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The architecture of the contacting interface between organic molecular semiconductors and metallic or
insulating substrates determines its cooperative properties such as the charge injection and the charge-carrier
mobility of organic thin-film devices. This paper contributes a systematic approach to reveal the evolution of
the different structural phases of pentacene on Cu�110� while using the same growth conditions. Complemen-
tary measurement techniques such as scanning tunneling microscopy and low-energy electron diffraction
together with ab initio calculations are applied to reveal the complex multiphase behavior of this system at
room temperature. For coverages between 0.2 and 1 monolayer �ML� a complex multiphase behavior com-
prising five different phases is observed, which is associated to the interplay of molecule/molecule and
molecule/substrate interactions. Multimorphism critically depends on the thermodynamics and kinetics deter-
mined by the growth parameters as well as the system itself and arises from shallow energy minima for
structural rearrangements. In consequence, the multimorphism affects the interface structure and therefore the
interface properties.
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I. INTRODUCTION

Organic semiconductors have been attracting increasing
attention recently due to their application in organic elec-
tronic devices such as organic light-emitting diodes and or-
ganic field-effect transistors.1,2 Compared to amorphous sili-
con, which is often used in thin-film transistors, these
devices have several advantages such as low-temperature
processability, low-cost fabrication, and the compatibility
with a wide variety of substrates including flexible layers.3,4

For high quality organic electronic devices, high charge-
carrier mobility, and good conductivity are required. A prom-
ising organic semiconductor showing these characteristics is
pentacene which shows high intrinsic charge-carrier mobility
without doping.4

The organic/inorganic interfaces between the organic
semiconductor and the gate dielectric as well as the contact-
ing electrodes play a crucial role for the performance of or-
ganic electronic devices.5,6 Specifically, the adsorbate/
substrate interaction during the initiation of growth affects
the structure of the first molecular layer and thus influences
cooperative properties such as the charge injection at the
metal/semiconductor interface and the charge-carrier mobil-
ity. Hence, it is an important task to understand the interac-
tion between metallic or insulating substrates and the first
layer of the adsorbate in dependence of growth parameters
by studying the interface structure. For example, Thayer et
al.7 have reported that the orientation of adsorbed pentacene
strongly depends on the electronic structure of the substrate.
Pentacene molecules prefer to lie flat on metallic substrates
due to their � electrons interacting with the near Fermi-level
electronic states of the metal. In contrast, the molecules stand
upright on insulators and semiconductors such as SiO2,8 or-
ganically terminated Si,9 or Bi�001�.10

The �110�-oriented face-centered-cubic single-crystal sur-
faces are particularly interesting substrates because their
twofold symmetry prohibits the formation of rotational do-
mains for adsorbates which also exhibit a twofold symmetry
such as polyacenes. For example, Lukas et al.11 have ob-
served long-range self-ordering by the formation of widely
spaced rows of close packed pentacene molecules on
Cu�110� after annealing the pentacene covered sample to 400
K.

More recently Söhnchen et al.12 and Lukas et al.13 have
reported the coexistence of a p�6.5�2� structure with a
c�13�2� structure of a pentacene monolayer �ML� on
Cu�110�, by annealing the sample during evaporation to 430
K. At these temperatures the second layer formation is ther-
modynamically less favorable than the nucleation of a highly
ordered monolayer with few defects. Pentacene layers with a
similar structure have been shown by Chen et al.14 For mul-
tilayers evaporated on the monolayer preassembled as de-
scribed above, the molecules are tilted around the long axis
by an angle of 28° with respect to the Cu�110� substrate for
thicknesses below 2 nm. With increasing pentacene coverage
this orientation becomes unstable and a new phase with mol-
ecules standing upright exhibiting a tilt angle of 73° devel-
ops, which is observed consistently for multilayers and thin
films up to at least 50 nm thickness.12

The characteristically different two-dimensional �2D� ar-
rangements observed for pentacene in the monolayer—the
widely spaced rows of closed packed molecules11 and the
p�6.5�2� structure12—show that the phase behavior of pen-
tacene on Cu�110� is so far not well understood. Thus, the
study reported here contributes a systematic approach to re-
veal the growth of pentacene on Cu�110� from the nucleation
at a few percents of a monolayer to the evolution of the
different structural phases up to the most densely packed
monolayer while using the same growth conditions. Specifi-
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cally, the study reported here has been carried out at room
temperature without annealing of the pentacene adlayer.
Therefore, this study provides an essential basis to under-
stand how the molecule/substrate and the intermolecular in-
teraction affect the layer structure at this technologically rel-
evant interface.

