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In order to understand the well-ordered adsorbate-substrate systems at atomic level, a method is developed
based on the simulation of packing arrangements for layers of unequal spheres, in three-dimensional space. The
model, based on geometrical principles, is developed for fcc structure consisting of two hexagonal ordered
layers. During simulation, adsorbate spheres were accommodated in different positions, forming a great variety
of structures, in dependence of the intersphere distance of the upper layer spheres. Using the average height of
the adsorbate layer on the flat substrate as a determinant parameter, several specific structures have been
selected as the most probalfg3 X | 3)R30°,(,7X |7)R19.1°, and3 X 3). Indeed, they correspond to typical
accommodations of the iodine adatoms on th@d By surface, earlier found in experimental studies, which
clearly supports the validity of our model. The model developed in our study could completely and satisfac-
torily describe the accommodation process of the iodine adlayer on gh&1Psurface. This methodology
could be of great help for interpretation of scanning tunneling microscopy images, better understanding of
adlayer structures, and design of adsorbate-substrate systems with exciting properties.
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[. INTRODUCTION proper interpretation of topographic properties at atomic
level requires knowledge of the exact position or atomic reg-
For many years, the studies of the well-defined surfacesstry of each atom on the substrate surface. Therefore, it is
have been concentrated on the adsorbate-substrate systemslvious that such complex task requires detailed 3D models,
the fields of catalysi$, surface sciencé® surface which will correspond to the STM way of presentation. As
electrochemistr§;® etc. Nowadays, due to the rapid devel- we will show in our study, the problem could be treated as
opment of nanotechnology, it is even more important to unthe packing process of unequal spheres.
derstand the atomic structure of adsorbate-substrate systems,The main aim of our study is to develop an adequate
which could lead us to the development of surfaces withmodel and simulation procedure, which could find the most
desired propertie¥-14Therefore, an approach involving im- probable conformations of unequal spheres distributed in two
provement of the presentation of surface characteristics andyers, defined as substrate and adsorbate. Indeed it is the
the development of methods for better and faster understantbeginning of our larger effort to develop a set of models
ing of the different surface properties is required. Tradition-suitable for simulation of surface processes and formation of
ally, the most primitive way to present structures of the well-different structures, possibly useful in modern nanotechnol-
ordered surface is by using the so-called hard-ball model. llogy. Namely, a modeling related approach which involves
this very simple approach, the hard baltsrcles represent combinatorial surface science could be a crucial step toward
individual atoms. However, such two-dimensio2D) pre-  the future design of well-defined surfaces with desired prop-
sentation is rather useful for graphical purpose and it is not arties.
result of the modeling process. For simplicity, in this attempt to develop our model, we
Note that the problem of understanding the packing arassume that all spheres within the lower laggrbstratgare
rangement of spheres in 3D space is very old, formulate@df identical size and the upper layer consists of larger
early by Kepler in his famous conjecture in year 1611. Itspheres. The surface of the substrate is taken to be ideally
culminated in its solution in 1998 by T. C. Hal@sand flat, ordered in hexagonal structure as fcc surface. The upper
Sloanet® The problem of random packing of spheres, relatedspheregadsorbatg as a compact layer, were moved in col-
to many different phenomena, has been also widely studielbctive mode over the substrate layer. Every movement of the
by biologists, materials scientists, engineers, chemists, aradlayer generates a new arrangement in respect to the sub-
physicistst’ strate, which is characterized by specific parameters in our
Understanding the atomic arrangement on the surface ahodel. During the simulation, the intersphere distance be-
the well-ordered adsorbate-substrate layered system is vetween the upper spheres was decreased to change the com-
complex due to restricted atomic positions and selectivitypactness of the adsorbate layer. Based on data analysis, a
between different atomic registry. The best example of howspecial algorithm was developed for recognition of the most
such systems can be complex is evident from the recent worlikely (optimum) positions of the adsorbate spheres on the
and studies concerning interpretation of scanning tunnelindlat substrate. The optimum position was defined by using the
microscopy(STM) images'®-22 Although we could clearly average distance of the adlayer versus substrate. As could be
see the position of individual atoms in STM images, theseen from this summary our model is based on a very simple,
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primitive assumption. However, we have been very curious
to find if such a simple approach could lead to a satisfactory

S

description of any known system. at terta =z<
Therefore, we relate results of the adsorbate-substrate :—> O @
R1=)1 |

