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A simple unequal-sphere packing (USP) model, based on pure geometrical principles, was applied to study
the centered-rectangular iodinge(v/3)R30° adlayer on the Au(111) surface, well-known from surface X-ray
structure (SXS), low energy electron diffraction (LEED), and scanning tunneling microscopy (STM)
experiments. To reproduce the exact patterns observed in experiments, two selective comditiansim

average adsorbate height and minimum adlayer roughtvesie imposed. As a result, a series of adlayer
patterns with g§x+/3)R30° symmetry (2.3< p < 3), with precise structural details, including atomic registry

and identification of the-bisector as the most likely trajectory for the iodine adatom movement during the
so-calleduniaxial compressiophenomenon, were identified. In addition, using the same model, the difference
between the iodine adlayer arranged in hexagonal and centered-rectangulai3)R30° patterns, as in the

case of Pt(111) and Au(111) surfaces, was investigated. Qualitative and quantitative comparison shows that
iodine adatoms in these two arrangements differ significantly in atomic registry, distance from the substrate,
and the adlayer corrugation. Our findings could be of special interest in the study of the nature of the iodine
adatom bonding to different substrates (i.e., Au vs Pt).

Introduction to the large number of atoms usually involved in description of
Halide adsorption phenomena have for a long time been aSUCh phenomena and insufficient computatlona_l capémty._

preferred subject of different studies in modern surface science, !0dine on P{(111) and Au(111) has been studied extensively
and electrochemistryy-? Special interest in characterization of N electrochemical and surface science communities, with a large
the anion adlayers on metal surfaces is related to fundamentafnUmber of published reliable data with respect to adlayer
issues, as it is the structure of the electrode double layer angStructure. In the case of the iodine adlayer on Pt(111), numerous
from a practical technological importance (i.e., corrosion). In Studies agree on reported structures (in situ and ex situ
particular, the progress becomes obvious after use of electrode§haracterization) of the iodine adSI)ayer and chemisorption type
with well-defined surfaces, electron spectroscopies such as low©f Ponding to the Pt(111) surface? Independent of the mode
energy electron diffraction (LEED) and Augbf;® and new of preparation, under ultrahigh vacuum (UHV) conditions (vapor

techniques for characterization and visualization of the adsorbed€vaporation) or by electrochemical methods, the same charac-
layers with atomic resolution, such as scanning tunneling teristic structures were found. Theoretical studies related to

microscopy (STM), atomic force microscopy (AFM), and [—Pt(111) are rare so far_. In_ one of our papers, we demonstrated
surface X-ray structure (SX$S)As a result, nowadays, we have how these charqctenstlc |od|ng adlayer structures could be
a clear idea and evidence of different types of halide structures Successfully predicted and described by our homemade unequal-
on metal surfaces such as Au(111), Ag(111), and Pt(111). SPhere packing (USP) mod€lAlso, recent ab initio density
Indeed, our interest and knowledge is expanded further thanfunctional theory (DFT) calculation offers some new insights
just adlayer structure characterization, to thermodynamics, N0 the chemical nature of the iodin@t(111) bonding:
anion-metal interactions, and other physical and chemical lodine on Au(111), which is the subject of this study, is very
properties. Although it seems that the anianetal interface  different from the +Pt(111) system because of the phenomenon
(particularly at the well-defined substrate surface) becomes a©f the uniaxial compression as a result of the increase of the
very familiar system, and in many cases characterized with adsorbate surface coverage&uch behavior makes this system
extraordinary precision at the atomic level, still it is very much Significantly more complex than-Pt(111), both from experi-
unexplored from the technological point of view. Indeed, this mMental and theoretical points of view. The history of the
could change by future development of nanoelectronics and ! ~Au(111) investigation is very interesting, involving reports
nanodevices design with atomic level assemblies. However, it of many different iodine adlayer structures. The breakthrough
will require development of better models and identification of came with the study of Ocko and co-work€r¢SXS), which
exact adatom registry as well as finding mechanisms which identified two incommensurate iodine adlatticegpx v/3)R30°
allow adatoms to be freely manipulated or transform from one @nd ‘rot-hex*-and clearly demonstrated that a centered-
kind of adlayer arrangement into another (phase transitions). 'ectangular iodine adlayer was formed via the uniaxial compres-