II. EXPERIMENTAL SECTION

The experiments were carried out in a multichamber UHV
system with a base pressure of less than 5�10−10 mbar.
Cu�110� single crystals purchased from Mateck15 were
cleaned by repeated cycles of argon-ion sputtering and sub-
sequent annealing to 750 K. The quality and cleanliness of
the single crystals were checked with x-ray photoelectron
spectroscopy �XPS�, low-energy electron diffraction
�LEED�, and scanning tunneling microscopy �STM�. After
the final annealing step, the samples were cooled to room
temperature and then the pentacene was thermally evapo-
rated on the samples kept at room temperature. The evapo-
ration rate �0.2–0.5 ML/min� was controlled by a quartz
crystal microbalance. For rates in this range it was found that
the adsorbate structure does not depend on the deposition
rate. After evaporation of the molecules, the samples were
examined by STM, LEED, and XPS. STM images were re-
corded with an Omicron UHV-STM/AFM at ambient tem-
perature in constant current mode using electrochemically
etched and in situ sputtered tungsten tips.

The x-ray photoelectron spectra were used to determine
the chemical composition of the organic adlayer �e.g., no
oxygen contamination was found in the XPS spectra� and to
quantify the molecular coverage. One ML coverage in this
paper corresponds to the most densely packed monolayer we
observed during our studies, i.e., the �6 −1, 1 4� layer as
specified and shown below.

III. COMPUTATIONAL METHOD

A comprehensive study of energetics and electronic struc-
ture was made by solving Kohn-Sham equations16,17 in a
plane-wave basis set using the Vienna ab initio simulation
package �VASP�.18–20 Exchange-correlation interactions are
included within the generalized gradient approximation
�GGA� in the Perdew-Burke-Ernzerhof form.21 The electron-
ion interaction is described by the projector augmented wave
method in its implementation of Kresse and Joubert.22,23 A
plane-wave energy cutoff of 400 eV was used for all calcu-
lations and is found to be sufficient for these systems. The
bulk lattice constant for Cu was found to be 3.655 Å using a
k-point mesh of 10�10�10. This value is by about 1.1%
larger than the experimental one �3.615 Å�, a typical trend
when using GGA. The slab supercell approach with periodic
boundaries is employed to model the surface and the
Brillouin-zone sampling is based on the technique devised
by Monkhorst and Pack.24 The slab consists of five layers of
Cu�110� each containing 14 atoms �7�2�. The choice of five
layers was made on the assumption that the adsorbed mol-
ecule might introduce substantial structural perturbations to
the substrate, hence only the bottom layer was kept fixed as

in bulk copper. In all our calculations we used a k-point mesh
of 2�6�1.

Initially, the unperturbed flat pentacene molecule was
placed at about 3.5 A above the substrate at an arbitrary
lateral position. A few lateral positions of the molecules have
been tried as starting positions and the minimum energy was
found to be the same for all configurations.

IV. RESULTS AND DISCUSSION

Figure 1�a� �bottom� shows an STM image of a sample
covered with 0.5 ML of pentacene. Molecular adsorbates are
rarely resolved individually due to their high mobility rela-
tive to the scanning speed of the STM tip �approx. 0.5

s/line�. The characteristic lines extending along the �11̄0�
direction which are visible in the STM image correspond to
pentacene molecules anisotropically diffusing along the
grooves of the Cu�110� crystal. At step edges or kinks of the
substrate individual pentacene molecules are observed in a
pinned state. This shows that the pentacene diffusion gener-
ally does not proceed across the substrate steps. The pinned

molecules are oriented with their long axis along the �11̄0�
direction, which agrees well with earlier studies of pentacene
on Cu�110�.11–14 LEED data �Fig. 1�a�, top left� taken on this
sample covered by 0.5 ML of pentacene exhibits oval halos
around the �0 0 1� spots. These ovals cross the �0 0 1� direc-
tion at 1/3 of the substrate reciprocal lattice vector which
corresponds to an average distance of three Cu-lattice con-

stants between �11̄0� diffusion channels occupied with pen-
tacene. Thus, this structure will be called a mobile �n�3�
phase. The three Cu-lattice constants spacing and the direc-
tion of the highest mobility are also presented in the scheme
of the adsorption structure in Fig. 1�a�, top right. This mobile
adlayer structure was observed for pentacene coverages up to
0.5 ML. A weak long-range ordering as well as tip induced
mobility were also shown for tetracene on Cu�110�.14

