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Tutorial Talk 1

CHARGE TRANSFER PROCESSES IN ORGANIC NANO- AND HETERO-STRUCTURES
Alberto Morgante a,b‡, D.Cvetkoa,c, G. Kladnika,b,c and L. Venkataramand
a. CNR-IOM Trieste Italy
b. Physics Department, Trieste University, Italy
c. Department of Physics, University of Ljubljana, Ljubljana, Slovenia
d. Department of Applied Physics and Applied Mathematics, Columbia University, NY, United States

The performances and efficiency of organic material based devices are strongly affected by charge
transfer processes at interfaces (organic-organic and organic-inorganic). To improve the device
performances, these processes and their correlation with the electronic structure of the interfaces must
be understood. Spectroscopic studies based on synchrotron radiation experimental techniques of these
hetero-structures will be presented, in particular the application of Resonant PhotoEmission
Spectroscopy (RPES) to various organic molecule based systems. The chemical specificity and the
possibility to conduct experiments that provide a time scale for charge dynamics, make the RPES a
powerful tool to study organic heterojunctions and in particular to probe the charge transfer processes
at organic interfaces. It will be shown how RPES allows us to elucidate the role of inter-molecular
interaction on through-space charge transfer characteristics in π-stacked molecular systems [1], the
electronic coupling, morphology and charge transfer rates at the donor-acceptor (D/A) interfaces
between C60 and either flat- or contorted hexabenzocorones (HBC) and the relation with improved
internal (IQE) and external (EQE) quantum efficiency of devices based on these shape-matched
molecular systems [2]. The case of ammine terminated organic overlayers will be discussed in
connection with recent results of break junction experiments. In this case we show how core-hole
clock spectroscopy can be used to measure charge transfer through noncovalent interactions and map
charge delocalization times from carbon and nitrogen sites on the molecule (see Fig.1) [3].

Figure 1. Basic geometry of the realized organic device
[1] A. Batra, G. Kladnik, H. Vazquez, et al. Nature Communications 3 1086 (2012).
[2] T. Schiros, G. Kladnik, D. Prezzi, et al. Advanced Energy Materials 3 894 (2013)
[3] G. Kladnik, D. Cvetko, A. Batra, et al. J. Phys. Chem C. 117 16477 (2013).
‡ morgante@iom.cnr.it
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CHARGE TRANSFER REVERSIBILITY AT THE RUTILE TIO2(110) SURFACE
Luca Floreano a‡, V. Lanzilottoa,b, G. Lovata,c, G. Fratesid,e and G.P. Briviod
a. TASC laboratory of CNR-IOM, Trieste, Italy
b. Chemistry Department, University of Firenze, Italy
c. Physics Department, University of Trieste, Italy
d. Materials Science Department, University of Milano-Bicocca, Italy
e. Physics Department, University of Milano, Italy

The charge injected into rutile TiO2(110) gives rise to a Defect State in the band gap that makes the
surface conductive. Independent of the injection mechanism, the excess of charge is spread among
multiple subsurface Ti sites [1], where it is made available for chemical reactions. The degree of
reversibility of the injection/extraction process for a specific titania surface determines the
corresponding transport and catalysis properties. Here, I will show that the excess of charge, locally
injected by formation of oxygen vacancies, Ovac, can be donated to an extended π-conjugated
molecular system, namely perylene-tetracarboxylic-diimide, PTCDI, thus demonstrating the
universality of the injection/extraction mechanism. At variance with small molecules that directly link
or recombine with oxygen vacancies (O2, H2O, CO, pyridine), PTCDI does not display a preferential
adsorption at Ovac sites, rather it aggregates side-by-side into closely-packed commensurate islands
[2]. In this configuration, the perylene core spills out the substrate excess electrons from the Ti atoms,
filling the lowest unoccupied molecular orbital. Remarkably, the excess electrons, although
redistributed among multiple sites, cannot freely spread across the surface, in fact the charge
extraction can only take place when an Ovac site is reached by the growing edge of a PTCDI islands
[3].

Figure 1. The drawing shows the charge redistribution taking place upon formation of an oxygen vacancy
(left side), according to the structural model in Ref. [1]. The subsurface excess electrons are then donated to
one PTCDI molecule belonging to a commensurate molecular island (right side).
[1] P. Krueger, et al. Phys. Rev. Lett. 108 126803 (2012).
[2] V. Lanzilotto, et al. J. Phys. Chem. C 117 12639 (2013).
[3] V. Lanzilotto, G. Lovat, G. Fratesi, G. Bavdek, G.P. Brivio, L. Floreano. J. Phys. Chem. Lett. 6 308
(2015).
‡ floreano@iom.cnr.it
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ORGANIC EPITAXIAL INTERFACES
Roman Forkera‡
a. Institute of Solid State Physics, Friedrich Schiller University, Helmholtzweg 5, 07743 Jena, Germany

Next generation organic device architectures are anticipated to incorporate highly ordered interfaces
with specific purposes, such as exciton dissociation or injection/extraction/blocking of charge carriers
[1]. The preparation of epitaxial organic-on-organic interfaces is still challenging and has been
achieved so far for a few molecular species only. This calls for a more sophisticated understanding of
the physical processes responsible for epitaxial order, namely the interplay between moleculemolecule interactions (within the adsorbate layer) and molecule-substrate interactions (across the
interface formed). On the one hand, precise structural information is to be gathered by exploiting the
potential of, e.g., low-energy electron diffraction (LEED) and scanning tunneling microscopy (STM),
see Figure 1. On the other hand, the origin of the energy gain realized via a specific epitaxial relation
can be rationalized by advanced potential energy calculations for realistically large domains, i.e.,
hundreds of molecules [2]. By combining these approaches a new type of epitaxy, the so-called lineon-line (lol) coincidence, was found [3], deviating from the point-on-line (pol) coincidences or
commensurate superstructures known before. In the talk, this grammar of epitaxy is illustrated with
several examples, and some state-of-the-art measurements and calculations are discussed.
Furthermore, in situ optical differential reflectance spectroscopy (DRS) is put forward as a real-time
non-invasive method applied during film growth [4]. Using the information gained by this surfacesensitive method allows for a qualitative characterization of the electronic interaction (physisorption
or chemisorption) at the interface.

Figure 1. LEED (left) and STM (right) images of a monolayer of tin(II)-phthalocyanine (SnPc)
heteroepitaxially grown on a monolayer of 3,4,9,10 perylenetetracarboxylic dianhydride (PTCDA) on
Ag(111).
[1] F. Zhu et al. ACS Appl. Mater. Interfaces 3 2195 (2011).
[2] S.C.B. Mannsfeld and T. Fritz. Mod. Phys. Lett. B 20 585 (2006).
[3] S.C.B. Mannsfeld et al. Phys. Rev. Lett. 94 056104 (2005).
[4] R. Forker et al. Annu. Rep. Prog. Chem., Sect. C: Phys. Chem. 108 34 (2012).
‡ roman.forker@uni-jena.de
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TAKING A STAND: AROMATIC MOLECULES IN VERTICAL ADSORPTION GEOMETRIES
T. Esata,b, M.F.B. Greena,b, P. Leinena,b, M. Willenbockela,b, T. Deilmannc, B. Stadtmüllera,b, C. R. Braatzd,
C. Bronnere, P. Krügerc, R. J. Maurerf, M. Schulzee, C. Wagnera,b, S. Soubatcha,b, R. Temirova,b, P. Jakobd,
K. Reuterf, M. Rohlfingc, P. Tegedere, F. S. Tautza,b
a. Peter Grünberg Institute (PGI-3), Forschungszentrum Jülich, 52425 Jülich, Germany
b. Jülich Aachen Research Alliance (JARA), Fundamentals of Future Information Technology, 52425 Jülich,
Germany
c. Institut für Festkörpertheorie, Westfälische Wilhelms-Universität Münster, 48149 Münster, Germany
d. Fachbereich Physik und Zentrum für Materialwissenschaften, Phillips-Universität Marburg, 35032
Marburg, Germany
e. Physikalisch-Chemisches Institut, Ruprecht-Karls-Universität Heidelberg, Im Neuenheimer Feld 253, 69120
Heidelberg, Germany
f. Chair of Theoretical Chemistry and Catalysis Research Centre, Technische Universität München,
Lichtenbergstraße 4, 85747 Garching, Germany

