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Items Advantages Disadvantages

Nano-

mechanics

ÁCapture detailed info.

ÁNeed minimal data

Paramount amount of 

computation. Unfamiliar 

theory to common engineers

Conti-

nuum 

mechanics

ÅCapture averaged real 

scale behavior.

ÅFamiliar theory

Difficult to capture detailed 

information
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üIdeal Length and Time Scale

üBridging The Molecular Level with Real World 

Materials

üMaterials Structure Characterization and 

Property Prediction

Why Molecular Dynamics?



üForcefield: Average description of the existing 
interactions among the various atoms in a molecule 
or a group of molecules in terms of functions and 
parameter sets

üCOMPASS Forcefield*: ñCondensed Phase 
Optimized Molecular Potentials for Condensed-
Phase Atomistic Simulationò used in the present 
study

*(Sun H., 1998. ñCOMPASS: An ab-initio force-field optimized for condensed-phase applications -
Overview with details on alkaline and benzene compounds,ò Journal of Physical Chemistry B, 102: 
7338 ï7364)

Molecular Dynamics Forcefield



Since the nuclei are relatively heavy objects, quantum 
mechanical effects are often insignificant, in which case 
equation of nuclei can be replaced by Newtonós equation 
of motion given by following equation:

where,Em is the force field (potential energy), R
describes the location of the nuclei in space, m is the 
mass of the nuclei and, t is time. The solution of the 
above equation is the term R (t), which is also called the 
trajectory of the system.
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Forcefield Basis



Calculation of elastic constants

For each configuration submitted for analysis of static 
elastic constants:
ü Conjugate gradients minimization of the submitted 

system (the target minimum derivative for this initial step 
is 0.1 kcal/Å or up to first 1000 steps)

ü Three tensile and three pure shear deformations of 
magnitude ±0.0005 are applied to the minimized system 
and the system is re-minimized following each 
deformation

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



üAs a consequence, it should be possible to estimate the 
elastic stiffness coefficients from numerical estimates of 
the following equation:

where, U is the potential energy of the system

ü 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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Calculation of elastic constants



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

üElements of the stress tensor can be obtained analytically 
using the following expression

where, index i runs over all particles 1 through N; mi, vi and fi denote the mass, velocity and force 
acting on particle i; and V0 denotes the (undeformed) system volume
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Calculation of elastic constants



üMass Reduction (Low Density, Low Concentration)

üIncreased Stiffness (High Aspect Ratio)

üIncreased Toughness (Engineered Adhesion)

üImproved Appearance (Nanosize, Scratch, and more Resistance)

üElectrical Conductivity

üThermal Conductivity 

üReduced Flammability (Less Combustible Material)

ü Barrier to Permits (Platelet)

Polymer nanocomposites



Controlling Factors:

üProperties of The Matrix, and The Nano-

reinforcement

üInterface Properties of the Nanocomposites

üInteraction between Reinforcement and Matrix 

during Loading (Thermal, Mechanical, .... Etc,)

Polymer Nanocomposites
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Polymer Nanocomposites



POSSGraphiteGraphene

MMTMWCNTSWCNT



ÅSingle carbon Layer and multi 

carbon Layers

ÅThickness: ~ 5-10 nm

ÅLength: ~ .86-15 mm<<

ÅSuperior Mechanical Properties

ïElastic Modulus: ~ 1 TPa

ïIntrinsic Strength ~ 130 GPa 
(Experiments conducted  for a monolayer 

graphene by Lee at .el. 2008, reported that 

graphene is strongest material ever measured)

TEM (edge view) and SEM  (lateral view) 
images of xGnP



PolyurethaneVinyl Ester

Nylon6,6 Polyurea

Polyethylene



ÅVinylester is a copolymer 

thermoset

ÅIntermediate Characteristics of 

Epoxy and Polyester

ÅLow viscosity

ÅImproved Adhesion

ïElastic Modulus: ~ 3.5GPa

ïPoisson's ratio :~0.32

ïDensity : 1.04g/cm3a)                                        b)

a) Single Vinylester Chain (230) Atoms            

b) 10 Chain Vinylester Unit Cell (2300)

Single VE chain : 35% Styrene, 65% Epoxy

Vinylester Thermoset





Graphene Unit cell (NVT)

Single Layer Number of Supercells

Constants
2*2

(8 atoms)

4*4

(32 atoms)

6*6

(70 atoms)

8*8

(128atoms)

E11 (GPa) 1373.3 1373.7 1373.9 1373.7

E22 (GPa) 830.3 831.8 832.1 832.3

1˄2 0.30 0.31 0.31 0.31

ɾ23 (GPa) 340.5 340.5 340.5 340.5

ɼ23 (GPa) 621.1 625.4 626.3 626.6

2 Cells 4 Cells 8 Cells
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Double Layered Graphite 

Super Cell 

Double Layered Graphite 

Eight Super Cell

Double Layer Graphite (NVT) Number of Supercells

Eng. Constants
4*4

(64 atoms)

6*6
(144atoms)

8*8
(256atoms)

10*10

(400atoms)

12*12

(576atoms)

E11 (GPa) 26.9 27.5 27.5 27.6 27.7

E22 (GPa) 1159.6 1160.3 1160.3 1160.2 1160.2

1˄3 0.0 0.0 0.0 0.0 0.0

ɀ23 (GPa) 406 406.2 406.2 406.2 406.1

Ⱦ23 (GPa) 1014 1014.8 1014.8 1015 1015



4 Layers 10 Layers

Graphite Unit cell (NVT)

Number of Layers

Eng.Constants
2 Layers 
(576 atoms)

4 Layers 
(512atoms)

10 Layers

(9640 atoms)

E11 (GPa) 27.7 29.2 27.8

E22 (GPa) 1160.2 1161.3 1160.1

1˄2 0.0 0.0 0.0

ɀ23 (GPa) 406.1 406.6 406.05

Ⱦ23 (GPa) 1015 1015.4 1015



Single Chain (230 atoms) 10 Chain 

Amorphous cell (2300 

atoms)

Eng. Constants 6 Chains 10 Chains 12 Chains

E11 (GPa) 2.83 3.7 3.7

1˄2 0.30 0.31 0.31



10 Chain 

Amorphous cell (2300 

atoms)

Eng. Constants 10Chains

E11 (GPa) 3.5

1˄2 0.32
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