\

unequal-sphere modeling to one of the most-studied and <

on the P111) surface. The result of this comparison is as- Q Q

tonishing. Using our model of the unequal spheres we have |

been able to identify and determine as the most probable, all

structural arrangements of the iodine atoms adsorbed at the |

P1111) surface, previously found in experiments by

STM,18:23-30 |ow-energy electron diffractiofLEED),>31-36

and some other techniqu&d’-#4In other words, our ques-

tion, “Up to which level(how far a system like chemisorbed

iodine on the P{111) surface can be described in terms of

the possible atomic arrangements, by our model based on i

geometrical principles?” has a simple answer, “completely.” F'C: 1. lllustration of the hexagonally ordered adsorbate and

This becomes the first model of such a type that could de§UbStr6lte containing spheres of different radii

scribe the formation of atomic adlayers of this particular sys-

tem completely and in great detail. In our simulation, different conditions might be chosen to
We believe that the approach developed in our Studyveight the configurations, for example: the lowest adsorbate

could be of great importance for a better interpretation ofieight average, the lowest corrugation among the adsorbate

STM images, and helpful for the development and design ofPheres, the highest corrugatiate

devices based on the defined arrangement of well-ordered In order to define our two-layer systetiull monolayers,
layers in modern nanotechnology. we apply several conditions. First, the substrate layer is static

(flat) with a perfectly defined arrangemed(atystalline struc-
ture). Second, the adlayer spheres could take different posi-
tions in respect to the substrate and have possibility for trans-
Before we give a formal statement for the problem, sevJation, rotation, and variety of other movements that could
eral basic definitions are necessap{i)—Position vector of lead to a better accommodation on the substrate. Each move-
the center ofth sphere in the substrat®(j)—Position vec- Ment is defined for the complete adlayer, as a collective
tor of the center ofth sphere in the adsorbatit suffices to property for all spheres. In ad(_jmon, the following def!nltlon_s
define the adsorbate layer in terms of the plane coordinated® needed to completely define the system. A configuration
only, as the height of each sphere could be derived fron®f @dsorbate spherés is ane transformation of another one
them): Height of a sphere in adsorbate layefThe distance P if [P'(i)=P(i)|<e for eachi. Consequently, ag neigh-
between the center of the sphere and gnaund (center of ~ borhood for the adsorbate layer configuratrs defined as
the substrate sphepesSurface coveragé®)—Ratio of the the set of alle transformations for it. A configuration of the
number of adsorbate spheres to the number of substra?éisorbate spheréxis call_ed alocally_ minimal conflgu_ratlon
spheres for a defined are€orrugation—Difference in I F(P)<F(P’) for all P" in some neighborhood d?. Like-
height between the lowest and the highest adsorbate spherd4se, P is a locally maximal configuration iF(P)=F(P’)
and Packing—A configuration of rigid adsorbate spheres in for all P’ in some neighborhood d?.
contact with the substrate. By means of these definitions, the problem is resolved
The height of each sphere in the adsorbate layer, at th@hen all the possible locally optimum packing configura-
final position, is determined after the sphere is lowered in théions that satisfy the conditios(F) are found. In other
surface-normal direction until it contacts one or more subwords, the results of the simulation process can be divided in
strate spheres. By definition, the contact is made when thivo categories that distinguish two types of packing configu-
distance between the adsorbate and the substrate sphefagons: those that satisi@(F) and others that do not.
reaches the sum of their radii, regardless of the contact di-
rection. However, the adsorbate height is defined in the
surface-normal direction.

most-known systems: atomic structure of the iodine adlayer

Il. PROBLEM DEFINITION

Ill. EXAMPLE STUDY

The formal definition of the problem is as followsind In order to verify our model we simulate the structural
packing configurations of two layers of spheres with radiusaccommodation of the adsorbate-substrate system with fol-
R, and R, respectively which satisfy a condition &), lowing characteristics:
where F is a function which assigns a numeric value to each < Substrate organized in the hexagonal ordéfl) fcc
packing type of surface, with R1=1. See light circles with smaller

