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The structure of the 10-fold surface of decagonal Al-Ni-Co was studied using low-energy
electron diffraction (LEED) and scanning tunneling microscopy (STM).

The LEED calculations were performed using the LEED program of Moritz [1], which
was modified for quasicrystalline structures [2]. The agreement between the calculated
and experimental spectra was tested using the Pendry R-factor [3]. The absence of a
repeating unit cell parallel to the quasicrystal surface means that the number of atoms
with different scattering properties is infinite. Therefore, some approximations have
been applied to make the calculation tractable. These approximations [2] are the Aver-
age Neighbor Approximation (ANA), the Diagonal Dominance Approximation and the
Average T-Matrix Approximation (ATA).

The STM data were compared to the LEED structure by superposition of the top layer
of the LEED structure model and the STM data. A 75 A x 75 A patch of the STM
data was chosen and a match was sought between the protrusions and the atomic model.

The surface region is a relaxed truncated bulk structure, having the same composi-
tion as the bulk. The outermost layer spacing is contracted by 10% relative to the bulk
interlayer spacing, while the next layer spacing is expanded by 5%. A small degree of
intralayer rumpling was observed within each layer (see Fig. 1). There is a one-to-one
correspondence between protrusions observed in the STM images and transition metal
atoms in the model structure (see Fig. 2), indicating that in-plane reconstruction is
minimal. Pendry r-factor for the best-fit structure is 0.32.

A unique and important feature of this study is that the positions and types (Al or
TM) of all surface atoms have been identified. Unlike the icosahedral surfaces, the
decagonal surface structure is wholly determined because there is effectively only one
type of termination (two terminations related to each other by a rotation symmetry).
This result provides a definite model for the surface structure, which can be used in
the interpretation of other studies of this surface, as a basis for the interpretation of
adsorption and growth on this surface, and for first principles calculations of surface
geometric, electronic and dynamical properties.
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Figure 1: (a) One layer of the quasicrystal slab, having a diameter of about 90 A. (b) Side view
(viewing white box in (a) from the left) showing the surface relaxations and rumpling for the
top four layers. The rumpling is exaggerated for clarity. Red and black correspond to transition
metal atoms and green, blue, cyan and yellow correspond to aluminium atoms.

Figure 2: Superposition of the atom positions from the LEED result onto the STM image. The
color coding of atoms is the same as that shown in Fig. 1. The protrusions corresponding to
red atoms are generally brighter, consistent with them being closer to the surface. The decagon
denotes the quasi-unit-cell identified in bulk structure studies.
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