Differences in the diffusion constants depending on the
relative substrate crystallographic direction and the molecu-
lar orientation were also shown for other organic molecules
on the Cu�110� surface such as decacyclene and
hexa-tert-butyl-decacylene,25 azobenzene,26 as well as the
so-called “violet lander” molecule �C108H104�.27 For all these
molecules no diffusion along the �0 0 1� direction has been

observed, whereas they are diffusive along the �11̄0� chan-
nels. Specifically, Linderoth et al.26 showed that at low tem-

peratures �120–170 K� the diffusion in the �11̄0� direction for

azobenzene oriented with the long axis parallel to the �11̄0�
direction is six times faster than for molecules oriented per-
pendicular to the diffusion channel. In the case of pentacene
reported here, the molecules are also oriented with their long

axes parallel to the �11̄0� direction, which is a similar situa-
tion to the azobenzene orientation with highest diffusion.

This explains the considerable diffusion along the �11̄0� di-
rection for low coverages of pentacene at room temperature.

This high degree of diffusion for low-molecular coverage
shows that the diffusion barrier of an individual molecule

along the �11̄0� direction is rather low at room temperature.
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Our calculations showed a diffusion barrier of 150 meV. Ad-
ditionally, we can conclude that the interaction between the

pentacene molecules adsorbed in the same �11̄0� row is
small and no such linear condensation is induced. The sepa-
ration of the diffusion channels by three Cu-atoms spacing
reduces the interaction between the molecules in the �0 0 1�
direction and indicates a weak interaction between the adsor-
bates in neighboring diffusion channels. In contrast, C60
forms ordered 2D arrays also for coverages below 1 ML on
noble metal surfaces28,29 and one-dimensional arrays at step
edges,30 due to its considerable cohesive energy. For the case
of pentacene on Cu�110�, the interaction between the penta-
cene molecules after adsorption is too small to immobilize
the molecules on the surface for low coverages. The exis-
tence of a higher density mobile phase �see below� leads to
the conclusion that the intermolecular interaction between
molecules in neighboring diffusion channels is repulsive.
The mobility of the molecules in the diffusion channels of
the Cu�110� substrate can be reduced by additional exposure
to oxygen, which serves as pinning centers for the molecules
and as nucleation sites for the condensed phase.31

A second mobile phase exists for coverages between 0.5
and 0.6 ML �cf. Fig. 1�b��. Here, the LEED pattern also
shows oval halos but these cross the �0 0 1� direction at 1

2 of
the substrate reciprocal lattice vector �cf. Fig. 1�b�, top left�.
This indicates that due to the higher coverage the distance
between occupied diffusion channels decreases to two Cu
atoms instead of three Cu atoms as shown in Fig. 1�a�. Thus,
this adsorption structure can be called a mobile �n�2�
phase. In the STM image in Fig. 1�b� the diffusive molecules
are closer together in the �0 0 1� direction than in Fig. 1�a�.
This is also indicated in the schematic representation of the
adsorption structure �Fig. 1, top right�. Additionally, few in-

dividually condensed molecules can be observed not only at
defects such as step edges and kinks but also on the flat
terraces indicating the onset of molecular nucleation. The
fact that the occupied diffusion channels move closer to-
gether while maintaining the mobility of the molecules in the
�11̄0� channels indicates that the repulsive interactions be-
tween the molecules in neighboring channels are comparably
low.

For coverages higher than 0.6 ML the diffusion of the
pentacene molecules decreases due to the higher occupancy
of the available adsorption sites and due to site blocking of
nearest neighbors within the adatom rows. Consequently,
single molecules are mostly resolved in the STM images
�Fig. 1�c�, bottom� while few still exhibit a limited mobility.
The layer structure at this coverage is characterized by a
distance corresponding to twice the Cu-lattice constant along
the �0 0 1� direction. This observation in the STM data is
also confirmed by the spots observed at 1

2 of the substrate
reciprocal-lattice vector in the �0 0 1� direction in the LEED
pattern �Fig. 1�c�, top left�. In this coverage range—0.6 to
0.8 ML—different arrangements of the molecules can be
identified. On some parts of the STM image the molecules
tend to form rows along the �0 0 1� direction �highlighted by
the white continuous rectangle in Fig. 1�c��; on other parts
they do not show a specific ordering �highlighted by the
white dashed rectangle in Fig. 1�c��. The presence of differ-
ently arranged molecules marked in the STM image demon-
strates the lack of long-range order, which is also well rep-
resented in the LEED data which exhibits diffraction stripes
along the �0 0 1� direction �cf. Fig. 1�c�, top left�. The six

stripes in between the fundamental spots in the �11̄0� direc-
tion indicate that the average distance between neighboring
molecules in this direction is corresponding to seven Cu at-

