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Polymeric Quasicrystals

— Dodecagonal quasicrystal in ABC star block copolymers —

Dept. of Polymer Chemistry, Kyoto Univ. = Tomonari Dotera &3FF1E!

ABC 287y y HEARORFIEHFEFNVDEY T AT - Y Ialb—a U ilk-T,
12 BN FRMERS S GO SR) OFEBUCEI Lz, LT OREMNERE S, (1) 7 - U =&# (&
ERAK0 1HITT 12 @EXRFEERT. (2) Stampfli ZHUT & 5 HOHEMMERESh D, (3) 5%
DITTEREZACR B B R AR VIR L2226 b 1 — /072 12 EFMEIL R T 5. (4) (3) 135 A
VY TDANBERIIHIGT 2ERERFED T =AY - FAFIT R BRED, (5) L<HbN
7z 2 BRHEE=AE-EAEI AV VT LY b FIERPOBINIEEROEL —
T5, Bali, & Frank-Kasper #8 (o 48) IZBSE L 7= 80nm DL DR & 2 HOIE=#A%, FhH
s 32434 FNVEF AT AEA Y U VHEENEBRIICKRSh TN A2, Z ofEidEicH
HEMICBEL TGRI2EETH S, 2oz eabt, BOFERRORAMEZEh S,

1 Simulation Results

We have found the formation of an large approximant of a dodecagonal quasicrystal (DDQC) in a
lattice Monte Carlo simulation of ABC star block copolymer melts[1,2]. Results are summarized
as follows: (1) The MC averaged structure function shown in Fig.1(a) is almost 12-fold. (2)
We find local 12-fold wheel patterns in Figl(a). The centers of the wheels form a self-similar
lattice: The edge length is about 300nm, when the experimental value is assumed(3]. (3) Cells
are dynamically rearranged and deformed, and consequently the wheels change their positions,
which dynamics does not break the global symmetry and sharp diffraction peaks. (4) This
collective dynamics can be viewed as a rearrangement of the square-triangle tiling, known as
phason dynamics, which is the crucial degree of freedom that quasicrystals have. (5) Contrary
to the usual square-triangle tiling, there is no six-fold node. Rather, the simulation resembles

the density wave pattern (Fig.1(b)) of C component obtained from a Landau theory.

2 Discussion

The polymeric quasicrystal is a fundamentally new phase of soft matter. So far, no quasicrys-

talline phases have been found in polymeric systems. However, a recent striking advance in
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Figure 1: (a) Simulation result for A9B7C16 star block copolymers in a Box with 1282 x 10: A
(white), B (light) and C (dark). A two-periodic unit cell made up of four replicas is rendered.
Twelve-fold wheel patterns construct a Stampfli scaled (32.4.3.4) lattice (solid line). The pictures
represents the volume rendering of averaged densities over 102 MCS at a quenched temperature.
The inset is the thermal averaged structure function for the C component, where almost 12-fold
peaks are observed. (b) The density wave description for the C component obtained from a
Landau theory.

the experiment of ABC starblock terpolymers(3], which shows the Archimedean tiling (32.4.3.4)
consisting of triangles and squares, related to the ¢ phase in the Frank-Kasper family, 2 and
therefore the result indicates the possibility of the DDQC.

We finally list the size growth for tiling edges of the ¢ phases: metallic alloy (~0.5nm),
chalcogenide (~2nm), dendron (~10nm) and star block copolymer (~80nm). Hence we are
going to ask: Can quasicrystals be universal over different length scales? If so, do they form
with the same origin? The present result is not only fundamental progress in soft matter physics,
but also may give a deep insight into hard condensed matter physics.

I wish to thank T. Gemma, Y. Matsushita, and A. Takano for discussions. I am indebted to

the University of the Air for using computing facilities.
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2It is known that near quasicrystalline phases, there exist complex crystalline Frank-Kasper phases.
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