In most cases, large π-conjugated organic semiconductor molecules adsorb with their molecular
planes parallel to the metal surface on which they are deposited. This behavior is governed both by
the van der Waals attraction and the chemical interaction of the π-system with the metal. However,
under certain circumstances this general behavior can be altered, even on metals. Three examples will
be presented, ranging from a coverage-driven chemical dissociation reaction the products of which
adsorb upright, via the skillful use of kinetic constraints to obtain the autocatalytic growth of a vertical
phase, to the purposeful manipulation of molecules into an upright geometry. Mechanisms and
applications will be discussed.
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STOICHIOMETRY
AND
ELECTRONIC
STRUCTURE
DONOR/ACCEPTOR SUPERLATTICES ON METAL SURFACES

OF

BIDIMENSIONAL

Roberto Oteroa,b‡
a. Dep. de Física de la Materia Condensada, Universidad Autónoma de Madrid, Spain
b. IMDEA-Nanoscience, Madrid, Spain

Materials consisting of mixtures of strong organic acceptors (A) and donors (D) show a fascinating
diversity of physical properties. The first purely organic metals were actually 1:1 mixtures of
tetracyanoquinodimethane (TCNQ), a strong organic acceptor, and tetrathiafulvalene (TTF), a strong
organic donor. After that, a large number of works have found a plethora of electronic behaviors such
as Mott and Peierls insulators, charge- and spin-density wave states and organic superconductors.
Whether one particular D:A mixture realizes one or the other of these states depend on their band
filling which, in turn, depends on the D:A stoichiometry. Hitherto, however, the stoichiometry of D:A
mixtures has been considered to be determined by the chemical nature of the donor and acceptor
molecules, so that the only way to modify the D:A ratio in a controlled way would be the chemical
functionalization of the molecular backbones. Here we show that the electronic flexibility offered by
metal surfaces opens the possibility to choose the stoichiometry of 2D D:A mixtures supported on
them from 2:1 to 1:4, as revealed by our STM investigations (see Figure 1). XPS and NEXAFS
measurements together with DFT calculations demonstrate that the possibility of changing the
stoichiometry is related to the variable doping of the 2D D:A layer with electrons arising from the
substrate. This approach might thus open the possibility to synthesize 2D organic materials with a
wide range of tunable properties that can be exploited to fabricate new electronic devices and sensors.
TCNQ

4:1

2:1

1:1

1:2

Figure 1. STM overview of the different stoichiometries obtained by deposition of TTF and TCNQ on
Ag(111)
‡ roberto.otero@uam.es
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IMPACT OF CHEMICAL STRUCTURE, PHASES, AND PROCESSING ON SUBSTRATEINDUCED PHASES
Yves H. Geertsa‡
a. Laboratoire de Chimie des Polymères, Université Libre de Bruxelles, Boulevard du Triomphe, 1050
Bruxelles, Belgium

Order is amongst the most important parameters that govern the physics of organic semiconductors
(OSCs) [1] However, materials must be ordered at all length-scales, from molecular dimensions to
macroscopic distances [2]. Liquid crystals constitute a unique class of materials that spontaneously
self-assembles into single domain thin films with specific alignment [3-5]. Patterning of aligned single
domains of liquid crystalline OSCs has recently been demonstrated [6,7]. Nevertheless, liquid
crystalline semiconductors suffer from numerous structural defects created by their partial liquid
character and that limit their charge carrier mobility [1,8,9]. Single crystals exhibits the highest charge
carrier mobility of organic materials but their size, shape and alignment cannot be controlled yet.
Recently, we have demonstrated that the size, shape and alignment of organic single crystals of OSCs
can be modified with the use of a thermal gradient that allows the separation of nucleation and growth
[10]. We will report several examples of directional crystallization and discuss the physical parameters
that allow the fabrication of single crystals. In parallel, we are developing novel semiconductors
adapted for the temperature gradient processing. We will also report on the latest progresses on
synthesis [11] and characterization of OSCs, [12] notably substrate-induced phases [13].

[1] Chem. Soc. Rev. 1902 (2007).
[2] Langmuir 22 7798 (2006).
[3] J. Phys. Chem. C 113 14398 (2009).
[4] Chem. Mater. 21 5867 (2009).
[5] J. Phys. Chem. B 113 5448 (2009).
[6] Adv. Mater. 21 4688 (2009).
[7] Nano Lett. 7 2627 (2007).
[8] J. Phys. Chem. C 114 4617 (2009).

[9] J. Phys. Chem. B 113 14102 (2009).
[10] Cryst. Growth Des. 11 3663 (2011).
[11] J. Org. Chem. 78 7741 (2013).
[12] Angew. Chem. Int. Ed. 52 7751 (2013)
[13] RSC Advances 2 4404 (2012). Langmuir 28
8530 (2012). ChemPhysChem 14 2554 (2013).
Adv. Mater. 25 1948 (2013). J. Cryst. Growth 386
128 (2014).

‡ ygeerts@ulb.ac.be
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POLYMORPHISM IN AN ORGANIC SEMICONDUCTOR AT THE DIELECTRIC INTERFACE
Andrew O. F. Jonesa‡, B. Schrodea, M. Sferrazzab and R. Resela
a. Institute of Solid State Physics, Graz University of Technology, Graz, Austria
b. Département de Physique, Université Libre de Bruxelles, Brussels, Belgium

Understanding polymorphism in organic molecular semiconductor films is crucial for the production
of solution-processed, large scale organic devices. Differing arrangements of semiconducting
molecules in the solid state can have a profound impact on the physical properties of a material, not
least on the charge transport mobility which is one of the key characteristics for any organic
semiconductor. When coated onto gate dielectrics, new polymorphic forms may be found which
typically do not grow as single crystals and only exist in thin films. These polymorphs, termed
substrate-induced phases (SIPs), have now been observed for several organic semiconductors, most
notably in films of the prototypical organic semiconductor pentacene. SIPs form at the dielectric
interface and are therefore of great importance as the majority of charge transport occurs within the
first molecular layers. Despite their importance, the origins of SIPs are still not well understood and
clear routes to control the molecular structure of organic semiconductors are needed. In this work we
present a study on a SIP in films of the molecule 2,7-dioctyloxy[1]benzothieno[3,2-b]benzothiophene
(C8O-BTBT-OC8),[1] a member of the BTBT family of organic semiconductors which exhibit
excellent charge transport mobilities of up to 43 cm2 V-1 s-1.[2] The bulk and thin film structures of
C8O-BTBT-OC8 are investigated and characterised by a combination of X-ray diffraction, AFM and
IR/Raman spectroscopy. The phase behavior at elevated temperatures is also investigated, revealing
a molecule with a rich polymorphic phase behavior. Finally, the stability of the SIP with regards to
temperature, solvent vapour and sample aging are investigated with the implications for the
understanding of SIPs and control over film structure discussed.

Figure 1: Reciprocal space map of a film containing different phases of C8O-BTBT-OC8 with molecular
structure inset; white arrows show peaks belonging to the bulk phase, other peaks correspond to the SIP
(left); DSC measurement of bulk C8O-BTBT-OC8 showing different phases (centre); Specular X-ray
diffraction patterns of different phases in films of C8O-BTBT-OC8 (right).
[1] A. O. F. Jones, Y. H. Geerts, J. Karpinska, A. R. Kennedy, R. Resel, C. Röthel, C. Ruzié, O. Werzer, M.
Sferrazza. ACS Appl. Mater. Interfaces 7 1868 (2015).
[2] Y. Yuan, G. Giri, L. Ayzner, P. Zoombelt, S. C. B. Mannsfeld, J. Chen, D. Norlund, M. F. Toney, J.
Huang, Z. Bao. Nat. Commun 5 3005 (2014).
‡ andrew.jones@tugraz.at
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FUNCTIONAL THIN FILMS: ADVANCED GROWTH TECHNIQUES AND APPLICATIONS
Anna M. Coclitea‡
a. Institute of Solid State Physics, Graz University of Technology, Austria

Functional thin films offer innovative solutions for many technological applications: organic
electronics, smart devices for biotechnology, microfluidics, membrane technology, sensors and drug
delivery systems. Coating the top surface of materials with a thin film allows to modify the interaction
of the material with the environment without changing the bulk properties of the material itself, and
thus increases the number of properties that a material can have. A significant research effort is
devoted to the production of “smart” coatings, which dynamically respond to the stimuli coming from
the environment.
In this talk, we will review some of the modern growth techniques and applications of functional thin
films. Wet methods coming from conventional organic synthesis have been widely used for such
purpose. The development of dry growth techniques - based on vacuum- aims to complement and
enlarges the applicability of functional thin films to fields where the presence of solvent is detrimental.
Successful results in terms of rationally designed micro- and nano-engineered materials will be
demonstrated using as a case of study the CVD growth of functional polymers. In CVD the film
growth proceeds from the substrate up, allowing for interfacial engineering, real-time monitoring, and
thickness control. A recently developed method for the deposition of polymeric thin films is the socalled initiated chemical vapor deposition (iCVD). iCVD will be discussed as a platform for the
implementation of polymeric coatings into device fabrication. Figure 1 shows an example of thin film
growth by iCVD, and a conductive functional polymer thin film deposited on paper.