So far, simulation of the anion adsorption is a difficult task due Sion (electrocompression) mechanism. Thee( 3)R30° struc-
ture was defined by the value g (2.73-2.45), with a
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iodine interatomic distance between 4.62 and 4.32 A, respec-perimental studies as well as to determinate the exact registry
tively. The cpx+/3)R30° adlayer is incommensurate with gold  of each iodine adatom and direction of the iodine adatom
atom rows along the principal direction and commensurate alongmovement during the uniaxial compression. The validation of
the orthogonal {/3) direction. It is important to mention that  our approach and our way of modeling is once again confirmed
in terms of the iodine-gold interlayer spacing, it was estimated due to the fact that we were able to reproduce and characterize
that in the cpx+/3)R30° arrangement it is between 2.3 and 2.4 the experimentally found structur&sFurthermore, comparison

A, which indicates the covalent nature of the iodigwld between the+Au(111) and +Pt(111) systems leads to a better
bonding!® The cpx+/3)R30° transforms into the rot-hex understanding of differences in the adlayer structures and

arrangement at higher surface coverage® Additional struc- transitions between different arrangements, which is certainly
tural details of +Au(111) were revealed by LEED and STM  promising for the design of future nanometric de\{ices. Note,
analysig425STM shows the same iodinep +/3)R30° adlat- as was demonstrated before, theAlu(111) system is a very

tices, which appear to be atomically flat. Note that “flatness” promising substrate for the formation of highly ordered molec-
was exclusively observed from STM data. Using a simple ular arrays for use in molecular electronfés?* which raises
geometrical model, in the same work, it was proposed that, additional interest and necessity for detailed characterization
during the uniaxial compression, iodine adatoms move along Of this particular system.

specificp-bisectors. Contrary to SX8analysis, the LEED and

STM data pointed to the existence of thé3x +/3)R30° iodine Methodology

adlayer, too. It is important to mention that, in these experiments,
as well as in the SXS work, the iodine modification of the Au-
(111) was carried out from aqueous solutions under the electrode
potential control. However, identical LEED patterns which

To analyze the @x+/3)R30° structures in great detail, the
USP model? developed recently in our laboratory and described
in detail before, has been employed. It is based on modeling of
the geometrical arrangement of unequal spheres (hard-ball

C(t))rresp(()jnd o @lx ‘/3)R3(.)° ra]md rgt-h;aé strr]ucturez ;Né;re” contact model) over the crystalline substrate. The homemade
observed many years ago in the study ot Cochran an "€l software atomic level surface assembler (AL®AS used to

where iodine adlayers on the Au(111) were prepared f;(%m I perform simulations. ALSA allows the simulation of single or
vapor. Afterward, it was confirmed by Huang and co-workers 1 iiipie adlayers on flat or stepped substrates with different
that b vapor deposition fqrms the same structl_Jres as those foundsymmetry characteristics. Adlayers can be assembled using
by Ocko (electrochemical preparatiof).This relates the jnqividual atoms at different interatomic distances and can be
¢(px+/3)R30° and rot-hex structures and the uniaxial compres- easily translated or rotated in any direction at the substrate
sion phenomenon to iodine adlayer behavior on the Au(111) grface, which is the fundamental algorithm in our approach.
surface (results of the specific iodirgold and iodine-iodine For the first time. the USP model was shown to work for

interac_tions) rather than the influence .Of the appl_ied (_alectrc_)de detailed characterization of the iodine adlayer on the Pt(111)
potential. Note that electrocompression behavior in anion g, tacelo Simulation was carried out in a wide range of adlayer

adlayers was also obsoeg/ed for several other systems, such agq,erages, and it could completely reproduce the experimental
Br and Cl on Au(11172°and some useful physical models finqings for all known structures. Although it is based on a

