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Image credit: Experimental deep-subwavelength imaging of the optical local density of state in a nanostructured photonic 

membrane. Riccardo Sapienza (Kings College, London, UK) 
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On behalf of the International, Local and Technical 

Committees, we take great pleasure in welcoming 

you to Seville (Spain) for the 14
th

 “Trends in 

NanoTechnology” International Conference 

(TNT2013). 
 

TNT2013 is being held in large part due to the 

overwhelming success of earlier TNT 

Nanotechnology Conferences.  
 

This high-level scientific meeting series aims to 

present a broad range of current research in 

Nanoscience and Nanotechnology worldwide, as 

well as initiatives such as EU/ICT/FET, MANA, CIC 

nanoGUNE Consolider, IBEC, DIPC, etc. TNT events 

have demonstrated that they are particularly 

effective in transmitting information and promoting 

interaction and new contacts among workers in this 

field. Furthermore, this event offers visitors, 

exhibitors and sponsors an ideal opportunity to 

interact with each other. 
 

In particular, this year, a Graphene one-day 

Symposium will be organized within TNT2013 in 

collaboration with ICN2 (Spain). 
 

The Graphene Day will entail a plenary session 

during the morning and the afternoon session will 

be divided in track A (Graphene science driven oral 

contributions) and track B (Graphene driven 

applications Keynotes & Graphene Flagship 

dedicated session). 
 

One of the main objectives of the Trends in 

Nanotechnology conference is to provide a 

platform where young researchers can present 

their latest work and also interact with high-level 

scientists. For this purpose, the Organising 

Committee provides every year around 40 travel 

grants for students. In addition, this year, 7 awards 

(1400 Euros in total) will be given to young PhD 

students for their contributions presented at TNT. 

More than 40 senior scientists are involved in the 

selection process. Grants and awards are funded by 

the TNT Organisation in collaboration with private 

bodies and several governmental/research 

institutions.  
 

TNT is now one of the premier European 

conferences devoted to nanoscale science and 

technology. 
 

We are indebted to the following Scientific 

Institutions, Companies and Government Agencies 

for their financial support: Phantoms Foundation, 

Donostia International Physics Center (DIPC), 

Universidad Autónoma de Madrid (UAM), NIMS 

(Nanomaterials Laboratory) and MANA 

(International Center for Materials and 

Nanoarchitectonics), Institute for Bioengineering of 

Catalonia (IBEC), Institut Català de Nanociencia I 

Nanotecnologia (ICN2), Materials Physics Center 

(CFM), FEI, American Elements, European Physical 

Society (EPS), Thermo Scientific, AtMol Integrated 

Project (EU/ICT/FET) and Viajes El Corte Inglés. 
 

We would also like to thank the following 

companies and institutions for their participation: 

Raith, IOP Publishing and Institut Català de 

Nanociencia I Nanotecnologia (ICN2). 
 

In addition, thanks must be given to the staff of all 

the organising institutions whose hard work has 

helped planning this conference. 

 

  
  
T
N
T
2
0
1
3

 
 

F
o

r
e

w
o

r
d

 
 

 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                    s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 3 

 

 

Image credit: STM image of the self-assembled structure obtained by depositing DCNQI molecules with the substrate held at 120 K. Roberto Otero (IMDEA-Nano, Spain) 
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TNT2013 Committees 
 

 

 

 

 

 

 

Organising Committee 
 

Jose-Maria Alameda (Universidad de Oviedo, Spain) 

Masakazu Aono (MANA, NIMS, Japan) 

Robert Baptist (CEA / DRT / LETI, France) 

Xavier Cartoixa (UAB, Spain) 

Antonio Correia (Phantoms Foundation, Spain) – 

Conference Chairman 

Gianaurelio Cuniberti (TUD, Germany) 

Pedro Echenique (DICP / UPV, Spain) 

Jose Maria Gonzalez Calbet (UCM, Spain) 

Uzi Landman (Georgia Tech, USA) 

Jose Manuel Perlado Martin (IFN-ETSII / UPM, Spain) 

Jose Maria Pitarke (CIC nanoGUNE Consolider, Spain) 

Ron Reifenberger (Purdue University, USA) 

Jose Rivas (INL, Portugal) 

Juan Jose Saenz (UAM, Spain) 

Josep Samitier (IBEC - Universitat de Barcelona, Spain) 

Frank Scheffold (University of Fribourg, Switzerland)   

Didier Tonneau (CNRS-CINaM, France) 

 

 

International Scientific 

Committee 

 

Masakazu Aono (MANA / NIMS, Japan) 

Emilio Artacho (CIC nanoGUNE Consolider, Spain) 

Andreas Berger (CIC nanoGUNE Consolider, Spain) 

Fernando Briones (IMM / CSIC, Spain) 

Remi Carminati (Ecole Centrale Paris, France) 

Jose-Luis Costa Kramer (IMM / CSIC, Spain) 

Antonio Garcia Martin (IMM / CSIC, Spain) 

Raquel Gonzalez Arrabal (IFN-ETSII / UPM, Spain) 

Pierre Legagneux (Thales, France) 

Annick Loiseau (ONERA - CNRS, France) 

Stefan Roche (ICN and CIN2, Spain) 

Josep Samitier (IBEC - Universitat de Barcelona, Spain) 

 

 

 

 

 

 

Technical Committee 

 

Carmen Chacón Tomé (Phantoms Foundation, Spain) 

Viviana Estêvão (Phantoms Foundation, Spain) 

Maite Fernández Jiménez (Phantoms Foundation, Spain) 

Paloma Garcia Escorial (Phantoms Foundation, Spain) 

Pedro Garcia Mochales (UAM, Spain) 

Adriana Gil (Nanotec, Spain) 

Conchi Narros Hernández (Phantoms Foundation, Spain) 

Joaquin Ramon-Laca (Phantoms Foundation, Spain) 

Jose-Luis Roldan (Phantoms Foundation, Spain) 
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TNT2013 Poster awards 
 

 

 

 

 

 
 

 

 

 

Funded by Award 

 European Physical Society 250 Euros250 Euros250 Euros250 Euros    

 Phantoms Foundation TabletTabletTabletTablet    

 Phantoms Foundation TabletTabletTabletTablet    

 Phantoms Foundation TabletTabletTabletTablet    

David Prize Private donation 300 US Dollars300 US Dollars300 US Dollars300 US Dollars    

Keren Prize Private donation 300 US Dollars300 US Dollars300 US Dollars300 US Dollars    

 TNT 2013 Organisation 
Free registration to the Free registration to the Free registration to the Free registration to the 

2014201420142014    ConferenceConferenceConferenceConference    
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Raith is a leading provider and manufacturer of electron 

and ion beam lithography systems for nanofabrication. 

Founded in 1980 and headquartered in Dortmund, 

Germany, the company offers solutions for researchers 

and engineers in both academic and industry settings. 

With approximately 120 employees supporting 

customers in Europe, the Americas, Asia and the Pacific 

region, Raith provides a professional support 

infrastructure that delivers added value to customers. 

Raith includes high level universities, academic 

institutions as well as companies from high technology 

business among its clientele. For more information 

please visit www.raith.com     
 

Effective February 15, 2013 Raith and Vistec Lithography 

announce that they unite their worldwide activities for 

electron and ion beam lithography and nanofabrication 

instruments to form one solution provider. Raith has 

agreed to acquire Vistec Lithography from private equity 

firm Golden Gate Capital. 

 

Raith GmbH 

Exhibit Contact: Andreas REMSCHEID 

Konrad-Adenauer-Allee 8  

44263 Dortmund- Germany 

Phone: +49 (0)231 / 95004 - 0 

Fax: +49 (0)231 / 95004 - 460 

E-mail: sales@raith.com / remscheid@raith.de 

Web: www.raith.com 

 

 

 

 
 

Phantoms Foundation, based in Madrid, is a non-profit 

organization which focus its activities on Nanoscience & 

Nanotechnology (N&N), bringing together and 

coordinating the efforts of Spanish and European 

universities groups, research institutes and companies 

through the organization of major scientific and 

technological networks and events, such as ImagineNano 

or Graphene. Today, the Phantoms Foundation is a key 

player in structuring and promoting European excellence 

and improving collaborations in N&N. It is also essential as 

a platform for spreading excellence on funded projects 

and for establishing new networks of collaboration. 

 

Web: www.phantomsnet.net 

 

 

 

 

 
 

IOP Publishing provides publications through which 

leading-edge scientific research is distributed worldwide. 

Since launch we have expanded rapidly to become one 

of the leading international STM publishers. We have a 

global reach, with offices in Philadelphia, Washington 

DC, Mexico City, Munich, Moscow, St. Petersburg, 

Wroclaw, Beijing and Tokyo as well as Bristol and London 

in the UK 

 

Web: http://publishing.iop.org/ 

 

 

 

 

 
 

The Catalan Institute of Nanoscience and Nanotechnology 

(ICN2) is a private foundation created on 11 July 2003 

with the objective of becoming a world-renowned centre 

for nanoscience and nanotechnology research. It is part 

of CERCA, the network of Research Centres launched by 

the Catalan Government as a cornerstone of its long-

term strategy to foster development of a knowledge-

based economy. 
 

ICN2's research lines focus on the newly discovered 

physical and chemical properties that arise from the 

fascinating behaviour of matter at the nanoscale. 
 

Much of our work is devoted to studying and 

understanding fundamental physical phenomena 

associated to state variables as regards electrons, 

phonons, photons, plasmons, etc.; investigating new 

properties derived from tailored nanostructures; and 

establishing new processes for the conception and 

fabrication of new nanodevices. 
 

This work enables functionalisation of nanoparticles, 

encapsulation of active agents and creation of new 

nanodevices and nanosensors, through frontier science 

that has direct implications for various sectors (health, 

food, energy, the environment, etc.). 

 

Campus de la UAB, 

Edifici ICN2 08193 Bellaterra, Spain 

E-mail: info@icn2.cat 

Web: www.icn.cat 
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TNT2013 Speakers 
 

 

 

  pagepagepagepage    

Nicolas Agrait (Universidad Autónoma de Madrid, Spain) 
“Electrical and Mechanical Properties of Atomically Thin Layers of MoS2” 

Keynote 
Plenary Session 21212121    

Jean-Pierre Aime (CBMN CNRS-Universite Bordeaux, France) 
“BioInspired Nanotechnology & High Speed AFM Instrumentation” 

Keynote 
Plenary Session 22222222    

David Alcantara (BIONAND, Spain)  
"Ultrasensitive DNA detection in biological systems using Magnetic fluorochrome nanoparticles" 

Oral Senior 
Parallel Session 23232323    

Miguel Anaya (CSIC, Spain)  
"Resonant Photocurrent Generation in Dye-Sensitized Periodically Nanostructured Photoconductors by 

Optical Field Confinement Effects" 

Oral PhD 
Parallel Session 

25252525    

Masakazu Aono (MANA / NIMS, Japan) Keynote 
Plenary Session ----    

Andres Ayuela (Centro de Fisica de Materiales, UPV, Spain)  
"Edge states and flat bands in graphene nanoribbons with arbitrary geometries" 

Oral Senior 
Parallel Session 26262626    

Ioan Baldea (Universitaet Heidelberg, Germany)  
"Transition voltage spectroscopy scrutinized" 

Oral Senior 
Parallel Session 27272727    

Ankur Baliyan (Bio-Nano Electronics Research Centre, Toyo University, Japan)  
"Synthesis and Characterization of Nano-materials (ultra-thin Fe, FeS nano-sheets and single crystalline Fe nano-cubes) 

Via Mustard Oil Mediated Solution Phase Process and Their Applications in Sensing and Photo-Thermal ablation" 

Oral Senior 
Parallel Session 

29292929    

Larysa Baraban (Dresden University of Technology, Germany) 
“Sensing with Schottky barrier based silicon nanowires FET” 

Keynote 
Plenary Session 30303030    

Alessia Battigelli (CNRS, France)  
"Dendron-Carbon Nanotubes for Therapeutic Applications" 

Oral Senior 
Plenary Session 32323232    

Stefano Bellucci (INFN-Laboratori Nazionali di Frascati, Italy)  
"E.M. Attenuation Performance of Exfoliated Graphite Composites for Microwave Applications" 

Oral Senior 
Parallel Session 33333333    

Robert Blick (University of Hamburg, Germany) 
“Nanoelectromechanical Systems for Proteomics” 

Keynote 
Plenary Session 34343434    

Paolo Bondavalli (Thales Research & Technology, France) 
“Graphene related materials for non-volatile resistive memories: a review” 

Keynote 
Parallel Session 35353535    

Stefano Borini (Nokia Research Center, United Kingdom) 
“Graphene-enabled innovative solutions for consumer electronics” 

Keynote 
Parallel Session 37373737    

Mohamed Boutinguiza Larosi (University of Vigo, Spain)  
"Production of silver nanoparticles by continuous wave laser in water" 

Oral Senior 
Parallel Session 38383838    

Enrique Burzuri (Delft University of Technology, The Netherlands)  
"Measuring magnetic anisotropy in a single-molecule spin transistor" 

Oral Senior 
Plenary Session 40404040    

Andrea Camposeo (Institute of Nanosciences-CNR, Italy)  
"Functional polymer nanofibers for photonics, nanoelectronics and biotechnology" 

Oral Senior 
Plenary Session 41414141    

Sol Carretero Palacios (Ludwig-Maximilians-Universität, München, Germany)  
"A microfluidic sensor that maps the velocity field around an oscillating microsphere" 

Oral Senior 
Plenary Session 42424242    

Sebastian Cerdan (Instituto de Investigaciones Biomédicas / CSIC, Spain) 
"Carbon Nanotubes as Directional probes for Magnetic Resonance Imaging" 

Keynote 
Plenary Session 43434343    

Ori Cheshnovsky (Tel Aviv University, Israel) 
“Large anisotropic conductance and band gap fluctuations in nearly-round-shape Bismuth 

nanoparticles” 

Keynote 
Plenary Session 

44444444    

 
 

 
 

Index 

alphabetical 

order 
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Choon-Gi Choi (ETRI, Korea)  
"Graphene Planar Plasmonic Waveguide Devices" 

Oral Senior 
Parallel Session 45454545    

Alasdair Clark (University of Glasgow, United Kingdom)  
"Creating Molecularly-Reconfigurable Plasmonic Surfaces for Biosensing" 

Oral Senior 
Plenary Session 46464646    

Philip Collins (University of California at Irvine, United States)  
"Single Molecule Bioelectronics" 

Oral Senior 
Plenary Session 48484848    

Aron Cummings (Institut Catala de Nanociencia i Nanotecnologia, Spain)  
"Grain Boundary Resistivity in Polycrystalline Graphene" 

Oral Senior 
Parallel Session 50505050    

Mohammad Danesh (NUS/ECE, Singapore) 
"Graphene based tunable nano-plasmonic infrared tweezers" 

Oral PhD 
Parallel Session 52525252    

Mª Nieves de la Peña (Osalan, Spain) 
"Nanoparticles and occupational risks prevention" 

Oral Senior 
Parallel Session 54545454    

Ana B. Descalzo (Universidad Complutense de Madrid, Spain)  
"Luminescent Core−Shell Imprinted Nanopar:cles Engineered for Targeted Förster Resonance Energy 

Transfer-Based Sensing" 

Oral Senior 
Parallel Session 

56565656    

Ricardo Diez Muino (CFM-CSIC-UPV/EHU, Spain) 
”Nitrogen atoms and molecules landing, reacting, and rebounding at metal surfaces” 

Keynote 
Plenary Session 58585858    

Francisco Domínguez-Adame (Universidad Complutense de Madrid, Spain)  
"Spin-dependent transport in graphene-based nanostructures" 

Oral Senior 
Plenary Session 59595959    

Davide Donadio (MPI for Polymer Research, Germany) 
“Heat transport in graphene and three-dimensional nanostructured carbon” 

Keynote 
Plenary Session 61616161    

Antonio M. Echavarren (Institute of Chemical Research of Catalonia, Spain) 
“Synthesis of Nanographene Fragments” 

Keynote 
Plenary Session 62626262    

Pedro Miguel Echenique (DIPC, Spain) 
“Electron dynamics at surfaces, nanostructures, graphene and topological insulators” 

Keynote 
Plenary Session 63636363    

Romain Faes (Centre de Recherche Paul Pascal, France)  
"Ultra-Short Carbon Nanotubes as Novel Biotracers" 

Oral PhD 
Parallel Session 64646464    

Vladimir Falko (Lancaster University, United Kingdom)  
"Electrons in graphene heterostructures with hexagonal crystals" 

Oral Senior 
Plenary Session 66666666    

Vladimir Falko (Lancaster University, United Kingdom) 
"Fundamental science of graphene and 2D materials beyond graphene (Graphene Flagship WP3)" 

Oral Senior 
Parallel Session ----    

Quirina Ferreira (Instituto de Telecomunicações, Portugal)  
"Stepwise method to fabricate conductive molecular wires characterized by scanning tunneling 

microscopy" 

Oral Senior 
Plenary Session 

67676767    

Alicia Forment Aliaga (Instituto de Ciencia Molecular, Spain)  
"Growth of Self-Assembled Monolayers directly on a ferromagnetic metal surface” 

Oral Senior 
Parallel Session 69696969    

Katerina Foteinopoulou (ISOM - UPM, Spain) 
"Simulation of the mechanical response of encapsulated individual cells during normal force spectroscopy 

measurements" 

Oral Senior 
Parallel Session 

71717171    

Zeno Gaburro (University of Trento, Italy) 
“Flat optics and generalized reflection and refract ion laws” 

Keynote 
Plenary Session 73737373    

Costas Galiotis (FORTH/ ICE-HT, Greece) 
”Mechanical Deformation of grapheme and graphene-based nanocomposites” 

Keynote 
Plenary Session 74747474    

Silvia Gallego (Instituto de Ciencias de Materiales de Madrid, CSIC, Spain)  
"Electronic phase transitions in thin magnetite films" 

Oral Senior 
Parallel Session 76767676    

Douglas Galvao (State University of Campinas, Brazil)  
"On the Formation of Carbon Nanotube Serpentines: A Multi-Million Fully Atomistic Molecular Dynamics 

Investigation" 

Oral Senior 
Plenary Session 

78787878    

Mar Garcia Hernandez (ICMM-CSIC, Spain) 
"Materials (Graphene Flagship WP1)" 

Oral Senior 
Parallel Session ----    

Antonio Garcia-Martin (IMM-CNM-CSIC, Spain)  
"Magneto-optical activity in interacting magnetoplasmonic nanodisks" 

Oral Senior 
Plenary Session 80808080    
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  pagepagepagepage    

Louis Gaudreau (ICFO-Institute of Photonic Sciences, Spain)  
"Universal Distance-Scaling of Nonradiative Energy Transfer to Graphene" 

Oral Senior 
Plenary Session 81818181    

Cristina Gomez-Navarro (Universidad Autonoma de Madrid, Spain)  
"Stiffening pristine graphene by controlled defect creation" 

Oral Senior 
Parallel Session 82828282    

Gabriel Gomila (IBEC, Spain) 
”Quantifying the quasi-static dielectric response of nano-objects by imaging electrostatic forces” 

Keynote 
Plenary Session 83838383    

Miguel Angel Gonsalvez (CFM (CSIC-UPV/EHU), Spain) 
”Evokinetics: A software tool for the analysis of CVD growth of novel 2D materials?" 

Oral Senior 
Plenary Session 166166166166    

Leonhard Grill (University of Graz, Austria) 
”Assembly and manipulation of single functional molecules” 

Keynote 
Plenary Session 84848484    

Zi Gu (University of Queensland, Australia)  
"Layered Double Hydroxide Nanoparticle-based Anti-restenotic Drug Delivery System" 

Oral Senior 
Plenary Session 85858585    

Cristina Hermosa (Universidad Autonoma de Madrid, Spain)  
"Intrinsic electrical conductivity of nanostructured metal-organic polymer chains" 

Oral PhD 
Parallel Session 87878787    

Xiao Hu (WPI-MANA/NIMS, Japan) 
“Antiferromagnetic Topological Insulator: Theory and Material Design” 

Keynote 
Plenary Session 89898989    

Georg Huhs (Barcelona Supercomputing Center, Spain)  
"Towards nanoscale DFT calculations with SIESTA and PEXSI" 

Oral Senior 
Plenary Session 90909090    

Paloma A. Huidobro (UAM/IFIMAC, Spain)  
"Plasmonic Brownian Ratchet" 

Oral PhD 
Parallel Session 91919191    

Witold Jacak (Wroclaw University of Technology, Poland)  
"Plasmon-polariton propagation in metallic nano-chains for subdiffraction circuits" 

Oral Senior 
Parallel Session 93939393    

Jae Eun Jang (Daegu Gyeongbuk Institute of Science & Technology, Korea)  
"Ultra fast asymmetric MIM diode structure employing vertical MWCNT" 

Oral Senior 
Plenary Session 94949494    

Asieh Kazemi (University of Bath, United Kingdom) 
"Stacking-dependent superstructures and taxonomy at armchair interfaces of bilayer/trilayer graphene" 

Oral PhD 
Parallel Session 96969696    

Uzi Landman (Georgia Tech, USA) 
“Small is different: self-assemblyand self-selection of size, shape and form in the nanoscale“ 

Keynote 
Plenary Session 97979797    

Alan Le Goff (CNRS/Université de Grenoble, France)  
"Carbon nanotube/enzyme bioelectrodes for implantable glucose/O2 biofuel cells" 

Oral Senior 
Parallel Session 98989898    

Nicolas Leconte (Université Catholique de Louvain, IMCN/NAPS, Belgium) 
"Quantum Hall Effect in Chemically Functionalized Graphene : Oxygen Adsorption Fingerprints"   

Oral PhD 
Parallel Session 99999999    

Francois Leonard (Sandia National Laboratories, United States) 
“Broadband Carbon Nanotube Photodetectors with Intrinsic Polarimetry” 

Keynote 
Plenary Session 100100100100    

Andreas Leson (Fraunhofer Institute for Material Beam Technology, Germany) 
“Reactive Nanometer Multilayers – A Versatile Tool for Cold Joining” 

Keynote 
Plenary Session 101101101101    

Sergei Lopatin (FEI Co, The Netherlands) 
"Optimization of imaging conditions for atomic resolution in TitanTEM to minimize radiation damage and 

to study low angle boundaries in graphene-like materials" 

Oral Senior 
Parallel Session 

102102102102    

Natalia Malashikhina (CICbiomaGUNE, Spain) 
"Development of ultrasensitive bioanalytical assays based on metal and  

semiconductor nanoparticles" 

Oral PhD 
Parallel Session 

104104104104    

Lionel Marcon (Interdisciplinary Research Institute, NanoBioInterfaces Group, France) 
"Development of Antifouling Polymer-Coated Nanodiamonds for Biological Applications" 

Oral Senior 
Parallel Session 106106106106    

Gema Martinez Criado (ESRF, France) 
"Probing single nanowires with a hard X-ray nanobeam" 

Oral Senior 
Plenary Session 107107107107    

Antonio Javier Martínez Galera (Universität zu Köln, Germany)  
"Structural and electronic properties of graphene grown on Cu(111) and on Au(111) surfaces by ethylene 

irradiation" 

Oral Senior 
Parallel Session 

108108108108    

Tomohiro Matsui (University of Tokyo, Japan)  
"Intercalation of Kr atoms into Graphene on SiC(0001)" 

Oral Senior 
Parallel Session 109109109109    
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Cristina Mattioli (CEMES-CNRS, France) 
“Towards the control in 2D organization of covalent functionalization of grapheme surfaces” 

Oral PhD 
Parallel Session 111111111111    

M. Carmen Miguel (Universidad de Barcelona, Spain) 
"Dynamics of topological defects in the mechanical deformation of curved nanocrystalline shells" 

Oral Senior 
Plenary Session 112112112112    

Hernan Miguez (ICMS, CSIC - US, Spain) 
“Light Absorption and Emission of Nanomaterials in Porous Photonic Structures” 

Keynote 
Plenary Session 113113113113    

Maria Moffa (Center for Biomolecular Nanotechnologies -IIT@UniLe, Italy)  
"Biomimetic nanofibrous scaffolds for tissue engineering applications" 

Oral PhD 
Parallel Session 114114114114    

Philip Moriarty (University of Nottingham, United Kingdom)  

"Mapping Intermolecular Force-fields with Sub-Angstrom Resolution" 
Keynote 

Plenary Session 115115115115    

Satoshi Moriyama (NIMS/MANA, Japan) 
“Electron Transport through Field-induced Quantum Dots in Graphene” 

Keynote 
Plenary Session 116116116116    

Johannes Mulders (FEI Electron Optics, The Netherlands)  
"In-situ Raman analysis of possible graphene damage during electron beam or ion beam patterning 

strategies" 

Oral Senior 
Parallel Session 

118118118118    

Violeta Navarro Paredes (Leiden University, The Netherlands) 
"Following a Fischer-Tropsch catalyst during reaction with STM and SXRD" 

Oral Senior 
Parallel Session 119119119119    

Pablo Ordejón (ICN2-Institut Català de Nanociència i Nanotecnologia, Spain) 
“Layered and two-dimensional materials explored from first-principles” 

Keynote 
Parallel Session 120120120120    

Roberto Otero (UAM / IMDEA - Nano, Spain) 
“Dynamical aspects of molecular self-assembly at solid surfaces” 

Keynote 
Plenary Session 121121121121    

Vishal Panchal (National Physical Laboratory, United Kingdom)  
"Charge transfer and screening behaviour of bilayer graphene devices" 

Oral PhD 
Parallel Session 123123123123    

Isabel Pastoriza-Santos (University of Vigo, Spain)  
"Novel Pd based catalyst with high performance for Carbon-Carbon coupling reactions" 

Oral Senior 
Plenary Session 125125125125    

Olalla Pérez-González (University of the Basque Country (UPV/EHU), Spain)  
"Optical properties, transport and sensing in metal-molecular aggregate hybrid nanostructures" 

Oral Senior 
Parallel Session 126126126126    

Sorin Perisanu (LPMCN, Université Claude Bernanrd Lyon 1 et CNRS, France) 
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Two-dimensional crystals are promising materials 

for next-generation flexible electronic devices. 

Although graphene is by far the most studied two-

dimensional crystal, its lack of a bandgap hampers 

its application in semiconducting and photonic 

devices. A large bandgap is a requirement, for 

instance, to fabricate field-effect transistors with a 

large current on/off ratio and low power 

consumption. In contrast to graphene atomically 

thin MoS2 crystals show a large intrinsic bandgap 

making it a potentially interesting material for 

electronic devices and sensors.  

 

In this talk I will present our recent results on the 

mechanical and electrical properties of this 

material. In particular, we have studied the elastic 

properties of MoS2 in freely suspended nanosheets, 

with thicknesses ranging from 5 to 25 layers using 

atomic force microscopy [1] and the electrostatic 

screening by single and few-layer MoS2 sheets by 

means of electrostatic force microscopy [2]. 
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Figure 1. a) AFM topography of a 3-4.2-nm-thick (5-7 

layers) MoS2 flake deposited on top of a 285 nm SiO2/Si 

substrate pre-patterned with an array of holes 1.1 μm in 

diameter. Inset: Topographic line profile acquired along 

the dashed line. b) Schematic diagram of the nanoscopic 

bending test experi¬ment carried out on a freely 

suspended MoS2 nanosheet. c) Force versus deformation 

traces measured at the center of the suspended part of 

MoS2 nanosheets with 5, 10, and 20 layers in thickness. 
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Figure 2. a) Topographic AFM image of the region studied showing regions of 

1,2 and 3 layers. b) Normalized cantilever oscillation amplitude as a function 

of the applied tip-sample bias voltage, measured in the 3 regions. c) 

Schematic of the EFM measurement setup. 
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DNA based nanostructures built on a long single 

stranded DNA scaffold, known as DNA origamis, 

offer the possibility to organize various molecules at 

the nanometer scale in one pot experiments. The 

folding of the scaffold is guaranteed by the 

presence of short, single stranded DNA sequences 

(staples), that hold together separate regions of the 

scaffold. In this paper, we first consider simple 

structures made of three single-stranded 

oligonucleotides. Based on experimental (UV 

absorption) and numerical (replica exchange 

molecular dynamics simulations) data, we show 

that cooperativity is key to understand the 

thermodynamics of these constructions. In a second 

part, we derive a model of the annealing-melting 

properties of DNA origamis. The model captures 

important features such as the hysteresis between 

melting and annealing, as well as the dependence 

upon the topology of the scaffold. We also obtain 

temperature dependent average conformations 

that compare well to AFM images of quenched 

states of the partially folded origamis. 
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Ultrasensitive DNA detection in 

biological systems using Magnetic 

fluorochrome nanoparticles 
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We hypothesized that a magnetic nanoparticle (NP) 

surface functionalized with multiple DNA binding 

fluorochromes might react with DNA through a 

multivalent, avidity-type reaction and yield a highly 

sensitive method for detecting DNA by the T2 

relaxation time of water protons measured by 

Magnetic Resonance (MR) techniques. Although 

oligonucleotides have been used to target NP’s to 

specific sequences on nucleic acids, the considerable 

literature on fluorochrome/nucleic acid interactions 

has not been mined for potential nanoparticle (NP) 

targeting strategies. Our studies showed how a NP 

displaying a DNA-binding fluorochrome, bind in a 

multivalent fashion to yield a highly sensitive, T2-

based method of detecting DNA. Furthermore, 

fluorochrome-functionalized NPs are a novel class of 

nanomaterials which, based on their recognition of 

DNA in biological systems, can serve as vital 

fluorochromes.  
 

We synthesized the DNA-binding NPs by attachment 

of the DNA-binding fluorochrome TO-PRO 1 to the 

Feraheme (FH) NP using a “TO- PRO1 NHS ester”. 

TO-PRO 1 fluoresces when bound to DNA by 

intercalation. The resulting NPs, termed FH-TO, had 

variable TO-PRO 1’s per NP attached through a 6-

carbon, flexible linker. FH-TO NPs had r1 and r2 

relaxivities between 23.3 and 122 (mM Fe sec)
-1

, 

and a size between 18.2 and 42 nm. The parent FH 

nanoparticle had a zeta potential of -37.8±3 mV (pH 

6) that was largely preserved with the attachment of 

TO-PRO 1 to the NPs.  
 

A PCR reaction was monitored by MR using FH-TO 

NPs as intercalant agent. Either light scattering or 

relaxometry can be used to determine aggregate 

formation in the low DNA concentration range. 

However, relaxometry has two advantages: T2 is a 

hyperbolic function of DNA concentration (no hook 

effect) and T2 is a radiofrequency-based method (no 

light based interferences). With light scattering and 

hook effects, some aggregate sizes (e.g. 200 nm) can 

reflect low or high concentrations and additional 

measurements with diluted samples are required. 

The estimated sensitivity of DNA detection by T2 

was 27 fM DNA per a T2 change of 2.6 msec [1]. 
 

On the other hand fluorochrome-functionalized NPs 

have a series of properties that make them far 

different from vital fluorochromes. First, 

fluorochrome-functionalized NPs are far larger than 

DNA binding fluorochromes. TO-FHs with different 

numbers of fluorochromes attached had diameters 

of 18 to 42 nm, corresponding to proteins with 

molecular weights in excess of 750 kDa, while vital 

fluorochromes have molecular weights of less than 

about 1000 Da. Second, when injected, TO-FH had a 

blood half-life similar to the parent Feraheme NP, 

rather than the far more rapid clearance seen with 

low molecular weight materials. Third, fluorochrome-

functionalized NPs have superparamagnetic cores 

that allowed their reaction with DNA to be 

determined by relaxometry (or potentially by MRI). 

Finally, the conjugation of fluorochromes to NP 

surfaces provides a means of synthesizing DNA 

binding materials with valencies far above the 

divalency obtained with fluorochromes like TO-TO. 

High valency fluorochrome-functionalized NPs exhibit 

strong multivalent effects when binding DNA.  
 

Attaching multiple DNA binding fluorochromes to 

magnetic nanoparticles provides a way of generating 

DNA binding NPs that can be used to detect DNA by 

microaggregate formation in vitro, for imaging the 

DNA of necrotic cells in culture, and for imaging the 

DNA of a tumor treated with a chemotherapeutic 

agent. Fluorochrome functionalized NPs are a 

multimodal (magnetic and fluorescent), highly 

multivalent (n ≈ 10 fluorochromes/NP) nanomaterials 

useful for imaging the DNA of biological systems [2]. 
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Figure 1. (a) PCR reactions with FH-TO added were run in 

sealed PCR tubes and imaged by MR at 9.4T. Omission of 

template DNA or use of FH yielded no changes in T2. (b) 

PCR reaction checked by relaxometry and DLS. (c) 

Comparison of the response by T2 and fluorescence. (d) 

Comparison of threshold cycle (Ct) by fluorescence and 

T2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2. Interaction of TO-FH with HT-29 cells after 

permeabilization or after exposure to 5-FU/oxaliplatin 

treatment to induce cell death. (a) Normal or 

permeabilized cells were reacted with Anx-Cy and TO-FH 

or TO-PRO 1 or Sytox Green. (b) Cells were treated with 

5-FU/oxaliplatin and exposed to Anx-Cy plus the 

indicated fluorochrome. Data are plotted as the survival 

fraction versus time of expose. Survival fraction is the 

percent of cells failing to bind both Anx-Cy and a second 

fluorochrome, i.e., the lower left-hand quadrant of the 

scatter plot. With an increasing duration of treatment, 

the survival fraction falls. Survival fraction falls similarly 

with Anx-Cy and any of the three vital fluorochromes, 

TO-FH, TO-PRO 1, Sytox Green. (c) Tumor surface 

fluorescence after TO-FH injection with untreated and 

treated (5-FU/oxaliplatin) HT-29 xenografts. (d) Tumor 

fluorescence, measured as tumor/bkg fluorescence (p < 

0.05), n = 4. 
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Herein we show experimental evidence of resonant 

photocurrent generation in dye sensitized 

periodically nanostructured photoconductors. 

