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Effect of Ag Adatoms on High-Coverage Alkanethiolate Adsorption on Au(111)
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Alkanethiol adsorption on Ag-adatom-modified Au(111) surfaces is studied by means of electrochemical
techniques combined with Auger electron spectroscopy and periodic density functional (DF) calculations.
The bimetallic surfaces are prepared by Ag underpotential deposition, and only the alkanethiolate high-
coverage regime is considered. Alkanethiolate electrodesorption from Ag-modified Au(111) surfaces requires
potentials shifted 0.3 eV in the negative direction with respect to the value corresponding to desorption from
Au(111) surfaces. In agreement with this experimental result, DF calculations show that alkanethiolates prefer
to be laterally adsorbed to Ag adatoms, the interaction energy being 0.3 eV larger than that corresponding to
the same thiolate on Au(111). Therefore, it is concluded that alkanethiolates adsorbed on Au are likely to be
observed only when the Ag adatom surface density is small enough or all Ag sites are occupied. The preference
for alkanethiolate adsorption on adatoms is also found for a model surface containing Au adatoms on Au-
(111). This indicates that no significant differences in electrodesorption potentials should be expected between
Ag-adatom- and Au-adatom-rich surfaces. These findings and the analysis of experimental results strongly
suggest that, under experimental conditions, the Au(111) surface does not exhibit a significant amount of Au
adatoms, thus casting reasonable doubts on the adatom reconstruction models proposed for thiolates on Au-
(111).

Introduction olates on Au(111) consist also of species bonded to Au adatoms

produced in a massive surface reconstruction process. However,
' the influence of Au adatoms on the alkanethiolate adsorption
at high coverage has not been experimentally explored. In
particular, it is very difficult to produce a controlled amount of
Au adatoms and also to determine their position on the Au
surface.

Alkanethiolate self-assembled monolayers (SAMs) on metals
particularly Cu, Ag, and Au, have attracted considerable
scientific and technological attention because they provide a
route to control corrosion, wetting, and wear properties of metal
surfaces. SAMs serve also to anchor different functional groups
employed as chemical and biochemical sen3géikhey are also . . :
useful for pattern transfer in microcontact printing, to carry out A possible way .to 9|rgumvent the problems described .above,
dip pen lithography,to fabricate nanodevices for electrontes, arising from_ the |nd|st|nc.t chemical ngture of atoms in the
constitute promising candidates for new nanofabrication meth- 2dlayer and in the underlying substrate, is to use a second metal

ods? and, finally, provide ideal model systems for interface Which could be deposited in a controlied way even at a high-
science® coverage regime. In this work we follow this strategy to study

: : . alkanethiol adsorption on a Au(111) surface modified by
The adsorption of alkanethiolates on Au(111) from ethanolic h .
solutions or IC;rom the gas phase leads t(() de)nse and ordere nderpotential deposition (UPD) of Ag adatoms. UPD allows

structures such as Au(111/8 x +/3)R30 and Au(111)-c(4 a precise control of the amount of Ag adatoms. Therefore, the
x 2)2° The nature of alkanethiolate adsorption sites on Au- influence of adatom coverage on thiol adsorption properties can
(111) is still under debate, particularly concerning the compari- pe |nve§t|gated ina stralghtforward way. Here, th's.'s done by
son between experimental results and theoretical predictionsInSpecung electrqqesorptlon Curves.of propanethiolate (PT)
from density functional (DF) calculatiod&:17 Recently, scan- SAMs on Ag-modified Au(111). Experimental results show that

ning tunneling microscopy (STM) imaging and DF calculations & small surface coverage of '.A‘.g adatoms (Oﬂe’*g = 0.4)is
sugggested th%t AU ada&yrrSs on)Au(lgilll)g, produced during theenough .t.o increase the stability of thfe thiolate ad[ayer on the
lifting of the Au(111)-(22x +/3) surface reconstruction, play Ag-modified Au(111) surface. This is accompanied by the

a relevant role in the formation of the stripe alkanethiolate phase appearance of multiple peaks during alkanethiol electro_desorp-
formed at low Au adatom surface coverd§élhe important tion. At hlgherAg adatom coverag_éA@ > 0.4) only the typical
role of Au adatoms is evidenced in recent DF calculafibns electrodesorption peak of alkanethiol from a complete Au(11)

suggesting that the dense phases of vertically placed alkanethi#9(1 x 1) is observed. The origin of the two peaks in the
electrodesorption curves is investigated by DF calculations using

* Universidad de La Laguna periodic slab models for methanethiolate (MT) interacting with
* Universidad Nacionalgde La Plata. different _substrate lattices. These calculations indicate_ that two
8 Universitat de Barcelona. MT species are laterally bonded to each Ag adatom with rather
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high interaction energy. This implies that MT bonded to Au
could be detected only when all Ag adatoms are saturated with
the MT species; i.e., for a sufficiently low Ag coverage.