have been proposed to explain the origin of the driving force simple geometrical approach, we found that it allows the
(lateral interactions between adsorbates) for such beh&Vior. development of detailed structural models and better under-
Here, we intend to characterize theAu(111) system by  standing of the mechanism of adlayer formation. In this first
use of our newly developed USP model, which was successfully study, we found that theinimum aerage adsorbate heigl
applied for characterization ofPt(111). In this previous study,  the crucial and sufficient condition (parameter) to identify and
to select the most likely iodine adlayer arrangements on the describe the most stable structures of the iodine adlayer on the
Pt(111) substrate, a single parameter, defined astheage Pt(111) surface. Indeed, it was the only parameter needed to
adsorbate heightwas used as a selective criterion. The iodine describe the hexagonally ordered iodine adlayer on the Pt(111)
adlayer structures found in our simulation were identical to those surface.
reported in the literature, which proved the validity of our The model for the+Au(111) system consists of two layers
approach. However, when the same model was applied to theof spheres. The substrate layer is arranged in hexagonal order
I—Au(111) system, no resemblance with experimental structures[Au(111) surface], and the adsorbate layer possespesg)-
was achieved. Detailed analysis indicated the insufficiency of R30° symmetry. The Au(111) surface is represented by close-
the minimum average adsorbate height as a single parameter irpacked hexagonally ordered spheres of radus = 1.44 A.
the process of selection of the most likely structures of the iodine The iodine adlayer consists of smaller spheres ordered in a
adlayer on Au(111). Then, the question was, how many and c(px+/3)R30° pattern with R, = 1.33 A, a value which
which parameters need to be introduced into our USP model tocorresponds to the iodine covalent radifidn the figures
be able to simulate systems of such great complexity, which presented in our paper, iodine is shown by circles with a larger
includes the formation of pk+/3)R30° and the uniaxial radius, just for practical reasons. In our model, phealue was
compression phenomenon. Surprisingly, we found that introduc- varied between 2.3 and 3. Thjs range corresponds to the
tion of one additional parametethe requirement of maintaining  interval of adlayer coverage froth= 0.333 tof = 0.435. Note
the minimum adlayer roughnesallows the USP model to  that the change db is related to the change in the intersphere
become a suitable tool for such a difficult task. Thus, in the distance along th& direction of the gold substrate, while the
case of the+Au(111) system, we present a new development intersphere distance in thé3 direction is always the same (4.99
of the USP model, based on the use of two selective parameters A). Under these restrictions, the adlayer spheres never touch
minimum average height and minimum roughness of the each other.
adsorbed adlayetwhich allows us to perform the characteriza- In the process of simulation, the iodine adlayer was translated
tion of the cpx+/3)R30° arrangement in great detail in a large  all over the (111) surface. After each shift, a detailed analysis
range ofp values. Using this particular model, we were able to of the atomic registry and the geometric characterization of the
repeat all structural characteristics well-known from the ex- adlayer was carried out. This process was repeated for each
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reasonable precision in the simulation. The adatom movement
is collective, since all adatoms follow the same direction of
shifting. Note that, after shifting in any direction, the symmetry
of the cpx+/3)R30° unit cell is completely preserved. After
each adlayer translation, in particular after translations along
the p-bisector direction, changes in the atomic corrugation were
evaluated. As an output of the simulation, a large number of
c(px+/3)R30° structures for each value pf located at different
positions on the Au(111) substrate (due to shifting), were
observed. To select iodine structures which possess similar
characteristics to those observed in experiments (flat adlayers
observed by STM with uniform registry close to bridge position,
on average 2:32.4 A from the substrate surfacE),two
parameters have been imposed in our model during the selection
process.

In the first run, as presented in Figure 2, among all simulated
| c(px~/3)R30° patterns | between 2.3 and 3.05), we have been
Figure 1. lllustration of the cpx+/3)R30° adsorbate adlayer (large  looking for those that on average are closest to the Au(111)
balls) shifting over the hexagonal substrate surface (small balls). The substrate. The closest structures for unrestricxed plane
p-bisector direction is marked by an arrow. movement are presented by the dashed line. The adatom registry
for several chosen patterns on the minimum average height line
is presented. Fop = 3, the cpx+/3)R30° pattern could be
identified as hexagonally ordered8x +/3)R30°, with all iodine
adatoms in the 3-fold site and as close as possible to the
substrate. However, whep is less than 3, gx+/3)R30°
structures are similar to those found in experiments, with an
average distance of 2.44 A from the substrate and with all

value ofp (uniaxial compression) maintaining rigid hexagonal
(substrate) and p+/3)R30° (adsorbate) symmetry. As a result

of such simulation, numerous structural patterns were generated
To identify structures which have the same characteristics as
those reported in experimerisye impose two conditions as
selective criteria: minimization of the adlayer distance from
the substrate (minimum average adsprpgte hePgHEq 2) anq adatoms on sites with similar registry.
the adlayer flatness condition or minimization of the height

