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Diffusion-limited island decay of PTCDA on Ag(100):
Determination of the intermolecular interaction
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The coarsening of two-dimensional islands of the model molecule perylene-3,4,9,10-tetracarboxylic acid
dianhydride adsorbed on the Ag(100) surface was investigated by scanning tunneling microscopy. The islands
have a quadratic equilibrium shape with rounded corners. The decay curves (island area versus time) can be
understood by the classical continuum model according to the Ostwald theory. In the limit of well-separated
islands, the asymptotic power law (%) exhibits an exponent a=0.67 = 0.05. This reveals that the coarsening is
diffusion limited and that no interfacial barrier exists between island edge sites and terrace sites. From nu-
merical simulations on an ensemble of islands, using the mean-field approach, we determine the average line
tension of the island edge at 51 =5 meV per molecule. Here from we deduce a next-neighbor intermolecular

interaction of 102+ 10 meV.
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I. INTRODUCTION

Island ripening, island coalescence, and cluster diffusion
are examples of surface kinetic processes that have so far
been studied in detail mainly for metals and
semiconductors.!? However, over the last years, thin films of
larger organic molecules, in particular with semiconducting
properties, which are vacuum deposited on different inor-
ganic substrates have gained attention, under both
scientific** and technological aspects.® In this context, infor-
mation about basic mechanisms and relevant time scales of
kinetic processes of organic molecules on inorganic substrate
surfaces is important, e.g., to understand and control film
growth processes or to tailor the dimensions of surface sup-
ported organic nanostructures.

Here we report on an investigation on the organic proto-
type molecule perylene-3.4,9,10-tetracarboxylic acid dianhy-
dride (PTCDA) on the Ag(100) surface. The aim was to ob-
tain microscopic energetic parameters from the island
ripening at low overall coverages. In particular, we were able
to derive information from the island decay on the diffusion
field between the islands, the absence of a possible interfacial
barrier for molecules at the island edges, and on the line
tension per molecule at the island edge. This latter parameter
is interesting insofar as it gives access to the lateral intermo-
lecular interaction energy between adsorbed PTCDA mol-
ecules within an island, which is an important microscopic
parameter in this system.

Before we turn to our specific example, we briefly resume
some aspects of the Ostwald ripening theory for islands on
surfaces which appears to be applicable here.®’ In general,
the Ostwald theory describes the growth or ripening of large
islands on the expense of smaller ones which exhibit a higher
chemical potential due to the line tension of the island edges.
There exist two limiting cases with different kinetics. The
attachment-limited (or interface limited) ripening occurs in
those systems where an energetic barrier for the transition of
a particle between a site at an island edge and a site on the
surface (interfacial or attachment barrier) exists. The origin
of this barrier is related to the specific incorporation process
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of the particle at the island edge, as the rearrangement of
bonds, e.g., for semiconductors surfaces as Si(001).® In this
case the diffusion rate of the particles away from or to the
islands is higher than the attachment-detachment rate (rp;
> kp).% Hence, particles which have once detached from an
island edge are transferred fast due to a diffusive motion with
a high rate. As a consequence, the particle density on the
surface is uniform and the island ripening is not influenced
by the specific placement of the islands relative to each other.
As a result, the asymptotic decay of the island area is linear
in time.>?

In the case of the diffusion-limited decay, the diffusion
rate of the particles away from or to the islands is smaller
than the attachment-detachment rate (kp;;<< kap).° The de-
tached particles distribute themselves only slowly on the sur-
face and a nonconstant particle density (diffusion field) with
a gradient, pointing toward the island edges, is built up. For
a circular island the equilibrium density value p, directly in
front of the island edge is related to the island radius r by the
Gibbs-Thomson relation,

vQ
kBTI")’ (1)

Pr= pe eXP(
with p.. denoting the equilibrium density of an infinitely
large island, y denoting the average island edge tension, and
) denoting the area per molecule. As a consequence, the
growth or decay of an island is influenced by the local ar-
rangement of other islands in its neighborhood. Neglecting
the influence of possible neighbor islands, the asymptotic
decay kinetics of an island area is given by power law ~¢* of
the remaining life time ¢ with a time exponent of a=2/3.12

