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1 Scope of the Workshop 

The workshop will cover the following topics for systems at the molecular scale: 

 controlled charge and heat transport, 
 thermoelectric effects, 
 electron-phonon and electron-photon interactions. 

The control of charge and heat transport can be achieved by tailored molecular structures, 
electrodes, or external control parameters involving gate electrodes or light. The interaction of 
electrons, phonons, and photons shall be a particular focus of the workshop. The light-matter 
interaction can both be used to influence the transport and as a spectroscopic tool. The 
understanding of thermoelectric effects, on the other hand, requires the discussion of the 
interaction of electrons and phonons, involving also heat generation. In this context, light may 
be used to generate required thermal gradients.  

To advance research on nanostructures and particularly on molecular electronics, the 
comparison between theory and experiment is crucial. Reliable ways to compute junction 
properties need to be found to make predictions and guide the time-consuming measurements. 
Our workshop takes care of this by bringing together both leading theoretical and 
experimental scientists.  

 

Scientific Organizers 

Jun.-Prof. Fabian Pauly (University of Konstanz) 
Prof. Colin J. Lambert (Lancaster University) 

 



2 Workshop Program 
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3 Talks 



Tailor-Made Structures Controlling Molecular Junctions 

Marcel Mayor 
 

University of Basel 
 
 

Presented by: Marcel Mayor 
 
The design and assembly of functional molecules will be discussed. In the focus are structures 
enabling structure – property correlations proofing the molecular nature of the junction as 
well as designs increasing the control at the electrode/molecule interface. With a few current 
examples the interdisciplinary nature of the approach is displayed, pointing not only at the 
molecules design, but also at the importance of the feedback of the transport experiment as 
well as modeling approaches helping to identify critical issues in the molecules design.



Experimental Investigation of Single-Molecule Junctions: Electron transport, 
thermopower and optics 

Emanuel Lörtscher 
 

IBM Research – Zurich, Säumerstrasse 4, CH-8803 Rüschlikon, Switzerland 
 
 

Presented by: Emanuel Lörtscher 
 
As device dimensions continue to shrink into the sub-10 nm length-scale regime, conventional 
semiconductor technology based on complementary-metal-oxide semiconductor (CMOS) 
architectures is approaching fundamental physical limitations. Molecular electronics is one 
possible candidate for future nanoelectronics as it aims at using ultimately-scaled, individual 
molecules as active building blocks in electronic circuits, trying to employ novel molecular-
intrinsic functionalities that are embodied in identical building blocks due to chemical 
synthesis. 
In the first part of the presentation, two experimental platforms will be introduced that enable 
various parameters of single-molecule junctions to be probed: The mechanically controllable 
break-junction (MCBJ) technique (operated under ultra-high vacuum conditions and at 
variable temperatures from 300 K down to 4 K) enables electronic transport to be studied both 
at low bias (off resonance conductance) and high bias (in resonance conditions, I-V, TVS, 
IETS etc.). Its extension towards thermopower measurements will be presented. In the second 
type of platform, direct top-down fabrication of sub-5 nm gaps by electron-beam lithography 
under ultra-silent and ultra-stable conditions will be described, a novel approach that enables, 
e.g., optical properties of single molecules in plasmonic structures to be studied. 
In the second part, a focus on the seminal vision of molecular electronics to exploit 
molecular-intrinsic functionalities for electronic operations will be given. Using a statistical 
measurement procedure, we study current rectification and conductance switching in single 
molecules, specifically tailored to the corresponding task by synthetic methods. Switching in 
purely organic and organometallic compounds is performed in a two-terminal geometry by an 
external stimulus (e.g. field or voltage) to access intrinsic degrees of freedom such as 
conformational change, spin cross-over or redox activity. Controlling conductance switching 
is finally exploited to demonstrate memory operation using a single-molecule. 
The third part covers optical characterization of a few down to a single molecule in 
functionalized plasmonic nanostructures in order to study the interaction of photons and 
molecular vibrations. In that context, resonant plasmonic structures with feed gaps on the 
length scale of molecules enable optical selection rules to be alternated due to large field 
gradients present in those ultra-small gaps, accessing thereby also infrared modes that provide 
more comprehensive information for spectroscopic and sensing applications. 
http://researcher.ibm.com/person/zurich-eml



Raman, noise, and resistance measurements to assess contributions to heating processes 
at the nanoscale 

Douglas Natelson[A,B,C], Yajing Li[A], Ruoyu Chen[A], Joseph B. Herzog[A,D], Mark W. 
Knight[B] 

 
[A] Department of Physics and Astronomy, Rice University, Houston, TX, USA 77005 

[B] Department of Electrical and Computer Engineering, Rice University, Houston, TX, USA 
77005 

[C] Department of Materials Science and Nanoengineering, Rice University, Houston, TX, 
USA 77005 

[D] Department of Physics, University of Arkansas, Fayetteville, AR, USA 72701 
 
 

Presented by: Douglas Natelson 
 
Local information about the distributions of electronic and ionic degrees of freedom driven 
out of equilibrium is often very difficult to acquire.  I will present recent results obtained 
through a variety of techniques to infer such information.  Measurements of the Raman 
response of molecular junctions driven by an external bias reveals the onset of current-driven 
vibrational excitations and hints of electronic heating[1].  Current noise in biased atomic-scale 
Au contacts exhibits a faster than expected increase at biases above 150 mV[2].  Ongoing 
experiments should be able to distinguish between purely electronic and electron-phonon-
mediated mechanisms for this trend.  Finally, I will show recent resistive thermometry 
experiments that place limits on plasmonic heating in optically excited devices. 
______________________________________________________ 
[1] D. Natelson et al., Phys Chem Chem Phys 15, 5262 (2013)  
[2] R. Chen et al., Sci. Rep. 4, 4221 (2014) 
[3] J. B. Herzog et al., Nano Lett. 14, 499-503 (2014)



Thermopower and Conductance of Molecules and Nanocontacts 

Charalambos Evangeli[A], Laura Rincon-Garcia[A], Nicolas Agrait[A][B] 
 

[A] Dept. Fisica de la Materia Condensada, Universidad Autonoma de Madrid 
[B] Madrid Institute of Advanced Studies in Nanoscience (IMDEA-Nanoscience) 

 
 

Presented by: Nicolas Agrait 
 
The simultaneous measurement of thermopower and conductance using STM is a powerful 
tool for exploring thermoelectricity in the nanoscale. I will present our latest results in single 
molecule junctions [1] and metallic nanocontacts. [2]  
_______________________________________________ 
[1] C. Evangeli, K. Gillemot, E. Leary, M.T. González, G. Rubio-Bollinger, C.J. Lambert and 
N. Agrait, Engineering the Thermopower of C60 Molecular Junctions, Nano Lett. 13, 2141 
(2013). 
[2] C. Evangeli, M. Matt, L. Rincón-García, F. Pauly, P. Nielaba, G. Rubio-Bollinger, J. C. 
Cuevas, N. Agrait, Quantum thermopower of metallic atomic-size contacts at room 
temperature, (submitted)



Thermopower and Conductance of Single-Molecule Junctions 

Venkataraman, L. 
 

Department of Applied Physics, Columbia University, New York, NY 10027 
E-mail: lv2117@columbia.edu 

http://www.columbia.edu/~lv2117/ 
 
 

Presented by: Latha Venkataraman 
 
Understanding and controlling electron transfer across metal/organic interfaces is of critical 
importance to the field of organic electronics and photovoltaics. Single molecule devices offer 
an ideal test bed for probing charge transfer and mechanics at these interfaces, allowing us to 
understand fundamental physics and chemistry at the single-molecule level. The ability to 
fabricate single molecule devices and probe their electronic characteristics reliably and 
reproducibly has enabled us to study and model their physical, electronic and chemical 
properties. In this talk, I will review the scanning tunneling microscope break-junction 
technique we use to measure conductance through single molecule junctions. I will then 
discuss measurements of thermopower at the single-molecule level and illustrate how these 
can be used to determine fundamental parameters that govern transport in molecular 
junctions. I will end this talk showing thermopower results from a new family of molecules 
that where dominant charge carriers change from holes to electrons as the molecular length is 
increased.



Heat Dissipation and Thermoelectric Properties of Molecular Junctions 

Woochul Lee [A], Kyeongtae Kim [A], Wonho Jeong [A], Youngsang Kim [A], Linda Zotti 
[B], Fabian Pauly [C], Juan Carlos Cuevas [B], Pramod Reddy [A] 

 
[A] Department of Mechanical Engineering, University of Michigan, Ann Arbor, 48109 

[B] Departamento de Física Teórica de la Materia Condensada and Condensed Matter Physics 
Center (IFIMAC), Universidad Autónoma de Madrid, Madrid 28049, Spain  

[C] Department of Physics, University of Konstanz, D-78457 Konstanz, Germany 
 
 

Presented by: Pramod Reddy 
 
Novel charge and energy transport phenomena arise in molecular-scale junctions. In this talk, 
I will describe the novel scanning probe and electromigrated break junction techniques that 
have been developed in our lab to enable the study of heat dissipation and thermopower in 
molecular junctions. Specifically, I will describe our recent efforts to understand: a) the 
relationship between the electronic structure and heat dissipation characteristics of atomic and 
molecular junctions [1], and b) the relationship between charge transmission characteristics 
and thermoelectric properties of molecular junctions [2].  
___________________________________________ 
[1] W. Lee, K. Kim, W. Jeong, L. A. Zotti, F. Pauly, J. C. Cuevas, P. Reddy, Heat dissipation 
in atomic-scale junctions, Nature 498 (7453), 209-212. 
[2] Y. Kim, W. Jeong, K. Kim, W. Lee, P. Reddy, Active Control of Thermoelectricity in 
Molecular Junctions, In Review.



Molecular signatures in transport: vibrations, negative differential resistance and 
interference effects 

Herre S.J. van der Zant 
 

Kavli Institute of Nanoscience, TU Delft, Lorentzweg 1, Delft, The Netherlands 
 
 

Presented by: Herre van der Zant 
 
We have developed several techniques to build three-terminal single-molecule devices, in 
which molecules are trapped from solution. These include gated mechanical controlled break 
junctions, a self-breaking electromigration technique and by electroburning few-layer 
graphene, room-temperature stable molecular transistors. With these techniques in place, there 
is now a shift of focus from the molecule-metal interface to the molecule itself with the goal 
to exploit the possibilities offered by chemical synthesis and their unique properties connected 
to their internal structure. In this talk I will discuss some examples of this search, which 
include the use of vibrational degrees of freedom, consequences of quantum interference at 
room temperature and negative differential resistance devices.