Experimental Section

Preferred oriented (111) evaporated Au on glass was used as
substrate (AF 45 Berliner Glass KG, Germany). After annealing
for 10 min with a hydrogen flame these Au substrates exhibit
atomically smooth (111) terraces separated by monatomic
stepst® On an ideal Au(111) plane there are 1.839.0' atoms/
cn®?, and therefore, for this plane, the charge required to form
a monolayer of species occupying one site and requiring one
electron per site is 222C cm 220

The real surface area of working electrodes was determined
by measuring the charge needed to reduce a gold oxide
monolayer, which is a two-electron process. This was done by
integrating the main cathodic peak in the currepbtential
curves taken in the supporting electrolyte betw@eV versus
a reversible hydrogen electrode (RHE) and the so-called
Burshtein minimun?}-23 The roughness factor average, defined
as the ratio of real to geometric surface area, was +0803.
After surface preparation the Au substrates were used as working
electrodes for Ag UPD from & 1074 M Ag,SO; + 1 M Hyp-

SOy The amount of electrodeposited Ag was controlled through
the applied potential to the Au(111)/electrolyte interface. To
this end, the electrodes were immersed in the electrolyte solution
under an applied potentidE, = 0.60 V versus Ag/Ag,
subjected to a simple scan in the negative potential direction
up to a final potentialE.. After a preset Ag surface coverage
(0ag) was reached, the electrodes were removed from the
electrochemical cell under potential control, carefully rinsed with
1 M H,SO, and MilliQ water, and finally dried under nitrogen
atmosphere. Some of the Ag UPD-covered Au(111) samples
were immediately transferred to a ultrahigh vacuum chamber
for Auger electron spectroscopy (AES) measurements. Other
electrodes were also rinsed with ethanol, dried undgraNd
immersed in 5x 107> M PT ethanolic solutions for 24 h to
yield a complete SAM, and then rinsed carefully with absolute
ethanol to remove weakly adsorbed molecules. Some of the PT-
covered substrates were then analyzed by AES while other
samples were placed in another electrochemical cell containing
0.1 M NaOH to carry out PT electrodesorption experiments and
thus determine the electrodesorption potenkgl Also, the PT-
covered samples used for AES analysis were also used as
electrodes in electrodesorption experiments.

Electrochemical measurements were made in a conventional
three-electrode glass cell at 26 using a Pt large area wire as
counter electrode. For Ag UPD, a silver wire was used as
reference electrode, whereas for PT electrodesorption a saturated
calomel electrode (SCE) was employed. Electrodesorption
curves were recorded at 0.050 V!sIn all cases the electrolyte
solutions were degassed just before taking measurements. The
surface coverage of Ag UPD and the surface coverage of
chemisorbed PT were calculated from AES data. AES data were
recorded using an electron gun operated at 3 keV and 10 mA
cm~2 by using a single-pass cylindrical mirror analyzer (CMA,

Physical Electronics). Figure 1. Optimized structures for MT on Au(111) surfaces with
different amounts of Ag adatoms. (&yy = 1, MT molecules are
Computational Details and Surface Models directly bonded to fcc, hcp, and top adsorption sites of the silver

monolayer; (b)6ag = 1/3, MT molecules are bonded to the silver
Adsorption of alkanethiols on the Ag-modified Au(111) adatom; (c)0ay = 1/3 (step Ag), one MT molecule is bonded to the
surfaces was also investigated by means of periodic DF gold substrate, while the other one is bonded to silverpigd)= 1/6,
calculations carried out on sufficiently thick slab models. These MT molecules are bonded at the same time to silver and goldiae)
models are similar to those used in previous work to study the = 1/12, two of the MT molecules are bonded to gold while the other
relative stability of various MT phases on Ag(111), including two are bonded to silver and gold.
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strongly reconstructed structur&sThe exchange-correlation
energy was expressed within the generalized gradient ap-
proximation (GGA) in the formulation of Perdew et &.,
commonly referred to as PW91. The valence electron density where Me stands for the metallic substrate Arid the number

was expanded in a plane-waves basis set with a cutoff at 4200f MT species in the unit cell used for each lattice.

