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Par t A – Research Results 
 
A.1 Scientific Highlights 
 
- In Orsay (Task II, Molecular Robots), it has been demonstrated that the room temperature 
adsorption of the biphenyl molecule on the Si(100) surface gives rise to a bistable molecule. At 
room temperature, the thermal energy activates the switching of the bistable molecule. STM 
manipulations enabled to transform the bistable molecule into a fixed molecule or to desorb the 
bistable molecule. A bistable molecular device is one of the most important functions of future 
nano-machines, which may serve for fabricating atomic-scale switches, clocks, memories or logic 
circuits. The biphenyl molecule on Si(100) appears as the ideal system to operate such a bistable 
device (ref. 14 of A.2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
- In Aarhus (Task V, Biological systems), DNA bases on metal surfaces have been studied as a 
model system of biological interactions. 

 

Fig. 2  
Guanine (G)/Au(111) grows with a 2D-island morphology (a). The H-bonded 
network (b) is composed of G tetrads (c) that are known to drive several 
conformational changes in real DNA (d). 

Fig.1: A filled states image 
(25Åx25Å, -1.5V and 
0.5nA) 
 of a bistable molecule 
(biphenyl/Si(100) 

  



- In Aarhus (Task II and III, Design of molecules and Molecular robots) it has been shown that 
forced assembly of long molecular wires can be obtained by deposition of Lander molecules onto a 
Cu(110)/O template (ref. 9 of part A.2). 

 
- In Toulouse (Tassk I and VI, Design of molecules, Theoretical models), with the help of one post-
doc (Dr Gorka Jimenez-Bueno), we have designed and synthesized a molecular analog of a 
wheelbarrow.  In the field of single molecule manipulation it is a challenge, in a bottom-up 
approach, to design, synthesize and manipulate a molecule which would at the same time undergo 
translation and rotation motions.  In the case of a macroscopic wheelbarrow, pushing the 
wheelbarrow results in the rotation of the wheel.  The molecule is represented in Figure 4 

 The Toulouse group has also improved the way we can compute the STM feedback loop 
signal while manipulating a large molecule. This new version of the virtual STM is still under 
development with the arrival of a new post doc, Dr. M. Machado. First, we have to learn how the 
molecule is interacting with a metal surface to predict a realist diffusion barrier height. All the 
molecules of the Lander series equipped with legs or wheel have the same characteristics: their 

Fig. 3 
(a) Filled space model of the single Lander (SL) molecule. 
(b) Typical 3 ´  3 nm2 STM image of the SL molecule on a clean Cu(110) 
surface, revealing the SL as four lobes corresponding to the spacer legs. 
(c) 60 ´  60 nm2 STM image showing the molecular chains formed after 
deposition of SL on the nano-patterned Cu–O surface. The molecules 
adsorb exclusively on bare Cu stripes. 
(d) 14 ´  14 nm2 high-resolution STM image. The individual SL molecules 
can be individually resolved and their conformation can thereby be 
extracted. 
(e) and (f) report ESQC-simulated STM images of the SL on the bare Cu 
stripes, with two different conformations. 
(g) (h)



central board is not chemisorbed nor physisorbed. The legs forbid a full chemisorption. But the 
board is still lower than a standard physisorption. On a metal surface, mastering this peculiar 
sorption state is of importance for the ability to manipulate the wheelbarrow. In particular, the front 
wheels have the tendency to be sorbed flat on the surface. This will render the rotation delicate 
while pushing by a tip apex. 

Figure 4. The CPK model showing the minimum energy conformation of the molecular analog 1.  
Top view (left) and side view (top right).  Methyl groups have been omitted for clarity. 
 

 
 
 

Figure 5: Calculated image using the ESQC routine of a constant current STM image over the 
molecular wheel barrow in a fully relaxed conformation to help the recognition of the molecule on 
the surface. 

 

 



- In Zurich ( Task III, Nano-analytic), we used a unique technique of STM diffusion studies in 
combination with low temperature atomic manipulation to study the binding sites and diffusion of 
single copper adatoms, dimers and trimers on Cu(111). Whereas trimers are found in fcc sites only, 
monomers as well as dimers can occupy the stable fcc as well as metastable hcp site. Detailed 
information on the binding energies as well diffusion barriers were obtained in excellent agreement 
with first principles calculations. For the Cu dimer a particular localized intracell diffusion was 
observed as predicted by theoretical work.  Despite the large mass of the copper atoms, this 
localized diffusion is dominated by thermally assisted tunneling of a single Cu atom.  
 