Electron-phonon coupling in molecular junctions: Signals and effects in electron and 
heat currents 

M. Brandbyge[1], J.-T. Lü[2], T. Gunst[1], R. B. Christensen[1],  
T. Frederiksen[3], G. Foti[3], and P. Hedegård[4] 

 
[1]Dept. of Micro and Nanotechnology, DTU-Nanotech, and Center for Nanostructured 

Graphene (CNG) 
Technical University of Denmark, Build. 345 east, 2800 Kongens Lyngby, DENMARK;  
[2]School of Physics, Huazhong University of Science and Technology, Wuhan, CHINA 
[3]Donostia International Physics Center (DIPC) – UPV/EHU, Donostia-San Sebastian, 

SPAIN 
[4]Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, 2100 Copenhagen 

Ø, DENMARK 
 
 

Presented by: Mads Brandbyge 
 
The energy exchange between electrons and vibrations can be detected in current 
spectroscopy, and yield information about the electronic resonance structure in the junction 
[1]. On the other hand, a high electronic current density can also lead to changes in the atomic 
structure of the junction. The current can cause several types of instabilities due to energy-
transfer mechanisms, due to the current-induced forces, from electrons to vibrations besides 
the local Joule heating in the junction[2,3,4]. The current-induced forces also impact the heat-
transport in systems with propagating phonons. We present examples of these effects using 
first principles calculations based on density functional theory.  
_______________________________________ 
[1] Lü, Rasmussen, Foti, Frederiksen, Gunst, Brandbyge, PRB 85, 81405R (2014) 
[2] Lü, Brandbyge, Hedegård, Nano Lett. 10, 16571663 (2010) 
[3] Lü, Hedegård, Brandbyge, Phys. Rev. Lett. 107, 46801 (2011) 
[4] Gunst, Lü, Hedegård, Brandbyge, PRB, 88, 161401R (2013)



Heating, fluxes and coherent control in junctions 

Michael Galperin 
 

Department of Chemistry and Biochemistry, University of California San Diego 
 
 

Presented by: Michael Galperin 
 
We consider notions of energy of an open system, heat flux between the system and bath, and 
their relation to entropy of the system in strongly coupled regime [1,2]. Relevance of 
experimental methods for evaluation of heating in molecular junctions is discussed within 
simple models [3,4].  Finally, we demonstrate effects of coherence on charge and energy 
fluxes in junctions [5,6,7]. 
_____________________________________ 
[1] M. Esposito, M. A. Ochoa, and MG (to be published). 
[2] MG, A. Nitzan, and M. A. Ratner, Phys. Rev. B 75, 155312 (2007) 
[3] MG, M. A. Ratner, and A. Nitzan, J. Chem. Phys. 130, 144109 (2009) 
[4] MG and A. Nitzan, Phys. Rev. B 84, 195325 (2011) 
[5] MG and A. Nitzan, J. Phys. Chem. B 117, 4449 (2013) 
[6] U. Peskin and MG, J. Chem. Phys. 136, 044107 (2012) 
[7] A. J. White, U. Peskin, and MG, Phys. Rev. B 88, 205424 (2013)



Atomic and Molecular Switches 

Y. Kim[A], A. Karimi[A], K. Luka-Guth[A], M. Matt[A], P. Nielaba[A], F. Pauly[A], C. 
Schirm[A], J. Wolf[B], D. Sysoiev[B], Th. Huhn[B], M. Valasek[C], M. Mayor[C], E. 

Scheer[A] 
 

[A] Department of Physics, University of Konstanz, D-78457 Konstanz, Germany 
[B] Department of Physics, University of Konstanz, D-78457 Konstanz, Germany 

[C] Karlsruhe Institute of Technology (KIT), Germany 
 
 
 

Presented by: Elke Scheer 
 
Key elements in microelectronics are reliable switches that can be operated as memories. 
Switches are usually realized by transistors and these components have been miniaturized all 
the way down close to the atomic scale. However, at such scales three terminals are 
technically challenging to implement. Therefore alternative control schemes like optical 
activation of molecules or mechanical drives have been tested.  
In this talk I will first present an experiment in which a metallic atomic-size contact has been 
operated as a reliable and fatigue-resistant two-terminal switch. Current pulses are used to 
toggle the conductance between two well-defined values in the range of a few conductance 
quanta. Due to its hysteretic behaviour with two distinct states, this two-terminal switch can 
be used as a non-volatile storage element[1].  
At the end I will change gears and will briefly introduce photochromic molecules in use as 
active elements on optically driven molecular switches[2] as well as the novel molecular 
platform of Spirobifluorenes[3] that lends itself for comparative studies of different contacting 
techniques, i.e. STM and MCBJ. This class represents a tripodal footprint and a conjugated 
molecular wire that stands upright on surfaces and forms highly-conductive molecular 
junctions in the MCBJ set-up. 
_________________________________________ 
1. C. Schirm et al, Nature Nano 8, 645, 2013 
2. Y. Kim et al., Nano Lett. 12, 3736 (2012), Y. Kim, Phys. Rev. Lett. 109, 226801 (2012) 
3. M. Valasek et al., DOI: 10.1021/jo501029t



Long-range charge transport in single G4-DNA molecules 

Gideon I. Livshits [1], Avigail Stern [1], Dvir Rotem [1], Natalia Borovok [2], Gennady 
Eidelshtein [2], Agostino Migliore [3], Erika Penzo [4], Shalom J. Wind [4], Rosa Di Felice 

[5], Spiros S. Skourtis [6], Juan Carlos Cuevas [7], Leonid Gurevich [8], A 
 

[1] Inst. of Chemistry, The Hebrew University of Jerusalem. 
[2] Dep. of Biochemistry and Molecular Biology, Tel Aviv University. 

[3] Dep. of Chemistry, Duke University. 
[4] Dep. of Applied Physics and Applied Mathematics, Columbia University. 

[5] Dep. of Physics and Astronomy, University of Southern California. 
[6] Dep. of Physics, University of Cyprus. 

[7] Dep. Theoretical Condensed Matter Physics, Universidad Autonoma de Madrid. 
[8] Inst. Physics and Nanotechnology, Aalborg University. 

 
 

Presented by: Juan Carlos Cuevas 
 
Research into the charge transport mechanisms in single DNA molecules and their derivatives 
has been hindered by the inherent difficulty to form reliable electrical contacts with single 
molecules as well as by the absence of DNA derivatives that conduct over long distances 
when adsorbed on a substrate. In this talk I will report on detailed and reproducible charge 
transport in G4-DNA adsorbed on a mica substrate. Making use of a novel benchmark process 
for testing molecular conductance in single polymer wires, we observed currents of tens to 
over 100 pA in many G4-DNA molecules over distances ranging from tens to over 100 nm, 
which we show to be compatible with a hopping transport mechanism.



Controlling spin transport at the atomic scale by orbital engineering 

Oren Tal [A], Ran Vardimon [A], Marina Klionsky [A] 
 

[A] Department of Chemical Physics, Weizmann Institute of Science, Rehovot, Israel 
 
 

Presented by: Oren Tal 
 
Electronic spin transport across atomic-scale junctions is very sensitive to the fine details of 
the electronic structure at the junction constriction. We use this sensitivity to control and 
explore atomic-scale spin transport. By modifying the electronic structure of atomic contacts 
with the aid of local chemical manipulations, we fabricated atomic scale junctions with up to 
100% spin-polarized conductance as verified by shot noise measurements. Interestingly, the 
spin filtering is done at the length scale of an atom, leading to a single spin-polarized 
transmission channel with significant conductance of ~0.6 (e^2)/h. The high spin-polarization 
is preserved for further elongation of the atomic-scale conductor. The presented orbital 
engineering approach can open the door for fundamental study of atomic-scale spin transport 
with attractive implications for spintronics.



Circular currents, magnetic field effects and spin selectivity in molecular junction 
transport 

Abraham Nitzan 
 

Tel Aviv University 
 
 

Presented by: Abraham Nitzan 
 
I will discuss the process of current transfer in molecular wires, then connect it to the 
phenomenon of circular currents in molecular loops and helices. Magnetic field effects in 
conduction junctions involving ring molecular structures, and dephasing effects on such 
phenomena will be examined. Possible implication for recent observations of spin selectivity 
is electronic transport through helical chains will be pointed out.



Towards experimental tests of non-conservative current-induced forces 

Jan van Ruitenbeek 
 

Kamerlingh Onnes Laboratorium, Universiteit Leiden, Netherlands 
 
 

Presented by: Jan van Ruitenbeek 
 
An electron current flowing in a conductor exerts a force on the atoms of the conductor. This 
is well known and is observed as electromigration: for strong current densities over long 
periods of time material is transported to one side. A true microscopic description of this 
phenomenon is still lacking, and experiments probing the process at the atomic scale have 
also not yet been reported. This poses an interesting challenge.  
The problem has gained further interest as a result of recent theory by Todorov and others 
[1—4], who analyzed the problem of a current carrying quantum bath interacting with semi-
classical atomic masses. They identify two non-trivial components to the force acting on the 
atoms. One force component acts along (or opposite) the current vector and is non-
conservative, implying that it can do work on a closed-path trajectory of the atoms. The 
second is referred to as the “Berry Force” because it is associated with the Berry phase, and 
acts similar to a Lorentz force: perpendicular to the velocity of the atoms and such as to keep 
them in a circular trajectory. In contrast to the standard view of electromigration this force is 
not a stochastic force. 
These predictions open perspectives for dc current driven nano motors. This calls for 
experiments that can probe the phenomena on an atomic scale. Preliminary experimental 
results may give evidence for this current-induced force. New experiments with refined 
control over molecular arrangements are under way.  
______________________________ 
[1] D. Dundas, E.J. McEniry, T.N. Todorov, Nature Nanotechnol., 4, 99-102 (2009).  
[2] J.-T. Lü, M. Brandbyge, P. Hedegård, Nano Lett. 10, 1657-1663 (2010).  
[3] J.-T. Lü, M. Brandbyge, P. Hedegård, T.N. Todorov, D. Dundas, Phys. Rev. B 85, 245444 
(2012).  
[4] N. Bode, S.V. Kusminskiy, R. Egger, F. von Oppen, Phys. Rev. Lett 107, 036804 (2011)



Phonons manipulation with electrical currents 

Stefano Sanvito [A], Meilin Bai [B], Clotilde Cucinotta [A], Shimin Hou [B] 
 

[A] School of Physics, AMBER and CRANN, Trinity College, Dublin 2, Ireland 
[B] Centre for Nanoscale Science and Technology, Key Laboratory for the Physics and 

Chemistry of Nanodevices, Department of Electronics, Peking University, Beijing 100871, 
China 

 
 

Presented by: Stefano Sanvito 
 
It is well understood that atomic vibrations can affect the transmission of electrons through a 
nano-scaled objects. At the molecule level single phonon excitations can be measured and one 
can use the current as a spectroscopical tool known as inelastic electron tunnelling 
spectroscopy. In contrast the effects that an electronic current can bare on the vibrational 
excitations of a molecule are less known. Here I will present calculations for the phonon 
spectrum of a simple molecular junction calculated under current-carrying condition, and 
demonstrate that both phonon softening and hardening can be achieved, depending on the 
particular symmetry of the phonon mode. The results will be rationalised in terms of a simple 
oscillator model with bias-dependent spring costants.