Figure 1. iCVD growth process and picture of a conductive thin film deposited on paper.
[1] A. M. Coclite et al. Adv. Mat. 25 5392 (2013)
[2] A.M. Coclite et al. Polymer 54 24, (2013)
[3] A. M. Coclite et al. Adv. Funct. Mater. 22 2167, (2012)
‡ anna.coclite@tugraz.at
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STUDIES OF LIGAND BINDING USING SURFACE PLASMON RESONANCE
Jannette Careya,b‡
a. Chemistry Department, Princeton University, Princeton, New Jersey, USA.
b. Institute of Nanobiology and Structural Biology, Czech Academy of Sciences, Nové Hrady 37333, South
Bohemia, Czech Republic

Surface plasmon resonance, SPR, is a relatively new technique for studying the interactions between
molecules. The method requires one interacting component to be attached to a gold surface.
Detection of an interaction relies on the change in mass at the surface upon ligand binding through
its effect on refractive index. As such the method requires no extrinsic labeling of either molecular
participant, and thus has proved very general for studying many kinds of interactions. On the other
hand the requirement of immobilization presents certain limitations, some of which can be identified
in the resulting data and overcome using empirical approaches. The strengths and weaknesses of
SPR, and its complementarities with other methods, will be discussed in this tutorial. Applications
will be presented that allow: measurements of unperturbed solution equilibrium constants;
determination of the molar ratios of interacting partners; and the study of very low molecular weight
ligands.
‡ jcarey@princeton.edu
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SYNTHESE OF SURFACE (RE-)ACTIVE COMPOUNDS
Andreas Terforta‡
a. Institute of Inorganic and Analytic Chemistry, University of Frankfurt, Germany

The manipulation of interface properties is of paramount importance in basically all fields of
technology. While well-established techniques, such as controlled oxidation, reduction or
transformation into other solid-state thin films are well suited for many applications, electronic
interfaces require more sophisticated approaches. In particular for organic electronics, the use of
monomolecular films of organic compounds opens a plethora of opportunities to adjust properties,
such as charge-carrier transport, charge-carrier injection (into adlayers) or growth control of adlayers.
The compounds for the formation of such monolayers typically consist of three parts (see Figure 1):
1) An anchor group for the attachment to the surface, 2) a molecular backbone, which determines the
charge-carrier transport properties as well as the order in the monolayer, and 3) a head group, which
determines many chemical and physical properties of the newly formed surface.
These three building units can be combined almost independently, opening the opportunity to finetune the properties of the resulting molecule - and thus ultimately of the surface – separately.
In my talk, I will present basic strategies on how to decide, which building blocks are utilized, and
what synthetic strategies are useful to synthesize and link these building blocks together.

anchor
surface group

molecular
backbone

head
group

chemical bonds suitable for construction

Figure 1. Basic concept of a surface-(re)active molecule.
‡ aterfort@chemie.uni-frankfurt.de
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EXPLOITING DIFFERENTIAL SPECTROSCOPIC ELLIPSOMETRY TO INVESTIGATE SPECIFIC
VS. ASPECIFIC BONDING OF BIO-MOLECULES ON SELF-ASSEMBLED MONOLAYERS
Maurizio Canepaa‡
a. Department of Physics, University of Genova ,Italy

Investigating specific binding processes of biomolecules at functionalized surfaces is a key issue in
the design of bio-sensors. In this communication I will present recent results of our group about the
use of Spectroscopic Ellipsometry (SE) to investigate specific vs. aspecific bonding of proteins at gold
surfaces functionalized with suitable Self-Assembled Monolayers (SAMs). Two thiol-terminated
precursor SAMs with different optical properties (transparent vs. absorbing in the analyzed
wavelength range, 245-1700 nm) were selected: Nitrilotriacetic acid (NTA) and single strand DNA
(ssDNA, 22 base pair). Aspecific binding on the transparent NTA layer was first investigated through
exposure to solutions containing a chromophore, Yeast Cytochrome c (YCC), a so-called heme
protein. Differential SE measurements allowed to observe submonolayer adsorption of YCC through
the detection of the so-called Soret bands at about 400 nm wavelength. Control experiments performed
by testing the YCC adsorption on Oligo-Ethylene-glycol (OEG) SAMs strikingly emphasized the
practically perfect resistance of EG groups to a specific adsorption, confirming on a spectroscopic
basis, literature findings obtained by single wavelength methods (SPR). Similarly, NTA SAMs
demonstrated a strong resistance to adsorption of Histidine tagged Small Ubiquitine-like Modifier
(SUMO) protein. Instead, a noticeable SUMO adsorption was clearly observed when the precursor
NTA SAM was loaded with Ni ions, able to bind specifically Histidine: SE data analysis with a model
that takes into account the optical properties of the Au substrate, the NTA and SUMO layers
demonstrated the formation of a few nm- thick SUMO film. Experiments on DNA allowed to work
with a precursor SAM endowed with significant optical absorptions in the UV range. In this case the
SE experiments were mainly devoted to detect specific bonding through DNA-complementary DNA
hybridization. The Differential SE data analysis of the precursor ssDNA SAMs allowed to disentangle
the UV spectral features specific to the DNA molecules: in particular a strong absorption in the UV
range (260-270 nm) was detected in both in-situ and ex-situ data. An optical model with properly
chosen oscillators was built in to specifically describe the optical absorption of the four different DNA
bases (A,T,G,C). Differential SE analysis was also able to point out the aspecific submonolayer
adsorption of YCC on the precursor SAM and to clearly detect the hybridization process in mixed
SAMs of ssDNA/mercaptohexanol (MCH).
‡ canepa@fisica.unige.it
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SURFACE-BOUND SSDNA FILMS, BRUSHES, AND NANOSTRUCTURES
Michael Zharnikova
a. Applied Physical Chemistry, Heidelberg University, Im Neuenheimer Feld 253, 69120 Heidelberg, Germany

DNA holds great promise as the basis for new biotechnologies due to its unique recognition and
coupling properties. In particular, surface-bound DNA has been exploited in such diverse applications
as DNA computing, nanoparticle assembly, and the directing of cell settlement, in addition to the
more standard microarray applications that have proven valuable for highthroughput genetic
screening. However, the efficient functioning of these systems is highly dependent on their design and
on a variety of parameters, above all on packing density and molecular orientation. In this context,
different strategies to couple single stranded DNA (ssDNA) to solid substrates and to optimize the
resulting films will be discussed. The structural properties and hybridization ability of these films
were thoroughly analyzed using a number of complementary characterization techniques [1,2]. New
strategies to control the density of the surface-bound ssDNA are discussed. The most promising
approach, relying on irradiation-promoted exchange reaction, allows to prepare mixed monolayers of
thiolate-bound ssDNA and oligo(ethylene glycol) substituted alkanethiols (OEG-AT) in a broad range
of compositions as well as ssDNA/OEG-AT patterns of desired shape embedded into a biorepulsive
background [3]. The composition of the mixed films or ssDNA/OEG-AT spots (lithography) can be
precisely adjusted by electron or UV dose in almost entire composition range. The above procedure
relies on commercially available compounds and is applicable to both thiol-terminated and symmetric
and asymmetric disulfide-terminated ssDNA. The fabricated OEG-AT/ssDNA templates and patterns
can be extended into the z-dimension by surface-initiated enzymatic polymerization of ssDNA, which
results in the formation of highly ordered ssDNA brushes and allows topographically complex ssDNA
brush patterns to be sculpted on the surface.

Figure 1. Atomic force microscopy image of an ssDNA pattern in a biorepulsive OEG-AT matrix (18 × 30
µm2). From [3].
[1] S. Schreiner, A. Hatch, D. Shudy, C. Howell, J. Zhao, P. Koelsch, M. Zharnikov, D. Petrovykh, and A.
Opdahl. Anal. Chem. 83 4288 (2011).
[2] C. Howell, H. Hamoudi, S. Heissler, P. Koelsch, M. Zharnikov. Chem. Phys. Lett. 513 267 (2011).
[3] M. N. Khan, V. Tjong, A. Chilkoti, M. Zharnikov. Angew. Chem. Int. Ed. 51 10303 (2012).
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MOLECULAR AND MACROMOLECULAR LEGO: HOW TO PICK UP AND JOIN TOGETHER
THE RIGHT PIECES WHILE BUILDING CONJUGATED MATERIALS
Luca Beverinaa and M. Sassia
a. Milano-Bicocca University, Milano, Italy.

