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Meals
Typical dishes
Fabada (beans, pork)
Pote (small beans, potatos, pork)
Cachopo (veal steak sandwicing ham & cheese)
Pitu de calella (free range chicken)
Jamón ibérico (real spanish ham)
Cabritu (goat)
Cordero (lamb)
Tortilla de patatas (spanish omelette)

Fish dishes
Pixin / fritos de pixin (monk-fish) 
Merluza (hake)
Lubina (seabass)
Dorada (goldfish)
Bonito / Atún / Atún rojo (tuna / red tuna)
Lenguado (sole)
Pastel de cabracho (rock-fish cake)
Pulpo a la gallega (octopus)
Calamares (squid)

Desserts
Arroz con leche (rice pudding)
Tabla de quesos asturianos (selection of asturian cheeses)
Flan (a sort of egg-based cake)
Frixuelos (a kind of crepes)
Casadielles

Wine denominations
Rivera de Duero
Rioja
Toro



INVITED TALKS



 Magnetic Molecules for spintronics 

E. Coronado 
Instituto de Ciencia Molecular, Valencia, Spain

Abstract 

Spin-based electronics is one of the emerging branches in today’s nanotechnology and 
the most active area within nanomagnetism. So far spintronics has been based on 
conventional  materials  like  inorganic  metals  and  semiconductors.  Still,  molecular 
electronics emerged several decades ago as a promising possibility to complement or 
even to replace conventional inorganic electronics when it goes nano. In this context, 
a natural evolution of molecular electronics is that of using magnetic molecules, as 
well as molecule-based materials, as components of new spintronic systems. 
In  this  talk  I  will  show  with  three  examples  the  important  role  that  magnetic 
molecules  can  play  in  molecular  spintronics  and,  in  general,  in  molecular 
nanomagnetism. The first example will deal with the use of single-molecule magnets 
based on rare-earth polyoxometalate complexes as qubits in quantum computing. The 
second  example  will  concern  the  electrical  addressing  of  the  spin  in  molecular 
nanoobjects based on spin-crossover materials. Finally, I will use magnetic molecules 
as spin collectors of new spin valve devices. 



Organometallic Approaches to Lanthanide 
Molecular Nanomagnets 

Richard A. Layfield 
School of Chemistry, Manchester University, UK

Abstract

Rare  earth  metal  compounds   containing  soft  heteroatom  donor  ligands  have 
attracted considerable interest in recent years. The combination of M3+ cations with 
heavy p-block donor atoms results in a so-called hard-soft 'mismatch' that can lead 
to unusual bonding properties and to distinct reactivity. 

Within this context, rare earth complexes of anionic phosphorus donor ligands have 
been extensively studied. Some analogous chemistry with anionic arsenic ligands is 
known, but such compounds are still very rare. The use of P- and As-donor ligands in 
the  design  of  lanthanide  single-molecule  magnets  (SMMs)  is,  however,  entirely 
unknown. 

In this lecture, the dynamic magnetic properties of a series of dysprosium complexes 
with phosphide, phosphinidene, arsenide and arsinidene ligands will be described. The 
experimental studies are complemented by ab initio calculations, which have enabled 
us to construct a model for the magnetic anisotropy and magnetization relaxation 
mechanisms in our SMMs. The theoretical model also provides insight into how SMMs 
with larger anisotropy barriers may be designed, and selected new systems will also 
be presented.



Metal complexes in molecular electronics 

Santiago Marques-Gonzalez , Marie Christine-Oerthel , David Costa-Milan, Oday 
Al-Owaedi , Richard Nichols, Frantisek Hartl, Pilar Cea, Santiago Martin , 

Simon Higgins , Colin Lambert, Richard Nichols, Martin Bryce and 

Paul J. Low *
* School of Chemistry and Biochemistry, University of Western Australia, 

Australia

Abstract

To date, the majority of work in the area of single molecule electronics has been 
concerned  with  the  wire-like  properties  of  organic  molecules.  However,  the 
incorporation  of  metal  centres  within  the  candidate  molecule  framework  offers 
opportunity to fine tune frontier molecular orbital levels, provide redox, magnetic and 
photochemical  functionality,  with  a  view  to  extending  function  beyond  that  of  a 
'simple' wire. Metal complexes also offer a range of 'modular' synthetic approaches, 
allowing families of candidate molecules to be assembled in relatively simple fashion. 
In  this  presentation some of our  recent  work with metal  complexes in  molecular 
junctions  will  be  described,  with  attention  being  given  to  the  surface  contacting 
groups, the nature of the metal fragment and the rationalisation of behavior through 
combined application of spectroscopic and computational methods.