eV for the kinetic energy. The effect of core electrons in the  The MT electrodesorption potentials from the Ag-containing
valence electron density has been taken into account by meansurface has been estimated assuming that changes in the
of the projector augmented wave (PAW) metffod as imple- electrodesorption potential are proportional to changes in the
mented by Kresse and JouBrin the VASP codé®*The interaction energy/ein ~ AEy) and takingE, = —0.77 V for
Brillouin-zone integration was performed using the Monkherst ~ MT electrodesorption from the Au(111)/@ x +/3)R30—MT

Pack methott with sufficiently densek-point meshes. Finally, structure. This value was obtained by extrapolation ofEpe
geometry optimization was carried out using a conjugate versusn (number of carbon atoms in the alkanethiolate species
gradient algorithm and taking advantage that the analytical first plot for MT (n = 1). The plotE, versusn was obtained from
derivative of the total energy with respect to nuclear coordinates electrodesorption curves recorded for differevi8(x +/3)R3C

is implemented in VASP. Systematic convergence checks alkanethiolate lattices (3 n < 12) under similar experimental
regarding the number dé-points, the energy cutoff, the slab  conditions as those described in this wéftk.

thickness, and vacuum width were carried out for each structural

model to ensure that conclusions are derived from essentially Results and Discussion

converged calculations. Convergence criteria for electronic
energy and geometry optimization have been set t& 4dd
10 eV, respectively. The calculated lattice parameter for Au
(a = 4.180 A) compares reasonably well to the experimental
value @ = 4.078 A).

The unreconstructed Au(111) surface was modeled by
periodic slabs containing five atomic layers, separated by 10 A
of vacuum. MT was chosen as a model for alkanethiol
adsorption. MT species were placed just on one side of the slab
the MT geometry and that of the three topmost atomic layers
was fully relaxed, whereas the two Au layers at the bottom of
the slab were kept fixed at the calculated Au fcc (face-centered
cubic) bulk values. The surface dipole resulting from the above
structural ?rrangement was removed following the standard at fcc hollow sites”38 At slightly more negative potential values
procedure". . a Au(111)-(3x 3)—4Ag lattice Pag = 0.44) has been observed

On going from Au(111) to Ag(111) the experimental structure by in situ AFM® and STM37 On the other hand, peak ClI
for MT adsorption changes from a Au(111y8 x +/3)R30— corresponds to the formation of Au(1HAg(1 x 1) lattice.

MT (0wr = 0.33) to a Ag(_111)-(/7 x VT)R19.E-MT (Our At slightly even more negative values the formation of a second
= 0.43) pattern. To consistently have alégr = 0.33 with Ag monolayer takes placg Theq versusE plot (Figure 2b) is
differentfag one may either use a large supercell with different  ¢qngistent with the voltammetric peak assignment, and it is also
amounts of Ag or different supercells. The latter approach i go0d agreement with data reported by Ogaki and I8ya.
permits one to obtain the same results with smaller supercells  AEs spectra corresponding to Ag UPD on Au(11l) at
and a considerable computer time saving. Hence, different unit gigferentE, values are shown in Figure 3a. These spectra clearly
cell have been used to adjust both the Ag adatom and MT gho that a&, decreases the Ag signal increases while the Au
coverages. MT adsorption on Au(1HAg(1 x 1) was modeled  gjgna| decreases. Therefor@y, calculated from the Ag/Au

by a (/7 x v/7)R19.F MT unit cell, which is in line with  gignal ratio increases #s approaches the AgAg couple redox
what was observed in STM images obtained for MT on Ag- reversible potential in this electrolyte. In Figure 3b, the coverage
(111)33 This surface structure contains the three typical different -5iculated from our AES data are compared with data obtained
adsorption sites, namely, hcp (hexagonal close-packed), and fcqyy other authors from AES40 and X-ray photoelectron
hollow and top sites (Figure 1a). Ag adatoms are placed abovespectroscopy (XPS}: It is quite clear thatiag moves fromdag

the fcc sites which, after explicit consideration of several . g atE. = 0.600 V tofay = 1.0 atE; = 0.050 V. We have
different adsorption sites, are found to be the most favorable taken advantage of the results above to prepare Au(111)
ones. Three additional bimetallic Ag on Au(11l) surface gybstrates with differertta values for thiolate adsorption. This
structures with decreasing Ag coveragag = 1/3, 1/6, and s achieved by holding the applied potential at preset values

