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Summary

A Rational Design and Characterization via Modeling and Simulation

A Multiscale Modeling Hierarchy and Materials Simulation

A Examples of Applications in Functional Materials

Multiscale modeling PMMA Thin Films

Hydrogen storage and Delivery (MOFs)

Thermo-electrics

Piezo-electrics and Ferro-electrics

Amplified Flourosence Quenching Polymers for IED sensing

Structure, Assembly and Transport in Cyclic Peptide nanotubes (CPNT)
Stress Corrosion Cracking in Fe based alloys

Nuclear Fuel materials

Damage Cascade Simulations

Magnetic Shape Memory Alloys



Design/Characterization Through ~ ~ = °
Modeling Paradigm

Analysis for Design and
Characterization

Model Formulation,
Implementation and
Simulation

Theory MATHEMATICS

Physics & Chemistry &
Biology
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AN . . -
U Multiscale modeling of PMMA Thin Films for ShE
Microelectronics Applications
Develop a methodology for the numerical simulation of large models of
polymeric thin films so that realistic estimation of mechanical and thermal
properties can be obtained.
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t>r < Equation of Phonon Fourier Equation
Diffusive equations, like the Fourier eq. e i ] T
. v
for conduction heat transfer, do not i ~
account for the effect of energy carriers 2 e
(i.e. phonons) in thermal properties. e oo Cattaneo
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Molecular Dynamic simulations can be o
implemented to solve this problem.
Computer power ‘Petaflop” computers et
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Earth Simulator {Japan) 40 TFLOP [ Length Scale
ASCI Whita (CA, USA] 12 TFLOP 1 (L)
107 atorns / '
However, the computer resources

"Teraflop"

IBM Almaden Spark w

"Gigaflop"

needed to simulate a film of the
o stome < necessary length and time scale (few
tens of nanometers, microseconds) are
prohibitive.
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Coarse Grain Molecular Dynamics @ ChE ¢

B Used for complex molecules in biosciences (proteins, DNA)
B Used in simulations of entangled polymer melts
% =>

CG-PMMA model: 6 beads
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Benefits %th'f;;)io
1 ns, local comp. (4-proc) 100 ns, Hydra (16 -proc)
Model Atoms/Beads Ru(rrl]:;r;e Atoms/Beads Ru(rr::'isr)ne
Atomistic 2256 25.58 18002 ~ 1000
6 Beads 900 4.85 7200 165.0
4 Beads a 600 2.05 4800 46.6
4 Beads b 600 2.45 X
3 Beads a 450 1.28 3600 21.1
3 Beadsb 450 1.90 X
2 Beads 300 0.85 X

A system of 18k atoms of PMMA is a
5x5x5 nm box.

Few tens of nanometers and
microseconds are now attainable

A 20x5x5 nm box of 3-bead model
runningforl € s on Hypdc)aill ( 64
take ~ 14 days.