New Redox-Active Ring Systems and an 
Automated Methodology for I(s) Measurements

Tim Albrecht 
Imperial College London

Abstract

Our 'Ringtronics' project aims to investigate the single-molecule charge transport 
and  spintronic  properties  of  multi-centre  transition  metal  complexes,  and  in 
particular  branched  and  annular  systems.  The  latter  are  an  interesting  class  of 
molecules  in  that  they  may  exhibit  quantum  interference,  local  gating  or  noise 
correlation  effects.  However,  making  and  handling  these  structures  can  be  very 
challenging - with sometimes surprising results.
An upshot of this work is the development of an automated I(s) data collection and 
'all  data point' analysis methodology, with intrinsic quality controls (imaging, noise 
characteristics) and live user interface (via Google Hangout). Data sets containing 
10,000s of traces deliver full event statistics, including different event classes and 
'rare events', and facilitate a more complete understanding of typical and perhaps 
not-so-typical events. 



CONTRIBUTED 
TALKS



Graphene as a contact material in molecular 
electronics: from growth to nanoelectrodes

Michel Calame, Maria El Abbassi, Kishan Thodkar, Anton Vladyka
Physics Department and Swiss Nanoscience Institute, University of Basel, 

Switzerland

Abstract

When it comes to using graphene as a contact material in molecular junctions, various 
aspects  need  to  be  considered  to  achieve  controllable  junctions.  The  quality  and 
crystallinity of the material and the patterning processes will for instance influence 
the charge mobility,  the position of the charge neutrality point and the type and 
quality  of  graphene  edges.  Recently,  we  have  demonstrated  the  controlled  and 
reproducible fabrication of sub-5 nm wide gaps in single-layer graphene electrodes.1 

The  fabrication  process  consists  in  driving  a  large  current  density  through  a 
graphene constriction to achieve a thermally-induced mechanical breakdown of the 
graphene.  When  properly  controlled,  this  mechanism  leads  to  the  formation  of 
graphene leads separated by a nanometer scale  gap.  In this  presentation,  we will  
discuss  some  of  the  aspects  relevant  for  achieving  well-controlled  graphene 
electrodes. We will in particular discuss how Chemical Vapor Deposition can provide 
high quality monolayer graphene crystals in  the mm range. We will  also show how 
Raman spectroscopy provides  insights into the heating  mechanisms leading to the 
creation of nanoscale gaps in graphene constrictions. 

1. C. Nef et al., Nanoscale, 2014.



Graphene electrodes for room-temperature 
molecular electronics 

H.S.J. van der Zant 
Kavli Institute of Technology. Delft Technical University, Netherlands

Abstract

We have developed a method to fabricate nanoelectrodes using electroburning of 
multilayered  graphene.  Three-terminal  transport  at  room  temperature  has  been 
demonstrated.  To  gain  better  control  over  the  fabrication,  we  prepattern  the 
graphene flakes so that the gaps are formed at predefined positions while lower 
currents for the electroburning are needed. Complications in the fabrication arise 
from  spurious  graphene  dots  that  mimic  the  transport  characteristics  of  single 
molecules; to rule out the presence of these graphene dots, electroburned samples 
are first characterized before molecule deposition is done from solution. In this way 
the creation of molecular junctions will be demonstrated with recent measurements 
at low temperatures showing vibrational modes and co-tunneling features.



Graphene: A Low-Temperature Scanning Probe 
Microscopy Perspective 

J. Repp
 Institute of Experimental and Applied Physics, University of Regensburg, 93053 

Regensburg, Germany.

Abstract

In the presentation my perspective on the field of graphene research with focus on 
low-temperature scanning probe studies will be reviewed. Scanning probe microscopy 
(SPM) is an ideal tool to study the properties of individual nanostructures on the 
atomic  length-scale  in  a  well-defined  environment.  However,  the  real-space  local 
sensitivity of scanning probe techniques has the down-side that even few and small 
contaminations of the sample surface can severely hamper a SPM analysis. Therefore, 
many  graphene  samples  that  are  used  in  other  studies  are  not  suitable.  On  top, 
finding  individual  nanostructures,  in  particular  located  on  an  insulating  substrate 
remains  also  challenging  in  atomic-scale  SPM.  Consequently,  most  SPM studies  of 
graphene  are  performed  on  non-structured  extended  graphene  samples.  Mostly 
conductive  substrates  are  employed.  While  many  interesting  results  and  further 
insight  are  provided  by  these  studies,  there  is  still  a  gap  between  SPM  and 
mesoscopic conduction experiments of nanostructured graphene.