Organic conjugated molecular and macromolecular materials have experienced a tremendous interest
due to their potentially low cost manufacturing, tailor made properties and compatibility with a variety
of rigid and flexible substrates.[1] Decades of research efforts made it possible to establish detailed
structure-properties relationships linking a precise function (light emission, charge transport, light
shading, sensing capabilities, charge storage,…) to general structural motifs identifying most
performing materials. Early guidelines were mostly focused on single molecule properties, whilst
today’s approach is more focused on solid state, interphases and interfaces. Nonetheless, the
implementation of such general rules in the design of one particular structure still remains a rather
difficult task due to the extreme variety of the possible organic residues and connection motifs that
are in principle possible (even though perhaps unpractical from the point of view of synthetic
feasibility).
The purpose of this talk is the description of the electronic characteristics of the fundamental
conjugated building blocks (double and triple bonds, benzene rings, heteroaromatics) and the way
such units can be joined together in order to build up a particular electronic structure. Special emphasis
will be given to the electronic features and chemical behavior of those eteroaromatic rings (like
thiophene, pyridine, thiazole and so on) more frequently employed as building blocks of molecular
and polymeric performing semiconductors.[2] I will also discuss the influence of such organic
moieties on solid-state morphology, particularly regarding thin films, interphases and interfaces.

Start from
a model

Select the
components

Join them according
to the rules

Figure 1. Molecular lego with organic well defined building blocs.
[1] See for example: A White Paper from the Chemical Sciences and Society Summit (CS3) (2012).
[2] A. Facchetti Chem. Mater. 23 733-758 (2011).
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SOLVENT ENGINEERING OF ORGANIC-INORGANIC HALIDE PEROVSKITES FOR
REPRODUCIBLE AND EFFICIENT SOLAR CELLS FABRICATION
Manuel Saladoa‡, LauraCalióa, Samrana Kazima, Shahzada Ahmada
a. Abengoa Research, Abengoa, C/Energía Solar n° 1, Campus Palmas Altas, 41014 Sevilla, Spain

Alkyl ammonium metal halide perovskite has shown record performance in solar cells and are seen
as strong contender with other existing photovoltaic technology due to their high power conversion
efficiency (PCE) exceeding up to 20%.
The use of perovskites as light harvester provides excellent optical properties which can be tuned by
modifying chemical compositions. Usually, the basic structure of the perovskite corresponds to the
general formula AMX3 where A is an alkyl ammonium cation, B is a metal (Pb or Sn) and X is a
halide (Cl, Br or I). The size of organic cation A is critical for the formation of a close-packed
perovskite structure; in particular, cation A must fit into the space composed of four adjacent cornersharing MX6 octahedra. However, in order to increase the optical absorption of perovskite and its
extension towards longer wavelength in the visible spectrum, different types of perovskites can be
synthesized. We have synthesized different type of hybrid perovskite based on mixed cation (methyl
ammonium and formamidinium) and /or mixed halide anion (iodide, bromide or chloride) and then
employed them as light absorbers on a mesoscopic solar cells. These mixed perovskite were subject
to optical and X-ray characterization. One step deposition method with solvent engineering concept
was used in order to fabricate efficient solar cells. This method consists of dropping of a nondissolving solvent with the aim of retarding the formation of the perovskite providing bigger crystals
which entails uniform perovskite layer, enhance stability and reduces the hysteresis less than 10%.
Devices were fabricated using this one step technique and photovoltaics parameters were calculated
and compared for each chemical composition.
‡ manuel.salado@abengoa.com
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NONCOVALENT INTERACTIONS IN PROTEIN AND OLIGO-NUCLEOTIDE STRUCTURES:
“NATIVE” MASS SPECTROMETRY AND ION MOBILITY APPROACHES
Frank Sobotta,b‡
a. Biomolecular & Analytical Mass Spectrometry group, Department of Chemistry, University of Antwerp,
Belgium
b. Center for Proteomics, University of Antwerp, Belgium

Our work focuses on aspects of dynamic and heterogeneous protein and oligonucleotide
conformations and assemblies, using an integrated structural approach based on "native" mass
spectrometry, ion mobility, and surface mapping techniques in combination with electron microscopy,
SAXS and other biophysical methods. We will briefly introduce the different mass spectrometrybased structural proteomics approaches, and highlight the type of data which they can generate, and
how they can be integrated with other structural information and with computational models.
Specifically, we are going to show recent results on the detection and characterization of intrinsic
disorder in proteins, including alpha-synuclein and the apoptosis-related BAX protein. A range of
folding states, from disordered to compact, are characterized and interpreted using molecular
dynamics approaches. These data link the conformational state of the protein with their association
into larger oligomers, which are believed to be able to form membrane pores. We use detergent
micelles, lipid bilayers (bicelles) and nanodiscs for both native MS and covalent labelling of exposed
parts of the protein, and apply these techniques to various different ion channels including the
mechanosensitive channel of large conductance (MscL).

‡ frank.sobott@uantwerpen.be
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STRUCTURAL INVESTIGATION OF THIN FILMS BY SCATTERING TECHNIQUES
Ingo Salzmanna‡
a. Institut für Physik, Supramolekulare Systeme, Humboldt Universität zu Berlin, Germany

The crystalline structure as well as the micro- and nanomorphology are key for all functionality of all
types of electronic devices. In particular, in applications employing organic and hybrid
(inorganic/organic) systems, the orientation of the (generally) anisotropic organic molecular
constituents impacts both the energetics and the charge transport properties of the functional
structures, which are typically employed in the form of thin films in such devices. The most common
experimental approach to assess the microstructure of thin films are scattering techniques employing
hard X-rays, which is the topic of the present tutorial.
First, starting with common length scales explored by such techniques and basics on the packing of
organic semiconductors, their expitaxy and texture, the fundamentals of structure-determination
techniques based on X ray diffraction are discussed together with their core technical aspects.
Particular focus is put on grazing-incidence X-ray diffraction and the determination of full structure
solutions based thereof, which can be achieved directly from experimental data or with the help of
theoretical modelling.
In the second part of the tutorial, the relevance of the precise knowledge on the microstructure in
organic thin films is demonstrated for the field of molecular electrical doping, where the mutual
orientation between dopant and host molecules determines the doping behavior [1].

Figure 1. Basic geometry of grazing-incidence X-ray diffraction providing reciprocal space maps. Based on
such experimental data, full structure solutions of (organic) thin films can be derived.
[1] Méndez, H. et al. Angew. Chem., Int. Ed. 52 7751-7755 (2013).
‡ ingo.salzmann@physik.hu-berlin.de
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CONCEPTS OF MOLECULAR IMAGING MASS SPECTROMETRY: FROM MATERIAL
SCIENCES TO MEDICINE
Günter Allmaiera‡, E. Pittenauera and M. Marchetti-Deschmanna
a. Institute of Chemical Technologies and Analytics, Vienna University of Technology, Vienna, Austria

