N

N

Testing bulk models of icosahedral quasicrystals with
STM images of clean surfaces
Zorka Papadopolos, Oliver Groening, Roland Widmer

» To cite this version:

Zorka Papadopolos, Oliver Groening, Roland Widmer. Testing bulk models of icosahedral quasicrys-
tals with STM images of clean surfaces. Philosophical Magazine, 2008, 88 (13-15), pp.2083-2093.
10.1080/14786430802286963 . hal-00513926

HAL Id: hal-00513926
https://hal.science/hal-00513926

Submitted on 1 Sep 2010

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00513926
https://hal.archives-ouvertes.fr

Philosophical Magazine & Philosophical Magazine Letters

Muagazine

Testing bulk models of icosahedral quasicrystals with

STM images of clean surfaces

Journal:

Philosophical Magazine & Philosophical Magazine Letters

Manuscript ID:

TPHM-07-Dec-0357.R2

Journal Selection:

Philosophical Magazine

Date Submitted by the
Author:

06-Jun-2008

Complete List of Authors:

Papadopolos, Zorka; Eberhard-Karls Universitat, Institut flr
Theoretische Physik

Groening, Oliver; EMPA, Abt. 127

Widmer, Roland; EMPA Thun, nanotech@surfaces

Keywords:

quasicrystalline alloys, quasicrystals

Keywords (user supplied):

quasicrystalline alloys, quasicrystals

Note: The following files were submitted by the author for peer review, but cannot be converted
to PDF. You must view these files (e.g. movies) online.

ZPapadopolos-TelAviv2007-paper-revised2.tex

& scholarone"

Manuscript Central

http://mc.manuscriptcentral.com/pm-pml




Page 1 of 23 Philosophical Magazine & Philosophical Magazine Letters

Philosophical Magazine
Vol. 00, No. 00, DD Month 200x, 1-8

Testing bulk models of icosahedral quasicrystals with STM inages of clean surfaces

Zorka Papadopolds Roland Widmet, Oliver Groning?”

*Institut fur Theoretische Physik, UniveraitTubingen, Germany,
#EMPA, Swiss Federal Laboratories for Materials Testing Redearch, Nanotech@ Surfaces Laboratory, Thun, Switzkrla

(June 6, 2008)

In the case of the icosahedral Al-Pd-Mn we compare the STMWh(8ng tunnelling microscopy) image of the real fivefold suefac the STM simulations
on the candidates of the fivefold bulk terminations. We makectteéce, which termination fits the best to the real image. Amdhgroconclusions we get
some hints important either for the chemistry of the bulk-modébpthe eventual correction of the model of atomic positidaslf. We work in the frame of
the particular model of atomic positions, based on the diffoadlata for AkgPdy1 Mng and Ak2Cuzs sFer2 5. We also discuss the possibilities beyond this
model.

1 Introduction

Since 1999 we have studied the clean surfaces of quasi@ystgbarticular icosahedral Al-Pd-Mn) comparing
their STM images to the bulk terminations (see Ref. [1] and #ferences quoted therein), assuming that the
shining spots on the STM (scanning tunnelling microscopypiesaare the atoms/groups of atoms (e.g. the shining
pentagons of an edge length of circAB

In 2005 the first simulations [2] of the STM images were performethe mode)M (7 *(2F)) [3], see Ref[4]. The
model of atomic positions\A(T*(QF)), that we shortly define in Section 2, describes simultanedusbahedral
Al-Pd-Mn and Al-Cu-Fe. In Ref. [1], and in this paper, throudje ttomparison of the STM images of the clean
surfaces to the simulations of the STM on different candidatethe bulk terminations, we discuss also the validity
of the modelM (7*(21)) itself.

The LEED (low energy electron diffraction) images of the clearfagmes on different quasicrystals show the
sharp Bragg peaks, ordered in a pattern supported by antexgpewodule, with the symmetry for the surface in
question. These facts prove that the clean surfaces of qusisils are themselves also quasicrystalline. On the
highly resolved STM images (in the direct spaie) the shining points are also placed on appropriate module
points and the interatomic distances are as expected frermtidels, what encourage us to assume that a clean
surface of the quasicrystal in question is not reconstdjdte. it is as in the bulk, hence, shell be well represented
by some of the predicted bulk terminations, if the undedytnilk model is correct.