Beyond Gold Electrodes: graphene and 2d 
semiconductors

Nicolás Agraït
Departamento de Física de la Materia Condensada, Universidad Autónoma de 

Madrid, Spain

Instituto Madrileño de Estudios Avanzados en Nanociencia IMDEA-Nanociencia, 
Spain

Abstract
Molecular junctions are formed by contacting a molecule to two metal  electrodes 
typically gold. These electrodes form part of the junction and have a strong effect 
on its transport properties. We will explore molecular junctions with at least one non-
gold  electrode,  in  particular  we  will  use  graphene  and  other  atomically  thin  2d 
materials like molybdenum disulfide. These materials are very attractive due to their 
non-metallic character and the possibility of modifying their electronic properties 
using a back gate.



Conductance enlargement in picoscale 
electroburnt graphene nanojunctions 

Hatef Sadeghi *, Jan A Mol, Chit Siong Lau, G Andrew D Briggs, Jamie 
Warner and Colin J Lambert 

* Department of Physics, Lancaster University, UK

Abstract

Provided  the  electrical  properties  of  electro  burnt  graphene  junctions  can  be 
understood and controlled, they have the potential to underpin the development of a 
wide range of future sub-10-nm electrical devices. We examine both theoretically and 
experimentally the electrical conductance of electroburnt graphene junctions at the 
last  stages  of  nanogap  formation.  We  account  for  the  appearance  of  a 
counterintuitive increase in electrical conductance just before the gap forms. This is 
a  manifestation  of  room-temperature  quantum  interference  and  arises  from  a 
combination of the semimetallic band structure of graphene and a cross-over from 
electrodes  with  multiple-path connectivity  to  single-path connectivity  just  before 
breaking.  Therefore,  our  results  suggest  that  conductance  enlargement  before 
junction  rupture  is  a  signal  of  the  formation  of  electroburnt  junctions,  with  a 
picoscale current path formed from a single sp^2 bond. 

Ref: Sadeghi, H, et al. PNAS 112.9 (2015): 2658
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CVD graphene as electrodes for molecular 
electronics 

Maria EL abbassi, Christian Schoenenberger, Michel Calame 
Department of Physics, University of Basel 

Abstract

As  an  alternative  to  metallic  electrodes  for  molecular  junctions,  carbon  based 
materials  offer  great  potential  to  bridge  the  gap  between  the  macro-  and  the 
nanoscale [1,2]. The two dimensional structure of graphene and the potential to tune 
it’s charge carrier density, make it a promising material to gain new understanding 
and control of electronic and optical properties of molecules at room temperature. To 
achieve  reliable  and  reproducible  contacts  between  molecules  and  graphene 
electrodes, the production of nm-size gaps in high quality CVD monolayer graphene 
are  of  great  interest.   We  have  demonstrated  the  fabrication  of  such  gaps  by 
controlled electro-burning of patterned CVD graphene [3]. By analysing the tunneling 
current across those gaps, we could show that the gaps sizes are smaller than a few 
nanometers. 
 
We  place  special  emphasis  on  the  graphene  growth  and  transfer.  A  clean  and 
crackless transfer of graphene (onto an insulating surface) improves the reliability 
and reproducibility of the contacts. For catalytic cleaning of the graphene surface 
[4] , we included Palladium in our structure as an embedded metallic gate.  The gate’s 
thin metallic lines are aligned to the constrictions to achieve a more selective and 
larger gating. We were able to check the efficiency of the new gates and achieve 
first measurements with solvent and molecules. 

[1] X. Guo et al., Science, 2006, 311, 356-359 
[2] F. Prins et al., Nano Lett, 2011, 11, 4607-4611 
[3] C. Nef et al., Nanoscale, 6, 7249-7254 (2014)  
[4] J.N. Longchamps et al., J. Vac. Sci. Technol. B 31, 020605 (2013) 



Opposed HOMO and LUMO conducting end 
groups influencing single molecular rectification 

Joseph Hamill, Xiaotao Zhao, Wenjing Hong 
Department of Chemistry, University of Bern, Germany

Abstract

Recently, Ratner et al [Nano Lett., 2015, 15 (3), pp 1577–1584] suggested an updated 
prescription for single molecular rectification involving an end group which promotes 
LUMO conductance opposite an end group which promotes HOMO conductance with a 
spacer in between. A similar molecule has been prepared and we have measured it in a 
mechanically  controlled  break  junction  with  bias  sweep  to  study  the  I-V 
characteristics. Results are preliminary, but based on one dimensional conductance 
istograms,  a  single  molecular  histogram  peak  suggests  a  distributed  range  of 
preferred conductance values indicative of rectification. 



