Growth and characterization of Au clusters on alkanethiol
self-assembled monolayers

Bing Wang,® Xudong Xiao,” and Ping Sheng
Department of Physics, The Hong Kong University of Science and Technology, Hong Kong, China

(Received 7 March 2000; accepted 12 June 2000

We have prepared nanometer-sized gold clusters on alkanffiig(CH,),,_,SH, abbreviated as

C,] self-assembled monolayetSAMs) on Au(111) substrates by thermal evaporation. Typically,

the Au clusters are one atomic layer thick and plate-like, with a diametei2ef10 nm. While most

of the Au clusters are found at the SAM/@111) interface, a fraction of the clusters reside on top

of the SAMs as evidenced by the existence of the Coulomb blockade and Coulomb staircase in the
scanning tunneling spectroscopy. Using scanning tunneling microscopy under ambient conditions,
we also investigated the stability of the gold clusters at the SANIAL) interface. For a given
nominal coverage of Au, the gold clusters op&e larger and diffuse faster than those qg &d

Cis. © 2000 American Vacuum Socief$s0734-211X00)00805-2

[. INTRODUCTION with only very weak interactions with the substrates. Inher-
Nanometer-scale metal clusters play important roles irent from the atomic flatness and the ordering of SAMs, these

correlated single-electron tunnelif§ET), which has been clusters can be easily characterized with scanning prope mi-
proposed as a basis for nano-electric digital circlits.the ~ Croscopy. However, it was often found that the weak inter-
past, much effort has been devoted to the study of semicorfiction between the Au atoms and the methyl-ended SAMs
ductor clusters—quantum dots such as InAs on GaAs and G&ould imply penetrations of the Au clusters to the SAM/
on S as well as to nanosized metal clustérOne major  Au(111) interface.

problem in the application of metal clusters is to find a suit- /N Previous work, the behavior of deposited metal films
able insulation layer to separate the clusters from the corPn SAMs has been studied with x-ray photoemission spec-
ducting substrate, which can be either a semiconductor or B0oscopy(XPS), ultraviolet photoelectron spectroscopy, and
metal. It is generally difficult to form an atomically flat sur- ion scattering spectroscohsS).**~*°In these studies, metal
face with a controlled thickness with an oxide insulationfilms with different reactivity, such as Ag, Cu, Cr, and Ti,
film. Self-assembled monolayetSAMs) of thiol molecules were deposited on SAMs with different functional end
constitute a potential candidate for application as ultrathirgroups(e.g., CH, OH, COOCH, COOH, and CM It was
insulating layers because of their ease of preparation, atomfeund that at room temperature, highly reactive metals re-
flatness, long-term stability, controllable surface chemicamain on top of the SAMs by forming bonds with the SAMs’
functionality, and adjustable thickness through the selectioend groups, but the low reactive metals penetrate through the
of various chain lengths of thiol molecul&&Recently, using SAMSs to the SAM/Au interfacé® ™ It was suggested that

a double ended aryl dithigp-xylenew, «’-dithiol) SAM as  the penetration rate depends on the extent of defects in the
an insulation layer to support the nanometer-sized gold clusSAMs, e.g., the number of pinholes, the gauche defects
ters deposited from a cluster beam, Andedsal. success- along the chains, and the nature of the domain boundaries.
fully showed evidence of SET behavior of a Au cluster atThese defects could provide diffusion paths for the metal
room temperatur& With a different thiol monolayer, atoms between the end group and the SAM/Au interface.
HS(CH,) 1;OH, with a hydroxyl group termination, Ansel- The results of a scanning tunneling microsc¢ByM) study
metti et al. used an evaporation method to form three-of Au deposition on the octanethiol SARIshowed that all
dimensional3D) Au clusters with a height of-2-3 nm’In  the gold clusters have monoatomic height, based on which
their case, Coulomb blockade, a characteristic feature ohe authors concluded that Au atoms penetrate to the
SET, was also observed at room temperature as well as &AM/Au interface. However, it remains uncle@y if all the

low temperatures. Au atoms penetrate into the interface; afiid if, for those

It is interesting to study Au clusters grown on alkanethiolthat did penetrate to the interface, the deposited gold atoms