- In Birmingham (Task II, Molecular Robots), we have investigated the mechanism of desorption of 
chlorobenzene molecules from the Si(111)-(7x7) surface induced by the STM at room temperature.  
We measured the desorption probability as a function of both tunneling current and a wide range of 
sample bias voltages between -3 V and +4 V.  The results exclude field desorption, thermally 
induced desorption, and mechanical tip-surface effects.  They indicate that desorption is driven by 
the population of negative (or positive) ion resonances of the chemisorbed molecule by the 
tunneling electrons.  Density functional calculations suggest that these resonant states are associated 
with the �  orbitals of the benzene ring (ref. 1 of part A.2). 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. STM images (165 x 165 Å) of Si(111) with adsorbed chlorobenzene molecules. Left, 
chlorobenzene molecules, imaged with +1V and 50 pA, appear as dark spots. Middle, the same area 
imaged with a higher bias voltage +2.8V. Right, the same area imaged with +1.5V and 50 pA, 
showing the disappearance of the adsorbed molecules as a result of tip induced desorption. 
 
- In Berlin (Task II, Molecular Robots),  we have investigated a crucial problem in Molecular 
Electronics which is the observation and control of the electronic contact between a molecule and 
its electrodes. In a recent experiment (ref.  ),  we observed for the first time such a stable contact at 
an atomic scale. The required atomically ordered contact electrode edge was made of a mono-
atomic step edge fabricated at the surface of an ultra-clean and ordered copper surface. A single 
molecular wire integrated inside a C90H98 molecule (better known as a Lander molecule) was used. 
To ensure a planar configuration of the contact, four lateral “ legs”  in the Lander hold the wire above 
and parallel to the surface. By STM lateral manipulation of a single Lander molecule, the wire is 
progressively brought to contact toward the step edge up to its jump to contact. At the step edge, the 
resulting electronic interaction is characterized by measuring the corrugation created by the end of 
the molecular wire. We have also observed the local perturbations in the electronic standing wave 
patterns existing at the (111) surface of copper introduced by this interaction. These observations 
open a systematic way for probing, at a real atomic scale, the quality of the electronic contact 
between a molecule and its contact pads, fabricated with an atomic precision (ref. 6 of Part A.2).  
 
 
 
 
 

   
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7. Lander molecules on a free Cu (111) surface (col. A) and contacted to a (100) 
step. The molecule can be contacted with the molecular board parallel (col. B) or 
orthogonal (col. C) to the step. Only in the latter case an influence, due to the molecular 
board, on the upper terrace becomes visible. In 2C and 3C an additional bump 
corresponding to the contact point of the wire to the step appears and in 4C a 
modification of the upper terrace standing wave patterns is visible. 

 
 
A.2 Joint Publications 
 
Joint publications : 
 
1) (Birmingham and Göteborg, Task II) 
Mechanisms of molecular manipulation with the STM at room temperature:  
   chlorobenzene/Si(111)-(7x7)  
   P. A. Sloan, M.F.G. Hedouin, R. E. Palmer, and M. Persson,  
   Phys. Rev. Lett. 91, 118301 (2003) 
 
2) (Birmingham and Göteborg, Task II) 
 Chemisorption of benzene and STM dehydrogenation products on Cu(100) 
   N. Lorente, M. F. G. Hedouin, R. E. Palmer, and M.Persson  
   (submitted to Phys. Rev. B) 
 
3) (Zurich and Göteborg, Task III) 
 Site determination and thermally assisted tunneling in homogeneous  
   nucleation,  
   J. Repp, G. Meyer, K.-H. Rieder, P. Hyldgaard, 
   Accepted for publication in Phys. Rev. Lett. 
 
4) (Göteborg and Zurich, Task IV) 
 Scanning tunneling Microscopy of sodium-chloride overlayer on a stepped 
   copper surface 
   F. E. Olsson, M. Persson, J. Repp, and G. Meyer 
   (to be submitted)  
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5) (Berlin and Toulouse, Task II) 
Lander on Cu(211) - Selective Adsorption and Surface Restructuring by a Molecular Wire 
L. Gross, F. Moresco M. Alemani, K.H. Rieder, H. Tang, A. Gourdon and C. Joachim  
Chemical Physics Letters 371, 750-756 (2003).  
 