difference between adjacent spheres (minimum roughi®ss, In an additional simulation, the gk +/3)R30° arrangement
(eq 3). was shifted exclusively along thebisector direction (solid line

in Figure 2). It can be clearly seen that changmgoes not
induce changes in the average height and adlayer atomic registry,
as long as translation is restricted along pHgisector direction.
_ 2 2 2 Also, very interestingly, by strictly keeping restriction of
Z= ‘/(rl T = = X" = 0a ¥ @) movement exclusively along tiebisector, in the case qf =
3, the simulation shows the existence of a structure with
(v/3x+/3)R30° symmetry which is very much farther from the
surface, with iodine adatoms in the bridge site, rather than 3-fold
sites. Another interesting discrepancy is found fqusc{/3)-
N R30° with p = 2.5, which appears slightly closer (0.025 A) to
AP) = Z(P)/N (2) the substrate than other structures of the same pattern. According
= to our understanding, such particular structure has more pos-
sibilities to be formed than other ones. Even from this simple

The height of each adsorbate sphetgi¢ calculated in the
surface-normal direction according to eq 1.

wherer; andr; are the substrate and adsorbate radii, respec-
tively, (Xa, Ya) is the adsorbate sphere position, arg ¥s) is
the closest substrate sphere position.

N plot, and taking into account that the atomic registry of all iodine
(Z(P) — A(P))? adatoms is very similar, one could see whyxc{/3)R30°—1—
R(P) = 1= 3) Au(111) appears “atomically flat” in STM imagé$2>Note that
N the vertical resolution of the STM technique is limited to 0.05

A. Taking into account this experimental finding, our system
where P represents a configuration of adsorbate sphekes ( was subjected to fulfill an additional criterion: the requirement

particles) and the summation goes over all spheres. iRor that the iodine adlayer maintains minimum roughness during
more details, see ref 10. Note the agreement between theseshifting over the substrate (minimum difference in the atomic

equations and the definition afieanandstandard deiation in corrugation).

mathematical statistic¥. Figure 3 shows the results of the simulation when an adlayer

One should notice that such a procedure is different from with c(px+/3)R30° structure was moved exclusively along the
the one that was used for the simulation of th@t(111) system,  p-bisector (solid line) and in thXY plane (dashed line). In all
because of the second parameter, the minimum roughRess ( cases, structures with minimum roughness (0.032 A) were

] ) obtained when the adlayer was shifted along phieisector
Results and Discussion direction. Indeed, forp = 2.5 andp = 3, the roughness

The simulation starts by creating thepe(+/3)R30° unit cell diminished even more, what we believe is the result of very
of the iodine adlayer with characteristics known from the specific adatom registry. Further work is in progress to
literaturé325 (see Figure 1). The iodine adlayer was translated understand the mechanism of transformation betwe@x(/3)-
(shifted) over the Au(111) surface in all directions with close R30° and cpx+/3)R30° patterns.
monitoring of the change in the iodine adatom registry. Shifting  The differences between values for the maximum roughness
was performed via small increments in order to achieve of the iodine adlayer translated in thef plane (dashed line)
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Figure 2. Comparison of the minimum average height for appx(/3)R30° structures with 2.3< p < 3.05. The bold line shows the minimum
average height when iodine adatoms were shifted along-thisector exclusively, while the dashed line shows the same parameter for unrestricted

shifting in theXY plane of the substrate.
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Figure 3. Comparison of the minimum roughness for alpg(/3)-
R30° structures with 2.3< p < 3.05. The bold line shows the minimum
roughness when the iodine adatoms were shifted along-thieector
exclusively, while the dashed line shows the same parameter for
unrestricted shifting in th&Y plane of the substrate.
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and along thep-bisector (solid line) direction are presented in
Figure 4. One can clearly see that the translation of the iodine
adlayer over the substrate out of ghdisector direction could
lead to the formation of patterns with significantly larger
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Figure 4. Comparison of the maximum roughness between all
c(px+/3)R3C° structures with 2.3< p < 3.05. The bold line shows
the maximum roughness when the iodine adatoms were allowed to shift
along thep-bisector exclusively, while the dashed line shows this
parameter for unrestricted shifting in th€Y plane of the substrate.
Note that the structures with the lowest roughness are those with
adatoms positioned in thebisector direction.
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height (a) and roughness (b) for unrestrickdmovement for

p = 2.5 as a function of th& andY positions. It demonstrates
that, in the case of selected structures found along-thisector,
both criteria (minimum average height and minimum roughness)

roughness. However, the minimum value of the maximum are fulfilled simultaneously. We believe that a second additional
roughness is achieved only during the shifting along the parameter, the minimum roughness, is directly related to the
p-bisector direction, as a preferential route. As demonstrated magnitude of lateral interactions between the iodine adatoms
in Figures 3 and 4 (solid line), only the iodine adlayers aligned on the Au(111) surface. However, to verify this hypothesis and
along thep-bisector keep minimum corrugation (less than 0.035 understand the difference betweepAu(111) and +Pt(111),

