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High resolution and high sensitivity friction force microscopy (FFM) is used to distinguish between different
crystallographic domains of standing up molecular configurations of self-assembled alkanethiols partially
covering Au(111) surfaces. We propose two suitable methods to decipher structural domains of the same
configuration depending on the two-dimensional (2D) symmetry of the organic adlayer. For the hexagonal
(v/3 x +/3)R30 where no differences among equivalent domains are expected in lattice-resolved scanning
force imaging, different molecular domains however can be observed in lateral force images because of the
friction asymmetry caused by domains presenting different relative orientations between the molecular tilt
direction and the tip scanning direction. Since no lateral packing anisotropy is expected in this close-packed
configuration, no friction anisotropy however is observed. Conversely, because of its rectangular space group
symmetry, lattice resolved stick-slip imaging is enough to solve between the existing domains forxthe (2
V/3) rectangular configuration.

Introduction the studies is to correlate the observed friction response with
monolayer structures and seek possible energy dissipation
processes during slidirfg!? Frictional properties of these SAMs
have been correlated with their chain lengfi*including the

Although the term boundary lubrication was first used in 1922
to describe the regime in which very thin films, of molecular

roportions, are effective in reducing the friction between solids . o .
brop 9 effect of the pair-odd number of carbons within the chain,

in relative sliding motiori, it was the recent development of nal hemi 18 b 8 Friction i
high-density storage technologies and micro- and nanomechani€"Mminal group chemistr;™? or substrate naturé.Friction is

cal systems what certainly revitalised the use of organic layers fc_:lbserv?d to mO(I:rﬁasSeF'\a/ls _th_e adheswe_r;lnt?r_aqnor] b(Ttw?en ;he
as protective/lubricant coatings. With the emergence of applica- : mdsur ace anc :1 € tp |nc;]e§sels. ﬁ rlcgon IS also c|>un
tions and devices relying upon nanotechnology, new materials [0 d€crease with increasing chain length and remains aimost
are required to modify surface properties under severe spaceconstant beyond a certain critical chain length (approximately
constraints, and therefore, lubricant films with monomolecular 10 carbpns). Th_e_se results point to a direct relat_|onsh|p b_etween
layer thickness are desired. LangmtBlodgett (LB) physical the Iubncant efficiency and the monolayer pac_kmg density and
deposition and molecular self-assembly by chemical attachment2® €xplained by the proposal that poor packing of the shorter
of molecules to the surface are the two most common ways of MPlecules results in more energy dissipation modes (chain
creating these films. Because of their high hydrophobicity, low ber_ldlng and tilting, rotations, formation of gau_che defects, etc.),
surface energies, and compact packing structure, these filmg//hile these modes are sterically quenchegoln densely packed
usually have low adhesion and friction response which ensuresf'lfms fo;_meo(ljpy tge Iong?r_ chalnhmolgculé’ssl The w:jfluencel .
minimal energy losses together with high wear resistance and®' Packing disorder on friction has been also used to explain
stability within a wide range of experimental conditions the higher frictional coefficient found in mixed SAMs, formed
Therefore, the understanding of the molecular-scale tribological lby cor;adsor:ptlon of alkagethlo! m:)IecuIes with different chain
properties of organic films is crucial to modern technology. engths, when compared to single component SAMs. It_was
Since its invention in 1988 the scanning force microscopy ProPosed that the greater disorder and higher concentration of
(SFM) has turned out as the suitable technique to address suclgauphe defects 'r('j mllxed Ir.g(.)nollgl)z/lers can raise their ability to
investigations and study interfaces with molecular-scale sensi-dissipate energy during slidig: == .
t|\/|ty On this sca]e' molecular properties such as local On the other hand, it is well-established that when Slldlng a
conformation, dispersion, packing arrangement, and chemical SFM tip over a periodic lattice, the so-called phenomenon of
composition can directly influence the performance of the atomic stick-slip behavior yields lateral force images exhibiting
lubricant system. the two-dimensional (2D) atomic or molecular periodicity of
The majority of the research on self-assembled monolayersthe surface under study. The explanation to this stick-slip
(SAMs) has focused on alkanethiols on gold, with additional behavior has been discussed in numerous experimental and
work on alkylsilanes on silicon oxide, and the aim of most of theoretical workg:?2It can be intuitively understood considering
the combined action of the parabolic potential of the SFM tip
TPart of the “Giacinto Scoles Festschrift". _ . (modeled as a spring) and of the periodically varying potential
. Lzmﬂfg‘ecgggégoggw;fe?;g téi aé’grrce;zﬁ‘i E-mail: cocal@icmab.es.of the surface which results in a total potential that presents a
s Present Address: Max-Planck-Institu fMetallforschung, Heisen-  S€ries of local minima. At equilibrium, the tip resides in one
bergstr. 3, 70569 Stuttgart, Germany. local minimum. When the tip is pushed laterally, it will remain