In Section 3 we define the bulk terminations via a generalisaifoBravais’ rule. In case of quasicrystals, the
severalangstdm thick atomic layers of highest densities, instead of fhegs, are the terminations. This concept
we broadly discussed in Ref. [5].

On the surfaces one observes the small, local configuratibtieediighest symmetry, the “clusters” and their
long range order. We interpret the most of the 2-dimensitelakters” on the surface as an intersection of the
3-dimensional “clusters” in the bulk model by the surfaap]tplane of the termination. This conclusion does not
speak in favour of the “cluster-nature” of quasicrystals.

It turned out [5] that there are two alternative Fibonacciuseges of possible fivefold bulk terminations in the
model M (7*(F)). In Ref. [1] we searched in both sequences for an approfgatgnation, such that the simula-
tion of the STM is as close as possible to the STM image. The teribimttat fits at best by the appearance of the
2-dimensional “clusters’, turned out not to be rich in Ala®in the surface (top) plane, what is against the model
independent LEIS (low energy ion scattering) results [6,trdught us to the conclusion, under the assumption
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that the model of the atomic positiond (7 *(2/)) is correct, the Al atoms in the present model are wronglyealac
In Section 3 we present in short this reasoning from Ref. [Hdifionally we show the appearance of the STM
simulations on several different possible terminatiomsnfithe chosen, correct sequence of the terminations. We
learn from these images that the definition of one of the fragloeal configurations, that we call the “dark star”
and label by dS, must be generalised.

In particular, in Section 5 we discuss also a possibility thatmodel of the atomic positions needs not to be fully
deterministic. With somewhat changed model of the possitdenic positions, one might be able to keep roughly
the present placement of the Al atoms.

2 A model of the atomic positions of icosahedral Al-Pd-Mn and ACu-Fe

We assume the variant of the Katz-Gratias-Boudard mddE{U’*(QF>), see Ref. [1, 3, 8] and Refs quoted therein.
The model is based on the diffraction results of the Boudardehf®] and of the Katz-Gratias model [10]. The
same model of atomic positions describes,Rib; Mng and AksCuys sFers 5 [11].

The modelM (7*(2F)) of icosahedral quasicrystals of an F-phase is obtainedghrthe decoration of the icosa-
hedral tilingZ7*(2) by the icosahedral atomic configurations, clusters, in sioélee Bergman and the Mackay
polyhedra [1, 3, 8].

Figure 1. Withe;, 7 = 1,2...6 is usually denoted the standafg basis{e; | (e;,e;) = 0;,5,4,5 = 1,...6}. Here, bye;, i = 1,2...6 we mean the
icosahedrally projected basis vectordtg, {(e;)| }, as is clear from the geometry of the image. The projected bastsrs are along the fivefold symmetry
axes of the icosahedron, drown in red colour. We use thisffidecoordinate system” whereas the authors in Refs [9-12}his “threefold coordinate

system”, equivalent to the basfsi, ez, e3, es, —es, es }. z-, y- andz-axes are the twofold symmetry axes of the icosahedron.

Table 1. Pointst = %(Nl., ..., Ng) of D¢ lattice (N;,7 = 1,..., 6 are integers),
reciprocal toDg, split into four classes with respect to ttigs translations. The symbdt
denotes an even integer aGdan odd one.

class-criterioti Ref.[3] Ref.[10] Refs[9,11,12]
%(El, .+ Eg); §Zz~ E,=E q n' no
¥(E1 ..... E‘G)7 ?ZZ Ei =0 b n ni
?(Olg -, 06); ?ZiOl':O a be bcy
3(01,...,06); 52.,0i=E c

* Itis the class-criterion w. r. t. the fivefold coordinate tgys, as in Fig 1.

The deterministic model of atomic positions is defined by theodule the three copies of the icosahedrally
projectedDg lattice, and the correspondimgndows(atomic surfaces), see Fig. 2, that defines the three quaskatt
of atomic positions, labelled by, a andgq, see also Table 1. The model is a union of these three qudsefatt
The volumes of the windows are in a proportiowl (W) : Vol(W,) : Vol(W,) = (67 +8) : 1 : (87 + 2),

T = (14 /5)/2, which define the relative frequencies of the: andq sites in the modeM (7+(25)).

