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( Stress ( )
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Cahn-Hilliard

1. Navier-Stokes Equation,
2. Maxwell Equation,
3. Cahn-Hillard Equation
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1) Simple Shear
2) Oscillatory Shear
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FIG. 3. Component of {R;) as a function of the distance between the walls,
Z. (a) Component perpendicular to the wall and (b) component parallel to
the wall, plotted va 1/Z. The results of the bulk simulation are shown at
VZ=0, €"=350¢ {circles), e"=1.0e {squares), and e"=10e with a cutofl

at 1.0 (diamonds).
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FIG. 7. Comparison of measurements made in parallel-plate geometry con-
cerning spin-coated films of cis-polyisoprene (M ,=6000 g mol ™~ LM, IM,
=1.04) confined between atomically smooth muscovite mica. The normal-
ized responses in phase with the electric field [¢; (f ), the top panel] and 90°
out of phase [€/(f), the bottom panel], are plotted against Hertzian fre-
quency, f, after normalization using Egs. (8) and (9). The data concern films
of macroscopic thickness (closed squares), 572 A thickness (open squares),
285 A thickness (closed circles), and 64 A thickness (open circles). Thick-
ness was determined by multiple beam interferometry. The inset shows
€/(f) plotted against €,(f), ie., a Cole—Cole plot.
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Fig. 1 A phase diagram obtained by experiments and 2D simulations. Dotted and solid lines

indicate the boundary between one phase and two phase regions from experiments and
calculations, respectively.
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Fig. 2 Circular averaged scattering functions at the time=400, 600, 800, 1000, 1200, 1400, 2000,
3000, 4000, and 5000. (a) and (b) show the scattering functions of @ , @z and @ g @ spores
respectively. The wave number q is scaled by the peak position g at time = 5000.
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Fig.1 GB-LJ hybrid model for 5CB molecule.

(@) (b)

Fig.2 Snap shot of the liquid crystal phase obtained using the GB potential
represented by (a) length-breadth ratio of 3.4and (b) 4.0 for 5CB molecule.
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Fig.1 Coarse-grained potentials based on the distribution functions obtained by

atomistic MD simulation.
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Stress-Diffusion Coupling Model
(Corrective Diffusion Model of Polymer Network)
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E.S.Matsuo and T.Tanaka, J.Chem.Phys. 89, 1695 (1988)
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A.Suzuki, S.Yoshikawa and G.Bai, J.Chem.Phys. 111, 360 (1999)

G.Bai and A.Suzuki, J.Chem.Phys. 111, 10338 (1999)
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C )

Figurel SUSHI mask_conditions

(Fig.1(a)) (Fig.1(b)) Fig.1(b)

Figure 2 SUSHI MD

Figure 1. Volume fraction of the end Figure 2. Snapshot structure
segments of ABA triblock copolymer in of ABA triblock copolymer in
cylinder morphology. (a) fixed end, (b)free cylinder morphology
Table 1-3 BCC

Tablel Bridge ratio in lamella morphology

Polymer X  Lattice size/# of lamella lamella length® 4. (SCF) @ prigge (MD)

A10B20A10 2.0 32/4 8.0 0.45 0.49
A20B40A20 1.0 39/3 13.0 0.45 0.44
A40B80A40 1.0 40/2 20.0 0.41 0.41

Table2 Bridge ratio in cylinder morphology

Polymer X Volume fractiong , lattice size @ pigge (SCF) @ prigge (MD)
A5B40A5 15 0.20 8.0 0.63 0.65
AG6B28A6 1.25 0.30 9.0 0.63 0.65

Table3 Bridge ratio in BCC morphology

Polymer X Volume fractiong , lattice size @ prigge (SCF) @ prigge (MD)
A3B54A3 3.0 0.10 11.0 0.76 0.77
A5B40A5 1.0 0.20 10.0 0.78 0.81

AG6B28A6 0.75 0.30 8.5 0.80 0.83
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X Lennard-Jones

MD Lennard-Jones

COGNAC v3.0
SUSHI v3

¢ )
1.

2.X

MD

A100/B100
Lennard-Jones

1.cutoff distance
Lennard-Jones

] 14

pl41 (2001)

m ICAPP2001 Yonezawa(2001/10)

O Proceeding of ICAPP2001 Yonezawa

KeyWord
(in English)

coarse grained molecular dynamics, polymer blend, interface,
SCF calculation, x parameter, Lennard-Jones parameter
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Kawakatsu and Masao Doi
Purpose of | Analysis of polydispersity effects on the interfacial tension of an A/B
this study | homo polymer blend
System Polymer blends with polydispersity
(Material)
Program SUSHI, FluidSimulator
(including
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Method (Method)
& 1-dimensional canonical SCF (statics)
Some
important | (Inputs)
input Flory-Huggins segment interaction parameter
parameters | Volume fraction and segment numbers of each polymer
Advance (Advance)
& FluidSimulator equilibrates the system and calculates the volume
Problem fraction profiles of all components and the interfacial excess free
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Results (Remarks)

Output: interfacial excess free energy, etc.
Analysis:polydispersity effects on the interfacial tension

[Example of analysis]

O The effects of polydispersity on the polymer interfaces are investigated for A/B
binary homopolymer mixtures where both polymers have molecular weight
distributions. The equilibrium structure of the polymer blend is obtained by
the 1-dimensional static SCF calculation under the Neumann boundary
condition. Let us denote the segment density of the i type chains as ¢ °©
where a  specifies each of the coexisting equilibrium phase. Using ¢ *; and
the equilibrium free energy F, one can calculate the free energy of the bulk
phase f and the equilibrium chemical potential of each component y ;.

O Then, the excess free energy F®** js calculated as follows. The volume
fraction ,segment numbers and system size are expressed asg °;, N; and L.

o 2 f 1
fbulk ai n|7+7a Ci'fiaf a
NN, 25T

fNacff

ij

N

0
m = 1+Inf—+N a@cf :
Ne o TTE i o
-2

Fexcess:LF_ Lfbulk L m(
aiNi

Results

O We investigated molecular weight dependence of the excess free energy by
changing the chain length and the volume fraction.

O Each system shows almost the same behavior, which resembles to that of the
molecular weight dependence of a mono disperse polymer blend system.

O It asymptotically approaches the theoretical value of the interfacial tension
obtained by Helfand and Tagami® in the limit of infinite molecular weight.
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Fig.1 Molecular weight dependence of the excess free energy.(X ag:0.25)
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Results (Remarks)

O

Three model systems were considered. The model-1 and model-2 are
monodisperse systems with the same number-averaged molecular weight Mn
but have different values of the interaction parameter. The model-3 is a
polydisperse system with the same values of Mn and X ag.

The stress-strain curves and the snapshot pictures of the interfacial region
after the elongation are shown in Fig.1.

A yielding point is clearly observed in each case. We found that the yield stress
and the yield strain of the monodisperse system increase with increasing
interfacial thickness. On the other hand, for the system with large interfacial
thickness, both the yield stress and the yield strain become smaller than those
for the monodisperse system with the same interfacial thickness.

From the observation of the structure after the elongation, we found that the
yield phenomenon of the polydisperse system is dominated by the failure of the
interface where the long chains are depleted. Please see Fig.2.

For the monodisperse system, the yield phenomenon is dominated by a void
formation in the bulk phase.
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Fig.1 Stress- strain curves and snapshots of the interfacial structure after elongation.
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