For example, in the equal sphere packing problem, theadius, in Fig. 1.
condition G(F) is almost always thenaximum packing effi- » Adsorbate laye(full monolaye)p consisting of 48.47%
ciency whereF is thepacking efficiencywhich is defined as  bigger spheresR2=1.4847 than the substrate spheres. In
the percentage of volume occupied by the spheres. principle, the simulation algorithm allows the adsorbate
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spheres to occupy any place on the substrate without an [

restriction in respect of the structural arrangement. /«\\ T
Note that in terms of the ratio of the spheres radii, and the \V) 7

characteristics of the chosen substrgtitl) fcc face, this N = ]

system is identical, as we know, to the well-known system of L/ / L

iodine adsorbed at the @11) substrate, described in great -/T\)\/—:\\.\\J)

detail in literatur€3-44This will allow us to verify our model ~1
by direct comparison with structural data obtained by various
experimental techniques. l l
Simulation was carried out in the interval of the surface
coverage fron®=0 to ®=0.4537, which corresponds to the B
saturation coverageor a close-packed hexagonal arrange-
ment of adsorbate layer when spheres are touching eac

other. However we show results of simulation for coverage ‘. { : '
higher than®=0.333 at which, adlayer spheres are arranged “=\, . >4 {7/
in uniform monolayer. We choose this particular coverage T /
using existing experimental data, which will be clarified later
in the text. Figure 1 shows such spheres arranged in the

structure with 0.333 coverage. In the presented structure, alI)I
the adlayer spheres occupy the so-calllecefold position

FIG. 2. Scheme of the simulation mechanism, in which adsor-
ate layergA and O consisting of spheres of equal diameter but
different intersphere distandel; andd,, respectively are accom-

On_lt_?'e hetxagtonal _suEstraﬂmreefgL((j r%gggg'o d in thi modated on the substrate layéB and D with same diameter
is structure is known as, V3) » and in this spheres and same inter-sphere distance.

particular case, adlayer spheres are located in the threefold
position of the substrate. Since all the spheres are located on
the same site, the adlayer is, in geometrical sense, com- 7 =+/(R +R)2—f'R2 2)
pletely flat. Any translation along a different axis will give an threefold™ \/ 1T T2 g
adlayer with the same characteristics. However, the distance
(heighy between the substrate and adsorbate spheres will
change dramatically. As an example, we would like to men- Zawop= Ry + Ry 3
tion two other different positions fof,3x |3)R30° struc- However, this ideal situation changes with an increase of
ture: with all the spheres on the atop position and with all thehe adsorbate coverage. Within our simulation, the adlayer
spheres in the twofold position of the substrate. However agoverage was changed by decreasing the intersphere dis-
we will demonstrate later, those are only a few among manyance, but keeping the sphere radii constant. It results in the
other possible positions. In terms of distances between lowehcrease of the adsorbate height or distance between upper
(substratg spheres and the adsorbate spheres, the minimurind lower layers of spheres. The adlayer coverage was in-
distance is obtained when the upper spheres are located #feased during simulation process by very small steps, about
the threefold sites of thel11) surface. On the contrary, the 19% of the complete interval range. The illustration of this
maximum distance is obtained for adsorbate spheres sittingrocess can be observed in Fig. 2. With each increment, the
on top of the substrate spheres. Respectively, in many otherdlayer spheres were accommodated on the substrate layer
positions, when the same structure was translated over thg, translating or rotating in all the possible directions. How-
substrate layer, the distance between these two extremes wager, during this combinatorial process, the hexagonal order
observed. of the adsorbate and the substrate layers was kept fixed. As a
At this point we introduce a descriptive parameter, in ourresult of our simulation, for each intersphere distance, we
modeling procedure, defined asisorbate height average obtain a specific structural arrangement of the adsorbate
[A(P)]. Itis the average distance between the adsorbate angbheres with the minimum and the maximum average height
substrate layers, calculated by taking into account every digminimum and maximum distance from the substrate layer
tance between the center of adsorbate spheres and the sub-Using our model of unequal-sphere packing we were able
strate layer regardless of the adsorbate posjtee Eq(1)] to calculatgquantitative presentatipmnany different param-
N eters: distance between the upper and lower layer of spheres,
_ surface roughness, structure and symmetry characteristics of
A(P) = 2, Z(P)IN. @ both layers, geometrical position, and adsorbate-substrate
registry. In order to understand the basic principles of the
For example for spheres with R2=1.4847, the adsorbatgphere arrangements we analyzed all of these parameters
height (Z) for a sphere irthreefold position is 2.2001[see  plotting their functional dependence on the different adsor-
Eqg.(2)] units normalized to the substrate radius. For a spherbate layer transformations.
in atop position the value for the adsorbate height is 2.4847 Figure 3 shows the plot of minimum average height be-
[see Eq«(3)]. Note that in case of 3 X (3)R30° structure, tween the adsorbate and the substrate layers as a function of
all spheres are always in the same position and the averagiee adsorbat¢upper layey intersphere distance, along with
height is equal to the height measured for a single sphere.the STM mode presentation of several minimum average

