dynamic behavior of molecules and materials at the atomic and molecular levels.
By numerically solving Newton's equations of motion, MD simulations provide
insights into the motion, interactions, and thermodynamics of systems over time. This
powerful tool has applications in various fields, including chemistry, biochemistry,
physics, and materials science, enabling researchers to explore complex phenomena
and gain a deeper understanding of molecular behavior.

In MD simulations, atoms and molecules are represented as particles with defined
masses and forces. The system's evolution is tracked over time, allowing researchers
to observe how the positions and velocities of these particles change. This approach
provides a dynamic perspective on phenomena such as protein folding, chemical
reactions, and material properties.

Key components of an MD simulation include the force field, which describes the
potential energy surface governing interactions between particles, and the integration
algorithm, used to numerically solve equations of motion. Simulations can range from
nanoseconds to microseconds, offering a glimpse into processes occurring at different
timescales. (Figl)
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Figure 1. The figure shows the size of the system and the time of occurrence of the processes in it.

MD simulations contribute valuable data for validating experimental results,
predicting molecular behavior under various conditions, and designing new drugs
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or materials. As computational power continues to advance, MD simulations
become increasingly sophisticated, playing a pivotal role in advancing our
understanding of molecular dynamics and contributing to scientific discoveries.
Additionally, MD simulations provide a way to explore molecular systems that may
be challenging or impractical to study experimentally. The method allows
researchers to investigate the effects of temperature, pressure, and other
environmental factors on molecular structures and behaviors.

One notable aspect of MD simulations is their ability to capture the stochastic
nature of molecular motion, revealing intricate details about fluctuations,
conformational changes, and transitional states. This level of detail is often
difficult to achieve solely through experimental methods.MD simulations have
become integral in fields like drug discovery, where understanding the dynamics
of biomolecular interactions is crucial.



The Basic equations

MD simulations are based on Newton’s laws as mentioned earlier.
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Here, i is the sequence number of the molecule. r is the coordinate of the molecule.
But you can see these equations are very a lot. And, we need to use numerical
calculations for solving these. Firstly , we need to know field potential:
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F, = -VU(R)

In the matter environment have many potentials. This field potential consists of the
following components:

Ur)=Uy, +Ug+U, +U, + U+ Uy + Ugs+...

Here

Valence length potential:

Valence angle potential:
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You can learn more about these potentials in the pictures below.
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Figure 2. The pictures show that potentials and their location on the molecule.




Lennar Jones potential

The solid and liquid states of rare-gas elements Ne, Ar ,Kr , Xe have closed -
shell electron configurations. Thus, that molecules do not interact each other with
covalent or metallic bonding. Nevertheless , they have a interaction via very weak van
der Waals bonds which are perturbational in nature in these elements. Van der Waals
forces arise from the fact that the centers of positive (nuclear ) and negative ( cloud of
electrons) charges of an atom do not overlap. Under the influence of this force, the
potential energy of the interaction between molecules or atoms is called the Lennar-

Jones potential.

uy(r) =

L =aa,|(9)7 -

The r'2is used to approximate the strong Pauli repulsion that results from
electron orbitals overlapping , while the r®term describes weaker attractive forces
acting between local dynamically induced dipoles in the valence orbitals.While the
attractive term is physically realistic (London dispersive forces have r® distance
dependence ), the repulsive term is a crude approximation of exponentially
decaying repulsive interaction. The too steep repulsive part often leads to an
overestimation of the pressure in the system.
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o = unit of length,e = unit of energy,
V(r) = interaction potential and
r = distance between centres of two molecules
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Figure 3. Lennar-Jones potential.



Species efkg (K) ag (A°)
He 10.22 2.56
Ne 35.6 2.75
Ar 120 3.40
Kr 171 3.60
Xe 220 410
N, 95.5 3.74
CH, 148.4 3.81
CF,4 151.4 475
H, 394 2.81
0, 118 3.58
CO 100 3.76
CO, 309 3.36
CoHy 470 2.5
CoHg 243 3.95
CsHg 242 5.64
C(CH3)4 232 7.44
CsHs 830 34
CsHs-CH40 1018.2 2.896
CgHg—-CaHgO 553.5 4651
CgHg—C3HgO 632.1 4.620
CgHg-C4H100 11223 3425

Figure 4. The table parameters of Lennar-Jones potential.
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Numerical calculation

Molecular dynamics (MD) simulations involve the numerical calculation of the
motion of atoms and molecules over time by solving Newton's equations of motion.
This involves:

1. Calculating the forces acting on each atom or molecule based on their positions
and interactions with other particles (e.g., using force fields or quantum mechanics
methods).

2. Integrating the equations of motion to determine the new positions and
velocities of the particles at each time step.

3. Updating the system energy, temperature, pressure, and other relevant
properties based on the computed positions and velocities.

These numerical calculations are typically performed using specialized software
packages that implement various algorithms, such as Verlet or Leapfrog integration,
for efficient and accurate MD simulations. Let us consider Velet and Leapfrog
algorithms.

Verlet algorithm:

r(t + Af) = r(f) + V(H)AF + %a(rmr: + o
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Leapfrog algorithm:

At
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This picture shows that both algorithms.

Leapirog Algorithm
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large ones O{6tY)
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Figure 5. Verlet and Leapfrog algorithms.
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Future Goals

| am senior student National university of Uzbekistan. | have several goals in the
future. My study field include quantum physics and nuclear physics . | am going to
learn thermonuclear reaction and controlled fusion. It is my field in the future. | am
certain that it will be major future energy source.
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