These materials were attained by the alternating 

deposition of layers of TiO2 nanoparticles with 

different porosity to produce a spatial modulation 

of the refractive index in one dimension of the 

space [1]. We have built both periodic and broken 

symmetry nanostructured photoconducting TiO2 

multilayers with enough number of periods as to 

display different types of photon resonances that 

confine the field within the material in different 

ways. The resonant photocurrent finds their 

foundations in light confinement effects that were 

achieved by spectral matching of the sensitizer 

absorption band to different types of localized 

photon modes present in either periodical or 

broken symmetry structures. Results are explained 

in terms of the calculated spatial distribution of the 

electric field intensity within the configurations 

under analysis [2]. Such simulations were 

performed using a code written in MatLab and 

based on the transfer matrix method. A direct 

relation between resonant photon modes and 

photon-to-electron conversion peaks can be 

established. We foresee this sort of structures 

could allow the development of photo-electro-

chemical devices with finer spectral control over 

light absorption. 

 

 

References 
 

[1] Calvo, M.E.; Colodrero, S.; Rojas, T.C.; Anta, 

J.A.; Ocaña, M.; Míguez,H.; Adv. Func. Mater., 

18 (2008), 2708-2715. 

[2] Anaya, M.; Calvo, M.E.; Luque, J.M.; Míguez, 

H., J. Am. Chem. Soc. (2013), DOI: 

10.1021/ja401096k 

 

 

M. Anaya, M. Calvo, 

J.M. Luque and H. Míguez 
 

 
 

miguel.anaya@csic.es 

 
Figure 1. Left: System design. Right: Spectral variation of the photocurrent enhancement factors for (a) periodic 

arrangement of layers and (b) a resonator built by depositing a thicker middle layer within a periodic multilayer 

(black solid lines). The respective transmittance spectra are also plotted (red solid lines). In the bottom panels, the 

calculated spatial distribution of the electric field along a cross section of both types of structures is plotted as a 

function of the incident wavelength. 
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We prescribe general rules to predict the existence 

of edge states and zero-energy flat bands in 

graphene nanoribbons and graphene edges of 

arbitrary shape [1]. No calculations are needed. For 

the so-called minimal edges, the projection of the 

edge translation vector into the zigzag direction of 

graphene uniquely determines the edge bands. By 

adding nodes to minimal edges, arbitrary modified 

edges can be obtained; their corresponding edge 

bands can be found by applying hybridization rules 

of the extra states with those belonging to the 

original edge. Our prescription correctly predicts 

the localization and degeneracy of the zero-energy 

bands at one of the graphene sublattices, 

confirmed by tight-binding and first-principles 

calculations. It also allows us to qualitatively predict 

the existence of E≠0 bands appearing in the energy 

gap of certain edges and nanoribbons. 

 

We also apply these rules to graphene nanoribbons 

and carbon nanotubes containing ordered defect 

lines built of octagonal rings [2]. We show that 

octagonal defect lines are a robust source of state 

localization at the Fermi energy, in some cases 

leading to spontaneous magnetization. We also 

prove that the localization at chains of octagons is a 

consequence of the zigzag nature of the graphene 

edges forming the defect lines. 
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In the first part of this contribution I will report on 

recent [1-8] theoretical work of the author on 

transition voltage spectroscopy (TVS). In the second 

part several new results will be presented. 
 

TVS is a method proposed by the groups of 

Kushmerick and Frisbie [9] to estimate the energy 

offset ε0 =min (EF − EHOMO; ELUMO − EF ) relative to the 

electrodes’ Fermi energy EF of the frontier molecular 

orbital (HOMO or LUMO), which dominates the 

charge transport through a single-molecule junction. 
 

ε0 is a key quantity, because it determines the 

charge transfer efficiency. Unfortunately, ε0 can not 

be determined from low (ohmic) conductance G 

alone, which is commonly measured 

experimentally; in the case wherein the transport is 

determined by a single molecular orbital, G 

depends not only on ε0, but also on the broadening 

functions ΓL;R caused by the couplings to (say,) left 

and right electrodes, Γ = ΓL = ΓR, assumed equal for 

simplicity. So, I-V -transport measurements beyond 

the linear regime are necessary. In principle, ε0 

could be “easily” determined from a full I-V curve; 

this curve should display current steps (abrupt if 

Γ ≪ ε0) at voltages V = Vr where the molecular level 

becomes resonant with the Fermi energy of one 

electrode. For symmetric potential profiles (voltage 

division factor γ= 0), this occurs at voltages 

satisfying eVr = ±2 ε0. Practically, this is impossible, 

because molecular junctions can hardly withstand 

such high voltages. 
 

Typical transport measurements yield I-V -curves 

without structure (no maximum, no inflection 

point, etc), not seldom with substantial noise, 

which do not straightforwardly suggest how to 

determine ε0. 
 

Beebe et al [9] suggested that the energy offset can 

be estimated from the so-called transition voltage 

Vt, which is defined as the source-drain voltage at 

the minimum of the Fowler-Nordheim (FN) plot, i. 

e., the curve log(I=V 
2
) vs: 1/V. According to the 

initial claim,[9] a transition from direct tunneling to 

field-emission (FN) tunneling occurs at Vt, which 

corresponds to a change in the shape of the 

tunneling barrier from trapezoidal to triangular. 

Although such a change is not essential, [8,10,11], 

this “barrier-shape conjecture” [4] turned out to 

yield a reasonable estimate (ε0 ≈ eVt). 
 

To give support to the “barrier-shape conjecture”, 

TVS initially invoked results based on the Simmons 

model. The interpretation of TVS within the 

Simmons model has been challenged [10]. 

However, that approach turned out to have serious 

drawbacks, as demonstrated in a series of works [4-

7]. E. g., it ignored the lateral constriction and 

exaggerated the image effects by using an 

approximate image potential proposed by 

Simmons, which is in error by a factor of two. 
 

As recently shown by the author [1-3,8], a variety 

of I-V -curves measured in molecular junctions can 

be excellently reproduced within the Newns-

Anderson model; an example is presented in Fig. 1. 

Pleasantly for the experimentalist colleagues, 

simple analytical expressions can be deduced, 

which conveniently allow to deduce both the MO 

energy offset and the voltage division factor from 

the measured transition voltages Vt+ and Vt- at 

positive and negative biases[2] 
 

 

 

The above formula holds for realistic cases, where 

Γ ≪ |ε0|. The leading corrections to the above 

results, which are of the order O(Γ=ε0)
2
, can also 

expressed in closed analytical form [3] 
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Whatever the fabrication method, stochastic 

fluctuations are inherent, and they play an essential 

role in the interpretation of the transport data in 

single-molecule junctions. In an important 

experimental work [12], relying upon an impressive 

statistics (thousands of junctions), simultaneous G- 

and Vt-measurements have demon strated that the 

G and Vt-histograms are affected in a completely 

different manner by stochastic fluctuations. On the 

basis of the above results, the different impact of 

fluctuations observed [12] can be quantitatively 

explained [1]. These results also demonstrate that, 

unlike G, Vt represents a molecular signature [1]. 
 

In the second part of this presentation I will present 

some new results demonstrating the usefulness of 

TVS for quantifying solvent effects and to interpret 

recent transport data in redox metalloproteins [13]. 
 

Financial support for this work provided by the 

Deutscheforschungsgemeinschaft (grant BA 1799/2-

1) is gratefully acknowledged. 

 

 

 
 

Figure 1. An example demonstrating that the Newns-

Anderson model is able to excellently reproduce full I-V 

transport data in general and the TVS in particular (after 

Ref. 3). 
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Their Applications in Sensing and 

Photo-Thermal ablation 
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We report a facile synthesis of ultra-thin Fe, FeS 

nano-sheets and single crystalline Fe nanocubes 

using mustard oil. Nano-materials were studied in 

detailed and characterized by using HRTEM, 

HRSEM, EDS, SAED, XRD, AFM, U-Vis, FTIR, Raman, 

XPS, and Auger spectroscopy. We have also 

investigated the mechanism involved for the 

formation of such nano-structures. It is an 

inexpensive, efficient, convenient, and ultra fast 

process to synthesis varieties of nano-materials. In 

addition, their possible sensing and photo-thermal 

ablation ability have been highlighted. 
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Figure 1. TEM image of ultra-thin Fe Nano-sheets. 

 

 
 

Figure 2. TEM image of Fe Nano-cube. 
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Nanomaterials have entered the phase of 

commercial applications [1] in medicine as drug 

carriers or labels [2], contrast agents for magnetic 

resonance imaging [3], and convenient tool for 

biodetection. Some of the prominent examples are 

the use of nanoparticles in combination with 

fluorescent labels for large number of biochemical 

tests or a new class of biological sensors, relying on 

semiconducting nanowires [5], for detection of 

biological molecules or of products of biologically 

catalyzed reactions. In contrast to already 

conventional optics-related biodetection 

methodology, the alternative concept utilizes the 

measurements of the electrical signals, i.e. 

electrical resistance [6]. For instance, conductance 

of the nanometer sized field effect transistors can 

be affected by an electric field of the target 

molecule adsorbed on its surface [5]. This novel 

approach offers advantage of the real-time and 

label-free detection of the analytes in liquid 

samples, whereas most of standard biochemical 

methods require the use of labels. 
 

Here we introduce the first bottom-up grown 

Schottky barrier silicon nanowire field effect 

transistors for liquid sensing applications (see 

Figure 1). As a first application, the sensing effect is 

demonstrated for changing pH values. In particular, 

we are addressing three main issues: (i) bottom-up 

fabrication of high-quality silicon nanowire (SiNW) 

FETs, which allow an integration into non-silicon 

systems; (ii) high-current sensing for low-cost 

electronic measurements of ion-sensitive field 

effect transistors (ISFETs) devices by assembling 

large numbers of nanowires [7] into a single ISFET; 

(iii) investigations of charge sensing sensitivities, 

allowing quantitative statements on the sensor 

quality and pH values, which can be further 

developed to sensing concentrations of biological 

molecules. A novel type of online measurement for 

the determination of threshold voltage and other 

parameters during the experiment is introduced. 
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Figure 1. Sensor platform based on silicon nanowires 

FETs: (a) device consisting ofparallel array of undoped 

silicon nanowires and nanosized Schottky junctions; (b) 

Microlfuidic chip for sensing measurements. 
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Dendron-Carbon Nanotubes for 

Therapeutic Applications 
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In the last decade, carbon nanotubes (CNTs) 

attracted great interest in the biomedical field, 

beside their potential applications in 

nanoelectronics or composite materials.[1] The 

ability of CNTs to passively enter into cells and their 

low cytotoxicity render them a good candidate as 

drug delivery system. In particular, it was observed 

that functionalization of the sidewall or the tips of 

CNTs gives significant advantages, modulating their 

cytotoxicity[2] and permitting to anchor different 

molecules, like drugs or targeting agents.[3] 

Moreover, the functionalization of CNTs with 

positively charged groups permits to obtain a 

promising carrier for genetic material.[4,5] 
 

In this communication, the design and synthesis of 

a new series of cationic dendron-CNTs of first and 

second generation will be described.[6] The 

dendrons were synthesized inserting at their 

termini ammonium or guanidinium groups in order 

to obtain an efficient gene delivery system and at 

the same time to shed new light on the differences 

between these two functionalities once present on 

the CNT scaffold.  
 

To further investigate the potential of this 

nanomaterial, a targeting peptide for mitochondria 

was coupled to cationic CNTs. The effective 

subcellular localization of the material inside the 

desired organelle was proved by microscopic 

techniques, highlighting the promising use of these 

conjugates as drug delivery systems in the 

treatment of mitochondrial diseases. 
 

The characterization techniques, the cytotoxicity 

and the complexation studies with genetic material 

will be also discussed. 
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The latest trends, techniques and applications of 

microwave radiation in wireless network 

technologies, cellular phones, targeting radars, 

vehicle speed detection, and electron spin 

resonance apparatus, etc stimulate searching of 

new materials with desirable mechanical and 

thermal properties providing high electrical 

conductivity and electromagnetic interference 

shielding effectiveness (EM SE). For that purpose, a 

series of composite samples were prepared, based 

on epoxy resin (Epikote 828), a curing agent called 

A1 (a modified TEPA) and up to 2.0 wt.% content of 

exfoliated graphite (EG). EG was obtained by 

intercalation of natural graphite flakes, 

subsequently submitted to a thermal shock. 

Accordion-like particles were thus produced, 

leading to a material of low packing density, around 

3 g/L [1]. The complex dielectric permittivity 

ε*
 = ε'−iε" was measured by a LCR meter HP4284A 

in the frequency range 20 Hz–1 MHz at room 

temperatures. The spectra of S–parameters of 

epoxy/EG composites were measured in microwave 

range (26-37 GHz) with scalar network analyzer. 

The average value of power transmitted through 

the samples is 60%, 30%, and close to 0 for 0.25, 1 

and 2 wt.% of EG embedded, respectively. Along 

with high EM performance in microwave range, 

graphene platelets are much more easily 

processable than composites filled with CNTs. 

Concluding, giving the benefit of being lightweight, 

using EG leads to exceptionally good EM 

attenuation ability, along with high dielectric 

permittivity in low frequency range (see Fig.1). 

 

 

 

 

 

 

 
 

Figure 1. Dielectric permittivity of epoxy/EG in low 

frequency range. 
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Mechanical resonators realized on the nano-scale by now offer applications in mass-sensing of biomolecules 

with extraordinary sensitivity. The general idea is that perfect mechanical biosensors should be of extremely 

small size to achieve zepto-gram sensitivity in weighing single molecules similar to a balance. However, the 

small scale and long response time of weighing biomolecules with a cantilever restricts their usefulness as a 

high-throughput method. Commercial mass spectrometry (MS), such as electro-spray ionization (ESI)-MS and 

matrix-assisted laser desorption/ionization (MALDI)-time of flight (TOF)-MS are the gold standards to which 

nanomechanical resonators have to live up. These two methods rely on the ionization and acceleration of 

biomolecules and the following ion detection after a mass selection step, such as time-of-flight (TOF). Hence, 

the spectrum is typically represented in m/z, i.e. the mass to ionization charge ratio. In this presentation I 

will describe the feasibility and mass range of detection of a new mechanical approach for ion detection in 

time-of-flight mass spectrometry. The principle of which is that the impinging ion packets excite mechanical 

oscillations in a semiconductor nanomembrane. Ion detection is demonstrated in MALDI-TOF analysis over a 

broad range with angiotensin, bovine serum albumin (BSA), equimolar protein mixtures of insulin, BSA, 

Immunoglobulin G (IgG), and IgM. We find an unprecedented mass range of operation of the 

nanomembrane detector. 
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In electronics, graphene is rapidly becoming the 

great hope for replacing and improving silicon 

semiconductors for future high performance 

devices. Since silicon semiconductors remain the 

basis of most commercial electronics (especially 

computing), the challenge for the next generation 

materials really becomes a great challenge. The 

graphene potentialities are attracting a lot of 

research funding, which in turn attracts researchers 

to probe opportunities in a number of directions 

such as novel graphene based transistors or 

spintronics.  Another approach currently under 

development by some teams, is to employ 

graphene and other related nanomaterials to 

achieve non-volatile memories exploiting their 

“memresistive” behaviour. Indeed for e.g. 

computer high density storage memory, transistors 

work by storing an electrical charge. Thanks to 

“memresistive” materials we can store electrical 

resistance. That is, when a current is passed 

through these materials, their level of resistance to 

electricity (in Ohms) changes in a non-volatile and 

in an energetically “friendly” way. Resistive 

memory exploits the electric field responsive 

resistive switching of materials as an information 

write/erase principle for non-volatile data storage. 

The reading of resistance states is nondestructive, 

and the memory devices can be operated without 

transistors in every cell, thus making a cross-bar 

structure feasible. A large variety of solid-state 

materials have been found to show these resistive 

switching characteristics  including solid 

electrolytes such as GeSe and Ag2S, perovskites 

such as SrZrO3, Pr0.7Ca0.3MnO3, and BiFeO3 , binary 

transition metal oxides such as NiO, TiO2, ZrO2, and 

ZnO, organic materials, amorphous silicon (a-Si), 

and amorphous carbon (a-C). The main advantages 

of graphene related materials are not only that 

they seem to show extremely promising 

performances, but also that these materials provide 

more flexibility (physically) and potentially can 

lower the final cost of the devices, if scalable 

fabrication methods will be developed in parallel. 

Moreover we need only a two terminal device, 

which dramatically reduces the circuitry and allows 

the implementation of 3D architectures. Finally, 

this type of circuit commonly used for computer 

memory could be potentially easily printed or 

deposited (e.g. by spray-gun) on plastic sheets and 

used wherever flexibility is needed, such as in 

wearable electronics.  

 

This contribution deals with the main scientific 

results and the potential market for graphene 

related materials in case of resistive non-volatile 

memories. Non-volatile memories are identified as 

key device for the future of computational system 

considering the reduced energy consumption 

compared to volatile-memories. However a specific 

new technology as not been identified up to now 

considering the issues related to scalability and 

cost. Graphene related materials offer an 

interesting and extremely promising alternative to 

existing technologies. In this contribution, we show 

the main works dealing with graphene layers, 

graphene-oxide and reduced graphene oxide. 

These works are quite recent but show impressing 

results especially in term of writing time and 

endurance/cyclability compared to common flash 

memories. The other main advantage of these 

materials is the potential of developing a CMOS 

compatible technology highly scalable. Moreover 

the carbonaceous materials are easily available 

compared to rare earths and also compatible with 

flexible applications and can open new field of 

innovation. 
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Source 
Material and 

configuration 
On/Off max 

Switching 

time 
Cyclability Retention time Character 

Energy 

consumption to 

write (J) 

[Li08] 

Graphitic layers 

on nanowire 

(planar) 

10
7
 1µs 

at less 1000 with  

no variation 

1 day at less (15 days of 

consecutive switching) 

Unipolar  ~4 10
-15

 

[Stadley08] 
Graphene 

(planar) 
10

2
 100ms 

10
5
 without 

visible changes 

in signals 

To be performed on 

more than 24 hours 
Unipolar Not clear 

[Sinitski09] 

Graphene 

(planar) 
10

7
 

1µs (tested 

limit) 

at less 22000 

with  no 

variation 

Not specified, even if the 

device is defined very 

stable 

Unipolar ~8 10
-17 

Carbon (vertical) 10
6
 

1µs (tested 

limit) 
at less 200 

Not specified, even if the 

device is defined very 

stable 

Unipolar ~7 10
-17

 

[He09] GO (vertical) 20 No data at less 100 10
4
seconds Bi-polar No switching time 

[Jeong10] GO (vertical) 10
3
 No data at less 100  10

5
seconds Bi-polar No switching time 

[Hong11] GO (vertical) 10
3
 No data 100 and failure 

Not specified, even if the 

device is defined very 

stable 

Bi-polar No switching time 

[Panin11] GO (planar) 10
3
 No data No data No data 

Bi-Polar and 

Uni-polar 
No switching time 

[Vasu11] RGO (vertical) 10
5
 10µs Few hundreds 

Not specified, even if the 

device is defined very 

stable 

Unipolar ~ 10
-13

 

 

Table 1. Table summarizing all the main characteristics of the main works on graphene based non-volatile memories 

 

 

 

 

 

 
 

Figure 1. SEM image of the device before (left panel) and 

after breakdown of the graphene layers (right panel). 

The arrows indicate the edges of the nanoscale gap 

[Stadley08]. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Real crossbar memory devices based on 

Graphene Oxide on flexible substrate [Jeong10] [IEEE10]. 
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Graphene-enabled innovative 

solutions for consumer electronics 
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New technology enablers - such as new functional 

materials – may allow the mass scale production of 

innovative electronic devices with outstanding 

performance and new form factors, driving 

innovation in mobile industry. In particular, 

graphene and other 2D materials have already 

demonstrated a great potential for radical 

technological innovations in a plenty of R&D fields, 

offering new opportunities in electronics and 

optoelectronics. 

 

We’ll report a few examples to illustrate how the 

development of graphene technology may impact 

on the field of flexible electronics, providing 

solutions for sensing and energy storage. Highly 

sensitive graphene-based sensors have been 

demonstrated in various fields, spanning from 

chemical sensors to photodetectors, and 2D 

materials are ideal candidates for the actual 

achievement of flexibility and stretchability. In 

addition, the unique 2D nature of these materials 

can lead to unprecedented sensing performances, 

paving the way to new applications in various fields 

such as consumer electronics, mobile health and 

environmental monitoring.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, graphene is an ideal material for the 

development of portable energy storage 

components, thanks to the high specific surface 

area, the superior electrical conductivity, a high 

chemical tolerance and a broad electrochemical 

window. Graphene technology can enable a 

combination of flexible components with low-cost 

and low-power sensors, thus opening new avenues 

in the field of portable electronic devices. Also, 

scalability to mass production together with 

compatibility with low cost manufacturing 

processes, such as printing and roll-to-roll 

techniques, are major advantages of this 

technology. Therefore, graphene may represent an 

important technological platform for the next 

generation of mobile devices. 
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Silver nanoparticles have attracted much attention 

as a subject of investigation due to their well 

known properties, such as good conductivity [1], 

antibacterial and catalytic effects [2-4], etc. They 

are used in many different areas, medicine [5-6], 

industrial applications [7], and scientific 

investigation [8], etc. The size as well as the shape 

is very important for certain applications. There are 

different techniques for producing Ag 

nanoparticles, chemical, electrochemical, 

sonochemical, etc. These methods often lead to 

impurities together with nanoparticles or colloidal 

solutions. Laser ablation of solids in liquids (LASL) 

enables obtaining nanoparticles with no need of 

chemical precursors. In almost all publications 

reporting synthesis of nanoparticles by LASL a 

pulsed laser is used, especially nanosecond and 

femtosecond lasers. Nevertheless nanoparticles can 

be obtained in liquid media using long pulse lasers 

and continuous wave (CW) lasers. In previous 

works we have already reported the formation of 

nanporticles by LASL using CW lasers [9,10]. In this 

work silver nanoparticles are obtained in water 

using CW laser. The obtained particles are analysed 

and the nanoparticles formation mechanism is 

discussed. 
 

Targets plates of Ag were cleaned and sonicated to 

be attached to a bottom of a glass vessel and filled 

with water up to 1 mm over the upper surface of 

the Ag plate. The laser source system used was a 

monomode Ytterbium doped fiber laser (YDFL). This 

laser works in CW mode delivering a maximum 

average power of 200 W. Its high beam quality 

allowed setting the irradiance range between 2×10
5
 

and 10
6
 W/cm

2
. The laser beam was coupled to an 

optical fiber of 50 μm core diameter and focused 

on the upper surface of the target. The laser beam 

was kept in relative movement with respect to the 

metallic plate at a scanning speed of 5 mm/s. After 

each experiment, the obtained colloidal 

suspensions were dropped on carbon coated 

copper microgrids substrates for examination of 

particle morphology and microstructure, while as 

prepared colloidal solutions were used for UV–vis 

absorption tests. 

 

 
 

Figure 1. TEM micrograph showing Ag nanoparticles 

obtained by CW laser in water. 

 

Taking into account that the used laser works in 

continuous regime, the interaction between the 

laser beam ant the silver target is governed by 

thermal effect. Several parameters depending on 

the laser radiation and the target nature are 

involved. When a laser beam strikes a silver target 

submerged in liquid, delivering irradiance of around 

10
6
 W/cm

2
, a thin layer of metal is heated up above 

its melting point leading to a combination and 

boiling which give place to nanoparticle formation. 

According to the collected material, the obtained 

particles exhibit rounded shape with certain 

tendency to agglomeration, as can be seen from 

figure 1. This confirms that the main formation 

mechanism is melting and rapid solidification in the 

surrounding water. Several EDS microanalysis 

performed on individual particles confirmed that 
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the obtained particles are metallic Ag. The HRTEM 

images of obtained nanoparticles revealed that 

they are crystalline, as can be seen from figure 2 

which shows clearly visible lattice fringes and their 

corresponding Fast Fourier Transform (FFT). The 

calculated interplanar distances from the FFT for 

particle obtained in water are compared with those 

of Ag in table 1. 

 

Measured d- (nm) Ag, dhkl (nm) 

0.2353 0.1359 

0.2118 0.2044 

 

Table 1. Measured interplanar distances from the FFT of 

figure 2 compared to those of Ag. 

 

 

 
 

Figure 2. HRTEM image of the obtained nanoparticles in 

water with clearly visible lattice fringes and their 

corresponding FFT. 

 

The use of the CW laser with at moderate 

irradiance contributes to control the size 

distribution of the obtained nanoparticles, since the 

CW mode doesn’t produce high peaks power which 

can provoke deep holes. Furthermore, the laser 

beam was kept in movement relative to the target 

in order to reduce the thickness of the melted 

layer. The reduction of the interaction time by 

increasing the scanning speed can lead to a 

reduction of the extracted layer from the metal 

plate and the formation of smaller particles.  
 

In conclusion, we have obtained colloidal 

nanoparticles of Ag in de-ionized water a CW laser 

to ablate metallic Ag target. The size distribution 

can be controlled by the scanning speed with mean 

diameter ranging from 5 to 80 nm. The obtained 

nanoparticles exhibit rounded shape. 

 

The research leading to these results has received 

funding from ERDF through Atlantic Area 

Transnational Cooperation Programme Project 

MARMED (2011-1/164). 
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Spintronics, which aims to use the spin state of the 

electrons to process information, is a promising 

technology to supplement conventional electronics 

based on the control of the electrical charge of the 

electrons. The field is rapidly evolving into molecular 

spintronics where transport takes place through 

individual molecules advancing in miniaturization and 

spin-state preservation. The versatility of molecular 

synthesis allows to introduce built-in properties such 

as magnetism in molecules. As a result, the molecule 

possess intrinsic spin and therefore a spin polarized 

current is no longer needed. But, under what 

conditions this molecular spin-state can be read, 

controlled or written? The viability of molecular 

spintronics rest in the ability to discern and control 

the spin state of this magnetic molecule. 
 

We study three-terminal charge transport through 

individual Fe4 single-molecule magnets [1]. The Fe4 

molecule is linked to two gold electrodes fabricated 

by self-breaking electromigration of a gold 

nanowire [2,3]. A third gate electrode is used to 

access different redox states of the molecule.  

 

 
 

Figure 1. 
 

We directly observe for the first time [4] the 

magnetic anisotropy of the single molecule by 

introducing a spectroscopy technique based on 

measuring the position of the zero-bias 

degeneracy-point (see figure) as a function of gate 

voltage and applied magnetic field. 
 

Our measurements reveal an increase of the 

magnetic anisotropy and a decrease of the ground 

state spin upon reduction of the molecule. 

Moreover, the sensitivity of this method allows to 

detect small changes in the orientation and 

magnitude of the anisotropy in different charge 

states. We find that the easy axes of the molecule 

in adjacent charge states are (almost) collinear.  
 

The sensitivity of the technique will allow to study 

quantum properties of the Fe4 such as the quantum 

tunneling of the magnetization at the single-

molecule scale. 
 

This work was supported by FOM and the EU FP7 

program under the Grant Agreement ELFOS. 
 

 

 
Figure 2. Differential conductance map of a single Fe4 

SMM showing two different charge states. 
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Functional polymer micro- and nanofibers are novel 

structures, exhibiting smart physico-chemical 

properties, with applications ranging from liquid 

and air filtration, tissue engineering, regenerative 

medicine, sensing, photonics, nanoelectronics. 

Technologies for producing polymer fibers are 

rapidly evolving from the production of inert 

nanofibers materials to more specialized, functional 

and multi-functional nanofibers. The nanostructure 

capabilities range from conduction properties to 

light-sensing, from promoted cellular 

differentiation to enhanced mechanical, thermal 

and anisotropy properties. Here results and 

perspectives of our research on functional fibers 

are presented, focusing on hybrid fabrication 

approaches (electrospinning, nanoimprinting, soft 

lithography, two-photon lithography and together 

with novel perspectives opened by 

biomineralization) and complementary applications 

of polymeric and biological fibers. Demonstrators 

include field-effect transistors, polarized light-

emitters, lasers, smart controllable surfaces, 

waveguides and bioactive systems. 
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Figure 1. a) Schematic of our experiment: 2 SiO2 particles of 0.88 μmm radius in water are trapped in 2 independently 

controlled optical traps. The source oscillates with f = 197 Hz. b) Direction and magnitude of the velocity field measured 

experimentally. 

 

Optical trapping is a well established technique that 

has been widely used to noninvasively manipulate 

micro- and nano-sized objects [1-4]. Its 

combination with microfluidics provides novel 

analytical and sensing capabilities [5-9]. 
 

Here we show a novel experimental and theoretical 

approach on how an optically trapped microsphere 

can be used as an ultrasensitive detector for the 

induced motion of the medium surrounding a 

second oscillating microparticle. Fluidic vibrations 

created by the source (an optically trapped silica 

particle set to oscillate in a dipole-type mode) are 

detected by another twin silica particle 

independently trapped and located in the vicinity of 

the source (Fig.1a). Fourier analysis of the motion 

of the detecting particle at different points in space 

and time renders the velocity map around the 

oscillating microsphere (Fig.1b). The combination 

with acoustic and microfluidic theoretical models 

reveal that the measured fields are dominated by 

microfluidic contributions. The concept introduced 

here opens the way for new detection methods (i.e. 

Nano-Position System (NPS)) able to provide 

location and recognition (due to the field pattern) 

of moving sources that may be applied to artificial 

micro-objects and also to living organisms, like cells 

and bacteria. 
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Magnetic Resonance Imaging (MRI) has become one 

of the most powerful tools in modern medical 

diagnosis because of its non-invasive character, high 

inherent spatial resolution and the possibility to 

enhance locally and specifically image intensity using 

appropriate paramagnetic or superparamagnetic 

contrast agents (CAs). Most of the MRI CAs currently 

available are chelates of paramagnetic metals of the 

rare earth series or superparamagnetic iron oxide 

nanoparticles, the Gd(III) chelates being the most 

widely used [1]. In all these cases, the induced 

relaxation of the water molecules surrounding the 

probe is isotropic precluding the encoding of 

directionality in many fundamental biological 

processes already detectable by molecular imaging 

[2, 3]. On these grounds, it would entail considerable 

relevance to develop CAs in which the predominant 

molecular orientation of the probe with respect to 

the external magnetic field can be inferred from the 

non-invasive MRI measurement.  
 

In this lecture we shall describe the use of Single-

Wall and Multi-Wall Carbon Nanotubes as 

directional probes for MRI. SWCNT suspensions are 

excellent candidates for this purpose, since they 

orient parallel to the external magnetic field Bo and 

are able to induce anisotropic relaxivity [4] and 

anisotropic diffusion [5] of water molecules in a way 

in which the orientation of the nanotube can be 

predicted from the MRI measurement. We shall 

discuss the production, shortening and 

characterization of these arrangements using Atomic 

Force Microscopy, Transmission Electron Microscopy 

(+Energy Dispersive Spectroscopy), SQUID, VSM and 

MRI. Our measurements provide for the first time to 

our knowledge a sound basis for the magnetic 

properties of these preparations and allow their 

decoration with customized reporter molecules for 

improved imaging or therapeutic performance. 

 

References 
 

[1] A. E. Merbach, and E. Tóth, The chemistry of 

contrast agents in medical magnetic resonance 

imaging (Wiley Chichester (W. Sx.) etc., 2001). 

[2] S. Aime et al., Accounts of chemical research 42, 

822 (2009). 

[3] D. Pan et al., Future medicinal chemistry 2, 471 

(2010). 

[4] A. Cerpa et al., MedChemComm 4, 669 (2013). 

[5] V. Negri et al., Angewandte Chemie 122, 1857 

(2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daniel Calle 

and Sebastián Cerdán 
 

 

 

scerdan@iib.uam.es 

 

Keynote 



44 |  s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3                   T N T  2 0 1 3  s e v i l l e  ( s p a i n )  

 

 

Large anisotropic conductance and 

band gap fluctuations in nearly-

round-shape Bismuth nanoparticles 
 

School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel 

 

 

Unlike their bulk counterpart, nanoparticles often 

show spontaneous fluctuations in their crystal 

structure at constant temperature. This 

phenomenon takes place whenever the net gain in 

the surface energy of the particles outweighs the 

energy cost of internal strain. The configurational 

space is then densely populated due to shallow 

free-energy barriers between structural local 

minima. Here we report that in the case of bismuth 

(Bi) nanoparticles (BiNPs), due to the high 

anisotropy of the mass tensor of their charge 

carriers, structural fluctuations result in substantial 

dynamic changes in their electronic and 

conductance properties. Transmission electron 

microscopy (TEM) is used to probe the stochastic 

dynamic structural fluctuations of selected BiNPs. 

The related fluctuations in the electronic band 

structure and conductance properties are studied 

by scanning tunneling spectroscopy (STM) and are 

shown to be temperature dependent. Continuous 

probing of the conductance of individual BiNPs 

reveals corresponding dynamic fluctuations (as high 

as 1eV) in their apparent band gap. At 80K, upon 

freezing of structural fluctuations, conductance 

anisotropy in BiNPs is detected as band gap 

variations as a function of tip position above 

individual particles. 
 

We have also tested the role of the capping agents 

on these dynamics. Bismuth nanoparticles, 

protected by two types of capping ligands, 1-

dodecanethiol and ethylene di-amine tetra-acetate 

(EDTA) were probed by TEM and STM at 80K and 

300K. We show that the different capping ligands 

dramatically alter the mechanism of structural 

dynamics in these particles. This finding suggests 

that molecular control of structural and 

consequently electronic switching in anisotropic 

nano-systems is feasible. 
 