FIG. 1. �Color online� Structures of the pentacene adlayers on Cu�110�. Bottom: STM images 25�25 nm2. Top right: schemes of the
adsorption structure; the scheme in �c� covers a larger area to show the degree of disorder; for clarity only one mirror domain �domain 1� is
shown in scheme �d�. Top left: LEED patterns at �a� and �b� 48 eV, �c� 53 eV, �d� 63 eV. �a� 0.5 ML of pentacene; STM image reveals
diffusive molecules in the adatom channels and some molecules pinned at the step edges, the adsorption structure shows the three Cu-atoms
distance between the neighboring diffusion channels; �b� 0.6 ML of pentacene: the diffusion channels are closer together �two Cu-atoms
spacing� than in �a�; �c� 0.8 ML of pentacene; the STM image shows two different adsorption structures marked with white rectangles �see
discussion in the text�, LEED reveals a slightly disordered �7�2� structure; �d� 1 ML of pentacene: STM image showing nicely ordered
molecules in two mirror domains, indicated by the white numbers, revealing a �6 −1, 1 4� structure, each row of pentacene molecules is
shifted by one Cu atom along the �0 0 1� direction.
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oms, therefore we call this structure a �7�2� structure de-
spite the absence of long-range order. A sketch of the ar-
rangement of the pentacene molecules for coverages between
0.6 and 0.8 ML is shown in the top right of Fig. 1�c�.

DFT calculations for a single molecule on Cu�110� show
that the pentacene molecules adsorb preferably with the C
atoms on top of the Cu atoms of the first layer �cf. Fig. 2�a�,
the first layer atoms are colored dark gray �color online; red�
for clarity�. Because of the good match between the Cu-
lattice constant and the phenyl spacing in the pentacene mol-
ecules each phenyl ring is in the same position with respect
to the Cu lattice. The calculations additionally show that the
molecules are bent out of the surface plane by 0.4 Å; i.e.,
the center of the molecule is closest to the metal substrate
�cf. Fig. 2�b��. The adsorption energy was calculated to be
1.59 eV. For the slightly different �6.5�2� adsorption struc-
ture reported in Ref. 12 an adsorption energy of 2.1 eV has
been determined by thermal desorption. This considerable
difference probably results from the fact that our calculations
have been performed for a single molecule while the adsorp-
tion energy was experimentally determined for 1 ML of pen-
tacene, i.e., also including the intermolecular interaction. For
comparison the adsorption energy of adenine on Cu�110� is
calculated to 0.34 eV �Ref. 32� and the adsorption energy of
NTCDA �1, 4, 5, 8-naphtalene-tetracarboxylic-dianhydride
on Ag�110� and Ag�100� is 0.9 eV and 1.0 eV,
respectively�.33 This shows that the molecules interact more
strongly with the Cu substrate than in the case of weakly
physisorbed systems. An additional indication for the strong
molecule/substrate interaction is that all molecules seem to
lie flat on the Cu�110� surface while it has been reported that
a mixed layer of flat lying and tilted �by 90° around the long
axis� molecules can be observed for pentacene on Au�110�.34

This strong interaction between the molecules and the sub-
strate is also observed in angle-resolved photoelectron spec-
troscopy measurements of pentacene on Cu�110�.35,36 The
calculated bending of the molecules is also consistent with

the STM data shown in Fig. 3�a� where the ends of the mol-
ecules are imaged brighter than the centers; an observation
which fits well with the calculated STM image in Fig. 3�b�.

The �7�2� structure reported here shows a slightly lower
packing density compared to the previously reported
p�6.5�2� structure.12 The small difference in the packing

density along the �11̄0� direction �6.5 vs 7 Cu atoms� and the
lower degree of long-range ordering of the �7�2� structure
is attributed to the slightly smaller coverage of our samples
and to the different parameters used during sample prepara-
tion. From the described observations it is plausible that a
number of �z�2� phases �z=6,14 6.5,12 and 7 �this work��
can be prepared due to the expected small energy difference
between such phases and in dependence of preparation pa-
rameters such as coverage, annealing temperature, and
evaporation rate. Different annealing temperatures and
evaporation rates lead to a change in the mobility of the
molecules, which consequently may change the spacing of

the molecules in the �11̄0� direction. We have to point out
that the distance of seven Cu atoms is an average and the
molecular separation is varying around six to eight Cu atoms
in our data.