To specify the scale in the model, we use the standard desaenoted byl, 0 andO along the fivefold,
twofold and threefold axes respectively, which are reldtedl /v/3 = O //7+2 = 0/2 (= 1/1/2(1 +2)),
in which 7 = (1 + v/5)/2. The standard distances are used in both the observableBpacel the coding space

1A model is deterministic if all the possible atomic positions accupied by the atoms.
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E, . The lines and intervals along the fivefold directions, if keat in colour, are in red, along twofold blue, and
along threefold yellow. The standard distaricé= 1/+/2) in E) is set to bel.561 A for i-AlPdMn and4.465 A
for i-AlCuFe.

Tl

Figure 2. The final windowdV,,, W,, Wy in the coding spack ; define the deterministic geometric model (7*(2F)) of atomic positions based on the

icosahedraDg moduleM . (left) W, is obtained on taking the marked tetrahedy @way from the triacontahedron of edge length. The tetrahedror\

has a mirror symmetry plane and edges: two of lengthd, one of lengthr—20, two of length= =10 and one of lengtfil. The mirror plane is orthogonal
to the twofold edge and contains the single edge of length. (middle) W, is a triacontahedron of edge length 10 . (right) W, with edge lengths
70 andd = 20/v/7 + 2, 7 = (1 4+ v/5) /2. The windows fulfil the closeness condition: i. e., thereravdorbidden (short) distances in the model.

The windows in Fig. 2 fulfil the closeness condition: the intenait distances it along the main symmetry

directions, fivefold, threefold and twofold are not shotteanr—'0, 7—'0 andr—'0, respectively [13].
The windows of Katz-Gratias model [10] could be easily ol#difrom our windows if the tetrahedra would
not be taken away from the windoW}, but instead, from the window,.

3 Fivefold surfaces and corresponding bulk terminations

The most stable clean surfaces of icosahedral Al-Pd-MKXRPdMnN) and of icosahedral Al-Cu-Fe-AICuFe) are
the fivefold surfaces [14]. These degrace-steppefll5]. The fivefold surfaces (orthogonal to the fivefold symrpet
axis) present sequences of flat terraces with charactegstace step heights of cirea = 4.08 A andl = 6.60 A,

see Fig. 3.

Figure 3. An STM image of a fivefold surface, size 136®48 nn?, of i-AIPdMn done by J. Ledieu. A Fibonacci-like sequence of tiep ieights of circa
m = 4.08 A andl = 6.60 A was measured on this surface [16]. The marked subsequentapsi,g, m, I, m from left - right, downwards, corresponds to a
subsequence of th@, b, b, g)-terminations inM(T*(2F>) from Fig. 5 fight). Numbers 10, 11, 12 and 13 label the terminations coded by itgow W
and the numbers vii and viii label the terminations coded byctmaplement of W inrW, see Fig. 41ight), Fig. 5 ¢ight) and Table 3.

An important feature of the planes orthogonal to the mainmgitny directions in any model based on two or more
copies of the icosahedr@ls module is, the atomic positions = %(Nl, ..., Ng) (N;,© = 1,...,6 are integers)
in a single fivefold or threefold plane belong to a single €ldmit twofold planes might contain atomic positions
of all classes, as explained in Table 1 in Ref [17]. In the @népaper we consider only the fivefold terminations.
Hence, we introduce the property only for the fivefold plaimeBable 2. It is clear that the projections of all points

http://mc.manuscriptcentral.com/pm-pml
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from a single fivefold plane onto the unit vecboﬁ, normal to the plane, are equal. This constant can be written

nﬁ -z = (N + MT)[xs5], whereN and M are two integer constants argl = [ /1\/5. The expressiotV + M for
the points (atomic positions) in different classes can ¢ake values as in Table 2. Hence, in a single plane only
the points of the single class can coexist, the plane is cbgedsinglewindow, see Fig. 2.