BiNPs offer a unique system to explore anisotropy 

in zero-dimension conductors as well as the 

dynamic nature of nanoparticles. 
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Graphene has attracted great attention due to its 

extraordinary electronic, thermal, mechanical, and 

optical properties [1]. In photonics, graphene have 

been exhibited outstanding properties such as 

transparency, wavelength-independent optical 

absorption, satuable absorption, electron-hole pair 

generation, third-order nonlinearity, and electro-

absorption. Graphene has been used as a 

transparent conductor for photovoltaics, light 

emitting diodes, and touch panels [2]. In optical data 

communication applications, graphene has been 

considered as a versatile photonic material to 

modulate, detect, control, and even guide light [3-5]. 
 

Recent theoretical investigations on graphene-based 

photonic devices exhibited that graphene embedded 

in a homogenous dielectric can serve as a lightwave 

guiding medium [6–8]. For further development of 

graphene based on-chip PICs, planar-lightwave-

circuit (PLC)-compatible integrations of the 

graphene-based optoelectronic devices is being 

consistently demanded, thereby novel PIC platform 

such as plasmonic waveguide and modulator have 

been proposed [9-10]. 
 

In this talk, we demonstrated recent progress in 

graphene-based plasmonic devices such as thermo-

optic mode extinction modulator and planar 

lightwave-type photodetector based on graphene 

plasmonic waveguides for all graphene photonic 

integrated circuits [11-12]. 
 

This work was supported by the Creative Research 

Program of the ETRI (13ZE1110) of Korea and by a 

grant (Code No. 2011-0031660) from the Center for 

Advanced Soft Electronics under the Global Frontier 

Research Program of the Ministry of Science, ICT 

and Future Planning of Korea. 

 

References 
 

[6] A. K. Geim and K. S. Novoselov, Nat. Mater. 6 

(2007) 183. 

[7] F. Bonaccorso, Z. Sun, T. Hasan, and A. C. Ferrari, 

Nat. Photon. 4(9) (2010) 611. 

[8] M. Liu, X. Yin, E. Ulin-Avila, B. Geng, T. Zentgraf, L. 

Ju, F. Wang, and X. Zhang, Nature 474 (2011) 64. 

[9] T. Mueller, F. Xia and P. Avouris, Nat. Photon. 4(5) 

(2010) 297. 

[10] Q. Bao, H. Zhang, B. Wang, Z. Ni, C. H. Y. X. Lim, Y. 

Wang, D. Y. Tang, and K. P. Loh, Nat. Photon. 5(7) 

(2011) 411. 

[11] S. A. Mikhailov and K. Ziegler, Phys. Rev. Lett. 

99(1) (2007) 016803. 

[12] G. W. Hanson, J. Appl. Phys. 103(6) (2008) 064302. 

[13] M. Jablan, H. Buljan, and M. Soljacic, Phys. Rev. B 

80(24) (2009) 245435. 

[14] Jin Tae Kim, Jaehyeon Kim, Hongkyw Choi, Choon-

Gi Choi and Sung-Yool Choi, Nanotechnology 

23(34) (2012) 344005. 

[15] Jin Tae Kim and Choon-Gi Choi, Optics Express, 

20(4) (2012) 3556. 

[16] Jin Tae Kim, Kwang Hyo Chung, and Choon-Gi 

Choi, Optics Express (2013) in revision. 

[17] Jin Tae Kim, Young-Jun Yu, Hongkyw Choi, and 

Choon-Gi Choi, in preparation. 

 

 
Figure 1. (a) Schematic view of the proposed graphene-

based thermo-optic mode extinction modulator. 

 
Figure 2. Picture of the fabricated planar lightwave-type 

graphene photodetector. The inset shows the Raman 

spectrum from the graphene ribbon. 
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Abstract 
 

We report a new plasmonic manipulation 

technique which employs biomolecular interactions 

as active building blocks in the construction of 

novel surfaces which gains optical functionality due 

to individual molecular binding events. We 

demonstrate two novel biosensors which combine 

direct-write fabrication with molecular 

nanopatterning to position individual nanoparticles 

around single, complex plasmonic nanostructures 

due to molecular binding. In doing so, we 

demonstrate both an extremely sensitive naked-

eye biosensor which relies on a plasmonic colour-

shift to report on antibody-binding events, and a 

surfaceenhanced Raman sensor which relies on the 

completion of a simple plasmonic circuit by a DNA-

conjugated nanoparticle to detect an individual 

DNA-hybridisation event. 
 

Method 
 

To create the molecularly-reconfigurable plasmonic 

surfaces we use a novel combination of electron-

beam lithography and molecular surface 

nanopatterning, which allows us to control 

individual molecular interactions such that we can 

dictate, with proteinscale resolution (~5 nm), the 

placement of single nanoparticles (NPs) around 

individual nanostructures, Figure 1. After defining a 

nanostructure using electron-beam lithography, a 

second electron-beam step is carried out in order 

to define a “window” at a particular point around 

the structure. The surface beneath this window can 

then be molecularly modified and the polymer 

resist material removed, leaving a nanophotonic 

surface that has been molecularly patterned at 

specific points. Molecularly conjugated NPs can 

then be bound to these areas in a controlled 

manner (the initial surface modification is large 

enough such that only a single particle can bind to 

any one area). 
 

Naked-eye detection of antibody-binding 
 

Our understanding of biological systems is 

dependent on our ability to visualise and measure 

biomolecules and biological events with high spatial 

and temporal resolution. Plasmonic colorimetry is a 

biosensing technique which relies on visible 

plasmon resonance shifts in nanostructures due to 

some biological event or process. Scattered 

plasmonic colours are highly sensitive to 

environmental changes surrounding the 

nanostructures, making the effect ideal for sensing 

applications. Any metallic nano-object brought into 

proximity with the array will influence its 

resonance, shifting the plasmon frequency and 

causing a change in structural colour, which can be 

observed by eye. 
 

To date, biosensors based on plasmonic colour shifts 

have relied on random, molecularly driven 

aggregation of chemically synthesized colloid, or 

blanket binding of NPs to pre-fabricated structures 

[1-4] and thus have demonstrated little or no control 

over the number and location of binding events. 

Although there has been great progress in recent 

years in molecular lithography techniques, there 

remains significant problems in terms of the control, 

placement and spacing of individual particles in 

order to create arbitrary structures. Here, we bridge 

the gap between the versatility of direct-write 

nanolithography, and the resolution and selectivity 

of molecular self-assembly, combining both 

techniques for the first time. Precise positioning of 

single particles around pre-fabricated plasmonic 

structures allows us to manipulate the plasmon 

supported by the resultant structure, altering the 

colour of the light scattered by the surface in an 

engineered fashion. In large arrays (>100μm, 

comprising of several thousand structures) the 

homogeneous colour-shifts can be seen with the 

nakedeye, without the need for any spectroscopy or 

microscopy equipment (Figure 2(a)). 
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Completing a plasmonic bowtie with a DNA 

nanoparticle for extreme Raman detection 
 

The use of metallic NPs in surface enhanced 

resonance Raman spectroscopy (SERRS) 

applications is well-known[5]. By aggregating 

discrete NPs, exceptionally large field enhancement 

values can be realised due to interparticle 

plasmonic-coupling, creating electromagnetic “hot-

spots” in the nanometre gaps between particles.[6] 

However, controlling this coupling is problematic; 

common NP aggregation techniques produce 

randomly coupled particles, where neither the hot-

spot number, location or resonance can be 

controlled. This leads to non-repeatable spectra, 

and requires large amounts of NPs and analyte to 

ensure a signal is obtained. 
 

We describe a novel, molecularly reconfigurable 

plasmonic structure capable of detecting single 

DNA-binding events via SERRS. By positioning single 

NPs within plasmonic bowties (Figure 2(b)) we can 

generate intense hot-spots at known locations and 

known plasmonic frequencies. This novel approach 

to DNA-driven plasmonic tuning directly addresses 

one of the fundamental challenges of NP SERRS; 

control over the localization and frequency of EM-

hotspots in NP assemblies. Using NPs modified with 

both DNA and a Raman reporter, we show an 

improvement of 2 orders of magnitude above the 

existing SERRS effect, allowing us to pinpoint and 

measure single DNA-NP binding events. 
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Figure 1. From left; SEM of Au plasmonic structures 

aligned to resist “windows” which allow molecular 

surface modification; Individual NP molecularly bound 

between 2 discs; Individual NP bound at specific point 

around nano-diamond structure. 

 

 

 

 
 

Figure 2. (a) Bright-field images of a plasmonic sensor 

array before and after antibody affinity binding. (b) A 

superimposition of an SEM and a finite-element 

simulation of localized electricfield for a nanoplasmonic 

bowtie structure with a DNA bound NP in its centre. 
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Nanoscale electronic devices like field-effect 

transistors have long promised to provide sensitive, 

labelfree detection of biomolecules. In particular, 

single-walled carbon nanotubes have the requisite 

sensitivity to detect single molecule events, and 

they have sufficient bandwidth to directly monitor 

single molecule dynamics in real time. Recent 

measurements have demonstrated this premise by 

monitoring the dynamic, single-molecule 

processivity of three different enzymes: lysozyme 

(Fig. 2) [1, 2], protein Kinase A (Fig. 3) [3], and the 

Klenow fragment of DNA polymerase I (Fig. 4) [4]. 

With all three enzymes, single molecules were 

electronically monitored for 10 or more minutes, 

allowing us to directly observe rare transitions to 

chemically inactive and hyperactive conformations. 

The high bandwidth of the nanotube transistors 

further allow every individual chemical event to be 

clearly resolved, providing excellent statistics from 

tens of thousands of turnovers by a single enzyme. 

Besides establishing values for processivity and 

turnover rates, the measurements revealed 

variability, dynamic disorder, and the existence of 

intermediate states. Initial success with three 

different enzymes indicates the generality and 

attractiveness of the nanotube devices as a new 

tool to complement other single molecule 

techniques. Furthermore, our focused research on 

transduction mechanisms provides the design rules 

necessary to further generalize this architecture [5]. 

This presentation will summarize these rules, and 

demonstrate how the purposeful incorporation of 

just one amino acid is sufficient to fabricate 

effective, single molecule nanocircuits from a wide 

range of enzymes or proteins (Fig. 1). 
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Figure 1. Single biomolecule nanocircuits. (left) Schematic representation of a device, showing the relative size of a 

carbon nanotube to lysozyme. Lysozyme’s two active domains (light and dark grey) move with respect to each other 

when processing substrate (red). Example AFM images show carbon nanotube transistors labeled with single T4 

lysozyme molecules. (right) Detail of a pyrene-maleimide linker molecule attaching a protein to the nanotube 

sidewall. A cysteine (C90) has been introduced to a cysteine-free variant of T4 lysozyme to provide a single and 

reproducible attachment site. Charged amino acids K83 and R119 are highlighted because they move substantially 

during catalytic processing and are believed to play important roles affecting the SWNT device. 
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Figure 2. Lysozyme activity. Electronic signals 

transduced by a single T4 lysozyme molecule during 

processing of its substrate, peptidoglycan. The device 

current fluctuates between two levels in sync with the 

enzyme domains opening and closing on substrate, 

producing a real-time electrical recording of the 

enzyme’s activity. 

 

 
 

Figure 3. Protein Kinase A activity. Electronic signals 

transduced by a single PKA molecule without substrate 

(top), with Kemptide substrate (middle), and with both 

substrate and ATP present (bottom). The current 

difference ΔI in the bottom two panels is relative to the 

free enzyme level of the top panel. When both substrate 

and ATP are present, two independent binding events 

produce a three-molecule complex that allows for 

substrate phosphorylation. The electronic signal easily 

distinguishes the intermediate state with substrate 

bound from the fully closed state when phosphorylation 

can occur. 

 

 
 

Figure 4. Klenow fragment activity. Electronic signals 

transduced by a single molecule of the Klenow fragment 

of DNA polymerase I. When measured in the presence of 

homopolymeric, single-stranded DNA (poly(dT)42) and 

complementary dATP nucleotides, brief current 

excursions below the baseline ΔI=0 correspond to single 

nucleotide incorporation events. 
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In recent years, graphene has emerged as a 

favorable material for a wide range of technological 

applications [1]. In particular, its high room-

temperature mobility, unique dispersion relation, 

and advantageous mechanical properties make 

graphene an exciting substance for the realization 

of next-generation electronic devices [2,3]. While 

single-crystal graphene would be an ideal choice, 

the most promising approach for the mass 

production of large-area graphene is chemical 

vapor deposition (CVD), which usually results in a 

material that is polycrystalline [4,5]. This 

polycrystallinity arises due to the nucleation of 

growth sites at random positions and orientations 

during the CVD process. In order to accommodate 

the lattice mismatch between misoriented grains, 

the grain boundaries in polycrystalline graphene 

are made up of a variety of non-hexagonal carbon 

rings, which can serve as a source of scattering 

during charge transport [6,7]. Indeed, several 

experimental works have demonstrated that grain 

boundaries add an extra resistance compared to 

single-grain samples [8-10]. Thus, in order to 

understand the large-scale transport properties of 

polycrystalline graphene, it is important to 

understand the scattering mechanisms associated 

with the grain boundaries. 
 

In this work, we use numerical simulations to 

examine the role that grain boundaries play in 

charge transport through polycrystalline graphene. 

We find that the presence of grain boundaries 

increases the sheet resistance of graphene 

samples, and by employing a simple scaling law we 

can extract the intrinsic grain boundary resistivity 

from our simulations. A comparison to experiment 

reveals that the calculated grain boundary 

resistivity is 1-2 orders of magnitude smaller than 

what is obtained from experimental 

measurements. This suggests that scattering due to 

the non-hexagonal structure of the grain 

boundaries is relatively small, and that another 

mechanism must be responsible for most of the 

experimentally-measured grain boundary 

resistivity. 
 

To calculate the sheet resistance of polycrystalline 

graphene, we use a real-space order-N quantum 

wave packet approach to compute the Kubo-

Greenwood conductivity [7]. In this approach, the 

zero-frequency conductivity for charge carriers is 

given by 
 

       (1) 
 

where ρ(E) is the density of states and ΔX
2
(E,t ) 2 is 

the mean-square spreading of the wave packet. 

From this, we can calculate the sheet resistance of 

a polycrystalline graphene sample as RS= 1/σDC. By 

doing this calculation for samples of varying grain 

size, we can extract the grain boundary resistivity 

according to a simple scaling law, 
 

        (2) 
 

where RS
0
 is the sheet resistance of an individual 

grain, ρGB is the grain boundary resistivity, and lG is 

the average diameter of each grain. 
 

The results of these simulations can be seen in Fig. 

1, where we plot the sheet resistance of 

polycrystalline graphene as a function of the 

average grain size. The blue squares are from our 

simulations, and the blue dotted line is a fit to this 

data using Eq. (2) and assuming that RS
0
 = 0. From 

this fit we extract a grain boundary resistivity of 

���
��� = 0.064 kΩ- μm . For comparison, we also plot 

the sheet resistance of polycrystalline graphene 

measured by Duong et al [8]. The red circles 
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indicate their measurements, and the red dotted 

line is the fit to Eq. (2). From this fit, we extract 

RS
0
 = 130 Ω and ���

�	

 = 1.4 kΩ- μm, which is 20x 

larger than the theoretical value. Table 1 shows a 

summary of the values of ρGB extracted from a 

variety of experimental measurements. In all cases, 

the experimental value is 1-2 orders of magnitude 

larger than our calculated value. 
 

These results suggest that the scattering due to the 

non-hexagonal structure of the grain boundaries is 

relatively small, and that another mechanism must 

be responsible for most of the experimentally-

measured grain boundary resistivity. It has been 

shown experimentally that the grain boundaries 

tend to be highly reactive compared to pristine 

graphene [4,8,11,12], resulting in a great deal of 

functionalization between individual grains. 

Therefore, our future work involves a study of the 

effect that grain boundary functionalization has on 

the charge transport properties of polycrystalline 

graphene. 
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Figure 1. Sheet resistance of polycrystalline graphene as 

a function of average grain size. The blue squares are the 

results of numerical simulations and the red circles are 

measurements from Ref. [8]. The dotted lines are fits 

using the scaling law in Eq. (2). 

 

 

 
 

Table 1. Comparison of theoretical and experimental 

grain boundary resistivity. The first row shows our 

numerical results, and the subsequent rows show the 

experimental results. 
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Since the pioneer work by Ashkin, diffraction-

limited focused beams have become a powerful 

method for manipulating micrometer sized objects 

[1]. Further extending this concept to effectively 

manipulate and control nanometer sized particles 

introduces new challenges. A major issue can be 

the large reduction of the total force with size 

which requires higher field intensities and smaller 

spot sizes. Fundamental limitations in focusing 

beams and practical limitations in increasing laser 

intensities make obtaining such highly confined 

fields in the nanoscale difficult [2]. An approach to 

elevate this issue is to apply well engineered 

structures to confine evanescent electromagnetic 

fields way beyond the diffraction limit [3]. In this 

work we are focusing on engineering 

nanostructured material to effectively control 

nanoparticles. The choice of Graphene as the 

material interface, in addition to supporting 

plasmons in the infrared spectrum adds a new 

tunability dimension to the nano-tweezers. In 

standard trapping apparatuses control of the 

position of the particle requires steering or 

changing the polarization of the incident beam. In 

plasmonic tweezers this is more difficult due to the 

dependence of the trapping process on the 

geometry [4]. However in this design Graphene’s 

inherent tunability allows localized control over the 

trapping forces via electrostatic gates embedded on 

the structure. It is shown that the highly confined 

plasmons on the Graphene aperture allow a low 

powered beam (0.18 nW/μm
2
) to exert forces up to 

50 pN on the particle. In addition by slightly 

detuning the incident light from the resonance 

frequency of the aperture, the structure has been 

optimized to have a self-induced back action 

feature (SIBA) effect to further reduce the intensity 

requirements [5]. We believe this design shows the 

capability of Graphene based nanoplasmonic 

structures to extend optical nanotweezers further 

for advanced multipurpose nanoscale functions 

such as ultra-accurate positioning and trapping, 

particle sorting, self assembly and maybe someday 

an integrated carbon based lab-on-a-chip. 
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Figure 1. Trapping of dielectric particle in Graphene aperture trap. The particles position progresses from 80 to 120 nm. 

Background is intensity (normalized) of electric field perpendicular to the Graphene sheet. Arrows are total time 

averaged electromagnetic force exerted on the particles surface. 

 

 
 

Figure 2. Trapping of the dielectric particle in the plasmonic near-field as it converses in the y direction from -300 to -

220 nm. Here it is assumed the particle is moving along the x=0 line. The total force is upwards, opposite to the 

direction of the incident wave and the scattering force. 

 

 

 

 
 

Figure 3. Total force on particle as it traverses in the x 

direction below the aperture. The power intensity P is 

0.18 (nW/μm
2
). In the x direction a linear behavior can 

be observed with a stiffness of 0.44 (pN/nm/P). In the y 

direction the force shows a second order behavior with 

an averaged stiffness of approximately 2.5 (pN/nm/P). 

 

 

 

 

 

 

 
 

Figure 4. Total force on particle as it moves along the x = 

0 line. The power intensity P is 0.18 (nW/μm
2
). In the -

100 to 100 nm range an average stiffness of 3.37 

(pN/nm/P) is achieved. When the particle is above the 

aperture in respect to the incident beam, a pushing force 

is observed and when the particle is below the aperture 

a pulling force of equal magnitude exists 
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Manufactured or enigneered nanoparticles show 

some properties, due to its so small size, quite 

different from the ones that the same material at a 

higher scale has. These new properties are a key 

factor in generating new materials or materials 

with others properties, new medical cures, new 

products, fabrics, etc. However, these properties 

have created a worry about their effect on the 

human organism and environment. At the 

workplace Occupational Risks Prevention 

management has to give an answer to this situation 

and implement the means to prevent the effects 

over the workers’ health. In order to do that, it 

seems that the engineering controls, personal 

protection measures, used up to now, with new 

work procedures considering the presence of 

nanoparticles could be enough, although, 

nowadays, the information in this area is not 

definitive, sometimes contradictory or not existent: 

effects? parameter to measure? measurement 

equipment? exposure reference value? laws or 

standards? –we have REACH and CLP, but…- . 

Besides, the European Commission has included in 

its definition of nanoparticles any nanosized 

particle, not only the engineered ones. This 

definition suggests that any nanosized particle has 

to be considered in a workplace and that is a great 

change for the Occupational or Industrial Hygiene 

and perhaps could explain the effects of some 

occupational exposures… 
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Molecularly imprinted polymers (MIPs) are 

regarded as synthetic analogues of antibodies in 

that they bear cavities which are complementary in 

size, shape, and chemical functions to a target 

molecule [1]. Such biomimetic materials can be 

employed as adsorbents for selective binding of the 

latter, making them useful as stationary phases for 

smart chromatography-based analysis. However, 

alternative analytical methods based on fluorescent 

detection are needed to enable fast, sensitive, user-

friendly, affordable sensing devices for health care, 

food, and environmental testing.  

 

The task of coupling a binding event in a MIP with 

an optical signal is not straightforward. Here we 

show how this is possible to benefit from a Förster 

resonance energy transfer (FRET) process for 

signaling binding of our target analyte, enrofloxacin 

–a broad spectrum antibiotic– to a MIP layer. FRET 

is a photochemical distance-dependent process 

that can reveal the proximity of two species, an 

energy donor (D)−acceptor (A) pair, by way of their 

luminescence. An efficient electronic energy 

transfer from the photoexcited D to ground state A 

dyes occurs if D and A approach enough (R < 10 

nm) and if there is significant spectral overlap 

between the emission of D and the absorption of A 

[2]. 

 

The approach described herein involves FRET 

between near-infrared (NIR) labeled analyte 

molecules and luminescent core−shell nanopar9cles 

(NPs). A cyanine-labeled enrofloxacin (NIR-ENR) has 

been chosen as the FRET acceptor and the 

[Ru(phen)3]
2+

 (phen: 1,10-phenantroline) complex is 

the energy donor (Figure 1).[3] In addition to 

detection in the NIR region, another advantage of 

this D−A pair is the long emission lifeume of the 

Ru(II) dye. Furthermore, the D molecules are 

encapsulated into silica NPs to bring about signal 

intensification [4] and minimize luminescence 

quenching by dissolved oxygen.[5] Finally, a thin 

polymer shell, imprinted with our target analyte, is 

grown around the silica NP core, providing selective 

binding sites for the antibiotic.  

 

In order to optimize the FRET signal output, we had 

to consider two parameters: i) the distribution of D 

dye molecules in the NPs –location of the dye in the 

NP can be controlled at will by adjusting the time 

elapsed before the luminophore is added to the 

reaction mixture;[6] and ii) the MIP shell thickness, 

that should not be too large in order to allow the 

adequate FRET to the bound acceptor. The last can 

be regulated by adjusting the concentration of 

monomers and cross-linkers in the polymerization 

mixture.[7] 

 

The resulting core−shell NPs were evaluated in a 

competitive assay between NIR-ENR and ENR itself, 

and changes on the FRET signal were employed for 

determining the extent of enrofloxacin binding 

(Figure 2). 

 

The nanoanalytical platform engineered in this way 

can be tuned to virtually any analyte to benefit 

from background-free emission intensity and 

lifetime measurements, the brightness of dyed 

nanoparticles, the fast kinetics of the assay and, 

remarkably, the advantage of performing the 

biomimetic assay in rich aqueous (buffered) media 

at neutral pH. In this way, the artificial system 

might become a cheaper more robust alternative to 

competitive fluorescence immunoassays. 

 

 

 

 

Ana B. Descalzo
1
, Clara 

Somoza
1
, María C. 

Moreno-Bondi
2
 and 

Guillermo Orellana
1
 

 

 

ab.descalzo@quim.ucm.es 

Oral senior 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                   s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 57 

 

References 

 

[1] a) L. Ye, Mosbach, K. Chem. Mater. 20 (2008) 

859; b) S.-W. Lee, T. Kunitake, Eds. Handbook 

of Molecular Imprinting: Advanced Sensor 

Applications; Pan Stanford: Singapore (2013); 

c) K. Haupt, Ed. Molecular Imprinting, Topics in 

Current Chemistry; Springer: Berlin Heidelberg, 

325 (2012). 

[2] a) T.W.J. Gadella, Ed. FRET and FLIM 

Techniques, Laboratory Techniques in 

Biochemistry and Molecular Biology; Elsevier: 

Amsterdam, 33 (2009); b) B. Valeur, M.-N. 

Berberán-Santos, In Molecular Fluorescence: 

Principles and Applications, 2nd ed.; Wiley-

VCH: Weinheim (2012) 231−261. 

[3] A.B. Descalzo, C. Somoza, M.C. Moreno-Bondi, 

G. Orellana, Anal. Chem. 2013 DOI: 

10.1021/ac400520s. 

[4] a) S. Zhu, T. Fischer, W. Wan, A.B. Descalzo, K. 

Rurack, Topics Curr. Chem. 300 (2011) 51; b) S. 

Bonacchi, D. Genovese, R. Juris, M. Montalti, L. 

Prodi, E. Rampazzo, N. Zaccheroni, Angew. 

Chem. Int. Ed. 50 (2011) 4056; (c) L. Wang, K. 

Wang, S. Santra, X. Zhao, L.R. Hilliard, J.E. 

Smith, Y. Wu, W. Tan, Anal. Chem. 78 (2006) 

646. 

[5] J. López-Gejo, D. Haigh, G. Orellana, Langmuir 

26 (2010) 2144. 

[6] D. Zhang, Z. Wu, J. Xu, J. Liang, J. Li, W. Yang, 

Langmuir, 26 (2010) 6657. 

[7] D. Gao, Z. Zhang, M. Wu, C. Xie, C. Guan, D. 

Wang, J. Am. Chem. Soc. 129 (2007) 7859. 

 

 

 

 
 

Figure 1. Chemical structures of the enrofloxacin (ENR) analyte, the FRET donor (Ru(phen)3
2+

), and the FRET acceptor 

fluorophore (NIR-ENR). The graph shows the absorption and emission spectra of D (blue) and A (red) in ethanol, with 

the region of the spectral overlap in violet. 

 

 
 

Figure 2. Schematic representation of the NPs FRET assay described here. In this assay, the target analyte ENR 

competes for the binding sites of the MIP shell in the NPs with the FRET acceptor dye. Consequently, the higher the 

concentration of ENR, the weaker the FRET signal. 
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Advances in gas-surface dynamics are largely 

triggered by the quest for systems and conditions 

under which reactivity can be controled, enhanced 

or inhibited. Nitrogen on metal surfaces is a 

common subject of studies in this field. The closed 

shell nature of molecular N2, as well as its high 

binding energy, makes the molecule quite inert. In 

contrast, atomic N is generally reactive, recombines 

easily with other atoms, and strongly adsorbs at 

surfaces. This dichotomy turns the Nitrogen 

dynamics at surfaces into a rich and intriguing 

problem. 
 

Here we review recent theoretical work on 

elementary reactive processes taking place when 

Nitrogen atoms and molecules interact with clean 

and decorated metal surfaces [1-4]. The theoretical 

framework relies on ab-initio built potential energy 

surfaces and full-dimensional classical dynamics. 

Energy exchange with the surface is included 

through the excitation of electron-hole pairs and 

phonons. We actually evaluate the role of these 

two energy dissipation channels in the scattering 

and adsorption of N2 on W(110) and N on Ag(111) 

[1-2]. We show that, in atomic N adsorption, 

phonons are responsible for determining the 

adsorption probability but electronic excitations are 

relevant at a later stage to fix the atoms to the 

adsorption positions. In the case of N atoms 

incident on N-covered Ag(111), we show that the 

Eley-Rideal recombination process between gas-

phase N atoms and N adsorbates is a highly 

efficient mechanism for N2 formation [3]. Finally, 

we show that strain can be a useful tool to promote 

reactivity: N2 molecules adsorb and dissociate with 

higher rates at the strained Fe/W(110) surface than 

at the Fe(110) surface [4]. We conclude that 

relatively small variations in interaction energies 

can lead to drastic changes in the dynamics and 

thus to modifications in the final output of the 

scattering process.  
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The occurrence of large spin-coherence lengths [1] 

has spurred the interest in graphene as a material 

of choice for spintronic devices. In this contribution 

we show the occurrence of a spin-dependent 

transport and negative differential resistance (NDR) 

in quantum rings and superlattices based on 

armchair graphene nanoribbons. We consider 

nanoribbons with a set of ferromagnetic insulating 

stripes, like EuO, grown on top of it (Figure 1). The 

ferromagnets induce the exchange splitting of the 

electronic levels in the regions of the ribbon 

located just below the stripes. This results in a spin-

dependent potential profile. One can choose the 

system geometry to produce a resonant mode 

close to the energy of the band edge for spin up 

electrons, paving the way for obtaining spin-

dependent NDR. 
 

Numerical simulations were carried out using the 

standard tight-binding model, taking into account 

up to the third nearest neighbor interaction and the 

hydrogenation of carbon atoms in the edge of the 

nanoribbon. We used the quantum transmission 

boundary method (see Refs. [2,3] for details) to 

obtain the spin-dependent transmission coefficient 

for a given energy and source-drain voltage. In the 

case of superlattices, results were compared to 

those obtained by the Dirac approach [4], valid at 

energies close to the Fermi level. Using the 

Landauer-Buttiker formalism we calculated the 

current-voltage characteristics.  
 

We show that due to the exchange splitting 

induced by the magnetic ion of the ferromagnetic 

layer, the transmission coefficient in quantum 

rings, shown in left panel of Figure 1, is different for 

spin up and spin down electrons, giving rise to the 

polarization of the conductance and the electric 

current [3]. We demonstrated that both the current 

and its polarization can be controlled by a side-gate 

voltage.  Predicted effects are shown to be robust 

under a moderate edge disorder and other 

fabrication imperfections, such as the asymmetry 

of the ring. 
 

We found that the current-voltage curves show 

regions of well-defined NDR in the case of the 

superlattice shown in the right panel of Figure 1. 

The spin dependence of the transmission spectrum 

leads to different voltage intervals at which highly 

transmitting channels are open, which makes the 

NDR be spin-dependent too, as shown in Figure 2. 

We note that in a spintronic device the degree of 

freedom that carries information is the polarization 

of the current rather than its magnitude. We show 

that the current polarization is also a non-

monotonic function of the source-drain voltage, 

suggesting that it can be used as resonant tunnel 

device. This opens a possibility to design a whole 

new class of true spintronic circuits such as spin 

oscillators, amplifiers and triggers. 
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Figure 1. Schematic views of the nanodevices (quantum ring with side-gate voltage [3] at the left and superlattice [4] at 

the right), with ferromagnetic insulating stripes grown on top of them. The devices are connected to source (S) and 

drain (D). 

 

 

 

 
 

Figure 2. Panels a) and b) show the transmission bands in the superlattice for both spins at finite bias. Panels c) and d) 

display the spin-polarized currents I± as functions of the bias VSD, for T = 4 K and different values of the chemical 

potential. Finally, panels e) and f) show the total current I = I++I- and the current polarization P = (I++I-)/I for the same 

parameters. All the intensity plots use the same arbitrary scale. 
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Carbon presents a wealth of allotropic forms with a wide range of thermo-mechanical properties. For 

example diamond is the bulk material with the highest lattice thermal conductivity, which is exceeded only 

by the thermal condcutivity of carbon nanostructures, such as graphene and nanotubes.  

 

Combining atomistic molecular dynamics simulations and lattice dynamics calculations we investigate the 

phonon processes that make carbon nanostructures so versatile in either efficiently conducting or blocking 

heat. To this aim we compare phonon transport properties of carbon nanotubes, suspended graphene, 

negatively curved three-dimensional graphene and diamond at different conditions. 
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Synthesis of Nanographene 

Fragments 
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As part of a program on the synthesis of large polyarenes for their application in molecular electronics [1], 

our group is developing new strategies for the rational synthesis of well-defined molecular-sized sections of 

graphite single layers (nanographenes) and linear acenes (tetracene, pentacene, and the like) based on the 

use of Au(I)-catalyzed reactions. To limit the problems of handling insoluble materials, the transformations 

leading to planarization will be delayed until the last step(s) of the synthesis. 
 

Thus, we have synthesized dihydrotetracene 2 by cyclization synthesis of functionalized acenes by gold(I)-

catalyzed [4+2] cycloaddition of 1,7-enynes, a powerful synthetic method developed in our group [2]. 
 

 
In addition, we will discuss our work aimed at the preparation of larger polyarenes such as planar C54 

derivative 5 from 1,7-enyne 3 using a Lego-type approach. The Diels-Alder reaction of 5 at the bay regions 

could lead to a C66 nanographene [3]. Using this and related strategies, nanoribbons o non-symmetrical 

nanographenes could be also be obtained. 
 

 
Acknowledgements. We thank the MICINN (CTQ2010-16088/BQU), AtMol (Contract No. ICT-270028), 

European Research Council (Advanced Grant No. 321066), the AGAUR (2009 SGR 47), PFU fellowship to P. C., 
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Femtosecond and subfemtosecond time scales typically rule electron dynamics at metal surfaces. In this talk 

we shall analyze electron dynamics at surfaces and nanostructures, including graphene and topological 

insulators. Condensed matter effects on attophysics will also be discussed. 
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Ideal optical tracers for bioimaging should be 

nanosized, biocompatible and visualizable in nearIR 

wavelengths that can penetrate within biological 

tissues. Conventional fluorescent molecular labels 

are not active in the nearIR spectrum. Carbon 

nanotubes exhibit suitable optical properties and 

also strongly absorb nearIR irradiation. They can 

therefore be visualized via photothermal effects [1] 

in addition to photoluminescence. Unfortunately 

available nanotubes are generally too long 

(length>100nm) for bioimaging applications. In this 

context, ultra-short carbon nanotubes (CNTs) 

would offer a unique opportunity to become a 

novel type of highly efficient biolabels. We develop 

in this work ultra-short CNTs and their 

biofunctionalization, for a use as nearIR nanolabels. 

