Coarse-Grained Molecular Dynamics Simulations to Probe the Structure and
Dynamics of Polystyrene grafted Silica Nanoparticles
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Abstract
Before attempting to perform a potentially costly experiment, running a simulation to ascertain some of the possible outcomes becomes a sound
investment. Our intent with this simulation is to build an assortment of structures using polystyrene grafted silica nanoparticles, and using those
structures we seek an understanding of the dynamics involved. We attempt to solve this problem by using Lennard-Jones type interactions on the
silica nanoparticles, and using Kremer-Grest-type bead-spring chains as a model for the polystyrene chains. Using these models in a markov chain
monte carlo simulation we are able to gain information on the structures of many different combinations of polystyrene grafted silica
nanoparticles. From these simulations also comes the information on the dynamics involved in these structures which can be used for reference
in laboratory experiments in an attempt to pinpoint the possible resulting structure.
Experimental Setting
•
•

Initialization

Simulation Space: Cube
•
Boundary Conditions: Periodic
• Using the cube from below; if you left the cube from side 1, you would reenter the cube
from side 2. This is the same for 3 to 4 and 5 to 6. The size of the cube is dependent upon the
number of objects we plan to put inside of it.
•

Experimental Prerequisites
•

Number of

•

• Silica Nanoparticles
• Strands on each Silica
• Polystyrene Beads on each Strand
Size of Cube found from Number of Objects in cube

•

Place Silica Nanoparticle
• Choose a random location
• Check for Overlap
• Retry if Overlap
• Repeat till all Silica in cube
Place Polystyrene
• Choose a non-filled strand
• Pick a random position a set distance away from last object on the strand
• Check for Overlap
• Retry if Overlap
• Repeat till all Polystyrene in cube
With all Silica and Polystyrene in cube
• Simulation can begin

Method
Our simulation will be using a Markov chain Monte Carlo (MCMC) method to find a shape of the system. This MCMC method takes one object at a
time and moves it a little bit. It then checks to see if that movement fits a criteria. In our case, the criteria is dependent upon Potential Energy
calculations obtained by using coarse-grained force-fields. If it fits that criteria then the move is accepted and recorded, otherwise the move is
rejected and another move is attempted. In doing this our simulation will be able to find a natural state in which the system will at one point exist.

Force-Fields
Treating the bonds between
particles as finitely
extensible nonlinear elastic
(FENE) springs, where the
optimum distances are

Using Weeks-ChandlerAnderson potential for the
polystyrene to polystyrene
interactions, were the
exclude distance is
The potential energy is

The stiffness of the strands or
the bond angles, provides
potential energy through the
formula

The potential energy is

Formulas and Image taken from [1]

Formulas taken from [2]

Lee and Hua [3] parameterized “generalized
Lennard-Jones” potentials for spherical silica
nanoparticles between 0.6nm – 100nm in
diameter using a multiscale simulation
methodology. We get the formula

Formulas taken from [2]

We used a shifted-Weeks-ChandlerAnderson potential for the interactions
between the Silica nanoparticles and the
Polystyrene. This gave us an exclusion
distance of
To use in the formula
Formulas taken from [3]

Formulas taken from [4]

A Plot of a MATLAB Run-through

A sketch of a simple situation

With all energy calculations shown

8 Silica Nanoparticles with 8 Strands of 6
Polystyrene

Future Plans
At our current stage of development we
have a working prototype created in
MATLAB, and are in the process of
converting it into FORTRAN. In this language
we seek to run larger simulations with many
more particles, where cubes will compress
the system to find not only the optimum
system configuration, but also the optimum
pressure.
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