Thermal and low energy physics at nanoscale: some theoretical insights 

Yoshihiro ASAI 
 

Nanosystem Research Institute (NRI), “RICS”, National Institute of Advanced Industrial 
Science and Technology (AIST), Central 2, Umezono 1-1-1, Tsukuba, Ibaraki 305-8568, 

Japan 
 
 

Presented by: Yoshihiro Asai 
 
A fully quantum theoretical scheme for self-consistent calculations of both the electric current 
and the phonon current including the electron-phonon scattering effects between them was 
established [1] paying attention to the thermal equilibrium boundary conditions. We have also 
included the electron correlation effect within the self-consistent GW approximation [2]. 
Using this scheme, the local heating effect and the heat dissipation effect [3], and the low 
energy transport properties of molecular junctions [4,5] were discussed. Based on the 
theoretical results, we will discuss the thermal and the low energy physics problems at 
nanoscale paying attentions to comparisons with experimental results.   
_____________________________________   
[1] Y. Asai, Phys. Rev. B 78, 045434 (2008). 
[2] Y. Asai, H. Nakamura, J. Hihath, C. Bruot, and NJ Tao, Phys. Rev. B 84, 115436 (2011). 
[3] Y. Asai, Phys. Rev. B, 84, 085436 (2011). 
[4] Y. Asai, Phys. Rev. B 86, 201405(R) (2012). 
[5] Y. Asai, J. Phys. Cond. Matt. 25, 155305 (2013).