A). Note, for compression routes different than hbisector, calculation of the adsorption energy by quantum mechanical
the iodine adlayer will possess a higher roughness and will be methods is required and in progress.

farther from the substrate. Therefore, one could define the Note that if the minimum average height is used exclusively
meaning of the-bisector as a special pathway for iodine adatom as a selective parameter in the simulation, the hexagonally
movement during the compression phenomena on the Au(111)ordered {/3xv/3)R30°, (v/7x+/7)R19.1°, and (3x3) structures
surface, which allows the transformation of thex(/3)R30° found for I-Pt(111) will be the most stable on&sTherefore,
iodine adlayer with minimum changes in adlayer corrugation the simultaneous use of two parameters is required for correct
and distance from the substrate. It would be very interesting to characterization of theHdAu(111) system.

know if other systems which show adlayer compression
phenomena also presgmbisector routes.

Following this line, we compare two sets of structures: iodine
adlayer with hexagonal order, obtained on Pt(111) [including

Figure 5 shows a three-dimensional graph of the average (v/3x+/3)R30°, (v/7x+/7)R19.1°, and (3«<3)], and iodine
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0.34 0.36 0.38 0.40 0.42 0.44 0.46 the (V3x «/ 3)R30° structure. _ _
4 Pt(111) with the same surface coverage. As is clear from Figure

Figure 6. Comparison of the minimum average height between 8, these two arrangements possess different nearest-neighbor
C(hPX\/ ?)33?" i““mureslon th@-bisector ?i,reg,tion [J”;Ltj((llllll)] 6}';]‘3' ) Iddistances between the iodine adatoms due to their different
characteristic hexagonal arrangements ot lodine on . e Do ;
line shows the mini?num average height fope/3)R30° structures, adlayoer symmetries. Both 0(2'33/3)R300 and (‘/7X\/7)' .
while the dashed line shows this parameter for hexagonal structures.ng'1 patterns were tre_mslated over the substr_ate surface in
the process of simulation. After each translation step, the
adlayer with centered-rectangularpe(v/3)R30° structures, adsorbate average height and roughness were calculated to
observed for iodine on Au(111) in a large range of surface construct the graph on Figure 9. Note that each cross in this
coverages (0.330.46). In both adlayers, the same iodine radius graph is associated to separate pattern witi>+/7)R19.1°
was used. Comparison is based on the analysis of twosymmetry. This graph shows that the hexagonally ordered
parameters: minimum average height (Figure 6) and maximum (+/7x+/7)R19.1° adlayer could be formed under a variety of
roughness (Figure 7). With respect to the minimum average conditions: far from the surface but with minimum corrugation
height, all cpx~/3)R30° structures are equally close to the (left) or closer to the surface (2.4 A) and with larger corrugation
Au(111) substrate and, in general, much closer than the (right).
hexagonal iodine adlayer on Pt(111). Difference is mainly in ~ Simulation of the c(2.38+/3)R30° iodine adlayer on Au(111)
the range of 0.1 A, except some specific points. The most indicates significantly different behavior. Despite translation
commonly observed iodine adlayers on Pt(111) witf3+/3)- over the substrate (resticted along {misector), the iodine
R30°, (v 7x+/7)R19.1°, and (3<3) symmetry are equal or even  adlayer maintains the same average distance from the substrate
closer to the substrate thanps(~/3)R30° structures on the  and the same roughness (Figure 9).
p-bisector. Figure 7 shows that iodine adlayer formation via  Comparison between c¢(2.83/3)R30° and (/7x~/7)R19.1°
hexagonal arrangement induces significant changes in theshows that c(2.38+/3)R30° is less corrugated than any of the
adlayer corrugation. Contrary, in the case of thec(/3)R30° (v/7x~/7T)R19.7° arrangements, and in most cases closer to the
iodine adlayer along the-bisector, adlayers with minimum  substrate. The hexagonally ordered7(x+/7)R19.1° adlayer
corrugation are dominant. Furthermore, we compare two could not be at the same time close to the substrate and very
particular iodine adlayers: centered-rectangulaxa(3)R30° flat. To be closer to the surface, it needs to increase its adlayer
with p = 2.33 on Au(111) and hexagonal/{x+/7)R19.1° on roughness.



