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ABSTRACT 

In this paper, we are going to study the surface structure and existing symmetry by simulation of a quasicrystal Al-Pd- 
Mn. Quasicrystals have unique properties in their own structure. In the surface structure generally we should pay atten-
tion to two subjects. Firstly, what kind of atoms have situated on the surface and secondly the form of collecting atoms 
by each other sides. Usually, there are different ways for answer to these questions. In this study, Low Energy Ion Scat-
tering (LEIS) technique has been applied. We select a representative cell by using gained information from Low Energy 
Electron Diffraction (LEED) technique, and give the information to the SABRE computer program. This computer pro-
gram has been run for azimuthally angles 0 - 180 degrees in the intervals of 9 degree and its output has been analyzed 
for gaining azimuthally scan. The azimuthally scan shows the existing of a symmetry 72 degree on the surface of this 
quasicrystal. 
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1. Introduction 

In contrast of crystalline materials in the solids, there are 
other materials that are called quasicrystals. Quasicry- 
stals were first observed by Dan Shechtman in 1982 [1]. 
The word of quasicrystal is considered as a compendium 
for quasi periodic crystal. These materials are typically 
two ternary alloys often contain 60 to 70 percent alumi- 
num. Quasicrystals are regular but do not have periodic 
structures. They have banned crystallographic symmetry, 
for example: they have the order of symmetries 5, 8 and 
12-fold. They also show unusual properties such as low 
friction of coefficient, non-reactive properties (non adhe- 
sion), high hardness, friability, low surface energy and 
good cover resistance [2,3]. Some of these unusual prop- 
erties are related to surface phenomena and this event has 
caused, surface science researchers study about these 
materials. Studies have shown that properties obtained 
from surface in most cases are different from the proper- 
ties obtained from bulk of solid. To study, the surface of 
quasicrystals different techniques are used. Most tech-
niques of surface structures, study multiple layers. It always 
leaves questions about the highest layers of a quasicrystal. 
So, our goal in this study is determination the structure 
and composition of the highest layer, by using of LEIS 
technique based on obtained data from LEED technique. 
LEED dynamic results for quasicrystal surface Al-Pd-Mn 
by Greer and colleagues, suggested that the highest level 

of quasicrystal certainly Should includes Al (about 90 
percent Al and 10 percent Mn), with a secondary layer 
about 0.4 angstrom under which includes 49 percent Al 
atom, 42 percent Pd atom and 9 percent Mn atom [4,5]. 

2. Description and Introduction of LEIS 
Technique 

The most sensitive and effective method for studying the 
highest surface is LEIS technique. It is a surface analysis 
technique which can determine the type and symmetry of 
atoms in the first and second layers of a material. 

This technique was first applied to study the surface 
structure of solids by Smith in 1968 [6]. The surface sen- 
sitive LEIS technique and properties of the shadow and 
blocking cones have led to existence of powerful method 
for studying the structure of the uppest atomic layers. In 
this purpose a beam of single energy inert gas ions or 
alkali ions incidence on target atoms and after collision, 
they scattered and then are evident by detector. In this 
technique the distance between two atoms on the surface 
or the distance between the first and second surface layer 
with ion incident angle can be calculated by using con- 
cept of single and multiple scattering and blocking and 
shadow cones [7]. Also, there are two types of angular 
measurement: azimuthally scan and the polar scan. In 
polar scan, θ and φ that are scattering and azimuthally 
angles, are fixed and α namely incident angle is change- 
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able [7]. 
With this type of scan can be obtained deep layers or 

the distance between them and determine the type of atoms 
in different layers. In a azimuthally scan can be measured 
intensity of scattered ions under variable angle φ by 
keeping constant the angle α and the scattering angle θ. 
With this scan and graph drawing heavily depending on 
the angle φ, we able to determine the symmetry of surface. 

Generally azimuthally scan gives distance between 
atoms on the surface, how their placement on the surface 
and also, the surface structure. So here we will review 
despite the surface symmetry by using azimuthally scan. 

3. Method of Investigation 

SABRE computer program used to obtain the azimu- 
thally spectrum. The program name is selected from the 
Surface Binary Event. It is used to simulate one of the 
interactions by following the trajectory of the projectile 
in the crystal. To run computer program, it is necessary 
to introduce a single cell to the program. For the repre- 
sentative cell, the data which obtained from the technique 
of LEED was used. Using this information, the represent- 
tative cell is introduced into the SABRE in the form of 
Figure 1. 

The representative cell is given by the computer program 
instructions that came with a specific format. Then the 
computer program runs for the representative cell and 
output is analyzed by the program EXCEL. The energy 
spectrum of the output for the zero degree azimuthally 
angle has been shown in Figure 2 as an example. 

This program is repeated identically with the same 
conditions for angles from 0 to 180 degrees to 9 degrees 
apart and the peak number of Al-Pd is given at any angle in 
Table 1. Finally, azimuthally scan to check the symmetry is 
drawn in Figure 3. 
 

 

Figure 1. The representative cell chosen for running computer 
program simulation (SABRE). 

 

Figure 2. Energy spectrum plotted for the azimuthally angle 
0 degree. 
 

Table 1. Obtained peaks for Al and Pd. 

azimuthally angle (degree) Al count Pd count 

0 314 502 

9 203 624 

18 329 420 

27 308 121 

36 289 241 

45 314 115 

54 366 408 

63 181 687 

72 335 459 

81 241 589 

90 403 412 

99 297 115 

108 286 240 

117 322 112 

126 400 409 

135 156 742 

144 359 419 

153 172 683 

162 397 422 

171 317 106 

180 229 246 

 

 

Figure 3. Azimuthally scan for α = 20˚, θ = 150˚ and He+ = 1 
kev. 
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4. Conclusion 

There is a clear and distinct peak in the energy spectrum 
shows that LEIS technique can be used effectively to 
identify the elements of the quasicrystal. On the other 
hand as azimuthally scan shows that there is symmetry of 
72 degrees in the quasicrystal (Figure 3). There are 
peaks in the scan that happens at every 72 degrees, 
indicated in the quasicrystal symmetry is pentamerous. 
This symmetry is forbidden in terms of crystallography. 
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