Inelastic effects on the electronic current noise through nanojunctions 

Tomáš Novotný [A], Federica Haupt [B], and Wolfgang Belzig [C] 
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I will review our recent works on the topic of evaluation of vibrational inelastic features in the 
electronic current noise through nanojunctions. Inelastic noise is believed to be an important 
supplement to the standard IETS in understanding and description of nanoscopic junctions. 
We use the generating-functional methodology based on the full counting statistics approach 
for calculating the inelastic noise perturbatively in the small electron-vibration coupling. I will 
discuss the general structure of the results as well as some subtleties related to the formalism, 
in particular the issue of correct inclusion of the vibration heating effects. Finally, I will 
comment on the interpretation of the first experimental results freshly published.
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Using low-temperature scanning tunneling microscopy the electron transport through atomic-
scale contacts is investigated from the tunnelling range to ballistic transport.  The talk will 
address the magnetoresistance of single-atom contacts as well as the shot noise of the current, 
which is observed over a wide range of frequencies.
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The interplay between local spatial ordering and electronic structure governs electrical 
transport in molecular junctions. We will report on recent insights in structure-transport 
correlation obtained from conductance fluctuations measurements [1] as well as force [2] and 
IV spectroscopy in molecular junctions characterized by mechanically controllable break 
junctions. 
Graphene has also recently attracted attention as a possible alternative electrode material for 
contacting molecules. We recently implemented a reliable electroburning process to fabricate 
sub-5 nm wide gaps in CVD-grown single-layer graphene electrodes [3]. From Raman 
spectroscopy and electroburning carried out simultaneously, we can follow the heating 
process and infer the temperature at which the gap formation happens. 
____________________________________ 
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A fabrication scheme for single-molecule junctions based on epitaxial graphene 
nanoelectrodes is presented. Employing a molecular wire with fullerene anchor groups, stable 
electrical characteristics could be recorded. With the same molecular species, junctions with 
graphene and with gold electrodes display a striking agreement. Hence, the formerly strong 
uncertainty about the molecule-electrode contact is significantly reduced. This allows for the 
assignment of asymmetries and details of the electrical characteristics to internal molecular 
degrees of freedom. Ultraflat and transparent graphene electrodes pave the way to employ 
additional probes and techniques for a substantially improved investigation of single-molecule 
junctions.
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Driven by recent breakthroughs in experiment and theory, single-molecule junctions are 
emerging as novel testbeds for understanding electronic structure and function at interfaces, in 
and out of equilibrium, and in heterogeneous environments. In this talk, I will summarize ab 
initio methods for computing and understanding the transport properties of molecular 
junctions. Our approach includes important exchange and correlation effects missing in 
standard DFT Kohn-Sham junction level alignment, building on self-energy corrections 
within a GW approximation and a new class of optimally-tuned range-separated hybrid 
functionals. I will describe applications of this approach to explain selected recent 
measurements, including (i) solvent-tuning of conductance; (ii) strong rectification from 
hybrid junctions with carbon-based electrodes; and (iii) the dependence of porphyrin junction 
conductance on metal center.
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The failure of standard density functional theory (DFT) to provide a reliable description of the 
conductance of molecular junctions is well known. Going beyond the single-particle 
approximation we show that the GW self-energy method yields conductance and 
thermopower of simple molecular junctions in excellent agreement with experiments[1,2]. 
The main improvement, compared to conventional DFT, originates from a better energy level 
alignment at the metal-molecule interface. However, the GW self-energy can also affect the 
shape of the molecular orbitals[3] and furthermore accounts for the finite response time 
associated with the formation of the image charge in the electrodes which can affect the 
conductance significantly[4]. 
_______________________________ 
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Molecular and nanoelectronics represent the next years challenge of technology. This is 
boosted not only by the need of shorter and shorter integration scales, but also by the 
expectation that unusual physical properties are going to be observed due to confinement and 
other quantum effects. 
Beside the experimental efforts to synthetize nanoelectronic devices, quantum transport 
theory has the formidable task to understand and model the mechanisms behind these 
phenomena and, as a last issue, to predict them ab initio. 
A very popular approach based on the Landauer formula on top of ab initio Kohn-Sham 
density-functional theory (DFT), has shown its ability to describe small bias coherent 
transport and contact resistance. However DFT presents some limits, for example cannot 
describe non-coherent and dissipative effects due e.g. to electron-electron scatterings and 
electronic correlations. 
In this talk we present a many-body approach beyond DFT based on the GW approximation 
to the self-energy of non-equilibrium Green's function theory. 
After an introduction on GW in quantum transport, we present some results we have obtained 
on simple nanochains, as well as on organic molecular junctions. 
______________________ 
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We use correlation analysis to identify what happens before the formation, and after the 
rupture of Ag-CO-Ag single-molecule junctions. Two dimensional correlation histograms and 
conditional histograms demonstrate that prior to the single-molecule bridge configuration the 
CO molecule is already bound parallel to the Ag single-atom contact. This molecular 
precursor configuration is accompanied by the opening of additional conductance channels 
compared to the single-channel transport in pure Ag monoatomic junctions. To investigate the 
post-rupture evolution of the junction we introduce a cross-correlation analysis between the 
opening and the subsequent closing conductance traces. This analysis implies that the 
molecule is bound rigidly to the apex of one electrode, and so the same single-molecule 
configuration is re-established as the junction is closed. The experimental results are 
supported by ab initio simulations.
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We have exploited STM based methods for making single molecule measurements under 
electrochemical potential control. The electrochemical potential can be used to control the 
redox state of single molecule bridges and switch the electrical conductance from low to 
higher values. This has been referred to as the “single molecule electrochemical transistor” 
configuration, with the electrochemical potential “gating” the molecular conductance in the 
STM nano-gap configuration. Recent results from our group on gating the conductance of 
single molecules will be discussed including studies of the redox active pyrrolo-
tetrathiafulvalene (pTTF) molecular bridge. As the electrochemical potential was swept 
through the 3 redox states of pTTF an “off−on−off−on− off” conductance switching was 
observed. The mechanism of charge transport in the STM nano-gap setup is discussed. Our 
recent work on other redox active molecules studied using this in-situ electrochemical STM 
method will also be discussed.
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The art of molecular electronics is to realize the functionalization of single molecule 
electronics components through triggering the molecular structure/energy level changes. 
Employing the concept of “electrochemical gating”, break junction techniques are considered 
as ideal testbed to access and manipulate the charge transport in single-molecule scale at room 
temperature under well-controlled condition.  
In this talk, I will report several single-molecule conductance studies of redox active and 
redox inactive under electrochemical gating using STM break junction technique. In these 
experimental studies, electrochemical gating shows great potential in the alignment of 
molecular frontier orbitals with electrode Fermi level and manipulation of molecular redox 
process for single-molecule junction, which leads to some interesting applications such as 
multiple phase molecular switch and integrated molecular circuit.
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The development of strong molecular acceptors (e.g. TCNQ,TCNE),[1] and molecular donors 
(e.g. TTF)[2] led to ground-breaking discoveries, such as the first molecular metal 
(TTF.TCNQ[3]) and the first molecular superconductor ([TMTSF]2PF6).[4] The solid-state 
structures of charge transfer salts are crucial in determining their unusual electrical properties. 
In this talk, we show that the conductance of metal | single molecule | metal junctions 
involving terthiophene or 1,4-phenylene moieties can increase by a factor of up to 60 upon 
formation of charge transfer complexes with TCNE. 
___________________________________ 
[1] L.R. Melby et al., J. Am. Chem. Soc. 1962, 84, 3374. 
[2] F. Wudl et al, J. Chem. Soc., Chem. Comm. 1970, 1453. 
[3] J. Ferraris et al., J. Am. Chem. Soc. 1973, 95, 948. 
[4] D. Jerome et al., J. de Phys. Letts. 1980, 41, L95.
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The study of redox junctions has so far been conducted in solution, utilizing “electrolyte 
gating” to control their redox states and, as a result, their steady-state transistor-like 
conductance behavior. Here we explore redox junctions under vacuum at 77 K, and report real 
time detection of redox events in junctions of the type Au–6-thiohexanethiolferrocene–Au. 
Redox events are revealed as a two-level fluctuating signal in current–time traces with 
potential-dependent amplitude and frequency. Using a theoretical model for signals with a 
telegraph-like noise, the current–time traces are analyzed to extract the various molecular 
parameters which define the dynamics of the system. The presented method, which can be 
applied to other types of redox molecules, offers a new approach to study the unexplored 
territory of molecular dynamics in molecular junctions.
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We present heat-transport measurements conducted with a vacuum-operated scanning thermal 
microscope (SThM) to study the thermal conductance of monolayers of nine different alkane 
thiols self-assembled on Au(111) surfaces as a function of their length (2 to 18 methylene 
units). The molecular thermal conductance is probed in a confined area with a diameter below 
10nm in the contact between a silicon tip and the self-assembled monolayer. This yields a 
pW/K sensitivity per molecule at a tip temperature of 200 - 300 C versus the gold at room 
temperature. We found conductance variance of up to a factor of three as a function of alkane 
chain length, with maximum 
conductance for a chain length of four carbon atoms. 
____________________________ 
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Research in nanophononics pursues the far reach goal of achieving control over the 
propagation of vibrations in solids over a broad range of frequencies, including the THz 
regime, by nanostructuring [1]. Given the inherent difficulties in experiments in dealing with 
controlled fabrication of nanostructures and with measurements of nanoscale heat transport, 
atomistic modeling plays a fundamental role in nanophononics. Here I will report our recent 
theoretical results on phonon transport in carbon nanostructures [2-3], silicon nano-
membranes and molecular junctions, achieved through the combination of several atomistic 
simulation techniques, based on molecular dynamics and lattice dynamics, which shed light 
on various aspects of thermal transport at the nanoscale in technologically important 
materials.  
____________________________________ 
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Nanophononics is an emerging field of condensed matter that deals with transport of thermal 
phonons at very small length scales. Here we particularly focus our interest towards low 
temperature experiments. 
When a waveguide becomes smaller than the mean free path or the phonon wavelength (ℓ < 
100 nm at low temperature), heat transfer are strongly affected. Here, I will present the results 
we obtained by ultra-sensitive measurements of thermal conductance of suspended nano-
objects (nanowires and membranes) using the 3� method. This experimental set-up allows 
the measurement of power as small as a fraction of femtoWatt (10-15 Watt). These 
experiments show that the concepts of mean free path and dominant wavelength are crucial to 
understand the phonon thermal transport below 10K. The phonon transport, at this 
temperature, is well described by the Casimir-Ziman model used here to treat the data. Thanks 
to the fact that the nanowires are made out of monolithic single crystal, we first demonstrate 
that the contribution of the thermal contact between a nanowire and the heat bath to the global 
thermal balance is negligible.   
Strong reduction of thermal conductance has been obtained in serpentine nanowire where the 
transport of ballistic phonons is blocked. Moreover, in corrugated silicon nanowire, we 
showed that the corrugations induce significant backscattering of phonon that severely 
reduces the mean free path (up to a factor of ten), beating in some cases, the Casimir limit. 
These experiments demonstrate the ability to manipulate ballistic phonons by adjusting the 
geometry of thermal conductors, and hence manipulate heat transfer at low dimensions. We 
will also discuss future thermal measurements at subkelvin temperature.  
Finally, the use of these new concepts of engineering heat transfer at the nanoscale allows 
considering the development of new nanostructured materials for thermoelectrics at room 
temperature, opening exciting prospects for future applications in energy harvesting. 
_____________________________________________ 
[1] J.-S. Heron, T. Fournier, N. Mingo and O. Bourgeois, Nano Letters 9, 1861 (2009). 
[2] J.-S. Heron, C. Bera, T. Fournier, N. Mingo, and O. Bourgeois, Phys. Rev. B 82, 155458  
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(2014). 
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We first expose recent advances in the understanding of heat conduction in  semi-conductor 
superlattices and carbone based systems. The effect of (i) coherence and (ii) 
interfaces/surfaces becoming predominant, we use a direct simulation technique -i.e. 
Molecular Dynamics- to estimate the thermal resistance generated by those effects. 
We secondly tackle the mechanism of radiation at small scales. When the gap distance 