For the detailed characterization of engineered ((bio)materials) and native (animal/ human and plant
tissue slices originating from biological systems) surfaces besides functional parameters usually
methods as transmission electron microscopy (TEM), scanning electron microscopy (SEM) as well
as atomic force microscopy (AFM), various light microscopic techniques, secondary ion mass
spectrometry (SIMS), X-ray photon spectroscopy (XPS), laser ablation-inductive coupled plasmamass spectrometry (LA-ICP-MS) are applied. The use of imaging mass spectrometric approaches in
2D- and 3D-SIMS or LA-ICP-MS is limited to elemental ions or small organic molecular ions or
mostly organic fragment ions. Now the demand to show the spatial distribution of intact organic
molecules or biomolecules without any derivatization or modification steps is rapidly growing. This
field is termed molecular imaging mass spectrometry (IMS). Furthermore to identify and characterize
surface-located molecules as antioxidants, organic compounds/polymers emitting light in response to
an electric current, ionic liquids, lipids, peptides, proteins or potential bioactive compounds is even
more pressing. The characterization in a high sensitive mode of particular unknown molecules by
means of mass spectrometry (MS) (e.g. by high resolution and accuracy to determine the elemental
composition of intact (bio)organic molecules) and tandem/multistage MS is the growing challenge.
For such investigations the following desorption/ionization (D/I) techniques are primarily suited: LDI
(laser desorption/ionization), MALDI (matrix-assisted laser desorption/ionization), DESI (desorption
electrospray ionization) and LAESI (laser ablation electrospray ionization). Some of these are
working at high vacuum and some can be used at atmospheric pressure.
Here, we want to present the concepts behind IMS, its potential and challenges. This will be illustrated
by a couple of examples from the fields of material sciences as determination of allergens on medical
latex surfaces [1, 2], of ionic liquids and their degradation products on tribological surfaces [3], of
biomolecules on UHMWPE/hip explants [4, 5], of crocins on saffron stigmas and of peptides/proteins
on human cancer tissues [6].
[1] M. Marchetti-Deschmann, G. Allmaier. J. Mass Spectrom. 44 61 (2009).
[2] M. Marchetti-Deschmann, G. Allmaier. Spectroscopy Europe 21 6 (2009).
[3] C. Gabler, E. Pittenauer, N. Dörr, G. Allmaier. Anal. Chem. 84 10708 (2012).
[4] S. Fröhlich, V. Dorrer, V.-M. Archodoulaki, G. Allmaier, M. Marchetti-Deschmann. EuPA Open
Proteomics 4 70 (2014).
[5] S. Fröhlich, V.-M. Archodoulaki, G. Allmaier, M. Marchetti-Deschmann. Anal. Chem. 86 9723 (2014).
[6] S. Fröhlich, B. Putz, H. Schachner, D. Kerjaschki, G. Allmaier, M. Marchetti-Deschmann. BJMG 15 13
(2012).
‡ guenter.allmaier@tuwien.ac.at
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DIFFERENTIAL SPECTROSCOPIC ELLIPSOMETRY INVESTIGATION ON SPECIFIC vs.
ASPECIFIC BONDING OF BIOMOLECULES ON ssDNA SELF ASSEMBLY MONOLAYERS ON
GOLD
I. Solanoa‡, P. Parisseb, L. Casalisb and M.Canepaa
a. Dipartimento di Fisica, Università di Genova, Via Dodecaneso 33-16146, Genova, Italy
b. Sincrotrone Trieste SCpA, I-34149 Trieste, Italy

Investigating specific binding processes of biomolecules at functionalized surfaces is a key issue in
the design of any bio-sensor. This work is mainly devoted to detect specific bonding through DNAcomplementary DNA hybridization.
We exploited Spectroscopic Ellipsometry (SE, 245-1700 nm) to investigate specific vs. aspecific
bonding of proteins and DNA-oligonucleotides at gold surfaces functionalized with single strand
DNA (ssDNA, 22 base pair) Self-Assembled Monolayers (SAMs).
The Differential SE data analysis of the precursor mixed SAMs of ssDNA/mercaptohexanol (MCH)
allowed to disentangle the UV spectral features specific to the DNA molecules: in particular a strong
absorption in the UV range (260-270 nm) was detected in both in-situ and ex-situ data. An optical
model with properly chosen oscillators was built in to specifically describe the optical absorption of
the four different DNA bases (A,T,G,C).
Aspecific interaction between protein and ssDNA/MCH SAMs was studied by exposing the sample
to Yeast Cytochrome c (YCC), a heme protein presenting optical absorptions related to the so-called
Soret bands at about 400 nm wavelength. Hybridization of ssDNA/MCH was investigated through
exposure to solutions containing a complementary ssDNA molecules while a control experiments was
performed by testing not-complementary ssDNA adsorption on the precursor SAM.
Differential SE analysis was able to point out the aspecific submonolayer adsorption of YCC on the
precursor SAM and to clearly detect the hybridization process in mixed SAMs of ssDNA/MCH when
the films were exposed to complementary target while no interaction was revealed in the case of the
not-complementary ssDNA.
Finally we also show the AFM nanolithography measurements on the hybridization process. In nanoshaving, the high local pressure exerted by the tip provokes a high shear force which leads to the
removal of SAM molecules. One can then perform accurate differential height measurements between
covered and depleted, sharply-edged areas.
In this way by using AFM in-situ nano-lithography of pre-deposited SAMs we can improve the
accuracy in the determination of the thickness and this opens the way to obtaining a reliable estimate
of the refraction index of the films, an information which is often elusive, for such ultrathin layers.
‡ solano@efisica.unige.it
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ACTIVE NANOPARTICLE TARGETING: A REAL ADVANCE FOR MANAGEMENT OF
CANCER, INFLAMMATORY AND INFECTIOUS DISEASES
Fabio Corsia‡
a. "L. Sacco" Department of Biomedical and Clinical Sciences, Università degli Studi di Milano, Milan, Italy

Various diseases of paramount relevance require high-dosage systemic treatments which could lead
to serious complications related to drug toxicity and resistance; on the other side, reducing the dose
of these medications is often associated to therapy. The most paradigmatic examples are
chemotherapy for cancer cure, immunosuppressive therapy for inflammatory bowel diseases or
antiretroviral drugs for HIV infection. Nanotechnology may overcome these major limitations: indeed
nanoparticles can be functionalized by antibody conjugation to specifically target cell receptors for
theranostic purposes. In our experience, we have assessed effective nanodelivery of anti-HER2
therapy to HER2-positive breast cancer cells with a low cardiotoxicity and a high anticancer activity
in vivo, and other nanoformulations are being studied for targeted therapy of triple-negative breast
cancer. Moreover, we have designed manganese-based nanostructures conjugated with antiMAdCAM-1 for specific targeting of bowel mucosa involved in chronic inflammation, in order to
obtain an accurate contrast on magnetic resonance imaging of early Crohn disease. Finally, some
experimental studies are ongoing on antiretroviral drugs nanoformulation to allow a passage through
the blood-brain barrier or other barriers to HIV infection reservoirs, currently not possible with
commonly used anti-HIV therapies. In conclusion, nanotechnology is greatly promising in redefining
tools for theranostic management of some of the most important and potentially life-threatening
human diseases.
‡ fabio.corsi@unimi.it
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DEVELOPMENT OF DOXORUBICIN LOADED NON-MESOPOROUS
NANOPARTICLES TARGETED TO HER2 POSITIVE BREAST CANCER CELLS.

SILICA

B. Riva a‡, , P. Verderioa, E.J. Rozeka, M. Bellinia, D. Prosperia
a. Department of Biotechnology and Bioscience, University of Milano-Bicocca, Italy

A stable biocompatible nanoplatform has been created to encapsulate and, concomitantly, specifically
deliver the clinical available antitumor drug doxorubicin, facing the low selectivity and huge toxicity
of classical chemotherapy. Full (i.e., non-mesoporous) silica nanoparticles (SNPs) have been chosen
for their encouraging properties, such as hydrophilic surface favoring protracted circulation, versatile
chemistry for surface functionalization and possibility of large-scale synthesis [1]. The silica core has
been covalently functionalized with doxorubicin (Dodo SNPs, Figure 1), further protected by a 10 nm
silica shell (Dodo-shell SNPs, Figure 1) and stabilized in saline buffer by means of differently
terminated PEGs. Both Dodo and Dodo-shell SNPs have been then conjugated with the half-chain of
a monoclonal antibody, trastuzumab, which specifically recognizes the human epidermal growth
factor receptor 2 (HER2), overexpressed in 25-30% of human breast cancers [2]. After a careful
characterization, cytotoxicity, targeting efficiency, apoptosis and DNA-damage were assayed on
HER2-positive MCF7 cells and HER2-negative MDA cell lines (control) in order to compare the
advantages of each kind of silica nanocarriers.

Figure 1. Schematic representation of doxorubicin-loaded silica nanoparticles either coated or not by a further
silica shell.
[1] Halas, N. J.; ACS Nano. 2 179-183 (2008).
[2] Molina M. A., Codony-Servat J, Albanell J., Royo F., Arribas J., Baselga J., Cancer Res.61 4744 (2001)
‡ b.riva10@campus.unimib.it
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MOLECULAR DYNAMICS SIMULATIONS: FROM BULK TO SURFACE
Raffaele G. Della Vallea, E. Venutia, T. Salzilloa and A. Brillantea
a. Dipartimento di Chimica Industriale "Toso Montanari", Bologna, Italy

We cannot really observe atoms and molecules in real time, they are way too small. Even if we could,
the Heisenberg uncertainty principle tells us that, just by observing a system, we are actually
perturbing it. However, we do not need to really observe a system to see it. We may instead use the
law of physics to predict what the molecules will actually do, and thus simulate the system using a
computer. Just like the simulated world of the “Matrix” movie. In practice, the trajectories of atoms
and molecules are determined by numerically solving the Newton's equations of motion for a system
of interacting particles, where forces between the particles are given by interatomic potential models
or by molecular mechanics force fields.
In the lesson, we will cover the basic principles of the method, analyze typical potential models and
force fields, discuss the available software, and see a few examples from the literature, ranging from
simple cristalline solids to molecules adsorbed on surfaces.