Coverage of a full monolayer leads to a characteristically
different highly ordered structure with very few defects. The
molecules are oriented in rows which are tilted by �9° out
of the �0 0 1� direction leading to two mirror domains, while
maintaining the molecular orientation of the long axis paral-

lel to the �11̄0� direction �cf. Fig. 1�d��. The neighboring
pentacene rows are shifted by one Cu atom along the �0 0 1�
direction, which results in an oblique unit cell. The LEED
pattern shows discrete spots forming rows, which are tilted

out of the �11̄0� direction �cf. Fig. 1�d�, top left�. This obser-
vation, together with the molecular resolution STM data,
suggests an adsorption structure like the one shown in Fig.
1�d�, top right, which can be described by a �6 −1, 1 4�
matrix, each unit cell containing two molecules. Occasion-
ally, but on comparably smaller surface areas a coexisting
phase was observed. Here the neighboring molecular rows
are not shifted with respect to the Cu substrate leading to
aligned molecules with respect to the short axis of the mol-
ecules �cf. Fig. 4, in between the white lines of the STM
image�. This structure, which has the same packing density
as the �6 −1, 1 4� structure can be described by a �6.25 −1, 0
4� matrix.

These two structures, which we observed for 1 ML cov-
erage, exhibit a slightly higher packing density than the pre-
viously reported p�6.5�2� and c�13�2� phases.12,13 Note
that the packing density for the �6 −1, 1 4� structure is

FIG. 2. �Color online� Calculation of the pentacene adsorption
sites on Cu�110� for the �7�2� structure; light gray �yellow�: C
atoms, small and darker gray �blue�: H atoms, dark gray �red�:
surface Cu atoms; �a� top view: C atoms of the molecule adsorb on
top of the Cu atoms of the first layer; �b� side view indicating
bending of the molecule by approximately 0.4 Å.

FIG. 3. �Color online� �a� 0.7 ML pentacene on Cu�110�: STM
image 8�8 nm2 indicating the bending of the pentacene molecules
by the white ends of the molecules; �b� calculated STM image.
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0.87 molecules /nm2, while the packing density of the
p�6.5�2� phase is 0.83 molecules /nm2. Beside this small
difference in the packing density, the main difference be-
tween the structures is the tilt of the molecular rows out of
the �0 0 1� direction, which is clearly visible in the STM
image and in the LEED pattern shown in Figs. 1�d� and 4.
Additionally, it has to be emphasized that the p�6.5�2� and
the c�13�2� structures were obtained by annealing of the
sample at 430 K during pentacene deposition, while our
sample preparation was performed at room temperature.
Noteworthy, Chen et al.14 mentioned that the intermolecular
rows are slightly diverted away from the �0 0 1� direction
due to interdigitation of the CH bonds.

Additionally, in Fig. 4 one defect consisting of a molecule

oriented perpendicular to the �11̄0� direction can be seen
�white circle�. Due to the high packing density this molecule
is sterically hindered to rotate back into the preferred orien-

tation, which is along the �11̄0� direction. These defect sites,
however, are very rarely observed in the STM images. This
fact emphasizes the high quality of the self-assembled mo-
lecular layer.

Diffusing adatoms can influence the orientation of mo-
lecular adsorbates as it was shown for benzoate species on
Cu substrates.37 On the other hand it has been demonstrated
that porphyrine adsorbates can change the surface recon-
struction of a Au�110� surface.38 Even weakly physisorbed
glycine induces a reconstruction of the Au�110� surface.39

Since the diffusion barrier along the channels is comparable
for Au�110� �0.28 eV�40 and Cu�110� �0.24 eV�,41 it is also
important to briefly discuss the influence of the Cu adatom
diffusion on the pentacene diffusion and adsorption struc-
tures shown in this paper. The diffusion barrier of pentacene

along the �11̄0� direction is slightly smaller �0.15 eV� than

the diffusion barrier of the Cu adatoms, but still both—Cu
adatoms and pentacene molecules—show a considerable dif-

fusion along the �11̄0� channels at room temperature. It is
difficult to determine how exactly the diffusion of the metal
adatoms influences the diffusion of the molecules and vice
versa. The investigation of this complicate interaction would
require additional temperature-dependent studies combined
with ab initio calculations, which would lead far beyond the
scope of this paper. However, both diffusing species compete
for the same space in the channels. In our data, the horizontal
streaks near the left step in the STM image in Fig. 1�a�
indicate that there is considerable Cu diffusion even after
adsorption of pentacene. At higher molecular coverages, af-
ter the molecular diffusion has been blocked by the occu-
pancy of neighboring sites, the steps and kinks appear much
sharper. This is consistent with the expectation that the Cu
adatom diffusion is reduced at higher pentacene coverages.