USP Model for the lodine Adlayer on Au(111) J. Phys. Chem. B, Vol. 109, No. 46, 20051715

Iztapalapa Division de Ciencia Basica e Ingenieria, and Instituto
Mexicano del Petroleo (IMP), project FIES-98-100-I.

2.62
- References and Notes
2.58 | (1) Hubbard, A. T.Chem. Re. 1988 88, 636.
—~ 256 F (2) Somorjai, G. Alntroduction to Surface Chemistry and Catalysis
= 254 b John Wiley & Sons: New York, 1994.
%ﬂ . (3) Magnussen, O. MChem. Re. 2002 102, 679.
ST (4) Kolb, D. M. Physical and Electrochemical Properties of Metal
ﬁ 2.50 ¢ Monolayers on Metallic Substratedohn Wiley: New York, 1978; p 125.
%ﬂ 248 b (5) Kolb, D. M. Prog. Surf. Sci1996 51, 109.
5 : e
2 o246F o aaiy - (6) Gewirth, A. A.; Niece, B. KChem. Re. 1997, 97, 1129.
S e (7) Chang, S. C.: Yau, S.-L.; Schardt, B. C.; Weaver, MJ.JPhys.
Chem.1991 95, 4787.
ol (8) Frank, D. G.: Chyan, O. M. R.; Golden, T.: Hubbard, AJTPhys.
2.4% N 065 0110 5 '15 = '20 Chem.1993 97, 3829.
) ’ ) ) ) (9) Labayen, M.; Furman, S. A.; Harrington, D. Surf. Sci.2003
roughness (A) 525, 149.
Fi ure\/9. Average adlayer height vs\z;dlayer roughness plot for the  (10) Tkatchenko, A.; Batina, NPhys. Re. B 2004 70, 195403.
(V7x+/T)R19.T° structure and the pf+/3)R30° structure withp = (11) Tkatchenko, A.; Batina, N.; Cedillo, A.; Galvan, Burf. Sci2005
2.33. Both structures possess the same degree of coverage. 581, 58.

It could be very interesting, from the aspect of modern  (12) Toney, M. F.; Gordon, J. G.; Samant, M. G.; Borges, G. L.; Wiesler,
nanoelectronics and construction of atomic devices, for which D- G- Yee, D.; Sorenson, L. B.angmuir1991, 7, 796.
functionality depends on the position and distance between  (13) Ocko, B. M.; Watson, G. M.; Wang, J. Phys. Cheml994 98,
atomic adlayers, to un_derstand how a certalr_] type of adlayer (14) Yau, S-L.: Vitus, C. M.: Schardt, B. Q. Am. Chem. S0d990
could be transformed into another one. In this way, adlayers 115 3677.
with the same surface coverage but different and desired (15) vau, S-L.: Gao, X.; Chang, S. C.; Schardt, B. C.; Weaver, M. J.

properties could be designed in the future. J. Am. Chem. S0d.991, 113 6049.
_ (16) Gao, X.; Weaver, M. JI. Am. Chem. S0d.992 114, 8544.
Conclusions (17) Tao, N. J;; Lindsay, S. Ml. Phys. Chem1992 96, 5213.