Table 2. Independent of the shape of the atomic surfaces, the atomic
positions,z = %(Nl, ..., Ng), in a single fivefold plane of a
model, based on the three copies of the icosahddgamodules, be-

long to a single classy, b or a. A unit vector normal to a fivefold
plane is denoted withﬁ. The symbolE’ denotes an even integer and

O an odd one. The scalar products are given in theamit= 0 /1/5,
where[ is the standard distance along the fivefold axis. For the co-
ordinate system see Fig. 1.

Class label b a q
nﬁ-:pH (k5] O+Er E+Or E+ET
pIA~*] — : : T pIA™]

0.14 0.4l

0.12 _ .12 i

0.10 - .10}

0.08 0.08;

0.06 7 0.06;

0.04 0.04|

0.02 7 0.02 i

000l 000l S N\ ’

-1 0 1=T2® z|

Figure 4. [eft) Density graphps ¢ (2 ) of the fivefold(b, ¢, ¢, b)-layers, with spacings as in the image. The synibd the standard distance along a
fivefold axis. ¢ight) Density graplps ¢ (z_ ) of the fivefold(q, b, b, ¢)-layers, with spacings as in the image. The supports of theqla in casedd(t) and
(right) are equally broad’, and encode the Fibonacci sequence with step helght6.60 AandL = m+1 = 10.68 A. The plateaus are equally high, i.e.

the terminations are equally dense, but the density grafthig slightly steeper in the regionV/W, = (1 + +/5)/2, than in caseri{ght), where we mark
the regionrW /W in pink (gray).

According to Bravais' rule, which is generally valid for stgls, the most stable surfaces are the densest atomic
planes in the bulk. In [5] we observed among the fivefold painethe modelM (7*(F)) that the 2.52A thick
atomic layers of (equal) maximum density appear in corregtiences, as the terrace-like sequences of the fivefold
surfaces. Thishick layer that contains four fivefold planes with spacingsplane,0.48 A, b1-plane,1.56 A, ba-
plane,0.48 A, ¢»-plane is a candidate for a fivefold termination. The lakebnd b mark the atomic positions
belonging to different translational classes with respeche Dg lattice in the 6-dimensional space, see Tables 1
and 2. For the bundle we define an effective (averagidjar density of internally contained thin layérplanes

psr(z1) = (1/2)[(pg, (21) + po, (21)) + (P4 (21) + 1, (21))): ey

In the coding spac&, , ps¢(z1) is the smooth density graph, see Fig. 4. The density graph hieap. The
support of the plateau, which is W broad, marks the layerk @iual maximum densities, the candidates for the
terminations. Each module point in the support along the fivefold symmeksgsa, in the codingE, space
(Fig. 4) corresponds one to one4g a position of the penetration of a fivefold symmetry axisdbservables
space) into a single terminating layer (the position of apgtame of a termination), as in Fig. 5. The height of the

LUnder athin layerwe consider a layer of 2-3 planes of stacked atoms, on a distiguificantly smaller than 0.88. Such a layer we treat as a single plane.

http://mc.manuscriptcentral.com/pm-pml
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Table 3. A list of some of thég, b, b, ¢)-terminations and the single candidate dfag, ¢, b)-termination. The symbol T-No (termination number) is the
label of the candidates of the terminations, as in Fig. 5. The sympd the position of the top-plane of a termination along the fivefolaiis, as it is listed

in the patch of the model [3]. The symbel_is thez-axis inE | , as in Fig. 4. The symbgi(¢t — Pl) denotes the density of the top-plane in the termination,
p(—0.48 Af) the density of the plane 0.48 below the surface.

T-No 3qbbq 2bqu iiqbbq 4qbbq 6qbbq 10qbbq llqbbq ’Uiiqbbq 12qbbq 13qbbq Uiiiqbbq
2| [A)] 50.0 48.0 45.9 39.3 22.0 -16.6 -23.2 -29.8 -33.9 -40.5 -44.6
2y [720] 0.19 0.36 0.53 0.32 0.24 0.42 0.21 0.00 0.34 0.13 0.47
p(t — Pl) [A:Z] 0.08 0.08 0.05 0.06 0.07 0.05 0.07 0.09 0.06 0.08 0.05
p(—0.48 A) [A™2] 0.06 0.06 0.09 0.08 0.07 0.08 0.06 0.03 0.08 0.05 0.08