10.1021/jp076127t CCC: $37.00 © 2007 American Chemical Society
Published on Web 11/14/2007



12722 J. Phys. Chem. A, Vol. 111, No. 49, 2007 Munuera et al.

at that minimum (“sticking”), until the restoring force of the approximately 30 from the surface normal, and regarding the
cantilever is enough to overcome the energy barrier and tilt direction (i.e., the azimuth angle), it is commonly accepted
effectively “un-stick” the cantilever, causing the tip to jump or as an average value the®l@way from theNN direction of the
slip to the nearest local equilibrium position, where it is locked Au(111) (i.e., almost along the&iNN molecular direction)
again. At each jump from one minimum to the next, energy is reported in ref 31. Therefore, considering the 2D hexagonal
dissipated, and lateral force images will indeed show the lattice symmetry of both the Au(111) substrate and thg3(x
periodicity of the surface. Though this is not true atomic ~/3)R3C structure, 12 (if the small deviation from tHé¢NN
resolution, these lattice-resolved images are extremely usefuldirection is neglected) equivalent molecular domains can coexist
for surface structural characterization and, as we will show here, in a given substrate terrace when the tilt direction is considered.
can be used to differentiate between coexisting domains of However, these domains cannot be distinguished neither from
specific alkanethiol configurations where an accurate lattice topographic SFM images (the thickness of the layer is the same
orientation can be determined. regardless the tilt direction) nor in lattice-resolved images, since

However, in practice’ depending on the over|ayer Symmetry, the SFM is “blind” to this azimuth angle. In this Study, we show
this high-resolution imaging may not be enough to elucidate that, conversely to topographic and high-resolution stick-slip
between coexisting domains. In such a case, other structuralSFM imaging, high sensitivity lateral force images can be used
characteristics (such as tilt angle out of the surface normal, andt0 resolve these otherwise undistinguishable structural domains.
tilt angle direction or azimuth) that might influence the frictional These domains are obtained after mild annealing of samples
properties of molecular films could help visualizing, in friction ~consisting of islands of alkanethiol molecules self-assembled
force images, the coexistence of domains, otherwise notOn Au(11l) which were previously obtained as described
observed in topographic or lattice-resolved images. This would €lsewheré® The domain lateral size is 1 order of magnitude
be, for instance, the case of friction anisotropy or friction Smaller than those reported in thiolipid LB films. The presented
asymmetry. Though both are related to the dependence offesults gonflrm the |nfluenc¢ of the tilt direction on the frictional
friction with the sliding direction, it is interesting to differentiate ~ Properties also in alkanethiol SAMs at the nanometer scale.
between both effects. The former refers to the variation of  In addition to that and thanks to our preparation procedure
friction with the relative orientation angle between sliding we are able to also obtain alkanethiol islands presenting a
surfaces or with the sliding direction itself. It is correlated with rectangular (2x +/3) rect structure, commensurate with the
the relative crystallographic orientation of the sliding surfaces underlying substrat&*! In these islands, the alkane chains are
and the sliding direction (azimutal dependence). A non-isotropic tilted 50° with respect to the surface normal, with an average
molecular packing would, for instance, produce such an effect. azimuth angle 48from theNN molecular direction. Conversely
On the other hand, friction asymmetry refers to a change in to what happens with the hexagonal configuration, because of
friction when the sliding direction is changed by 286or the ~ the different 2D symmetry of the rectangular adlayer with
same relationship between the symmetry of the sliding surfaces,respect to the Au(111) substrate, the symmetry is broken and
friction changes, when the sliding direction is reversed, are three differently oriented domains should be distinguished in
correlated to differences in molecular tilt out of the surface plane, lattice-resolved SFM images. Strong evidence is provided by