Figure 1. A typical liquid crystal, 4-n-pentyl-4'-cyano biphenyl, adsorbed on crystalline silica (cristobalite)
and on amorphous silica. The anchoring properties of the liquid crystal are correlated with the morphology of
the surface.
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ELECTRONIC AND OPTICAL PROPERTIES OF ORGANIC ELECTRONIC MATERIALS
FROM FIRST PRINCIPLES
Leeor Kronika‡
a. Department of Materials and Interfaces, Weizmann Institute of Science, Rehovoth 76100, Israel

Understanding the structural, electronic, and optical properties of organic semiconductors, as well as
their interfaces with inorganic matter, is essential to the design of modern organic electronic and
photovoltaic devices. Prediction of such properties from first principles is desriable for interpreting
novel and insufficiently understood phenomena in known organic materials, as well as for predicting
new ones.
In this tutorial lecture, I will show how such prediction can be achieved using a variety of density
functional theory and many-body perturbation theory approaches, including a discussion of strengths
and limitations. I will emphasize issues of direct relevance to device performance, such as intermolecular hybridization, band dispersion, polarization phenomena, exciton formation and
delocalization, and more.
‡ leeor.kronik@weizmann.ac.il

22

Summer School on Organic Electronics
From Semiconductor to Biomolecular Interfaces
September 14 to September 18, 2015 in Como, Italy

Invited Talk 9

ORBITAL TOMOGRAPHY: A COMBINED EXPERIMENTAL / THEORETICAL APPROACH TO
ORGANIC-METAL INTERFACES
Peter Puschniga‡
a. Institute of Physics, NAWI Graz, University of Graz, Austria

In recent years, a renaissance of angle-resolved photoemission spectroscopy (ARPES) in the field of
organic electronics could be observed. This development was mainly driven by the fact that, in
opposition to conventional wisdom, the angular dependence of the photoemission current from
oriented molecular films can be understood by assuming a plane wave as the final state of the
photoemission process. This approximation enables a simple and intuitive interpretation of the
transition matrix element in terms of the Fourier transform of the initial state orbital. Thereby a
technique, called orbital tomography emerged which enables one to deconvolute photoemission
spectra into individual orbital contributions.
In this contribution, I will show how orbital tomography may provide an orbital-by-orbital
characterization of large adsorbate systems [1]. This allows one to directly estimate the effects of
bonding on individual orbitals and also yields most stringent tests for ab initio electronic structure
theory [2]. It can also been utilized to explore intermolecular band dispersions [3], determine
molecular orientations [4], or even enable the reconstruction of real space electron distributions of
molecular orbitals from ARPES data [5].
[1] P. Puschnig, E.-M. Reinisch, T. Ules, G. Koller, S. Soubatch, M. Ostler, L. Romaner, F. S. Tautz, C.
Ambrosch-Draxl, M. G. Ramsey. Phys. Rev. B 84 235427 (2011).
[2] T. Ules, D. Lüftner, E. M. Reinisch, G. Koller, P. Puschnig, M. G. Ramsey. Phys. Rev. B 90 155430
(2014).
[3] M. Wießner, J. Ziroff, F. Forster, M. Arita, K. Shimada, P. Puschnig, A. Schöll, and F. Reinert. Nature
Communications 4 1514 (2013).
[4] D. Lüftner, M. Milko, S. Huppmann, M. Scholz, N. Ngyuen, M. Wießner, A. Schöll, F. Reinert, P.
Puschnig. J. Electron Spectrosc. Relat. Phenom. 195 293 (2014).
[5] D. Lüftner, T. Ules, E. M. Reinisch, G. Koller, S. Soubatch, F. S. Tautz, M. G. Ramsey, P. Puschnig.
Proc. Nat. Acad. Sci. U. S. A. 111 605 (2014).
‡ peter.puschnig@uni-graz.at

23

Summer School on Organic Electronics
From Semiconductor to Biomolecular Interfaces
September 14 to September 18, 2015 in Como, Italy

Tutorial Talk 13

MODELING THE ELECTRONIC PROPERTIES OF INTERFACES AND NANOSTRUCTURES
USING DENSITY FUNCTIONAL THEORY
Daniel Sánchez-Portala‡
a. Centro de Física de Materiales UPV/EHU-CSIC, Paseo Manuel de Lardizabal 5, 2018 San Sebastián, Spain

I will first present some general remarks on the foundations of density functional theory (DFT) and
its time-dependent counterpart (TDDFT), as well as some comments on their practical
implementations. In spite of their limitations, these techniques have become the standard for studying
the electronic structure of large, complex systems. I will review some recent applications using the
SIESTA/tranSIESTA methodology [1,2] to the study of the electronic and transport properties of
several organic/inorganic interfaces. I will present results for the electron transport through selfassembled monolayers (SAMs) and molecular junctions, describing the conductance dependence on
the interfacial dipole, the molecular tilt-angle, and the size and chemical composition of the contacts.
The combination of Green’s function techniques with DFT calculations can also be used to compute
charge-transfer times from adsorbates onto different substrates, which then can be compared with the
results of core-hole-clock spectroscopy measurements [3] (see Figure 1). Finally, I will present some
applications of TDDFT to the study of the electron dynamics, focusing on the description of the optical
and plasmonic properties of large nanostructures containing up to 1000 atoms.

Figure 1. Projected density of states onto the molecular orbitals (MOs) of an isonicotic molecule on
TiO2(110) with a N 1s electron excited to the LUMO, mimicking the intermediate electronic state in a corehole-clock spectroscopy experiment. The density associated with the different MOs is also displayed, as well
as their lifetimes as a function of the alignment with the substrate bands.
[1] D. Sánchez Portal, P. Ordejón, E. Artacho and J. M. Soler. Int. J. Quantum Chem. 65 453 (1997); J. M.
Soler et al. Journal of Physics: Condensed Matter 14 2745 (2002).
[2] M. Brandbyge, et al. Phys. Rev. B 65 165401 (2002).
[3] G. Fratesi, C. Motta, M. I. Trioni, G.-P. Brivio and D. Sánchez-Portal J. Phys. Chem. C 118 8775 (2014);
M. Müller et al. (in preparation).
‡ sqbsapod@ehu.es
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ANCHORING AND BENDING OF PENTACENE ON ALUMINUM (001)
Anu Babya, Guido Fratesia,b, Shital R. Vaidyac,d, Laerte L. Paterac,d, Cristina Africhd, Luca Floreanod, and
Gian Paolo Brivioa
a. ETSF, CNISM, Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, Via Cozzi 55, I-20125
Milano, Italy
b. Dipartimento di Fisica, Università degli Studi di Milano, Via Celoria 16, I-20133 Milano, Italy
c. Department of Physics and Graduate School of Nanotechnology, University of Trieste, ViaValerio 2, I-34127
Trieste, Italy
d. CNR-IOM, Laboratorio TASC, Basovizza SS-14, Km 163.5, I-34149 Trieste, Italy

We study the structural, electronic, and spectroscopic properties of pentacene adsorbed on Al(001)
surface, combining density functional theory (DFT) methods including van der Waals interactions
with X-ray photoemission (XPS), near-edge X-ray absorption fine structure (NEXAFS), and scanning
tunneling microscopy (STM) [1]. We find a major change of the molecular backbone resulting in a
peculiar V-shape bending, due to the direct anchoring of the two central carbons atop two Al atoms
underneath. In the most stable adsorption configuration, pentacene is oriented with the long axis
parallel to the substrate [110] direction, where such anchoring is favored by optimally matched
interatomic distances. Remarkably, due to the generally low degree of order, we measure by STM a
significant portion of molecules oriented along the [100] direction, which also display the same Vshape conformation, as driven by the bond of the central carbon atoms of pentacene to a pair of slightly
displaced Al atoms.