plateau in Fig. 4 defines the density of the terminations to ba&4n 2. Note that it is an average planar density in
the 2.52A thick (¢, b, b, q)-layer below the surface, as in Equation 1.
But, one can bundle the denée ¢q) and(q, b) plane-like fivefold layers, buckled planes, into a 2&pundle
(b, q, q,b) as well. For the layer we define an effective density as in tee cthe(q, b, b, ¢)-layer.
The height and the width of the plateau on the density grapthéfivefold bundldq, b, b, ¢) are of the same size
as for the bundl€b, ¢, q,b), see Fig. 4. The width i8/ = TQ—JZQ [0 and encodes the Fibonacci sequence of terrace

heights] = %D: 6.60 AandL = 71 = 10.68 A. But the density graph of the layéb, ¢, ¢, b) is slightly steeper

in the region which is the complement@f in 7W (71 /W) than the graph of the layéy, b, b, ¢) and causes that
the appearance of the terrace heigloB Ais less probable to appear. For that reason we declaredfif3Réhat

the support of the plateau of the density graph in the caskeedfst b, b, ¢) atomic layers defines the sequence of
the fivefold bulk terminations. On the terrace like fivefoldface all steps of a Fibonacci-like sequence from Fig. 3
have been measured [16]. The step heights are sirea 4.08 A andl = 6.60 A. We identify an exact Fibonacci
subsequence of steps, m, [, m from left - right, downwards (see Fig. 3) that correspondssalasequence of the

(¢, b, b, g)-terminations inM (7 *(2)) from Fig. 5 ¢ight). The numbers 10, 11, vii, 12, 13 and viii label the fivefold
terminations in the model that correspond to the terracethersurface. In the subsequence, the terraces of the
small area (labelled by vii and viii), the less stable teesg@orrespond to the less dense terminations, according to
the graph in Fig. 4r{ght) are coded in the region which is the complementiofn 7W (W /W), marked in pink

(gray). These terminations are related tothe= 4.08 A steps. See also Fig. sight) and Table 3.

bggb-terminations gbbg-terminations
T-No 1 2 3 4 56 7 8 9 10 11 12 . . . . ..
P-No 172 s s m 1 T-Noli 2 3i 4 5ii ¢ iv 7 8V 9 Vil 11Viijgp 13Vii
- _—— 199 p_No 172 oo m 1 195 190
\
Sfold | 5fold
z 1 z 1
et et o p— |
1.00/ |0990.95 |1.00 10.92 1100 [1000.8 1.00 [0/98(0.98 93\0 "
046l | Dlea| | Db 40 ol77 || osp o
0[23] .08l d.og 03 0.04 d.19
L=m+1l L 1 1 L 31 L 1 L L 1 1 1m1ml 1ml I1mliIm1l 1mllmlm

Figure 5. In the finite segment gé1(7*(2F)) thin lines mark the fivefold tilingr*(2F) planes, labelled from 172 to 199. The distances betweerilitige t
planes in case afAIPdMn ares = 2.52 Af, m = 7sandl = 7m, 7 = (1 + +/5)/2. The fivefold layers 06.60 A broad Bergmans are marked by the
l-intervals. Below each is written its relative densitgft) The Fibonacci sequendé, L = I + m} of the (b, ¢, g, b)-termination candidates presented

relative to the sequence of the fivefold planes of the tilifige terminations are numerate by the termination numbers (T{Nght) The Fibonacci sequence

{m, 1} of the(q, b, b, ¢)-termination candidates presented relative to the sequ#rhbe fivefold planes of the tiling. We numerate these by thebir T-No.

In gray (pink) are possible less dense termination candidatd should appear as smaller terraces on a surface, theseladby the the regioniv/W
marked also in pink (gray) in Fig. 4i¢ht).

In Fig. 5 we show the positions of the fivefold atomic IayersZZA%thick as candidates for the fivefold bulk
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terminations, relative to the positions of the layers of @0 A broad Bergman polyhedra in the model. The
fivefold layers of Bergmans$,.60 A= [ broad, are marked in the figure with thentervals.