SAMs with methyl termination. This is because the interac-irst diffuse and form clusters on SAMs and then penetrate
tion between the gold atoms and the methyl terminatedhrough the SAMs as clusters, or if the gold atoms first pen-
SAMs is small. When the gold atoms are deposited on thigtrate through the SAMs and diffuse at the SAM/Au inter-
surface and form clusters, the clusters resemble free clustefsce to form clusters.
In this article, we report on the growth and characteriza-
aJPel_’man_ent addrgss: Structure Research Lab, _Center fo‘r Physical Scien_cg'@n of Au clusters formed on alkanethiol SAMs by the
gﬂmzrsny of Science and Technology of China, Hefei 230026, Anhw,evaporaﬁOn method. Only one-layer-thick, two-dimensional
bAuthor to whom correspondence should be addressed: electronic maif2D) plate-like Au clusters were observed up to a cluster size
phxudong@ust.hk of 10 nm in diameter. Atomic resolution imaging revealed
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that most of the clusters were formed at the SAM/Au inter-OMICRON low-temperature ultrahigh vacuufdHV) STM
face through penetration. However, a fraction of the clustergor STS measurement. After each imaging, the samples were
(~5%) were found on top of the SAMs even at room tem-kept under dry nitrogen at room temperature. To study the
perature. This was evidenced by scanning tunneling spegrowth-temperature effect, clusters were also prepared at 78
troscopy(STS on those clusters on top of the SAMs, which K in the OMICRON UHV STM system with similar condi-
displayed Coulomb blockade and Coulomb staircdsigma- tions and then characterized in the same chamber at different
tures of SE). When the growth temperature was lowered totemperatures without breaking the vacuum. Morphologically,
78 K, a significantly higher fraction of the clusters 80%) no obvious difference was observed betweenithsitu and
showed the SET effect, further lending support to the notiorex situprepared clusters. The imaging resistance was typi-
that Au clusters can form on top of SAMs. Using ion scat-cally 1-2 Q}, which allowed nondisruptive imaging on,C
tering spectroscopy, Herdt and Czandétnshowed that and Gg but not on Gg.
more deposited silver remain on top of octadecanethiol as the The image analysis and statistics of clusters were per-
temperature is decreased from 220 to 113 K. The evolutioormed by using the Q600QLeica) software, which allows
of the penetrated clusters at the SAM(ALY) interface as a one to subtract the substrate contribution. Choosing a suit-
function of time was measured using STM. After prepara-able height threshold for the clusters in the images, the cov-
tion, the size of these clusters slowly increased in the firserage of clustergfractional area occupied by clustgrshe
few days and then stabilized. This indicates that diffusion oftluster size and its distribution, and the number density
thiolated Au atoms at the SAM/Au interface is significant for (number of clusters per are@&ould be calculated. In our
clusters with sizes smaller than a critical valuel nm), and  analysis, the threshold used included only the areas of 2D
most of the clusters are likely to be formed after the penetraeluster plateaus, which reduces the convolution effect of the
tion of Au atoms through the SAMs. STM tip. For better precision, the STM images were taken
with a resolution of 51X 512 pixels. Typically, at 0.25 ML
Il EXPERIMENT init?al coverage, 5& 50 nnt size images were used for sta-
tistical analysis of the Au clusters o, GC;, and Gg. At an