Figure 1. Optimized geometry of pentacene at the most stable adsorption site on Al(001) (left) and STM
image (right).
[1] Anu Baby, Guido Fratesi, Shital R. Vaidya, Laerte L. Patera, Cristina Africh, Luca Floreano, Gian Paolo
Brivio. J. Phys. Chem. C 119 (7) 3624–3633 (2015).
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MODELLING DISORDER AT ORGANIC/INORGANIC INTERFACES USING A BASIN
HOPPING ALGORITHM
Veronika Obersteinera‡, E. Zojera, O. T. Hofmanna
a. Institute of Solid State Physics, Graz University of Technology, Austria

Organic semiconductors and their interaction with inorganic substrates are key compounds for several
emerging technologies in the field of organic electronics. A fundamental understanding of the
geometric and electronic structure of organic/inorganic interfaces is therefore strongly required, as
such interfaces to a large extent determine the properties of the device.
While up to date most first-principle studies focus on the study of highly ordered crystalline materials,
in experimental applications amorphous and disordered materials are commonly used. At disordered
organic/inorganic interfaces properties depend on the local molecular geometries as well as on the
interaction with their surroundings. Therefore, these properties are no longer single numbers, but
rather a function reflecting the distribution of local conformations and their environment. Sampling
the complex potential energy surface of disordered materials poses an enormous challenge due to the
vast configurational space. To find a set of energetically lowest lying conformations in disordered
materials, we develop a Basin Hopping scheme in conjunction with standard Density Functional
Theory. For our model system, TCNE (tetracyanoethene) on Cu(111), we test this geometry search
and optimization strategy to understand the fundamental differences to crystalline organic
semiconductors on a first principle basis.
‡ veronika.obersteiner@tugraz.at
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BASICS OF ELECTRON SPECTROSCOPY
Nadine Witkowskia‡
a. Institute of Nanosciences of Paris, Université Pierre et Marie Curie, France

In this presentation, I will describe the development of photoemission spectroscopy (PES) from the
first historic discovery to state-of-the-art experiments with applications to hybrid systems. Basic
principles, applications and limitations of photoemission will be presented together with a brief
overview of the related techniques based on electron spectroscopies.

Figure 1. Principle of photoemission spectroscopy (credit: Wikipedia/Saiht)
‡ nadine.witkowski@upmc.fr
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ORGANIC BIOELECTRONICS FOR THE TREATMENT OF SPINAL CORD INJURY
F. Biscarinia‡
a. Life Sciences Dept., Università di Modena e Reggio Emilia, Via Campi 103, 41125 Modena, Italy

Electronic transducers of neuronal cellular activity are important devices in neuroscience and
neurology. Organic field-effect transistors (OFETs) offer tailored surface chemistry, mechanical
flexibility, and high sensitivity to electrostatic potential changes at device interfaces. These properties
make them attractive for interfacing electronics to neural cells and performing extracellular recordings
and stimulation of neuronal network activity.
I will present an emerging area of interest where OFETs fabricated on biodegradable films are used
to supply a variety of electrical, chemical and electrochemical stimuli to neuronal cells and to record
their response. The context is to develop a new treatment for Spinal Cord Injury (SCI) where the
multifunctional organic device is used as a tool for stimulating residual plasticity and control
inflammation. In this lecture, I will discuss the principles of transduction [1,2], the bidirectional
operations in vitro and in vivo [3], the technology for prototyping biodegradable devices and
biosensors that integrate several transistors [4] and a microfluidics (Figure 1), and present the
outcomes of in-vivo stimulation of SCI-contused mouse as a model of the pathology. I will finally
discuss direction of further development of the technology towards loco-regional therapy and POC
applications [5].
This research has been carried out with my coworkers at UNIMORE: Stefano Casalini, Giulia Foschi,
Michele Di Lauro, Marcello Berto, Carlo A. Bortolotti, Nadja Saendig, and CNR-ISMN Bologna:
Tobias Cramer, Mauro Murgia, Alessandra Campana, Adrica Kyndiah, Silvia Tortorella. It involves
the collaboration of several European partners, that I would like to acknowledge through the principal
investigators: Stefano Pluchino (Univ. of Cambridge), Magnus Berggren and Daniel Simon (Univ.
Linkoeping), Francesco Zerbetto and Stefania Rapino (Univ. di Bologna), Pierpaolo Greco (Scriba
Nanotecnologie Srl Bologna), Dominique Vuillaume (CNRS, Lille), Ricardo Garcia (CSIC Madrid),
Henrique Gomes (Univ. do Algarve).This work was supported by EU NMP Project I-ONE-FP7 Grant
Agreement n. 280772 , MC- ITN Grant “iSwitch”, and the Bilateral Project Italy-Sweden “Poincaré”.

Figure 1. (left) Patterned electrodes on a biodegradable substrate made of a PLGA film; (center) OFETs
patterned on PLGA; (right) Comparison of ECG traces recorded with Silver electrode (top) and PEDOT:PSS
EGOFET (bottom) on human.
[1]
[2]
[3]
[4]
[5]

S. Casalini, F. Leonardi, T. Cramer, F. Biscarini, Org. Electr. 14 156–163 (2013).
T. Cramer, B. Chelli , M. Murgia et al., Phys. Chem. Chem. Phys. 15 3897-3905 (2013).
T. Cramer, A. Campana, F. Leonardi, et al., J. Mater. Chem. B 1 3728-3741 (2013).
A. Campana, T. Cramer, D. Simon, et al., Adv. Mater. 26 3874-3878 (2014).
S. Casalini, A. C. Dumitru, F. Leonardi et al., ACS Nano 9 5051–5062 (2015).
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ORGANIC SOLAR CELLS: THE ROLE OF MORPHOLOGY ON DEVICE PERFORMANCE
Morten Madsena
a. Mads Clausen Institute, University of Southern Denmark, Denmark

During the past years, the power conversion efficiency of organic solar cells has increased
substantially, and has now reached 12% for small molecule based devices. This makes organic solar
cells a possible low cost, ultra-thin, light-weight and mechanical flexible alternative to nowadays
commercially dominant Silicon solar cells. For the organic solar cells to reach the solar energy market
though, further improvements in the power conversion efficiency as well as in the lifetime of the
devices has been identified as a need. In terms of efficiency, it has been demonstrated that the internal
morphology of the active layers in the devices plays a tremendous role. For small molecule thin-films
deposited via vacuum sublimation techniques, the routes for generating efficient nanoscale mixing
between the electron donor and acceptor molecules calls for different methods than in the case of
polymer based cells. In this talk, the basic principles of organic solar cells are introduced along with
a state-of-the-art discussion for small molecule based devices. The important role the nanoscale
morphology has on device performance is discussed, and possible routes and methods for improving
the device performance of vacuum deposited small molecule based organic solar cells by controlling
the nanoscale morphology of the involved thin-films is presented.
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FORMATION OF HYBRID CHARGE TRANSFER STATE AT THE ZNO/ORGANIC INTERFACES
Fortunato Piersimonia, R. Schlesingerb, J. Benduhnc, D. Spoltorec, S. Reitera, I. Langea, N. Kochb, K.
Vandewalc, D. Nehera
a. Institute of Physics and Astronomy, University of Potsdam, Karl-Liebknecht-Straße 24-25, 14476 Potsdam,
Germany
b. Institut für Physik & IRIS, Adlershof Humboldt-Universität zu Berlin, Brook-Taylor-Straße 6, 12489 Berlin,
Germany
c. Institut für Angewandte Photophysik, Technische Universität Dresden, George-Bähr-Straße 1, 01069
Dresden, Germany

Charge Transfer States (CTS), electronic states formed at the interface between donor and acceptor
materials, play a crucial role as intermediate electronic stepping-stones in organic solar cells. While
CTS’s are intensively studied in organic:organic heterojunctions,[1] this contribution aims to discuss
the presence of CTS’s in hybrid organic-inorganic systems in more detail.
Here we investigate Hybrid Charge Transfer States (HCTS) at the planar interface based upon α-NPD
and ZnO by means of spectrally resolved electroluminescence (EL) and external quantum efficiency
(EQE) measurements. Radiative decay of HCTSs is proven by the appearance of a distinct emission
peak in the EL spectrum of such bilayer devices, with the peak intensity located in the NIR, well
below the energies of bulk emission from α-NPD or ZnO. The EQE spectrum displays a low energy
contribution clearly redshifted with respect to the a-NPD photocurrent and partially overlapping with
the EL emission. To tune the energy gap (Egap) between the ZnO conduction band and α-NPD HOMO
level, the ZnO work function was varied by means of phosphonic acid based self-assembled
monolayers,[2] We find a linear dependence of the peak position of the NIR EL on Egap, which
unambiguously attributes the origin of this emission to radiative recombination between an electron
on the ZnO and a hole on α-NPD. Finally, by comparing the emission energy with Voc, we are able to
confirm a unique relation between open circuit voltage and the energy of the charge-state also for
hybrid organic-inorganic interfaces.