According to Fig. 5, the most stable fivefold terminationsdépendent of which candidatéq, b, b, q) or
(b, q,q,b) is the correct fivefold termination) in the model pés®ughthe dense layers of the Bergman polyhedra;
hence these can not be energetically stable clusters. Siangament is valid for the Mackay polyhedra. Analo-
gous results are applicable for any icosahedral quasidrgetcribed with theVt (7 *(2F)) model, in particular for
i-AlCuFe [10].

4  Clusters on fivefold bulk terminations

The model independent LEIS (low energy ion scattering) ingatitins confirm that the surface®fIPdMn is rich

in Al. At near grazing incidence LEIS shows the top plane serfammposition to be about 95% Al [6] The amount
of Pd increases and Al decreases as one probes deeper, givingrall range of 88-96% Al obtained from LEIS
results [6,7]. For that reason, in the STM simulations on batid@ates for the terminations, on tfteq, ¢, b)- and

on the(q, b, b, ¢)-layers of maximum density we consider the same topogragiritrast for all atomic positions
regardless of their chemical nature. We set all atoms to batéihs. Further on, up to the scale, these images
present STM simulations afny compound described with the model of atomic positignig7 *(2/)). The STM
simulations are based on a simplified atomic charge model2¥hich a spherical shape of the valence charge
density is assumed for the atoms. This low level STM simulatienves the purpose of comparing geometrical
features on a large area of a surface. The present ab initolatibns can not manage such a large set of data. And
under the assumption that the recently published Ref. @ 8prrectly reformulating the quantum chemistry, the
“simplified atomic charge model” from Ref. [2] might becomesalratomic charge model.

By the STM simulations of a fivefold surface [1, 4] we comparesl pnoposed candidates for the terminations
from the sequence of the laydlis ¢, ¢, b) of maximum density to the sequence of {laeb, b, ¢)-layers of an equal
maximum density. The simulations of the two chosen layemspared to the highly resolved STM image of a clean
surface ofi-AlIPdMn we presented in [1, 4]. Here we repeat this reasonmpiesent in Fig. 6 several interesting
simulated surfaces.

On the STM image (Fig. 61(1)) one notices two characteristic fivefold symmetric configjore, the “white
flower” (wF) and the “dark star” (dS) defined as in Refs [19] and [20je “white flower”, the “dark star” and also
the “ring” (R) configuration are seen on the simulations ad.Wdile long range pattern of the dS and wF on the
STM image, Fig. 611) is evidently best reproduce by the simulations on the Byg#, (Fig. 6 (12) and Table 3)
and2;,, (Fig. 6 (13) and Table 3). But, the “white flowers”, and in particular thiafk stars” are better reproduced
on the(q, b, b, q)-layers as in Fig. 612), (22) and @3). For example, a candidate of the dS on thege, b, q)-
layers is a Bergman cluster intersected by the surface ptam@, ¢, ¢, b)-layer it is a Mackay cluster intersected
by the surface plane, and looks rather like a dark pentagahnat like a star. Hence, we have discovered [1, 4]
a confi(rm)ation that the maximum dense fivefoidb, b, ¢)-layers are the fivefold bulk terminations in the model

In Fig. 6 21) we present the simulation on a lower density terminatigy,, drown in pink (gray) in Fig. 5right).
Moreover the top-plane in the termination is of a lower dgnigian the plane 0.48 below (see Table 3). On this
termination can exist neither the wF nor the R configuratiefingd as in [20]. One concludes it from Fig.right),
there is no layer of Bergman polyhedra direct under the sarfstarting by the top plane in the termination. Ac-
cording to our old definition of the configuration dS, as in [18attdS presents an intersection of the Bergman
cluster by the top plane in the termination, such that thtnéurfive clusters in the bulk directly under the surface
surround this intersection symmetrically by the five shirmentagonal faces of the Bergman clusters, onifg; -
termination none of the dS configurations should appear. lBaitis evidently wrong, because we observe many
dS-like configurations on this termination on the positionekehthe Bergman clusters are cut by the top plane
of the termination. Hence, we are forced to generalise tfieitlen of dS: it should appear wherever a Bergman
cluster is intersected by the top plane in the terminatios, i

dS = ¢B. (2

http://mc.manuscriptcentral.com/pm-pml
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Figure 6. We label the six images in the figure lik2 a 3 matrix: (11) An STM image of the fivefold clean surface ®AIPdMn, with the marked
representative fivefold symmetric local configurations “detee” (dS) and the “white flower” (wF). The other images pregea STM simulations
performed on different candidates for the terminations. fdie labelling of the terminations, T-No as in Fig.rigfit) and Table 3:12) is on3,44, (13) on