1/12), but keeping the MT coverag@fr = 0.33) constant, have  indicated by vertical arrows in Figure 2a. We have sele&ed
been considered. These three bimetallic systems haveBa ( — 0.575, E. = 0.525, E; = 0.500, andE. = 0.050 V

x +/3)R3C—MT pattern. In these structures, Ag adatoms are corresponding t@ag ~ 0.15,0ag ~ 0.38,0a5 ~ 0.60, anag
also placed above fcc sites of the Au(111) surface. Accordingly, ~ 1.0, respectively. As mentioned above the surface coverage
Au(111)-(/3 x +/3)R30—Ag, Au(111)-(2/3 x +/3)R30— Oag ~ 1.0 andfag ~ 0.38 can be directly associated with the
Ag, and Au(111)-(2/3 x 2/3)R30°—Ag unit cells have been  experimentally observed Au(11:2Ag(1 x 1) and Au(111)-
used to represent the situation withy = 1/3, 1/6, and 1/12, (v/3 x +/3)R30—Ag lattices. Theflag ~ 0.15 can be related
respectively (Figure 1, parts b, d, and e). to more diluted adsorbate surface structures, where we expect
In all cases the interaction energyi{) has been calculated that both Ag and Au sites are available for thiolate adsorption.
by subtracting the energy of the clean surface and the free MT We have also includeB; = 0.500 V with0a4 ~ 0.6 to test the
from the energy of surface plus adsorbate using the same unitreverse situation, i.e., an excess of silver adatoms relative to
cell in the three calculations as in eq 1: the PT adsorbates.

= STe(ME)(MT),, — e(Me) ~ Ne(MT)] (1)

1. Electrochemical and AES ResultsThe typical voltam-
mogram run at 0.010 V¢ for Ag UPD on the Au(111)
substrate is shown in Figure 2a. The Ag electroadsorption stars
at 0.60 V, where negative (cathodic) current is related to the
following reaction:

e+ Ag’ + Au(111)= (Ag)—Au(111) 2)

'The negative scan exhibits three main, well-defined currents
peaks (labeled as Cl, ClI, CllIl in Figure 2a). From atomic force
microscopy(AFM§® and STM imaging?® the peak located at
0.52 V (Cl) has been assigned to the formation of a Au(111)-
(v/3 x +/3)R30—Ag lattice @ag = 1/3) with the Ag adatoms
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Figure 2. (a) Typicalj vs E profile for the Au(111) substrate in &

104 M Ag,SO; + 1 M H,SO, recorded at a scan rate of= 0.01 V

s™1 betweenE, = 0.70 V andE; = 0.005 V). The typical reversible
peaks related to the UPD of two Ag monolayers are shown. (b) Charge
density,q, vs E plot.
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Figure 3. (a) Broad AES spectra for the Au(111) substrate voltam-
metrically cycled mn 1 M H,SO4 betweerkE, = 0.70 V and different
emersion potential&.. (b) Coverage-potential plot of silver adsorbed
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Figure 4. AES spectra for propanethiolate SAMs on silver-modified
Au(111) substrates. The emersion potentials are indicated.
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Figure 5. Cathodic polarization curves recorded in 0.1 M NaOH at
0.050 V s for propanethiolate SAMs on (a) Au(111) and+&) Ag-
modified Au(111) surfaces with differefig. (b) Ag(1 x 1)—Au(111)
(emersion potentiak; = 0.050 V in Figure 2afag ~ 1), (c) Ec =
0.500 V @ag ~ 0.6), (d)Ec = 0.525 V @ag ~ 0.38), and (e)ec =
0.575 V @ag ~ 0.15).

immersed in a diluted PT-containing ethanolic solution for 24
h in order to adsorb PT. The AES data for the different Ag-
modified Au(111) surfaces after PT SAM formation are shown
in Figure 4. Comparison of these spectra to those shown in
Figure 3a provides strong evidence that PT adsorption did not
alter the sample’s Ag content. In fact, Bsdecreases frork,

= 0.525-0.050 V, the Ag signal increases, the Au signal
decreases, and the S signal arising from adsorbed PT is always
observed, irrespective of the surface composition. The relatively
constant S/C ratio observed for the samples also indicates that
now the C signal arises from the hydrocarbon chains of the

on the Au(111) surface. Our results are shown as circles, and datagqsorbed alkanethiolates.

obtained by other authors are shown as up triangles (ref 39), squares

(ref 40), and down triangles (ref 41, XPS data).