A simple unequal-sphere packing model, based on geo- (18) Ocko, B. M.; Wang J. Surface Structure at the Au(111) Electrode.
; T ; _ n Synchrotron Techniques in Interfacial Electrochemisielendres, C.
metrical principles, was used to simulate the centered rECt""ng“""“]A., Tadjeddine A., Eds.; Kluwer Academic Publishers: Dordrecht, 1994;
c(px~/3)R30° adlayer on the Au(111) surface. Results of our pp 127-155.
study clearly show that the USP model could be used success- (19) Itaya, K.; Batina, N.; Kunitake, M.; Ogaki, K.; Kim, Y.-G.; Wan,
fully for detailed characterization of pk+/3)R30° structures, L.-J.; Yamada, T. Irolid-Liquid Electrochemical Interfacederkiewicz,
i i inti iodi i G., Soriaga, G. M. P., Uosaki, K., Wieckowski, A., Eds.; ACS Symposium
InC.IUd.mg descrlptl.on of the iodine adatom reg!stry and the Series 656; American Chemical Society: Washington, DC, 1995.
uniaxial compression phenomenon. The simulation was based ) ; S )
L ST . (20) Ocko, B. M.; Magnussen, O. M.; Wang, J. X.; Adzic, RFRysica
on two conditions: minimization of the adsorbate average height g 1995 221 238.
(minimum adlayer distance frqm the substrate) and min_imization (21) Yamada, T.; Ogaki, K.; Okubo, S.: Itaya, &urf. Sci.1996 369,
of the adlayer roughness (minimum adlayer corrugation). The 321.
c(px+/3)R30° arrangements in thp range from 2.3 to 3.0, (22) Yamada, T.; Batina, N.; Ogaki, K.; Ocubo, S.; Itaya, K. In
closest to the substrate and, at the same time, with minimum Proceedings of the Sixth International Symposium on Electrode Processes;

roughness, were equal to those found in SXS, LEED, and STM \,(lv\'(ecfgs\;‘gk{’,ﬁ:’ggf’é‘ ;’135 ds.; The Electrochemical Soc. Inc.:. Pennington,

studies. For this specific set ofm(§/_3)R30° structures, we (23) Nagatani, Y.; Hayashi, T.; Yamada, T.; Itaya,Jgn. J. Appl. Phys.
found that iodine adatoms are positioned on the gold surface 1996 35, 720.
p-bisector. Indeed, one could also see from our study that during (24) Yamada, T.; Batina, N.; Itaya, Kurf. Sci.1995 335, 204.

uniaxial compression of the pk+/3)R30° pattern, iodine (25) Batina, N.; Yamada, T.; Itaya, Kangmuir1995 11, 4568.
adatoms move along the-bisector directions. Any other (26) Cochran, S. A.; Farrell, H. Fsurf. Sci.198Q 95, 359.
movement, out of thep-bisector direction, which was also (27) Huang, L.; Zeppenfeld, P.; Horch, S.; ComsaJGChem. Phys.

carefully investigated in our study, produces patterns with higher 1997 107, 585. _
corrugation or distanced farther from the substrate. From the Chgrﬁ)lg/lgag%?esgo?)' M.; Ocko, B. M.; Wang, J. X.; Adzic, RIRPhys.
comparison between hexagonal and centered-rectangular iodine X C s .

; (29) Magnussen, O. M.; Ocko, B. M.; Adzic, R. R.; Wang, JPXys.
arrangements on Au(lll), we could clearly see the difference re,. B 1995 51, 5510.
in the adatom registry for these two types of adlgygr arrange-  (30) Wang, X.; Chen, R.; Wang, Y.; He, T.; Liu, F. @.Phys. Chem.
ments. In the case of the hexagonal arrangement, iodine adlayers 1998 102, 7568.
undergo severe changes in roughness and average adsorbate (31) Kunitake, M.; Batina, N.; Itaya, KLangmuir1995 11, 2337.
height. The obtained results are of special importance for (32) Batina, N.; Kunitake, M.; ltaya, KJ. Electroanal. Chem1996
understanding adatom (anion) behavior on different substrates,403 245. _ _
such as Au(111) versus Pt(111). On the other hand, understand-lo((f%)w%gak" K.; Batina, N.; Kunitake, M.; Itaya, K. Phys. Cher.996
ing of adlayer transformation processes could _be of spem_al (34) Kunitake, M.: Akiba, U.: Batina, N.: Itaya, Kangmuirl997 13,
interest for the development of modern electronics. From this 197.

point of view, our simple USP model appears to be a rather  (35) Tkatchenko, A.; Batina, NI. Chem. Phys2005 122, 094705.

useful tool. (36) Pauling, L. CThe Nature of the Chemical Bon8rd ed.; Cornell
. University Press: Ithaca, NY, 1960.
Acknowledgment. The authors wish to gratefully acknowl- (37) Mendenhall, W.; Scheaffer, R. L.; Wackerly, D. Bathematical

edge support by CONACYT (fellowship for A.T.), UAM-  Statistics with Applicationstth ed.; PWS-KENT Publishers: Boston, 1990.



