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[. Theoretical work

We finished the theoretical derivation of the SCFT for AnBm star copolymers with
solvent. Consider a solution system of AnBm diblock copolymers with the solvent.
The volume fraction of the polymer is ¢, and the volume fraction of solvent is (1—¢).
Each copolymer has polymerization index &, in which A-monomer occupy the
fraction f. A schematic representation of the AnBm architecture is shown below. We
assume that both the A and B monomers occupy the same volume, 1/py, and have the
same statistical length, a. The system is incompressible with total volume V. The local
interaction between monomer I and J is quantified by the Flory-Huggins parameter y;.
Each polymer is parametrized with a variable s that increases continuously along its
length. At the A-monomer end, s = sy, at the junction point between A and B
monomers, s = s, and at B-monomer end, s = s,. For diblock copolymer we set s,=0,

S1=f, and S2 =1.
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Fig. 1. A schematic of Branched Molecular architecture.

We then solve the partition function in order to get the density profile. One can write

the partition function as Q = I drq(r,1), where the ¢(r,s) is the end-segment

distribution function. The distribution function satisfies the modified diffusion
equation where the variable s plays the role of time. We solve the distribution
function within a given unit cell using the spectral method with the periodic boundary
condition. The potential is given by the self-consistent condition via a Flory type
interaction with the given yas, ¥Bs, XA parameters.

We first consider a weak selective solvent, set yas= 0.7, yps = 0.4, xasN = 40, N=200,
f=0.4. We compute the phase diagrams for A;B; and A;B; copolymers. The phase

diagrams are shown below.



I.1. A;B, diblock copolymers
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Here D denotes the disorder phase, MC means the micelle crystal phase, H and L
means the hexagonal and lamellar phase, respectively.
We got the phase diagram by comparing the free energies per chain in the different
phases. The common tangent construction is yet to be done. The free energy of these

four phases as polymer concentration increase is also shown below.
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From this plot, we found that the free energies for three order phases are actually very
close to each other. We replot the free energy difference of the three order phases

relative to the free energy of disorder phase to make a clearer comparison.
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I.2.  A;B; diblock copolymers
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A1Bj block copolymers can form the lamellar phase, but such phase is always
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metastable compared to the other mesophases. Here is the free energy plot.
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When dealing with an ordered periodic phase, we minimize the free energy with
respect to the periodic length, D. The best periodic length will be chosen to give the
lowest free energy. Here is an example of the free energy variation with the periodic

length.
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Fig. The free energy as the function of the periodic length (ABs;
hexagonal phase). The volume fraction of the polymer is 0.65.

1.3. The density profile

Sometime in the process of searching for the lowest free energy structure, we can
get other metastable phases. The density profiles shown below is an example.
The two density profiles are from the A;Bj; star copolymers. The volume fraction of
ABs is 0.50. We have got either the normal hexagonal phase or the reverse hexagonal

phase depending on the initial trial density function chosen.

Fig.1. The density profile of A;Bs star copolymers at ¢ =0.50. The
periodic length of such structure is 1.4R,. The red one is the A monomer,
and the blue one is the B monomer.



If we continuously enlarge the simulation box, both the normal and reverse hexagonal

phase are adjusted in order to fit the new box size. The density of the normal

hexagonal phase change smoothly:

i >
1.4 1.6 1.8 2.0 D (Ry)

The reverse hexagonal phase shows partially merged cylinders in the smaller box:

1.9 D(Ry)

Considering the free energy variation as the the box size changes, we found that the
free energy of reverse phase is always higher than that of normal phase. It will be very
interesting if such unusual structures become the more stable mesophase. We are

analyzing the strong segregation region at the moment to explore such possibility.
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[1. Experimental work



We have used the instrumental funding from (1/3 and 2/3) NSC and from the NTU
Chemistry department to purchase the Physica 301 Rheometer together with the
cylinder geometry which can be connected to the external AC impedance meter. So
far we have finished the installation and the standard testing procedure. The
electrorheology training is finished in April 2007. At the preliminary project we
determine to study the jamming transition of the carbon black in the silicon oil.
Below are the stress data of a steady shearing carbon black dispersion showing a

jamming transition with the small delay time.
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We find the classic behavior that the delay time got shorten as the carbon black
volume fraction gradually approaching the percolation concentration. We are still
measuring the dynamic phase diagram now. We anticipate to measure the low

frequency impedance after we got the phase diagram.
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This 1s my fifth visit to the Yukawa Institute for the soft matter meetings. Although there 1s no
permanent founding for holding this meeting, but every year the related research group in
Japan makes application to the government to run this meeting. The number of the participant
18 also increased steadily. In this meeting we also find Korea scientists. It 1s fair to say that this
is  “the” soft matter meeting in asia. Interestingly, that we have not seen people from China.
In this year, the participant 1s close to two hundreds. As the Yukawa Institue 1s renovated this
year, the meeting is actually held in the guest house B A& EE.

