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Our Motivation

polyethylene
atactic
-polypropylene

• Polymer blend phase behavior
- Miscibility/immisciblity of polyolefins

• Self-assembly of block copolymers to form novel

hexagonal lamellar

• Self-assembly of block copolymers to form novel
micro-structured materials  

bicontinuous



Hierarchy of Length and Time Scales
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CoarseCoarse--graining of Polymer Simulationsgraining of Polymer Simulations

Goal: To develop coarse-grained descriptions to access longer 
length and timescales

Coarse-grained 
description (t) 

Coarse-grained 
description (t + dt) 

How do we derive physically consistent
particle-particle interaction potentials?

Atomistic 
system ( t )

description (t) description (t + dt) 

Atomistic 
system ( t + dt )

Basic idea
One CG particle describes

n carbons of the 
detailed polymer

Future
work



Coarse-graining method

• Perform molecularly detailed simulations of polymers

• Define coarse-grained beads by grouping � backbone 
monomers into one.

• Calculate structural correlations between coarse-grained
beads. CG g(r).

• Determine effective bead-bead interactions that reproduce 
coarse-grained correlations using Inverse Monte Carlo

-- uniqueness? 



Detailed molecular dynamics simulations

• Classical molecular dynamics

• n-alkanes - C16 to C96
(M. Mondello et al. JCP 1998)

Includes united atom, bond-length, 
angle, and dihedral terms.angle, and dihedral terms.

• 50 to 100 chains

• T = 403K   P = 1 atm

• time = 5 to 10 ns
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the level (N) of coarse-graining process



CG g(r)s as a function of the level of CG

N = 4, 8, 16, 24, 48, 64, 96



Coarse Graining Intramolecular Correlations
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Inverse Monte Carlo simulation

choose a trial potential, e.g.,

ϕ(r) = 0

run Monte Carlo simulation
with trial potential

update trial potential

ϕnew(r) = ϕold(r)
+fln[g(r)/g (r)]

g(r) = gtarget(r) ?

+fln[g(r)/gtarget(r)]

done

No

Yes



Coarse Grained Potential

intra-bead

inter-bead
interaction

interaction

Etotal = Einter + Eintra

= Σpairsϕinter(r) + Σ12pairsϕ12intra(r)

+ Σ13pairsϕ13intra(r) + Σ14pairsϕ14intra(r) + ...



Inter-bead Interactions

inter-bead radial 
distribution function

effective interaction
potential



Intra-bead Interactions

ϕ12(r) ϕ13(r)
ϕ14(r)
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Oligomer conformation distribution

radius of gyration distribution for C96
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CG method reproduces conformational statistics of molecular oligomers
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Polymer Conformation Distribution
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Buckyball Polymer �anocomposites
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Conclusions

• CG method maps molecular scale correlations to 
coarse-grained potentials

• Coarse grained potential simpler than molecular potential
and can be extended to polymer simulations while
preserving molecular identity

• Not limited to polymeric species (e.g., buckyballs/• Not limited to polymeric species (e.g., buckyballs/
nanocomposites)

• Path Forward
- Polyolefin blends
- Block copolymer assembly
- Dynamics?



Lets stop and think about 

thermodynamics a bit here.thermodynamics a bit here.



Fisher et al. J. Phys. Chem. B., 2008, 112, 13561-13571.









Training the CG potential on trimer and decamer PEO









CG vs Detailed MD CG vs Experiment



Concentration dependence



If carefully devised for your system of interest, CG potentials 

can be quite useful for estimating properties of larger 

systems, or more concentrated systems, etc. 

(Speed up by a factor of 10 to 100).



Acta Polymer, 1998



What about water?What about water?

•• Pure water: phase behavior, anomalies.Pure water: phase behavior, anomalies.

•• Hydrophobic Hydrophobic solvationsolvation and interactionsand interactions

•• Ionic Ionic solvationsolvation

•• SelfSelf--assemblyassembly



What about water?What about water?

••Modeling of water in simulationsModeling of water in simulations

•• Quantum and classical modelsQuantum and classical models

•• Can we coarseCan we coarse--grain water?grain water?

---- pure waterpure water

---- solvationsolvation phenomenaphenomena



Can we coarseCan we coarse--grain watergrain water??

See papers bySee papers by

•• T. Head Gordon and T. Head Gordon and StillingerStillinger, JCP 1993., JCP 1993.

•• GardeGarde and and AshbaughAshbaugh, JCP, 2001, JCP, 2001•• GardeGarde and and AshbaughAshbaugh, JCP, 2001, JCP, 2001

•• Greg Greg Voth’sVoth’s papers on water.papers on water.

•• Johnson et al. (see next page).Johnson et al. (see next page).





Questions?