between two emitting bodies decreases below the Wien's photon wavelength, direct 
electrostatic interactions between charges yield an exalted heat transfer larger than the one 
predicted Stefan's Law. We show that the proposed Maxwell equation approach remains 
limited to gaps larger than about 10nm and we highlight that charge-charge interactions 
predominate below this distance down to a few Angstroëms.
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Molecular electronics has drawn inspiration from related fields such as intramolecular 
electron transfer in order to understand electron transport measurements. As we try to 
understand heating, heat transport and thermoelectric properties in molecular junctions, 
however, the intuition we can draw from related fields starts to desert us. Here we explore 
three cases of how we can use chemical functionality to influence firstly, the current induced 
heating; secondly, the magnitude of the inelastic current; and thirdly, the heat transport 
through molecular junctions.
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The understanding of coupled particles and heat transport in complex systems is a 
fundamental problem, also of practical interest in connection with the challenging task of 
developing high-performance thermoelectric heat engines and refrigerators. Recently 
discovered general mechanisms of optimizing the figure of merit of thermoelectric efficiency 
are discussed, also in connection to momentum-conserving interacting systems [1], to the 
breaking of time-reversal symmetry by an applied magnetic field [2], and to multiterminal 
steady-state quantum thermal machines [3]. 
_______________________________________ 
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Gollum is a new multi-scale, multi-terminal tool that addresses a number of new challenges 
and functionalities that have emerged in nanoscale-scale transport over the past few years [1]. 
We show here a few demonstrator calculations such as transport in the presence of non-
collinear magnetism, the quantum-Hall effect, Kondo and Coulomb blockade effects, multi-
terminal transport, quantum pumps and superconducting nanostructures. 
We discuss in more detail our results for a few examples of graphene-based molecular 
junctions [2].  We show that the energy position of the Breit-Wigner molecular resonances is 
universal for a given molecule, in the sense that it is independent of the details of the 
graphene edges, gaps lengths, or of the molecule positions. We discuss the need to converge 
carefully the k sampling to provide reasonable values of the conductance. 
__________________________________________ 
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Break junction measurements are widely used to study single-atom and single-molecule 
junctions. The various conductance traces recorded during the repeated opening and closing 
of the junction are assumed to be statistically independent from each other, and so the break 
junction method is assumed to provide a huge statistical ensemble for the properties of 
preferable atomic and molecular junction configurations. Using cross-correlation analysis 
method we demonstrate that this statistical independence is not always satisfied, certain 
materials tend to show deep memory effects, and a strong dependence between subsequent 
conductance traces, even if the junction is strongly pushed together between subsequent 
ruptures.
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Understanding the mechanisms of heating and cooling in molecular junctions is important for 
the development of practical devices based on molecular electronics. Electrons can exchange 
energy with phonons through scattering and this energy can be redistributed between phonons 
and dissipate into the contacts. Inelastic transport calculations reveal which vibrational modes 
scatter the electrons, but very little is known about the dissipation process that involves 
phonon-phonon scattering. In this work we keep track of the phonon population by including 
both phonon-phonon and electron-phonon interaction for a simple one-dimensional system 
under electronic and heat bias using a Green’s function approach. The results from this study 
might be used to gain chemical intuition of value in the design of practical devices.
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We study the phonon transport through atomic-scale junctions. The ballistic as well as non-
linear conductance are obtained by combining DFT based harmonic, third- and forth-order 
force constants with non-equilibrium green's function technique.  The non-linear effects are 
included at the level of first order self consistent born approximation (SCBA). We calculate 
the thermal conductance of various atomic-scale junctions and study the temperature 
dependence of the cross over from ballistic to non-linear thermal transport.
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In this work we monitor electron transfer (ET) rates on QD-bridge-oxide assembles by 
transient Terahertz (THz) spectroscopy [1]. We find that molecular bridges based on n-
methylene and n-phenylene moieties show temperature independent ET rates which decrease 
exponentially with molecular length. We demonstrate that ET through the molecular bridge 
occurs as a non-resonant coherent tunnelling process (superexchange mechanism). The 
obtained characteristic decay factors are in quantitative agreement with previous reports on 
conductance through single molecule junctions (STM probes) and through self-assembled 
monolayers (SAMs sandwiched in a capacitor). Our results illustrate that (i) conductance and 
ET rates are indeed closely correlated as predicted by Nitzan; and (ii) that THz spectroscopy 
on QD-bridge-oxide assembles can be exploited as a high statistic protocol for measuring 
molecular conductance. 
__________________________________ 
[1] Nano Lett., 2013, 13 (11), pp 5311–5315
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A novel method for the fabrication of the top contact electrode in a metal|organic 
monolayer|metal device is presented. The procedure used consists in the thermally induced 
decomposition of an organometallic compound that we have abbreviated as the TIDOC 
method. Monolayers incorporating metal organic compounds (MOCs) were annealed at 
moderate temperatures, resulting in cleavage of the Au-P or Au-C bond and reduction of 
Au(I) to Au(0) as metallic gold nanoparticles (GNPs). These particles are distributed on the 
surface of the film which leads to the formation of metal|molecule|metal devices. Electrical 
properties of these nascent devices were determined by recording I-V curves with a 
conductive-AFM using the Peak Force Tunneling AFM (PF-TUNA™) mode. The obtained 
results rule out the formation of short-circuits evidencing that the TIDOC method is an 
effective procedure for the fabrication of molecular junctions.[1] 
_____________________________ 
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The interaction between electronic and vibrational degrees of freedom in single-molecule 
junctions results from a dependence of the electronic energies on the nuclear displacement, 
but also from the dependence of the electronic states of the molecular bridge on the nuclear 
coordinates. The latter mechanism leads to a direct coupling between different electronic 
states and is referred to as nonadiabatic electronic-vibrational coupling. Employing a 
perturbative non-equilibrium Green's function approach, we study the influence of 
nonadiabatic electronic-vibrational coupling on the transport properties of model molecular 
junctions. Furthermore, we investigate the influence of adiabatic and nonadiabatic electronic-
vibrational coupling on interference effects in the electronic current as well as the interplay 
between adiabatic and nonadiabatic electronic-vibrational interactions.
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A key issue in the study of the heat transport in nanoscale devices is the understanding of the 
heat transfer via thermal radiation between systems separated by nanometer-size gaps. In this 
work, we present a combined experimental and theoretical study of the radiative heat transfer 
in the extreme near-field regime (gaps of 1-10 nm). From the experimental side, we 
performed systematic studies using AFM-based scanning probes with integrated nanoscale 
thermocouples [1], which were coated with dielectrics (SiO2 or SiNx). To understand our 
experimental results we performed extensive numerical simulations making use of the so-
called boundary element method [2], which allows us to describe realistic geometries for our 
tip-sample setups. Our theoretical results are in good qualitative agreement with the measured 
heat flows between both dielectric and metallic surfaces. 
____________________________________ 
[1] W. Lee et al, Nature 498, 209 (2013). 
[2] M. T. H. Reid et al, Phys. Rev. Lett. 103, 040401 (2009).
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Recent experimental conductance measurements performed on paramagnetic molecular 
adsorbates on a superconducting surface, using superconducting scanning tunneling 
microscopy techniques, are theoretically investigated. For low temperatures, we demonstrate 
that the local magnetic moment is protected against excitations for voltage biases smaller than 
the superconducting gap of the scanning tunneling microscope. The magnetic moment is only 
excited for voltages corresponding to the sum of the superconducting gap and the spin 
excitation energies. In excellent with experiment, we show that pumping into higher 
excitations give additional current signatures by accumulation of density in the lower ones. 
Using external magnetic fields, we Zeeman split possible degeneracy and thereby resolve all 
excitations comprised in the magnetic moment. 
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The spin crossover phenomenon, where the state of a complex can be varied with external 
stimuli, has been investigated at the single molecule level only recently with scanning 
tunneling microscopy. Miyamachi et al. showed that Fe(phen)2(NCS)2 molecules on 
Cu(100), at 4 K, are found both in low (LS) and high spin (HS) states [1]. The HS molecules, 
in respect to LS molecules, are more conductive, are bigger, and show a Kondo feature. 
Gopakumar et al. studied Fe(bpz)2(phen) molecules on Au(111) at 4 K finding similar results 
[2]. We investigate an E-field driven spin crossover in a 2-terminal junction configuration 
formed by mechanically controlled break junction Au electrodes. Transport measurements at 
4 K show signs of bistability, indirect proofs points to the HS being more conductive. 
_______________________________ 
[1] T. Miyamachi et al., Nature Comm. 3, 2012 
[2] T. G. Gopakumar et al., Angewandte Chem. 51, 2012
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We study the excitation  and propagation of surface plasmons polariton (SPPs) on a 4µm wide 
gold stripe of thickness about 100nm. These studies allow the determination of local 
intensities in experiments with mechanically controllable break-junctions under light 
irradiation .For the excitation we use an optimized grating in the stripe. The surface plasmons 
propagate towards and across a constriction. We show that SPPs are transmitted with high 
probability across a constriction, with smallest lateral dimensions of atomic. For comparison 
we performed FDTD_(Finite Difference Time Domain) simulations  with Lumerical. We 
model a supported gold stripe in the same geometrical arrangement as the sample[1]. 
_________________________________________ 
[1] Benner D, Boneberg J, Nürnberger P, Ghafoori G, Leiderer P and Scheer E  New J. Phys . 
15 (2013) 113014
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The nonlinear transport properties of nanometer-scale junctions formed between an inert 
metallic tip and an Ag film covered by a thin Ag2S layer are investigated [1]. Suitably 
prepared samples exhibit memristive behavior with technologically optimal ON and OFF state 
resistances yielding to resistive switching on the nanosecond time scale. Utilizing point 
contact Andreev reflection spectroscopy, we studied the nature of electron transport in the 
active volume of memristive junctions showing that both the ON and OFF states correspond 
to truly nanometer-scale, highly transparent metallic channels. Our results demonstrate the 
merits of Ag2S nanojunctions as nanometer-scale memory cells which can be switched by 
nanosecond voltage pulses.  
_________________________________ 
[1] Nanoscale, 2014, 6, pp 2613-2617  
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We analyze charge and heat transport properties of $pi$-stacked, multilayered paracyclophane 
molecules using density functional theory combined with non-equilibrium Green's function 
techniques. The conductance of that class of molecules was measured in [1].  Beside the 
elastic conductance we investigate the not yet measured thermopower and inelastic electron 
tunneling spectra (IETS). The transmission eigenchannels show that the current is mainly 
carried by the $pi$ system of the paracyclophane molecules and by taking into account 
different contact geometries, we find that this is independent of the binding motif.  While the 
conductance decays exponentially with increasing molecular length, the thermopower 
increases linearly and may change its sign. Similarly, we analyze how the IETS and the heat 
transport depend on the molecular length and vibrational modes in the junction geometries. 
_____________________________________________ 
[1] S. T. Schneebeli textit{et al.} J. Am. Chem. Soc. textbf{133}, 2136 (2011)
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We fabricate a stable atomic gold contact using Mechanically Controllable Break Junction 
(MCBJ) to study the electronic properties of ferrocene molecules with different end groups. 
The ferrocene molecules are interesting because of their rotational flexibility with respect to 
two cyclopentadienyl (Cp) rings without activation threshold . 
Chemisorption of molecules on gold atomic contact was confirmed by XPS technique on Au 
thin film. XPS also shows that the molecules stay unfragmented in all cases. The molecular 
solution are added as droplets to the atomic contact. The junctions are opened in vacuum 
using a piezo motor and measurements are done at room temperature and at 80K. Repeated 
opening and closing of the junction after insertion of molecules shows pronounced plateaus 
below 1Go. The quantised conductance (Go ) at 0 V is taken as reference value. For 1,1' 
Ferrocene dithiol, IV- spectra are measured in the range of 0.004 G0 < conductance < 0.6 G0. 
Detailed analysis of IV- curves show peaks in the first derivative . In the range of 0.56 Go to 
0.09 Go there are two symmetric peaks whose energy difference increases from 30 meV to 80 
meV with increasing the contact distance. Above 0.56 Go or below 0.01 Go symmetric peaks 
are absent. The IV curves are linear showing a metallic character of the Ferrocene dithiol 
molecule confirming our previous work with an Ag electromigrated junction[1]. The 
investigation of electrical properties of 1,1' Ferrocene diamine shows a tunneling behavior 
which confirms that end groups play a significant role in molecular transport. 
_______________________________________________ 
[1]Switchable nanometer contacts: Ultrathin Ag nanostructures on Si(100) 
G. Gardinowski, J. Schmeidel, H. Pfnür, T. Block, and C. Tegenkamp



