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Why I\/IoIecuIarDynamlcs -

U Ideal Length and Time Scale

U Bridging The Molecular Level with Real World
Materials

U Materials Structure Characterization and
Property Prediction
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Molecular Dynamlcs Forcefleld

U Forcefield:Average description of the existing
Interactions among the various atoms in a molect
or a group of molecules in terms of functions and
parameter sets
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Forcefild Basis

Since the nuclei are relatively heavy objects, quantum
mechanical effects are often insignificant, in which cas

equation of nucl el can b
of motion given by following equation:
dE. _dR
_ —m >
dR dt

where,E, Is the force field (potential energys,
describes the location of the nuclei in spawes the
mass of the nucleil andis time. The solution of the
above equation is the tefd(t), which is also called the
trajectory of the system.
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Calculation of elastic constants

For each configuration submitted for analysis of static
elastic constants:

U Conjugate gradients minimization of the submitted
system (th%\ arget minimum derivative for this initial ste
IS 0.1 kcal/A or up to first 1000 steps)

U Three tensile and three pure shear deformations of
magnitudet0.0005 are applied to the minimized systen
and the system is+minimized following each
deformation

U The internal stress tensor is then obtained from the
analytically calculated virial expression and used to
obtain estimates of elastic constants
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Calculatlon of elastlc constants

U As a consequence, it should be possible to estimate th
elastic stiffness coefficients from numerical estimates c
the following equation:

__dU* _ldo,
dg,.dg; | dg;

where, U is the potential energy of the system

U Generally, the numerical estimation of second
derivatives (of the energy) will be less precise than
estimation of the first derivatives (of the stress)
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Calcution of e

lastic constants

U Therefore, the latter method is used here for calculatin
the elastic constants. This approach creates the
foundation for calculating elastic constants.

U Elements of the stress tensor can be obtained analytic
using the following expression

o _
c=-=13mv" |+
|\ i=1 _

V 1> ]

where, index runs over all particles 1 through N; mi, vi aindlenote the mass, velocity and force
acting on particle; and VO denotes the (undeformed) system volume
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Polymer nanocomposﬂes

U Mass ReductionLpw Density, Low Concentratign

U Increased Stiffnessiigh Aspect Ratid

U Increased Toughnessnfineered Adhesign

U Improved Appearancelgnosize, Scratch, and more Resistjnce
U Electrical Conductivity

U Thermal Conductivity

U Reduced Flammabilityéss Combustible Materikl

U Barrier to Permitgrlatelet)
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Polymer Nanocomposﬂes

Controlling Factors:

U Properties of The Matrix, and The Nano

reinforcement
U Interface Properties of the Nanocomposites

U Interaction between Reinforcement and Matrix

during Loading (Thermal, Mechanical, .... Etc,’
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Polymer
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Composite Composite
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Graphite
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TEM (edge view) and SEM (lateral view)
images of xGnP

acterlstlcs

A Singlecarbon Layer and multi
carbon Layers

A Thickness: ~ 8.0 nm
A Length:~ .86-15 mm<<
A Superior MechanicdProperties
I Elastic Modulus: ~ 1 TPa
Intrinsic Strength ~ 130 GPa

(Experiments conducted for a monolayer
graphene by Lee at .el. 2008, reported that
graphene is strongest material ever measure
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Vinyl Ester Polyurethane Polyethylene

Nylon6,6 Polyurea
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SingleVE chain : 35% Styrene, 65%poxy

a) b)

a) SingleVinylester Chain (230) Atoms
b) 10 Chain Vinylester Unit Cell (2300
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RESULTS

THE UNIVERSITY OF MISSISSIPPI



13733 | 13737

8303 1 8318

THE UNIVERSITY OF MISSISSIPPI



Graphite 1

3/ Double Layered Graphite Double Layered Graphite
Super Cell Eight Super Cell

Double Layer L

10*10
(400atoms)
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4 Layers
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Vinyleser

Single Chainzo atoms) 10 Chain

Amorphous cell (2300
atoms)
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Eng. Constants i 10 Chains

e e

E,,(GPa) I 3.5

AL, I 0.32

10 Chain

Amorphous cell (2300
atoms)
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Graphene Full

Graphene Full Pullout

Embed@t@ﬁiial Energy Variation for Graphene Pullout

Energy Kcal/mole
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Graphite Full
Embeddeebtential Energy Variation for Graphite Pull-out

Graphite Full Pullout
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