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Areas of Research Interest

Applications of Molecular Simulation
Techniques to Characterize
Crystalline Structures and
Associated Properties.

a_xo.v?‘(.

Application of Molecular Simulation
Techniques to Characterize Phase
Separated Molecular and Polymeric

Systems phends

Crystallization Behavior in Restncted
Geometries

328 IE s frla B

Application of the Molecular Simulation
Technique for Clarification of the o«
Phase Transformation in Poly(butylene
terephthalate)

Analysis of Polymorphic Structures of Highly
Stereoregular Syndiotactic Polystyrene

Application of the Molecular Simulation
Technique to Calculate Structure and

. Define Deformation Mechanisms of High
Performance Polymers

Kevla .
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i Types of Polymer Systems Studied

m We use calculations on Ordered

Systems to:
m Ordered m Validate simulation algorithms
m Disordered > m Compare with extensive
@ Multi-Component 3w » { experimental data available
% tﬁ m Calculate ultimate mechanical

¥ Blends " - { roperties
% Polymer/Solution = prop
¥ Interphase/Interface ) m We use calculations on Amorphous
% Block/Random copolymers Systems to:

Simulate miscibility behavior of
blends

Predict thermal expansion coefficient

Predict solubility behavior of
polymers '

Predict structural dynamics
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Periodic Boundary Condition used in gimulat,ing Crystalline or “Amorphous”. - L
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Unit cells calculated for pbly(f-'phenyléne terephthalamide)
and other model polymers

0
ﬁ_ 2 _ / YN
PPTA r\ - PBA_. v - PE = .
cac. obs. - eror .cdlc. ' obs. -emor cdc.  obs. ‘' error
834 1.8 . 6.92% 8.06  1.71 4.34% 1.21 17.42 2.83%

51 519 3.47% 513 514 019% 515 495 4.04%
1298 129 0.60% 1296 12:8. 1.25% 258 2.55 1.10%
146 149 2.01% 148 148 Q% 097 098 1.02%

© o0 o

A ;
ﬂ&i‘- Crystalline Structure of PPTA

ond

e L5
oLy y2it BBEETL

83¢4

¢ axis repeat- 12.98 A
5




@] University of Massachusetts at Ambherst

e Calculated and observed structural parameters forppy \’04" é},"_vf"
[A
T\ (}A’ Simulated Simulated Experimental «~ Experiment - \ .
- ) -y‘d Structure I Structure II Data Data
)] Pg ~
a(A) 8.3 8.34 7.8 7.87 2 ~
b(A) s 5.1 5.19 5.18 P ¥
c(A) 13.1 12.98 12.9 12.9 ﬁ%
o 90 90 90 90 ,};«r h“f‘
B 90 90 90 90
Y 92 90 90 90
chain {0,0); [1/2,1/2] [0,0); {1/2,1/2) [0,0}; {1/2,1/2] [0,0); [1/2,1/2)
location
diacid ring -26 -33 ~30 -30
roration
dian.ide ring 43 37 ~30 38
rotation
density(gm/cm3) 1.45 1.46 1.49 1.48
H-bond length(A) 2.3 1.97 2.1
angle of N-H...O 160° 173° 160°
posterdistance of N...O(A) . 2.93 3.04

M

Process involved to produce high strength fibers from the liquid crystaliine state

m  process dope into highly orientes state by
clongational or shear flow

m  coagulation process

= neatralization 4 the fiber is stretched by using
& pick up the fiber different rotational speed
®  post processing <
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Prediction of Polymer Mechanical Properties

* Analyze stress-strain relationships
% * Identify molecular deformation mechanisms

¢ Identify molecular relaxation mechanisms

e Understand the molecular parameters influencing chain
microstructure (conformation, packing, etc.) ‘

* Determine the ultimately achievable mechanical -~ ; # 9 % }( .
properties (for a perfect crystalline system)

* Study solid-solid phase transitions

* Study hysteresis cycles

* Study the orientational distribution function of chain
segments as a function of strain
Study temperature-induced structural fluctuations

¢ Predict thermal expansion coefficients

Relationship between the Macroscopic Properties of Polymers 7«-24” N
and Microscopic Mechanisms d

(S

Macroscopic Properties Microscopic Mechanisms
modulus | . bond stretching, angle
© b lee Sor lf);:;ﬁg\rﬁ, rotational
tn arr e A oan
thermal expansion chain dynamics
coefficient

linear-nonlinear limit intermolecular interactions
relaxation mechanisms
chain conformation

hysteresis, yield, creep <~ chain dynamics
unit cell geometry
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Calculation of Stress/Strain Relationship

Stress-strain Curve for Syndiotactic Polystyrene
Modulus = 115 GPa

For every step we lmpose on the polymer system,
Al, calculate the change in the overall stress, ¢

Separate the various contributions to the 4.00 1
energy changes: (1)- Intramolecular - bond
stretching, angle bending, torsional; (2)- N
Intermeolecular - hydrogen bonding, dispersion

forces, dipolar orientation, electrostatic 300
Calculate the energy barriers and differences to Stress B
_model irreversible behaviors. (GPa) 549 L

Identify the separate molecular strains in
terms of Ar's, A¢'s, At's: -

a 3 ? 100 |
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Ultimate Moduli Predicted for Different Forms of Polystyrene (GPa, along the

chain .
~?
v &
dag=™

Syndiotactic # Conf  Syndiotactic r1gg Isotactic 3/1

Conf Helix

Bulk 115.44 12.86 " 32.65
Single chain 99 ot R 2

Sound wave 69

Syndiotactic tt conformation should make the strongest polymer

The modulus perpendicular to the chain for syndiotactic polystyrene tt conformation

is much lower ~7 GPa
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Elastic constants (GPa) calculated for 3 model polymers

Ve

Hyx

80.1 6.8
335.7 3223
15.4 14
0.7 0.9
5.2 8.9
0.199 . 0.259
0.496 0.331
0.717 0.872

b@!l University of Massachusetts at Amherst

H — b’”d

0.215
0.025
0.472

Effects of having intermolecular interactions on the distribution of energetics terms

to various coordinates

Bnergy for L

ol rsA

aU(kcal/mol)
00

poster-h

“bond ongle W Ww. W ols Wb
ENERGY TERMS -

for L of PRA without Interchain interaction
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'Schematic Structure
of a Form Poly(butylene terephthalate)

University of M husetts at Amherst

Schematic Structure of B form of
Poly(butylene terephthalate)

a=4924
b=5574
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Change in crystalline repeat
Transition Coordinate (averaged over structure) .
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