i=1
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FIG. 3. Plot of minimum aver-
age height between the adsorbate
and substrate layers versus adsor-
bate intersphere distance with cor-
responding images of particular
structures, generated byLsa
software.

Minimum average height between adsorbate and substrate spheres
A A L A R R R

(relative units)

219 T T T T T T T T T T T T ]
3.440 3400 3360 3.320 3.280 3.240 3.200 3.160 3.120 3.080 3.040 3.000 2.960

Adsorbate inter-sphere distance normalized to substrate radius (relative units)

structures. We see a very complex pattern, which could naspheres in “transparent” mode, in which the registry of each
be explained by a simple function. Each point presented irsphere could be identified. The substrate is presented in the
the graph is related to a specific adsorbate structure that Background by lighter circles. It is interesting to note from
formed and defined by its intersphere distance. Note that ithese images the method of simulation. Substrate and adsor-
this particular graph only the structure with the minimum bate spheres posses characteristic diameters, which do not
average height is presented for each intersphere distance. $hange throughout the simulation process. Comparing the
order to assure the precision of our simulation, the minimunimages 1 on Fig4) and 7 on Fig. 4) one could see that
structures were checked using a heuristic algorithm. adsorbate spheres accommodate in a more compact adlayer

Looking at the graph presented in Fig. 3, one could seavith smaller intersphere distance. It is clearly seen from
that some of the sphere arrangements are on average muégse figures that our simulation involves only two layers:
closer to the substrate layer than others. In the simulategubstratglower smaller circlesand adsorbateupper larger
function those closer structures are notable as pronouncedrcles, without differentiation of fcc and hep threefold sites.
minima, and marked as points: 1, 5, and 7. In order to deResults of this analysis are presented in Table I.
scribe structural characteristics of those “closer” structures in I short, from these results one could see that adsorbate
an easy and acceptable way, the presentation related to tRgheres with diameter 1.48 times larger than substrate, form-
STM images was used. Note that all spheres presented iRg @ hexagonal adlayer on the hexagonal substrate can or-
Fig. 3 belong to the adlaygupper layey. Different colors ~ganize in many different structural arrangements, among
indicate that some adsorbate spheres aréright) and an-  Which three specific = structures:(;3x |3)R30°, ({7
other down(dark), but within the same layer. Theoretical X |7)R19.1°, and(3X 3), are distinguished as those closer
STM-like images were generated bysaA software package to the substrate layer. By using the minimum average height
developed in our laboratorgLsA is an acronym for a com- between the adsorbate and the substrate, as an identifying
putational package called “atomic level surface assemblerparameter in the adlayer stability, we could say that it is the
based on a hard-ball model, which can graphically presennost probable that exactly those three structures will be
surface layers in the way similar to STM images in the Linuxformed.
environment. Note, in Fig. 3, besides these three arrange- At this point it is very important to make correlation with
ments that are very close to the substrate, we also presenteaeal system involving atomic adsorbate-substrate layers. As
few others(marked as: 2, 3, 4, and),6which are in general we mentioned before, basic geometrical parameters used in
further from the substrate surface. our modeling such as the diameter ratio and hexagonal sym-

Besides differences in the average height between the adhetry for substrate and adsorbate, are very close to the real
sorbate and the substrate layers, we also noticed, as could bgstem of the iodine adlayer formed at thglRf) surface.
clearly seen in Fig. 3, that structural arrangements in posiRegarding to numerous experimental data, it is well known
tions: 1, 5, and 7, posses simpler periodicity. that iodine on the P111) forms well-ordered adlayers with

