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Thefield of segment density isused to descrlbethe system.

1. Various polymer architecture
Homo, block, star, comb, ring, any types of topology,
fixed sequence( tapered block )

2. Off lattice mean field method

3. Enhanced SCF methods

Grand canonical dynamics, chemical Reaction,
polyelectrolyte, etc.

4. Open sour ce software
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4 1. Polymers
Any topologies, ~
2 Any seguences '
Monomers

Anti-symmetric block copolymer

Specific volume, =2 erp=l NA=Ng=20 X p5=0.4
. System 64x 64 A red B:blue

Effective bond length,

Electric charge

2. Solvents

Specific volume
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Polymers In solution
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1 3. Circular Mesh
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Ensembles

Boundary Condltlons

1. Periodic boundary condition
|nfinite systems

| 2. Hard wall

| Adsor ptions, depletions, grafts

. 3. Reflective boundary condition

F Theboundariesfor bulk systems

' Ensembles

' 1. Canonical Ensemble

i2. Grand canonical Ensemble
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gﬁﬂs\ Boundary conditions and

Examples

periodic system
canonical ensemble

bulk

wall reflective
grand canonical ensemble
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1. Static Equilibrium Calculation
Calculates equilibrium states.

2. Dynamics Calculation
Time dependent ssmulation of phase separation.

3. Monte Carlo Calculation
Search for lower energy states
(avoids being trapped in a local minimum)
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-y T‘_ _ Basic Equations'
Edwards Equation for the F;ath Integral .

0 b
gQK(i’,r’;i,r) = [E‘UE — ﬁVK(r)]QK(i',r';i?r)

1
Segment Density

orc(r) = O Y [ dro [ dew Q0,503 1)Quc s Ny v )

Canonical Cr = 1 Mgk
Ensemble [dro [drn, QK (0,10; Nk, TN, )
Grand Canonical P (bulk)
rand Canonical Ok R —
Ensemble Ck = N oXp [I\JE (Wi + constant)]
Segment Segment _ M+ |: total number
| nter action Wik(r) = ZXKK' ox(r), R‘ of the chain
K’ .
~ Sdf Consistent Field - In the system
r
L Vi (I‘) — W}{(I‘) . [{(I.‘-‘,()( )}]

» 0Pk (1) L_é



N I Pa “a .r,-

M Static Equilibrium I\/Iethod o |
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The segment interactions and chemical
potentials are updated at each iteration.

Vie(r) = Wk(r) pr(r)

Wi(r) — Wg(r)+ constW x (Z YK K Gr (T) — th[r})
h'nl

(©) f14(r) — constV x (1 — 3 m;{-(r]) for K = A
e (r) —
/ tipe(r) — constV x (,u;.-;{r} — j.!.rql[l"}) for K = A

1
XKK' = 3.5[EI{H’ — E(Eﬁ'.ﬁ' + fmm}]
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Meshes

ff Iattice model ;...-
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ok Depletion of polymer near SO|Id wall in solution. ‘:'“ -
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—theory*
- x 08 — dx=0.25
P 3 ——dx=0.5
B 0.6 - dx=1.
8 04 o
* E.A. DiMarzio, J. Chem. Phys., 36, 2101 (1965).
C.M.Marques and J. F. Joanny, Maxromolecules, 23,
0.2 268 (1990).
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qgﬁ[ A A polymer grafted to a wall «

_ ¢ Musnroom R
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The mushroom shrinkswith increasing x .
| nteraction parameter
X <polymer-wall = 0. Shrunk mushroom Swollen mushroom
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A polymer grafted to awaII
M ushrooms and Pancakes
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Interaction parameter 03
1 X <polymer-wall
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i Single grafted polymer chain

In cylindrical mesh system
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’J PO'YmerS grafted to awall > erﬂ‘
3 Brushes L
“-._ \ v - P - J_ L ‘rlq:'l '

da

\ 0.8
K 0.6
t e 04
A
A 0.2
4 N=100,
- X =0.25 0.0
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Milner, Witten and Cates, Europhys. Lett., 5, 413 (1988)



o il Bo i, . R e - .
1% .. Polymersgrarted toawall Q;Tﬂ‘
= M ushrooms and Brushes g ST
-t e ) - e | i L2
- "‘"' l N .. ; b - *
« The grafted polymer should be consi dered as mushrooms and brusn.

| nteraction parameter
X (polymer-wall = 0. 1
X polymer-solvent 0o |

N=32 |
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polymer in solution = ¥
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1.0E-01
- — =07

1OE'02 B /_*
1.0E-03 /
1.0E-04

1.0E-05
1.0E-05 1.0E-04 10E-03  1.0E-02 1.0E-01 1.0E+00

total volume fraction of polymers

Volume fraction of non-associated A10B20 block copolymersasa
function of total volume fraction of block copolymers. Monomeric
solvent C isselectivefor B block. Interaction parametersare
chosen as yg= xac =2.0 and xzc =y ischanged from 0.7 to 0.9.

.l'* T

volume fraction of non-associated polymers
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\ Block copolymer

" o«
L '~ typical structures ¢ * . g SEET
hexagonal .
h

cubic lamélar

N=40 x N=20 323 f=0.25
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Good initial guess of Self-Consistent Field isrequired to obtain the
mor phology at the global minimum of free energy.