Investigating the electronic properties of 
molecule-graphene-nanoribbon heterojunctions 

by means of scanning probe microscopy 

L. Liu *, N. Kocić, C. Härtinger, S. Decurtins, S-X. Liu and J. Repp 
* Faculty of Physics, University of Regensburg, Germany

Abstract 

Graphene nanoribbons (GNR) have recently been considered as interesting candidates 
for contacting  single-molecular  electronic devices1-3.  Surface-supported GNRs,  as 
well as GNR heterojunctions have been successfully synthesized by surface-assisted 
coupling of precursor molecules and dehydrogenation4, 5. Scanning probe microscopy 
(SPM) was demonstrated to be a useful tool to combine atomic-scale characterization 
and to investigate the conductance of a single GNR by picking it up from one side with 
the tip6. Here, 10,10’-dibromo-9,9’-bianthryl molecules were used as the precursors 
for forming  armchair-GNRs. A second type of molecules with para-bromine groups 
was inserted into a  single GNR chain  to  form molecule-GNR heterojunctions.  The 
chemical structure of single molecule-GNR chains has been resolved by means of non-
contact atomic force microscopy (nc-AFM) with CO-functionalized tips. In a single 
chain,  an  inserted  molecule  was  connected  with  two  GNRs  by  C-C  bonds.  First 
attemptsto  characterize  the  conductance  across  such  a  molecule-graphene-
nanoribbon in scanning tunneling spectroscopy have been made. 

[1] K. Wakabayashi. Phys. Rev. B 64, 125428 (2001) 
[2] V. Barone, et al. Nano Lett. 6, 2748–2754 (2006) 
[3] Y. W. Son, et al. Nature 444, 347–349 (2006) 
[4] J. Cai, et al. Nature 466, 470–473 (2010) 
[5] Y. C. Chen, et al. Nature Nanotech.10,156-160 (2015) 
[6] M. Koch, et al. Nature Nanotech. 7,713-717 (2012) 



Extending the magic ratio rule to heteroatom-
containing PAHs 

Xunshan Liu *, Sara Sangtarash, Hatef Sadeghi, Wenjing Hong, Thomas 
Wandlowski, Silvio Decurtins, Colin John Lambert, and Shi-Xia Liu 

* Department of Chemistry, University of Bern, Germany 

Abstract

Magic ratio rule (MRR) is a new theoretical concept which captures the contribution 
of connectivity to the conductance ratios of graphene-like cores. And the thoery has 
already been tested by some polycyclic aromatic hydrocarbons (PAHs) molecules [1]. 
Further  studies  including  the  synthesis,  measurements  using  a  mechanically-
controlled break junction (MCBJ) as well as calculations based on density functional 
theory (DFT) on some heteroatom-containing PAHs will be reported. 

[1] Y. Geng, et. al., J. AM. CHEM. SOC., 2015, (DOI:10.1021/jacs.5b00335) 



Measuring thermal transport in molecular 
junctions 

N. Mosso, U. Drechsler, F. Menges, P. Nirmalraj, M. Tschudy, S. Karg, H. 
Riel and B. Gotsmann 

 IBM Zurich Research Laboratory, Switzerland

Abstract

To simultaneously measure heat and charge transport through metallic and molecular 
junctions is an experimental challenge. Indeed, only a small amount of experimental 
data is available, quantifying conduction and self-heating effects in such junctions. A 
deeper insight is fundamental to develop reliable molecular electronic devices and 
advance our understanding of the structure-property relationships. To address these 
issues,  we  are  building  an  STM-based  break  junction  (BJ)  setup  inside  IBM’s 
Noisefree labs [1]. It is a based on a conventional STM-BJ with the possibility to 
create a temperature gradient across the junction using micro-heater devices. The 
setup can be operated both in vacuum and ambient conditions. 

This approach will  be compared with the state-of-the-art techniques employed to 
measure thermal properties of molecules. Finally, the experimental activities planned 
for the coming years will be presented. 



Dependence of conductance on redox states of 
bistable rotaxanes 

Nandini Muthusubramanian, Herre van der Zant 
Kavli Institute of Nanotechnology, Delft Technical University, Netherlands

Abstract

The dependence  of conductance  properties  of  Cu-complexed rotaxanes which can 
exist stably both in the Cu(I) and Cu(II) redox states were investigated using the 
techniques  of  mechanically  controlled  break  junctions  and  electrochemical  gating 
using STM break junctions. This work was carried out in collaboration with University 
of Bern, thanks to the partnership provided by the MOLESCO ITN. 