that is, sliding direction parallel or antiparallel to the tilt angle resolving such domains coexisting in a given island. We
direction. emphasize the importance of the use of partially uncovered

Recently, friction anisotropy was reported in islands of surfaces (submonolayer coverage) in which the bare substrate

oligothiophenes on mica and ascribed to domains with different 2€as Serve as lattice periodicity and accurate lattice orientation
molecular azimuth orientation relative to the scanning direc- reference.

tion.23 As a matter of fact, nearly one decade ago, lateral force _ )

microscopy measurements of thiolipid and polydiacetylene LB Experimental Section

films on mica revealed the dependence of the friction on the
molecular azimuth; that is, differences in the tilt angle direction A
of the molecules were revealed as contributing to a different
torsion of the cantilever during forward and backward scans
when scanning different domains coexisting in large molecular
islands (as large as several microffs}’ A lateral anisotropy

Sample Preparation. The gold substrates (2600 nm
u/1—4 nm Cr/glass, from Arrandee) were cleaned by immer-
sion in a piranha solution (1:3,48,:H,SOy) for some minutes
followed by flame annealing. This procedure resulted in surfaces
consisting of large grains with flat terraces of (111) orientation
. . . . _.(sizes up to 400 nm) separated by monatomic steps. Flatness
|n.the.pa'1ck|ng .Of those films was proposed to be at the basis of and cleanness were tested by the quality of the lattice-resolved
this friction anisotropy. SFM images of the gold substrate. The alkanethiol molecules
Though it has been observed in some ¥B% and ferro- employed in this study were dodecanethioh4@sSH, C12)
magnetic materials surfac&gdespite the extensive number of  5nd octadecanethiol {6H37SH, C18) from Aldrich Chemical
SFM investigations of they(3 x +/3)R30" ordered alkanethiols  company and were used as received, without further purifica-
on gold, no friction asymmetry has been reported for this tjon. Islands of self-assembled molecules were prepared at room
otherwise archetypal system. In this work, we present the first temperature$21—25 °C) by immersing the gold substrates in
evidence of such an asymmetry caused by the out of planeyery dilute (<0.5xM) ethanol solutions of the corresponding
molecular tilt dependence of friction in this system. This result molecule for time periods of 1650s. Afterward, the samples
helps us to decipher between equivalent domains of this were rinsed with absolute ethanol and dried under, atiéam
structure, which due to their 2D hexagonal symmetry are not to remove weakly adsorbed molecules. This procedure led to
distinguished in high resolution (stick-slip) lateral force images. the formation of alkylthiol islands with various sizes and
On Au(111), the structure of the most stable alkanethiol phase morphologies. Depending on precise preparation parameters, that
consists of molecules with the sulfur end bound to the gold is, particular combinations of molecular concentration, immer-
substrate and the alkane chains in a upright position forming a sion time, and temperature, two differently tilted configurations
closely packed layer withy(3 x +/3)R3C periodicity2®-37 The of upright molecules can be obtained and, in some cases, coexist.
alkane chains of the molecules are tilted at an angle of The molecular order of these configurations, the hexagaral (
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x +/3)R3C of the monolayer and a rectangular ¥2v/3) rect
phase, has already been repof&tin the present investigation,
after substrate withdrawal from solution, some samples have |
been annealed at ?C during 20 min, under ambient conditions,
whereas others have been allowed to evolve at ambient
temperature. As it will be shown, the annealing procedure
facilitates the coalescence of differently tilted domains, which
are not observed in the case of slow room-temperature diffusion,
where large single domain islands are obtaifred.