The preparation of the substrates, SAMs of alkanethiolnitial coverage of 0.4 ML, the image sizes used were 200
[CH3(CH,),,—1SH, n=7, 10, and 18, abbreviated as,C,, X 200 nnf on G, and 100< 100 nnt on C;pand Gg. In the
and Gg on Au(111) involves two steps, namely the prepa- case of Au clusters on bare Al1), 500X 500 nnf images
ration of the gold substrates and the formation of the alwere used for both initial coverages. The reason for choosing
kanethiol monolayers. First, we evaporated 460-nm-thick  different sizes of images was to have enough Au clusters,
gold film at a rate 0.05 nmfs~0.2 monolayefML)/s| onto  ~50 clusters on gold substrate and00 clusters on SAMs
freshly cleaved mica sheets under a vacuum -e1.0  substrates, to be included in each image for the analysis. All
X10~7 Torr. For good quality gold films, the mica sheets the data were averaged over ten images taken at different
were baked at 300 °C for 24 h in a vacuum of 80 8 Torr  sample areas separated. mm apart.
before evaporation and maintained at 300 °C during evapo-
ration. The deposited gold films were quickly quenched in
ethanol and then immersed @ 2 mMethanol solution of & Ill. RESULTS AND DISCUSSION
C,o, or a tetrahydrofurafiTHF) solution of Gg. The SAMs .
were formed spontaneously by keeping the substrates in thpé' On the location of the Au clusters
alkanethiol solutions for about 48 h at room temperature. The samples were measured immediately after fabrication
Final rinsing was carried out to clean any residual physicallyof clusters(time t=0 day. Figures 1a)—1(d) show the typi-
adsorbed molecules. In the preparation process, high puritgal images at an initial Au coverage of 0.25 ML, and Figs.
low-water-content ethanol and THF were used. The all(e)—1(h) show the cluster images at 0.40 ML on substrates
kanethiols were purchased from Aldrich and used withoubf bare Al111), C;, C;,, and Gg SAMs, respectively. Most
further purification. of the observed clusters are 2D and plate-like and have a
Thermal evaporation was used to fabricate the Au clusheight of ~0.25 nm, about one atomic layer thick. For the
ters. For samples prepared at room temperature, thitf®  same substrate, a higher Au coverage results in not only
X 15 mnt substrates each with either,@C,,, or C;g SAMs  more clusters but also larger cluster size. The size of the
were placed on the same sample holder simultaneously in @usters on bare Ad11l) is the largest. Those on,CC,,,
vacuum chamber. After pumping to a pressure 8f1D°’  and Gg are sequentially smaller. This indicates that the dif-
Torr, a submonolayer of gold was evaporated onto these sulfusion of the Au adatoms on A(L11) is much faster than
strates at a rate-0.016 ML/s. By controlling the deposition that on SAMs. These 2D clusters are not observable on SAM
time to either 15 or 25 s, two coverages of gold were presamples without the postdeposition of Au. For those
pared,0—0.25 ML andf—0.40 ML. For comparison, a piece samples, the etched pinholes, which are also covered with
of bare gold thin film without the SAMs was also placed onakanelthiol molecule¥’ are visible(see Fig. 2 Our obser-
the same sample holder for the gold deposition. After thevation of 2D clusters is similar to that reported in Ref. 9, but
submonolayer of gold was deposited, the samples werquite different from the case of gold deposited on SAMs
quickly transferred to a STM under ambient conditions forwith a terminal —OH group, in which 3D clusters with a
morphology characterization, and then to a commerciaheight~2—3 nm were observed.
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() Au(111),0.4 ML