We target in particular the achievement of 

nanotubes shorter than 100 nm that can be 

visualized by photothermal spectroscopy [1] or 

photoluminescence. Ultrashort nanotubes are 

prepared by strong sonication treatments known to 

be efficient at cutting CNTs [2], chemical 

treatments [3] and sorted by length using Density 

Gradient Ultracentrifugation (DGU) [4]. 
 

The UV-vis-NIR absorption spectra of several 

fractions are shown in Fig. 1. The absorption peaks 

in 900-1300 nm range are due to the lowest E11 

subband transitions. Multiple peaks corresponding 

to various semiconducting SWNTs are present in 

the sample. Both first and second subband 

absorption peaks show blue shifts as the average 

nanotube length is reduced. The shift is monotonic: 

shorter fractions show stronger blue shift. We can 

attribute the observed length-dependent spectra 

blue shifts of SWCNTs to finite length effects, that 

are due to quantum confinement along the SWCNT 

length [5]. 
 

 

The spectral shifts ΔE11 can be calculated using the 

following expression: 
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where ΔE is the spectral shift in electron-volts, and 

λ2 and λ1 are the wavelengths associated CNTs of a 

given chirality. We found high spectral shifts for the 

upper fractions of the vial after DGU process as 

shown in Fig. 2. This can be correlated to the 

theoretical estimation of the length : 
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with ħ the reduced Planck constant, m*the mass of 

the exciton, kzl the quantization of wave vector 

along the length of the tube and L the length of the 

tube. 
 

This theoretical estimation is confirmed by 

qualitative tapping mode AFM images of different 

fractions (Fig. 3). The shortened SWCNTs are 

identified as less than 15 nm for the fraction F, 

whereas their original length was approximately 1-

2 μm. The CNTs showed an average length of 45 nm 

for the fraction F, whereas the average length for 

the fraction N was 812 nm. 
 

Different approaches are used to functionalize 

ultra-short CNTs: on one hand the covalent 

functionalization for photothermic spectroscopy, 

and on the other hand the non-covalent 

functionalization, with molecules such as pyrene 

butyric succinimide, for the preservation of the 

luminescence properties. 
 

Finally, biological tests will be performed by the 

“Laboratoire de la Synapse” at Bordeaux to image 

the plasticity of synapsis of glutamate receptors. 
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Figure 1. UV-Vis-IR measurements of different fractions 

of CNTs sorted by DGU. The CNT length is increasing 

from the bottom (F) to the top (O). 

 

 
 

Figure 2. Spectral shifts ΔE11 for the upper fractions, 

calculated from the different CNTs chiralities ((10,5) in 

black, (12,1) in red, (7,6) in blue, (7,5) in Green and (6,5) 

in pink). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. AFM image of spin-coated CNTs fraction F (left) and fraction N (right) onto mica substrate. 
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Electrons in graphene 
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crystals 
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We analyze the transformation of the spectrum of electrons in monolayer graphene and bilayer graphene 

due to the influence of a tightly bound insulating or semiconducting layer with a slightly incommensurate 

highly oriented hexagonal lattice, such as boron nitride, or InAs/GaSb. We present a symmetry-based 

classification and quantitative analysis of generic miniband structures for electrons in graphene 

heterojunction with 2D crystals with the hexagonal lattice which has the period almost matching the period 

of graphene lattice or the period of √3x√3 enlarged cell of graphene. We idenufy condiuons for which the 

first moire miniband is separated from the rest of the spectrum, either by one or a group of three isolated 

mini Dirac point (not obscured by dispersion surfaces coming from other minibands), or by a well-developed 

gap. In such cases the Hall coefficient exhibits two distinct alternations of its sign as a function of charge 

carrier density. Then, we study the Hofstadter spectrum of electrons in such moire superlattice in a magnetic 

field. 
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Long, conductive molecular wires have attracted 

great interest due to their promising potential for 

single molecule devices.[1] Usually, long 

synthesized molecules are used as molecular wires 

but their syntheses are complicate and 

expensive.[2] Stepwise methods, based on self-

assembly properties of molecules, can provide a 

simpler and reproducible solution to prepare 

supramolecular structures with molecular control. 

The scanning tunneling microscope (STM) is a 

versatile tool to fabricate and control the molecular 

assemblies at molecular scale. In particular, when it 

is operated at the solid/liquid interface, placing a 

solvent droplet between the STM tip and the 

substrate, it is possible to add molecules in order to 

create organized structures.[3] 

 

 

 
 

Figure 1. Scheme of a graphite substrate functionalized 

with molecular wires composed by alternating zinc 

octaetylporphyrins and 4,4’ bypiridines. 

 

We have been applying a stepwise method to built 

long molecular wires composed by zinc-

octaethylporphyrins separated by 4,4’-bipyridines, 

as illustrated in Figure 1.[4,5] STM at solid/liquid 

interface was used to assembly the molecules on 

Highly Oriented Pyrolitc Graphite (HOPG). Each 

molecule is deposited individually, where each step 

is controlled in real time using molecular resolution 

images obtained by STM. Figure 2 shows a STM 

image of the 4
th

 monolayer composed by 

bypiridines whit a darker region corresponding to 

the porphyrins of the previous monolayer. With 

this method, we fabricated wires composed by up 

to 25 individual molecules arranged in a well-

defined sequence and assembled via bonding of the 

central metal of the porphyrin to the nitrogen atom 

of bipyridine. The final structure is a molecular wire 

with 14.29 nm in length (as determined by density 

functional theory using a SPARTAN software). 
 

In addition, we have also measured the 

conductivity of each molecular wire using scanning 

tunneling spectroscopy (STS), where hundreds of 

I/V curves were recorded at each wire growth step. 

The length dependence of the molecular wires 

resistance was analyzed to assess the relative 

importance of tunneling and hopping processes. 

The results showed that these molecular wires are 

highly conductive with an ultralow attenuation 

factor (β) [5]. Similar low β values have been 

reported for other, though different, porphyrin-

based systems.[6] 
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Figure 2. STM image (45x45nm
2
) of the 4

th
 monolayer composed by bypiridine molecules (BP4) where the darker region 

is composed by zinc octatethylporphyrin molecules from the previous monolayer (ZnOEP3) 
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Introduction 
 
Spin-Electronics (spintronics),is a relatively new 
field of research based on the utilization in 
electronic transport of the spin of the electrons in 
addition to their charge. Traditionally, inorganic 
metals, insulators and semiconductors have been 
used as the main components in spintronic devices. 
However, this situation is currently evolving and a 
new field called Organic Spintronics is rapidly 
emerging. When compared to traditional inorganic 
materials, molecules not only have the traditional 
advantages inherited from organic electronics field: 
monodispersity, variability, low-density, flexibility, 
transparency, large scale processability and low-
cost, but also the inherent weak spin–orbit coupling 
and hyperfine interactions found in organic systems 
that offers the possibility of preserving spin–
coherence over times much longer than in 
conventional metals or semiconductors. Moreover, 
molecular materials should not be considered as a 
simple spin transmission media. In fact, as it has 
been very recently shown, they can also offer 
spintronics tailoring opportunities unachievable or 
unthinkable with inorganic materials. The 
molecular structure, the local geometry at the 
molecule/electrode interface and, more 
importantly, the ferromagnetic molecule/metal 
hybridization can strongly influence interfacial spin 
properties, for example, going from spin 
polarization enhancement to its sign control [1]. 
 

Self-Assembled Monolayers (SAMs) are formed by 
molecules including functional groups (anchoring 
groups) displaying high affinities for a specific 
surface [2]. The directing force for the assembly is 
in most cases the formation of covalent bonds 
between the molecules and the solid surface; the 
assembly can be further stabilized by secondary 

intermolecular interactions within the monolayer 
being the final film thickness (some nanometers) 
determined by the size of the molecules. 
 
SAMs as Spintronic Barriers 

 
Recently we have developed the protocols for the 
grafting of SAMs over ferromagnetic oxide 
La1/3Sr2/3MnO3 (LSMO) and has successfully 
integrated them into spintronics devices with the 
structure Co/SAM//LSMO [3]. Spin valves (SVs) and 
magnetic tunnel junctions (MTJs) are the simplest 
and most representative among the spintronics 
structures. A SV is a layered structure of two 
ferromagnetic (FM) electrodes separated by a 
nonmagnetic metallic or semiconducting spacer. 
The spacer allows spin polarized carriers to travel 
through it without much relaxation. In MTJs the 
two ferromagnetic-metallic electrodes sandwich a 
thin insulating layer that electrons must cross by 
tunnelling. Depending on their electronic structures 
SAMs can be used either in SVs or MTJs. As spacer 
SAMs MAIN ADVANTAGES are:  
 

i) Can be easily engineered: Are modular and 
their parts can be exchanged while keeping the 
others unchanged. 

ii) Are intrinsically nanometer thick: Film thickness 
will be determined by molecule size and SAM 
structure. 

iii) Have defined structures: SAM formation is a self-
assembly process, structure is preprogrammed. 

iv) Can work at high bias voltage [4]. 
 

However, as LSMO’s surface Curie temperature (Tc) 
is close to room temperature, spintronics effects in 
LSMO-based devices are expected only at low 
temperature. So, in order to obtain spintronics 
effects at room temperature it will be desirable to 
substitute LSMO by a ferromagnet of higher Tc, as 

S. Tatay1,2, A. Forment-

Aliaga
1, M. Mattera1, M. 

Galbiati2,P. Seneor2, R. 
Mattana2, E. Coronado1 
 
 
 
alicia.forment@uv.es 

Oral senior 



70 |  s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3                   T N T  2 0 1 3  s e v i l l e  ( s p a i n )  

 

for example ferromagnetic metals or alloys, like 
cobalt (Co) or permalloy (Py).  
 

Unlike LSMO, ferromagnetic metals readily oxidize 
and is not surprisingly that SAM grafting protocols 
over FM electrodes are missing. The formation of 
SAMs on bare magnetic metals is a challenging task 
since surface oxidation (which suppresses surface 
ferromagnetic properties) during SAMs grafting has 
to be avoid. In this communication, we present our 
first results towards the integration of SAM into 
room temperature spintronics devices.  
 

We have developed the grafting protocols 
necessary for the integration of SAMs on 3d 
ferromagnetic metals. We will present evidence 
that bare metal surface (Co, Py) remains un-
oxidized under glove box conditions. Moreover, we 
have developed the methods to selective etch 
metal oxide under glove box environment in order 
to remove native oxide from oxidized surfaces 
(Figure 1). 
 

Finally, we have tested SAMs grafting with thiols or 
phosphonic acids anchoring group on bare metal 
(Co, Py) and intentionally oxidized surfaces (Figure 
2). 

In fine, standard characterizations like contact 
angle measurements shows that only thiol group 
can be successfully grafted on ferromagnetic 
surfaces whereas phoshonic acids group works with 
oxidized metal surfaces. 
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Figure 1. AFM image of a serie of Co lines made using the microcontact printing technique (left). Topographic profile of 
the lines before and after oxide etching (right). The difference in height corresponds to the oxide thickness. 
 

 
 

Figure 2. 
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Simulation of the mechanical 

response of encapsulated individual 

cells during normal force 

spectroscopy measurements 
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The atomic force microscope (AFM) [1] is a useful 
tool for investigating individual cells. Material 
properties of individual mammalian cells and 
bacteria have been investigated by using AFM to 
measure forces, a technique known as force 
spectroscopy. In a force spectroscopy 
measurement, cantilever deflection is measured as 
a function of sample position and is subsequently 
converted into force using appropriate calibrations 
giving the force curve (i.e. a plot of force versus 
sample position). However, interpreting measured 
force curves can be complicated because forces 
arising from material deformation (elastic and 
hydrodynamic forces) may not be distinguishable 
from other forces (surface forces, steric forces etc). 
Accurate interpretation relies on understanding the 
contribution of all invoked elements in the 
measured force curve. 
 

 
 

Figure 1. Schematic view of the problem geometry (left) 
together with the mesh generated for its finite element 
numerical solution (right). 
 

In the work presented here, the mechanical 
response, the force-indentation relationship, in 
normal force spectroscopy measurements carried 
out on individual polysaccharide encapsulated 
bacteria is modelled, considering the elastic 

response of the bacterium and cantilever in 
combination with a fluid (hydrodynamic) model for 
the polysaccharide layer. For the hydrodynamic 
description of the polysaccharide layer a two-
dimensional, axisymmetric, fully viscoelastic 
description is adopted, incorporating multi-modal 
Phan-Thien-Tanner (PTT) or Giesekus models. For 
the problem solution, viscoelastic, axisymmetric 2D 
time-dependent complex flow finite element (FE) 
calculations were carried out, taking into 
consideration the viscoelastic character of the 
polysaccharide liquid incorporating all elements of 
the system: AFM tip, bacterium stage and the 
surrounding extracellurar polysaccharide (EP) layer. 
Figure 1 shows a schematic representation of the 
problem geometry. The flow FE calculations are 
coupled with an adaptive remeshing strategy which 
is based on mapping the physical time-varying 
domain onto a simpler computational mesh and 
solving subsequently a set of elliptic partial 
differential equations for the physical coordinates. 
 

In all studied cases the simulation model rigorously 
considers the time dependent 
rheologicalmechanical coupling between the elastic 
and fluid viscoelastic physical components of the 
experimental setup. Effects of inherent variability in 
geometrical and material properties of the 
bacterium and polysaccharide layer on the 
measurable response are quantified [1]. 
Calculations are used to predict and explain the 
mechanical response in an AFM experiment of 
single encapsulated bacteria which are conducted 
to provide physical insight into the pathology of 
certain diseases and the development of novel 
therapeutics [1]. The FE results are compared with 
experimentally obtained curves on Staphylococcus 
aureus without incorporating any adjustable 
parameters. Rheological data for the surrounding 
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polysaccharide layer (i.e. relaxation time and zero-
shear rate viscosity) are considered from steady-
state rheological measurements on bacterium 
polysaccharide extracted from its native 
environment. It is demonstrated that experimental 
results can be accurately described by the FE 
solutions of the viscoelastic fluid model [3]. 
Furthermore results are presented and compared 
for the force curve and time-dependent 
deformation of the physical domain (defined by the 
bacterium, the cantilever deflection and the EP 
fluid layers surrounding the bacterium). The 
viscoelastic fluid parameters invoked were equal to 
published parameters for advanced multimode 
constitutive equations of PTT and Giesekus as 
resulted from fittings of the above models to 
experimental rheological data of various EP 
viscoelastic fluids [4]. Representative results are 
shown in figure 2. 
 

 
 

Figure 2. Representative simulation results adopting 
different models (Newtonian, 1mode PTT, 3mode PTT) 
for the description of the EP fluid and their comparison 
the experimental results under the same operative 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our numerical method can accurately predict and 
describe the mechanical response of isolated 
encapsulated cells during a force spectroscopy 
measurement without the need of any adjustable 
parameter since all the intrinsic bacterial and EP 
layer parameters serve as input parameters of the 
model. However the EP production is an 
intrinsically variable property of bacteria with 
possible variation of the EP inherent properties 
(layer thickness, viscosity, relaxation time) within a 
population of cells. Bacterial properties (radius and 
stiffness) are also subject to significant variations. 
Therefore achieving high reproducibility in 
experimental measurements of single encapsulated 
bacteria is extremely difficult [3]. Supported by 
model calculations, we also point the way to 
methods of in vivo rheological characterization of 
the extracellular polysaccharide as a preferable 
alternative to characterization after its removal 
from the native environment. 
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We have recently proposed a structure that 
generalizes classical Snell and Fresnel laws, based 
on "phase discontinuities" [1]. The discontinuities in 
the wave propagation allow for the introduction of 
the idea of “flat optics”, a way to squeeze the 
thickness of optical devices by four orders of 
magnitude or more, with dramatic implications for 
mobile optical applications and for novel medical 
devices. I provide a newer outlook on this concept, 
from four basic, different, and complementary 
points of view, referred to classical Huygens, 
Fermat, Bragg, and Fresnel laws. 
 

Generalized Fresnel coefficients can be formulated 
as the solution of a 1D equivalent circuit of a 3D flat 
optic device (Fig. 1). The tangential components of 
electromagnetic fields are not conserved across 
interfaces loaded with our structures. 
 

 
 

Figure 1. Equivalent circuit, with coexisting lumped and 
distributed impedances, of the metainterface that 
generalizes reflection and Snell’s laws [1]. The figure is a 
snapshot from Spice, the well-known electronic 
simulator, which has been used to simulate the Fresnel 
coefficients (results are not shown here, but will be 
discussed in the presentation). 
 

The Bragg's approach [2] shows a generalization of 
the concept of “systematic absence”, a known 
effect of natural crystals. Here, a novel concept of 
"metacrystal" can be introduced, where systematic 

absences can be originated from form factors of 
meta-atoms (Fig. 2), in contrast with natural 
absences, which are based on geometrical structure 
factors only. Strategies for broadband operation 
will be presented. Implications in optomechanics 
will be discussed. 

 

 
 
Figure 2. Example of systematic absence due to form 
factor. Yellow and red dots represent simultaneously 
excited meta-atoms of a 1D crystal. Meta-atoms are 
designed in such a way that amplitude of scattered 
waves is the same for all meta-atoms, whereas phase 
response of red dots is ahead ¼ of time period from 
yellow dots. Red dots are displaced by ¼ of space period 
from yellow dots. Resulting interference of first Bragg 
order is fully constructive to the left (top panel) and fully 
destructive to the right (bottom panel). Hence, this 
structure provides a net photonic momentum as a 
collective interference effect. 
 

An update on applications, including vortex 
generators, polarizers and flat lenses, will be also 
presented [3]. 
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Graphene has received a lot of attention nowadays 
due to the fact that as a single, virtually defect-free 
crystal is predicted to have an intrinsic tensile 
strength higher than any other known material [1] 
and tensile stiffness similar to graphite [2]. In this 
work, we have been subjecting a single layer of 
graphene -embedded into the upper surface of a 
PMMA cantilever or 4-point-bend bars and covered 
by a ~100nm thickness polymeric film to tension 
and compression, while its Raman spectrum is 
recorded simultaneously (Fig.1). The beams can be 
flexed up or down by means of adjustable screws 
subjecting the flake to compressive or tensile loads, 
respectively. Graphene’s strain value at each 
deflection level is estimated using the results of 
Timoshenko’s theory of beams [3]. Except the 
significant information on the monolayer 
deformation - stress uptake, we determine the 
compression buckling strain in single graphene 
flakes of different geometries. In all cases the 
mechanical response is monitored by the shift of 
the G and 2D Raman lines with strain, using two 
different excitation laser wavelengths (514.5nm 
and 785nm) [4,5]. 
 

In tension, the embedded flakes seem to sustain 
strains up to 1.3% in a reversible manner [4]. The 
position of the 2D peak shifts linearly to the applied 
uniaxial strain using the 514.5nm excitation line 
having a rate of ~52 cm-1/% in agreement with 
recent results [6]. In compression, the G and 2D 
band response is non-linear. The corresponding 

∂ωG,2D/∂ε values decrease with strain till the 
eventual turn-over of the slope, which is indicative 
of progressive buckling that precedes the final 
collapse of the flake [5] (Fig.2). Pertinent analytical 

expressions for the critical buckling strain, emb

c
ε , 

have been developed by considering the Euler 
classical analysis and/or a Winker type of approach 
to account for the resistance to buckling provided 
by the surrounding matrix. Despite the infinitely 
small thickness of the monolayers, the results show 
that graphenes embedded in plastic beams exhibit 
remarkably high compression bucking strain 
compared to that of the suspended ones, due to 
the effect of the lateral support provided by the 
polymer matrix, which is indeed dramatic and 
increases the effective flexural rigidity of graphene. 
The experimental finding that one atom thick 
monolayers embedded in polymers can provide 
reinforcement in compression to high values of 
strain is very significant for the development of 
nanocomposites for structural applications [5]. 
 

Finally, in graphene/ polymer composites the stress 
transfer distribution was extracted in as-prepared 
flakes and then at various levels of applied strain. 
Important parameters such as the stress-transfer 
length and the maximum value of interfacial shear 
that is developed in each case were determined [6]. 
In the case of a monolayer graphene (1LG) 
supported on a SU8/ PMMA bar, evidence is 
provided that the peeling procedure during 
graphite exfoliation induces a compressive, shear-
generated, residual stress distribution. The related 
stress-transfer lengths from the graphene edges 
were found to be in the submicron range and hence 
much smaller than originally thought. Upon 
application of external tensile load to the substrate, 
the stress appears to be transferred to 1LG not 
through interfacial shear but by direct normal 
forces. The extension of this work to fully 
embedded graphene/ polymer composites and 
related analytical modeling will be discussed.  
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Electronic phase transitions in thin 

magnetite films 
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Fe oxides are versatile materials present in a large 
number of applications from disparate fields, and in 
particular in emergent nanotechnologies related to 
environmental protection, bio-medicine or 
spintronics. Among them, magnetite (Fe3O4) 
occupies a relevant position. It is a half-metallic 
ferrimagnet with high magnetic moment and 
moderate conductivity, that undergoes a complex 
metal-insulator transition (the so-called Verwey 
transition) at low temperatures involving a 
structural transformation from the inverse spinel 
structure to a monoclinic symmetry, and the 
emergence of charge- and orbitalordered patterns 
[1]. This transition is ultimately governed by 
electron-phonon couplings in the presence of 
strong electron correlations [2]. Interestingly, it has 
been shown that similar metal-insulator transitions 
can be induced by application of external electric 
fields in nanostructures, under hydrostatic pressure 
or strain, and at surfaces, eventhough much 
remains to be understood about the detailed 
microscopic characteristics of these induced 
transitions [3,4]. 
 

A large effort is currently devoted to the 
investigation of magnetite thin films. Magnetite-
oxide heterostructures are currently under scrutiny 
for the design of novel devices that exploit 
magnetism, electron correlation effects and 
interface phenomena: spin valves controlled by 
charge-orbital order [5] or non-volatile resistance 
switching driven by ferroelastic strain [6] have been 
proposed. All these phenomena rely on the control 
of the properties of magnetite in thin film form. 
However, the effect of reduced dimensionality on 
the metal-insulator transition, and on the relative 
stability with respect to other Fe oxide phases with 
different stoichiometry, magnetism and 
conductivity is not clear. 
 

Here we will address the study of thin magnetite 
films based on first-principles calculations. These 

calculations provide a unique tool to disentangle 
interface and bulk effects, and allow to simulate 
nonequilibrium conditions difficult to achieve in the 
experiments. We will focus on the effect of 
boundaries (both with the vacuum and with the 
substrate) and film thickness on the electronic and 
magnetic properties of different films. We will 
show how the emergence of charge and orbital 
order is intimately related to the symmetry of the 
film, and how it affects to magnetism and 
conductivity. Our results indicate the universality of 
the surface electronic gap, and its consequences on 
the existence of a threshold thickness to recover a 
Verwey-like transition. Finally, we will also provide 
a detailed description of the magnetic order and 
how it is much less affected by the thickness of the 
films. These results support the ability to exploit 
electronic transitions involving magnetic order in 
novel devices based on ultrathin magnetite films. 
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Figure 1. Spin-resolved density of states of Fe in an ultrathin magnetite film compared to the bulk, showing tetrahedral 
(blue) and octahedral (black) sites. 
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Carbon nanotubes (CNTs) have been subject of 
intense research in the last decades, mainly due to 
their unique mechanical and electronic properties. 
However, their disseminated use in many different 
applications has been limited by the experimental 
difficulties in producing large amounts of CNTs with 
specific diameters and chiralities. 
 

One possible solution to overcome these 
limitations could be the use of carbon nanotube 
serpentines (CNSs) [1]. CNSs are S-like shaped 
nanostructures, composed of a series of straight, 
parallel, and regularly spaced segments, connected 
by U-shaped turns (Figure 1). 
 

 
 
Figure 1. Example of a carbon nanotube serpentine 
formed on silicon oxide substrate. Figure adapted from 
reference [1]. 

 
CNS formation has been qualitatively explained 
based on the “falling spaghetti mechanism” [1,2]. 
The serpentines would be formed in a two-step 

process, where the isolated nanotubes are grown 
standing up from the stepped substrates. The tube 
would then fall down, preferentially along the 
steps, as a result of the van der Waals interactions 
between the tubes and the substrates. These 
movements can create oscillatory patterns, like 
spaghetti falling on a tilted bamboo mat [1.2], thus 
leading to the spontaneous formation of the 
serpentines. 
 

In this work we present the first modeling of the 
dynamics of CNS formation. We have carried out 
multi-million fully atomistic molecular dynamics 
simulations (MD) using the well-known and tested 
CHARMM force field, as implemented in the NAMD 
computer code [3]. We have considered long 
carbon tubes (about 1 micron in length) and 
stepped substrates of silicon oxide (used in the 
experiments [1,2]) and graphite. The graphite 
substrates were also used to test the dependence 
of the dynamics of CNS formation on the type and 
composition of the substrates. Typical systems 
(nanotube plus substrate) contain up to 2 million 
atoms. 
 

In order to simulate the formation of the CNSs we 
considered a CNT placed over the substrate with a 
significant part of the tube initially perpendicular to 
the substrate. An external forward force (mimicking 
the gas flow used in the experiments) was applied 
to the suspended part of the tube and the system is 
then set to freely evolve in time. 
 

Our results [4] show that these conditions are 
sufficient to form robust serpentines. From the 
simulations and force profile analysis, it is possible 
to explain how the serpentines are formed. The 
process involves a balance of different kind of 
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forces, elastic deformations, and stress-strain force 
distributions modulated by the materials and 
format of the substrate steps. As the forward force 
is applied, the tube starts to move forward, but at 
the same time the interactions with the substrate 
(mainly van der Waals forces) pulls it down toward 
the substrate. As the tube segments start to 
interact with the substrate, elastic waves 
(deformations) are generated and propagate 
through the tube, which tends to align it with the 
substrate steps. This continues until the elastic limit 
(maximum stress) is reached (which depends on 
multiple factors, such as kind of substrate, 
temperature, applied external force, catalytic 
particle, etc.) and the forward tube force or velocity 
overcomes the elastic deformation, leading to a 
Uturn formation. The repetition of these processes 
leads to serpentine formation. From the 
simulations we observed that, as far as the top part 
of the tube continues to be ahead of its main body, 
serpentinelike structures can be formed. When this 
condition is not satisfied, the tube falls on itself, 
producing looped or ill-formed serpentines. 
Interestingly, the simulations showed that, 
although complex and involving many factors, the 
qualitative general trends of the serpentine 
formation are basically the ones of the proposed 
‘‘falling spaghetti mechanisms’’ [1-2], thus 
validating the general features of this model. A 
typical snapshot from MD simulations, showing a 
well-formed CNS is shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2. Typical snapshot from molecular dynamics 
simulations showing a well-formed carbon nanotube 
serpentine. Figure adapted from reference [4]. 
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Metal-dielectric plasmonic nanodisks show a rich 
optical behaviour with the appearance of two 
modes of magnetic and electric dipolar character 
due to the interaction between the disks. These 
modes couple to the incident light in a different 
way, giving rise to regions with low and high optical 
extinction, respectively [1]. Moreover, the insertion 
of a ferromagnetic component inside the structure 
introduces magneto-optical activity in the system. As 
a consequence, metaldielectric magnetoplasmonic 
nanodisks exhibit a rich optical and MO spectral 
phenomenology. It has previously been shown that, 
in Au/Co/Au nanodisks where a SiO2 layer is 
inserted, it is possible to obtain nanodisk 
configurations for which low optical absorption and 
large MO activity occur at the same spectral range. 
This is basically achieved by an adequate 
positioning of the dielectric component within the 
structure[2]. 
 

Here we present our study on the influence that 
the dielectric spacer thickness has on the 
interaction between the disks, and as a 
consequence, on the optical and MO properties of 
such structures. 
 

The structures consist of a pure Au nanodisk 
separated by a SiO2 spacer from a MO component 
constituted by a 4nmAu/2nmCo multilayer 
nanodisk, which exhibits perpendicular magnetic 
anisotropy, reducing the required magnetic field to 
achieve saturation in polar configuration. 
 
 
 
 
 
 

It will be shown that these structures exhibit the 
expected magnetic and electric dipolar modes, 
both in the optical and MO spectra. The position of 
the magnetic-like mode strongly depends on the 
SiO2 thickness, while that of the electric like one 
remains basically unaltered. 
 

As the SiO2 thickness is increased, the strength of 
the MO activity of the magnetic-like dipolar mode 
increases much more strongly than the 
corresponding extinction peak. On the other hand, 
the MO activity of the electric-like mode decreases 
as the SiO2 thickness increases, while the 
corresponding extinction peak remains nearly 
unaffected. 
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The near-field interaction between an emitter and 
a purely two-dimensional material is of great 
interest since it allows for the exploration of new 
limits of light-matter interactions. Graphene 
becomes thus an ideal platform to study these 
types of interactions [1]. Through lifetime 
measurements of emitters placed at a distance d 
from a graphene flake, we observe that due to the 
two-dimensionality and gapless character of 
graphene, the near-field nonradiative coupling at 
distances below 30 nm is greatly enhanced [2]. This 
enhancement is demonstrated by the strongly 
modified decay rate of the emitters when placed 
near the graphene flake, reaching up to 90 times 
their decay rate in vacuum. Moreover, by 
measuring the lifetime of the emitters as a function 
of d (Fig. 1), we show that the behavior is in 
agreement with a universal scaling law following a 
d-4 dependence predicted for purely two-
dimensional materials. We employ the term 
universal since we find that the distance 
dependence of the decay rate is material 
independent and is governed only by fundamental 
constants, similar to graphene’s universal light 
absorption reported in ref. 3. Another important 
aspect that rises from these measurements is that 
the energy transfer efficiency between the emitters 
and graphene can reach up to 99% at short 
distances, making graphene an extraordinary 
energy sink with promising outcomes for 
photodetection, energy harvesting and 
nanophotonics applications. 
 
 
 
 
 
 
 

 
 
Figure 1. Decay rate enhancement obtained from 
lifetime measurements of emitters as a function of 
graphene-emitter distance, yielding up to a factor 90. 
The green dashed line represents the analytical model 
with weighted average over emitter dipole orientations. 
Insert: schematic representation of the energy transfer 
between a photo-excited emitter and graphene at a 
distance d. 
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Defect-free graphene sheets have been shown to 
exhibit superior mechanical properties: they are very 
flexible, stiff, and strong [1]. Unfortunately 
mechanical cleavage of graphene is not a scalable 
technique, and the current procedures to generate 
graphene in large amounts still do not yield high 
quality crystalline graphene. For graphene produced 
by CVD and chemical reduction of graphene oxide 
their stiffness and strength are significantly lower 
than that of pristine graphene [2, 3] and point toward 
a strong dependence of mechanical properties with 
defect content in graphene. Unfortunately, the fact 
that these defects are created during sample 
preparation in an uncontrolled manner hinders 
systematic studies. Reliable structure-properties 
relationship can be obtained starting with a pristine 
graphene sheet obtained by micro-exfoliation of 
natural graphite, and subsequently introducing a 
known quantity of defects. 
 

In this work we focus on the variation of 
mechanical properties of suspended graphene with 
a controlled density of defects created by ion 
irradiation. Stiffness and strength are 
experimentally determined by indentation 
experiments with an AFM probe on graphene 
drumheads. Counter intuitively, we find that the 
stiffness of graphene increases with defect content 
up to a vacancy content of ~0.2%, where it doubles 
its initial value. For higher density of vacancies the 
elastic modulus slowly decreases with defects 
inclusion. The initial increase in stiffness can be 
explained in terms of a power law dependence of 
the elastic coefficients with the momentum of 
flexural modes predicted for 2D membranes [4]. In 
contrast to the elastic trend, the fracture strength 
decreases with defect density according to 
standard fracture continuum models. 
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Understanding long-range interaction forces 
between small objects is of fundamental 
importance in materials science and 
nanotechnology. In particular, electrostatic forces 
are related to the intrinsic dielectric properties of 
materials and are essential for assembling 
molecular electronic devices. However, 
quantitative detection and interpretation of 
electrostatic forces remains extremely difficult, 
particularly for dielectric nano-objects, because 
they are inherently weak and primary sensitive to 
geometric effects (shape and size) of the objects. 
Our group has dedicated all its efforts in recent 
years to achieving this goal, and succeeded in 
resolving the dielectric constants on the nanoscale 
for flat and large insulating films [1-4] using 
scanning force microscopy techniques. But for small 
dielectric objects, it is a much more challenging task 
because the signal is significantly weaker in front of 
an increased geometrical impact.  
 