Synthesis of a Bis(pyrrolo)tetrathiafulvalene 
Based Molecular Wire 

Luke O'Driscoll and Jan O. Jeppesen 
Department of Physics, Chemistry and Pharmacy, University of Southern 

Denmark,

Abstract

The tetrathiafulvalene (TTF) moiety offers interesting possibilities in the field of 
molecular electronics. The three readily and reversibly accessible and stable redox 
states (ground state, cation radical and dication) of TTF can be exploited to impart 
switching properties to systems such as molecular wires. Oxidation of TTF results in 
a  gain  in  aromaticity  which  should  in  turn  affect  molecular  conductance.  The 
Bis(pyrrolo)tetrathiafulvalene  (BPTTF)  moiety  possesses  the  same  desirable 
properties  as  TTF,  but  prevents  any  potential  complications  caused  by  cis/trans 
isomerisation. Previous efforts to incorporate the BPTTF moiety into molecular wires 
have,  however,  been  limited  by  the  poor  solubility  of  these  systems.  We  have 
designed and synthesised a new BPTTF wire which should be sufficiently soluble to 
use in single molecular conductance measurements, e.g. scanning tunnelling microscopy 
break junction (STM-BJ) studies. The new wire is a fully conjugated system and is 
therefore expected to display good conductance in addition to switching behaviour. 



Non-gold contacts for single molecular junctions

Svatek, Simon *, Scott, Oliver R, Rivett, Jasmine P H, Wright, 
Katherine ,Baldoni, Matteo, Bichoutskaia, Elena, Taniguchi, Takashi, Watanabe, 
Kenji, Marsden, Alexander J, Wilson, Neil R, Beton, Peter H, Rincón, Laura, 

Leary, Edmund, González, M Teresa, Agraït, Nicolás
* Departamento de Física de la Materia Condensada, Universidad Autónoma de 

Madrid, Madrid, Spain
* Instituto Madrileño de Estudios Avanzados en Nanociencia IMDEA-Nanociencia, 

Madrid, Spain

Abstract 
Single molecular junctions are typically formed by contacting a molecule adsorbed on 
a gold surface, with a gold STM tip (1). Charge transport across such junctions is 
strongly influenced by the substrate due to the strong coupling to the gold surface 
(2-3). We explore alternative substrates, specifically, gold and graphene covered with 
a  monolayer  of  alkanes.  We  find  that  the  conductance  of Au-C60-Alkanes-Au 
junctions in ambient conditions is one order of magnitude lower than in the system 
without alkanes, which corresponds to an effective separation of ~0.2 nm introduced 
by the alkanes.

We also explore alkane/graphene/BN substrates as a gateable alternative to the gold 
surface. We find that the surface is relatively flat (variation of height across 10 nm 
line profile: 0.03 nm) and homogeneous over a length scale of 100 nm and demonstrate 
the  effect  of  gating  in  graphene/SiO2  devices.  We  furthermore  find  that  the 
adsorption  of  alkanes  on  graphene/mica  with  trapped  water  layers  at  the 
graphene/mica  interface  introduces  the  formation  of  a  curved  surface  (4), 
implicating  that  the  surface  is  deformable  and  softer  than  the  traditional  gold 
surface, opening a path to form molecular junctions with a soft, responsive contact.

1)  Xu,  B.  &  Tao,  N.  J.  Measurement  of  single-molecule  resistance  by  repeated 
formation of molecular junctions. Science 301, 1221–1223 (2003).
2) Evangeli, C. et al. Engineering the thermopower of C60 molecular junctions. Nano 
Lett. 13, 2141–2145 (2013).
3) Nirmalraj,  P.  et al.  Nanoelectrical  analysis of single molecules and atomic-scale 
materials at the solid/liquid interface. Nat. Mater. 13, 947–953 (2014).
4) Svatek,  S.  A.  et al.  Adsorbate-Induced Curvature and Stiffening of Graphene. 
Nano Lett. (2014). doi:10.1021/nl503308c



Magic ratio rule in graphene-like molecules 

Sara Sangtarash *, Hatef Sadeghi, Yan Geng, Cancan Huang, Yongchun 
Fu, Wenjing Hong, Thomas Wandlowski, Silvio Decurtins, Shi-Xia Liu and Colin J. 

Lambert 
* Department of Physics, Lancaster University, UK

Abstract

We demonstrate a new magic  ratio rule (MRR) that  captures the contribution of 
connectivity to the electrical  conductance of graphene-like  aromatic molecules by 
calculations based on density functional theory and experiments using a mechanically 
controlled break junction. When one electrode is connected to a site i and the other 
is connected to a site i′  of a particular molecule, we assign the molecule a “magic 
integer”  Mii′.  Two  molecules  with  the  same  aromatic  core  but  different  pairs  of 
electrode connection sites (i,i′ and j,j′, respectively) possess different magic integers 
Mii′ and Mjj′. On the basis of connectivity alone, we predict that when the coupling to 
electrodes is weak and the Fermi energy of the electrodes lies close to the center of 
the HOMO–LUMO gap, the ratio of their conductances is equal to (Mii′/Mjj′)^2. The 
MRR is exact for a tight-binding representation of a molecule and a qualitative guide 
for real molecules. 