(a) Au(111), 0.25 ML

(b) C; SAM, 0.25 ML
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Fic. 1. Representative images of Au clusters or{}l), C;, C;o, and Gg
SAMs immediately after depositiofi=0 day. (a) and (e) 500X 500 nnf,
(b)—(d) and (f)—(h) 200x 200 nnf. The images were taken at0.3 V/1 nA
for Au(111), and—1.0 V/0.5 nA for G, Cyo, and Gg.

(a) C; SAM

JVST B - Microelectronics and  Nanometer Structures

& (c) Cis SAM

Fic. 3. High-resolution images of the clusters showing a periodicity identi-
cal to those of the SAMs. This lends support to the physical picture that the
gold clusters in this case are buried at the SAM/L1) interface.

Before discussing the evolution of the Au clusters, it is
important to pinpoint where the Au clusters are located. As
pointed out in the introduction, Au interacts weakly with the
alkanethiol molecules and may penetrate through the SAMs
to the SAM/AU11Y) interface. Our high-resolution images
in Fig. 3 show that the periodicity of the observed clusters,
near a boundary or in the middle of a domain, is the same as
that of the SAMs. By also considering the evidence from
XPS and ISS for Ag/SAMs by Herdt and Czardelr(d,
which show convincingly that Ag penetrates to the SAM/
Au(11]) interface, it is reasonable for us to conclude that
most of the Au clusters are located at the interface, and what
we see in the high resolution images of the clusters are the
SAM lattices. As will be discussed later, the failure to ob-
serve the Coulomb blockade in STS for most of the Au clus-
ters lends further support to a Au penetration mechanism.
Although most of the Au clusters observed are within the
SAM domains, most of the Au penetration probably takes
place near the defect sites such as pinholes and domain
boundaries. The penetrated Au atoms then diffuse along the
SAM/Au(11)) interface to the middle of the domains where
they nucleate into clusters. The observation of clusters on

Fic. 2. Typical images ofa) C,, (b)
Ci0 and(c) Cig bare SAMs. The im-
ages were taken at1.0 V/0.1 nA, at
which monolayer lattices are resolved
for C;, Cyp, but not for Gg.
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Fic. 4. A typicall-V curve showing Coulomb blockade and Coulomb stair-
cases on a Au cluster with a diameter of 2 nm og EAM. The measure-

ment was taken at 5 K.
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surface, either by Au residing at the SAM/AL]) interface

or by connecting the Au cluster via a conduction path
through pinholes or other defects to the (ALl) substrate,
would not show the Coulomb blockade or Coulomb stair-
cases in thé—V curves. Thus, we conclude that the clusters
showing the SET phenomenon are isolated from the sub-
strate and located on top of the defect-free areas of the SAM.
The success rate of observing SET in our case is similar to
those of Ag clusters on Sb-terminated1%i0),2 where only a
small fraction of clusters show the SET behavior. In order to
observe the clusters on top of the SAMs, we further found
that the Au deposition rate to prepare clusters is very impor-
tant at room temperature. Stable clusters cannot form at slow
deposition rates because all the Au atoms penetrate to the
interface before they can nucleate on top of the SAMs. A
suitable and controllable deposition rate is abou®.02
ML/s for the formation of stable clusters on top of the
SAMs. This fact indicates that nucleation on top of SAMs

C,g is additional evidence that the clusters are at the SAMANd penetration through SAMs are two competing processes.
Au(11]) interface. This is because if the Au clusters wereDepending on the flux, one process may dominate the other.

sitting on top of the G SAM, they would be damaged since
the tip must penetrate and disrupt thegg GAM for such a

low imaging resistance~2 G(1).

To further prove that some Au clusters indeed reside on
top of the SAMs, we deposited about 0.4 ML Au on,C

Although most of the Au clusters are situated at the SAM/

Au(111) interface via diffusion through the SAM layers, ei-

ther through pinholes, domain boundaries, or even aloncf (2) 0 days 3
alkyl chains with gauche defects within the domains, some e Bt

2D Au clusters still reside on top of the SAM layers. As ;
shown in Fig. 4, the Coulomb blockade and Coulomb stair- /5
cases are clearly seen for some Au clusters on theé&SBM oY

in the STS current—voltagé-V) curves. Cooling the sample

to a low temperature is important for clear resolution of the
SET phenomenon since at room temperature thermal excita
tions smear out the characteristic features. However, the lo
cation of the Au clusters is believed not to be altered by

perature possesses the SET effect when measured at 77 or
K. Since the SET phenomenon can only be seen for smal
metal clusters sandwiched in double barrier tunneling junc-
tions, the Au clusters in electrical contact with the (ALl)

