




 

in the same issue as the discovery by Shechtman and collaborators (Shechtman
et al, 1984) was announced. The notion of quasiperiodicity was known, and in
the latter paper the term 'quasicrystal' was coined. At first, the term was used
mainly for alloys with the 'non-crystallographic' symmetries. We shall discuss
this issue later.

 
 
 

 

 
 
 

 

 
 

 
 
 

 

Fig. 1.12. Shechtman's notebook, in which the discovery of the icosahedral phase
was written down: April 1982. (Courtesy Dan Shechtman)

The main difference between quasicrystals and incommensurate modulated
phases is that in the latter it is usually possible to recognize a lattice of the main
reflections and satellites, whereas in the former the basis vectors of the Fourier
module are on the same footing. A possible basis for the Fourier module of an
icosahedral quasicrystal is given by the six vectors (Fig. 1.13)

 
 

 
 

with T = (i/5 + l)/2 and i = 1 , . . . , Q. With respect to this basis, a five-fold and
a three-fold rotation are given by the matrices
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140 STRUCTURE

Fig. 4.5. The diffraction pattern of the Penrose tiling. The radius of the spots is
proportional to the intensity. The pattern has ten-fold symmetry.

This function F(H) becomes unity for H = 0, and approaches unity when
the two internal components of the four-dimensional vector Hs are small.
The pattern has eight-fold symmetry. Starting from a peak, and multiply-
ing the length of its position vector by a factor 1 + i/2 one arrives at a
peak with a smaller internal component, and therefore with a higher in-
tensity, if one neglects the atomic scattering function. The fall-off of the
intensity with larger values of the internal component of the wave vector is
given in Fig. 4.6. For small enough internal component, the intensity would
go to the same value as that of the peak at the origin, but this effect is
compensated for by the decrease of the atomic scattering factor for larger
values of the scattering vector.

The expression for the structure factor, given in the examples above, neglects
the effect of the thermal motion. The positions of the atoms oscillate around

where

and



QUASIPERIODIC CRYSTALS 25

These two matrices generate, together with the total inversion (the opposite
of the identity), a point group with 120 elements, the symmetry group of an
icosahedron (or a dodecahedron). This group contains 60 rotations: 6 five- fold
axes (giving 24 rotations), 10 three-fold axes (for 20 rotations), 15 two-fold axes
(for 15 rotations), and the identity.

Fig. 1.13. The six basis vectors of the icosahedral Fourier module (1,..,6) and
their inverses form the vertices of an icosahedron. The twelve point to the
faces of a dodecahedron. They form three mutually perpendicular rectangles
with edge ratio T

A simple one-dimensional model for a quasicrystal is the Fibonacci chain.
This chain with the golden ratio $ = r — 1 in the Fourier module is obtained by
putting atoms at positions