Scanning Force MicroscopyNormal-force and lateral-force
measurements have been performed, under ambient conditions
on a homemade microscope head combined with an SPM100
control unit and software from Nanotec El€ctica?344 Sharp-
ened, V-shaped, $i, cantilevers (Park Scientific Instruments)
with nominal force constants & = 0.50 N/m were used in
this study. Normal and torsional deflections of the cantilever
were simultaneously measured by means of a four-quadrant :
photodiode. The voltage difference of the upper and lower et g i -
segments is proportional to the normal deflection of the Figure 1. (a) Topographic image of a C18 sample. The white arrow
cantilever and consequently related to the sample topography.indicates the presence of a domain boundary. (b) Lattice-resolved lateral
The voltage range between the right and the left segments isforce image taken in the area marked in (a) to show the coexistence
proportional to the torsion of the cantilever which is a direct ©f tWo (2 x +/3) rect domains, 30rotated. (c) Schematic model of
measure of the lateral force and related to friction. Forward (€ rectangular domains observed in (b). Small circles correspond to

. . . . the Au(111) lattice, whereas large circles represent the molecular
(scanning from left to right) and backward (scanning from right

- periodicity (only end groups are depicted for simplicity). Toml
to left) lateral force images are always recorded. scale: (a) 6-2.5 nm.

By varying the employed conditions (concentration, temper- ! LS
ature, immersion time), our preparation procedure, based on the: e
use of submonolayer coverages, leads to the formation of islands . T
presenting either the hexagonal¥ x +/3)R3C structure of '
the monolayer or a rectangular § +/3) rect structure, also : _ . SN
commensurate with the underlying substrate, with the alkane . TRy (U et Al o
chains tilted 50 with respect to the surface normal. We always
resort to topographic images (the difference in tilt angle values
yields different island’s thickness) and lattice-resolve SFM
images to ascertain the actual configuration of a given island.
As reported previousl§?4! both molecular tilts (30and 50)
can be obtained for a wide series of molecular lengths, and the
results presented here are not chain length dependent. Dat: =+
obtained for two different alkanethiol molecules (C18 and C12)
are used to illustrate our discussion.

In the case of the rectangular configuration, lattice-resolved
images can be employed to reveal the coexistence of different
molecular domains within a given island. Figure 1 shows an
example of one island formed by two such equivalent rectan-
gular domains. Apart from determining the relative orientation
of the domains, their molecular periodicity and lattice orientation
are determined by using high-resolution images of the sur-
rounding Au(111) bare terraces. :

The topographic image in Figure 1a shows two C18 islands Figure 2. Top: topographic image of a C12 sample. Tatacale:

; . 10—3 nm. Lattice-resolved lateral force images on the Au(111) (top right)
:alm?st Cove”ng. thter‘]gold terracﬁs un.(tjgrneath. Begat:ﬁe ofa hlgfand C12 island (bottom right) show that the molecules are arranged in
ocal coverage In this aréa, and as It1s common In theé Ccase Oly,q hexagonal{3 x +/3)R3C configuration, commensurate with the
complete monolayers, different structural defects (vacancies, ynderlying substrate. Bottom: schematic model showing the 2D

pinholes, etc.) are observed. In particular, we highlight by an molecular arrangement.

arrow the presence of a domain boundary. From lattice-resolved

images, we know that the islands present the rectangulareach domain and the underlying substrate (lattice-resolved
configuration with lattice parameters 0.49 nm0.58 nm and images of the underneath gold terraces were also obtained), we
a 50 molecular tilt. The high-resolution image (b), taken at can figure out the most likely molecular order, which has been
the marked area in (a), proves that the boundary is formed by schematically depicted in (c).