Poster No. W14 

 

GW: Solutions of the quasiparticle-equations including wavefunction updates 

Ferdinand Kaplan[A][C][D], Caroline Rodenbeck[A][D], Michiel von Setten[E], Ferdinand 
Evers[A][B][C][D] 

 
[A] Institute of Nanotechnology (INT) 

[B] Center for Functional Nanostructures (CFN) 
[C] Institute for Theoretical Condensed Matter Physics (TKM) 

[D] Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany 
[E] Université catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium 

 
 

Presented by: Ferdinand Kaplan 
 
To systematically improve the estimation of quasi-particle energies for molecular system, we 
have implemented the so called GW method into a standard quantum chemistry package 
($G_{0}W_{0}$-level). 
A central mathematical step in GW is the solution of the quasiparticle (qp-) equation. Its 
solution yields the corrected excitation energies and qp-wavefunctions. A common 
simplification in this procedure is to neglect all off-diagonal elements of the qp-equation, i.e. 
the real space structure of the qp-wavefunctions is adopted from the Kohn-Sham(KS)-
reference states. 
To investigate the quantitative error associated with this approximation we suggest a second 
order perturbative analysis. It takes account for effects on the spectrum that originate from 
wavefunction updates in a computationally affordable way. For a typical set of molecules we 
find significant effects. Due to the correction the ionization potential experiences shifts 
(usually towards less binding) reaching 100mV or more.
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The orientation and the adsorption site of C60 in domains with a 2√3 x 2√3R30° unit cell on a 
Au(111) surface have been investigated using low temperature scanning tunneling 
microscopy. While the so called “disordered” 2√3 x 2√3R30°-domain (d-R30°) is well 
investigated [1,2], here a 2√3 x 2√3R30°-domain (u-R30°) with uniform height will be 
discussed, which is still under investigation.  
In this study we will show that fullerenes in the u-R30°-domain have a 5:6 bond facing up. In 
addition, domain boundaries only defined by the orbital orientation of the fullerenes, i.e. 
without positional defect at the domain boundary, are examined.   
Besides the structural also STS-investigations have been performed. Here, different 
adsorption sites and orientations of C60 on Au(111), respectively, play an important role on 
transport properties.     
______________________________________________ 
[1] E. I. Altman, R. J. Colton, Phys. Rev. B 48, 18244 (1993). 
[2] H. Shin et al., Phys. Rev. B. 89, 245428 (2014).
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Thermoelectric devices offer the promise for applications such as power generators and heat 
pumps. Nano-scale devices become desired systems for high-performance thermoelectric 
materials. In such a device, an increase in the electronic density of states is observed, which 
result in enhanced Seebeck coefficients.  
Here we focus on thermo-voltage measurements of thermocouples. We will show the concept 
to determinate of the thermo-voltage of Metal-Molecule-Metal thermocouples, using a new 
developed Mechanically Controlled Break Junction (MCBJ) mechanism and present 
techniques to measure the temperature gradient. 
________________________________________________ 
[1] B. Kopp et al, Beilstein J. Nanotechnol. 3, 703 (2012) 
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Experimental electronic transport studies of copper phthalocyanines (CuPc) chemicaly bound 
to Ag electrodes show finite-bias satellites accompanying the Kondo anomaly. For CuPc 
chemisorbed on the surface Ag(100), the satellites originate from exchange interaction 
between metal and ligand spins [A]. Suprisingly, this picture does not hold true if the CuPc is 
contacted to a pair of Ag electrodes of a break-junction, as we discover in a joint experimental 
and theoretical study. 
Electronic-structure calculations show that the main difference between the surface and 
junction case is that in the latter, ligands do not host a magnetic moment. We attribute the 
finite-bias peaks to vibrational excitations that couple to the Kondo resonance. Analysis of the 
electron-phonon coupling matrix points to the A1g vibrational mode of the gas-phase CuPc. 
As the junction is stretched, the calculated excitation energy changes non-monotonously, in 
qualitative agreement with experimental observation.
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Experimentally, it has been observed that changing the solvent, unavoidable in any STM 
break junction experiment, can alter the conductance of a molecular junction by up to a factor 
of two [2]. We explain shifts in conductance associated with solvent as a local gating effect 
caused by solvent molecules bound to surfaces near the junction. We demonstrate this via ab 
initio self-energy corrected [1] transmission calculations of 4,4’-bipyridine on gold in which 
various molecular coverages results in a shift in the local potential of the junction, altering the 
junction energy level alignment and enhancing the conductance by more that a factor of 50%. 
Furthermore, we develop a general electrostatic model, incorporating experimental parameters 
and first-principles calculations, that elucidates the relationship between molecular 
adsorption, the junction potential and conductance [3]. 
________________________________ 
[1]Nano Lett. 9, 3949-3953, 2009 
[2]Nano Lett. 11, 1988-1992, 2011 
[3]Kotiuga, M., et. al., in prep., 2014
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We study phonon transport in molecular junctions that consist of an alkane chain connected to 
two graphene leads. The thermal conductance is computed for alkane chains of different 
lengths and at different strain conditions. The force constant matrices are calculated with 
density-functional theory. The phonon transmission and thermal conductance are obtained 
from the scattering-matrix approach and Landauer formula. It is found that length of alkane 
chains has a dramatic influence on the thermal conductance of junctions. Furthermore, the 
thermal conductance of molecular junctions with curved chains decreases significantly, 
compared with fully extended chains, thus making the device a viable thermal switch.
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We measure the conductance of diarylethene molecules in solution at room temperature with 
the Mechanically Controllable Break junction (MCBJ) Technique.  
Diarylethenes show photochromic behavior and the reaction changes the conjugated network 
they could be used as molecular switches in nanocircuits. Our molecules contain oxygen 
instead of sulfur in the reactive center to avoid unwanted coupling of the reactive center to the 
electrodes [1].  While opening and closing the MCBJ in solution we measure the linear 
conductance and the current-voltage characteristics of the molecules. From these data we plot 
conductance histograms and identify the current-dominating molecular orbital. Furthermore, 
we compare the results to previous findings of molecules with shorter linkers and investigate 
the influence of the solvent[2,3]. 
__________________________________ 
[1] T. Kudernac et al., Chem. Comm. 48, 3597 (2006) 
[2] B. Briechle et al., Beilstein J. Nano 
[3] Y. Kim et al., Nano Letters 12, 3736 (2012)
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We study the conductance histograms of different metals such as Au and Al. Our theoretical 
approach combines molecular dynamics simulations of the stretching of atomic-sized wires 
with the non-equilibrium Green's function formalism based on the tight-binding modeling of 
the electronic system. As compared to previous work [1], we consider substantially larger 
wires and explore different lattice orientations. 
In combination with experiments we recently provided evidence that one can build a fatigue-
resistant two-terminal switch with the reversible rearrangement of single atoms[2]. 
______________________________________________ 
[1] M. Dreher, F. Pauly, J. Heurich, J. C. Cuevas, E. Scheer, and P. Nielaba, Phys. Rev. B 72, 
075435 (2005) 
[2] C. Schirm, M. Matt, F. Pauly, J. C. Cuevas, P. Nielaba and E. Scheer, Nature 
Nanotechnology 8, 645--648 (2013)
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Organometallic complexes are attracting increasing attention in molecular electronics [3] 
because they provide unusual conductance properties derived from their redox activity at 
moderate electrode potentials. Moreover, the metallic centre offers the possibility to tune the 
energy levels of the frontier molecular orbitals to better match the Fermi levels of the 
electrodes. In this work, Sonogashira cross-coupling reactions are described as an easy way to 
synthesize more complex organometallic molecules without necessitating the tedious 
syntheses of the pro-ligands. This procedure is first demonstrated through the preparation of a 
range of arylbuta-1,3-diynyl metal complexes Ru(C ≡CC≡CR)(PPh3)2Cp (1) and then 
employed for the elaboration of metalla-oligo(aryleneethynylene)s trans-M{C≡C-
C6H2(OR)2C≡CC6H4N}2Ln [MLn = Ru(dppe)2 (2) Pt(PPh3)2 (3) with pyridyl anchor 
groups. The two compounds (2) and (3) have been made for the purpose of assembly in 
molecular junctions.
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Charge transfer in oligophenylene-ethnynylene-bridged dinuclear ruthenium complexes of 
various lengths was probed by electrochemical and spectroelectrochemical methods.  We 
present here five complexes  with alkenyl ruthenium moieties as redox-active groups. The 
various oxidized forms were generated under the in situ conditions of spectroelectrochemistry 
or by chemical oxidation and characterized by IR-, UV/Vis/NIR- and EPR-spectroscopy. The 
relative band shifts of the Ru(CO) stretches in the IR and resolved hyperfine couplings to the 
P-atoms of the phosphine coligands provide important information about the identity of the 
primary redox sites within these complexes and the spin distributions of their oxidized forms 
and the efficacy of charge transfer between their termini. Our EPR-experiments further 
indicate that the dications of all complexes show triplet states that are populated even at room 
temperature.
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Molecular electronics aims at exploiting the internal structure of molecules and their 
electronic orbitals for constructing functional building blocks. Recently, based on intrinsic 
orbitals resonances, an single-molecule tunneling diode with pronounced negative differential 
conductance has been reported [1]. The molecule of interest consisted of two conjugated 
arms, connected by a non-conjugated segment, resulting in two coupled sites. A voltage 
applied across the molecule pulls the 
energy of the sites apart, suppressing resonant transport through the molecule and causing the 
current to decrease. Based on this principle, we design using density functional theory (DFT) 
combined with the non-equilibrium Green's function formalism (NEGF) a robust and highly 
efficient single-molecule diode.  
____________________________________________ 
[1] Large negative diff 
erential conductance in single-molecule break junctions, Perrin et al. Accepted in Nature 
Nanotechnology
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The thermoelectric properties of a molecular junction model, appropriate for large molecules 
such as fullerenes, are studied within a non-equilibrium adiabatic approach in the linear 
regime at room temperature [1]. A self-consistent calculation is implemented for electron and 
phonon thermal conductance showing that both increase with the inclusion of the electron-
vibration coupling. Moreover, we show that the deviations from the Wiedemann-Franz law 
are progressively reduced upon increasing the interaction between electronic and vibrational 
degrees of freedom. Consequently, the junction thermoelectric efficiency is substantially 
reduced by the electron-vibration coupling. Even so, for realistic parameters values, the 
thermoelectric figure of merit can still have peaks of the order of unity. Finally, in the off-
resonant electronic regime, our results are compared with those of an approach which is exact 
for low molecular electron densities. We give evidence that in this case additional quantum 
effects, not included in the first part of this work, do not affect significantly the junction 
thermoelectric properties in any temperature regime. 
________________________________________ 
[1] C. A. Perroni, D. Ninno, V. Cataudella, arXiv:1406.3771.
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We demonstrate the controlled and reproducible fabrication of sub-5 nm wide gaps in single-
layer graphene electrodes. The process is implemented for graphene grown via chemical 
vapor deposition using an "electroburning" process in vacuum. A yield of over 95% for the 
gap formation is obtained [1]. This approach allows producing single-layer graphene 
electrodes for molecular electronics at a large scale. We also investigate the dependence of the 
gap formation on the partial oxygen pressure and the possibility of creating graphene 
nanogaps at cryogenic temperatures. 
______________________________________________________ 
[1] Cornelia Nef et al.: High-yield fabrication of nm-size gaps in monolayer CVD graphene, 
Nanoscale, 6, 7249-7254 (2014)
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The vision of molecular electronics is to employ single or a small ensemble of molecules as 
active, functional building blocks in electronic circuits. Besides current rectification, 
conductance switching is one fundamental operation required for various electronic 
applications. Organometallic compounds with embodied redox-active metal centers are a 
promising novel class of functional molecules as they do not need to undergo large 
conformational changes upon changing their redox state. 
In the previous work, we have synthesized organometallic compounds with different types of 
metal centers (Fe, Mo or Ru), and investigated the influence of various anchoring schemes on 
charge transport, namely the intrinsic functionality. The compounds were electrically 
characterized on the single-molecule level using a mechanically controllable break-junction 
and a statistical measurement procedure accessing molecular orbitals in resonance. 
To further characterize such molecules and to pave the way for a large-scale integration of 
molecular electronics into actual devices, we aim at integrating self-assembled monolayers 
(SAM) of these functional molecules into a nanopore in cross-bar configuration. Using 
conventional fabrication methods, we define nanopores with a diameter between 5 nm and 5 
μm in a thin (5-15 nm) dielectric film on top of an almost atomically flat platinum bottom 
electrode surface. After assembly of the molecular film, we use a gentle soft-deposition 
process followed by physical vapor deposition and etching to create a metallic top contact. 
We fabricated such devices utilizing alkane-dithiol SAMs of different length and present 
statistics on the transport properties (I-V curves) for this 
benchmark system. A clear molecular signature and the absence of shorts even for high-field 
conditions demonstrate the feasibility of this novel platform that is compatible with standard 
fabrication techniques and allows for large-scale devices to be built, which can be operated at 
room-temperature.
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During the last two decades there were many attempts to experimentally characterize spin 
transport over atomic scale junctions. This effort was in many cases hampered by inefficient 
spin injection, due to substantial contribution of spin-degenerate conduction channels. A 
different approach for investigating spin transport at the atomic scale is based on molecular 
junctions, in which the structural variability of molecules is used to locally modify electronic 
properties.  
We study spin transport across a single molecule bridging two ferromagnetic electrodes in a 
mechanically controllable break junction device, exhibiting negligible magneto-elastic effects. 
Using conventional transport measurements we show that the presence of a molecule in our 
devices can result in an enhanced response to magnetic field. The magneto-resistive response 
is found to be tunable by changing the inter-electrode distance. Our findings will be explained 
in the context of selective orbital hybridization.
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In this contribution we investigate vibrationally coupled transport in single-molecule 
junctions using the hierarchical quantum master equation approach [1,2]. 
This method allows a systematic convergence of the reduced dynamics of open quantum 
systems beyond the traditional Markovian rate equations. 
We consider a model consisting of a molecular level coupled to fermionic leads as well as a 
vibrational mode. 
For this system the numerically accurate results of the hierarchical quantum master equation 
approach are compared with Markovian rate equation calculations in different parameter 
regimes. 
The performance of the method with respect to numerical efficiency and convergence is 
analyzed in detail. 
___________________________________ 
[1] Y. Tanimura et al., J. Phys. Soc. Jpn. 75, 082001 (2006). 
[2] J. Jin et al., J. Chem. Phys. 128, 234703 (2008).



Poster No. W30 

 

Nonlinear quantum transport in complex nanostructures 

Benedikt Schönauer [A], Peter Schmitteckert [A] 
 

[A] Institute of Nanotechnology,  Karlsruhe Institute of Technology Campus North,  
Hermann-von-Helmholtz-Platz 1,  D-76344 Eggenstein-Leopoldshafen 

 
 

Presented by: Benedikt Schönauer 
 
We investigate the effects of density-density interaction on the transient and steady state 
current through three different ring structures coupled to non-interacting leads. 
We calculate the time dependent current and the linear conductance using a time dependent 
density matrix renormalization group method to simulate the response to quench in the charge 
imbalance.[1] 
In addition we study the local currents in the rings and the resulting magnetization that 
emerge due to the asymmetry of the ring structures. 
_________________________________________ 
[1] Branschädel, A., G. Schneider, and P. Schmitteckert. “Conductance of Inhomogeneous 
Systems: Real-Time Dynamics.” Annalen Der Physik 522, no. 9 (September 1, 2010): 657–
78. doi:10.1002/andp.201000017.
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Understanding local heating effects in nanoscale constrictions has both fundamental scientific 
importance and possible technological implications. However, monitoring temperature in such 
small length scales is very challenging. To address this problem, we use a specific noise 
measurement scheme to probe local heating due to applied bias voltage in a low temperature 
break junction setup.  We focus on atomic gold junctions with a single fully-open 
transmission channel, to effectively suppress shot noise contributions despite the finite bias 
voltage. At the same time, we probe a considerable contribution from the thermal noise. In 
spite of the extremely high current densities in our experiment, we do not find indication for 
local heating up to bias voltage of 300mV. Moreover, the junction behavior is consistent with 
Landauer formalism even at high bias voltage. These results are found to be in variance with 
previous results at room temperature in which local heating was reported. 