Here we present the experimental demonstration 

that the dielectric constant εr - the permittivity in 
quasi-static regime - of small dielectric objects can 
be precisely measured from electrostatic forces 
probed by scanning force microscopy operated in 
electrostatic mode (EFM) [5]. By precisely 
quantifying the electrostatic forces, we resolved 
the intrinsic dielectric response of small insulating 
nano-objects, biomolecular membranes and 
macromolecular complexes that cannot be 
measured in bulk due to their complexity or 
softness. These results open new possibilities for 
non-destructive, in-situ and quantitative 
characterization of dielectric proprieties of nano-
dielectrics and macromolecules that have so far 
remained inaccessible. Extension of this approach 
to measurements in the liquid environment [6,7] 
will be also discussed. 
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In order to obtain detailed understanding of physical 
and chemical processes at the single molecule level, 
the controlled manipulation of molecules on 
surfaces with a scanning tunneling microscope (STM) 
is used. Important aspects are on the one hand the 
influence of the molecular adsorption and 
configuration on the function and on the other hand 
the controlled linking of molecules to larger 
functional networks. In this presentation, the 
assembly and manipulation of single molecules and 
polymers with various molecular functions is 
presented. A prototype of a functional molecule is a 
molecular switch that can exist in various stable 
states with different optical/electronic properties. 
Single molecules can be switched on a surface by 
different stimuli and it turns out that the atomic-
scale environment plays a fundamental role for the 
activity of the optical switching function, leading to 
surface-defined periodic switching [1]. In order to 
create functional polymers that act as “molecular 
wires”, the controlled covalent assembly of 
molecules by “on-surface-synthesis” is used, 
allowing the bottom-up construction of stable 
molecular networks with pre-defined topology and 
shape [2]. The shape of the molecular structures can 
be precisely tuned via the chemical structure of the 
initial building blocks, even enabling a hierarchical 
growth mode [3]. To characterize the charge 
transport through “molecular wires”, they are pulled 
off the surface with the STM tip to measure their 
conductance as a continuous function of the 
electrode-electrode distance. The conductance 
curves give detailed insight into the charge transport 
through the polymer and its mechanical properties 
[4]. For the case of graphene nanoribbons, the 
conductance of individual molecular wires could be 
correlated with their electronic structure and 
configuration [5]. The results reveal very efficient 
charge transport if the electron energy matches the 
molecular electronic states that are delocalized 
along the molecular wire. 
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The biological and medical applications of layered 
double hydroxide (LDH) nanoparticles have 
attracted wide interest. LDHs consist of brucite-like 
layers and the exchangeable anions-containing 
gallery space. The present abstract reported that an 
anti-restenotic drug, low molecular weight heparin 
(LMWH), was intercalated into LDH interlayers 
which enhanced the biological and therapeutical 
effects of LMWH in vitro and in vivo. Results from 
powder X-ray diffraction and transmission electron 
microscopy demonstrated successful intercalation 
of LMWH into LDH interlayers by observation of 
enlarged LDH interlayers [1]. LMWH-LDH presented 
a hexagonal plate-like shape with ~90 nm in size 
[1]. Under physiological conditions, the intercalated 
LMWH was released from LDH in a sustained 
manner, resulting from the diffusion of LMWH from 
LDH and the dissolution of LDH layers [1]. The 
biological examination on cultured rat smooth 
muscle cells (SMCs) demonstrated the low 
cytotoxicity of LDH nanocarriers [2]. Comparison of 
the effects of unconjugated LMWH and LMWH-LDH 
conjugates showed the enhanced inhibitive effects 
of LMWH on SMC proliferation and migration 
(Figure 1A) [2]. The cellular uptake of LMWH by 
SMCs was also increased (more than 10 times) by 
conjugation to LDH nanoparticles [2,3]. After 
internalization by SMCs, LMWH-LDH was found to 
undergo the endocytic pathway (Figure 1A), and 
(unlike unconjugated LMWH) escape from 
endosomal compartment, thus avoiding 
biodegradation of LMWH [3]. Compared with 
unconjugated LMWH, LMWH-LDH enhanced 
suppression of mitogen-activated protein kinas 
signal transduction, probably due to the sustained 
release and improved cellular uptake of LMWH-
LDH; the enhanced suppression of MAPK signal 

transduction is associated with enhanced inhibition 
of SMC proliferation and migration [3]. To target 
deliver LMWH-LDHs to the site of arterial injury, 
LMWH-LDH was conjugated with a targeting moiety 
(an antibody to XLF) and examined in a rat model 
(Figure 2A) [4]. Our preliminary results showed that 
targeted delivery of LMWH-LDH with anti-XLF 
effectively limited restenosis and thrombus 
formation (Figure 2B), which suggested the potential 
of this technique for clinical application [4]. 
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Figure 1. (A) LDH carrier enhanced the inhibitory effect of LMWH on rat vascular smooth muscle cell migration. (B) 
LMWH-LDH nanoparticles internalized by the endosomal compartment (indicated by the arrow). 
 
 

 
 
Figure 2. (A) En face confocal microscopic images of injured rat arteries (green) treated with red fluorescence labeled 
antibody-LMWH-LDH. (B) Typical cross-sections of injured artery showing antibody-LMWH-LDH reduced neointimal 
formation and thrombosis. 
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One-dimensional materials have given rise to great 
expectations because of their potential utility in the 
emerging technology of flexible and transparent 
electronics [1]. Molecular materials have shown 
promising electronics properties at the macroscale 
but just recently it has been demonstrated that they 
can be assembled to nanostructures exhibiting 
outstanding conductivity [2]. However, despite years 
of research on the macro- and nano-scale, structural 
disorder represents the major hurdle in achieving 
high conductivities [2,3]. Moreover, a good 
understanding that relates the properties observed 
at the nano and macro scale is still missing. 
 
Here we focus on the electronic transport properties 
of nano and macrostructures of a coordination 
polymer [Pt2(dta)4I]n (dta= dithioacetate) named as 
MMX [4]. We report [5] measurements of highly 
ordered metal-organic nanoribbons, with inherent 
metallic character, whose intrinsic (defect free) 
conductivity is found to be 104 Sm-1, three orders of 
magnitude higher than that of our macroscopic 
crystals. This magnitude is preserved for distances 
as large as 300 nm. Above this length, the presence 
of structural defects gives rise to an inter-fibre-
mediated charge transport similar to that of 
macroscopic crystals. 
 
The well-ordered 1D nanostructures have been 
isolated on SiO2/Si substrate by direct sublimation 
from monocrystals of [Pt2(dta)4I]n under high 
vacuum conditions. The electrical transport 
properties of the nanomaterials were characterized 
by Conductive Atomic Force Microscopy (C-AFM) at 
room temperature [6]. The first direct experimental 
evidence of the gapless electronic structured 

predicted [7] is also found by Field Effect Transistor 
configuration measurements. 
 
In summary, to overcoming low conductivities and to 
clarify the charge transport mechanisms at the nano 
and macroscale (and their contributions), disorder 
should be reduced until the studied sizes are in a 
range where it can be ignored. To reverse this 
situation, we have simultaneously achieved a high 
structural order and electrical characterization at the 
nanometre scale, as well as at the macroscale, 
allowing us to make a comprehensive approach 
about the electrical properties that govern this MMX 
polymer. This was possible due to the excellent 
processability of these metal organic polymers [8], 
which show the exceptional feature of undergoing 
reversible depolymerization/repolymerization during 
sublimation. 
 
This work constitutes a unique case of study of the 
influence of a small concentration of defects in 
metal-organic systems with high electrical 
anisotropy and the ideas and methodology 
presented here are expandable to other similar 
polymeric compounds and can be applied to the 
study of the emerging nanostructured metal-
organic polymer family. 
 
Finally, the experimental results postulate metal-
organic molecular wires as good metallic 
interconnectors in nanodevices. 
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Figure 1. Growth of nanoribbons with high degree of order by crystal sublimation (a) Structure of a [Pt2(dta)4I]n (dta= 
dithioacetato) single fibre. (b,c) AFM images of nanoribbons on a SiO2 substrate where the straightness and height 
homogeneity can be appreciated. The inset in c is a profile acquired on the green line of the corresponding image, 
where the cross-section of the ribbons can be determined (Typical dimensions of the nanoribbons are 10 μm_100 
nm_20 nm). 
 

 
 
Figure 2. Electrical characterizations by conductive AFM of (a) MMX nanoribbons and (b) MMX crystals. The plots 
display Resistance versus length curves in a semi log (a) and in a linear scale (b). (c) Experimental I/V curves obtained 
for nanoribbons (green), and crystals both for longitudinal transport (blue) and for transversal transport (red). 
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By using staggered electric potential, 
antiferromagnetic exchange field and spin-orbit 
coupling, we can control the spin, valley and 
sublattice degrees of freedom of electrons on 
honeycomb lattice, and achieve a novel topological 
insulator with simultaneous finite charge and spin 
Chern numbers. With first-principles calculation we 
demonstrate that the scheme can be realized in a 
sandwich of [LaCrO3]n/La2Au2O6/[LaCrO3]n along 
[111] direction of the perovskite structure. The d8 
electrons of Au+3 hop on a buckled honeycomb 
lattice and exhibit Dirac behaviors, which feel the 
antiferromagnetic exchange field from bulk LaCrO3, 
a Mott insulator with G-type antiferromagnetic 
order. The staggered electric potential on d8 
electrons is provided by an electric field along [111] 
direction taking advantage of the buckling structure 
of honeycomb lattice. Due to the orbit 
hybridization, spin-orbit coupling is enhanced to 
30meV, which hopefully makes the topological 
state stable even up to room temperature. In a 
finite system, there appears a quantized edge 
current with full spin polarization, while the total 
magnetization is compensated to zero. In this 
topological half-metallic antiferromagnet 
(HMAFM), the spin polarization of the 
dissipationless edge current can be inverted by gate 
voltage, which is a tremendous advantage in 
spintronic applications. 
 
This work is based on collaboration with Qi-Feng 
Liang and Long-Hua Wu. 
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In computational nanoscience the desire to treat 
large structures as accurately as possible conflicts 
with the huge computational effort first principles 
electronic structure computations demand. This 
effort grows with the system size N like O(N3). 
 

The availability of more and more powerful 
supercomputers allows in principle studies of 
systems with hundreds or thousands of atoms, but 
the developments in high performance computing 
can not overcome the O(N3) scaling. Moreover, the 
parallel algorithms currently applied can use only a 
number of processors far below the capabilities top 
supercomputers provide. 
 

Thus it is clear that new algorithms are needed. 
One representative of a new class of algorithms is 
PEXSI, which stands for “Pole EXpansion and 
Selected Inversion”. Its main advantages are the 
ability to use thousands of cores efficiently and, 
notably, the reduction of the computational cost 
for calculating the density matrix to 
 

• O(N2) for 3D systems 

• O(N3/2) for (quasi-) 2D systems 

• O(N) for (quasi-) 1D systems 
 

The method does not imply any additional 
simplifications or assumptions, thus it is general and 

exact. The reduction of order is based on having a 
sparse density matrix, so only a suitable DFT 
implementation can take advantage of this feature. 
 

SIESTA is a DFT code using strictly localized basis 
sets, implying that it works with sparse matrices. 
This is particularly efficient for systems with a lot of 
vacuum, like nanotubes and two-dimensional 
problems. 
 

In this talk we show how using PEXSI in SIESTA 
enhances the performance for large systems and 
even allows dealing with 2D systems, like stacked 
layers of graphene and BN, in the 10nm scale. We 
also demonstrate that PEXSI can use a much larger 
number of processors than Scalapack efficiently. As 
a result this method pushes the size of the systems 
that can be solved in reasonable time to the range 
of tens of thousands of atoms. 
 

References 

 
[1] Lin Lin, Jianfeng Lu, Lexing Ying, and Weinan E., 

Chinese Ann. Math. Ser. B, 30 (2009), 729-742 
[2] J. M. Soler, E. Artacho, J. D. Gale, A. García, J. 

Junquera, P. Ordejón, and D. Sánchez-Portal, J. 
Phys.: Condens. Matter, 14 (2002), 2745–2779 

 

 

 
 

Georg Huhs, Alberto 
Garcia, Lin Lin, Miguel 
Pruneda and Chao Yang 
 
 
 
georg.huhs@bsc.es 

Figure 1. An example for quasi 2D 

systems under consideration: a layer 
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The motion of nanoscopic objects in a liquid is 
generally dominated by thermal noise: the random 
collisions with the solvent molecules result in 
Brownian motion of the objects [1]. In agreement 
with the second law of thermodynamics, this 
temperature-governed fluctuating forces originate 
no net motion in the large scale at equilibrium. 
However, by driving an anisotropic system out of 
thermodynamic equilibrium, work can be performed 
out of thermal noise even in the absence of large 
scale thermal gradients. This is the working principle 
of the so-called Brownian ratchets [2, 3]. 
 

 
 
Figure 1. (a) Ratchet concept: by periodically turning on 
and off an external potential the Brownian diffusion of an 
ensemble of particles is biased into one direction. (b) The 
norm of the electric field generated by the plasmonic 
structure when illuminated at λ = 1.5μm is plotted at 
z = 90nm. 
 
In this work, we present a proof of principles 
demonstration of a light-driven nanoscale Brownian 
motor based on plasmonic interactions (see Fig. 1). 
This Brownian ratchet makes use of plasmonic-based 
optical forces [4], that first enable the trapping of 
nanoscopic particles and then drives them a long 
distance displacement in a single device at room 
temperature. By means of an array of optical 
antennas with broken spatial symmetry, we 

generate an anisotropic trapping potential for an 
ensemble of dielectric beads (see Fig. 2). This 
trapping potential can be repeatedly excited by 
turning on and off a laser field, thus taking the 
system out of equilibrium and yielding a directed 
drift of the particles into one direction. We 
demonstrate the ratchet mechanism by means of a 
Molecular Dynamics simulation, showing the 
rectified Brownian motion of a sub-micrometer bead 
in the absence of any external bias (see Fig. 3). 
 
 

 
Figure 2. Variation of the anisotropic trapping potential 
experienced by the PS bead for several values of the 
geometrical asymmetry. 
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Figure 3. Dynamics for a Plasmonic Brownian Motor for N = 
4000 realizations of the system. One PS bead (radius 50 nm, 
density 1050 kg/m

3
) is solved in water (viscous coeffcient 

10
-3

 kg/(m s)) at room temperature (T = 300 K). (a) Initial 
situation: the particle probability distribution is centered at 
the trapping position of the nanotweezer. Inset panel: time 
evolution of the probabilities for the particles to move 
forward (PF), backward (PB) or to remain in the initial unit 
cell (P0). (b) Final situation: after 16 onoff cycles, the 
probability for the particle to show a directed motion in the 
forward direction is 40%. The black gray line represents the 
plasmonic potential in arbitrary units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
N
T
2
0
1
3

  
A

b
s

t
r

a
c

t
s

 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                   s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 93 

 

 

Plasmon-polariton propagation in 

metallic nano-chains for 

subdiffraction circuits 
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Hybridized states of surface plasmons on metal-
dielectric interface with photons result in plasmon-
polaritons [1, 2], which are of high interest for 
applications in photonics and microelectronics [1, 
3], in particular, for subdiffraction transportation of 
converted light energy and information in metallic 
modified structures in nano-scale [2, 4, 5], for 
sensors, plasmonic antennas, in electrochemistry, 
plasmon microscopy, plasmon litography and 
others. The formation of plasmon-polariton 
consists in reducing the wave-length of 
corresponding mode, due to lower group velocity in 
comparison to light velocity, and related 
concentration of the e-m field along the interface. 
The remarkable property is that the ideal surface 
plasmon-polaritons have ca. 10 times lower wave-
length, thus larger momentum in comparison to 
photons with the same energy (thus they allow to 
enhance subdiffraction optics critical solutions, eg. 
in the area of nano-opto-electronic interfaces). On 
the other hand, it is impossible to excite plasmon-
polaritons by enlightening metal surface, as well as 
the e-m irradiation of plasmon-polaritons is 
quenched. Inclusion of additional periodicity by 
grating or folding of the surface or introducing 
periodic nanostructure allow, however, matching 
momentum and energy conservation in interaction 
of plasmon-polaritons with free photons. 
 
In the present paper collective wave type plasmon-
polariton self-modes in the metallic (Au, Ag) nano-
chain were determined and analyzed with respect 
to the nano-sphere size and chain-separation 
parameters in the framework of a previously 
developed analytical theory [6]. At some regions for 
parameters the undamped modes were identified 
when the interaction had been assumed as the 
near-field-zone dipole coupling [7]. These modes 
were found on the rim of stability of the linear 
theory, which indicates artifact of the model of 

near-field coupling. Inclusion of the medium- and 
far-field zone contributions to dipole interaction 
removes, however, instability and allows for fully 
analytical demonstration of quenching of 
irradiation losses of plasmon-polaritons in the chain 
to the level of only Ohmic attenuation (the metallic 
nano-chain behaves thus like an ideal wave-guide 
for plasmon-polaritons suitable for arrangement of 
subdiffraction circuits). The plasmon-polariton 
dispersion and the group velocity of plasmon-
polariton wave packets were examined with 
respect to nano-sphere and chain parameters and 
mode polarization. Previous numerical results [8] 
related to long range plasmon-polariton 
propagation in the chain were transparently 
reinterpreted within the analytical approach. 
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Ultra fast asymmetric MIM diode 

structure employing  

Vertical MWCNT 
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The ultra fast driving diode structure can be a key 
technology as basic electrical unit for those various 
applications [1]. p-n junction diode structure has 
been used generally to convert alternating current 
(AC) signal to direct current (DC) signal. The 
structure is also a core technology of Si based 
transistor, which is employed widely to various 
electrical components. However, the working 
mechanism is not suitable for high-speed driving 
since the speed limit is induced by the mobility of 
hole and electron in semiconductor. [2] Schottky 
barrier effect can make a much faster rectifying 
speed than that of p-n junction due to one side 
depletion formed by just hole or electron 
movement. [3,4] But, the estimated driving 
frequency limit is still less than ~ THz. Additionally, 
the thermionic injection mechanism leads to a poor 
power efficiency regarded as important in mobile 
devices. [5] On the issues, all metallic structure and 
tunneling mechanism can be a key solution factors. 
However, if we make tunneling diode using all 
metallic electrodes or even using semiconductor 
materials, the high reverse current level is an 
inevitable consequence, which results in a low 
conversion efficiency and much heat production 
causing driving speed retardation. [6,7] Here we 
report a tunneling diode structure using metallic 
materials as electrode structures with high contrast 
between the reverse and the forward current. The 
structural asymmetric effect [8,9] makes a large 
difference of the tunneling probability, the barrier 
height and width for the forward and the reverse 
bias state, respectively. Applying the structural 
asymmetric effect to MIM diodes, better electrical 
asymmetric characteristic was achieved in the 
lateral MIM and the MIC structure. Especially in the 
MIC diode, high contrast ratio between on- and off-
current is as high as about forthorder at room 
temperature. Its temperature dependence is quite 

good up to 423K, compared to the other results. 
The structural sharpness of nanometer level from 
the fabrication process or the originality of material 
induces the low threshold voltage (~0.2V) and the 
high forward current value (16.97MA/cm2) as well 
as simple fabrication process. The estimated 
frequency limit is about 4.74 THz. 
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Figure 1. Vertical MIC diode structure a) shematic diagram of the MIC diode composed of Nb-SiO2- Carbon nanotube on the 
SiO2 substrate. b) The simulation of electrical field distribution of the MIC structure. c) The optical photo image of MIC 
structure. The point inside the red circle is the vertical MWCNT. The inset: 45° tilted view of SEM image for a multi-walled 
carbon nanotube grown on SiO2/Nb layers. 
 
 

 
 
Figure 2. The electrical characteristics of vertical MIC diode structure. a) Currernt-Voltage plots of MIC diodes. The inset of the 
plots: threshold plots with 10, 20, 40 nm (thickness of SiO2) MIC diodes with magnified voltage-axis from 0 to 0.8 V. b) Log 
scale plot for of MIC diode of 10 nm SiO2 layer and the inset that shows the plot based on Fowler-Nordheim tunneling model. 
c) The I-V plot of temperaturedependence of MIC diode from 298K to 423K. 
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Stacking-dependent superstructures 

and taxonomy at armchair interfaces 

of bilayer/trilayer graphene 
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We present the first study of quantum interference 
patterns (QIP) at bilayer-trilayer armchair 
interfaces, for different stacking sequences [1]. The 
resulting QIPs allow us to establish a pattern 
taxonomy for multi-layered graphene systems. 
Visualization using scanning tunneling microscopy 
and theoretical calculations (by the embedding 
method [2], and corroborated with density 
functional theory)  provides direct evidence that 
near armchair edges electron behavior is 
dominated by the “hard” edge, where the layer is 
abruptly truncated, as opposed to the “soft” edges, 
where layers continue across the boundary. 
Intervalley reflection causes universal quenching of 
the wavefunction with a periodicity of three rows 
of C atoms, while the exact interference patterns 
depend on the stacking sequence and appear to be 

robust to disorder and chemical terminations. 
Lateral interfaces within multi-stacked graphene 
systems can provide unique system-specific 
opportunities for wave-function engineering to be 
exploited in devices employing quantum-
interference. 
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Figure 1. (a) Example of pattern 

taxonomy for stacked graphene systems 

at armchair edges/interfaces; STM image 

simulations of mono-bilayer and bilayer-

trilayer armchair interfaces for various 

armchair edge extents (i.e. finite vs. 

infinite) within the multi-stack. (b) 

Experimental STM images at a bilayer-

trilayer interface, showing a change in 

stacking on the top layer of the trilayer 

side; magnified regions show patterns 

that are interpreted based on scattering 

processes and the given taxonomy. 
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Small is Different: Self-Assembly and 

Self-Selection of Size, Shape and 

Form in the Nanoscale 
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Finite materials systems with dimensions in the 
nanoscale range are often created through 
spontaneous, or directed, self-assembly, with self-
selection of size (number of atoms), shape (spatial 
arrangement of the constituents), and form, that is 
thermodynamic phase (solid, liquid or gas), charge 
state, and degree of order (e.g., crystalline, 
disordered or amorphous). In a conversation in 
1990 in Atlanta, Heinrich (‘Heini’) Rohrer (1933-
2013) to whose memory this lecture is dedicated, 
termed this behavior in the nanoscale as “Nature’s 
Way”. In this lecture we discuss and demonstrate 
through computer-based first-principles quantum 
computations and simulations [1], often in 
conjunction with laboratory experiments, some of 
the key physical principles that underlie and govern 
the properties of materials at the nanoscale, 
exhibiting discrete quantized energy level spectra 
and specific structures and morphologies 
manifested in unique, non-scalable, size-dependent 
physical and chemical properties. These properties 
are often of emergent nature - that is, they are not 
commonly expected, or deduced, from knowledge 
learned at larger sizes. We focus on the following 
topics: (i) Formation, atomic arrangements,  and 
properties of self-assembled metal nano-crystals 
protected by organic monolayers, whose structure 
and stability  originate from superatomic electronic 
shell-closure [2]; (ii) Size-dependence, structural 
fluxionality and dimensionality cross over in 
nanocatalysis [3], and (iii) Shape-transitions and 
electrocrystallization of liquid droplets brought 
about by applied electric fields [4]. 
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Carbon nanotube/enzyme 

bioelectrodes for implantable 

glucose/O2 biofuel cells 
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The design of biofuel cells involves the application 
of enzymes or microorganisms as catalyst for the 
targeted oxidation and reduction of specific fuel 
and oxidizer substrates to generate an electrical 
power output. Biofuels such as glucose can be 
found in physiological fluids, opening thus the way 
to energy harvesting from body fluids for supplying 
biomedical electronic devices [1].We investigated 
the efficient wiring of enzymes in a carbon 
nanotube (CNT) conductive matrix for the 
fabrication of glucose biofuel cells (GBFC). CNTs 
combine many advantages for designing GBFCs: 
excellent conductivity, high specific surface, ease of 
functionalization and strong interactions with redox 
enzymes [1]. Direct and indirect electron transfer 
were both investigated for the wiring of laccase and 
glucose oxidase on CNT electrodes for the 
respective oxygen reduction and glucose oxidation 
[2,3]. GBFCs delivered, in vitro, a maximum power 
density up to 1.3mW cm-2 and an open circuit 
voltage of 0.95 V (50mM glucose, 25 °C, pH 7). 
Moreover, the GBFC was successfully implanted in 
rats by surgical insertion into the retroperitoneal 
space, enabling Glucose and O2 from the 

Extracellular Fluid to flow into the GBFC [4]. The 
implanted GBFC delivered a maximum power 
density of 0.25mW cm-2, 0.42mW mL-1 and an open 
circuit voltage of 0.85V and has proven to be able 
to supply small electronic devices. 
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Quantum Hall Effect in Chemically 

Functionalized Graphene: Oxygen 

Adsorption Fingerprints 
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In this work [1], we predict a strong electron-hole 
asymmetry in the Quantum Hall regime in 
graphene, due to its functionalization by low 
concentration of oxygen impurities in epoxy 
position. The scattering potential induced by these 
impurities is modeled by tight-binding parameters 
extracted from ab initio calculations [2], which, in 
turn, are used inside an efficient real space order N 
method [3] to calculate the dissipative conductivity 
[4] under high field. Various transport regimes are 
observed by varying the impurity concentrations 
from 0.5 to 4.4% and magnetic fields ranging from 
1 to 80 Tesla, thus evidencing the complexity of the 
metal-insulator transition in disordered graphene 
under high magnetic fields. For lowest 
concentration of defects (0.5 to 1%), the electronic 
charge carriers feel substantial localization effects 
without any Landau levels developing in the 
spectrum. In contrast, the hole spectrum maintains 
the anomalous Quantum Hall state with associated 
Landau levels. Moreover, the conductivity exhibits 
a double-peak structure, which is associated to 
magnetic field-induced impurity bound states. The 
length-dependent conductivity proves the 
formation of mobility edges separating extended 
states from localized ones. Increasing even further 
the impurity concentration (up to 4.4%), we 
observe a complete disappearance of the quantum 
Hall effect in oxidized graphene, even for highest 
magnetic fields. 
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Broadband  

Carbon Nanotube Photodetectors 

with Intrinsic Polarimetry 
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Light polarization is used in the animal kingdom for 
communication, navigation, and enhanced scene 
interpretation, and also plays an important role in 
astronomy, remote sensing, and military 
applications. To date, there have been few 
photodetector materials demonstrated to have 
direct polarization sensitivity, as is often the case in 
nature. In this presentation, I will discuss the 
realization of macroscopic carbon-based 
photodetectors, where the polarimetry is intrinsic 
to the active photodetector material [1,2]. The 
detectors are based on macroscopic, optically-thick 
films of aligned single-wall carbon nanotubes 
(SWCNTs), and are actualized using asymmetric 
contact electrodes or in p-n junction format. 
Responsivities as high as 1 V/W were observed in 
these devices, with a broadband spectral response 
spanning the visible to the mid-infrared. A 
combination of experiment and theory is used to 
demonstrate the photothermoelectric origin of the 
responsivity and to discuss the performance 
attributes of such devices. 
 

References 

 
[1] S. Nanot et al, Scientific Reports 3, 1335 (2013). 
[2] X. He et al, ACS Nano, DOI: 10.1021/nn402679u. 
 
 

 
 

 

 
 
 

 
 
 

 
 

n p 

 

 

François Léonard 
 
 

Keynote 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                   s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 101 

 

 

Reactive Nanometer Multilayers –  

A Versatile Tool for Cold Joining 
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Established joining techniques like welding, 
soldering or brazing typically are characterized by a 
large amount of heat input into the components. 
Especially in the case of heat sensitive structures 
like MEMS this often results in stress induced 
deformation and degradation or even damage of 
the parts. Therefore, there is an urgent need for a 
more reliable and reproducible method for joining, 
which is characterized by a well defined and small 
heat input for only a short time period. So-called 
reactive nanometer multilayers offer a promising 
approach to meet these needs.  
 
Reactive nanometer multilayers consist of several 
hundreds or thousands of alternating nanoscale 
layers, which can react with each other. Placing a 
reactive nanometer multilayer between two 
surfaces already applied with a solder or brazing 
metal, it can be used as a controllable local heat 
source. After activating the chemical reaction by an 
electrical spark, laser pulse or impact, a self-
sustaining intermixing reaction starts, which travels 
the length of the reactive nanometer multilayer 
resulting in a stable intermetallic material, such as 
NiAl. The peak temperature of the reaction can be 
well above 1000 °C, but it only reaches this 
temperature for milliseconds. Therefore, the heat 
remains localized in the solder layers while the 
components remain at room temperature during 
the entire process. Besides temperature sensitive 
components reactive nanometer multilayers are 
also ideally suited to join parts difficult to access. 
 
The talk will present results in the fabrication of 
reactive nanometer multilayers by magnetron 
sputter deposition as well as in the fabrication of 
free standing and presoldered nanometer 
multilayers. Furthermore, different application 
examples for this type of joining will be presented. 
 

 
 

 
 
Figure 1. Principle of reactive nanometer multilayers. 

 
 

 
 
Figure 2. Ignition of a reactive nanometer multilayer by 
an electrical spark 
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Optimization of imaging conditions 

for atomic resolution in Titan TEM to 

minimize radiation damage and to 

study low angle boundaries in 

graphene-like materials 
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Recent advances in spherical aberration (Cs) 
correction for transmission electron microscopes 
(TEM) in a combination with electron sources of very 
low energy spread (use of monochromator) enabled 
imaging of single and bilayer graphene with atomic 
resolution [1]. Newly developed TEM techniques such 
as a single atom or single-atomic-column 
spectroscopy [2, 3] and atomic resolution electron 
tomography [4] drive the need for increased electron 
radiation doses to be applied to samples. The 
radiation damage started to be the key limitation 
factor for high resolution TEM [5]. 
 

For graphene-like (light element) materials [6] the 
radiation dose limitation is particularly severe for 
several reasons. First, the knock-on damage cross 
section is higher for low atomic number elements [7]. 
Second, the light elements produce less contrast than 
heavier elements, so that even higher doses are 
needed to obtain a sufficient signal-to-noise ratio 
(SNR). Finally, the graphene-like materials appear in 
the form of low dimensional allotropes that have only 
one or a few atoms in a typical projection of a high-
resolution image. While resolution-wise we are not 
limited any more by modern TEM systems, there is 
still a big question about stability of the sample under 
the beam during the image acquisition. 
 

The optimization of acquisition parameters of TEM 
systems allows to minimize electron dose and thus 
reduce possible sample damage. Here we present an 
extensive study of TEM tuning to obtain high quality 
HRTEM images of graphene. We used Titan 
transmission electron microscope (FEI Co) equipped 
with Cs image corrector, a super-high brightness gun 
and a monocromator (energy spread of the electron 

beam better than 0.2eV). Special attention was paid 
to optimize setting of the Cs corrector. 
 

Tuning of Cs corrector is based on measurement of 
image defocus (df) and astigmatism while recording 
so-called Zemlin tableau [8]. It was demonstrated that 
accounting for Cs of 3rd and 5th order (C3 and C5 
correspondingly) and systematic error of C3 
measurement results in more than 2 times increase in 
contrast, meaning more than 4 times decrease in 
dose for obtaining the same SNR (Fig.1). 
 

The optimal settings found were applied to study low 
angle boundaries (LAB) in graphene. LAB is a row of 
edge dislocations, separation of those defining the 
boundary angle. LABs are not visible directly on the 
image but can be identified by methods such as 
geometrical phase analysis (GPA), see Fig.2. Physically 
LAB may be interesting as they represent a perfect 
discontinuous layer with periodically spaced 
singularities. 
 

References 
 

[1] K. W. Urban, Nature Materials, 10 (2011) 165. 
[2] P. E. Batson, Nature (London), 366 (1993) 727. 
[3] D. A. Muller, L. F. Kourkoutis, M. Murfitt, J. H. Song, 

H.Y. Hwang, J. Silcox, N. Dellby, and O. L. Krivanek, 
Science, 319 (2008) 1073. 

[4] M. B. Sadan, L. Houben, S. G. Wolf, A. Enyashin, 
G.Seifert, R. Tenne, and K. Urban, Nano Lett., 8 
(2008) 891. 

[5] R. F. Egerton, P. Li, and M. Malac, Micron, 35 (2004) 399. 
[6] K. S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. 

Zhang, S.V. Dubonos, I.V. Grigorieva, and A. A. Firsov, 
Science, 306 (2004) 666. 

[7] F. Banhart, Rep. Prog. Phys., 62 (1999) 1181. 

[8] F. Zemlin, K. Weiss, P.Schiske, W. Kunath, K. -H. 
Herrmann, Ultramicroscopy 3 (1978) 49. 

Sergei Lopatin
1 and 

Andrey Chuvilin2 
 
 
 
 
Sergei.Lopatin@fei.com 

Oral senior 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                   s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 103 

 

 
 

 

 

 
 
Figure 1. Simulation verification of the impact of optimum conditions: a) Scherzer conditions optimized for 0.1nm 
transfer; b) C5+C3+df conditions optimized for 0.1nm transfer; c) C5+C3+df conditions optimized for 0.1nm transfer and 
systematic error from Zemlin tableau is accounted; d) the intensity profiles across simulated images; e) an experimental 
image acquired at approximately optimum conditions. 
 
 
 

 
 
Figure 2. LAB in graphene: a) original HRTEM image; b) dislocations identification by GPA (rotation map). 
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Development of ultrasensitive 

bioanalytical assays based on metal 

and semiconductor nanoparticles 
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Signal enhancement is an important part in the 
development of bioanalytical assays. All previously 
developed strategies for sensitivity improvement in 
bioanalysis can be devided in molecular biology and 
nano approaches. In the first category enzyme 
amplification techniques is widely used to improve 
sensitivity of several assays. The principle of 
enzymatic enhancement is based on the presence 
of primary enzyme label which acts on a substrate 
whose product catalyses a secondary cycling 
enzyme reaction. Nano signal amplification 
methods are based on using of nanomaterials of 
different nature. Semiconductor and metal 
nanoparticle (NPs) are extensively used as carriers 
decorated with recognition molecules or as donor 
or quencher of FRET pairs. The application of 
nanomaterials and molecular biology technology 
for highly sensitive detection of the targets 
undetectable by traditional methods is of great 
challenge.  
 
We developed two ultrasensitive analytical assays 
based on unconventional combination of enzymatic 
reactions with CdS quantum dots (QDs) and gold 
NPs. 
 
The first method for the detection of ascorbic acid 
(AA) is based on DNAzyme cleaving its DNA 
substrate in the presence of Cu2+ and AA [1]. The 
detection system consists of two DNA strands 
which bind to each other via Watson-Crick and 
Hoogsteen hydrogen bonding (Figure 1). The 
substrate DNA labeled with fluorophore is loaded 
on the surface of gold NPs and form FRET pair. The 
cleavage of substrate DNA in close vicinity to the 
gold surface liberates fluorescein-DNA fragments 
producing strong fluorescence enhancement. The 
catalytic function of gold clusters employed in this 

approach significantly improved detection limit of 
AA. 
 