The format of the meeting is as before, that there is a main topic. The related soft matter topics
are still actively presented in the meeting under the proper session. This year the focus is the
colloid system. The first talk 1s given by the invited speaker William van Megen from the
Royal Melbourne Institute of Technology, Australia. Van Megen presented a dynamic phase
diagram of the colloidal suspension where the glass transition is studied in detail. The phase
diagram summaries the first order freesing transition and the glass transition. Even though they
are very different from the thermodynamic point of view, the dynamic behaviors are actually
very close. The glass transition 1s traditionally studied by the mode-coupling theory, which 1s
now extended to the flow condition, and Megen also compared the behavior with the freezing
transition boundary. The work is interesting, and the presentation is very good too. Prof. Didi
Derks from Paris (Ecole Normale Superieure) talked about an interesting colloid system which
18 very close to its second order phase transition point. The gas-liquid interface becomes very
broad that the confocal microscope can resolve in real time the fine details of the colloid
density variation. Even more interesting 1s that the small surface tension makes the interface
move slowly and it 1s possible to observe the interface capillary wave dynamics using the
microscope. Prof. Derks studied the effect of the shear on these interface. I think this is a
system with great potential, that the previous unobserved atomic scale dynamics can be check
1n this colloid system.

In the meddle of the meeting, there are two special talks to memorize the death of Prof. P.-G.
De Gennes this year. Prof. M. Doi gave a very clean talk to survey De Gennes' academic
activity. It 1s a very impressive career, that he changed fields every few years. The unchanged
feature 1s that in every field he has done work on, he made important contribution. De Gennes
also has very strong opinion on the science education. He put a lots of effort to improve the
science education in France. From this respect he 1s very similar to YT Lee. However 1n 2002
when De Gennes visited Taiwan and had a dinner with YT Lee, it 1S interesting to obser that
these two great scientists are so different. I wounder whether these differences will have



significant consequence on the young generations of Taiwn and France. The second talk 1s by
Prof. Ko Okumura, who worked with De Gennes for many years. From this talk, we have the
chance to see how De Gennes collaborate with other, his personality, and his working style.

A very interesting talk on the granular materials 1s given by Prof. Yoshihiro Yamazaki from
Waseda University. He talked about the patterns induce by the boundary motion. There are a
lots of simple experiments which show unexpected result on the pattern generation in the
granular system. Those experiments are not expensive, but the ideas are very clever. I think
this 1s the most interesting talk in this meeting. A good talk by Prof. Ryoichi Yamamoto
(Kyoto Univ.) 1s on the direct numerical simulations of the charge colloid suspensions under
the applied electric field. I find 1t very interesting because I work on the same set of the
constitutive equation for the polyelectrolyte system. It 1S good to confirm by Yamamoto that
the matched asymptotic method on the colloid system can get reasonable result. Yamamoto™ s
method 1s the direct numerical method, which should get the true behavior of this constitutive
equations. I also happily find out that Yamamoto s program is freely distributed on the web,
so that if I want to work on the numerical side of the dielectric problem, I can use his code as a
starting point.

A fundamentally important fluid mechanic work by Prof. Paul Chaikin was presented. In this
work, Chaikin studied the flow of the particles in the viscous fluid. The shear flow 1s carefully
applied for a given time, and the reverse flow followed, and the particle positions are
monitored with the great accuracy to see whether the flow 1s truly reversible, as proved by the
low Raynold number fluid mechanics book. To his surprise, the particles occasionally fail to
recover their mitial position. Even more surprisingly, the reversibility depends on the shear
strain, that there 1s a critical strain amplitude for this system. If the applied strain 1s small, then
the system 1s reversible, whereas a large strain may induce the irreversibility. The particles
they used are very large so that the Brownian motion can be neglected, so that this 1S a pure
fluild mechanics problem. It is very interesting because this is a non-linear dynamic system
which may or may not break the time reversal symmetry depending on the applied strain
magnitude! Paul Chaikin has some interpretation that I do not fully understand. Nevertheless
the problem resemblance the second law of the thermodynamics, and the experimental
technique 1s capable to resolve the motion trajectory of the each individual particle. I think this
system will be a very good starting point to investigate the fundamental irreversibility in the
statistical mechanics.

In this meeting I also have the chance to talk to Prof. T. Ohta and Prof. Onuki about my recent
calculation of the chiral copolymer mesophases. The discussion with Prof. Ohta is particular
important as his work (with Prof. K. Kawasaki) is the classic in the block copolymer problem.
There are two approaches which relate the strong segregation free energy of the block
copolymer to the electrostatic problem. The interrelation between the two approaches, however,
1S not addressed 1n the literature. In the problem I work on, the electrostatic analogy 1s also
very useful, so that I discuss with Prof. Ohta about the possible relation between the two
approaches. There 1s no clear answer after the discussion. Nevertheless, I now understand
better how Prof. Ohta thinks about this problem. He also expressed the interests on this
problem, so that we may think about some collaboration in the future. Overall, I enjoy this
meeting very much. There are some new problems that I find them very interesting and may
become my future research topics.
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Direct Numerical Simulations of Colloidal Dispersions
under External Force
Ryoichi Yamamoto
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Left: A snapshot of a fluctuating polymer chain of N=10. Right: Shear viscosity vs. shear rate
for a Brownian particle dispersion. The colloid volume fractions are 0.51, 0.41, and 0.2 for phi
=3, 2, and 1, respectively. Clear shear thickening behavior is observed for high volume fraction
cases when shear rate is increased.

Nonlinear rheology of soft glassy materials

Kunimasa Miyazaki
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flowfVIETE T » BV iz % & 4L 7 Strain-Rate Frequency Superposition (SRFS)— an analogue of
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