0.5
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. 78K | 295K
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Fic. 5. The Au coverage dh situ deposited gold clusters on,SAM as a Fic. 6. Typical images of clusters on, @t different times after deposition.
function of time. The sample was maintained at 78 K for 48 h, and thenThe areas of all the images are 30800 nnt. The images were taken at
warmed up to 295 K. —1.0 V/1 nA.
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Fic. 7. Au coverage of clusters as a function of time on different SAMs at,
(@) initial coverage#=0.25 ML, (b) initial coveraged=0.4 ML. The dashed
lines give the initial coverage values.
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SAM at 78 K in the OMICRON UHV STM system. Within Cluster Diameter (nm)
2 min, the sample was transferred to the low temperature
STM (precooled down to 78 Ksample holder without Fic. 8. Cluster size distribution with the statistical probability vs cluster
breaking the vacuum. The coverage, which is plotted in Figdiameter on €, Cyo, and Gg SAMs after O or 3 days after deposition and at

. . . . Zinitial coverages of 0.25 and 0.4 ML. The curves are fitted
5 as a function of time, stays constant for 48 h by maintain- 9 )

_ S X - = 1/[(2m)¥4n o] exg — (In x—In X)%(2 In?c7], with X, X, ando as the diam-

ing the temperature at 78 K. This is consistent with Tarlov'Seter, the mean and the standard deviation of the clusters. The fitting param-
result that Ag films are stable and reside on methyl endkters are included in the legends correspondingly.

group when deposited at 90 # Moreover, when we mea-
sured thel-V spectra on these Au clusters, a much higher,
percentage {v3%%) of the clusters shows the Coulo?nb ing on top of the methyl end group of the SAMs after warm-
blockade and Coulomb staircases. This is because the lol}9 the sample to room temperature.
temperature significantly reduces the penetration rate of A
atoms and thus a larger fraction of Au clusters nucleate o
top of the SAMs. When the temperature is raised to room At room temperature, while the Au clusters on the
temperature(in vacuun), the Au cluster coverage is ob- Au(111) surface disappear quickly by diffusion to the step
served to decrease quickly in the first several hours as showadges, the Au clusters at the SAM/A]) interface are sta-

in Fig. 5. The decrease of Au coverage results from Au penbilized. Here, we present our results on the evolution of these
etration to the SAM/A(L1)) interface, followed by incorpo- clusters at room temperature in air. We have imaged the
ration to the step edges of ALL1) via diffusion. The pen- clusters at different times and then analyzed them using the
etration of the Au clusters can happen via two potentialQ600 (Leica) software.

channels: either the clusters diffuse through the SAMs as a The coverage of the Au clusters depends on time and
whole, or the clusters dissociate first and then diffusedecreases in the first few days after deposition. In Fig. 6, we
through the SAMs. It is likely that the former works for show a series of images taken for Au clusters gnaS a
small clusters and the latter works for large ones. Neverthefunction of time. The loss of Au in the clusters is clearly
less, a smaller fraction of the Au clusters is still found resid-seen. It appears to the naked eye that the loss of coverage

%. On the stability of the Au clusters

JVST B - Microelectronics and Nanometer Structures
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Fic. 10. Au cluster number density measured as a function of time,on C
Fic. 9. Average sizéarea of clusters measured as a function of time gn C  Cyo, and Gg SAMs at initial coverages of 0.25 or 0.40 ML. The curves
Cio, and Gg SAMs at initial coverage®; of 0.25 or 0.40 ML. The fitting fitted by Eq.(2) are also plotted for £(solid line), for Cy, (dashed ling and
curves by Eq(1) are also plotted for £(solid line), for C,, (dashed ling for C,g (dash-dotted ling respectively. The measurement error for each data
and for G (dash-dotted ling respectively. The error for each data point is point is about=500 um~2. The insets in(a) and (b) are measured for
about =2 nn?. The insets in(@ and (b) are measured for clusters on clusters on A(l1l), where the solid lines are only a guide for the eye.
Au(111), where the solid lines are only a guide for the eye.

