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Nano-rheological Behaviors and Properties of Short Linear Polymer

Chains via Non-equilibrium Molecular Dynamics Simulations
Student: Huan-Chang Tseng Advisor: Dr. Chain-Shu Hsu
Institute of Applied Chemistry
National Chiao Tung University
Abstract

Knowledge of how mmolecular fluids™ thermodynamic and rheological
properties change is‘of considerable importance from both theoretical and
industrial perspective.| Using. non-equilibrium molecular dynamics
simulations, we performed three  computer experiments of basic flow
fields, namely, steady state shear flow, ‘oscillatory shear flow, and
nano-extrusion flow. In steady state shear flow of liquid,n-hexadecane
under different’ temperatures,~ pressures, ~and densities, material
functions—thé&'shear rate dependence of viscosity, first and second normal
stress coefficientSs——ptesent shear thinning phenomena:. At extreme shear
rates, specific behavior of skear dilatancy is-observed in the variations of
non-equilibrium thermodynamic, states.. More importantly, viscoelastic
material functions of oscillatory shear flows—storage and loss moduli,
and phase angle—can be obtained while two significant corroborated
manifestations are that the n-hexadecane fluid undoubtedly possesses
linear viscoelasticity and thermorheological simplicity. Viscoelastic
spectra, the frequency dependence of storage and loss moduli, determine
the phase of the fluid: a solid-like state, liquid-like state, and gel-like state.
Furthermore, nano-extrusion flows of linear short polyethylene chains
that were uniformly extruded by a constant-speed piston into surrounding

vacuum from a reservoir through an abrupt contraction nozzle were built.
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Since the length of a molecular chain is larger than the nozzle diameter,
we are interested in understanding how a molecular chain flows through
the nozzle region. Molecular motions are explored during contraction
flow while the velocity and temperature profiles in the nozzle region are
presented. Similar to capillary rheometer, the relationship between the
apparent shear viscosity and shear rate for the isothermal nozzle region
emerges obviously both important characteristics—first-Newtonian

plateau and shear thinning slope.
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CEEE

Roman Uppercase

G’ , G’,
Gy
H H

gas >~ liquid
L,LJL
M
Ni, N>

V

liquid

Vcl ach

P AT

Parameter of Tight-Binding potential
Constant of proportionality

Fitting parameters for critical point
Cohesion energy of Morse potential
Diameter of nozzle

Diameter of extrudate

Activation.energy. of flow

Cohesion energy of Tight-Binding potential
Born-Mayer energy of Tight=Binding potential
Repulsive.energy of Tight-Binding potential
Relaxation modulus

Storage and loss moduh

Amplitude ratio

Enthalpy of gas, enthalpy of liquid

System lengths for three directions
Molecular weight

Firstand.second.normal stress différences
Number of samplés

Pressure

Set Pressure

Damping constant

Squared radius of gyration

Squared radius of gyration of the « -axis
Gas constant

Parameter of molecular orientation
Parameter of molecular orientation of the
a -axis

Temperature

Critical temperature

Set temperature

Reference temperature

Volume

Volume at liquid phase

First, second critical velocities
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CEEE

Viiip
Vx
Vo
Uliquid (inter)
Uus
Us
Uy
U
UMUI'Se
Xs

Roman Lowercase

Slip velocity
x component of velocity vector
Maximum wall velocity of shear flow, wyh

Inter-molecular potential at liquid phase
Lennard-Jonse potential

Bond stretching potential

Bond bending potential

Torsion potential

Morse potential

A available variable, X =sin(wt, +5,)

Horizontal shift factor

Reference shift factor

Acceleration vector

Vertical shift factor

Parameters of torsion potential

thickness of the liquid-vapor interface

Unit vector of ¢nd-to-end vector .of molecular
chain

Unit vector ofx axis

Foree vector

the force imposed on atom i due to.atom j

Height of shear-flow: system/Height of nozzle of
extrusion flow

Exponent of Power lawsmodel

Boltzmann’s constant

Parameter of stretching potential

Parameters of bending potential;

Equilibrium stretching length

i-th stretching length

Exponent of Power law model

Parameter of Tight-Binding potential

Momentum vector

Parameter of Tight-Binding potential/Order of
gear algorithm

Equilibrium distance of Morse potential

Position vector

The distance between atoms i and

Index of sample
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CEEE

\Y

Zy

Greek Uppercase

AH

%

AR
At

Greek Lowercase

Qs Qs Uy s O3, 0y, 0s

Time
Velocity vector
position of Gibbs’ dividing surface

Heat of vapor
Difference of acceleration for Gear algorithm
Size of time step

Elastic modulus of Morse potential
Ising-type ‘critical exponent
Parameters of Gear algorithm
Shear strain

Strain amplitude

Shear rate

Shear rate amplitude

Molecular shear rate

Particular shear rate

Slip shear rate

Phase angle

Anderson parameter of control pressures
Energy parameter of Lennatd-Jonse potential
the energy parameter between the CH, groups
and Au atoms

Shear viscosity

Apparent viscosity

Zero-shear-rate viscosity

Very high shear rate viscosity

Bending angle

Equilibrium bending angle

Characteristic time of Cross model

Gaussian parameter of control temperature
Parameter of Tight-Binding potential
Density

Equlilibrium density

Vapor density, liquid density

Length parameter of Lennard-Jonse potential
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BB HE R P

UCHZ —Au

'//19'//2
Va

Superscript

a’ﬁ,kﬂmﬂn
un

Subscript

X,y,Z
IJ
a,p

Operator

Abbreviations

AFM

Ar
Bio-MEMS
BD

DNA

DPD

EAM

LJ

LS

Length parameter between the CH, groups and
Au atoms

Shear stress for Least squares method

Stress amplitude

Relaxation time

Torsion angle

First and second normal stress coefficients
Angle between end-to-end vector and « axis
Frequency of oscillatory shear flow

Exponents of power. law model
Exponents of Cross model

Cartesian coordinate
i,j-th particle
Range overx, y, z

1* time derivatives of momentum wvector

1*time derivatives of position vector

ond 314t st fime  derivatives of position
vector

Time average

Atomic Force Microscope

Argon

Bio-Micro Electro Mechanical Systems
Brownian Dynamics simulation
Deoxyribonucleic acid

Dissipative Particle Dynamics simulation
Embedded Atom Method model
Lennard-Jones potential

Least Squared method
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CEEE

FENE
MC
MD
MPC
PE
PBC
PC
NEMD
NVT
NVT-NEMD
NPT
NPT-NEMD
RB
RDF
Re
SAOS
TB
TraPPE
UA
vdW
WCA

Finitely Extensible Non-linear Elastic potential
Monte Carlo simulation

Molecular Dynamic simulation

Multiparticle Collision dynamics model
Polyethylene

Periodic Boundary Condition

Personal Computer

Non-equilibrium Molecular Dynamic simulation
Isobaric-isothermal ensemble/Canonical ensemble
Isochoric-isothermal NEMD simulation
Isobaric-isothermal ensemble
Isobaric-isothermal NEMD simulation
Ryckaert and Bellemans potential model

Radial Distribution Function

Reynold number

Small Strain Amplitude. Oscillatory Shear flows
Tight Binding model

Transferable potential for phase equilibria
United Atom model

van der Waals force

Weeks-Chandler-Anderson potential
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