After polarization, the samples were then immediately rinsed
with 1 M H,SQOq, MilliQ water, and absolute ethanol, and finally,

Figure 5a displays a typical electrodesorption curve recorded

for a PT-covered Au electrodé{; = 0). The PT monolayer

desorption occurs &, = —0.83 V versus SCE where a sharp
peak appears preceding the hydrogen evolution reaction (HER).
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The amount of charge related to PT electrodesorptiap-is=
0.0714 0.005 mC cm?, a quantity close to 0.074 mC ch
the expected charge for a Au(111)8 x +/3)R30C—PT lattice,
corresponding to 7.7 10719 mol cnT2 for a one-electron
process andpr = 1/3. Figure 5b shows PT electrodesorption

TABLE 1: Calculated Average Interaction Energy Per MT
Molecule in the Unit Cell (ej;) and Calculated
Electrodesorption Peak Potential Ep) for MT on Several
Models of the Modified Ag Modified Au(111) Surface
Assuming a Value of—0.77 for MT on a Au(111) Surfacé

S Ag coverage thiolate

from a Au(111>-Ag(1 x 1) surface_ E. = 0.05 Vin Figure 2a, g (62g) g unit cell Nur  enfeV EJV
Oag = 1). The reductive desorption of the PT SAM can be 1 77 x JIRIOE 3 Lo 111
observed as a pronounced current peak-at19 V with a (V7 x v NRI9. T T

; . ) 1/3 (/3 x v/3)R3C 1 -1.95 -1.14
smaller peak at a more negative poterfttah similar behavior (2v/3 x +/3)R30 2 203 -1.22
was also observed for hexanethiol SAMs on silver UPD- 1/6 (2v/3 x /3)R30 2 -1.96 -1.15
modified Au(111) electrode® The amount of charge of both 1/12 (2/3 x 24/3)R3C° 4 -1.93 -1.12
features yields 0.086t 0.005 mC cm? leading to a thiol 0 (V3 x V/3)R30 1 —-158 -0.77

coveragefpt = 0.36+ 0.03 close tddpt = 0.43 expected for
the (V7 x +/7)R1% structure. The smaller value for PT arises
from the fact that for alkanethiols larger than methanethiol the
thiol—thiol distance is 0.48 nm rather than 0.44 nm leading to
a slightly distorted {/7 x +/7)R192.42 It is interesting to note o .
that in the case of PT adsorbed on Au(:2Ay(1 x 1) surfaces, surface structures used for Ag adsorption in our DF calculations.
the peak potential is 0.36 V more negative than that corre- Although the Au(111)+/3 x \/3)330___'0‘9 and Au(111)-Ag-
sponding to the Au(111) surface (Figure 5a) and also 0.07 V (1 x 1_) lattices are _complet(_ely justified by the expenment_al
more negative than that observed from a Ag(111) single-crystal Sc@ning probe microscopies (SPM) and electrochemical
surfaceg* This clearly indicates some effect of the Ag UPD  datai>"**the Ag surface structures relatedig, < 0.33 are,
layer on stabilizing alkanethiolate SAM&The electrodesorp- 1" fact, hypothetical lattices. In these cases it is not possible to

tion curve for PT from a Ag-modified Au(111) surface (Figure rt_aaso.nably associate a model structure to. the experimental
5¢) with Oy ~ 0.60 E; = 0.50 V in Figure 2a) is essentially situation because AES gives only average information about

the same shown fdiag = 1.0. In fact, within the experimental the surface composition, and Ag adatoms are topographically
errors of our measurement, andger remain unaltered. This indistinguishable from the substrate by SPM analysis. However,
means that PT is preferentially bonded to Ag and that the considgring that Ag apd Au have glmost the same atomic rqdii
underlying Au sites play no significant role in the alkanethiol and lattice parameter in the metallic statg and that Ag depo§|t[on
adsorptiorf?2 Furthermore, the electrodesorption curve fiag C“”ef‘t'y forms commensurate adlatt_lces on Au(lll) it is
~ 0.60 (Figure 5c) is qualitatively similar to that reported for plausible to propose commensurate lattices for the lower surface
ethanethiol and octanethiol SAMs on Adu(111) alloy coverage. Finally, the electrodesorption curve for PT adsorbed
surfaces having a Ag/Au mol ratio of 0.64.Note that no on the Ag-modified substrate witbg ~ 0.15 € = 0.575 V

segregation into Ag and Au domains, by displacement of Ag n Flgurte_: 2a)fdo_<las notd sthow Sflfﬁ_ng be\ﬂde_nce_ of Stér.fac?
adatoms by the PT species, seems to take place because in thigogregation ot siver adatoms. IS’ behavior 1S ‘a direc
case a detectable peak at around.83 V, corresponding to experimental indication which supports the proposed structure.