only one day after deposition is already significant. The Auall the cases is more or less the same. Thus, the final cover-
coverage in the clusters is plotted in Fig. 7 as a function ofages are similar on different SAM substrates at a given initial
time. In all cases, the measured Au coverage of clusters isoverage, i.e.f;—0.1 ML for initial coverage of 0.25 ML
smaller than the expected val(gashed lines in Fig.)7even  and§;—0.25 ML for initial coverage of 0.4 ML. On the other
immediately after Au deposition. This is in contrast to thehand, one would expect that the loss of Au coverage depends
low temperature deposition case for which no decrease afn the diffusivity and the stable size of clusters and thus on
coverage was observed at 78 K. The decrease of coveragige chain length of the SAMs. This appears to be the case, as
terminates after the first 3—5 dayiig. 7). seen in the time evolution of the coverages. For Au clusters
We can understand the loss of Au coverage as followson G, and Gy, the diffusion is sufficiently fast so that ini-
During deposition and sample transfer 80 min) at room tially (t=0 day all the Au atoms are either in clusters or
temperature, the Au atoms can penetrate to the SAMihcorporated at the steps. The subsequent decrease of cover-
Au(11]) interface. Some of them diffuse to the @d1) step  age results from further incorporation of small clusters with
edges to incorporate with the ALL1) substrate and get ex- the steps. For Au clusters on the diffusion of Au atoms
cluded from the coverage. Thus, they are “lost” from the or clusters at the interface of,Au(111) is slow, due to the
measured Au coverage of the clusters. This accounts for theeavy mass of ¢ carried by the diffusion atoms. Thus, only
apparent coverage loss even for thd day images. Because those Au atoms arriving near the steps during evaporation
the small clusters are not as stable as large clusters, thean join with the step edges immediately and appear as the
diffuse and coalescence with other clusters. Part of the coaoverage loss d@t=0 day. Unlike Au clusters on{and G,
lescence occurs with the step edges, which accounts for thbere could be a significant number of clusters gg €n-
further coverage “loss” for Au clusters on/Gnd Gginthe  sisting of only one or a few Au atoms that are too small to be
following days. Because the step densities of the1Ad) recognized in the large area images. These invisible small
samples used are similar, the probability of meeting a step inlusters also contribute to the initial coverage loss. At a later
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TaBLE |. Initial [(1-a)Sy] and saturation average cluster s{Z) as well as the time constant fitted by Eq.
(1) for Au clusters on SAM/A(11) interfaces with different chain lengths. Two initial Au coverages were

included.
0.25 ML 0.4 ML
So T1 So T1
(nnP) a (days (nn?) a (days
C; SAM 21.1+0.3 0.29-0.04 1.2:0.4 126.1-2.6 0.55-0.05 1.8:0.4
C0 SAM 15.3+0.3 0.24-0.04 1.9:0.7 32.9-0.3 0.35-0.04 1.8£0.3
Cig SAM 15.2+0.1 0.210.01 3.8:0.7 30.5-0.8 0.28-0.06 2.3-1.1

time, they can coalesce to form large clusters, and thus reaprhereS, is the average saturation siZé—a)S, is the initial
pear in the Au coverage. This in effect compensates for theluster size, and the characteristic timgis related to the
loss at the step edges and makes the time evolution of cowiffusion rate. The fitted parameters are given in Table I. It is
erage for Au on G weaker. In fact, an increase, instead of aobvious that, for both coverages, the valueSsfon short
decrease, of Au cluster coverage is observed for the case ohain G is significantly larger than that on;gand Gg.