Metal and semiconductor islands have already been inves-
tigated on a wide range of surfaces.'®' The ripening of
molecular clusters or island was studied for Cq, on Si(110)
(Ref. 20) and for rubrene on sapphire.’! An experiment
which bears some similarity, is the study of the island density
of PTCDA on Ag(111) by Schmidt et al.,?> which, however,
yields mainly information on the nucleation process.
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The system PTCDA on Ag(100) was chosen for these
experiments for several reasons. First of all, PTCDA on
Ag(100) orders in a commensurate highly symmetric qua-
dratic superstructure with two molecules per unit cell.??
There are two molecules in the unit cell in a T-shape arrange-
ment. The charge distribution corresponds to that of a quad-
rupole with negatively charged anhydride groups and a posi-
tively charged perylene core. The attractive intermolecular
interaction between next-neighbor molecules likely includes
both electrostatic and substrate mediated components, simi-
lar as it was reported for PTCDA on Ag(111).%*2?° The long
axes of the molecules are oriented parallel to the close-
packed directions of the Ag(100) surface. The unit cell cov-
ers 16 unit cells of the Ag(100) surface. It is illustrated in
Fig. 2(d)(below). Second, PTCDA/Ag(100) was chosen be-
cause, likely due to the fairly large corrugation of the
Ag(100) surface, isolated two-dimensional PTCDA islands
with an equilibrated shape can be prepared on terraces by
evaporation at low temperatures. This is for instance not pos-
sible on Ag(111), where island nucleation occurs always at
substrate steps, even at low temperatures.

II. EXPERIMENT

The experiments were performed in an ultrahigh vacuum
chamber with a base pressure below 2X 107! mbar,
equipped with a beetle-type STM from RHK. The PTCDA
molecules were deposited by thermal evaporation from a
Knudsen cell. At room temperature, PTCDA molecules are
rather mobile on the Ag(100) surface and form islands that
are attached to the steps.”® This was undesirable for the
present decay experiments. Therefore the deposition was per-
formed at low sample temperatures of about 120 K where the
mobility of the molecules on the surface is much smaller and
island nucleation occurs also on the terraces. The flux from
the Knudsen cell was about 2 monolayers (2 ML) per min.
The optimal coverage for these experiments was about 10%
of a monolayer. Consequently, we used only small deposition
times of about 3 s. We define the ideal coverage of the mono-
layer structure, as defined in Ref. 23 as 1 monolayer (1 ML).
For larger coverages, island coalescence occurred, for
smaller coverages, only small islands with small lifetimes
were present. After deposition, the sample was then trans-
ferred from the preparation to the STM chamber without
breaking the vacuum. The final measurements were per-
formed at room temperature, typically starting 2—3 h after the
preparation. Using this routine, the STM measurement usu-
ally started on a surface with small isolated PTCDA islands
on the terraces.

Long series of STM images, lasting over several hours,
were recorded in order to monitor the island decay process.
For this purpose the STM had to be in a very stable condi-
tion, e.g., with practically zero drift. This could be so far
achieved only at room temperature, where all experiments
were performed. The island areas as a function of time were
computed from the STM images by a home-made software.
The error depends on the lateral resolution and is estimated
to be typically less than the area of two molecules.

An important question for this kind of STM measure-
ments concerns the role of the tip-molecule interactions,
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FIG. 1. (Color online) Sequence of STM images (120
X 120 nm?) of a PTCDA island decaying with time. The times are
indicated on the images. At t=0 s, the island area is equal to
5678 nm? which corresponds to 4253 molecules. The island disap-
pears at 7o=12088 s. Images were taken in constant current mode.
I,=23.1 pA, U,=1.70 V. One image was recorded within 4 min.

which might distort the result, e.g., by tip-induced dragging
of molecules. From independent measurements on this sys-
tem, we were able to quantify the influence of the tip on the
PTCDA molecules.?® It was found that, for measuring with
bias voltages U, between 1.5 and 2.0 V (at the sample) and
set point currents /,, less than 100 pA, the tip influence on
the molecules appears to be negligible.

III. RESULTS AND DISCUSSION
A. Equilibrium shape of the islands

Figure 1 illustrates a time series of STM images showing
the decay of one PTCDA island. Generally PTCDA islands
on Ag(100) exhibit a quadratic shape with rounded corners.
At the beginning of the STM investigations, such quadratic
islands were found to be homogenously distributed on the
surface, having typical diameters of 50-100 nm (at room
temperature). Interestingly, the island edges are rather
straight; they follow the [100] directions of the Ag(100) sub-
strate. They consist of a row of PTCDA molecules with an
orientation that alternates by 90° from molecule to molecule.
This can be seen in the STM images in Figs. 2(a)-2(c) and is
illustrated in the schematic drawing in Fig. 2(d). We note that
metal islands at finite temperatures have typically only qua-
sistraight edges,>?” which should say that there is a signifi-
cantly larger number of kinks on metal island edges com-
pared to PTCDA islands.

