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Examples

Rheology of

- Star polymers

- Telechelic polymer solutions

- Colloids in visco-elastic media
- Pressure sensitive adhesives

Interplay between internal and translational
dynamics



Pressure sensitive adhesives

Weak adhesion Strong adhesion



Colloids in polymer solutions




You want it bigger?




Crash course on coarse graining



Crash course on coarse graining

Terminology

Retained coordinates = Particles
Eliminated coordinates = Bath



Coarse Grain Picture

Experimentally: limited resolution
Simulationally: limited computing power
Conceptionally: enlarged understanding
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Strategy

Consider a particle with given initial position and initial velocity

Plot its path for different initial configurations and velocities of the bath

At time t you will get a distribution of positions and velocities



Equations of motion

Generalized Langevin equation
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Equations of motion

Generalized Langevin equation

dP, oA ¢ P(0) /rer i R
Uiy (t)—zm:_([drTTMFm FR) (@) +FF (F?) =0

Markov approximation

dP. oA P.(t) | R R R
it 0= O-Z 4 [dARIRL) O+ F]

dP oA
() = -
dt R

O->2Ve O+FL (FIFL)0=2KT5,,50-7

Overdamped; average over long periods

0=-

(jlﬁ (t)— Z Prl';/ft) Enn () + IEant See Masao Doi




Brownian dynamics

General
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Brownian dynamics

General

_A oy RO =+
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Simple example (diagonal friction matrix)
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Brownian dynamics

General

F’m—(t)ém,n(t) +EF

o Z ,1n (t)

Simple example (diagonal friction matrix)

drR, 1 oA FnFi

it £ R &

A bit more precise

dR 1 oA dt + o kT 2detran

"R, R
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How about memory?
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Mercator
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Mercator = Kremer
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The cause of memory (star polymers)

Briels

In the small scale simulation the deformation of
the eliminated degrees of freedom is correlated
with the recent displacements of the particles

Everaers
Particles move with their nose in the wind and
their hair in the back™

*Not because of inertia, but because of
entanglements with other stars



The cause of memory

> Time

Introduce variables to keep track of the state of the bath



RaPiD

Degrees of freedom

- State of the bath {nij ; Vpairs}
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RaPiD

Degrees of freedom

- Particle positions {ﬁi ‘1=1.., N}
- State of the bath {nij ; Vpairs}

At equilibrium
<nij> — nO(Rij)

Free energy

O(R*™ An;}) = ARR™) "‘%az (n; —Ny(R; )’



RaPiD, Egs. of motion

dnij = —
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dnij = —

—

dR. =

RaPiD, Egs. of motion

;[ VA+F ]dt+ran

- [nij — no(Rij)]dt +ran,

R =a [0 —ne(R)Vino(R;)

Brown

Onsager

Transient force



Examples

-Telechelic Polymer Solutions
- Pressure sensitive adhesives



Telechelic polymers
Low density High density

= number of bridges



Phi and n

1 rU/ZR 2 1 rU_/ZR 2

Pair-wise free energy from SCF calculations

ARR™) :;¢(Rij)



Parameters

z'(Rij) =7, XD (- R; /Z)

Gi = %o +§bZ\/nijno(Rij)
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Linear rheology
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Shear banding
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Shear banding 20 g/I
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Banding to fracture
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Melt fracture
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Melt fracture
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Pressure sensitive adhesives

Dry latex dispersion stabilized by surfactant

Can we simulate Scotch Tape ??



Pressure sensitive adhesives

Transmission
Ellectron
Micrograph




Sticky, deformable latex particles

Each latex particle is an extensible hemispherical cylinder

— Extensible particle with
constant volume

— Intraparticle fene spring

1 . 2e\?
!¢ (e) = _EkRé In !1 — (R—{) ]

0

— interparticle interactions are
function of closest distance d



Conservative interactions
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* Soft repulsive interaction

e Attractive ‘sticker’ interaction, proportional to the number of
hydrogen bonds



Transient interactions

Total free energy
®(R,n*,n") = A(R) + B(R,n*,n%)

Two types of transient forces

1 1 1
B(R,n°,n®) = EZ{EaS [nij —ngy (dj;, aij)]2 +§ae[n§ —ng(d;, aij)]z}
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Moduli using initial rough estimates
for parameters
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Moduli after some parameter tweaking
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shear viscosity n°(t) [Pa s]
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Onset of steady shear flow
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Onset of steady uniaxial extensional flow
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 Good agreement.



Thank You
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Potential of mean force

AR™) =Y a(p,(R™))
oy (R*™) = ZW(Rjk)

Taylor expansion
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