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Comment on ‘‘Structure of Rapidly Quenched
Al-Mn”’

In a recent Letter,! Bancel er al. presented high-

resolution x-ray scattering data of icosahedral Al-Mn
quasicrystals. In the analysis of their experiments,
these authors assign Miller indices to the peaks, refer-
ring to six ‘‘fundamental’’ vectors in reciprocal space.
By icosahedral symmetry, the directions of these vec-
tors are essentially fixed; the lengths, however, are not
uniquely determined by the scattering data.! In the
following, we shall argue that it is appropriate to use a
different set of fundamental vectors.

To make our point clear, we first compare with ordi-
nary crystallography. Associated with any basis gen-
erating the Bravais lattice of a crystal, there is a unique
dual basis in reciprocal space. Thus, knowledge of this
basis of the reciprocal lattice yields immediately the
size of a primitive unit cell in direct space.

For icosahedral quasicrystals, the situation is very
similar. The general belief is>~® that these are com-
posed of two kinds of rhombohedra which are ar-
ranged quasiperiodically. Such quasicrystals can be
generated most elegantly by a projection method.?-%
All rhombohedra are then projections of three-cells of
a six-dimensional (6D) cubic lattice onto a suitably
oriented 3D (physical) subspace. From this projection
method it is very easy to derive the Fourier spectra.*’
If q is any lattice vector of the reciprocal 6D cubic lat-
tice, and q=q;, +q, its decomposition into com-
ponents parallel and orthogonal to the physical sub-
space, then there is a 8-function peak at q,;;, and its in-
tensity is related to q,: roughly, the smaller q,, the
stronger the peak. Therefore, if {&;} are the projec-
tions of the six basis vectors of the 6D reciprocal lat-
tice, the & peaks are at positions q, = 3m;&;, m; € Z,
and it is most natural to choose {€;} as the set of fun-
damental vectors in reciprocal space. As in ordinary
crystals, from {€;} one can recover the size of the cells
in direct space. Here, we get a = /g, where qg is the
length of the fundamental vectors and a is the edge
length of the cells in direct space. This differs by a
factor of 2 from the corresponding relation for cubic
crystals, which comes from the fact that there are two
projections involved, giving both a factor of v/2.*

The task now is to find a basis {é;} such that the cal-
culated intensities of the peaks are compatible with the
observed ones. In Ref. 1 the strongest peak was fitted
to a fundamental vector. This is not compatible with
the calculated intensities, however. Since the intensity
of a peak is large for small q,, there are nonfunda-
mental peaks that are much stronger than the funda-
mental ones. Our proposal is to identify the strongest
peak (with frequency 2.896 A~ 1) with the vector
(211111), where our Miller indices refer to a basis
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proportional to that of Ref. 1. This vector has length
(2++/5)qy, and since |q, |=(—2+/5)q, (see, e.g.,
Ref. 4) the corresponding peak is stronger than a fun-
damental one. Therefore, this choice is certainly more
appropriate than the one of Bancel er al.! Indeed, the
calculated intensities based on our indexing are all
compatible with experiment, i.e., the relative strengths
of the peaks agree qualitatively. Moreover, the length
of the rhombohedral cells turns out to be a =4.60 A

which seems to be a reasonable value (then, of course,
each cell would contain several atoms). The indexing
of Ref. 1, however, would lead to an unphysically
small value a=1.08 A. We also have looked for other
possible indexing schemes, but did not find a satisfac-
tory solution.

In conclusion, we have pointed out that by an ap-
propriate indexing of the peaks it is possible to deter-
mine the size of the rhombohedral cells from the ex-
perimental data of Bancel er al.! This information is
most important for the determination of the decora-
tion of these cells with atoms.

We would like to thank H. U. Nissen and T. Ishima-
sa for helpful discussions.

Note added.— After submitting this Comment we
became aware of two further references. Elser® also
discusses the indexing problem and comes to the same
conclusions. Portigr et al’® also determine the lattice
constant to be 4.6 A.
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