In order to characterize each of the observed structures wide following structuresy3x |3)R30°, (7% (7)R19.1°,
also show them in different mod¢Bigs. 4a) and 4b)]. In  and (3% 3).2>** This is in excellent agreement with data
these figures we present adlayer spheres and substraibtained by our model of the unequal-sphere packing.
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packing simulation based on geometrical principles. It im-
plies that iodine atoms assemble on thelP1) surface in the
same way as a group of independent spheres, accommodat-
ing on the substrate by geometrical constraints. This result is
amazing considering that iodine on(Ptl) is known to be a
chemisorption system, for which many other factors are sup-
posed to contribute to accommodation of the adsorbate at-
oms on the surfacélike fcc-hcp sites, adsorbate-adsorbate
interactions, etg. In our simulation, the threefold sites are
equivalent and adsorbate-adsorbate interactions are not taken
into account, despite this apparent weakness the simulation
shows the formation of three characteristic structures for io-
dine on P111) as in real experiments. Therefore the graph
presented in Fig. 3 is so far the best function which describes
the accommodation of the iodine adatoms on thel1Rj
surface. Note, once again, that the graph is constructed by
simply plotting the minimum average adsorbate-substrate
height versus adsorbate intersphere distance. Taking into ac-
count that experimentally observed structures mentioned
above, for iodine adsorbate on(Ptl) surface are the most
stable ones. In relation to our model it means that for this
particular system, the most stable adlayer structures are those
which are the closest to the substrate.

Along the same line, we would like to comment the ap-
pearance of another structure, which was observed for iodine
on P{11)) in different experiments and reported in the litera-
ture. It is the so-called3 X 3)-asym structuré?-374L42\we
believe that our model based on geometrical principles can
also explain the appearance of this particular structure. Note
that the arrangement of3x 3)-asym iodine adlayer on
P1(111) has been described in many papers, so far. The main
characteristics and difference fro(8x 3)-sym adlayer are
in the registry of the adsorbed adatoms, while the hexagonal
symmetry, the interatomic distances and the adsorbate cov-

FIG. 4. Transparent mode presentation of several structures of:fage are preservgd in bOFh structur.es.(3n< 3)-sym ad-
tained by unequal-sphere packing simulation characterized by dat@yer, six equal bridge positioned neighbors surround each

presented in Table I.

atop iodine atom. In case dBX 3)-asym, each threefold
iodine atoms is surrounded by six neighboring adatoms po-

There are several important conclusions that could beitioned at a higher levéf:—37

drawn from this comparison and the obtained agreement.

In order to understand the conditions for appearance and

First is the startling fact that the structure of the iodinedifferences betwee(B8 X 3)-sym and(3 X 3)-asym structures
adlayer on Rtl11) can be explained by the unequal-spherewe employ our model, looking for a full range of possible

TABLE |. Parameters relevant for characterization of several structures selected from the graph on

Fig. 2.

Number

Structure

Adsorbate inter-
sphere distance

Average height

1

~N o o b~ N

(y3% {3)R30° with
threefold registry
rot-hex witha=21.8°
rot-hex witha=4.3°
rot-hex witha=23.4°
(7% J7)R19.1°sym
rot-hex witha=19.1°
(3% 3)-sym

normalized to Adsorbate between adsorbate and
substrate radius coverage substrate spheres
0.3333 2.2001
3.3248 0.3611 2.3650
3.2958 0.3671 2.3611
3.2146 0.3860 2.3572
3.0548 0.4263 2.2961
3.0232 0.4360 2.3614
3.0000 0.4444 2.3271
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structures, when adlayer atortis model spheresare collec-  (111) substrate. Translation was carried outAm and Ay
tively shifting on the substrate layer. The simulation showsincrements, without applying the rotation possibility. As
the existence of many different structures, which have a discould be clearly seen in this 3D graph, each displacement
tinct value of the average adsorbate-substrate height. Figufeom the (3 3)-sym position(closest to the substratee-
5 shows the whole span of the average adsorbate-substragelts in an increase of the average distance between the ad-
height for all possible(3x 3) structures. However it is im- sorbate and substrate. In other words, adlayer atoms are
portant to notice that the adlayer with(@x 3)-sym arrange- Moving away from the surface. The graph also shows that
ment is on average the closest one to the substrate(Fhe this climbing is not linear. On the way to reach a maximum
X 3)-asym is in the middle of the range. It appears as thed'stance from the substratg, adatoms pass through a local
intermediate average distance minimum, positioned high DM (located at the m'ddh-e of .th'e surface _plo{\fter
. : 4 o ' etrakmgx andY coordinates of this minimum and incorporat-