Poster No. W32 

 

The preservation of molecular hydrogen in nickel-hydrogen-nickel junctions 

Lena Stoppel [A] [B], David Rakhmilevitch [A] and Oren Tal [A] 
 

[A] Chemical Physics department, Weizmann Institute of Science, Rehovot, Israel 
[B] Department of Physics, University of Konstanz, Konstanz, Germany 

 
 

Presented by: Lena Stoppel 
 
The formation of a stable single molecule junction of hydrogen bridging two nickel electrodes 
is important in the context of spintronics as well as surface chemistry. By using specific 
orbital hybridization at the metal-molecule interface it is possible to manipulate spin transport 
in molecular junctions. We expect suppression of spin-selective transport in Ni-H2-Ni 
junctions. However, these junctions have never been studied before. As a first step, we 
verified that a stable molecular junction can be formed in a mechanically controllable break-
junction setup. The preservation of the molecule in the junction is indicated by inelastic 
electron spectroscopy, despite former predictions of hydrogen dissociation on nickel surfaces 
and the high reactivity of the electrodes’ apexes.
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The efficient synthesis of a new tripodal platforms based on a rigid 9,9’-spirobifluorene with 
three acetyl protected thiol groups in the positions 2, 3’ and 6’ for deposition on Au(111) 
surfaces will be discussed. As first model compounds the 4-cyanophenylethynyl derivatives 1, 
2 were synthesized and fully characterized.[1] The modular 9,9’-spirobifluorene platforms 
provide both, a vertical arrangement of the molecular rod in the position 7 or 6 and their 
electronic coupling to the gold substrate.Furthermore,4-(acetylsulfanyl)phenylethynyl 
derivatives 3, 4 for single-molecule transport experiments (MCBJ) were 
synthesized.Preliminary STM results on molecule 1 not only display promising self-assembly 
features of the model compound, but also corroborate the promising potential of the concept 
of the tripodal structure to stabilize the molecule on a Au(111) surface.  
_________________________________________ 
[1]Valášek, M.; Edelmann, K.; Gerhard, L.; Fuhr, O.; Lukas, M.; Mayor, M. J. Org. Chem. 
2014, DOI:10.1021/jo501029t.
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We investigate periodical oscillations observed in the conductance of suspended Au and Pt 
atomic chains during elongation in a break junction setup. Analysis of conductance and shot 
noise measurements reveals that the oscillations are related to variations in a specific 
conduction channel as the chain undergoes transitions between zigzag and linear atomic 
configurations. The calculated local electronic structure shows that the oscillations originate 
from varying degrees of hybridization between the atomic orbitals along the chain as a 
function of the zigzag angle. These variations are highly dependent on the directionally and 
symmetry of the relevant atomic orbitals, in agreement with the order-of-magnitude 
difference between the Pt and Au oscillation amplitudes observed in experiment. Our results 
demonstrate that the sensitivity of conductance to structural variations can be controlled by 
designing atomic-scale conductors in view of the directional interactions between atomic 
orbitals.
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Alternative computing schemes to von Neumann architecture require new type of computing 
elements which can store information in their internal state [1]. An example of such an 
element is the memristor [2]. The key idea of SYMONE project is to use networks of 
nanoscale memristive elements for unconventional bio-inspired information processing [3, 4]. 
Such systems represent synaptic devices and scalable neuromorphic architecture with new 
functionalities.  
We investigate the electrical properties of different nanoscale molecular devices such as 
single molecular junctions [5], nanoparticles molecular junction networks [6] and graphene 
junctions [7]. To implement memristive behavior in molecular-based devices, we propose to 
integrate graphene-based FETs with molecular junction networks devices as control gate. 
With this particular geometry, we will investigate the possibility to control the response 
dynamics of GFETs to generate synaptic-like behavior in our devices. 
__________________________________ 
[1] M. Di Ventra, Y. V. Pershin, Nat. Phys. 9(4), 200 (2013). 
[2] L. Chua, Circuit Theory, IEEE Trans. C (1971). 
[3] F. Alibart et al., Adv. Funct. Mater. 22(3), 609 (2012). 
[4] J. Liao et al., Nano Lett. 10(3), 759 (2010). 
[5] S. Wu et al., Nat. Nanotechnol. 3(9), 569 (2008). 
[6] J. Liao et al., submitted to Chem. Soc. Rev. (2014). 
[7] C. Nef et al., Nanoscale (2014).
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Using our DFT-based transport framework AITRANSS [1], we calculate the transmission and 
the local current density in graphene flakes functionalized by adsorbed atoms, such as 
nitrogen or hydrogen. We find that even a single nitrogen atom can almost completely 
suppress the conductance of a (gated) graphene armchair nano-ribbon. In this situation local 
ring currents emerge that result in local (orbital) magnetic moments. 
In addition, the current flow shows a highly inhomogeneous structure. In the absence of any 
scatters, the current flows along parallel streamlines that exhibit a strong lateral modulation 
[2]. In the presence of scattering centers, such as 20% hydrogen absorbants, we observe a 
filamentary pattern of streamlines. It exhibits local ring currents ("eddies") that go along with 
sizeable local magnetic fields, B(r). 
_____________________________________________ 
[1] J. Wilhelm, M. Walz, et al., Phys. Chem. Chem. Phys. 15, 6684 (2013). 
[2] J. Wilhelm, M. Walz, and F. Evers, Phys. Rev. B 89, 195406 (2014).
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Rectangular tetraruthenium coordination Cages have been constructed from 
bis(alkenylphenylene) bridged diruthenium precursors and dicarboxylates. They exhibit four 
individual redox processes that have been studied experimentally and computationally with 
respect to charge and spin delocalization over the individual redox sites and the spin states of 
the various oxidized forms.
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Understanding tunneling from an atomically sharp tip to a metallic surface require us to 
account for interactions on a nanoscopic scale. Inelastic tunneling of electrons generates 
emission of photons, whose energies intuitively should be limited by the applied bias voltage. 
However, experiments [Phys. Rev. Lett. 102, 057401 (2009)] indicate that more complex 
processes involving the interaction of electrons with plasmon polaritons lead to photon 
emission characterized by overbias energies. We propose a model of this observation in 
analogy to the dynamical Coulomb blockade, originally developed for treating the electronic 
environment in mesoscopic circuits. We explain the experimental  nding quantitatively by the 
correlated tunneling of two electrons interacting with 
a LRC circuit modeling the local plasmon-polariton mode. To explain the overbias emission, 
the non-Gaussian statistics of the tunneling dynamics of the electrons is essential.
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We propose a new method for simulating electron dynamics in open quantum systems out of 
equilibrium, using a finite atomistic model. The proposed method is motivated by the intuitive 
and practical nature of the driven Liouville−von-Neumann equation approach of Sánchez et 
al. [J. Chem. Phys. 2006, 124, 214708] and Subotnik et al. [J. Chem. Phys. 2009, 130, 
144105]. A key ingredient of our approach is a transformation of the Hamiltonian matrix from 
an atomistic to a state representation of the molecular junction. This allows us to uniquely 
define the bias voltage across the system while maintaining a proper thermal electronic 
distribution within the finite lead models. Furthermore, it allows us to investigate complex 
molecular junctions, including multilead configurations. A heuristic derivation of our working 
equation leads to explicit expressions for the damping and driving terms, which serve as 
appropriate electron sources and sinks that effectively “open” the finite model system. 
Although the method does not forbid it, in practice we find neither violation of Pauli’s 
exclusion principles nor deviation from density matrix positivity throughout our numerical 
simulations of various tight-binding model systems. We believe that the new approach offers 
a practical and physically sound route for performing atomistic time-dependent transport 
calculations in realistic molecular junction models.
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We present a theoretical study of the electronic transport through single-molecule junctions 
incorporating a Pt6 metal cluster bound within an organic framework [1]. The insertion of this 
molecule between a pair of electrodes leads to two sequential high on/off switching states [2]. 
The origin of this property can be traced back to the existence of a HOMO which consists of 
two degenerate and asymmetric orbitals, lying close in energy to the Fermi level of the 
metallic leads. Their degeneracy is broken when the molecule is contacted to the leads, giving 
rise to two resonances which become pinned close to the Fermi level and display destructive 
interference due to multiple electronic pathways through the molecule. 
______________________________________ 
[1] Leary, E.; van Zalinge, H.; Higgins, S. J.; Nichols, R. J.; de Biani, F. F.; Leoni, P.; 
Marchetti, L.; Zanello, P. Phys. Chem. Chem. Phys., 11 (2009), 5198. 
[2] L. A. Zotti, E. Leary, M. Soriano, J. C. Cuevas, and J. J. Palacios, J. Am. Chem. Soc., 135 
(2013), 2052.
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We demonstrate the potential of perylene bisimide (PBI) [1] for label-free sensing [2] of 
organic molecules by investigating the change in electronic properties of five symmetric and 
asymmetric PBI derivatives, which share a common backbone, but are functionalised with 
various bay-area substituents. Density functional theory was combined with a Greens function 
scattering approach to compute the electrical conductance of each molecule attached to two 
gold electrodes by pyridyl anchor groups. We studied the change in their conductance in 
response to the binding of three analytes, namely TNT, BEDT-TTF and TCNE, and found 
that the five different responses provided a unique fingerprint for the discriminating sensing 
of each analyte. This ability to sense and discriminate was a direct consequence of the 
extended pi system of the PBI backbone, which strongly binds the analytes, combined with 
the different charge distribution of the five PBI derivatives, which leads to a unique electrical 
response to analyte binding.    
__________________________________________ 
 [1] Li, C., et al.. PSS (b), 2013. 250(11): p. 2458-2467. 
[2] Baker, B.R., et al., JACS, 2006. 128(10): p. 3138-3139. 
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When BN is placed on top of graphene, the slight mismatch between the B-N and C-C bond 
lengths leads to the creation of Moire patterns. One method of imaging such patterns is to use 
an AFM to probe the stiffness of the bilayer as a function of position. In this poster, I report 
results based on density functional theory for the stiffness of such bilayers as a function of the 
local displacement of one layer relative to the other. These results show that the highest 
stiffness can be result when a boron atom is on the top of the centre of a graphene ring for a-b 
stacking, and the lowest stiffness occurs when a nitrogen atom is approximately on the top of 
the mid-point of a C-C bond. These results will allow unambiguous and detailed interpretation 
of AFM images of BN-graphene bilayers.
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During the past few years, both experiment and theory have demonstrated that single-
molecule electronic components can exhibit room-temperature quantum interference. The 
simplest way to think about quantum interference is to imagine a molecule which can mediate 
charge transport between two points, A and B, by two different pathways (see figure). With a 
view to achieving direct control of multi-path quantum interference in a real molecule, we 
have investigated theoretically the electronic properties of porphyrin ‘wagon wheels’ (see 
opposite), formed from pyridyl ‘spokes’, connected to porphyrin ‘rims’.  Theoretical results 
for the electronic properties of a number of variants of this molecule will be presented, 
including those with one or more breaks in the rims. Results for their electrical conductance 
will also be shown.
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The solid-state structures of organic charge transfer (CT) salts are critical in determining the 
mode of charge transport through the structures, and hence their unusual electrical properties, 
which range from semiconducting through metallic to superconducting. In contrast, using 
both theory and experiment, we show here that the conductance of metal | single molecule | 
metal junctions involving aromatic donor moieties (dialkylterthiophene, dialkylbenzene) 
increase by a factor of up to 60 upon formation of charge transfer (CT) complexes with 
tetracyanoethylene (TCNE). This enhancement occurs because CT complex formation creates 
an interference feature (a Fano resonance) in the transmission function, close to the metal 
contact Fermi energy.