On the other hand, there is no evidence for the formation
of a pentacene-induced surface reconstruction as observed
for pentacene on Au�110� �Refs. 42 and 43�: �i� the STM data
and the models presented in Figs. 1 and 4 agree well and do
not indicate a modification of the surface reconstruction. �ii�
The Cu�110� Shockley surface state is still present after ad-
sorption of 1 ML of pentacene.35 This observation excludes
considerable surface reconstruction, which would probably
lead to a quenching of the surface state.

For all coverages between 0.6 and 1 ML, where the mo-
bility of the molecules is sufficiently reduced to determine
the layer structure by STM and LEED studies, the growth of
pentacene is commensurate with the Cu�110� lattice in both
directions. For the adsorption of 1 ML of pentacene the ad-
sorption sites differ in their relative position with respect to

the �11̄0� direction. Specifically, four different adsorption

sites shifted by 1/4 of a Cu-lattice spacing in the �11̄0� di-
rection exist for the �6.25 −1, 0 4� structure. In contrast this
shift is inexistent for the �7�2� structure as shown in the
STM image in Fig. 1�c� and in the calculations in Fig. 2.
Notably, at lower coverages up to 0.6 ML LEED and STM
indicate commensurability along �0 0 1� direction and diffu-

sivity along �11̄0� direction.

V. CONCLUSIONS

In conclusion, we have shown five different adsorption
structures of pentacene on Cu�110� to occur after deposition
at room temperature �295 K� without annealing. By the com-
prehensive STM and LEED studies and by comparison to ab
initio calculations, we have demonstrated that the substrate/
molecular interaction is stronger than the intermolecular in-
teraction leading to a complex multiphase behavior. The dif-
ferent stages of this phase behavior before nucleation of the
second layer are characterized by molecular mobility, mo-
lecular bending, their structure modified, e.g., by their rela-
tive position of neighboring molecules and different packing
densities of the linear pentacene molecules.

McCrone44 stated for the crystal structures of organic
molecules, that “every compound has different polymorphic
forms, and that, in general, the number of forms known for a

FIG. 4. �Color online� 1 ML of pentacene. Bottom: STM image
20�20 nm2; top left: LEED pattern at 63 eV. Top right: scheme of
the adsorption structure; in between the white lines of the STM
image an area of molecular rows not shifted along the �0 0 1�
direction is visible which can be described by a �6.25 −1, 0 4�
matrix.
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given compound is proportional to the time and money spent
in research on that compound.” We realized the same for the
2D adsorption polymorph of pentacene on Cu�110�: although
a lot has already been published about this system, we have
shown two diffusive adsorbate phases and three different
condensed phases to occur at different coverages but with the
same preparation parameters. The latter helped to refine al-
ready mentioned adsorbate structures.

The observation of five distinctively different adlayer
phases in the monolayer for the comparably simple shape
and adsorption geometry of the pentacene on Cu�110� system
suggests that the phase behavior may be even more featured
for more complex molecular adsorbates. Complex phase
evolutions like in the demonstrated case will only be re-
vealed by detailed studies—using complementary
techniques—of the molecular packing with consistent pa-
rameter sets in a wide coverage range. The fact that the mo-
lecular packing and orientation at the interface influences
any cooperative behavior such as charge injection, charge-
carrier mobility, and the emergence of intermolecular and
interface electronic states motivates the detailed comparison
of experiment and theory also for other interfaces relevant

for organic electronics. The fabrication of specific organic/
inorganic interfaces by controlling the first layer growth may
offer a way to control the cooperative electronic and opto-
electronic behavior of such interfaces, also within devices.

Note added in proof. J. Martínez-Blanco et al. have re-
ported three stages of the phase behavior described here, i.e.,
one mobile phase and two condensed phases for different
coverages of pentacene on Cu�110�.45
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