the coalescence of neighboring growing domains, which present Figure 2 shows the topographic image of a C12 sample
different orientations within the same island. Two %2+/3) consisting of islands with a height that corresponds to molecules
rect equivalent lattices, rotated 30are clearly resolved. On  in a configuration with a tilt angle of 30 Lattice-resolved

the basis of the relative orientation between both and betweenimages measured on the Au (111) terrace (top right image) and

Results and Discussion
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uniform topmost surface with less than 0.03 nm height differ-
Annealed ences over the whole island area.

Lattice-resolved images like those shown in the previous
figure were acquired, all of them exhibiting the hexagoréB(
x +/3)R3C periodicity, regardless of the preparation temper-
ature used. However, large area lateral force images (bottom
images in Figure 3) clearly show some noticeable differences
between annealed and non-annealed samples. In these images
(for simplicity only forward lateral force images are shown),
the color code is such that brighter (darker) areas correspond
to higher (lower) values, and therefore, the alkanethiol islands
appear as dark patches. Islands on the non-annealed sample,
where single domain islands are expected to form, do present a
uniform signal all over their surface (bottom left image).
Conversely, in the annealed sample, areas presenting different
lateral force contrast are clearly resolved within each individual
island (bottom right image), indicating the existence of different
domains. Since these domains are observed for the same island
height in the annealed sample, we suggest that the molecules

- - forming these islands might present different orientations relative

= : a4 s to the scanning direction.

Figure 3. Topographic (top) and lateral force (bottom) images of C12 In order to make clearer the above.observatlon, Figure 4
samples. The sample in (a) was allowed to evolve at room temperatureShows a close-up of one of the annealed islands. The topographic
(RT), after substrate withdrawal from solution, whereas the sample in image in part a reveals an extremely flat island, as seen in the
(b) was submitted to mild annealing after preparation. topographic profile taken across it and, more clearly, in the line
scan restricted to the very island top, which shows fluctuations
smaller than 0.03 nm. This is only consistent if a unique
molecular tilt angle exists throughout the whole island.

More detailed analysis in terms of friction can be performed.
dn part b, we show forward and backward lateral force images
simultaneously acquired. Four different domains meeting at the
scenter of the island and presenting different frictional contrast
can clearly be distinguished. Two of them (upper and lower
ones) exhibiting a fairly similar contrast are confined byre60°

on top of the islands (bottom right image) confirm that the
molecules are arranged in the/3 x +/3)R3C hexagonal
structure. The schematic model shown at the bottom of the
image represents the 2D molecular arrangement. On the basi
of combined SFM and GIXRD experimerffsywe know that
these hexagonal islands are usually single structural domain
formed after a slow ripening process (lasting hours at room
temperature) driven by long-range surface diffusion and mo- . -
lecular rearrangement. Obviously, different islands may present 219l€- The other two (right and left ones) are confinedip(®
different rotational domains. However, converse to what happens@nd/es. The bottom graph presents the forward (black) and
with the rectangular configuration, different/8 x +/3)R30 backward (gray) lateral force signal along the scan lines marked

domains will appear identical in lattice-resolved SFM images. N the corresponding images. These profiles cross domains

Since, in this work, we are interested on deciphering between Iabeled_ 2, 3, and 4 as well as the bare gold terrace. The lateral
coexisting equivalent structural domains, we promoted a defec- 0rce Signal measured on the Au(111) substrate is taken as a
tive molecular self-assembling by annealing at°Zdduring reference.

