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Stability of the quasicrystal structure 1: Socolar-Steinhardt type model

Keiko Sucaya*, Yasushi Sasayma**, Minoru Icummura**, Mamoru ImaBavasur**

Abstract — We studied the condition of the atomic radius ratio (r,) which made the quasicrystalline

structure stable. As the model of quasicrystalline structure, we adopted the Socolar-Steinhardt type model

which is considered to be one of the most reliable models for 2D binary quasicrystal. The interaction

potential assumed here was the Lennard-Jones type and the relaxation was performed by the molecular

dynamics method. The relaxed atomistic arrangements and their diffraction patterns were calculated and

analized by the computer. We found that the condition of the radius ratio (r.) which kept the quasicrystals

stable was 0.5177<ra<0.7900.

For the systems with the other atomic radius ratios, the quasicrystal structures were unstable; The initial
structures were relaxed into the fcc(111) interstitial solid solution for r,=0.2071, the fcc(111) substitutional
solid solution for ro=1.0, the another quasiperiodic structures with the twelve-fold symmetry for 0.3107<r,
<0.4660, and the fcc(111) crystals with the five twin boundaries for 0.80<r,< 0.9, respectively.
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(a)Atomistic arrangement; The atoms sit at the vertices
of the Penrose’s tiles.
Small and large circles represents the small and
large atoms, respectively.
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(b)Diffraction pattern.

Fig. 1 Socolar-Steinhardt type model
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Fig. 200) r,=0.9; The fcc (111) crystal with the five
twin boundaries.
Solid lines represent the nearest neighbour
bondings of which distance is within the
range of 0.9 to 1.1, where the distance is
measured by the equilibrium lattice constant
of fce (111) structure.

Fig. 2(¢) r1,=0.8; The fcc (111) crystal with the five
twin boundaries.
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Fig. 2(d) r,=0.79; Quasicrystal structure.

Fig. 2(e) r,=0.7013; Quasicrystal structure.
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Fig. 2(f) r,=0.5610; Quasicrystal structure.
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Fig. 2(8) 1r,=0.5177; Quasicrystal structure.
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Fig. 2(h) r,=0.4660; Another quasiperiodic struc-
ture with the twelve-fold
symmetry.
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Fig. 2(i) r1a=0.4142; Another quasiperiodic struc-
ture with the twelve-fold
symmetry.
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Fig. 2(i) ra=0.3107; Another quasiperiodic struc-
ture with the twelve-fold
symmetry.

Fig. 2(k) 1,=0.2071; Interstitial solid solution.
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Fig. 3 The local environments of the small atom in Fig. 4 The quasiperiodic structure with the twelve-
the Socolar-Steinhardt model. fold symmetry proposed by Niizeki®,
Table 1 The relaxed structures of the Penrose pat-
terns with various atomic radius ratios.
ra 0.2071 0.3107 0.4142 0.4660 0.5177 0.5610 (.7013 0.7900
fec(111) ; s :
the structure iggigsgéiizion qz:ZiiZEgégg :;Ezetry the 2D Penrose Pattern
symmegf‘g [l);** s:/(r;rigigy twelve-fold symmetry ten-fold symmetry
ra 0.8000 0.9000 1.0000
he servctare SR Sl U1 e
solid solution
stmeEgz ég** *ten-fold symmetry Six;f:;imetry
**pp : diffraction pattern
* hardly noticiable
Table 2 The distributions of the Voronoi polygons. Wiz, BAEHEMD S ZEFIRHOROENE
Ostep represents the initial structure et S RS p
(Penrose pattern). DEEERITL ’Ca”} 3, _yu—2R i v L BN
The numbers in the parentheses show the DB OWTERE /4 SABSEETY, ZOAK
kinds of polygons. PR L, BRRIOVINGES & a5 A5
<8> <4> <B> <6> <7> <8> fieTREid, FOEEBREERTHILEL D, BF
eeo | 2 2 o Y C FHELORIZE U 3 L HEHHi % Table 2R T o 1,
g' zggg - - 2 fg ; - =0.5177~0.7900D % T, Ostep L F U & 5 2 %A
0.7800 | - - 2 23 6 - BEERTIEDS, INHDRIIHBAFEHELIH»S
0.7800 - - 1 25 5 - . .
0.7700 | - - 1 25 5 - LEFERETHE 0L B,
0.7600 - - 2 23 6 -
0.7013 - - 3 15 10 -
0.5610 - - 11 15 10 -
0.5177 - - 11 15 10 -
0.4660 - 10 5 9 21 - 4. 2 ®H
0.4142 - 10 2 12 7 - o . .
0.3107 | - 4 3 20 11 - 2 RIT 2 7TH D Socolar-Steinhardt® € 7 v % F »
) — 1 10 - 5 Sz
0- 2071 R T, BFEIEEC L BER L 5 FTF LR (r)
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