Lamellar model Cylinder model
One dimensional calculation ’ c

~
Cubic modd
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w Block copolymer o OcqﬂL

R\ typical structures2/2 = ¢+ SR
A" = L . ‘ 1

Gyroid model

Using triply periodic leve
surfacefor initial V.

V=c(cosx*sny+
SoOSy * sinz+
COSZ* Sin X))

c. scale factor

Graphicsbhy GOURMET

http://www.msri.or g/publications/sgp

Simulation Result
N=30, f=0.4, X N=14,  wmp
System size = 328
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Calculated by optimizing
|attice constants
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Matsen  Schick
Phy. Rev. Lett. , 72, 2660 (1994) .
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gﬁ “Tapered polymer &[Gy
Multl StatePathIntegraI Eas R 32 5 e

Path integral equationsfor K-th type monomers v
Qi (s +ds,r) = exp|—BrgVi( r)dsf‘z‘]

(e:{p [—Iﬁ?’;{r Vi {rdefZ] Qr (s, 1':]) ‘

Sum of the path integrals ‘

Q(s,r) = > Qx(s,r)
K

Volume fraction of K-th type segment
| dsQ (s, T)Q(N — s.v)gr (s

f dI‘N Q(i-'\"v, I Y ]I

‘ G.J.Fleer et al. “Polymersat Interfaces’, Chapman & Hall (1993) g



9 ?Tapered polymer
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d 30 | s :
a=1.00,x N=44 .
20 ‘ ‘ ‘ ‘ ‘ X >~
- 0.7 0.75 0.8 0.85 0.9 0.95 1 y
» a ( gradient of taper )
—— 0.35 0.375 0.4 0.425 0.45 0.475

a=0.86,x N=44 ‘
a=0.78,x N=58, 18x 18 312 a=0.78,x N=57, 53 4



1% Strong polyelectrolyte erﬂ‘
12 .~ A polymer solution in which aimost all . *
' &/ —

theionizable atomic groupsareionized. — E5 . e oy

« SCF method
Total charge distribution is calculated by

the charge density ﬂf{| of the segment. )

N plr) = meg -
ﬁ: Solve the Poisson equatlon
VU(r) = plr) A _

E [} i 1)
Add this€ ectrostatl c potential to V.
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Strong poneI ectrolyte

Phasedlagram of polyelectrolyte blend; ionsare =
located at each end of polymers. -

Anisotropic

Multi phase
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1% DynamicsSimuIﬂation - Q;T‘FIL

& 7 . Diffusion Equation s A e

» 4 s ) .
iy 1
L pk(r) ==Vk(©) + ) exkrdir(r) = —Vi(r) + Wk(r)
5 B ~
. 5%k (1,1) = VILk (r, ) Vipk(r,1) + A(r, 1) }] *
~ Lx(r,t) : mobility coefficient )
| Rouse Dynamics condition -
A - 4
b Lk(r,t) = Lodk (r,1) %
q

Reptation Dynamics condition

LK(rat) — N(t otal) ﬁbK(rat)

Nitetall §g the total number of segments in the fhaiu.| I'

A(r,t) :Lagrange multiplier for the local incompressibility .
condition i
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Dynamics Simulation
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Reactlon induced phase separatlon QA
gﬁﬂ HIPS —L

s
GOAL
HIPS High-lmpact-M odified
Polystyrene

- A L | L U

=0
o
Ot
]
#
| oo

Figure 1. Sala.n:u structures in commercial HIPS (from BASF
AG), made of PS (O—0) and the graft copolymer PBgS (@#—-0)
(In all electron micrographs of this paper: (black) butadiene,
(white) styrene phases.)

Fischer and Hellman, Macromolecules 29, 2498 (1996)



y”ﬁi Reaction induced phase separ ation QqJﬂL
= HIPS

H*- U F [ o

Morphology of mixed PS, grafted PBs and S

PBgS(G=2)
Model of Salami Domain by
Fischer and Hellman



Qi Block copolymer creation | QJTQ‘
= i a block copolymer was created by a | -

2
' oy ¥ reaction of A and B polymersat their ends. «¥_+* ™
0.7 -

volume fraction of polymer 0 ——
VOIUME Traclion of |.|;JI'1-"|r_.—__'_..lI-""
volume fraction of palyier 2 —— |

oy
e

volume fraction of polymer
= [ =
el £ in

=
P

I.llll..

ﬂ" .- L L i L L i L L L
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

time:
Active Site reaction

The volume fraction of active
group was calculated by SCF



Block copolymer creation Q2
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at inter face e
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Matrix polymer: Na=Ngs=10,
2 reactrive and block copolymer: Na=Ns= 20,
w— | X AB=0.4, ® block_initial=0.01
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b ,g__lf’l;f Monte Carlo simulation QfHL
The method to study én isolated chain in adilute [ o '.
solution or a singlechain in amany chain system. | & _ 5
-0.00035 ¢
-0.0004 |
f ?-0.00045-
#“E -0.0005 | ;
F"'T -0.00055 “—\‘\—\i\‘l{"
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“Hi Linking to other layers

Morphol ogy M i

Multi-phase structure,
Interaction parameters

Q2

: ::) e

. <G/

\EJ




. Fay %, o -
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SUSHI isa general purpose simulator of meso-scale 1
structuresin polymeric materials. <P
SUSHI has many functions and thereisan infinite variety
of systems by combining the functions.

s+ An open source softwarewritten in C++ .
-r' thereareno restrictionsto use SUSHI for your resear ch. '

- We hopethat SUSHI will be a useful tool for your research.
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