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Overview

• Introduction/Motivation

• Simulation Model 
• Potential, Thermostat, Parameters

• Theory 

• Simulation
• Equilibrium, steady state

• Summary/Outlook
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 Motivation

Introduction

Kinetic friction coefficient: 4~ 10shear
kin

normal

F

F
µ −=

J. Klein, Annu. Rev. Mater. Sci., 26,581 (1996)
Shear, Friction, and Lubrication Forces Between Polymer-Bearing Surfaces
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Scheme of two opposing polymer brushes

Introduction

1. No solvent / dry brushes
2. Brushes with solvent
3. Brushes with solvent & polymer stars (Leonid Spirin, Mainz)
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Interaction Potentials between monomers: 
bead-spring (Kremer-Grest) model*
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*Grest, Kremer; Phys. Rev. A; 33; 3628 (1986)
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Langevin type of Equation of motion: DPD Thermostat*

2
det

2
dissipative randomi

i i i i

d r
m F F F

dt
= + +

r r r r

( )( )dissipative D
i DPD ij ij ij ij

j ì

F r e v eγ ω
≠

= − ∑
r r r r

g ( ) /ij i j ij

ij i j

e r r r

v v v

= −

= −

r r r

r r r
( )random R

i ij ij ij
j i

F r eλ ω θ
≠

= ∑
r r

( ) ( ) ( )' ( ')ij kl ij jl il jkt t t tθ θ δ δ δ δ δ= + −Random noise:

Fluctuation-dissipation theorem:
22 2   R D

B DPDk Tλ γ ω ω = → = 
( )2( ) (1 )   D

ij ij c ij cr r r r rω = − <

5DPDγ = 1.68 / BT kε=
*P. Espanol and P. Warren Europhys. Lett. 30, 191 (1995)
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Observables:

Shear rate: wall

z
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D
γ =&

all units in LJ-units
2m

t
σ

ε
=

Parameter:

• Chain length:

• Wall distance:

• grafting density: 

Stress tensor:

Monomer density…
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relax

brush
transitionτ τ<<

onset inversion
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1. Newtonian fluid:
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1Wi = 1Wi >
Relaxation

1 τ
γ ∗ =
&

0Wi =

( )lin
xf γ&

γ ∗&

( )xf γ ∗& ( )
( ) ~x

x

f

f

αγ γ
γγ ∗∗

 
 
 

& &
&&

( )
( )

,

,

2

2
~

0
g x

g x

R

R

βγ γ
γ ∗

 
 
 

& &
&

δ

Introduction Simulation Model Theory Simulation

( )
,

2 0
g x

R



André Galuschko, Institut Charles Sadron

CompPhys09, Leipzig 26.11.2009Sheet 12

Introduction Simulation Model Theory Simulation
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P.A. Schorr, et. al. , Macromolecules, 36, 389 (2003).
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0.57α =
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3~ 10− brushes with solvent

2~ 10− dry brushes

Introduction Simulation Model Theory Simulation
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• 2 stationary regimes: Equilibirum, steady state
• Exponent: chain extension
• Exponent: shear thinning

• Friction coefficient: with solvent

• Outlook: oscillatory shear
• Polydispersity of brushes
• Charged brushes + salt

0.52α =

Summary

3~ 10µ −

0.57δ =
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Thank you for listening

The End
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Appendix
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Appendix
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