Figure 1. Electroluminescence intensity (EL) and external quantum efficiency (EQE) for a planar bi-layer
device using α-NPD as the donor and ZnO as the acceptor (logarithmic scale). The insert shows the PL and
absorption from a neat α-NPD thin film and EL of α-NPD deposited on ZnO (linear scale).
On the right graph is represented the Electroluminescence from α-NPD deposited on SAM-modified ZnO.
Increasing the work function of ZnO correlates with a prominent redshift of the EL emission peak (inset).
[1] S. Albrecht, K. Vandewal, JR. Tumbleston, FSU. Fischer, JD. Douglas, JMJ. Fréchet, et al. Adv Mater 26
2533 (2014).
[2] I. Lange, S. Reiter, M. Pätzel, A. Zykov, A. Nefedov, J. Hildebrandt, et al. Adv Funct Mater 24 7014
(2014).
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PRAP-CVD: UP-SCALABLE PROCESS FOR THE DEPOSITION OF PEDOT THIN FILMS
Bianca Rita Pistilloa‡, K. Mengueltia, D. Arla, N. Debenoita, R. Letourcqa, P. Baumannb, M. Kunatb, J.
Kreisb, and D. Lenoblea
a. Luxembourg Institute of Science and Technology (LIST) - Material Research & Technology Department
(MRT), Luxembourg
b. AIXTRON SE, Aachen, Germany

Since conducting polymers (CPs) were first reported, poly(3,4-ethylenedioxythiophene) (PEDOT) is
arguably one of the most commercially useful and most studied CPs in the last 20 years. It has been
studied extensively on account of its many advantageous properties, such as high electrical
conductivity, good transmittance and thermal stability with a low optical band gap and thermal
stability [1]. These properties make PEDOT very attractive for applications, such as electrochromic
windows, hole injection layers in organic light emitting devices and dye-sensitized solar cells [2].
Chemical vapour deposition methods have significantly augmented the capabilities of traditional
organic materials techniques for designing films like PEDOT but some drawbacks like oxidants
clustering and contamination are not fixed yet [3]. Plasma Radicals Assisted Polymerization via
Chemical Vapour Deposition (PRAP-CVD) is presented and studied as a novel vapour phase
technique to deposit intrinsically conducting polymeric films. In PRAP-CVD, gas radical species are
generated from selected initiator into a remote plasma chamber. A concomitant but physically
separated injection of low-energy plasma radical initiators and vaporised monomer species, into a
temperature and pressure controlled reactor, occurred. PEDOT film was developed as case study to
prove the effectiveness of this technique.
PRAP-CVD is currently carried out on 8" silicon wafer in the PRDOS-200 PVPD ™ R&D System βversion machine. In Figure 1 SEM image of PEDOT coating deposited by PRAP-CVD on Al2O3 layer
is reported.
A few S/cm was detected at room temperature by two-point measurement.

Figure 1: SEM image of PEDOT film deposited by PRAP-CVD on Al2O3 layer.
[1] B. Winther-Jensen, K. West. Macromolecules 37 4538 (2004)
[2] W. Wei, H. Wang, Y. H. Hu. Int. J. Energy Res. 38 1099 (2014)
[3] J.P. Lock, S.G. Im, and K.K. Gleason. Macromolecules 39 5326, (2006)
[4] D. Lenoble “Controlled radicals assisted polymerization”. Luxembourgish patent 91934, July 26, 2013
‡ biancarita.pistillo@list.lu
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NOVEL PHOTOPATTERNABLE ULTRATHIN DIELECTRICS FOR LOW VOLTAGE ORGANIC
ELECTRONIC CIRCUITS
Alexander Fiana‡, A. Petritza, B. Striedingera, A. Wolfbergerb, T. Griesserb and B. Stadlobera
a. MATERIALS-Institute for Surface Technologies and Photonics, JOANNEUM RESEARCH
Forschungsgesellschaft mbH, Franz-Pichler-Straße 30, A-8160 Weiz, Austria
b. Chair of Chemistry of Polymeric Materials, University of Leoben, Otto Glöckel-Strasse 2, A-8700 Leoben,
Austria

The usage of photopatternable gate dielectrics in organic thin film transistors (OTFTs) clearly
simplifies the fabrication of electrical interconnects and therefore the design of circuits. However,
polymeric dielectric materials with photo-polymerizable units such as epoxy groups require
photoinitiators to induce polymerization and crosslinking upon UV irradiation. In particular, mobile
ionic impurities such as residual ionic photoinitiators and their cleavage products in the gate dielectric
can be responsible for hysteresis effects in OTFTs and may decrease device stability. In this
contribution we report on high-performing pentacene-based OTFTs with thin (50 nm) and electrically
dense photopatternable polymeric dielectric layers. The photosensitive polymer poly((±)endo,exobicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid, diphenylester) (PNDPE) [1] is patterned by UVexposure (λ = 254 nm) without the need for any additional photoinitiator. The polymer itself
undergoes a photo-Fries rearrangement, which is accompanied by a selective cross-linking of the
macromolecules. As a second example the cellulose derivate trimethylsilyl cellulose (TMSC) [2],
which can be regenerated to the rather insoluble “biopolymer” cellulose by acid induced desilylation,
is shown. A direct UV patterning can be performed by adding small amounts of photo acid generators
(PAG). Both materials show excellent device stability and reproducibility indicating a dielectric layer,
which is almost free from ionic impurities and charge trapping chemical groups at the
dielectric/semiconductor interface. Their high chemical stability make these dielectrics compatible
with subsequent high resolution self-aligned photolithographic processes of the source/drain-layer
which is demonstrated in different digital and analog circuits.

Figure1: (a) Testchip with different analog and digital OTFT circuits with a photopatternable dielectric on
flexible substrate. (b) Photograph of a 3-stage ring oscillator with diode loaded PMOS inverters fabricated by
self-aligned photolithography with minimized parasitic source/drain-gate-overlap (c).
[1] A. Petritz, A. Wolfberger, A. Fian, J. R. Krenn, T. Griesser, B. Stadlober. Organic Electronics 14 3070
(2013).
[2] A. Wolfberger, A. Petritz, A. Fian, J. Herka, V. Schmidt, B. Stadlober, R. Kargl, S. Spirk, T. Griesser.
Cellulose 22 717 (2015).
‡ alexander.fian@joanneum.at
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BEYOND CONVENTIONAL ORGANIC TRANSISTORS – NEW APPROACHES WITH
IMPROVED PERFORMANCE AND STABILITY
Hans Kleemanna
a. Novaled GmbH, Dresden, Germany

In 1987 Koezuka and co-workers [1] reported the first organic thin-film transistor (OTFT) having an
on/off-ratio of just 100 and a charge carrier mobility of ~10-5. Today, 25 years after this first device,
the performance of state-of-the-art OTFTs is greatly improved in all aspects [2] and OTFT based
flexible electronics are within reach. However, for electronic applications a reliable, predictable and
tailored single device performance is required as well as fabrication protocols that are compatible to
established mass-production techniques. Moreover, the transconductance is still too low for e.g.
driving AMOLED displays. This can be directly translated into a demand for higher charge carrier
mobility.
In this contribution, we discuss the role of interfaces in an OTFT in order to achieve reliable and
tailored devices with improved performance. In particular, we show how these interfaces (the metalsemiconductor contact, the channel, and the back-channel) can be modified by e.g. molecular doping
or self-assembled monolayers in order to improve the charge carrier injection, to tune the threshold
voltage [3] and to reduce bias-stress effects [4]. Furthermore, we demonstrate that this interface
engineering enables completely new types of transistor architectures such as inversion-mode TFTs
[3] or junction TFTs [5].
Even if molecular doping can significantly improve the OTFT performance and reliability, further
improvements are required in order to enable e.g. OTFT driven AMOLED displays. In particular, the
OTFT performance should be maintained down to 1-2µm channel length which implies that the OTFT
fabrication has to be compatible to photolithography. We review the scaling behavior of current inplane OTFTs and their potential for AMOLED driving. In order to overcome limitations of in-plane
OTFTs, we propose a new vertical transistor architecture with a sub-µm channel length which allows
for very high on-currents in combination with a very high integration density.
[1] H. Koezuka, A. Tsumura, T. Ando. Synth. Met. 18 699 (1987).
[2] H. Sirringhaus. Adv. Mat. 26 1319 (2014).
[3] B. Lüssem, M. Tietze, H. Kleemann, C. Hoßbach, J. Bartha, A. Zakhidov, K. Leo. Nat. Comm. 4 2775
(2014).
[4] M. Hein, et al. Appl. Phys. Lett. 104 013507 (2014).
[5] B. Lüssem, H. Kleemann, D. Kasemann, K. Leo. Adv. Funct. Mat. 24 1011 (2014)
[6] H. Kleemann, A. Günther, A. Zakhidov, B. Lüssem, K. Leo. Small 21 3670 (2013)
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