The second method for the detection of various 
analytes (antigens, antibodies) is based on the 
employing of enzymatically generated CdS QDs in 
alkaline phosphatase (ALP) immunoassay [2]. p-
Nitrophenyl phosphate (pNPP), used as a substrate, 
in the presence of ALP is catalytically cleaved, giving 
p-nitrophenol (pNP) and phosphate ions as the 
products of the reaction (Figure 2). When Cd2+ and 
S2- ions are added to the reaction mixture, 
phosphate stabilized fluorescent nanocrystals of 
CdS are formed, giving a rise to the emission. The 
sensitivity of this novel assay was significantly 
improved in comparison with the standard method 
based on colorimetric p-nitrophenyl phosphate 
assay. 
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Figure 1. Fluorometric assay for detection of ascorbic acid based on DNAzyme and gold nanoparticles modified with 
fluorophore labeled DNA substrate. 
 
 

 
 
Figure 2. Detection of anti BSA antibody based on enzymatic growth of CdS QDs. 
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Development of Antifouling  

Polymer-Coated Nanodiamonds for 

Biological Applications 
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Due to their tunable surface structures and 
biocompatibility, nanodiamonds (NDs) are 
promising candidates in a broad range of 
biomedical applications, including drug delivery and 
bioimaging [1]. However, NDs produced by 
detonation have a notable tendency to form tight 
aggregates in biological media. 
 
In this regard, controlling protein adsorption on 
NDs via the engineering of adequate antifouling 
coatings is critical for the design of biologically 
relevant NDs. We selected click chemistry for the 
covalent attachment of antifouling polymers on the 
surface of NDs. The selective cycloaddition of 
azides to alkynes is highly efficient and can be 
carried out under aqueous conditions. We 
investigated in 2011 the antifouling properties of a 
fluorosurfactant known as Zonyl (Mw 725) having a 
first block based on a perfluoroalkyl chain followed 
by a poly(ethylene glycol) block [2]. NDs were 
functionalized with azide groups using 4-
azidobenzoic acid and subsequently coupled with 
the alkynyl-terminated Zonyl. The adsorption of 
bovine serum albumin (BSA), which is the most 
abundant protein in plasma and serum, on NDs was 
quantified and was found to be reduced by 30% in 
the presence of the Zonyl layer. 
 
Following this promising result, we conducted 
further experiments to gain insight about the 
associated mechanisms of adsorption using 
standard cell culture medium supplemented with 
fetal bovine serum as a complex biological fluid [3]. 
Zonyl and two other polymers, namely a low 
molecular weight poly(ethylene glycol) (PEG) and a 
zwitterionic (zwit) sulfobetaine, were attached on 
NDs. Protein fouling was found to be two-fold 
lower with Zonyl and zwit coatings, and six-fold 
lower with PEG coating in comparison with the 
unmodified particles. These results, along with a 

modelization of the particleprotein interface, 
suggest that NDs are covered first by a stabilizing 
monolayer of high affinity serum proteins, this 
monolayer being then substituted by proteins of 
lower affinity. 
 
Future studies will be required to map the dynamic 
protein bio-corona formed around the NDs since it 
is known to dictate the overall particle behavior in 
biological environments. 
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Nano X-ray beams are emerging characterization tools with broad implications for semiconductor research. 
Here we describe how a hard nanometre-sized X-ray beam is used today using reflective optics at the 
beamline ID22 of the European Synchrotron Radiation Facility to study size-dependent phenomena in single 
semiconducting nanowires. We show that X-ray microscopy is a key approach for space-resolved 
determination of structural and time-resolved electronic properties, and for chemical speciation of magnetic 
doped nanowires, core/multishell heterostructures and crossed nanowire architectures. Selected examples 
will range from cluster formation to particle contaminations and dopant segregation effects, to phase 
separations, carrier confinement effects and embedded junction domains. 
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Structural and electronic properties 

of graphene grown on Cu(111) and 

on Au(111) surfaces by ethylene 

irradiation 
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A novel technique for growing graphene on 
relatively inert metals is presented in this work [1]. 
By this route, consisting in the thermal 
decomposition of low energy ethylene ions 
irradiated on hot metal surfaces in ultrahigh 
vacuum (UHV), high quality graphene monolayers 
have been grown on Cu(111) and, for the first time, 
on Au(111) single crystals (fig. 1). These samples 
have been characterized by means of scanning 
tunneling microscopy (STM), low energy electron 
diffraction (LEED), and Auger spectroscopy (AES). 
The results provided by all these techniques reveal 
the formation, on the Cu(111) and Au(111) 
surfaces, of carbon monolayers exhibiting a long 
range ordering in a honeycomb lattice. At this 
point, it is important to remark that the quality of 
these graphene monolayers grown on Cu(111) by 
the method presented here is similar to that 
obtained by more traditional methods. 
Additionally, it has allowed the epitaxial growth of 
graphene monolayers on Au(111), a quite inert 
surface where graphene had not been grown until 
now. 
 

Moreover, these graphene monolayers grown on 
Cu(111) and Au(111) single crystals have served us 

as a platform for the study of the graphene-metal 
interaction for both surfaces. The results obtained 
by STM and scanning tunneling spectroscopy (STS) 
are compared with existing ones on other graphene 
like systems where the graphene-substrate 
interaction is weak [2-4]. In particular, for both 
noble metal substrates, but specially for Au(111), 
our STM and STS measurements provide sound 
evidence of a very weak graphene-metal 
interaction. 
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Figure 1. a) Schematic representation of the new method for growing graphene. b) STM image of an area of 53 x 41 
nm

2
 exhibiting three graphene flakes epitaxially grown on a Au(111) surface. The herringbone reconstruction 

characteristic of the Au(111) surface can be observed. Tunneling parameters: Vs = 500 mV, IT = 0.5 nA. c) STM image 
over a defect-free graphene/Au(111) area displaying the honeycomb structure. Tunneling parameters: Vs = 30 mV, IT = 
21 nA; size: 2.5 x 2.5 nm
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Graphene, a two dimensional hexagonal form of carbon 
atoms, is attracting a great interest since its 
experimental finding in 2004. Because the carries, both 
electrons and holes, in an ideal graphene sheet behave 
like the massless Dirac fermions, it exhibits a series of 
new electronic properties such as the anomalously 
quantized Hall effects, the absence of weak localization, 
and the existence of a minimum conductivity. In 
addition, the sp2 bonding of carbon atoms makes it 
chemically inactive and mechanically robust and flexible. 
Therefore, Graphene can be an excellent candidate for 
the next generation of electronic materials. A next step 
of the graphene research is to find ways to control its 
physical properties. One of the strategies is to 
functionalize graphene by depositing atoms or 
molecules on graphene. For example, it is well known 
that some adsorbates transfer either electrons or holes 
into graphene and change the conductance at fixed gate 
voltage, which can result graphene in a gas sensor. In the 
case of alkaline atoms as adsorbates, the amount of 
transferred charge is so much that the Fermi energy (EF) 
can reach to the saddle point, the van Hove singularity, 
which can even lead the superconducting instability. The 
superstructure of adsorbates, on the other hand, can 
modify the electronic interaction in graphene which can 
result in the band gap opening. The chiral symmetry 
breaking and resultant band gap opening is expected 
when the adsorbates form (√3x√3)R30° structure. 
Here, we report on the effect of Kr atoms deposited on 
graphene epitaxialy grown on SiC(0001). It is well known 
that most rare gas atoms adsorb on the surface of 
graphite in layer-by-layer and form two dimensional (2D) 
solid. At lower densities, they are adsorbed on the 
hollow site of the honeycomb lattice of graphite to form 
(√3x√3)R30° phase. 
The surface topography and electronic states of 
graphene on SiC(0001) are studied with our home 
designed scanning tunneling microscope, named the 
ULT-STM, which can work in multi-extreme conditions, 
i.e. at temperatures down to 30 mK, in high magnetic 
fields up to 13 T and in ultra-high vacuum (UHV) [1]. The 
chamber for the microscope is directly connected to the 
UHV chambers at room temperature, where one can 

prepare and evaluate the samples and tips for STM. The 
prepared samples and tips can be transferred to the 
microscope at T ~ 2 K in-situ in UHV quickly within a 
minute, afterwards the STM with newly installed sample 
and tip can be cooled down to the base temperature 
within a few hours. 
Kr atoms were deposited onto graphene in a UHV 
chamber by keeping the temperature of graphene 
substrate and the partial pressure of Kr for certain time 
duration (10 minute, in this study). This way of sample 
preparation worked well in our setup for Kr atoms on 
graphite [2], where the relation between temperature 
and saturated vapor pressure of 2D Kr solid had been 
studied well in various experiments. In the case of 
graphene as a substrate, however, the P-T phase diagram 
should be modified reflecting the difference of the 
adsorption energy of Kr on either graphite or graphene. In 
general, the adsorption energy on graphene is smaller 
than that on graphite, and lower temperature or higher 
pressure is necessary to form the 2D Kr solid on graphene 
than on graphite. In this study, we have prepared two 
samples with different areal densities. The sample #1 was 
prepared at T = 42±0.3 K and P = (8.7±0.3)x10-8 Pa, while 
sample #2 at T = 35±0.05 K and P = (7.2±0.3)x10-8 Pa, 
which means that the density of Kr on sample #1 is 
smaller than that on sample #2. 
As the graphene substrate, monolayer and bilayer 
graphene epitaxially grown on 6H-SiC(0001) is adopted 
[3]. It is well known for graphene on SiC(0001) that there 
is a C-rich buffer layer with 6x6 corrugation in between 
graphene sheet and the SiC(0001) surface. Because of 
this buffer layer, graphene sheet shows the 6x6 
corrugation together with the honeycomb lattice of C in 
STM images. The 6x6 corrugation of the surface is getting 
weaker for thicker graphene when the surface layer is 
away from the buffer layer. In the I-V spectroscopy, on 
the other hand, the Dirac point (ED) is observed at 
negative voltages as a dip in the dI/dV spectrum 
suggesting that electrons are doped to graphene from 
the substrate. And the ED is getting closer to the Fermi 
energy (EF), i.e. zero bias voltage, for thicker graphene.  
Throughout this study, we have focused on around a 
boundary between mono- and bi-layer graphene. In this 

Tomohiro Matsui
1,  

Jan Raphael Bindel1,2, 
Hiroki Hibino3 and 
Hiroshi Fukuyama1 
 
matsui@kelvin.phys.s.u-
tokyo.ac.jp 

Oral senior 



110 |  s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3                   T N T  2 0 1 3  s e v i l l e  ( s p a i n )  

 

study, a boundary of lower and upper terraces is 
observed with the height difference of 0.16 nm (figure 
1(a)), which is about half of interlayer distance of 
graphite. The 6x6 corrugation of lower and upper 
terraces are 18 pm and 9 pm, respectively, suggesting 
that the lower (upper) terrace is mono- (bi-) layer of 
graphene [4]. The dI/dV spectrum shows a dip feature at 
-175 mV for lower terrace, while such dip feature is 
observed at 30 mV higher energy for upper terrace. 
Though the absolute energies of the dip feature are 
different from other studies [4], this change of the dip 
energy depending on the terraces suggests that the 
upper terrace is thicker than the lower.  

 
Figure 1. STM images (20 x 20 nm2) and their line profile (along 
the line inside STM images) of (a) bare graphene, (b) sample #1 
and (c) sample #2. The STM images show the boundary of lower 
monolayer terrace (left) and upper bilayer terrace (right). 
 

When Kr atoms are deposited on graphene on SiC(0001), 
no Kr atoms are observed on the surface. It is surprising 
difference from the behavior on graphite, where each Kr 
atoms could be observed clearly with STM [2]. However, 
it does not mean that Kr atoms are not deposited on the 
graphene sample because some electronic properties 
are modified by Kr deposition as are discussed below 
and more during the conference. From the experimental 
results, one can expect that the Kr atoms are 
intercalated in graphene or buffer layer instead of 
adsorbing on the surface. 
The effect of the Kr atoms is observed in four 
measurements. First, it is observed in the amplitude of 
the 6x6 corrugation. The corrugation is increased to 26 
pm and 33pm for lower density sample (#1) and higher 
density sample (#2), respectively, on monolayer terrace. 
On the other hand, it is increased to 21 pm and 44 pm 
for sample #1 and #2, respectively, on the bilayer 
terrace. The corrugation is increased monotonically by 

increasing the amount of Kr atoms. This finding suggests 
that the intercalated Kr atoms are adsorbed 
commensurate to the 6x6 corrugation of the buffer layer 
rather than to the honeycomb lattice. It is worth noting 
that the magnitude correlation of 6x6 corrugation 
between monolayer and bilayer terraces is reversed for 
higher Kr density sample (#2). 
Figure 1 shows the change of the step height by 
depositing Kr atoms. It is doubly increased to 0.37 nm for 
sample #1 (figure 1(b)) from 0.16 nm for the bare 
graphene (figure 1(a)). Interestingly, the single step is 
split into two for sample #2, the higher Kr density sample 
(figure 1(c)). Each step height is 0.23 nm and 0.16 nm, 
here, the smaller step height is the same as that on the 
bare sample, and the total height difference is the same 
as that on sample #1.  
The effect of Kr atoms is also observed in I-z 
spectroscopy. Because the tunnel current is 
exponentially changed by the distance between the 
surface and the STM tip, one can extract the decay 
length of the surface wave function to vacuum from the 
slope of the I-z relationship. Moreover, one can also 
deduce the work function from the decay length. In this 
study, it is observed that the slope of the I-z spectrum on 
bilayer terrace is steeper than that on monolayer 
terrace. And the slopes become smoother by increasing 
Kr density. Considering roughly that the slope is 
proportional to the work function of the surface, the 
results suggest that the work function is smaller on 
monolayer than bilayer, and smaller on higher Kr 
densities than on lower densities. This tendency that the 
work function becomes smaller by graphene 
intercalation is consistent to the study in reference [5]. 
Finally some changes of the surface DOS are also 
observed in the dI/dV spectrum. The dip feature in 
surface DOS is disappeared by the Kr intercalation. It can 
be because the graphene layers are electronically 
decoupled from the substrate and ED is located close to 
the EF. However, some theoretical approaches are 
necessary for better understanding. 
The detail of these effects will be discussed in the 
conference. 
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Graphene, a monolayer of carbon atoms packed in 
a two-dimensional honeycomb lattice, has lately 
become a very interesting material, being endowed 
with exceptional physical properties [1]. In 
particular, electronic properties constitute one of 
the most investigated aspects of graphene, which is 
considered a zero band gap semiconductor. Great 
efforts have been devoted to open a band gap into 
its energetic levels [2] and one of the followed 
routes is covalent chemical functionalization [3]. 
Some of the issues related to this strategy are that 
(1) pristine graphene shows a very low chemical 
reactivity; (2) if many ways have been proposed to 
functionalize the surfaces in a “random” fashion, 
controlled chemical functionalization (i.e. only at 
specific sites) has not yet been described. 
 
In this context, our attention is focused in getting a 
control on the patterning of the eventually covalent 
functionalization of graphene in 2D. The chemistry 
we apply is that of Diels-Alder cycloaddition 
reactions [4], offering a better control on the 
reaction outcome, as for what it is concerned with 
the composition of the chemisorbed layer, 
compared to the strategies employing highly 
reactive radical species [5]. 
 
In a first step, we have carried out tests of 
functionalization of graphite and graphene devices 
by microwave-activated Diels-Alder reactions with 
maleimide derivatives. The Raman characterization 
of the samples has revealed the possibility of 
activating the reaction at the solid/liquid interphase 
on different substrates (graphite flakes, graphene 
on SiO2).  

In a second step, we have synthesised a series of 
oligo (phenylene-ethynylene) derivatives of 
different geometries, prone to self-assemble on 
graphene, characterised by the presence of 
functionalities potentially reactive with graphene 
by Diels-Alder reaction. Their self-assembling 
behaviour has been studied by STM at the 
liquid/HOPG interphase. In a next step, we will 
explore the possibility of achieving the controlled 
chemisorption of the molecules by STM local 
activation on epitaxial graphene in UHV. 
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Crystals must deform to fi ton curved sufaces. The 
energy cost associated to such deformations 
consists of both stretching and bending 
contributions. According to Euler´s theorem and 
the Euler characteristic of the surface, the 
minimum energy configuration contains 
geometrically necessary topological defects, all of 
which share an elementary building block: the 
disclination. The elastic cost of a disclination in a 
crystalline membrane is very high, but buckling 
and/or the proliferation of boundary scars can 
reduce it considerably. We briefly discuss the 
structural transitions of curved nanocrystalline 
shells as a function of effective bending rigidity, 
sample size and geometry. The quiasi-static 
deformation of these structures is characterized by 
intermittent dynamics with collective particle 
reorganizations mediated by the proliferation and 
dynamic delocalization of defects. At large 
deformations we eventually observe structural 
failure phenomena such as the melting or the 
cavitation of the crystal shells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

Figure 1: Squeezing a spherical nanocrystal: The process 
involves the nucleation and delocalization of several 
topological defects. Vacancies and cavities eventually 
develop at the tips of the spheroid. 
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In recent times, several synthetic pathways have 
been developed to create photonic structures 
materials of diverse composition that combine 
accessible porosity and optical properties of 
structural origin, i.e., not related to absorption. The 
technological potential of such porous optical 
materials has recently been demonstrated in 
various fields such as biological and chemical 
sensing, photovoltaics, or radiation shielding. In all 
cases, improved performance is achieved as a result 
of the added functionality porosity brings on. Also, 
they offer the possibility to study fundamental light 
absorption and emission phenomena in materials 
that could not be integrated in photonic structures 
before, as well as to develop environmentally 
responsive coatings with them. In this seminar, a 
unified picture of this emerging field is provided, 
special emphasis being put in the opportunities it 
offers in the fields of energy, sensing and radiation 
protection. 
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Figure 1. Image of a flexible Bragg mirror made by 
infiltrating a porous periodic multilayer with a 
biocompatible polymer. 
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The multidisciplinary field of tissue engineering has 
the ultimate aim of repairing and/or replacing 
damaged tissues or organs by means of a properly 
designed combination of scaffolding biomaterials 
and functional cells. Nanomaterials play a pivotal 
role in stimulating cell growth and guiding tissue 
regeneration, since they are able to properly mimic 
the biomimetic features and physio-chemical 
properties of natural tissues and organs. In 
particular, electrospinning has emerged as one of 
the most successful techniques owning to its ability 
to generate fibers similar to the intricate fibrillar 
architecture of natural extracellular matrix [1].  
 

Here we review our recent work about the 
realization of nanofibers with different naturally 
occurring matrix proteins and synthetic polymers 
and demonstrate the growth, proliferation and 
differentiation of different cell lines with the 
ultimate aim of designing optimized biomimetic 
scaffolds to support the formation of functional 
tissues. We explored the various possibilities to 
articulate the composition and the others 
proprieties of nanofibers to meet the specific 
scaffolds demand of the different tissues and /or 
organs. In particular, we investigate the possibility to 
improve cellular proliferation, infiltration and 
functionality using electrospun polymer nanofibers 
with improved wettability behavior [2]. We also 
investigate the possibility to engineer electrospun 
fibrous scaffolds presenting the anisotropy of the 
specific native tissues. The possibility to improve cell 
specific adhesion on synthetic nanofibrous mats is 
also a topic of our works, through the insertion of 
specific bioactive molecules on electrospun synthetic 
scaffolds to promote cell adhesion and proliferation. 
The immobilization of cell recognition motifs leads to 

controlled interaction between cells and synthetic 
substrates. 
 

Among other biomedical materials, by virtue of 
these peculiar advantages polymer nanofibers are 
rapidly emerging as one of the most promising for an 
actual industrial application in the field [3]. 
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Dynamic force microscopy (DFM, also called non-
contact atomic force microscopy) has evolved 
rapidly into an exceptionally powerful tool for 
single molecule imaging, spectroscopy, and 
manipulation. A number of key innovations have 
enhanced the capabilities of the technique 
dramatically over the last decade or so: the 
introduction of the qPlus variant [1], facilitating 
exceptionally high sensitivity to short range 
chemical forces; the exploitation of the Pauli 
exclusion regime of the tip-sample interaction 
potential for unprecedented levels of resolution 
[2,3]; and the steady development of sophisticated 
protocols enabling greater control of the precise 
structure of the tip apex [2,4].  
 

As a result of these developments, coupled with 
substantial support from first principles theoretical 
calculations such as density functional theory (DFT), 
DFM is now capable of not only characterising 
reactants and products at the single bond level [5], 
but of controlling bond conformation on an atom-
by-atom basis [6].  
 

I will discuss the application of qPlus DFM to the 
measurement of intermolecular force-fields and 
potential energy landscapes for three distinct 
classes of molecule: fullerenes (specifically, C60) [7], 
porphyrins (tetra(4-bromophenyl)porphyrin), and 
NTCDI (see Fig. 1). In each case precise control of 
the apex of the tip is an essential prerequisite for 
the acquisition of quantitative force data. In the 
case of NTCDI this is a particularly acute issue as 
our primary interest lies in the measurement and 
exploitation of hydrogen-bonding-derived forces 
and potentials. Our approaches to ascertaining the 
chemical termination of the tip via comparison of 
experimental data with the results of DFT 
calculations will be described in some detail.   

 
 

 
 
Figure 1. qPlus DFM image of a 2D assembly of NTCDI 
molecules (structure shown in inset) on the Ag:Si(111)-
(√3 x √3)R30° surface. 
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Graphene, a single atomic layer of graphite, and 
few-layer graphene sheets are one of the attractive 
two-dimensional conducting materials for a new 
stage of low dimensional physics. From the 
application point of view, the ballistic transport and 
high mobility in graphene make them possible 
candidates for future electronic quantum devices. 
Nanostructures on graphene sheets can be 
fabricated by carving out of the graphene sheets 
directly, and the spread two-dimensional sheet 
structure may open a door to realize the integrated 
quantum nanodevice system. However, carriers in 
graphene (massless Dirac fermions) cannot be 
confined by an electrostatic potential due to Klein 
tunneling [1]. Therefore, in most cases, the 
formation of graphene quantum-dot (QD) devices 
relies on the removal of unwanted areas of 
graphene by etching, thereby resulting in devices 
with a geometrical confinement [2–4]. We have 
also demonstrated double quantum-dot devices in 
triple-layer graphene, which exhibits single-
electron transport of two lateral quantum dots 
coupled in series [5]. Coupled quantum-dot 
systems have been proposed for various 
applications as new logic and architectures, such as 
the quantum computation and the quantum 
cellular automata. Our results suggest an important 
step for the realization of the integrated quantum 
devices in graphene-based nanoelectronics. 
Although this top–down process enables precise 
control of graphene device structures on a 
submicron scale, the graphene-edge shape varies 
on a nanometer scale. Therefore, the transport 
properties of graphene QD or nanoribbon devices 
are often dominated by edge roughness and 
disorder [6, 7]. The performance of such devices is 
limited due to the detail of nanoconstriction 
structures. It is crucially important to develop other 
methods of creating graphene nanostructures and 
control the constrictions.  

In this paper, we report an alternative device 
structure for achieving confinement, in which 
nanostructured graphene islands are perfectly 
isolated and metallic contacts are directly 
deposited onto them without constrictions. Such a 
configuration realizes direct contact with a 
nanostructured two-dimensional electron gas, and 
the confinement potential is induced by an 
electrostatic surface-potential formed by the 
metal/graphene junction [8]. With this device 
structure, we demonstrated that the Coulomb 
blockade evolves under a uniform magnetic field 
perpendicular to the graphene sheet. As discussed 
in Ref. [9-11], such a quantum confinement-
deconfinement transition is corresponding to the 
transition between open-to-closed trajectories of 
Dirac particles in this type of device structure. All 
trajectories are open for a sufficiently weak 
magnetic field, which corresponds to a continuum 
spectrum. At high magnetic fields, closed orbits 
emerge that correspond to quasi-bound states and 
coexist with open trajectories. Moreover, the quasi-
bound states should be consistent with the Bohr–
Sommerfeld condition [9, 12] and lead to a discrete 
energy spectrum. In addition to that, tunnelling 
between open and closed trajectories leads to a 
finite resonance lifetime and QD formation. Our 
experimental results indicate that a quantum 
confinement–deconfinement transition is 
controlled by the magnetic field. 
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beam or ion beam patterning 
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One of the needs in graphene research is to allow 
characterization of the material once it has been 
created. This characterization includes for example 
electrical characterization and therefore it is 
essential that graphene can be contacted and 
patterned. Patterning can be based on lithographic 
processes including resist spinning and removal, 
but if for example UV exposure or electron beam 
exposure is applied for the patterning, the 
graphene may be damaged. This may also occur by 
residual amounts of resist during development, or 
any processing for metal deposition and lift-off.  
 

A direct way of patterning can include ion beam 
irradiation (FIB) or cutting graphene using an 
electron beam including the use of gas chemistry 
such as H2O, O2 or may be H2. Also electron beam 
induced deposition is a method for direct 
deposition of a metal (for contacts), by exposing 
the graphene to a precursor gas that is 
decomposed by the electron beam. Whatever way 
of patterning is chosen, it is inevitable to check any 
possible local damage induced by the method itself.  
Especially the sensitivity of graphene damage 
related to the required dose for patterning is 
important to measure. As Raman analysis is 
considered as a non-destructive method for 

measuring damage on graphene, a combination of 
the two techniques is very useful.  
 

In this paper a combination of Raman analysis and 
DualBeam is proposed as a tool for investigating 
this. A Raman laser beam coincident with an optical 
image can be aligned to an area that has been 
exposed by the electron or ion beam, without 
breaking the vacuum and without remounting and 
relocating of the area of interest. Changing from 
(sequential) exposure to Raman analysis is a matter 
of seconds and therefore this method is very 
convenient to understand and relate possible 
damage to graphene that an ion or electron beam 
might induce. The practical aspects of the 
implementation will be discussed, including 
geometric issues (FIB milling), visibility of graphene 
for different detectors and examples of high and 
low kV exposure of graphene and the related 
damage as a function of the dose. 
 

In a similar way by stage scanning the extent to 
which the damage is present can be measured with 
respect to the irradiated area. Possible causes for 
an extended damage area is the availability of SE 
type 3, possible Back scatter electrons and in the 
case of ion beam irradiation re-deposition of (ionic) 
particles milled away from the substrate. 
 

 
Figure 1 Raman spectra at 785 nm laser line of graphene on SiO2. Pristine graphene (left) showing a small G and but no D 
band. After irradiation with an electron beam at 5 kV and a dose of 1.5.10+15 el/cm2 showing an increase of the D 
band(middle) and at a cumulative dose of 6.5.10+15 el/cm2, showing a high D band and a distorted G band. The whole series 
was made in a time frame of 15 minutes, while the electron beam irradiated area was 10 x 10 um. 
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Catalyst’s surfaces have been largely studied with 
traditional surface science techniques down to the 
atomic level. Those techniques are typically applied 
under vacuum conditions. There is a difference of 
many orders of magnitude in pressure between 
those vacuum studies and the industrial conditions 
at which catalysts work.  Even though the studies in 
vacuum can be very revealing [1], the “pressure 
gap” leads to dramatic differences between 
laboratory and industrial conditions in terms of the 
reaction mechanisms and the changes that may 
appear in the catalyst during the reaction [2]. 
 

We have performed studies with two innovative 
experimental techniques that approach the 
conditions at which catalytic reactions take place in 
industry. Scanning tunneling microscopy (STM) 
[2,3] and surface X-ray diffraction (SXRD) [4] have 
been used in-situ to follow catalytic surfaces at high 
pressures and elevated temperatures. The two 
techniques are complementary, i.e. real space 
versus reciprocal space. The STM gives information 
on local structures on the catalytic surface whereas 
SXRD detects the periodic structures that appear 
during the reaction. In both cases we have 
configured the instruments in the form of small gas 
flow reactors, inserted inside a UHV chamber in 
which traditional surface science techniques are 
used to prepare and characterize the samples. 
These techniques have allowed us to study the 
structural changes on the surface of the catalyst 
while the reaction takes place. 
 

Fischer-Tropsch synthesis (FTS) is the catalytic 
reaction that leads to the production of 
hydrocarbons from a mixture of H2 and CO at high 
temperature and high pressure. In spite of its 
enormous industrial and economic importance, the 
fundamental aspects of this reaction are still far 
from being completely understood on the atomic 

and molecular scale [5]. In our studies, we have 
followed a Co(0001) single crystal surface as a 
model catalyst to detect the changes during the 
reaction.  
 

Much to our surprise, we find with STM and SXRD 
that during the reaction, at atmospheric pressures 
and elevated temperatures, a polycrystalline cobalt 
phase, i.e. an overlayer of cobalt nanoparticles, 
rapidly develops on the surface of the single crystal. 
We attribute this ‘powdering’ to the formation of a 
highly defective layer of graphene during the 
reaction, through which cobalt atoms segregate 
and coalesce to form particles on top. This scenario 
has severe consequences for the FTS reaction and 
for our view on the structure and working 
mechanisms of this catalyst and also for the 
potential role of structural promoters. 
 

References 
 

[1] G. Ertl. Angewandte Chemie International 
Edition, 52, 1 (2013), 52–60.  
Y.D.Yin,R.M. Rioux, C.K. Erdonmez, S. Hughes, 
G.A. Somorjai, A.P. Alivisatos. Science, 304, 
5671. (2004) 711-714. 
R. Schaub, P. Thostrup, N. Lopez, E. 
Laegsgaard, I. Stensgaard, J.K. Norskov, F. 
Besenbacher. Phys. Rev. Lett. 87,(2001)  26 

[2] I B.L.M. Hendriksen, et al., Topics in Catalysis, 
36, (2005) 1–4. 

[3] C.T. Herbschleb et al., to be published. 
[4] R. van Rijn et al., Rev. Sci. Instrum. 81, (2010) 

014101. 
[5] J. Wilson et al., J. Phys. Chem. 99, (1995) 7860-

7866. 
 
 
 

Violeta Navarro
1
 

Sander B. Roobol
1
, Matthijs van 

Spronsen
1
, Richard van Rijn

1,2
, 

Olivier Balmes
2
, Didier Wermeille

2
, 

Andrea Resta
2
, Roberto Felici

2
, 

Alexander P. van Bavel
3
 and Joost 

W.M. Frenken
2
 

 

navarro@physics.leidenuniv.nl 
 

Oral senior 



120 |  s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3                   T N T  2 0 1 3  s e v i l l e  ( s p a i n )  

 

 

Layered and two-dimensional 

materials explored from first-

principles 
 
1
 Institut Català de Nanociència i Nanotecnologia, Campus UAB, 08193 Bellaterra , 

Barcelona, Spain. 
2
 CSIC - Consejo Superior de Investigaciones Cientificas, ICN2 Building , Campus UAB, 

08193 Bellaterra, Barcelona, Spain. 
3
 Institut de Ciència de Materials de Barcelona - ICMAB-CSIC,  

Campus UAB, 08193 Bellaterra, Barcelona, Spain. 

 
 
Three-dimensional crystals with low dimensionality 
(i.e., small effective electronic interactions in one or 
two dimensions) have a rich physical behavior that 
has been the subject of intense study over the last 
decades. Electronic instabilities in these systems 
play a crucial role in their properties, and simplified 
models have been used traditionally to predict and 
explain these properties. Their structural 
complexity has usually been an important difficulty 
for a fully first-principles approach for their study. 
However, current first-principles methods and 
computational facilities are now sufficiently 
powerful and efficient to allow us to attack 
problems which were formerly too complex to be 
tackled with these techniques.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Besides, layered materials are experiencing an 
impressive thrust due to the possibility of obtaining 
truly atomically-thin two-dimensional layers like in 
graphene. The unique properties of these layers, 
and the infinite possibilities offered by the 
formation of structures obtained from staking 
multiple layers of different materials, confer these 
systems a huge potential for devices with new 
functionalities.  
 

I will describe some of our efforts in attacking some 
long standing problems in these materials using 
first-principles simulations. Examples are the 
prediction of Charge Density Waves in low 
dimensional metals originated from Fermi level 
instabilities, the electronic properties of two-
dimensional materials like graphene containing 
impurities and disorder, and the interfaces of two-
dimensional layers like graphene and MoS2 
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Most of the studies on molecular self-assembly on 
solid surfaces focus on the thermodynamic driving 
forces (intermolecular interactions, molecule-
molecule interactions, etc) that control the 
ordering of the molecular species. This is related to 
the fact that in most cases the energy barriers that 
control the kinetic processes involved in the 
assembly (diffusion barrier, rotational barriers, 
conformational barriers) are much lower than the 
relevant thermal energy, while the energy gain 
associated with the nucleation and growth of 
ordered structures is larger than the thermal 
energy (at least for a sufficiently large nucleus size). 
Under such conditions the structure is almost 
completely determined by thermodynamic reasons 
and little space is left for kinetic effects. 
 

However, there exist relevant situations in which 
dynamical effects cannot be disregarded as 
unimportant. In this presentation we will 
investigate two of such situations: 
 

� Thermodynamics by itself cannot explain 
completely the existence of defects. Defects 
such as vacancies, are however key in 
controlling mass transport in solids, with 
implications for mechanical properties and 
thermal stability. In our first example we will 
investigate the diffusion of individual vacancies 
in a self-assembled monolayer of a 
tetrathiofulvalene derivative (exTTF) on a 
Au(111) surface. Our experiments allow for a 
direct identification of the individual vacancies 
and their thermally induced displacements 
(see Figure 1), in contrast with other methods 
that follow tracer atoms that occupy the 
vacancy sites. A complete analysis of the 
displacement distribution function shows that 
correlated jumps of vacancies are actually very 

frequent, and the rates for long-jump events is 
inversely proportional to the jump length. We 
propose that this inverse proportionality is 
related with the dispersion of the longitudinal 
phonon bands along the direction of the 
chains. 