2pqqb- Note that this termination we rotated by £8@. . t. the others!,Z1) oniigyyq, (22) 0N 4gppg, (23) 0N 6444. Each of the images is 80 80 A2.The
candidates of the observédefold symmetritocal configurations, “white flower” (wF) and the “dark st4d'S), and also the “ring” (R) are marked on the
simulations. The edge of the pentagons marked in dark blue is1= 2.96 A. Whereas dS appears on a chogkny, ¢, b)-termination Na2;,4, as a dark
pentagon, it looks indeed like a dark pentagonal star omelld, b, b, ¢)-terminations. The same local configurations were observeddeo8TM images of
the fivefold surface of-AlCuFe as well.

For the definition of “cB” see Figs 10 and 11 in Ref. [19]. Withglkinowledge one determines easily the density
of the dark stars on a termination

p(dS) = p(cB), )

where cB labels a Bergman polyhedron cut by the surfaceeplfine relative densities of the cB for a particular
termination one reads easily from the Fig. 5, as for example

P20, (AS) = P30, (dS) = 6, (dS) =1:0.46 : 0.69. 4

The maximum density 1 corresponds to the absolute density)deG(—Q.

Notice that in Ref. [21] on the low-order periodic approximto the icosahedral Al-Pd-Mn authors performed
also the Tersoff-Hamann STM simulation [2]. Their result, preéed in Fig. 2 of Ref. [21] places the fivefold
surface on the dense layers rich in Al atoms in the top plarieeofermination. And it is, in all current models, on
the (b, ¢, q, b)-layers of maximum density. Their result corresponds to mage on Fig. 6(3).

5 The wrong chemistry or the wrong windows?

As we stated, from the LEIS investigations [6, 7] we know that thp ¢-plane in the terminating layer must be
rich in Al atoms, but it is not the case in the model [3, 9-11¢nkde, the conclusion that the terminations are

http://mc.manuscriptcentral.com/pm-pml
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the (¢, b, b, q)-layers of maximum density contradicts the chemistry of iedel M (7*(2)), adopted from the
Boudard model. In case ¢fAICuFe, it contradicts the chemistry adopted from Katz#asamodel.

In the above conclusion, we supposed that the model of thmiatpositions (without chemistry) is correct.
The reason of the different appearance of the pentagondldonégurations dS and wF in the simulations on the
(q,b,b,q)-layer compared to thé, q, ¢, b)-layer is because of the differeatiter shapeof the windowsWW, and
W,, see Fig. 2. More accurately, one compares the interseatiche windowslV, andW, by the fivefold planes
in £, . These intersections are the polygons that are coding ttstlattiges in the fivefold- and theg-planes in the
0.48A broad layer (a buckled plane) on the surface of the ternginat Whereas the coding of a dengaane is by
a disc like polygon, the plane is coded by the pentagonal star-like polygon. See fimple Fig. 12 in Ref. [19].

If, from the results on the diffraction the Al atoms in the mrebchustbe predominantly placed on the atomic
surfacell, as it is now [3,9-11], the shapes of the atomic surfacesdaviis) must be changed. Roughly speaking,
the shapes ofV, and W}, windows (from Fig. 2) should be exchanged. Hence, if the cheynof the Boudard
model [9] (which is a model with approximate windows) is kehe deterministic models of the atomic positions,
as by Katz and Gratias [10] and the mogl(7*(*)) must be changed. Such a model has already been suggested
by Fang et al. [12]. See in particular Figs 3 and 4 in Ref. [12}.Ba new model [12] introduces the forbidden (too
short) interatomic distances. In order to exclude thesagsof the atomic positions i have to be considered as
probabilistic. InE; that means that not all the areas of the windows (atomic eesjan Figs 3 and 4 of Ref. [12]
dare to be 100% filled.
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