PT desorption from Au(111), should be also observed in the . For ?;Sh f%e of the dlﬁfrzngsq:face structu[je_s conggderltled
electrodesorption curve. in our study, represented by its corresponding unit cell,

. - several thiol adsorption sites were investigated. Notice that the
For 0ag ~ 0.38 (Figure 5d)Ec = 0.525 V in Figure 2a, the

a0pg indicates the Ag coverage, thiolate unit cell indicates the
different structural models used which are also displayed in Figure 1,
andNyr indicates the number of MT molecules in the corresponding
unit cell.

o YA T A\ ) number of MT species varies with the unit cell and that these
situation is, in principle, similar than that observed tg ~ can occupy different surface sites (Figure 1). Average interaction
energies for the different surface structures are collected in Table
1. Indeed, the calculated interaction energies values are of the

0.6 with a main peak at1.2 V. However, in this case a small
peak centered & = —0.90 V and an even smaller one&at

—0.95 V are observed. The first conclusion that can be drawn o qer of those estimated by thermal-programmed desorption for
from these results is that no segregation into Ag (islands) and gmaii-chain alkanethiols on Ag(1149.

Au domains occurs during PT adsorption even at a relatively | agreement with our experimental and previous theoretical

Iow.Ag coverage. The .second one is that a.small quantity. of results*2 MT adsorption on Ag atoms is favored with respect
PT is adsorbed on Au sites. However, these sites are now mixed adsorption on the unreconstructed Au(111) surface-By3

sites in the sense that these are influenced by both Ag adatomg,\/ (Taple 1). Notice that this is precisely in agreement with
and substrate Au atoms & = —0.90 V. In order to identify  he experimental finding from the electrodesorption measure-
these sites we have further lowered the Ag adatoms surfacements, In addition, the interaction energy on Ag-modified Au-

coverage t@ag ~ 0.15 € = 0.575 Vin Figure 2a). Although (111 does not significantly change with respect to Ag coverage.
traces of PT bonded to Ag adatoms remain detectabiela? This is a strong indication that MT adsorption on Au will only

V (Figure 5e), most of the PT is desorbed=gt= —0.90 V. In occur when there will be no free Ag adatoms available in the
fact the second mixed state with, = —0.95 V completely Ay surface. In the case @k, = 1/12 coverage, a combination
disappears. On the other hand, despite the small number of Agof sjtes exist where two MT molecules are adsorbed on Ag sites
adatoms present on the Au(111) surface the PT electrodesorptiomynd two on Au(111). This structure provides an explanation for
peak is always more negative:Q.1 V) than that observed for  the two peaks present in the reductive desorption curve (Figure
PT on Au(111). Also in this case, there is no evidence of 5) One peak would correspond to desorption of thiolates bonded
significant phase segregation. to Ag adatoms and the other one to desorption of thiolates

2. Model Calculations Results.In order to have a micro-  bonded to the Au(111) surface (Table 1). Note thatfgy =

scopic picture of the effect of Ag adatoms on the adsorption of 0.38 the experimental desorption curve reveals some amount
alkanethiols on Au(111), the adsorption of MT was studied by of MT bonded to Au sites. We speculate that this surface
means of periodic DF calculations, as described in the previouscoverage involves some amount of Ag decorating Au steps.
sections. Let us start the discussion by commenting on the Ag Therefore, théag value on terraces could be smaller with some
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thiolates bonded to Au atoms. We have simulated this situation University of La Plata and CONICET (Argentina), and in part,

in DF calculations using a Au(111)<8 x +/3)R3C—Ag by Generalitat de Catalunya (Projects 2005SGR-00697, 2005
lattice (Figure 1c). Again, we found an interaction energy similar PEIR 0051/69, and Distintidgsen-Cat granted to F.l.) and

to that obtained for the other Ag adatoms containing Au(111) Gobierno Autmomo de Canarias (Project EQU 2006/027). The
surfaces. Obviously, in this case, some thiolates remain adsorbediuthors thankfully acknowledge the computer resources, techni-
on the Au(111) surface at the fcc-bridge sites. We conclude cal expertise, and assistance provided by the Barcelona Super-
that in the real UPD Ag-modified Au(111) system a fraction of computing Center.

Ag is adsorbed at step edges so that the effective surface
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