6) (Berlin and Toulouse, Task II) 
Probing the different stages in contacting a single molecular wire 
F. Moresco, L. Gross, M. Alemani, H. Tang, A. Gourdon, C. Joachim and K.H. Rieder 
Physical Review Letters 91-1-4, 036601 (2003). 
 
7) (Aarhus and Toulouse, Task II) 
M. Schunack, F. Rosei, Y. Naitoh, P. Jiang, A. Gourdon, E. Lægsgaard, I. Stensgaard, C. Joachim 
and F. Besenbacher, “ Adsorption behaviour of Lander molecules on Cu(110) studied by scanning 
tunnelling microscopy” , Journal of Chemical Physics 117, 6259 (2002) 
 
8) (Aarhus and Toulouse, Task II) 
Federico Rosei, Michael Schunack, Yoshitaka Naitoh, Ping Jiang, André Gourdon, Erik 
Laegsgaard, Ivan Stensgaard, Christian Joachim and Flemming Besenbacher, “ Properties of large 
organic molecules on metal surfaces” , Progress in Surface Science 71, 95 (2003) 
 
9) (Aarhus and Toulouse, Task II) 
R. Otero, Y. Naitoh, F. Rosei, P. Jiang, P. Thostrup, A. Gourdon, E. Lægsgaard, I. Stensgaard, C. 
Joachim and F. Besenbacher, “ Assembly of molecular wires on a nano-patterned O-Cu(110) 
template” , Nature Materials (submitted) 
 
 
Other publications : 
 
10) STM images of molecularly and atomically chemisorbed oxygen on silver 
   F. E. Olsson, M. Persson, and N. Lorente,  
   Surface Science Letter 522, L27 (2003) 
 
11) Distance dependence of the interaction between single atoms: gold dimers  
   on NiAl(110) 
   N. Nilius, T. M. Wallis, M. Persson, and W. Ho.,  
   Physical Review Letters 90, 196103 (2003) 
 
12) A density functional study of adsorption of sodium-chloride overlayers on  
   a stepped and a flat copper surface, 
   F. E. Olsson and M. Persson,  
   Surface Science 540, 172 (2003) 
 
13) Energetics, vibrational spectrum and STM images for the Intermediate in  
   the Water Production reaction on Pt(111) from Density Functional Theory, 
   G. S. Karlberg, F. Olsson, M. Persson and G. Wahnstrom,  
   Journal of Chemical Physics 119, 4865 (2003) 
 
14) A chemisorbed bistable molecule : Biphenyl on Si(100)-2x1 
A.J. Mayne, M. Lastapis, G. Baffou, L. Soukiassian, G. Comtet, L. Hellner and G. Dujardin 
Submitted to Phys. Rev.B 
 



15) Atomic-scale visualization and surface electronic structure of the hydrogenated diamond 
C(100)-(2x1) :H surface 
K. Bobrov, A.J. Mayne, G. Comtet, G. Dujardin, L. Hellner and A. Hoffman 
Accepted for publication in Phys. Rev. B 
 
16) M. Schunack, E. Lægsgaard, I. Stensgaard and F. Besenbacher, “ Bonding and ordering of 
decacyclene molecules studied by scanning tunnelling microscopy” , Journal of Chemical Physics 
117, 8493 (2002) 
 
 



Par t B – Compar ison with the joint programme of work 
 
B.1 Research Objectives 
 
Research objectives, as set down in Annex I, are still fully relevant and achievable. 
 
B.2 Research Method 
 
The research method has not changed 
 
B.3 Work Plan 
 
The breakdown of tasks, schedule, milestones and research effort of the participants, as stated in 
Annex I of the contract, are still fully relevant. 
 
As for the specific milestones of the reporting period : 
 
« A » (Design of molecules) and « D » (Synthesis of molecules chosen in A: this has been a 
permanent effort of the Toulouse group in collaboration with Orsay, Aarhus and Berlin. Most of the 
molecules which are studied and are going to be studied in Orsay, Aarhus and Berlin have been 
designed and synthesized in Toulouse. 
 
« B » (Operation of the liquid/solid STM) : The Aarhus team has been working on implementing a 
new liquid/solid STM/AFM. The first results deald with structures of RNA on surfaces and they 
will be written up soon. 
 
