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Abstract  
 
Alkali salt surfaces are a promising alternative to the more common metal substrates for studying 
molecular self organisation. Potassium chloride (KCl) and sodium chloride (NaCl) are the most simple 
representatives of these materials and considered as prototype insulators with large band gaps >8 eV. 
A detailed understanding of the growth mechanisms of organic layers on these insulators is crucial for 
constructing optimized devices [1]. In particular,the structural ordering of the adsorbed molecules due to 
self assembling processes affects the physical properties relevant to the performance of the organic 
device [5].  

PTCDA, as an organic semiconducting molecule with its characteristic rectangular shape [3], is of 
special interest in the engineering of 2D supermolecular nanostructures due to its ability to self-
assemble in two dimensions [4].  Understanding the nature and strength of the intermolecular and 
molecule-substrate interactions that govern the ordering of molecular adsorbates is of great importance 
for controlling the arrangements of molecules on the surface and the properties of the resulting 
structures.   

Using first principles methods including the necessary extensions for describing the long range 
dispersion interactions, we have investigated the adsorption and structure formation of PTCDA on both 
NaCl and KCl surfaces and partly confirm experimental findings [3,4].    

For initiating structure formation, however, the presence of step edges of different kinds and with 
different defects is found to be responsible. We have calculated and compared the adsorption of 
PTCDA on both plain  terraces and at surface step edges, supporting with our findings the observations 
of experimental set ups [3,4].  
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FIG. 3: (a) Top-view and (b) side-view of the induced charge
density difference for PTCDA on NaCl(100) in SQ. An iso-
surface value of ±0.003 e/Å3 was chosen.

FIG. 4: (a) AFM image of PTCDA on KCl(100) in the so-
called BW-structure22. The supercell has the dimensions
a=b=12.6±0.1 Å, γ =90◦22. (b) Structural model of the BW-
phase.

B. Monolayer of PTCDA on KCl(100) and
NaCl(100)

The experimental investigations of one monolayer of
PTCDA on KCl(100) were performed by Dienel et al.22

FIG. 5: (a) LEED pattern of 1ML of PTCDA adsorbed on
10 ML KCl on Ag(100). (b) simulated LEED and real space
model of BW-phase (Brickwall) structure of PTCDA on KCl.
The green open circles correspond to the KCl film, the dia-
monds correspond to the PTCDA superstructures24.

(non contact-AFM investigations) and by Müller et al24

(LEED investigations). Dienel et al. investigated the
growth of PTCDA on bulk KCl, while Müller et al. stud-
ied the growth of a monolayer of PTCDA on 10 ML
thick of KCl (Fig. 5). The results of these two stud-
ies confirm each other for the first monolayer of PTCDA
on KCl(100). They found the PTCDA molecules to be
arranged in a commensurate square-cell structure of di-
mensions of a=b=12.6±0.1Å (Figure 4). In this struc-
ture, denoted as BW-phase by Müller et al.24, PTCDA
molecules are adsorbed flat-lying parallel to the surface
and parallel to each other while their long axis are parallel
to the [110] or [11̄0] direction of the surface (Figure 4,5).
The adsorption sites are not reported experimentally in
both experiments, but it is also suggested, on the basis
of electrostatic interactions, that the molecule center is
above an anion site of the surface and the carboxyl oxy-
gen atoms of the molecules are above cation sites of the
surface.

Our calculations confirm the experimental expecta-
tions for the observed BW-phase. The molecules are
adsorbed in square-cells, which have dimensions of
a=b=12.50 Å, γ =90◦ (associated to 2×2 surface-cells).
The molecule in this structure has the same orientation as
described experimentally, and, it has a higher adsorption
energy (-2.75 eV) than the other suggested structures:
Herringsbone (HB) (-2.55 eV) and the square structure
(Q-phase) (-2.63 eV) (Fig. 6) . In all these structures, the
center of each molecule is above a surface anion, while the
carboxyl oxygen atoms of the molecules are above the
surface cations and the long axes of the molecules are
parallel to the [110] direction of the surface. In contrast
to BW-phase, which has one molecule in the unit cell,
the HB- or the Q-phase unit cell contains two molecules
rotated by 90◦ compared to each other. A monolayer of
the molecules in the Herringbone-phase exhibits a com-
mensurate p2 × 3 epitaxy (Figure 6), while the Q-phase
shows a larger strain with p3× 3 epitaxy (Fig. 6).

The adsorption energies of PTCDA on KCl(100) in
HB- and Q-phase are higher than that for the isolated
molecule (-2.49 eV) as a result of the intermolecular inter-
actions, but still improbable compared to the BW-phase.

In the BW-phase, the vdW-interactions contribute to
73% of the adsorption energy. This adsorption energy
can be divided into two terms: -0.38 eV (molecule-
molecule interactions) and -2.37 eV (molecule-substrate
interactions). Since the molecule-substrate interaction
in the BW-phase is lower than that for the isolated
molecule, the geometries of the molecule in the BW-
phase are less distorted compared to that of the isolated
molecule (Table V).

Our calculations yield a higher adsorption energy than
that obtained from force field methods (-1.81 eV22), but
the electrostatic part for both calculations (about -0.80
eV) is almost the same. To our knowledge, no experi-
mental studies for measuring the distance between the
PTCDA molecule and the KCl(100) surface either for
the isolated molecules or for the monolayer have been

 
 
Figure 1: AFM image and ball-and-stick-model of PTCDA on KCl(100) in the so-called BW-
structure 
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FIG. 11: Definition of the various possible adsorption posi-
tions of a PTCDA molecule at step edges.

ages, PTCDA adsorbs preferentially at polar step-edges
and at other molecules (but not at the non-polar step-
edges) because all polar step-edges exhibit higher adsorp-
tion energies than the non-polar step-edges. The non-
polar step-edges have the chance to be decorated with
molecules at higher coverages, but the planar surface re-
mains still free from molecules.

TABLE VIII: Adsorption energies and distances of PTCDA at
different step-edge models. The molecule binds to the surface
cations and anions, O(A) and O(C) are abbreviations for the
anhydride (A) and carboxyl (C) oxygen atoms.

Step-edge Eads [eV] dmolecule−step [Å]
Non-polar -3.05 3.04(O(A)−Cl), 2.63(O(C)−Na)

Cl-terminated -3.47 2.9(H−Cl)

Na-terminated -3.80 2.35(O−Na)

Kink -3.64 2.47(O(A)−Na, 2.37(O(C)−Na)

Vacancy -4.13 2.39(O−Na)

Our calculations do not agree with the reported dis-
tance between the molecule and the step-edges. The dis-
tances between the molecule and the step-edges in our
calculations are less than 3Å (Tab. VIII), while the mea-
sured one (as the dark region between the molecule and
the NaCl island in Ref. 21) is about 4 Å (Fig. 9 (a)). Our
results agree qualitatively, but not quantitatively with
the MM-calculations reported in Ref. 21. The calculated
adsorption energies for the non-polar, Cl-terminated and
Na-terminated step-edges are -1.6 eV, -1.9 eV and -2.2
eV, respectively.

In summary, we performed first principles calculations
in order to investigate the different adsorption patterns
of PTCDA molecules on KCl and NaCl (100). [...]
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Figure 2: Adsorption positions of PTCDA at different defective sites at step edges 

 
 


