Challenge to find Quasicrystals with Seven-Fold Symmetry
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We propose that exerimentalists should look for materials exhibiting sevenfold quasicrytalline
symmetry, and show a picture of the expected density distribution.
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Recently, Dan Shechtman was awarded the NobelPrize for his 1984 discovery of a quasicrystalline phase
with five-fold symmetry [1] in a sputtered Al-Mn alloy.
While the solid-state community considered this discovery initially with great skepticism [2], as is now vividly
described in many newspaper articles and in Shechtman’s
Wikipedia page [3], the existence of material with such
a symmetry had been proposed three years earlier by
Kleinert and Maki in 1981 [4]. In that paper, an extremely simple order parameter was composed of a sum
of exponentials
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Figure 2: Density ρ(x) = |φ(x)|2 obtained from order parameter (1) for N = 3 and N = 5, respectively.
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with momenta pk which are all equally long and point
into the directions observable in Bragg scattering. These
were allowed to point along the edges of all Platonic
Solids, in particular of the icosahedron as shown in Fig. 1.

Figure 3: Density ρ(x) = |φ(x)|2 obtained from order parameter (1) for N = 7. Note the similarity with sevenfold
Mandalas [5].
Figure 1: Momenta along the edges of the icosahedral Platonic Solid (from [4]).

In two dimensions, the simplest set of momenta with
fivefold symmety is
pk = (cos αk , sin αk ),

αk = 2πk/N,

(2)

which for N = 3 produces the well-known triangular density distribution shown in Fig. 2a. For N = 5 it yields
the five-fold symmetry of [4] shown in Fig. 2b.
It is now suggestive to look also for materials exhibiting the sevenfold symmetry. For them there is no threedimensional regular structure. Most simply, it could consist of equally spaced layers of two-dimensional material. The associated density distribution is illustrated in
Fig. 3. It will be interesting to see which elements or
compounds qualify for this symmetry.
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