The observed quadratic shape of the islands is the equi-
librium shape since it is maintained during the island decay
(see Fig. 1) and since it is also the shape of the islands that
grow during the ripening process (not shown here). From the
island shape we can hence conclude that the straight island
edges along the [100] directions correspond to pronounced
minima in the island edge energy. This is due to the fact that
for these island edges each molecule at the island edge is
bonded to three neighbor molecules via bonds between the
O-containing anhydride groups with a negative partial charge
and the perylene cores with a positive partial charge [see Fig.
2(d)]. Hence, with respect to a molecule within an island,
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FIG. 2. (Color online) [(a)—(c)] Sequence of STM images of an
island edge during island decay. These STM images were measured
at constant height mode for better resolution. The times are indi-
cated on the images. The thin bright lines close to the edge result
from molecules which attach/detach during the scanning of the
STM image. The white arrows indicate the temporal end of the
detaching row of molecules. The black arrow points to molecules
which temporarily attach to the island edge. U,=1.7 V. Initial set
point current on the Ag(100) surface I,,=35.4 pA. (d) Hard sphere
model of the ordered structure of PTCDA on the Ag(100) surface
within the island.

which is bonded to four next neighbors, only one intermo-
lecular bond is broken at the island edge. We note that we
could not observe any island diffusion, as it was observed for
adatom islands®® or vacancy islands on metals.!”

B. Detaching of molecules from islands

The PTCDA molecules show an interesting mechanism
for detaching from the island edges. As noted above, the
island edges are almost perfectly straight during the decay
process. The molecules positioned at the ends of the island
edge, i.e., at the rounded corners, are less coordinated to
other PTCDA molecules. Hence they have a higher probabil-
ity to detach and the detaching of the molecular row that
forms the island edge typically starts at a corner of an island.
Then the frontier of detaching molecules, which is in prin-
ciple a kink in the island edge, runs along the island edge.
Since the detaching occurs rather slowly, the process can be
followed in detail by STM. This is illustrated in Fig. 2, which
shows a sequence of STM images where a row of molecules
detaches stepwise from the island corner at the top of the
image to the bottom.

Evidently, the detachment is a very dynamic process and
includes several detachment and reattachment cycles until a
molecule has finally departed from the island edge. This can
be seen in Fig. 2. Molecules which fluctuate between the
terrace and the island edge (which detach and reattach) dur-
ing the STM scanning process are imaged only by individual
bright scan lines with intermittent dark lines (resulting from
their absence). Those molecules that are permanently at the
island edge are imaged as compact objects, as like those
within the island.

In Fig. 2, the white arrow indicates approximately the
frontier between fluctuating and resting molecules. Compar-
ing Figs. 2(a) and 2(b) it can be seen that this frontier moves
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FIG. 3. (Color online) Time evolution of the island area for two
exemplary PTCDA islands. Curve (a) represent the area of an island
isolated on a large terrace, curve (b) that of an island on a small
terrace limited by the steps. The solid lines are fits of the data with
an exponent a=0.67. The insets show STM images of the island
(b). Respective images of the island (a) are displayed in Fig. 1.

downward along the island edge. In Fig. 2(b) some addi-
tional molecules appear to have reattached to the island
above the white arrow (indicated by the black arrow). How-
ever, as these are not imaged as compact objects, but with
several dark lines, it can be concluded that these molecules
are not permanently at the island edge. They perform several
attachment-detachment jumps during the scanning process
and finally this unstable group of molecules disappears, as
seen in Fig. 2(c).

During the overall process there are only very few occa-
sions where we observed attachment of a single molecule to
an island edge. Moreover, we did not observe molecules
which spontaneously detach from an island edge, leaving a
vacancy behind. For the attachment and reattachment pro-
cesses there is always a kink position involved. As a result,
the PTCDA islands exhibit straight edges during the entire
decay process.