20 min. This procedure enhances surface molecular diffusion, Taking into account that the lateral force signal (measured
and as a consequence, structural domain coalescence is expecté the cantilever torsion) is opposite for reversed scan directions,
to occur. Unfortunately, elucidating if more than one equivalent that is, larger lateral forces are visualized as bright colors in
domains are present remains hindered in lattice-resolved SFMthe forward scans whereas larger lateral forces are seen as darker
images. A different approach is needed, and as we show below,colors in the backward profiles, and using the gold back and
the coexistence of domains in islands arranged in the hexagonaforth signals to establish the zero as an accurate reference, we
configuration can only be discerned in lateral force images observe that the lateral force is asymmetric and that the
comprising the whole island. cantilever lateral torsion changes within a given domain when

The results are illustrated in a comparative way in Figure 3, the sliding direction is changed by 18Q.e., from back to forth).
where the simultaneously acquired topographic (top) and lateral This can be checked, for example, by comparing domains 2
force images (bottom) of two C12 samples are presented. Afterand 4 in the bottom graph of Figure 4: in the forward scan
withdrawal from solution, sample a was allowed to evolve under profile, domain 2 exhibits a lower lateral force signal than
ambient conditions, whereas sample b was annealed &€ 70 domain 4; when the scan is reversed, domain 2 exhibits a higher
for 20 min. In both cases, the measurements were performed'&teréﬂ force signal than domain 4. A different tilt angle direction
several hours after sample preparation. within the domains is at the origin of this asymmetry.

The topographic images show negligible differences between Remarkably, these differences in the lateral force profiles do
both samples: they consist of islands of 860 nm diameter not lead to differences in the calculated friction for the observed
coexisting with bare gold terraces. As proven in previous domains. As it is known,the total friction within an area of
works?239-41 our preparation procedure leading to submonolayer homogeneous characteristics is calculated a&{i/2(F°) where
coverages is a very convenient approach to obtain accurateF| is the lateral force signal along that line in the forwaire=(
height values, since the presence of bare flat Au(111) terracesf) and backwardi(= b) scan. Data in Figure 5 correspond to
serve as an excellent in situ reference to measure the filmthe calculated friction force along the scan line marked in Figure
thickness. In both samples, all of the islands show a very 4. The three domains (2, 3, and 4) present the same friction
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Figure 4. (a) Topographic SFM image showing one island of a C12 annealed sample. The line profile crossing the island shows a uniform height
(£0.03 nm) along it, better seen in the close-up profile. (b) Simultaneously measured forward (left) and backward (medium) lateral force images.
Four domains exhibiting different lateral force contrast are observed. Right: lateral force profiles along the lines marked in the corresponding
images, crossing domains numbers 2, 3, and 4 as well as the gold substrate, used as reference.

b0 a in alkanethiol samples, in which the domains are 1 order of
? IU‘\J Au magnitude smaller (hundreds of nanometers).

0.07 b On the basis of our results and by analogy to those reported
= by Liley and co-workers, we conclude that the domains observed
.g 0.05 - correspond to equivalent 2D hexagonal regions presenting
s different tilt directions and which coexist within the same island

0.03 - after coalescence promoted by a relatively fast (20 min)

postannealing procedure of the C12 samples. We note that,
a0 F———T—r———— however, large single-domains islands can be obtained when
0 20 40 60 80 100 120 140 160 180 island growth proceeds during long periods of time (hours) at