� Molecules with different isomeric forms might 
assemble into different structures 
corresponding to the different isomers. The 
growth and self-assembly of such molecules 
will thus be controlled by the kinetic rate at 
which the isomerization will take place. We 
will show that the self-assembly structure of 
dicyanoquinodiimide (DCNQI) molecules 
depends on the deposition temperature, being 
controlled by an isomerization reaction (see 
Figure 2) which is facilitated by the uptake of 
one electron from the surface 

 

 
 

Figure 1. a), b) and c) Consecutive STM images of the 
same area of (15× 9 nm

2
, VBias = 1.2 V, It = 1 nA) of a self-

assembled monolayer of exTTF deposited on Au(111). 
Two vacancies (white circles) remain in the same 
position that they occupied in the first frame. Some 
examples of vacancy diffusion events are marked by blue 
ovals (single displacement along the a direction), pink 
ovals (single displacement along b) or green ovals 
(double displacement along a). d) and e) show the 
difference between consecutive images, in which the 
diffusion events can be easily identified. The time 
interval between the two images is 16 seconds. 
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Figure 2. a) STM image (8 × 8 nm

2
) of the self-assembled 

structure obtained by depositing DCNQI molecules with 
the substrate held at 120 K. The structure and the 
appearance of the molecules are consistent with DCNQI 
molecules being in the anti-isomeric state. b) STM image 
(6 × 5 nm

2
) of the structure obtained after RT deposition, 

which can only be explained by assuming that the 
molecules are now all of them in the syn-isomeric state. 
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Charge transfer and screening 

behaviour of bilayer graphene 

devices 
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Graphene is a two-dimensional material comprised 
of only carbon atoms closely packed in a 
honeycomb crystal structure. Devices fabricated 
out of epitaxial graphene grown on SiC have shown 
great promise for commercialization [1,2]. 
However, due to the complicated growth 
procedure, even the best epitaxial samples contain 
~95% mono-layer (1LG) and ~5% bi-layer (2LG) 
graphene coverage [3]. Due to the differences in 
the band structure of different graphene layer 
thicknesses, such samples have been shown to 
exhibit a work function difference of ~120±15 meV 
between 1LG and 2LG [4-6], which can affect the 
transport properties of graphene devices. 
 

Our study of the bulk electrical properties of 1LG 
and 2LG devices reveals the carrier density for 1LG 
and 2LG to be n1LG ~ 2×1012 cm-2 and n2LG ~ 9×1012 
cm-2, respectively, in a dark environment at 
ambient conditions. Further, we investigate the 
local electrical properties of 1LG device with 
isolated 2LG islands by measuring the longitudinal 
(Vxx) and transverse voltage (Vxy) response to an 
electric field produced by a local scanning gate (Fig. 
1a). Scanning gate microscopy (SGM) is performed 
using an electrically conductive probe to locally 
gate the double-cross graphene Hall bar at a 
constant 15 nm lift height, while a DC bias voltage 
(Vprobe) is applied to the probe. Vxx and Vxy maps of 
the current biased device (Ibias) are obtained by 
measuring and recording the signal, pixel by pixel, 
with a lock-in amplifier referenced to the 
mechanical resonance of the cantilever. 
Spectroscopy is a point measurement performed by 
sweeping Vprobe and measuring Vxx at well-defined 
positions. 
 

SGM Vxx map of the entire device was obtained at 
Ibias = 10 μA and Vprobe = –3 V (Fig. 1b). The image 

shows that gating in the central part of the device 
on the 1LG increases Vxx, whereas gating on the 2LG 
decreases Vxx. Spectroscopy measurements on 1LG, 
isolated 2LG and background conducted by 
sweeping Vprobe and measuring R4 = Vxx / Ibias (Fig. 
1c), shows that local gating on 1LG with Vprobe = –5 
V increases the total resistance of the channel by R4 
~0.75 Ω. The latter can be described by the 
electron-electron repulsion between the probe and 
the sample decreasing the carrier density, thereby 
increasing the resistance. However, gating on the 
isolated 2LG decreases the total resistance by R4 
~0.25 Ω, which is a result of an increase in the 
carrier density. This gives indication of a charge 
transfer occurring to/from the isolated 2LG islands 
in the presence of an electric field. Such effect is 
impossible to observe with uniform top gates, 
where the small inverse behaviour of the 2LG 
islands would be masked by the much larger 
contribution from the 1LG part of the device. 
 

In addition, we study the effects of isolated 2LG 
islands on the Vxy of the Hall device (Fig. 2). 
Comparing the Vxy contrast of the 2LG island 
(location 1) to the SiC background (location 2), the 
Vxy map indicates that isolated 2LG islands can 
screen the local electric field, affecting the 
transport measurements of the Hall sensor. 
However, the screening efficiency will depend on 
geometry of 2LG domains and their exact position 
with respect to the leads. Local electric field applied 
at location 3 clearly shows a significantly larger 
response in comparison to locations 1 and 2. These 
measurements allow investigating the possible 
effect of decoupling between individual layers of 
graphene. 
 

In summary, we studied the bulk and local 
transport properties of graphene nanodevices as 
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well as the effects of local electric fields applied to 
continuous 1LG and isolated 2LG islands on the 
total resistance of the device. We show that the 
local resistance and, hence the carrier density 
change of the 2LG island are sensitive to the sign of 
the gate voltage, giving indication of charge 
transfer occurring to/from the isolated 2LG islands 
in the presence of a local electric field. In addition, 
in the transverse voltage measurements we also 
observe the effect of local screening of the electric 
field by the 2LG island. These nanoscale effects of 
isolated 2LG islands can significantly affect the 
performance of graphene devices. SGM techniques 
are ideal for observing these nanoscale effects, 
which otherwise are difficult to detect with bulk 
transport measurements alone 
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Figure 2. SGM Vxy mapping of the right cross of the 
device shown in Fig. 1a. Vxy at location 1 is comparable 
to the background (location 2), whereas the response at 
location 3 is significantly larger than location 1 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1. (a) Electrostatic force microscopy map of the 1LG device with patches of 2LG 

islands. Colour scale: phase range of 0.8°. Electrical scheme of the experiment is shown. 

(b) SGM Vxx mapping of the entire device taken with Ibias = 10 μA and Vprobe = –3 V. (c) 

Spectroscopy measurement performed by sweeping Vprobe and recording Vxx at the three 

locations indicated by the arrows in (a). 
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Palladium-catalyzed cross coupling reactions are 
the most powerful and versatile methods for 
carbon–carbon bond formation impacting a broad 
spectrum of the chemical sciences.[1] The C-C 
coupling reaction could proceed through a 
homogeneous or heterogeneous catalysis. 
Homogeneous cross-coupling reactions, however, 
have several shortcomings such as limited 
reusability of the expensive catalyst, which impacts 
cost, and palladium contamination in the product. 
In order to address these problems, heterogeneous 
Pd catalysis is a promising option. We therefore 
propose a novel heterogeneous catalyst based on 
the immobilization of pre-synthetized Pd 
nanoparticles on a paper filter (see Figure 1A) 
which have a low cost and is available in a variety of 
forms. The catalytic efficiency of the paper based 

Pd catalyst was tested for the Ulmann cross-
coupling reaction (see Figure 1B). The reaction can 
be followed by UV−visible spectroscopy and 
provides a convenient reaction to test catalytic 
systems under representative aerobic reaction 
conditions. Such kinetic studies allow the most 
accurate and honest quantification of recovery of 
catalytic activity. 
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Figure 1. (A) Aqueous aerobic oxidative homocoupling reaction. (B) Photograph of the Pd based catalyst. (C) Time 
evolution spectra of the reaction. (D) Time variation of absorbance at 278nm. 
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Following the emerging connection between the 
fields of molecular electronics and plasmonics, we 
have studied theoretically the optical properties of 
gold nanoparticle (NP) dimers linked by a molecular 
bridge [1,2]. In a first approach, we have modelled 
the linker as a pure conductor with real 
conductivity. The main resonances governing the 
optical spectrum are the Bonding Dimer Plasmon 
(BDP), the Screened BDP (SBDP) and the Charge 
Transfer Plasmon (CTP) modes, depending on the 
conductance through the linker. The BDP and the 
SBDP modes arise from the hybridization of the 
dipolar modes of the individual NPs, whereas the 
CTP resonance involves a net current through the 
junction. This simple model allows us to establish 
thresholds of conductance for the activation of the 
SBDP and CTP modes, indicating when the 
transport through the linker starts to affect the 
optical properties of the dimer. 
 

In a second step, we have incorporated the 
excitations of the individual molecules by 
introducing a Drude-Lorentz model for the 
dielectric response of the linker [3]. In this case, the 
BDP and the Bonding Quadrupolar Plasmon (BQP) 
resonances, with the BQP arising from the 
hybridization of the quadrupolar modes of the 
individual NPs, couple to the molecular excitonic 
transition. In spite of the complexity introduced in 
the dielectric response, we find that the concept of 
conductance threshold for the emergence of the 
CTP mode previously introduced for metallic linkers 
is still valid. We have performed a deep analysis of 
the effects of the excitation energy and the density 
of the molecular aggregates on the optical 
spectroscopy of the hybrid structures. 
 

Finally, we have explored the efficiency of the new 
mixed states for LSPR sensing, showing that the CTP 
mode is a good candidate for shift-based sensing. 
Furthermore, for the BDP-exciton mixed states, we 
have observed an interesting behaviour for sensing 
based on the change of the relative intensity of the 
resonances, thus introducing a new framework for 
sensing based on the evolution of plexcitonic 
intensities rather than on spectral shifts. 
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TiO2-SiO2 nanocomposite 

photoactive mesoporous materials 

for self-cleaning applications 
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Mesoporous TiO2-SiO2 composites that have 
photocatalytic activity have been synthesized by 
mixing ethoxysilane oligomers and TiO2 
nanoparticles in the presence of a non-ionic 
surfactant (n-octylamine) [1]. The products 
synthesized have a clear practical application 
because they can be employed outdoors by means 
of a simple and low-cost process. The resulting 
nanomaterials give self-cleaning properties and 
create crack-free effective adhesive coatings for 
porous building materials. In addition, they improve 
the mechanical resistance of the substrate. Another 
important advantage of these nanocomposites is 
that they substantially improve protection against 
salt crystallization degradation mechanisms [2]. 
 

The use of N2 physisorption, atomic force 
microscopy and electron tomography, together 
with 3D reconstructions, permits us to conclude 
that the texture of the nanocomposites synthesized 
is a key parameter to control the photocatalytic 
activity. Specifically, we find that n-octylamine 
creates a mesoporous SiO2 structure in which TiO2 
nanoparticles are embedded, and that TiO2 and 
SiO2 are present in separate domains in the bulk of 
the material. The mesoporous structure enhances 
the activity of the material by improving access to 
photoactive sites [3].  
 

We optimize the effectiveness of these 
photocatalysts on stone by varying loading and 
particle size of TiO2. We find that the integration of 
around 4% w/v content of TiO2 nanoparticles into 
the SiO2 network significantly improves their 
effectiveness due to a higher availability of 
photoactive sites. For a higher TiO2 loading (10% 
w/v), photoactivity decreases because the porous 
volume is drastically reduced and subsequently, a 
more difficult access to photoactive sites is 
produced. Regarding to the particle size effect, we 

observe that larger and sharper TiO2 nanoparticles 
enhance the photoactivity effect [4]. 
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Since the discovery of graphene, a lot of effort has 
been made to integrate atomically thin layers in the 
fabrication of ultrathin, transparent and flexible 
electronic devices [1]. The fundamental advance in 
this area has been feasible thanks to the micro-
mechanical exfoliation methods. [2] In this context, 
2D crystals such as transition metal dichalcogenides 
have shown excellent exfoliation mechanism and 
offer a wide variety of properties that could match 
or even outweigh the properties of graphene.  
 

In this work we will first report on the controlled 
chemical modification of ultrathin TaS2 layers by 
means of AFM Local Oxidation Nanolithography 
(AFM-LON). TaS2 crystals were exfoliated by a novel 
technique based on the controlled application of 
shear forces between the 2D crystal and the 
substrate. Atomically thin TaS2 layers, which are 
metallic at room temperature and superconducting 
at low temperatures, were conveniently 
nanopatterned with an unprecedented precision 
and reproducibility achieved thanks to the 
development of a new LON modality, named by us 
as static-tip LON. This possibility opens the door for 
the nanofabrication of devices and furthermore, for 
the fundamental study at low temperature of the 
physical consequences derived from the 
confinement at the nanoscale of this layered 
superconductor. It was also found unseen rippled 
mound morphologies in the oxidation process of 
TaS2 flakes. This behaviour is novel and may be 
inferred from the peculiar Fermi surfaces of these 
bidimensional systems. 
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Figure 1. a) 3D representation of an array of 5 rippled 
mound patterns oxidized on a 17 nm thick flake. Image 
size: 2.5 μm x 2.5 μm. b) Static-tip AFM-LON performed 
on the surface of TaS2 flake. Image size: 3.5 μm x 3.5 μm. 
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DNA has been in the center of the scientific research 
for decades. In particular, DNA was considered as 
one of the attractive candidates for molecular 
electronics and an excellent system to study charge 
transport in 1-D polymers. In spite of intensive efforts 
the results varied between experiments due to 
changes in the measured molecules, measurement 
methods and environment. Recently we were able to 
measure length dependent electrical transport in G4-
DNA attached to a hard surface in a controlled way 
and get an insight to the mechanism governing the 
charge transport in these molecules. I will report on 
these results and on our measurement efforts with 
additional methods. 
 
This work was supported by FOM and the EU FP7 
program under the Grant Agreement ELFOS. 
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Engineering nanoconjugates constitute an 
extensive field of research due to its translational 
potential for biomedical applications. These 
conceptual advances can represent a lifeline for 
some of the limitations shown by translational 
neuropeptide research despite overwhelming 
evidence for key physiological roles. A 
neuropeptide is a small protein-like molecule 
-regardless of whether it is secreted by neurons or 
nonneural cells that expresses the same genetic 
information and undergoes identical processes of 
synthesis and transport, and binds to similar 
families of receptors, in order to act on specific 
target cells. Among these neuropeptides, sustained 
interest in therapeutic applications of vasoactive 
intestinal peptide (VIP) include areas related to 
neuroprotection, inflammation and autoimmune 
disorders. In this keynote lecture, we will 
summarized and update our ongoing research 
effort related to nano-applications that use VIP as 
surface ligands in order to induce antigen-specific 
regulatory T cells, increase its effectiveness, and 
achieve a smart manipulation of the immune 
system. In this sense, special attention will be paid 
to the interaction of nanoparticles with 
immunocompetent cells. 
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Figure 1. Characterization of VIP-gold nanoparticles. (A) 
TEM image of AuNPs, scale bar; 50 nm. The inset shows 
a higher magnification image, scale bar; 5 nm. (B) 
Statistical analysis of colloid diameter, as evaluated from 
TEM image. (C) TM-AFM image of tiopronin AuNPs and 
(D) TM-AFM image of VIP AuNPs. 
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Towards the control of emitted light 
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The fabrication of a spin-polarized 
electroluminescent device has been one of the 
major topics of organic spintronics in the last years. 
Still, only one report has been recently published 
which is based on the fabrication of an organic light 
emitting diode (OLED) with ferromagnetic 
electrodes [1]. The electrons and holes form two 
types of excitons (singlet and triplet) in a ratio 1:3. 
As the electroluminescence arises from the singlet 
excitons it is expected to control the emitted light 
by modulating the singlet:triplet ratio through the 
application of a magnetic field on the device [2-3].  
 

In this contribution we present an approach based 
on the use of a HyLED (Hybrid Ligth Emitting Diode) 
structure which works simultaneously as a spin 
valve and an electroluminescent device at low 
temperatures. The main difference respect to OLED 
structures is the use of metallic oxides as electron 
injectors. This responds to the need of using an 
electrode which works as a cathode with a low 
work function [4]. In this way it is avoided the use 
of reactive metals giving more stability to the 
HyLED configuration respect to OLED one. 
Moreover this kind of configuration exhibits lower 
working voltages being energetically more efficient. 
We have fabricated a HyLED structure using Fe or 
LSMO and Co as ferromagnetic electrodes in order 
to inject spin-polarized carriers in the active 
medium [5]. This new approach provides a real 
alternative for the fabrication of organic 
luminescent device with light emission modulated 
with external magnetic fields. 
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Figure 1. MR loops of the LSMO-Co device at 18 K for 
high voltages. 
 

 
 
Figure 2. IVL characteristics of the LSMO-Co device 
measured at 13 K. 
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Since the discovery of fullerenes, the hollow 
cylindrical multiple and single wall carbon 
nanotubes (SWCNTs) and, more recently, the one 
atom thick layer sheet of graphite known as 
graphene, the research on different carbon 
nanoforms has attracted the attention of the 
scientific community in all fields and has been in 
continuous evolution. Among carbon 
nanostructures, SWCNTs and graphene present 
outstanding mechanical and electronic properties 
and their versatility as integrative building blocks in 
electron-donor-acceptor structures is an important 
issue to be considered for the preparation of 
optoelectronic devices.[1] 
 

However, for pursuing practical applications, one 
major drawback is the difficult processability 
and/or dispersibility of these nanoforms of carbon, 
which decrease the overall yields of usable material 
and interfere with most of their desired properties. 
So, the chemical functionalization is the required 
first step in order to have materials easy to be 
handled. Two strategies are generally used: i) the 
supramolecular modification relies on interactions 
that are affected by many parameters 
(concentration, solvent,..) but has the advantage of 
preserving the electronic structure. In contrast,.ii) 
the covalent  modification of SWCNTs and 
graphene can alter their inherent properties if it is 
not controlled, but the improving in the stability of 
the nanoconjugates makes it suitable for practical 
applications.[2] 
 

Carbon nanostructures are good electron-acceptor, 
which have been combined with donors of different 
nature. In this regard, the remarkable gain of 
aromaticity and planarity that π-extended TTF 
(exTTF) derivatives reveals upon oxidation renders 
them an interesting donor unit that has been 
extensively used in the preparation of different 

donor-acceptor ensembles.[3] Interestingly, the 
electron-donor character of SWCNTs and graphene 
has been scarcely explored. Good electron-acceptor 
systems are those based on 
tetracyanoanthraquinodimethane derivatives 
(TCAQ), which have been investigated with respect 
to their charge-transfer interactions with 
conjugated polymers and fullerenes.[4] 
 

In the present work, we will present our recent 
results on the covalent and supramolecular 
functionalization of SWCNTs and graphene with 
exTTF electron-donors or TCAQ electron-acceptor 
moieties (Figure 1). The synthesis and 
characterization of the new nanostructures will be 
discussed in detail. 
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Figure 1. Supramolecular modification of SWCNTs with electron-donor (exTTF) and electron-acceptor (TCAQ) 
molecules. 
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Recent developments on functional 

nanoarchitectures based on clay 

silicates: from supported graphenes 
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The synthesis of nanoarchitectures based on silica 
and silicates belonging to the clay family, is an 
achievement emerged in recent years that procures 
functional materials of interest in various advanced 
applications [1]. Layered and fibrous clays, i.e. 
smectites and sepiolite, can be regarded as 
extremely versatile silicates presented as nanosized 
solids with structural and textural features that allow 
their assembling as building units with diverse 
organic or inorganic components. Bottom-up 
approaches involving diverse type of clay particles 
and components of different origin able to introduce 
a modulated functionality have been used for that 
assembly [2].  In this way alkoxides, nanoparticles 
and biopolymers are typical examples of those 
components able to give rise to complex 
nanostructured systems as diverse as magnetic 
nanoplatforms, ultra light-weigh monolits, selective 
heterogeneous catalysts or active phases of chemical 
sensors.  
 

This communication will illustrate several examples 
of clay-based nanoarchitectures. The first one will 
focus on the preparation of conductive supported 
graphenes from natural resources, such as sucrose 
or gelatin, used as precursors in this green way 
synthetic approach of graphenes [3].  The resulting 
carbon-clay nanocomposite materials exhibit 
electrical conductivity, inherent to the in situ 
synthesized graphenes, together with the properties 
of the clay silicate [e.g., ion-exchange ability; 
elevated porosity & specific surface area] which 
allow their applications as components of 
electrochemical devices (supercapacitors, lithium-
batteries and ion-sensors). The second example will 
introduce superparamagnetic adsorbents prepared 
by infiltration of clays with ferrofluids based on 
magnetite nanoparticles that lead to nanostructured 

materials of interest for the easy uptake of 
pollutants in water, including pesticides and 
radionuclides [4]. The third example will describe 
inorganic-organic biohybrid systems consisting of 
layered or fibrous clay particles assembled to 
biopolymers and other components of biological 
origin [5,6]. These biohybrids represent an 
interphase between living bodies and inorganic 
silicates that may give rise to materials provided of 
bioactivity introduced by the incorporated bio-
components. 
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Cleanup: new heterogeneous 

catalysts based on a new 

functionallization process of porous 

material with supercritical CO2 
 
CEA-Grenoble LETI/LCBM, Bat. 42, 17 rue des Martyrs, Grenoble, France 
 

 
Supercritical carbon dioxide (scCO2) is an attractive 
solvent alternative for a variety of chemical and 
industrial processes, especially because it is 
plentiful and inexpensive. [1]  
 

The advantages of using scCO2 have been 
numerous, like an excellent solvent for 
alkoxysilanes. With a density close to the liquid, but 
a very low viscosity and a surface energy close to 
zero, the scCO2 easily diffuses into porous 
materials. [2] In addition, the diffusion coefficients 
and high self-diffusion allow very rapid transfer of 
reagents. [3] The other advantage is that treatment 
with scCO2 is a process called soft and considered 
as a method of green chemistry. [4] ScCO2 is also 
non- toxic, non-flammable, easily recyclable and 
chemically neutral. Finally, after the rinsing step, 
the scCO2 will simply evaporate thus avoiding the 
inconvenience of drying, including treatment 
degradation or nanostructures.[5] The supercritical 
phase deposition (SFD) is mainly used for the 
preparation of chromatographic stationary phases 
[6] including the functionalization of porous silica 
beads with different fluoroalkyl- or mercapto-
silanes. [7]  
 

In this project we have synthetized two new 
catalytic systems, 1 and 2. Both catalytic systems 
have been prepared from a new grafting method in 
supercritical CO2 path of bio-inspired iron based 
catalysts [8] on porous substrates, such as silica 
beads and carbon nanotubes, in order to activate 
oxygen as the oxidant. 
 

We fully studied the optimum SFD for grafting a 
monolayer of new synthesized ligands into silica 
beads and carbon nanotubes and the coordination 
with iron species. 
 

These catalysts have been tested in the oxygen 
degradation of naphtlene and promotion of 

methane, giving excellent results. Work is in 
progress to give more applications. 
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Graphene oxide (GO) is one of the most studied 
graphene-based nanomaterial, due to its 
extraordinary chemical and physical properties 
[1,2] and especially because of its good 
dispersibility in aqueous media [3]. Indeed, GO 
gathered an ever-growing interest in fields such as 
electronics, optics, energy, catalysis and 
biomedicine in the last few years [4-6]. As for other 
nanomaterials, this intense research activity on its 
potential applications imperatively needs to be 
associated to the assessment of its safety profile.  
In particular, not much is known about the possible 
impact of the lateral dimensions of the GO sheets 
on their effects towards biological substrates in 
vitro, especially on human primary cells. In an 
attempt to address this issue, we evaluated 
whether GO samples constituted of large, small and 
very small flakes would differently affect primary 
human or murine macrophages. Our data revealed 
that GO sheet size had a significant impact on 
different cellular parameters (i.e. cellular viability, 
ROS generation, and cellular activation). Indeed, 
the more lateral dimensions of GO were reduced, 
the higher were the cellular internalization and the 
effects on cells. Interestingly, it was also possible to 
observe that these effects were more or less 
pronounced based on the cellular type as human 
cells resulted less sensitive and less responsive to 
the GO samples in comparison to murine 
macrophages in our conditions. Our study also 
suggested a possible correlation between the 
particular interaction of GO with the cellular 
membrane, surrounding and somehow masking it, 
with the subsequent internalization of graphene 
sheets and the following impact on cellular 
parameters. This intrinsic characteristic of GO, and 
in particular the mask effect, could be further 

developed and tuned to modulate or deplete cells. 
Together with the possibility of targeting specific 
cells via functionalization, this approach could open 
the way for new graphene-based therapeutic 
applications. 
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Interfacial electron transfer kinetics 
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nanotubes 
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The understanding of charge transfer processes 
between nanomaterials and solvated molecules is a 
long-standing goal that concerns many applications, 
as diverse as biosensing, catalysis, energy 
production and storage, etc. Despite the enormous 
amount of data on electrochemistry with CCVD 
multiwalled carbon nanotubes, there remains a 
controversy about the origin of mechanisms 
involved in the charge transfer kinetics. Dealing 
properly with this problem necessitates controlling 
the geometry of the device under test to analyze 
the quasi-reversible regime and discriminate 
between kinetic and diffusion effects in the steady 
state [1]. The faster the reaction, the smaller the 
device surface.  
 

We report here on new experiments of redox 
outer-sphere electron transfer between single 
multiwalled carbon nanotubes and two species, 1-
1’-ferrocene dimethanol (FeDM) and Ru(NH3)63+, 
in aqueous solutions. To minimize contamination 
effects, we have elaborated a new process where 
single MWCNTs are connected to etched gold tips 
by fast electrical breakdown, the adhesion being 
ensured by van der Walls forces only (fig. 1). After 
attachment of the MWCNT, the electrode is 
mounted on a micromanipulation stage under 
optical control. Cyclic voltammograms and 
chronoamperometry curves were recorded at 
various immersion depths in a home-made liquid 
cell. MWCNTs show quasi-reversible quasi-steady-
state reactions with FeDM and Ru(NH3)6+, and 
kinetic parameters are estimated using simple 
geometrical models. CVs were analyzed in the 
framework of the Butler-Volmer kinetic equation. 
 
 

i =
ilim

1+ e
−
F (E−E0' )

RT +
1

Λ*
e
−
F (1−α )(E−E0 ' )

RT













      (1) 

where ilim is the diffusion limited current, which is 
proportional to the area of active sites, F the 
Faraday constant, R the molar gas constant, E0’ the 
formal potential of the redox-couple, α the transfer 
coefficient, and Δ* the dimensionless 
heterogeneous rate constant that depends on 
geometry and k0[3]. It appears that MWCNTs 
behave as partially blocked microcylinders, with 
moderate heterogeneous rate constant (<k0>=0.2 
cm/s). An anomalous transfer coefficient (>0.7) is 
measured systematically (fig. 2). We discuss the 
origin of this behavior in the framework of 
microscopic models adapted to nanometer-sized 
electrodes [3]. 
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Figure 1. TEM image of a 70-nm diameter MWCNT 
connected to an etched gold tip. 
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Figure 2. Cyclic voltammogram of a 60-nm MWCNT, 
immersion depth 4 µm, in 1mM FeDM + 0.5 M KCl. Scan 
rate 0.1 V/s. Data were fitted by Butler-Volmer equation 
(blue line masks data points). The rate constant was 0.4 
cm/s and transfer coefficient 0.84. 
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distributions for cell adhesion and 

differentiation studies 
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Cell adhesion onto bioengineered surfaces is affected by a number of variables, including the former 
substrate derivatisation process. Cells can sense and respond to their immediate surroundings. The 
information arising from this environmental sensing is integrated into the cell machinery through receptor 
proteins located at the cell membrane. We have studied the correlation between cell adhesion and cell–
adhesive ligand surface gradient concentration. Similar procedure has been used to systematic in vitro 
screening of the effects of different concentrations of immobilized Bone Morphogenetic Protein (BMP-2). 
For this purpose, gradient surfaces were created on poly(methyl methacrylate) substrates by continuous 
hydrolysis and were then grafted with biotin-PEG-RGD molecules or BMP-2 molecules. In addition, 
nanopatterning of arginine-glycine-aspartic acid (RGD)-tailored dendrimers has been used to obtain uneven 
distributions of cell-adhesive motives. Cell adhesion studies reveal that first adhesion events are dictated by 
the surface layout and reinforced by a narrow interligand spacing and high local ligand densities.. This is a 
simple, all-organic nano-patterning approach that can be easily scaled up to large surface areas. The 
biocompatible and biodegradable nature of dendrimers also opens for biomaterial applications. 
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Graphene nanoribbons (GNRs) – narrow stripes of 
graphene [1] – are predicted to be semiconductors 
with an electronic band gap that sensitively 
depends on the ribbon width [2]. The electronic 
properties of GNRs also depend strongly on the 
arrangement of the carbon atoms in the ribbon 
structure. For armchair GNRs (AGNRs) the band gap 
is inversely proportional to the ribbon width. On 
the other hand, zigzag GNRs (ZGNRs) are predicted 
to present spin polarized edges. Their gap opens 
thanks to an unusual antiferromagnetic coupling 
between the magnetic moments at opposite edge 
carbon atoms. 
 

These versatile characteristics allow the design of 
GNR-based structures with widely tunable 
electronic properties, but require highest (i.e. 
atomic) structural precision. With our recently 
developed bottom-up approach the fabrication of 
atomically precise AGNRs [3] can be achieved using 
specifically designed precursor monomers. The 
monomers are sublimed in ultrahigh vacuum (UHV) 
and deposited onto metallic substrates such as Au 
or Ag. Substrate catalyzed dehalogenation of the 
monomers induces the formation of linear 
polymers that are subsequently 
cyclodehydrogenated to form the desired GNRs. 
With this approach, we have fabricated ultra-
narrow GNRs and related graphene nanostructures 
for experimental investigations of their structural 
and electronic properties [3-10]. For the case of 
N=7 AGNRs (7-AGNRs), the electronic band gap and 
dispersion of the occupied electronic bands have 
been determined with high precision [9]. 
 

In this talk, we will show how different GNRs have 
been characterized following a multitechnique 

approach. The desired atomic precision obtained by 
this surface-assisted GNR fabrication method has 
been demonstrated by high-resolution Scanning 
Tunneling Microscopy (STM). Electronic properties 
like band dispersion and gap of GNRs have been 
determined by means of Scanning Tunneling 
Spectroscopy (STS), Angle Resolved Ultraviolet 
Photoemission Spectroscopy (ARUPS) and X-Ray 
Photoelectron Spectroscopy (XPS). Optical 
characterization of GNRs has been performed by 
means of in-situ Reflectance Difference 
Spectroscopy (RDS) [11]. Finally, we have 
characterized the vibrational properties of the 
GNRs by Raman spectroscopy, obtaining valuable 
information about the ribbon nanostructure 
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Figure 1. STM pictures of a 7-AGNR with one visible 
terminus (top) and aligned ribbons on the Au(788) 
surface (bottom). RDS (middle, left) reveals 
characteristic absorption features that are directly 
related to the electronic band structure of 7-AGNRs. 
Raman spectroscopy (middle, right) reveals the expected 
intensity distribution on G- and D-modes and the width-
dependent characteristic radial breathing like mode 
(RBLM) at ~400 cm

-1
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
N
T
2
0
1
3

  
A

b
s

t
r

a
c

t
s

 



T N T  2 0 1 3  s e v i l l e  ( s p a i n )                   s e p t e m b e r  0 9 - 1 3 ,  2 0 1 3   | 143 

 

 

Manipulating and visualising the 

local density of states at the 

nanoscale 
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Numerous optical technologies and quantum 
optical devices rely on the controlled coupling of a 
local emitter to its photonic environment, which is 
governed by the local density of optical states 
(LDOS). Light spontaneous emission, absorption 
and scattering are all related to the LDOS that can 
be engineered in dielectric and metallic nano 
structures. I will present how a nano-sized light 
probe can illuminate complex materials and shed 
light on their optical properties and modes. 
 

I will report nanoscale mapping of the local density 
of states by cathodoluminescence microscopy, a 
combination of electron-beam scanning and optical 
spectroscopy [1]; it relies on scanning a transient 
dipolar emitter induced by electron beam 
bombardment with respect to its photonic 
environment while measuring the total emitted 
power. Each individual electron traversing the 
photonic structure generates a nanoscale transient 
dipole by the accelerated charge that we exploit as 
a local probe of the LDOS. With unprecedented 

resolution (～10 nm) we image localized photonics 
crystal cavity modes in a nanostructured silicon 
nitride membrane, over the visible spectrum into 
the near-IR. We identify individual cavity modes 
that are spatially different and we map their LDOS. 
Also, our measurements reveal extended Bloch 
modes that are delocalized over the crystal and 
periodically modulated. Moreover, by momentum 
spectroscopy, we resolve the angular emission 
pattern of the radiation emitted, which exhibits 
complex diffraction patterns [1]. 
 

In addition, we image the LDOS for random gold 
films as their topology approaches percolation. 
Thanks to the high-resolution imaging we are able 
to observe single-particle resonances localized at 
the gold particle transforming into extended modes 
when the cluster merge into a network. We report 

a study of the rich spectral dynamics of the 
localhot-spot of the LDOS through all the visible 
range. We also observe a long-tailed distribution of 
the LDOS at percolation.  
 

 
 

Figure 1. Experimental deep-subwavelength imaging of 
the optical local density of state in a nanostructured 
photonic membrane. 
 