C. Decay curves

Figure 3 shows plots of the island area versus time for
two different decaying islands [(a) and (b)]. The island (a) is
situated on a larger terrace with no smaller neighbor islands
within a distance of 100-200 nm. Corresponding images of
the decay are displayed in Fig. 1. For this scenario, where the
diffusion field of neighboring islands can be neglected, the
Ostwald theory predicts an asymptotic behavior given by a
linear dependence in time for an attachment-limited decay,
and by a power law (¢f,—1)* with a=2/3 for a diffusion-
limited decay. As illustrated in Fig. 3 for two examples, de-
cay curves of 12 different islands were fitted with the func-
tion,

A=Clty—-1)*, 2)

where A is the island area and C is a constant which also
depends on the temperature.” The exponent was determined
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as a=0.67=0.05. This indeed agrees very well with the ex-
pectation for a diffusion-limited case and indicates that this
situation applies here. The good agreement might indicate
that the approximations which are required for this
asymptotic power-law behavior, e.g., a small line tension and
a constant diffusion field, are well fulfilled here (see Ref.
14).

As a consequence, the diffusion fields have in general to
be considered and the detailed time dependence of the decay
curves is influenced by the local environment of the specific
islands. Only in the limit when the island sizes fall consid-
erably below the distance to the next-neighbor island, the
asymptotic power-law kinetics is reobtained. Hence, for the
island (b) in Fig. 3 and the islands 4-7 in Fig. 4 (discussed
below) the decay curves could only be fitted in the last stage
of their decay when the island size is already smaller that the
other islands in near vicinity.

Compared to the island (a), the situation for the second
island (b) (Fig. 3) is interestingly different. This island is
situated on an elongated terrace, confined by two about par-
allel steps of the Ag(100) surface (see insets). This has a
considerable influence on the decay. At the beginning, the
island decreases only very slowly and the time dependence
of the area deviates strongly from the expected power law.
Only at the end of the decay, the A(r) curve can be fitted with
the expected exponent of 2/3 (as shown in Fig. 3). The de-
viation from the theoretical curve is similar to that which is
expected for a larger island within an ensemble of islands
where a high local particle density around the large island is
maintained by the more rapid decay of the smaller islands in
its neighborhood (see below).”

For the island (b) we explain this by two effects: (a) the
PTCDA molecules are not adsorbed at the Ag-steps sites but
are reflected back into the terraces and (b) that no transport
of the PTCDA molecules across the Ag(100) substrate steps
occurs. Hence the steps create an effective partial confine-
ment for the molecules. As a consequence, the local surface
area around the island will be high and a strong reattachment
rate causes that the island size decreases only very slowly.
Only in the direction parallel to the steps, mass transport
exists. When the size of the island is much smaller than the
terrace width, e.g., the Ag step edges are relatively far away
from the island, the decay process follows again the theoreti-
cally predicted time dependence (see Fig. 3, curve b).

We note that a similar effect is not present for coarsening
of metal islands because there the atomic steps of the sub-
strate are equivalent to islands with infinite radii, and all
atoms detached from the decaying island adsorb at the steps.
This effect reduces significantly the concentration of ada-
toms on the surface, and quantitatively the decay of a metal
island close to steps is similar to that which is observed for
an adatom island inside a large vacancy pit.>* It should also
be noted that the mirrorlike behavior of the steps for PTCDA
is not in contrast to the observation of island nucleation at
step sites under deposition at room temperature.?® The reason
is that a much higher temporary particle density is achieved
under an external flux, which can lead to stable nuclei at the
steps under these conditions.
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FIG. 4. (Color online) (a) STM image of an ensemble of
PTCDA islands on a Ag(100) terrace. I,,=25.2 pA, U,=1.70 V.
The studied islands are numbered (see the text for explanation). (b)
Area versus time plots of seven islands. (c) Area evolution of the
seven islands simulated within the mean-field approach. For further
details see text.

D. Simulation of the decay of an ensemble of islands

For a further evaluation of the physical parameters of the
island decay we performed a numerical simulation of the
decay curves of an ensemble of islands. The start situation is
shown in Fig. 4. In this case, several islands of different size
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are located on one terrace [Fig. 4(a)]. Our data allowed the
extraction of the decay curves for the islands 1-7 (white
numbers), which are shown in Fig. 4(b). For the other islands
(black numbers), the area determination was incomplete
since these islands drifted out of the STM image field during
the observation time (15 h) before the decay was completed.