Towards a Perylene-Based Cyclophane with 
Charge-Transfer Capability 

Kevin Weiland, Marcel Mayor 
University of Basel, St. Johanns-Ring 19, CH-4056 Basel, Switzerland 

Abstract

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 an acceptor-active fumaric 
nitril  moiety,  starting  from  readily  available  perylene-3,4,9,10-tetracarboxylic 
dianhydride. The key step in the synthesis of the target compound will be a ring-
closing-alkyne metathesis (RCAM) to give a triple-bond-containing macrocycle using 
Schrock's catalyst.[2] 

[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. 



Intramolecular Charge Transfer in 
Oligo(fluoreneethynylene)-Linked Donor-π-

Acceptor Molecules 

A. Zieleniewska*, C. Schubert, B. I. Obando, N. Martin, and D. M. Guldi 
* Department of Chemistry and Pharmacy & Interdisciplinary Center for 

Molecular Materials, Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058 
Erlangen, Germany 

Abstract 

Nowadays, charge-transfer dynamics through molecular wires attract much interest 
in chemistry, physics, and biology.1,2  Hereby, extensive studies have been focused on 
covalently  linked  donor--acceptor  systems  (D-π-A).   The  rates  of  intramolecular 
charge transfer might be modulated by tuning i.e. the end groups, as well as changing 
the  type  and/or  length  of  the  molecular  wire.   To  enhance  the  electronic 
communication between the electron donors and the electron acceptors, conjugated 
D-π-A conjugates, which posses delocalized π-systems are attractive targets.  To 
this end, two series of electron D-π-A conjugates, in which electron accepting C60 is 
connected  to  either  electron  donating  zinc  porphyrin  or  triphenylamine  through 
oligo(fluoreneethynylene)s have been synthesized and their photophysical properties 
have been investigated.  As a result, an efficient quenching of the photoluminescence 
was observed, which points to an intramolecular charge transfer.  The latter was 
corroborated through differential absorption spectra. 
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Supramolecular Electronic Communication through 
Hydrogen-bonded Porphyrin-C60 pairs 

Stefan Bauroth *, N. Martin, D.M. Guldi 
*Department of Chemistry and Pharmacy Friedrich Alexander University Erlangen 

Abstract

Supramolecular interactions enable and control some of the most important biological 
processes, like proton and electron translocation across photosynthetic membranes. 
Despite a plethora of different binding motives, hydrogen bonded assemblies allow 
long range electronic couplings between electron donors and electron acceptor, which 
renders it natures favorite motif. Understanding the dynamics of light harvesting, 
energy transfer and electron transfer processes by mimicking the biological systems 
with well-designed, but less complex electron donor acceptor hybrids is essential for 
the design of future materials for dye sensitized solar cells. To this end, we present 
exceptionally strong supramolecular hybrids composed of zinc tetraphenylporphyrins 
(ZnP)  –  as  light  harvester  /  electron donor  –  attached via  amidinium carboxylate 
bridges  of  varying  length  to  fullerenes  (C60)  –  as  electron  acceptor.  Titration 
experiments reveal significant changes in the ground state as well in 
the  excited  state,  from  which  high  association  constants  of  up  to  106  M-1  are 
derived.  In transient absorption experiments, the formation of fingerprints, which 
correlate with the one electron reduced form of C60 and the one electron oxidized 
form of ZnP, validates upon ZnP photoexcitation the presence of electron transfer 
processes in all systems. The attenuation factor ( ), which reflects the magnitude of  
electronic couplings between the redox sites as well as the energy of the electron (or 
hole) transfer states, is comparable to those found in covalently linked systems.  As 
such,  we  confirm  the  versatility  of  polyparaphenylenes  connected  by  amidinium 
carboxylate bridges in the context of molecular wire. 



Heteroatom-functionalized graphene nanoribbons 
as molecular rectifiers 

P.H. Jacobse, I. Swart, M.E. Moret, R.J.M. Klein-Gebbink 
Department of Chemistry, Utrecht University

Abstract

Graphene  nanoribbons  are  promising  materials  that  can  combine  the  conductance 
properties of the graphene lattice with a finite band gap through lateral quantum 
confinement.  The  recent  advances  in  bottom-up  syntheses  show  that  these 
structures can be built with atomic precision, and its properties can be controlled by 
the  chemical  nature  of  the  precursor  molecules.  We  introduce  doping  and 
heterojunction behaviour through the (co)polymerization of chemically functionalized 
precursors  and  show  that  the  resulting  ribbons  exhibit  varying  degrees  of 
conductivity and rectification. 