« C » (Calculation of physical and chemical properties of molecules chosen in A) : There have been 
intense collaborations between the two theoretical groups in Toulouse and Göteborg with the 
experimental groups in Berlin, Aarhus, Zurich and Birmingham, resulting in a number of joint 
publications (see references 1 to 9). 
 
B.4 Organisation and Management 
 
B.4.1 Organisation 
 
 The communication inside the network consists in network meetings (see below), bilateral 
visits between participants, e-mail discussions, meetings at international conferences and through 
the network web-site (http://www.fy.chalmers.se/res/networks/ammist/). 
 
B.4.2 List of network meetings 
 
1) We had a first one day meeting on 29 November 2002 in Berlin attended by 13 researchers from 
all the 7 network laboratories.  
During the meeting ; 
- all the network groups presented their current activities and projects 
- we organized the bilateral collaborations between Berlin/Toulouse, Aarhus/Toulouse, 
Birmingham/Göteborg, Göteborg/Zurich, Toulouse/Zurich, Toulouse/Orsay and Birmingham/Orsay 
- we discussed the content of the network web-site 
-  we discussed possible phone-conferences 
- we discussed future meetings 



- we discussed the hiring of post-docs and PhD students  
- we visited the laboratories of F. Moresco 
 
2) We had a two day meeting on 19-20 May 2003 in Orsay attended by 40 researchers. This 
meeting was organized jointly by the AMMIST and CHIC networks. Indeed, the CHIC 
(Consortium for Hamiltonian Intramolecular Computing) network has a number of common 
interests, such as the coherent control, with the AMMIST network. It has been especially interesting 
to put together all the expertise of both networks. 28 researchers from AMMIST attended the 
meeting, among them, 15 Post-docs and PhD students from the 7 AMMIST network laboratories. 
After a few presentations by experienced and young researchers, there was ample time for informal 
discussions and for visiting the laboratories of G. Dujardin. 
 
B.4.3 
 
 As can be seen from the large number of joints publications, there have been a huge number 
of exchanges between the groups. During this first year, each group has been in close relation with 
at least two or three other groups in the network. It is simply impossible to relate here these tens of 
visits and hundreds of e-discussions. In addition of the joint publications, there have been efforts to 
develop in common new instruments. For example, the Orsay group installed a low temperature 
STM which has been fabricated by CREATEC from the design of G. Meyer (Zurich). For this 
purpose, G. Meyer visited the Orsay group and there have been several tens of e-mails and phone 
calls between the Orsay and Zurich groups. This is only one examples among many others which 
demonstrates the actual very close interactions between the groups. 
 
B.5 Training 
 
B.5.1  
 
 There was no need to publicise the positions since all the network positions have been 
occupied quite rapidly. 
 
B.5.2 
 
 

Contract deliverable of Young  
Researchers to be financed by the 

contract (person- months) 

Young Researchers financed by the 
contract so far (person-months) 

Participant 

Pre-doc 
(a) 

Post-doc 
(b) 

Total 
(a+b) 

Pre-doc    
( c) 

Post-doc 
(d) 

Total 
(c+d) 

Orsay  30 30  3 3 

Aarhus  33 33  4 4 

Toulouse  36 36  12 12 

Zurich  36 36  3 3 

Birmingham  36 36  - - 

Göteborg  28 28  - - 

Berlin  36 36  7 7 

TOTAL  235 235  29 29 



 

Beginning of October 2003, a Finnish post-doc will join the Göteborg group. From 1 September 
2003, Dr. Andrey Kaplan will join the Birmingham group. Therefore it is anticipated that next year 
each group will train one post-doc. In fact, there have been much more candidates than available 
positions in the network laboratories. 
 
B.5.3 
 
 The young researchers have been integrated into the research programme during the meeting 
in Orsay by the general presentation of the coordinator and the presentations from all the network 
groups. In each group, the young researchers also had deep discussions with the scientist in charge. 
Thanks to this network meeting in Orsay, the young researchers know each other well. This has 
resulted in several direct e-mail discussions between them. 
 
B.5.4 
 
 The young scientists have been trained to present their works and projects. During the 
network meeting in Orsay, all the presentations from the AMMIST network have been given by the 
young scientists. 
 
 
 
 
   