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Recently it was demonstrated that the thermopower of C60 can be enhanced by placing more 
than one fullerene in series. In this poster we investigate whether the thermopower (S) can be 
further increased by doping. We present a detailed theoretical analysis of Sc3N@C80 which 
is one of the most stable the endohedral fullerenes. We find that the Sc3N inside the fullerene 
produces a sharp feature in the electronic density of states, which controls the transport 
properties of electrons near the Fermi energy. When laced between two electrodes, this 
feature can be controlled by either squashing the endohedral fullerene or rotating it. This 
allows one to tune both the magnitude and sign of the thermopower in single endohedral-
fullerene junctions.
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The knowledge about the fundamental correlations between a molecule's functional chemical 
groups, its contacts, and surroundings and the resulting electronic properties is imperative for 
the design of future molecular electronic building blocks [1,2]. The electronic properties of 
multipodal molecules have been studied in recent years mainly by inserting molecules into 
mechanically controlled break junctions (MCBJ) [3] or by scanning tunneling microscopy 
(STM) [4]. We present charge transport measurements through single Spirobiuorene tripodal 
molecules, performed with the help of the low-temperature MCBJ technique. IETS are 
measured to study the influence of vibronic coupling on the conductance of molecular 
junctions and to obtain in this way knowledge about the contact geometry and electrode-
molecule coupling.
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Cruciform-like molecules with two orthogonally placed π-conjugated systems have in recent 
years attracted significant interest for their potential use as molecular wires in Molecular 
Electronics.[1] We present a systematic study of molecular conductance using the STM-break 
junction method for a range of compounds in which one or several dithiafulvalene (DTF) 
units are placed in various positions along an oligo(phenylene ethynylene) backbone. The 
complex nature of the molecules could give rise to their possible binding in different 
configurations in junctions. We have looked at their conductance, junction formation 
probability and thermopower properties to build up an overall picture of their behavior in 
single molecule junctions.   
___________________________________________ 
[1] Parker, C. R.; Wei, Z.; Arroyo, C. R.; Jennum, K.; Li, T.; Santella, M.; Bovet, N.; Zhao, 
G.; Hu, W.; van der Zant, H. S. J.; Vanin, M.; Solomon, G. C.; Laursen, B. W.; Norgaard, K.; 
Nielsen, M. B. Adv. Mater. 2013, 25, 405–409.
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We have developed an efficient simulation tool ’GOLLUM’ for the computation of electrical, 
spin and thermal transport characteristics of complex nanostructures. The new multi-scale, 
multi-terminal tool addresses a number of new challenges and functionalities that have 
emerged in nanoscale-scale transport over the past few years. To illustrate the flexibility and 
functionality of GOLLUM, we present a range of demonstrator calculations encompassing 
charge, spin and thermal transport, corrections to density functional theory such as LDA+U 
and spectral adjustments, transport in the presence of non-collinear magnetism, the quantum-
Hall effect, Kondo and Coulomb blockade effects, finite-voltage transport, multi-terminal 
transport, quantum pumps, supercon-ducting nanostructures, environmental effects and 
pulling curves and conductance histograms for mechanically-controlled-break-junction 
experiments.
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The use of functional organic materials in electronic devices is expected to open new routes to 
future industrial processes. However, many challenges have to be addressed before molecular 
electronics can be considered a viable technology. One of these challenges is the reliable 
deposition of the “top” electrode in two terminal sandwich-based devices. In this work, a 
molecular monolayer is sandwiched between a gold substrate and gold nanoparticles (GNPs) 
top contact electrode. Firstly, a monolayer is formed using the Langmuir-Blodgett (LB) 
technique. Secondly, the gold-substrate supported monolayer is incubated in a GNPs solution 
resulting in covalent attachment of the GNPs by formation of Au-C �-bonds via a heterolytic 
cleavage of the alkyne C-H bond. The I-V curves obtained from these structures rule out the 
formation of short-circuits, suggesting that this strategy is an effective ‘soft’ procedure for the 
fabrication of molecular junctions without damaging the organic layer.
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We review our recent works [1-3] on the topic of evaluation of vibrational inelastic features in 
the electronic current noise through nanojunctions. Inelastic noise is believed to be an 
important supplement to the standard IETS in understanding and description of nanoscopic 
junctions. We use the generating-functional methodology based on the full counting statistics 
approach for calculating the inelastic noise perturbatively in the small electron-vibration 
coupling [1,2]. We discuss the general structure of the results [2] as well as some subtleties 
related to the formalism, in particular the issue of correct inclusion of the vibration heating 
effects [3]. Finally, we demonstrate our formalism on the experimentally relevant case of 
atomic gold wires. 
___________________________________ 
[1] Phys. Rev. Lett. 103, 136601 (2009) 
[2] Phys. Rev. B 82, 165441 (2010) 
[3] Phys. Rev. B 84, 113107 (2011)
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We have proposed a method that offers a potential route to selectively sense DNA 
nucleobases based on the changes in the electrical properties of the material (graphene or 
silicene) forming the nanopore itself. Within a two or three terminal device, we have 
shown that by analysing either the current-voltage (I-Vds) or conductance gate voltage (G-
Vg) relations of the platform, changes in the electrical properties of the sculpted bilayer 
graphene or silicene nanopores can be used to discriminate between the nucleobases. 
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Charge transport through two symmetric pyridine-terminated anthanthrenes is studied 
theoretically using DFT and experimentally using a mechanical controllable break junction 
set-up. It has been demonstrated that the single-molecule conductance of 6,12-substituted 
anthanthrene 2 is higher than that of its 4,10-substituted analogue 1. This finding is consistent 
with the fact that more effective π-conjugation through the aromatic core is along the 6,12-
axis than along the 4,10-axis. Tight binding calculations are used to explore the effect of 
symmetry and quantum interference in determining transport properties with all combinations 
of electrical contacts. The corresponding DFT calculations suggest that both the molecule 
length and the HOMO-LUMO energy gap account for the significant conductance difference.
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Donor-acceptor cyclophanes are desirable molecules for the use in molecular junctions, since 
they have tuneable electric conductivity upon UV-irradition.[1] A new perylene-based 
cyclophane will be synthesized containing a electron-accepting  fumaric nitril moiety, starting 
from readily available perylene-3,4,9,10-tetracarboxylic dianhydride. The target compound 
will be free of the anhydride moiety to give high electric conductivity in graphene-based 
electrodes. 
The key step in the synthesis of the target compound will be a ring-closing-alkyne metathesis 
to give a triple-bond-containing macrocycle using Schrock's catalyst.[2] The resulting 
macrocycle will be further functionalized to give the target donor-acceptor-compound. 
______________________________________ 
[1] H.A. Staab, C.P. Herz, C. Krieger, M. Rentzea, Chem. Ber., 1983, 116, 3813. 
[2] R.R. Schrock, Acc. Chem. Res., 1986, 19, 432.
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The functionalization of Si-H using the covalent attachment of organic monolayers has 
received intense attention due to the large extent of potential applications of controlled and 
robust organic/Si interfaces [1]. Applications include the preparation of surface insulators, the 
incorporation of chemical or biochemical functionality at interfaces for use in molecular 
electronics and photovoltaic conversion. In this context, the derivatization of Si-H surfaces 
with redox-active molecules (metal-complexed porphyrins [2], TTF [3]…) exhibiting multiple 
electron transfer steps at relatively low potentials and chemical stability of the different redox 
states, constitutes a powerful approach to the fabrication of electrically devices [4]. As 
metaloporphyrins, properties of heteroleptic metal dithiolate complexes are modulated by 
varying the coordinated metal but in addition the nature of ligands offers a greater choice. 
Among the various heteroleptic dithiolate complexes, Pt complexes with a diimine ligand 
such as bipyridine (bipy) or 4,4′-di-tert-butyl-2,2′-bipyridine (tBu2bipy) have received a great 
deal of attention as solar cell sensitizers and second-order nonlinear optical (SONLO) 
materials. For these purposes, we synthetized two bipyridine dithiolate platinium complexes 
functionalized by a propargyl imino group [5]. Herein, we present the preparation and the 
characterization of Si-H surfaces covalently bound to dithiolate platinum complexes through 
Si-C interfacial bonds by using either a direct grafting reaction of complexes or after post-
functionalization of an immobilized alkyne-substituted precursor of the dithiolate ligand. 
_____________________________________________ 
[1] Gooding, J. et al.  J. Chem. Soc. Rev., 2010, 39, 2158. 
[2] Lindsey, J. S.; Bocian, D. F. Acc. Chem. Res., 2011, 44, 638. 
[3] Yzambart, G.; Fabre, B.; Camerel, F.; Roisnel, T.; Lorcy, D. J. Phys. Chem. C, 2012, 116, 
12093. 
[4] Fabre, B. Acc. Chem. Res., 2010, 43, 1509. 
[5] Yzambart, G.; Fabre, B.; Lorcy, D. et al. Organometallics, 2014
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The past decades have seen the fast development of electronic devices in the industrial sector. 
There is increasingly rapid growth in the demand for alternative electronic building blocks to 
compliment, and possibly replace, the conventional silicon-based products. Electronic devices 
based on organic molecules, especially those based on single molecules, receive intense 
studies both theoretically and experimentally.   
In this presented work, a new family of oligo(aryleneethenylene)s (OAE)s with molecular 
lengths (N…N distance) of ca. 2-6 nm were designed to investigate the length dependence of 
conductance  at the single molecule level. X-ray molecular structures of OAEs with a 
molecular length up to 5.3 nm were successfully analysed and presented. Additionally, four 
groups of pyridyl terminated oligo(phenyleneethylene) (OPE) derivatives were studied for the 
quantum interference effects. A dramatic destructive quantum interference effect was 
observed which decreased the single molecule conductance by several orders of magnitude. 
Unsymmetrical molecules with only one anchor group were noticed to form π-π stacking 
between two molecules.
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Recently, the continuous increase of interest in covalently linked porphyrin dimers has been 
documented. ,  Such complexes have been extensively investigated due to their potential 
application in light harvesting,  molecular wires,  and dyes in dye-sensitized solar cells.  
Therefore, it is important to identify the bridging unit, which would provide the most efficient 
electronic communication between the two porphyrins.  
Herein, we report on a series of three porphyrin dimers, which differ in their bridging unit. To 
this end, ethene, imine, and azo dimers of 5,10,15-triphenylporphyrinatozinc(II) were 
synthesized and their photophysical properties were explored. The conjugates were first 
investigated by steady-state absorption and fluorescence spectroscopy. In the context of the 
earlier, a splitting of Soret bands is observed, due to the excitonic dipole–dipole coupling 
between the two porphyrins, in all of the three different dimers. In the context of the latter, the 
fluorescence spectra of all dimers differ as a function of exciting into the high or low energy 
Soret bands. For example, upon excitation into the Soret band of higher energy the 
fluorescence is dual, that is, stemming from the single 5,10,15-triphenylporphyrinatozinc(II) 
as well as from the dipole-dipole coupled two porphyrins. On the contrary, upon excitation 
into the Soret band of lower energy mostly the fluorescence of the dipole-dipole coupled two 
porphyrins is seen. This suggests the photoconversion into the dipole-dipole coupled two 
porphyrins, which is the energetically favored form. In femtosecond transient absorption 
measurements, spectroscopic evidence for the photoconversion is gathered, which is 
unambiguous in the case of the imine unit.  
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Chemical modification of graphene with suitably functionalized fullerenes will prevent the 
diffusion of the molecules over the surface and allow the formation of a stable molecular 
junction with the STM tip. Different structures of novel carbon nanoforms will be proposed 
with the aim of measuring the conductance of discrete previewed molecules covalently linked 
to graphene.
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