Mechanically tunable thermopower of single-
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Abstract
The study of the thermoelectric properties of materials is of great interest for the 
development of thermoelectric devices that would allow an efficient conversion of 
thermal loses into utilizable current. In the last years, experiments performed with 
different techniques on molecular junctions have shown promising results because of 
the high values of thermopower shown by these systems [1][2][3][4]. 
In  this  context,  we  present  a  new  strategy  for  the  optimization  of  the 
thermoelectric properties of molecular junctions, based on the quantum control of 
the energy levels. In particular, we have studied molecular junctions formed by an 
endohedral  fullerene  (namely  Sc3N@C80)  between  two  gold  electrodes.  We have 
used a recently-developed experimental technique that enables us to measure both 
conductance and thermopower simultaneously in truly single molecules and in ambient 
conditions using a scanning tunneling microscope (STM) [4]. 
The Sc3N@C80 molecules measured in single-molecule junctions show a large value of 
the thermopower and, more interestingly, we have also observed a novel effect: the 
molecules show different sign of the thermopower depending on their orientation and 
their coupling to the gold surface. Due to this behaviour, produced by the presence 
of the metallic atoms inside the C80, the thermopower of the junctions is tunable by 
mechanical interaction, for example, by pressing the molecule with the gold tip. 
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[1] P. Reddy, S. Y. Jang, R. A. Segalman, A. Majumdar, Science 2007, 315, 1568. 
[2] J. A. Malen, S. K. Yee, A. Majumdar, R. A. Segalman, Chem. Phys. Lett. 2010, 491, 
109. 
[3] J.R. Widawsky, P. Darancet, J.B. Neaton, L. Venkataraman, Nano Lett. 2011, 12, 
354. 
[4] C. Evangeli, K. Gillemot, E. Leary, M. T. González, G. Rubio-Bollinger, C. J. Lambert, 
N. Agraït, Nano Lett. 2013, 13, 2141. 



New Functionalised Molecules for Single-
Molecule Conductance 

Xiaotao Zhao *, Masoud Baghernejad, Cancan Huang, Kristian Baruel̈ Ørnsø, 
Murat Gulcur, Wenjing Hong, Kristian S. Thygesen and Martin R. Bryce 
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Abstract

Firstly, diaryloligoynes with different anchor groups were synthesised and the single-
molecule  conductances  were  studied.  The  stability  of  the  tetrayne  compounds  is 
discussed and X-ray crystal structures of the stable tetraynes are presented. 
Secondly, the synthesis is reported of a new series of oligo(aryleneethynylene) (OAE) 
derivatives of up to ca. 6 nm in molecular length (OAE9) using iterative Pd-mediated 
Sonogashira  cross-coupling  methodology.  The oligo-p-phenyleneethynylene cores  of 
the  molecular  wires  are  functionalized  at  both  termini  with  pyridyl  units  for 
attachment to gold leads. The molecular structures determined by single-crystal X-
ray analysis are reported. The charge transport characteristics of derivatives OAE3-
OAE9  in  single-molecular  junctions  have  been  studied  using  the  mechanically 
controlled  break  junction  technique.  The  data  demonstrate  that  the  junction 
conductance decreases with increasing molecular length. A transition from coherent 
transport via tunneling to a hopping mechanism is found for OAE wires longer than ca. 
3 nm. 
Finally, controlling charge transport through a single molecule connected to metallic 
electrodes remains one of the most fundamental challenges of nanoelectronics. Here 
we use electrochemical gating to reversibly tune the conductance of two different 
organic molecules,  both containing anthraquinone (AQ) centers,  over one order of 
magnitude. At the redox potential, the conductance changes abruptly as the AQ unit 
is oxidized/reduced with an accompanying change in the conjugation pattern between 
linear and cross conjugation. The most significant change in conductance is observed 
when the electron pathway connecting the two electrodes is via the AQ unit. 



Silane molecule mediated heat transport in 
graphene nanoflakes
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Abstract

