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研究会報告

Polymeric Quasicrystals 

- Dodecagonal quasicrystal in ABC star block copolymers -

Dept. of Polymer Chernistry， Kyoto Univ. Tomonari Dotera堂寺知成1

ABC星型ブロック共重合体の格子高分子モデルのモンテカルロ・シミュレーションによって，

12回対称準結晶(近似結晶)の形成に成功した。以下の特徴が観察された。 (1)フーリエ変換(構

造関数)はほぼ 12回対称性を示す。 (2)8tampfii変換による自己相似性が観察される。 (3)ランダ

ムに形態変化や合体分離を繰り返しながらもグローバルな 12回対称性は保存する。 (4)(3)はタイ

リングの入れ替えに対応する準結晶特有のフェイゾン・ダイナミクスとみなせる。 (5)よく知られ

た12回対称性正三角形句正方形タイリングよりもランダウ理論から導かれる密度波の構造と一致

する。最近，合金のFrank-Kasper相 (0相)に関連した 80nmの辺の長さを持つ正三角形，正方

形からなる 32434アルキメデスタイリング構造が実験的に発見されているが，この構造は常に準

結晶相に隣接して現れる構造である。このことと合わせ，高分子準結晶の発見が期待される。

1 Simulation Results 

We have found the formation of an large approxima凶 ofa dodecagonal quasicrystal (DDQC)担 a

lattice Monte Carlo simulation of ABC star block copolymer melts[1，2]. Results are summ征四d

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 Fig1(a). The centers of the wheels form a self-similar 

lattice: The edge length is about 300n凧 whenthe experimental value isぉ sumed[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 di証'ractionpeaks. (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. 80 far， no quasicrys-

talline phases have been found in polymeric systems. However， a recent striking advance in 

1 E-mail: dotera@phys.polym.kyot仁川l.ac.jp

-870-



|ソフトマターの物理学 2005 ~ Soft Matter as Structured Materials ~ J 
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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 twcトperiodicunit cell made up of four replicωis rendered. 

Twelve-fold wheel patterns construct a Stampfli scaled (32.4.3めlattice(solid line). The pictures 
represents the volume rendering of averaged densities over 103 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 σphase in七heFrank-Kasper family， 2 and 

therefore the result indicates the possibility of the DDQC. 

We finally list the size growth for tiling edges of the σ p凶ha鉛se邸低S訟 metallicalloy (い代rvO.5ぬnm)，， 

cha叫a叫lc∞og伊eni凶de(rv2nm)， dendron (rv lOnm) and s剖ta訂rblock copolymer (rv80nr立叫I

going tωO部k:Can qua錨sicrηys剖talsbe universal over different length scales? If so， do they form 

with七hesame 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. 

1 wish to thank T. Gemma， Y. Matsushita， and A. Takano for discussions. 1 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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