nm ambient temperatur®which permits molecular aggregation and

Figure 5. (a) Friction plot calculated from the forward and backward rearrangement as expected for a growth under closer to
profiles marked in the lateral force images of Figure 4. The friction equilibrium conditions.
force is defined as 1/E(" — FP). Except at the boundaries of the
domains (where friction increases due to the mismatch between the ~ynclusions
forward and the backward images), all molecular domains exhibit
roughly the same friction value, which is otherwise considerably lower By means of friction force microscopy (FFM), we have
than that measured on the gold substrate. resolved, for the first time, different domains within alkanethiol
islands self-assembled on Au(111). Depending on the particular
response, within the experimental error, and considerably lower 2p arrangement of the molecules, either lattice-resolved SFM
than that obtained in the bare gOld We note that equal friction |mag|ng or high Sensitivity lateral force |mag|ng has been
values were otherwise expected from structurally equivalent employed to distinguish between equivalent domains. In islands
domains where the packing density, main contribution to total presenting the (2x +/3) rect configuration, the lack of
friction values, is identical and where no lateral packing invariance under rotation of the rectangular space group
anisotropy exists. symmetry allows resolving the coexistence of equivalent,
These results are strong evidence of how, even in those casesotated, domains within an island from lattice-resolved images
where lattice-resolved SFM imaging is not useful to discern along the domain boundaries. Lattice-resolved images also
between rotational domains, friction asymmetry determination acquired in the bare gold areas of the terraces where the island
permits deciphering structural domains presenting the same 2Dis located serve as an in-situ reference to accurately model the
hexagonal symmetry but where differences in the molecular tilt relative orientation and lattice spacing of each molecular domain.
angle direction exist. A similar effect ascribed to the coexistence  In islands presenting the/8 x +/3)R3C hexagonal con-
of domains with different molecular tilt directions was observed figuration, because of its 2D rotational invariance, equivalent
by SFM in several microns large thiolipid islan#sThis is, domains cannot be distinguished from lattice-resolved images.
however, the first time that this asymmetry has been observedin this case, we have shown that the high sensitivity afforded
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in lateral force images can be used. Whereas topographic images (17) Leggett, G. J.; Brewer, N. J.; Chong, K. S.Rhys. Chem. Chem.

show flat islands with uniform heights, lateral force images th’lséiogguztjjojt Doeling, C. M. Vanderick, T. K. Hu, Y.: Scoles

reveal f[he coexistence of domains W|th|r! a given island, G..Wenzl, I Lee, T. RLangmuir2008 21, 3926. '

presenting a different lateral forc_e contrast (|.e._, friction asym-  (19) Brewer, N. J.; Foster, T. T.; Leggett, G. J.; Alexander, M. R.;

metry) but the same absolute friction values (i.e., no friction McAlpine, E.J. Phys. Chem. B004 108 4723.

anisotropy). The friction asymmetry is caused by domains  (20) Salmeron, MTrib. Lett. 2001, 10, 69. i _

presenting a different relative orientation between the molecular 20(()%1)16va3nzggr Vegte, E. W.; Subbotin, A.; Hadziioannou,L@ngmuir

tilt dlrectlon_ and the tip scanning Q|rect|on; this influences th_e (22) Morita, S.Surf. Sci. Repl996 23, 1.

lateral torsion _of the cantilever in a m¢a§urable way. It is  (23) Chen, J.; Ratera, I.; Murphy, A.; Ogletree, D. F:dfret, J. M. J.;

worth mentioning that these multidomain islands have only Salmeron, M.Surf. Sci.2006 600, 4008.

been observed when, after substrate withdrawal from the'vI (2D4) Srzlllntgsssn. Li;wgngh T. Mc.rl]-i.;mT1 zsg%rgg, liﬂdggescoutsy P.; Liley,

; ; : : .; Duschl, C.; Vogel, HJ. Phys. Che , .

iig(agethﬁlol solution, Sarl;nplef] arde.f?nnealed durlng 20"m|n 3t 70 (25) Gourdon, D.; Burnham, N. A.; Kulik, A.; Dupas, E.; Oulevey, F.;
- On the contrary, when the diffusion process Is allowed t0 gremaud, G.; Stamou, D.; Liley, M.; Dienes, Z.; Vogel, H.; Duschl, C.

proceed at ambient temperature, single-domain islands, presentfrib. Lett. 1997, 3, 317.

ing a homogeneous friction contrast, are obtained. (26) Liley, M.; Gourdon, D.; Stamou, D.; Meseth, U.; Fischer, T. M,;
Lautz, C.; Stahlberg, H.; Vogel, H.; Burnham, N. A.; Duschl,Sience

. 1998 280, 273.
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