Graphene  and  few-layer  graphene  have  garnered  tremendous  attention  for  heat 
removal  thanks  to  their  extraordinarily  high  in-plane  thermal  conductivity. 
Understanding the thermal energy transport in graphitic nanomaterials is important 
to  the engineering  of graphene  electronics with  better engineered heat  transfer 
properties.  Chemical  functionalization  of  graphene  has  been  proved  to  efficiently 
improve the interfacial  heat transport by introducing additional thermal  pathways 
through the functionalizing molecules. Nevertheless, the functionalization-introduced 
point defects destroy the intrinsically high in-plane thermal conductivity of graphene 
by  strongly  scattering  phonons.  Here,  we  demonstrate  the  heat-spreading 
enhancement of graphene membranes covalently bonded to functionalized graphene 
oxide (FGO) through silane molecules. Unexpectedly, we discover a counter-intuitive 
increase  in  the  basal-plane  thermal  conductivity  of  supported  graphene  while 
improving  the  graphene-substrate’s  thermal  contact.  Atomistic  Green's  function 
calculations show that the functionalization refrains the cross-plane scattering of low 
frequency phonons, which in turn enhances in-plane heat conduction of the bonded 
graphene membrane by recovering the long flexural phonon lifetime. Through first-
principle calculations, we demonstrate that the functionalization electrically isolates 
the device and the graphene heat spreader to avoid current leakage. By adjusting the 
molecule  density,  we  achieve  an  unprecedented  tuning  of  the  in-plane  thermal 
conductivity  of  the  supported  graphene.  Experiments  on  the  proposed  graphene 
membrane-silane-FGO structure verified its enhanced heat-spreading performance 
compared to the conventional silica substrate.



School Agenda



1. Introduction to tight binding scattering theory 1 (1,5 hours)

2. First hands-on session (1,5 hour)

A. Setup, compiling (0,3 hour) 

1. Short Introduction: What to do in this section

2. Gollum package structure: Prepare to run gollum (MCR, different 

platforms, files and installation)

B. Run packaged example # 1 in mode 1: single-atom chain (0,5 hour)

1. Run the inputs provided.

2. Look at output files, learn its layout, discuss results.

3. Look at files “input” and “Extended_Molecule” and understand layout.

4. Modify some parameters: Erange, matrix elements in the hamiltonian, 

rerun and understand results  

C. Run example # 2 in mode 1: single impurity in TB chain (0,5 hour)

1. Creating and understand files “input” and “Extended_Molecule”.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Modify hamiltonian parameters, understand impact of changes.

D. Overnight assignment: Run example # 3 in mode 1: two-level 

impurity (0,2 hour)

1. Run example and understand results.

2. Modify hamiltonian parameters.

3. Play with variable “EFshift”

3 Cursory introduction to GOLLUM (1,5 hour)



4 Second hands-on TB session (2.0 hours)

A. Overnight assignment (0,4 hour)

1.  Discuss overnight assignment

2. Run example # 3 in modes 2, 3 and 4.

3. Play with extra variables “Vgate”, “Efshift”, Scissors corrections for 

example #1 and/or 2 and/or 3.

B. Run example 4: 2 terminal 2-dimensional TB example (0,4 hour)

C. Run example 5: Four terminal TB structure (0,4 hour)

5 Cursory introduction to DFT and Siesta (1,5 hours)

A. Introduction to DFT. Pseudopotentials. Basis sets.

B. Introduction to Siesta.

C. Siesta2Gollum interface.

6 Hands-on   DFT session (1,5 hours)   

A. Run example 1 in mode 1: gold linear chain (0,8 hours)

1. Create and understand the “input” and “Extended_Molecule” files.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Modify the Hamiltonian parameters to create a diatomic molecule. 

Rerun Gollum and understand the impact of those changes.

B. Run example 2 in mode 1: iridium zigzag chain (0,2 hours)

1. Creating and understanding files “input” and “Extended_Molecule”.

2. Run Gollum in mode 1, look at outputs and understand them.



C. Run example 3 in mode 4: carbon linear chains + gap (0,5 hours)

1. Creating and understanding files “input” and “Extended_Molecule”.

2. Run Gollum in mode 4, look at outputs and understand them.

3. Modify the Hamiltonian parameters to generate different NDR curves.

7 Advanced   hands-on   DFT session I (1,5 hours)  

       A. Run example 5: 1_D system: (5,5) carbon nanotube (1,0 hour)

1. Create and understand the “input” and “Extended_Molecule” files.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Run Gollum in mode 3, look at outputs and understand them.

4. Armchair and zigzag nanotubes.

B. Run example 7: Gold-BDT molecular Junction (0,5 hours)

1. Create and understand files “input” and “Extended_Molecule”.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Run Gollum in mode 3, look at outputs and understand them.

8 Advanced h  ands-on   DFT session II (2 hours)  

       A. Run example 8: OPE-Gold molecular Junction (1,0 hour)

1. Create and understand files “input” and “Extended_Molecule”.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Passivated and unpassivated molecules. Fano resonances.

C. Run example 6: Graphene: effect of k-points (1,0 hours)

1. Create and understand files “input” and “Extended_Molecule”.

2. Run Gollum in mode 1, look at outputs and understand them.

3. Run Gollum in mode 3, look at outputs and understand them.

4. Armchair and zigzag nanoribbons and graphene sheets.




