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I. Coarse chains




Potential of mean force

Simple Brownian dynamics with forces from

< ¢’

Calculated using
Boltzmann inversion



Entanglements
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Viscosities PEP
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No fitting !!
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I.a. Wormlike micelles

+salt

surfactant wormlike micelle viscoelastic network



The coarse model
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Join rods to form breakable chains




Parameters

[ p Persistence length
DD Diameter

ke Elastic modulus

E . Scission energy

E , Activation energy



Atomistic simulation

calculate persistence length, diameter and
elastic modulus



Thou shall not cross
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bead-bead interactions are short-ranged and soft,
and cannot prevent bond crossing
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Viscosities
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No branching?

Twisted PBC:
M.P. Allen and A.J. Masters, Mol. Phys. 79, 277 (1993)



Fusing




Relaxing




No branching !

* Branches cost a lot of free energy
* Branches easily slide off one end
* Sliding branches are difficult to simulate



I1. Coarse graining

AS coarse as coarse can be

-—> F= —(%) A(x)=-kTIn f dq" exp[-pV (x,q")]




Coarse graining

As coarse as coarse can be; a bit more resolution
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Coarse graining

Transient forces after a compression
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Coarse graining

A bit less coarse
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Two ingredients

Potential of mean force

AR )=-kTIn quM exp[-BV (R ,¢")+InJ(R",q")]

*Friction/memory is due to non equilibrium of the bath
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W.J. Briels, Soft Matter 5 (2009), 4401



Memory

Introduce variables describing the state of the bath: J()U;Vpairsj
and write
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W.J. Briels, Soft Matter 5 (2009), 4401



Dynamics

Brownian dynamics in a slow bath

dR, =§i[_€iA+ET ],rt_l_d*imn
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W.J. Briels, Soft Matter 5 (2009), 4401



111.a. Star polymers




Potentials and overlap

| | | | | 10 T T T T T §
- ‘ E — cin 3
— BV, 10" '_:"_:'_u.n N o ovedap 4
- tb cogln - ’9“1:,,% -= n, ™ expi-rfic’) 3
= o o i
= 10 E N B, 3
— - (= -
=) [~ .

- A ~ O
= 10 & - ’Oq =
= N o 3
2 i \ \g\l\:u ]
10 E \\ \‘\u%
.3 B 1 | 1 1 1 N
107, 1 > 3

r'c

AR™) = N o(R;) ny(r) = [d’xe(¥)c(X - F)

<i,]>



Transient forces
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Theory for stars
(with Jan Dhont)

Assuming affine displacements, the
stress tensor contains a shear thinning
viscous term, a shear curvature term
and coupling of diffusion and flow



111.b. Linear polymers
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Potentials and overlap

* Three body potential
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o, (R™) = Fw(R,)

* Overlap functions: Gaussians



Polymer melts: Cq, H,(,,

: Structure factor reproduces right
compressibility.

‘Ideal gas’
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Potential of mean force

AR™) = 2 a(p,(R™))
p,(R™) = Z W(R; ;)

Taylor expansion
2

a(p,) = a(p)+—(&— )+ii(1—2KTP%1(&— )
p\p 2\ p
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Three body interactions suffice !!



Polymer solutions
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IIl.c. Telechelic polymers

Low density High density
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Potential of mean force

AR™) = Y o(R)  ny(R,)xGy(p=R’)
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Parameters

T(R,) =7,exp(-R, /A)

Y

5 =5 +5, Y \mm(R,)

limn,(R) = i ~This will lead to intelligible
k=0 12 values of (¢



Linear rheology
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o 10 - Predicted
non linear
rheology
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Shear banding 20 g/1
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Banding to fracture
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Melt fracture

L

L

20

10



Melt fracture
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Structure formation
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Non-equilibrium phase diagram
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I am done

1. Coarse chains
- wormlike micelles

2. Coarse graining

3. Single particle models
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- telechelic polymers



Thank You
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Simplified theory (1)

Langevin equation
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d’R, dR, =&
dt’ dt d

(F () F, (0)> 6k ,TES (1)




Simplified theory (2)

Potential of mean force
ARY) = =k, T In(P, (R"))

N-1 N

AR =TTT]P R TIP R TP 0.)

J=i+l
N-1 N

AR =3 30" R I T9 R+ T97™ 0,0

i=l j=i+l
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Coarse model from atomistic

Friction

simulation

Potential of mean
force



Scaling with N

1) Characteristic time

1 1
2) Equilibrium P, « GXP[— — ARy - —

a 2
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3) Friction 51(77;) = 532 \/nijno (ry )@)(nz]) x N




Diffusion coefficients of
polymer melts

lllllllll Illlllllllllllllllll
N
Ny
L g
3
‘-‘i
08 N
3 2
l—-—-l-.!l
IIIIIIIII IIIIIIIIIIIIIIIIIIII
4




Discussion

* tubes conserve (to a large extent) prevalent configuration
of centres of mass, as do the transient forces

 probabilities of entanglement

R S
&Y EHI

survival-times decay exponentially;

do we need tubes at long times? _‘

* to describe elongational flow use dumbbells

* types of entanglements, and therefore their relaxation
times depend on the distance between polymers.



Model and Dynamics

Brownian dynamics in a slow bath
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n, = number of bridges between Zand j



Model and Dynamics

Brownian dynamics in a slow bath

dit =§i[-€iq>+ﬁf]h+ /Zk;df@

F;'T = aE |2/lz] _no(Rij)i?ino(Rij)
J

] 2kTdt
dn.=———\n.—n,(R, [+

n, = number of bridges between Zand j



Coarse graining (dynamics)

Eliminate variables: J(Q,R,q,q'}: @,R}

d’R D ’ d
m "= - +;[d7§n,m(f—f)7€m(f)+FnR(f)

"dr OR.

(E O 0) = kyTs,., ()

Only useful in case q() is much faster R(t)
than , I.e. when no memory occurs



Entanglement free energy
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Experiments
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