(2.36 in relative unifs than th_e minimum for(3 3)-sym ing them inALSA software, we discovered that adatoms in
adla_ygr(Z.SC;}. In ther words, |t_ could be also related to the the minimum are arranged in tif@x 3)-asym structure. It is
stabl_hty or probab|l_|ty of formation. Hovyever,_so _far we d'o_l important to note that according to the graph presented in
not f_"?d any experimental data to confirm this difference InFig. 6, both structures are located at minimum positions, but
stab|||ty. . . t different distance from the substrate. This could be easily

In Fig. 6, we illustrate the _mechamsm of appearance Olgateq to the experimental findings for the iodine adsorption
the.se two structures by showing the results of a S|mulat|on0n the P¢111) surface, where both structures have been seen
which involves translation of thé3 3)-sym adlayer on the frequently. According to our data and the fact that the local
minimum for the(3X 3)-asym structure is located at higher
average adsorbate-substrate distance, we believe th&B the
X 3)-sym structure should be the most stable arrangement for
this particular interatomic distance. In order to draw more
definitive conclusions about stability of these structures,
more theoretical simulations involving estimation of the en-
ergy of adsorption and experimental data are necessary.

Furthermore, to understand the relation between all pos-
sible adlayer structures we also performed similar analysis
for the other two minima seen in the graph in Fig. 3. As
shown in Fig. 5, the adlayer with/3X 3)R30° structure
could be positioned from the low threefold to the highest

atop position. The adlayer with the threefold registry is the
FIG. 6. The change in the average position of the adsorbat€losest to the substrate and probably the most stable at ideal

layer during continuous translation in X and Y directions over theconditions. Interestingly, in the whole range of existence of
hexagonally ordered substrate, presented in 3D plot. the (y3X 3)R30° structure, no arrangement with another

te
¢ between the adsorha’
anc

ist:
erage dis
j:xd substrate sp:eres
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local minima was observed. The span of the adsorbateadsorbate-substrate arrangement. As a test of our model, we
substrate height fof,7x |7)R19.1° arrangement is more have searched for the most probable accommodations for an
limited and this adlayer could never reach a minimum dis-adlayer of bigger spheres laying on the flat substrate with
tance(closenesgto the substrate ag3 % |3)R30° adlayer. 33% smaller spheres, both with rigid hexagonal order. The

The range of the average heiglistance from the substrate 2dsorbate layer was allowed to translate and rotate in all the
for (3x3) structures is even more narrow and the possible directions for an interval of surface coverage. Some

of the structures that are formed by these transformations
X 3)- X ; .
(3> 3)-sym adlayerthe most closest to the substrate from were defined and presented in our paper. With the help of a

all the (3 3) structureis on average positioned much fur-. arameter defined as the average height of the adsorbate
ther from the substrate layer than the other two Structures ifhyer on the flat substrate, which describes the closeness of
their minima. Accordmg_to results of our s,lmulatlon,_We_as—the adlayer spheres to the substrate layer, several specific
sume that the adlayer with3x (3)R30° structure, which is  siryctures have been selected as the most probalte:

on average the closest to the substrate, is the most stable one. 3)R30°, (,7x [7)R19.1°, and3 X 3).

We show that modeling of the unequal-sphere packing | jterature data shows that those structures are typical for
could SatiSfaCtOfily describe all structures of the iodine ad'the accommodation of the iodine adatoms on the_E_)
layers on the RL11) surface. However, we do not know if surface. This verifies, in the best way, our model of the
the same model valid for other systems. We preliminaryunequal-sphere accommodation with the real adsorbate-
tested our model for identification of the iodine adlayersubstrate system on an atomic level. In addition, using our
structures on the Ad1l) surface, which presents nonhex- model we have been able to explain the origin and transla-
agonal ordered (pXx |3)R30° and shows electrocompres- tion path of the adsorbate adatoms during formation of the
sion phenomenot’*>48and found that another parameter (3 X 3)-asym structure. Although very simple, our approach
(not an average distance between the adsorbate and substrstesufficient to give a satisfactory model of the iodine ar-
layerg should be used for this system description. Thesgangement on the @tll) surface.
preliminary results indicate that one of the crucial steps in Although we achieved a very good agreement with real
our modeling is the definition of the parameter used for seexperimental results, our study opens a few questions related
lection of the most probable structures among all possibleto the number of systems which could be explained by such
Further work is in progress to resolve this issue. a simple approach.
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