I will also discuss our recent studies of fluorescence 
from a nano-sized emitter embedded in complex 
photonic media, such as photonic crystals and 
random powders. By fluorescence dynamics we 
measure LDOS distributions in 3D disordered 
dielectric powders. We observe a surprisingly long-
tailed distribution of the LDOS with Purcell factor 
up to ~10 [2]. I will discuss how our experimental 
results fed the ongoing discussion on the 
dependence of the C0 correlation function on 
macroscopic disorder parameters 
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hyper uniform point patterns 
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We discuss the mesoscale fabrication and 
characterization of (polymeric) templates for 
isotropic photonic materials derived from 
hyperuniform point patterns using direct laser 
writing in a polymer photoresist. We study 
experimentally the microscopic structure by 
electron microscopy and small angle light 
scattering. Reducing the refractive index mismatch 
by liquid infiltration we find good agreement 
between the scattering data and numerical 
calculations in the single scattering limit.  We are 
able to fabricate templates with the typical 
structural length scale of the seed pattern from a = 
3.3 micron to a = 2micron, fairly close to the 
technologically relevant fiber-optic 
communications wavelength range around 1.5 
micrometer. We have employed scanning electron 
microscopy coupled with focused ion beam cutting 
to look inside the bulk of the samples of different 
height. Moreover we demonstrate the use of laser 
scanning confocal microscopy to assess the real 
space structure of the samples fabricated by direct 
laser writing. We address in detail question about 
scalability, finite size effects and geometrical 
distortions. We also study the effect of the 
lithographic voxel shape, that is the ellipsoidal 
shape of the laser pen used in the fabrication 
process. To this end we employ detailed numerical 
modelling of the scattering function using a discrete 
dipole approximation scheme. 
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Graphene as an emerging material has recently 
spurred the interest of scientific research both in 
academia and industry. At BASF graphene and 
graphene materials are currently being studied for 
several potential fields of application. We have set 
up a graphene technology platform aiming at the 
systematic investigation of this new carbon 
material fabricated either by top-down or bottom-
up procedures. Owing to its appealing electrical 
conductivity, graphene can be used for conductive 
formulations and coatings as well as for polymer 
composite materials with antistatic properties. 
Also, graphene may serve as a new carbon material 
thus replacing or complementing traditional carbon 
black additives in lithium-ion batteries as well as 
activated carbons in supercapacitor devices. It is 
also intended to evaluate graphene-based 
transparent conductive layers for their use in 
displays, organic solar cells and organic light 
emitting diodes. On a longer perspective the semi-
conducting properties of graphene nanoribbons 
fabricated from chemical bottom-up approaches 
shall be explored. The talk will focus on the recent 
activities of BASF in the field of graphene and 
provide an evaluation of this promising material 
from an industrial point of view. 
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Spintronics is a paradigm focusing on spin as the 
information vector in fast and ultra-low-power non 
volatile devices such as the new STT-MRAM. 
Beyond its widely distributed application in data 
storage it aims at providing more complex 
architectures and a powerful beyond CMOS 
solution. The recent discovery of graphene has 
opened novel exciting opportunities in terms of 
functionalities and performances for spintronics 
devices. We will present experimental results on 
the impact and potential of graphene for 
spintronics. We will show that unprecedented 
highly efficient spin information transport can 
occur in graphene [1] leading to large spin signals 
and macroscopic spin diffusion lengths (~100 
microns), a key enabler for the advent of 
envisioned beyond-CMOS spin-based logic 
architectures. Furthermore, we will show that a 
thin graphene passivation layer can prevent the 
oxidation of a ferromagnet, enabling its use in 
novel humide/ambient low-cost processes for 
spintronics devices, while keeping its highly surface 
sensitive spin current polarizer/analyzer behavior 
and adding new enhanced spin filtering 
property[2]. These different experiments unveil 
promising uses of graphene for spintronics. 
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Helices made of elastic filaments have been the 
target of considerable and growing interest in past 
years [1-3]. The formation mechanisms for such 
helices are still not well understood, but recent 
results have indicated they may be due to buckling 
instabilities that naturally emerge when primary 
interactions strength vary asymmetrically across 
the filament's cross-section. Several different 
treatments (e.g. thermal, friction or radiation), can 
induce such asymmetry, which means this can be 
easily obtained in practice [4-5]. In addition, these 
effects can be observed on filaments at different 
length scales; both micro-filaments and nano-
filaments also form this sort of structure.  
 

 
 
Figure 1. Initial fiber configuration. 
 

 
 
Figure 2. Final simulation configuration, exhibiting one 
perversion (D=5, L/D=100). 

 

 
 
Figure 3. Final simulation configuration, exhibiting 
several perversions (D=3 L/D=200). 

 
 
 
 

In this work, we present coarse-grained molecular 
dynamics (MD) simulations performed using the 
LAMMPS (Large-scale Atomic/Molecular Massively 
Parallel Simulator) platform. We will also discuss in 
detail how perversions - regions where the helical 
handedness changes - occur. The simulations show 
it is possible to replicate the formation of helices 
and perversions, within certain conditions. Finally, 
we show how the helical radius can depend on the 
strength and the asymmetry of the interactions 
used, the filament's aspect ratio, and the recovery 
velocity. 
 

The occurrence of a perversion has attracted 
considerable interest in a number of theoretical 
works, in which they are shown to occur in the 
stationary solutions of Kirchoff's equations [6-7]. 
However, the possibility of creating more than a 
single perversion has been given much less 
attention [8]. Understanding and being able to 
control the formation mechanisms of helices and 
perversions could enable many different practical 
applications. As next-generation nano-mechanical 
systems can be obtained by nano-patterning of soft 
materials, these simulations can provide 
importance input for the design of such systems 
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1
 McGill University 

2
 Université de Montréal 

3 
Université du Québec à Montréal,Montréal, Canada 

 
 
The quantum Hall effect (QHE) is observed in a two-
dimensional electron gas formed in millimeter-scale 
hydrogenated graphene, with a mobility less than 
10 cm2/Vs and corresponding Ioffe-Regel disorder 
parameter (kFλ)−1 ~ 500. Our observations with 
hydrogenated graphene push the limit of disorder 
where the QHE can still be attained in a strong 
magnetic field, suggesting that the QHE might be 
robust to arbitrarily large disorder. The strongly 
temperature dependent electrical resistance and 
high thermal resistance of hydrogenated graphene 
may further find potential applications in 
thermometry and bolometry. 
 

Hydrogenated graphene samples were prepared 
from pristine, large-area, monolayer graphene 
samples grown by chemical vapour deposition 
(CVD) on Cu foils. The graphene was controllably 
hydrogenated by exposure to a beam of atomic 
hydrogen in a UHV chamber. In-situ measurement 
shows an exponential growth in graphene sheet 
resistance versus hydrogen dose. We find 
hydrogenated graphene 
to exhibit a strong 
temperature dependent 
resistance consistent 
with variable range 
hopping. We measured 
the 2-point resistance of 
hydrogenated graphene 
at low temperatures in magnetic fields of up to 45T, 
Fig. 1. A colossal negative magnetoresistance was 
observed, with a dramatic transition from a highly 
resistive state of R2pt = 250 h/e

2 at zero field to a 
quantized resistance R2pt = 12 962Ω at 45T, which is 
within 0.5% of h/2e

2. The quantized resistance 
corresponds to a QHE state with ν=−2 filling factor, 
R2pt ≈ |Rxy| = h/2e

2, and Rxx = 0. The high field 
resistance versus charge carrier density is 

consistent with the opening of an impurity-induced 
gap in the density of states of graphene. The mean 
spacing between point defects induced by 
hydrogenation was estimated to be λD = 4.6 ± 0.5 
nm via Raman spectroscopy. The rapid collapse of 
resistance and emergence of a QHE state is 

observed to occur when the magnetic length lB = 
(ħ/eB)1/2 is comparable to the mean point defect 
spacing λD. The interplay between electron 
localization by defect scattering and magnetic 
confinement in two-dimensional atomic crystals 
will be discussed. Preliminary work on the 
application of hydrogenated graphene’s electrical 
and thermal properties to thermometry and 
bolometry will also be discussed. 
 

This work was made possible with the support of 
NSERC, FRQNT, the LNCMI (Toulouse) and the 
NHMFL (Tallahassee). 
 
 
 

Figure 1. A) The two-point resistance of a hydrogenated 
graphene sheet versus magnetic field and gate voltage. 
All data were taken at a temperature of 575±25 mK. B) 
At 45T, the resistance versus gate voltage and hole 
density, with the red line indicating a Hall plateau at 
R2pt = h/2e2. C) Resistance of the hydrogenated 
graphene versus both the magnetic field B and magnetic 

length lB = (ħ/eB)1/2. The shaded region indicates the 
estimated point defect spacing extracted from the 

Raman spectra. 
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on Spin MOSFET 
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Spintronics is expected to provide wide variety of 
application of next generation circuit. Here we 
present one of promising application of spin 
MOSFET as Field Programmable Gate Array (FPGA) 
(spin FPGA). Spin MOSFET is composed of MOSFET 
whose source and drain are contacted with 
ferromagnetic materials[1]. Magnetization 
directions affect current through spin-torque 
transfer[2]. We model the spin MOSFET by 
describing a high resistive magnetic state with 
smaller mobility in SPICE parameters. SRAMs in 
Look-up table (LUT) and those attached to pass 
transistors other than multiplexers are replaced by 
spin MOSFET. This reduces the number of 
transistors and makes LUT and switching box(SB) 
smaller resulting in faster and smaller FPGA. Spin 
FPGA are benchmarked over 20 circuits by 
modifying VPR[3] with Monte Carlo method.  
Performance is improved for smaller transistors 
(Fig.1). For 22nm transistors, area is reduced 
averagely by 16% and speed (critical path delay) is 
improved by 24%. As MR ratio increases, operation 
margin increases, and as transistor size decreases, 
impedance of wire part increases relatively. These 
result in better performance of spin FPGA[4]. 
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Figure 1. Benchmark calculation of the advantage of spin 
FPGA over 20 circuits (area-delay product). Leftmost 
data shows average over 20 circuits. As MR increases, 
spin FPGA shows better performance. 
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Surface Science studies of FeS2 for 

catalytic N2 reduction 
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Ammonia synthesis is reckoned to account for over 
1% of the world´s consumption of man-made 
power, driven predominantly by the production of 
fertilizers and pharmaceuticals [1]. Of all the classic 
catalytic reactions, ammonia synthesis is arguably 
the instance for which tuning catalytic efficiency is 
most urgently required. Intriguingly nitrogenase 
(found in symbiotic and free-living diazotrophs) 
catalyses the reduction of nitrogen to ammonia, 
under ambient conditions, in lively contrast with 
the energy-consuming industrial Haber-Bosch 
reaction. Efforts of protein crystallography have 
gradually unveiled that the active site of 
nitrogenase is essentially a FeSx nanocluster, with a 
central light atom and a Mo atom [2,3]. 
 

In the light of the above understanding, we decided 
to investigate the interaction of N2, H2 and NH3 on 
the surface of naturally grown single crystal 
FeS2{100}. The adsorption of nitrogen species was 
studied using both background dosing and 
activated N2 species directed to the pyrite surface 
[4]. The synthesis of ammonia from hydrogenation 
of adsorbed nitrogen species was subsequently 
studied [5]. The gas-surface interactions were 
investigated under a wide range of conditions to 
evaluate the particularities of NH3 synthesis on 
pyrite single crystals 
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carbon nanomembranes and their 

heterostructures for nanotechnology 

applications 
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Bottom-up approaches via molecular self-assembly 
have high potential to facilitate the use of carbon-
based free-standing two-dimensional (2D) in 
nanotechnology. In this talk it will be demonstrated 
how self-assembled monolayers (SAMs) of aromatic 
molecules can be employed to this end. By electron 
or photon irradiation these organic monolayers are 
converted into dielectric carbon nanomembranes 
(CNMs) with a thickness of one molecule. CNMs 
possess their structural integrity and similar to 
graphene or BN sheets can be separated from their 
original substrates and transferred onto various 
other substrates, fabricated as suspended sheets or 
stacked into multilayer films with precise control 
over their thickness and atomically sharp 
boundaries. By annealing CNMs in vacuum or at 
atmospheric pressure they are converted into 
graphene. This approach makes possible both 
scalable production of high-electronic-quality 
graphene and CNMs as well as direct writing of 
their nanostructures on various technologically 
relevant substrates. Layer-by-layer assembly of the 
CNM/graphene heterostructures opens many doors 
to the engineering of novel materials for optics, 
electronics, biofunctional coatings and 
nanosensors. Physical and chemical properties of 
these materials, obtained by state-of-the-art 
spectroscopy, microscopy, electric and magneto-
transport measurements, their nanopatterning and 
functional applications will be presented. 
Implementation of CNM/graphene 
heterostructures in novel field-effect devices 
aiming to improve electronic performance of the 
integrated graphene sheets (electric-field gating, 
environmental stability, mobility of the charge 
carriers) will be shown. 
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Figure 1. Schematic of the fabrication route to carbon nanomembranes (CNMs) and graphene from aromatic self-

assembled monolayers (SAMs): a, Deposition of molecules on a substrate; here, vapor deposition of biphenyl-thiols 
(BPT). b, Formation of a SAM. c, Electron/photon-irradiation-induced crosslinking of the BPT SAM into a carbon 
nanomembrane (CNM).d, Formation of a free-standing CNM by dissolving the substrate. e, Conversion of a CNM into 
graphene by annealing [1-4, 8]. 
 

Figure 2. Free-standing CNMs and CNM stacks. a, SEM image of the 1 nm thin free-standing BPT-based CNM on a 
metal grid. b, Optical image of the free-standing CNM with an evaporated metal pattern. c, Optical image of the 
mechanically stacked CNMs on a SiO2/Si wafer (1 to 5 layers) [3, 5, 7-8]. 

 

Figure 3. Single-layer graphene (SLG) formed by conversion of biphenyl-thiol SAMs on Cu. a, HR STM image on 
Cu(111). b, HRTEM image and diffraction pattern (c) of a free-standing SLG produced from the BPT SAM on a Cu foil and 

(d-f) its electric and electro-magnetic transport properties [1]. 
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Due to their outstanding mechanical and electrical 
properties, carbon nanotubes (CNTs) are being 
considered as promising materials in various fields 
such as electronic, material engineering, sensor 
design and catalysis. A potential application of carbon 
nanotubes consists of using them as support of 
nanoparticles for heterogeneous catalysis.[1] Aiming 
this, we chose mixed-metal clusters as precursors of 
bimetallic catalysts from which a synergic effect 
between constituting metals is expected. Moreover, 
the size and composition of the activated metallic 
nanoparticles can be easily controlled by selecting 
the appropriate starting cluster. More specifically, we 
synthesized the [Ru5PtC(CO)14COD] cluster 
compound as nanoparticle precursor.[2]  
 

As previously reported, interactions between support 
and precursors are of critical importance in the 
preparation of heterogeneous catalysts.[3] A 
chemical modification of the nanotubes allows to 
introduce anchoring groups on their surfaces. Among 
the carbon nanotubes covalent functionalization 
pathways, diazonium salts are widely used as radical 
reagents. This type of compounds is used for the 
covalent grafting of phenyl derivatives on the carbon 
nanotubes surface. Subsequent modification of those 
grafted moieties allows the bimetallic cluster 
compound to be anchored securely. In this work, we 
developed a four-step functionalization pathway of 
single-walled carbon nanotubes (SWNTs): (i) covalent 
functionalization of carbon nanotubes by diazonium 
salt; (ii) derivatization of the functionalized 
nanotubes in order to anchor a ligand for cluster 
coordination; (iii) cluster coordination; and eventually 
(iv) thermal activation (Figure 1). At the end of this 
process, we obtained ‘naked’ Ru-Pt nanoparticles of 
1-2 nm size supported on carbon nanotubes (Figure 
2), which are expected to exhibit catalytic activity.[4]. 
 

Those nanoparticles-decorated carbon nanotubes 
can be used to study the charge transfer between 
nanotubes and nanoparticles. In order to do this, 
individual single-walled carbon nanotubes field-effect 
transistors (SWNT-FETs, Figure 3a) were prepared by 
dispersion and deposition of SWNTs on n-doped 
SiO2/Si, followed by conventional optical lithography 
and lift-off techniques.[5] These devices were used to 
measure the electrical response of nanotubes-
supported nanoparticles. Drain-source current (Ids) 
was measured while varying gate voltage (Vg) for 
pristine-, functionalized- and nanoparticles 
decorated- carbon nanotubes. 
Measurement of functionalized-carbon nanotubes 
revealed a high loss of conductance (70 to 80 %) 
compared with pristine-CNTs. This result is due to the 
covalent nature of the functionalization step, which 
alters the aromaticity of the nanotube.[6] 
Modification of the grafted moieties does not change 
the electrical characteristics, since the tube is not 
further altered by these steps. During thermal 
annealing, activated nanoparticles are deposited on 
the carbon nanotube surface. After this activation 
step, carbon nanotubes recover about 60 % of their 
initial conductance. Moreover, these measurements 
show evidence of a charge transfer from the 
nanotube to the nanoparticle, as revealed by the p-
doping of the carbon nanotubes (Figure 3b). This 
charge transfer is of significant relevance for catalytic 
applications, since the nanoparticle can be viewed as 
an electron sink. 
In summary, we have covalently grafted Ru5Pt 
clusters on single-walled carbon nanotubes. After 
thermal activation, we obtained bimetallic 
nanoparticles-decorated carbon nanotubes. Electrical 
characterization of those nanohybrids revealed a 
charge transfer between nanoparticles and carbon 
nanotubes as evidenced by p-doping of CNTs. Those 
materials are expected to exhibited catalytic activity 
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Figure 1. Reaction 
scheme of the 
functionalization 
pathway developed for 
the formation of [Ru5Pt] 
nanoparticles on carbon 
nanotubes. 

 

  

Figure 2. (a) TEM image of 

SWNTs supported 

nanoparticles; (b) HR-SEM 

image of Si-supported 

nanoparticles-decorated 

SWNTs. 

(a) (b) 
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Figure 3. (a) Schematic representation of a CNT-FET; (b) Charge transfer in carbon nanotubes supported nanoparticles. 
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Responsive polymersomes and 

nanocapsules as robust and tunable 

carrier systems 
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In the recent years organic nanoparticles based on 
synthetic macromolecules have found significant 
interest especially in the area of biotechnology, 
biomedicine and synthetic biology as various carrier 
molecules. This comprises core-shell and hydrogel 
nanoparticles, dendritic structures, defined 
aggregates as well as polymersomes and polymeric 
(hollow) nanocapsules.1-4 For defined up-take and 
release as well as for use as bionanoreactors, 
responsiveness has to be introduced into the 
various nanocarriers. Here we would like to present 
different synthetic strategies for the preparation of 
responsive nanocarriers. Synthetic details can be 
found in the references.5-7 
 

We prepared in one strategy UV-crosslinkable 
polymersomes based on the self-assembly of 
amphiphilic block copolymers. We combined this 
cross-linking with a well-known pH sensitive 
polymer to give a highly stable polymersome with 
strictly controlled trans-membrane diffusion by 
reversible pH switches. Polyethylenglycole (PEG) 
was used as a biostable hydrophilic block, which is 
combined with the pH sensitive 
polydiethylaminoethyl-methacrylate (PDEAM) and 
photocross-linkable poly-dimethyl-maleic 
imidobutyl methacrylate (PDMIBM) as hydrophobic 
components (Scheme 1)5. The content of the 
PDMIBM is high enough to provide effective cross-
linking after 30 s of UV irradiation, while the pH 
sensitivity remains. While pH sensitive 
polymersomes usually disassemble upon 
acidification, ours show a definite swelling, since 
the cross-linked membrane remains intact. This 
swelling is reversible as well as reproducible, 
indicating a highly stable cross-linking. These 
vesicles provide a very good basis for a synthetic 
bionanoreactor. While the membrane is not open 

for diffusion traffic in the basic state, small 
molecules are able to diffuse inside in an acidic 
state. Thus, cascade enzyme reactions could be 
carried out under pH control using polymersome-
encapsulated enzymes in a one-pot arrangement 
(Scheme 2). 
 
 

 
 

Scheme 1. Block copolymer structure forming photo-
crosslinkable polymersomes. 
 
 

 
 
Scheme 2. pH controlled cascade enzyme reaction 
carried out by polymersome enclosed enzymes glucose 
oxidase and myoglobin. 
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Figure 1. (A) diameter of nanocapsules C1 to C3 (by the 
template method using three different crosslinker) in pH 
4.0 and 8.0 buffer solution, respectively, measured by 
DLS, (B) thickness of the membrane of nanocapsules C3 
at pH 4.0 and pH 8.0, (C) and (D) Cryo-TEM images of 
nanocapsules C3 in pH 4.0 and pH 8.0 solution. 
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Absorption engineering in stacked 

Au-SiO2-Pd nanostructures 
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Nonradiative decay of localized surface plasmon 
resonance (LSPR), i.e. absorption, leads to the 
formation of energetic electron-hole pairs and, if 
not otherwise utilized, subsequent decay into heat. 
In a photocatalysis application such energetic 
electrons can be used to enhance a chemical 
reaction on the surface of the plasmonic 
nanoparticle [1]. This concept has been 
demonstrated in a number of studies but is to date 
focused entirely on Au or Ag particles, owing to 
their favourable plasmonic properties. This greatly 
limits the number of possible reactions since Ag 
and Au surfaces are catalytically not very active 
(exceptions exist). Other classical metals in catalysis 
with high activity, e.g. palladium (Pd), have not 
been considered since they show rather weak LSPR 
in the UV-visible spectral range [2], due to a strong 
presence of interband transitions.  
 

In this work [3, 4] we combine the strong LSPR of 
Au with a more catalytically active metal, Pd, in 
order to “make use of the best from both worlds” 
by exploiting a novel generic absorption 

engineering strategy. Our model structure, to 
demonstrate the effect, is a stack consisting of Au 
and Pd nanodisks separated by a SiO2 spacer layer, 
see Fig. 1. As we show, by varying the spacer layer 
thickness, the coupling strength between the 
plasmonic excitations in the Au and Pd disks can be 
tailored and the dissipation of the absorbed energy 
locally optimized in the structure. 
 

For our experiments amorphous arrays of Au-SiO2-
Pd sandwich structures with various spacer 
thicknesses are fabricated using hole-mask colloidal 
lithography [5]. Their optical properties are 
evaluated using a spectrophotometer with 
integrating sphere detector, allowing for both 

extinction and absorption measurements. The 
experimental data are compared to electrodynamic 
simulations obtained using the FDTD method and 
analyzed qualitatively by an analytical coupled-
oscillator/dipole model. In our analysis we put 
particular focus on “dissecting” the structure to 
identify where in the stack light absorption is taking 
place. 
 

As the main result of our study we find that the 
local light absorption in the Pd in the stack 
arrangement is significantly enhanced. Assuming a 
flat light intensity profile and integrating the total 
light absorption in the range 400 – 900 nm we find 
an enhancement of ca. two. For a specific 
wavelength the maximum absorption enhancement 
is six-fold. We attribute this novel effect of 
absorption enhancement, in a mechanistic picture, 
to the fact that the Au disk in the stack is an 
efficient antenna, which captures energy from the 
incoming light. Due to the coupling and the specific 
damping mechanisms in the Au and Pd disks this 
energy is dissipated predominantly in the Pd disk. 
 

We argue that our absorption engineering concept 
constitutes a general blueprint for optimization of 
light absorption in heterometallic plasmonic 
structures. As the key feature one element in such 
a structure is an efficient plasmonic antenna; such 
as Au, Ag or Al; and the other one is “lossy”, i.e. 
features interband transitions in the visible range; 
such as Pd, Pt, Ni, Ru, Re, Co, or Fe. We predict that 
this novel concept will facilitate LSPR-enhanced 
chemical reactions on a wide range of metal 
catalysts beyond Au or Ag. 
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Figure 1. Sketch of the Au-SiO2-Pd structures used in this 
work. Also shown are extinction spectra for structures 
with different spacer thicknesses, as well as for the 
individual Au and Pd disks. Figure from [3]. 
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Nanogenerators as new energy 

technology and piezotronics for 

functional systems 
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Developing wireless nanodevices and nanosystems 
is of critical importance for sensing, medical 
science, environmental/infrastructure monitoring, 
defense technology and even personal electronics. 
It is highly desirable for wireless devices to be self-
powered without using battery. Nanogenerators 
(NGs) have been developed based on piezoelectric, 
trioboelectric and pyroelectric effect, aiming at 
building self-sufficient power sources for 
mico/nano-systems. The output of the 
nanogenerators now is high enough to drive a 
wireless sensor system and charge a battery for a 
cell phone, and they are becoming a vital 
technology for sustainable, independent and 
maintenance free operation of micro/nano-systems 
and mobile/portable electronics. This talk will focus 
on the fundamentals and novel applications of NGs.  
 
For Wurtzite and zinc blend structures that have 
non-central symmetry, such as ZnO, GaN and InN, a 
piezoelectric potential (piezopotential) is created in 
the crystal by applying a strain. Such piezopotential 
can serve as a “gate” voltage that can effectively 
tune/control the charge transport across an 
interface/junction; electronics fabricated based on 
such a mechanism is coined as piezotronics, with 
applications in force/pressure triggered/controlled 
electronic devices, sensors, logic units and memory. 
By using the piezotronic effect, we show that the 
optoelectronc devices fabricated using wurtzite 
materials can have superior performance as solar 
cell, photon detector and light emitting diode. 
Piezotronics is likely to serve as a 
“mechanosensation” for directly interfacing 
biomechanical action with silicon based technology 
and active flexible electronics. This lecture will 

focus on the fundamental science and novel 
applications of piezotronics in sensors, touch pad 
technology, functional devices and energy science 
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Recently tractor beam which can pull the object has 
been receiving intensive attention. In this 
presentation, we will first unveil the fundamental 
physics and origin of the general pulling force by 
using multiple beams and even a single gradientless 
beam. Nevertheless that cannot be called a “tractor 
beam” per se, as long as the light pulling effect is 
ultrasensitive to the object’s material and size, a 
perturbation of which will ruin pulling effect. We 
therefore investigate the universality condition for 
Bessel beam to be a material-independent and size-
independent tractor beam in dipolar regime. These 
universal pulling effects and conditions are 
discussed in association with insight on modified 
far-field scattering, scattering resonances, and 
induced polarizabilities. It is still too stringent to 
achieve pulling light with nonparaxial Bessel beam 
in practice. Hence we propose another schematic 
to transform normal plane waves into a light 
escalator, which can change the sign of the optical 
force on the object and gear it up and down using 
light. A non-magnetic levitating “train” can thus be 
possible then like Fig.1. A liquid interface is also 
presented and experimentally verified to be 
efficient to make a plane wave into a “tractor 
beam” based on linear photon momentum transfer 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
Figure 1. Telescope-based escalator (a) and its 
levitating/descending region (b). 
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Surface Stress Sensor 
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The demands for new sensors are rapidly growing 
in various fields; medicine (e.g. rapid detection of 
biomarkers at the very early stage or non-invasive 
diagnostics by breath), security (e.g. detection of 
drugs, explosives, and land mines), and 
environment (e.g. monitoring of pollution in air, 
soil, water, and indoor). Nanomechanical sensors 
have potential to contribute to these global 
demands owing to their intrinsic 
versa�lity―detec�ng fundamental parameters, 
such as “volume” or “mass”. Since all molecules 
have “volume” and “mass”, nanomechanical 
transduction of them into detectable signals can 
realize label-free and real-time measurements of 
virtually any kind of target specimen. Based on the 
newly developed platform “Membrane-type 
Surface stress Sensor (MSS)” (Fig. 1) [1], we are 
now trying to realize useful nanomechanical 
sensors which can fulfill the practical requirements, 
such as portability, low-cost, ease of use, in 
addition to the basic specifications e.g. high 
sensitivity. 
 

To demonstrate the capability of MSS for the multi-
dimensional array, we fabricated the second 
generation MSS (2G-MSS) with a two dimensional 
array (Fig. 2. (a)) [2]. In addition, the 
implementation of various modifications in design 
and microfabrication led to further enhancement of 
sensitivity, reaching a limit of detection of ~0.1 
mN/m, which is even better than that of common 
optical read-out cantilever sensors (0.15~0.90 
mN/m) [2]. 
 

For practical applications, one of the major issues 
of nanomechanical sensors is the difficulty in 
coating receptor layers on their surface to which 

target molecules adsorb or react [3]. The MSS also 
provides an effective solution to this coating issue 
by means of double-side coating [4]. While a 
cantilever-type sensor requires a single-side coating 
to have measurable deflection, MSS has been 
found to yield reasonable signals even with double-
side coatings, allowing almost any kind of coating 
technique, including dip-coating methods. As the 
double-side coating is compatible with batch 
protocols, such as dip coating, the double-side-
coated MSS represents a new paradigm of “one-
chip-one-channel (channels on a chip are all coated 
with the same receptor layers)” shifting from the 
conventional “one-chip-multiple-channel (channels 
on a chip are coated with different receptor 
layers)” paradigm [4]. 
 

As for the measurement system, the latest version 
of the MSS setup can be operated all by USB-
connected/powered devices. This setup provides an 
opportunity for anybody to start nanomechanical 
sensing with high sensitivity and stability, including 
the coating of MSS chips by e.g. simple hand-
operated dip-coating. 
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Figure 1. Membrane-type Surface stress Sensor (MSS) in 
array and the examples of possible targets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2: (a) Photograph of the fabricated 2G-MSS chip 
with a 2D array. (b) Obtained output signals from each 
sensor. 
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(001)-oriented anatase TiO2 

nanosheets as a photoanode material 

for dye-sensitized solar cell 
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Dye-sensitized solar cell (DSC) is one of the most 
promising photovoltaic technologies for production 
of renewable, clean, and affordable energy [1]. 
Since its invention by Graetzel et al. in 1985 [Ref. 2] 
it has been permanent subject of interest of 
research teams all over the world. One of the key 
issues in optimization of the Graetzel cells consists 
in the morphological engineering of the TiO2 
photoanode. High surface area and crystallinity 
predetermine nanocrystalline TiO2 to work 
effectively as photoanode in DSC [3]. Among 
others, an increase of the open-circuit voltage 
(UOC) of DSC via tuning of the photoanode material 
is a pathway towards an improvement of the device 
performance. (001)-oriented anatase exhibits 
enhanced Li insertion activity [4] as compared to 
(101)-oriented one due to synergic contributions of 
faster interfacial charge transfer and facile Li 
transport within a more open structure of the 
anatase lattice. Since material and structural 
requirements for both Li insertion electrode and 
DSC photoanode are similar and charge transport in 
the anatase skeleton controls the overall efficiency 
of both processes, the performance of “reactive” 
(001)-oriented anatase photoanode in DSC was 
examined [5]. Although the (001) face adsorbed a 
smaller amount of the used dye sensitizer (C101), it 
provided a larger open-circuit voltage of the solar 
cell. The negative shift of flatband potential is 
suggested to be responsible for the observed 
enhancement of UOC. 
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Graphene has emerged as a new material with a 
very bright future. It is predicted that it could be 
applied in many different fields ranging from 
energy, electronics, optoelectronics, aerospace, 
lighting, and up to biotechnology to mention a few. 
Some of these applications will be covered during 
this talk such as the use of graphene in future light 
harvesting devices [1], optical transistors [2], 
organic light emitting diodes and flexible batteries 
[3].  
 
However, unique properties are not the only 
requirement that has to be fulfilled in order to be 
successful in the marketplace [4]. There are other 
important factors that have to be taken into 
consideration such as the availability of suitable 
industrial production methods, market 
readiness/awareness, industrial readiness of value 
chains, an effective technological progress, etc. 
Therefore, I will also try to shed some light into the 
industrial future of this material. 
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analysis of CVD growth of novel 2D 

materials? 
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Planar synthesis technologies, such as Chemical 
Vapor Deposition (CVD), are currently attracting 
increasing attention as an alternative to mechanical 
exfoliation in order to supply a complete, new 
generation of atom-thick materials, including semi-
metals (graphene, NiTe2, VSe2,...), semiconductors 
(WS2, WSe2, MoS2, MoSe2, MoTe2, TaS2, RhTe2, 
PdTe2,...), insulators (hexagonal-BN, HfS2,...), 
superconductors (NbS2, NbSe2, NbTe2, TaSe2,...) and 
topological insulators (Bi2Se3, Bi2Te3, Sb2Te3). During 
CVD growth, however, many flakes of the 2D 
material are nucleated at different locations, 
leading to the formation of a polycrystalline 2D 
sample, characterized by the presence of numerous 
grain boundaries, which deteriorate the electronic, 
thermal and mechanical properties of the material. 
Therefore, control over the actual shape and size of 
the flakes before coalescing is essential in order to 
enable tailor production and quality management 
of the grown 2D materials by both researchers and 
CVD synthesis industries.  
 
By showing that the shape and size of the flakes are 
dominated by the relative kinetics of different 
atomistic processes, such as adsorption, 
desorption, dissociation, nucleation, 
terrace/perimeter diffusion, etc..., the talk presents 
the idea that a software tool can possibly be used 
in the near future in order to analyze the atomistic 
kinetics by directly extracting information from 
microscopy images of the surface morphology 
during growth. Refered to as Evokinetics, we show 
that the approach, is able to describe the activation 
energies of the various atomistic processes, 
simultaneously providing clear information about 
which atomistic processes are relevant (i.e. active) 
and which are accessory, implicitly describing the 
effect of temperature, partial pressures, inlet fluxes 
and other experimental parameters. 

This autonomous determination of the kinetic 
competition between atomistic processes can 
possibly be performed in a wide range of fields, 
including heterogeneous catalysis, chemical 
synthesis, wet etching and epitaxial growth. In the 
same way as researchers currently may try to 
optimize manually surface-mediated processes by 
varying the experimental conditions, measuring 
total yields and analyzing morphology images, 
Evokinetics offers the possibility to automatize and 
speed up such a search while making it completely 
objective. In this manner, Evokinetics may perhaps 
be used in the future in order to 
accelerate/optimize the setup/development of CVD 
equipment for the synthesis of novel 2D materials. 
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