As seen in Fig. 4(a), the smaller islands decay more rap-
idly. Typical for the situation of a diffusion-limited decay is
the mass transport from the smaller to the larger islands.3%3!
This transport cannot directly be observed by STM, but it
can indirectly be deduced from the area-time analysis shown
in Fig. 4(b) for the seven smallest islands of Fig. 4(a). The
islands 1-3 decay monotonically, whereas the islands 4-7
are influenced by the presence of the smaller islands on the
terrace and their respective areas show a nonmonotonic be-
havior until the smaller islands have vanished. The island 7
even grows at the very beginning, indicating a high flux of
molecules from the smaller islands in its neighborhood to
this island. The decay curves of the island 4 and 5 show a
shoulder at about the time when the islands 1 to 3 and the
island 4 disappear, respectively, which results from the rapid
decay of the latter islands that are smaller than ~300 nm?
(i.e., contain less than 300 molecules). At this stage of decay,
these small islands have a high chemical potential leading to
a temporary high local density of molecules on the surface
that is adsorbed from the larger islands. The whole situation
is typical for the diffusion-limited case and is also often ob-
served for the coarsening of metal islands.’

We have simulated the experimentally obtained decay
curves modeling the diffusion field by a mean-field ap-
proach. The method was described by Morgenstern et al. in
Ref. 31. It was used to simulate the decay of Ag adatom
islands on Ag(111). Within this approach the change in the
island area is given by

d_A 27D

dt == lnf (pr_ﬁ)’ (3)

whereby D is the diffusion constant and In ¢ is the so-called
screening length.”3? This parameter describes the local varia-
tion in the diffusion field around an island and is a function
of the island size; within the mean-field theory it is consid-
ered as a constant. Whether an island grows or decays de-
pends on the sign of (p,—p), whereby p, denotes the mol-
ecule density directly in front of the edge of an island with
radius r and p= %E,’;l p. the averaged (mean-field) density.
The molecule density p, is given by Eq. (1).

We calculated the decay curves of the ensemble of 16
PTCDA islands situated on the large terrace [Fig. 4(a)] by a
numerical integration of Eq. (3) using time steps of 120 s
(which are smaller than the time between two consecutive
STM images). The input parameters were the positions (cen-
ters of mass) and the initial areas of the 16 islands. We varied
two parameters to adapt the simulated curves to the experi-
mental ones: the island edge line tension 7y in Eq. (1) and the
factor Dp../In & in Eq. (3) [p.. enters via p in Eq. (3) via Eq.
(1)]. The island shapes were assumed as circles in the calcu-
lation. In order to account for their quadratic shape in reality,
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the obtained value for the line tension was corrected by a
shape factor 2/7.33

The simulated curves for the seven islands, discussed
above, are shown in Fig. 4(c). Considering that the used
model is rather simple, the agreement with the experimental
data is rather good. According to Morgenstern et al.3' the
mean-field approach is applicable to the diffusion-limited
case only to some extent since it underestimates the spatial
distribution of the islands. Indeed, all decay curves of the
PTCDA islands are well reproduced by the calculation with
the exception of that of the island 5 for which the simulation
predicts a faster decay compared to the experiment. The rea-
son is that this island is surrounded by smaller islands: 1, 2,
3, and 4 [see Fig. 4(a)], which due to their sizes decay more
rapidly and act as sources for molecules that are adsorbed by
island 5. This specific neighborhood effect is not accounted
in the simulation, explaining the variation with the experi-
mental data.

However, using the more advanced approach of the next-
neighbor model, which was used for the simulation of the
coarsening of Ag islands by Morgenstern et al. in Ref. 31,
was not successful in our case. The reason is that this ap-
proach requires the distances between the islands to be much
larger than the island sizes. Since this is, contrary to the
system simulated in Ref. 31, not the case for PTCDA/
Ag(100), the approach failed.

For the best simulation of the experimental data we used a
value for the prefactor Dp,./In é=0.551=0.005 s~! and a
value for the island edge tension of y=44+5 meV nm™',
which corresponds to an island edge tension per molecule y*
of 51 =5 meV, which we will discuss below.

From other independent measurements we determined a
value for the surface diffusion constant at room temperatures
D=4.0X10*+1.1Xx 10> nm? s71.3* Typical values for the
screening length In & are about 2-3.732 From these values we
estimate a value for p,~3-4X10" nm™2. Independently
we measured the coverages of the molecules between the
islands between ®=0.0004 and 0.02, depending on the exact
location between the island.?® These values correspond to a
molecule densities of p=3.1 X107 to 1.5X 1072 nm™2. The
lower value corresponds well to the p., value obtained from
the above simulations. This is reasonable since p,, also refers
to the thermodynamical lower limit of the molecular density
which is present for an infinitely large island.