0.4 ML. While the values ofS, on C,y and Gg are similar and in-

To further understand how the clusters evolve, we showerease only by a factor of 2 when the initial Au coverage is
in Fig. 8 the distributions of cluster size for the two initial Au increased from 0.25 to 0.4 ML, ti® value on G increases
coverages at=0 day andt=3 days. A number of conclu- by about sixfold. Furthermore, the time constantis ob-
sions can be drawn from these statisti¢sThe clusters have served to increase as the chain length of the SAMs increases.
a wider distribution with a larger average size optBan on  The results are consistent with the following physical picture
Cip and Gg. (ii) The evolution of the clusters is quite dif- of Au cluster formation at the SAM/AQ11) interface. When
ferent for clusters on SAMs with different chain lengths. Thethe cluster size is below the stable size, which is largerpn C
distribution peaks, for both initial coverages, shift relatively than on G, and Gg, dissociation as well as cluster diffusion
strongly to large sizes on short chain EAMs as compared can occur. The diffusion of the dissociated Au atoms or
to those on medium chaim,gand long chain ¢g SAMs. (i) gmall clusters enables the coalescence into larger clusters.
Saturation of the cluster evolution is reached in about 3 daysfpe diffusing unit is probably a single Au atom, rather than
The peak positions change only a little after that, althoughne thiolated Au because breaking a bond with the al-
the width of the distribution continues to increase to SOM&nethiol molecule and diffusing on the £ui1) substrate
degree(not shown. should be easier than pushing its way through a densely

. Thg time variation of size distribution results from the packed SAM layer with an alkenthiol molecule on top. By
diffusion of Au atoms or Au clusters at the SAM/ALLD o mnaring the rate of diffusion of Au atoms and clusters on

interface. This diffusion is dependent on the chain length Ofb\u(lll) without the SAMs, it is clear that the alkanethiol

Lhe S.AMS' Tr|1e a\c/jerage ;:Iust(_ar S'Zfe .and _thT:.cIusger ngqg%olecule not only slows down the diffusion significantly, but
ensﬂyfarcla pé)tte as af uhnct.lon OI t'mT "1 Igﬁ. an also stabilizes the Au clusters. For short chain molecules, the

respectively. Because of the rreguiar cluster shape, We USgat is weaker and that means faster diffusion and a larger

area rather than a characteristic length to characterize tl“§) For long chain molecules, the effect of the alkanethiol

_cluster size. Fror_n both figures, it is cle_:ar that 'afge_ Ch".ingeisholecule is stronger, which translates into slower diffusion
in the average sizes and cluster density occur mainly in thgnd smaller values o,

Erstth ftT\W d-ays (35‘2 dayf; af]EetL Ax deIpOfltlon.t At:_tl(.er that, Both processes of coalescence of small clusters into larger
0 € size and densily of the Au clusters stabilize. ones and the incorporation to the step edges reduce the num-

The data in Fig. 9 are well described by the formula ber density of clusters. The data in Fig. 10 can be fitted with
S=S1-aexp —t/m)], (1)  an equation similar to Eq1):

TasLE Il. Initial [(1+b)pg] and saturation number densitigg)f as well as the time constanj fitted by Eq.
(2) for Au clusters on SAM/A(L1]) interfaces with different chain lengths. Two initial Au coverages were

included.
0.25 ML 0.4 ML
Po T2 Po T2
(X10° um~?) b (days (X10% um™>) b (day9
C; SAM 4.9+0.2 1.740.1 1.8-0.2 2.2-0.1 2.5-0.2 1.0:0.1
Cip SAM 5.7+0.3 1.8-0.1 2.2:0.3 7.3:0.2 1.1+-0.1 1.5-0.2
Cs SAM 5.8+£0.4 0.72£0.2 3.6:1.2 7.9-0.3 1.0£0.3 7.9-6.7
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