IV. FINAL DISCUSSION AND CONCLUSIONS

Coarsening on metal surfaces usually proceeds by two
general mechanisms: Ostwald ripening (island decay) and
Smoluchowski ripening (island or cluster coalescence).!-11-39
Usually, for a given surface, one of these two scenarios is
dominating. For example, for adatom islands on Ag(100)
mostly coalescence can be observed, whereas the vacancy
islands on the same surface undergo decay.! The coalescence
proceeds only by the presence of cluster diffusion. For metal
islands, cluster diffusion has been studied on various
surfaces.!%1213.1728 For PTCDA on Ag(100) we could not
observe any island diffusion and subsequent coalescence. Is-
land diffusion is mediated by periphery diffusion around the
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island edge.! The absence of long-range island diffusion
hence implies an existence of a large kink Ehrlich-
Schwoebel barrier.!-°

The island decay of PTCDA on Ag(100) is clearly diffu-
sion limited. This means that there exists no additional bar-
rier larger than the diffusion barrier, when a PTCDA mol-
ecules moves from the position at an island edge to the next
possible adsorption site on the terrace. This result is not
trivial since it means that there is no additional activation
barrier for molecules attaching at an island edge. The exis-
tence of such a barrier could have been anticipated, e.g., in
form of a structural distortion which the molecules undergo
upon adsorption into the ordered lattice of the island. In par-
ticular, it was observed for PTCDA on the Ag(111) surface
that the molecules are slightly distorted from the planar ge-
ometry with the carboxylic O atoms lowered to the Ag sur-
face due to the chemical bonding of the molecule to the
surface.?® The details of the distortion were in addition found
to depend on the environment of the molecule, i.e., they
differ for a molecule in an ordered and a disordered phase.?
Such a distortion was recently also found for the ordered
phase of PTCDA on Ag(100).% It is hence conceivable that a
similar difference in the structural distortion exist here, too.
Obviously, this difference is too small to yield a relevant
interfacial barrier. Notably, an interfacial barrier was derived
for rubrene island on sapphire from their decay kinetics.”!
The reason for this barrier might be structural distortion of
the isolated rubrene molecule in contrast to that in the crys-
talline phase.’’

The obtained value of the island edge line tension y* per
molecule of 51 =6 meV is of some basic interest. For a
comparison, typical values for the comparable step line ten-
sion for metal atoms are 10-700 meV per atom obtained
from various experimental measurements or theoretical
calculations.? Although the value for * refers to the average
over all island edges, we may try a structural interpretation
since the well-defined straight island edges are strongly pre-
vailing here. As to be seen in the inset in Fig. 4(a), each
molecule within an island is bonded to four neighbor mol-

PHYSICAL REVIEW B 81, 195428 (2010)

ecules. At a step edge, one neighbor molecule is missing.
Assuming only next-neighbor interactions, the line tension
per molecule should hence amount to half of the attractive
intermolecular next-neighbor interaction energy Eyy. Hence
we estimate a value of Eyy=27y'=102*x10 meV. As de-
scribed in the introduction, this interaction comprises elec-
trostatic and substrate mediated components. Any quantita-
tive comparison with intermolecular interactions within the
PTCDA bulk crystal phase or on other surfaces, e.g., Ag(111)
have to be considered with large care, since the bonding
distances between the molecules on Ag(100) are determined
by the commensurability of the substrate. To our knowledge,
comparable values for other molecular adsorbates have not
been reported so far. Nevertheless, the determined value con-
stitutes an interesting test parameter for theoretical investiga-
tions on such systems, e.g., as recently performed by DFT
calculations.

Finally, we note that the possibility to obtain information
about intermolecular interaction of large organic adsorbates
on surfaces via the ripening kinetics is highly attractive. For
atoms or small molecules, intermolecular interactions are tra-
ditionally determined from simulations of the respective
phase diagrams of ordered structures.’® In particular the tran-
sitions of the ordered phases to the disordered gas phases at
high temperature contain information on the size of the
adsorbate-adsorbate interactions. For organic adsorbates this
access is often not possible, since the phase boundaries to the
disordered phases cannot be reached, because the molecules
desorb or dissociate at higher temperatures. This is also the
case for PTCDA/Ag(100).2* Hence the here described route
constitutes a valuable alternative to obtain the interaction
energies.
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