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Foreword  

 
On behalf of the Organising Committee we 

take great pleasure in welcoming you to 

Montreal for the second edition of the 

Graphene Canada International Conference 

& Exhibition. 

 

A plenary session with internationally 

renowned speakers, an industrial forum, 

extensive thematic workshops in parallel 

and a significant exhibition featuring 

current and future Graphene developments 

will be highlighted at the event. 

 

Graphene Canada 2016 will bring together, 

from a global perspective, scientists, 

researchers, end-users, industry, policy 

makers and investors in an environment of 

cooperation and sharing towards the 

challenges of Graphene commercialization. 

 

We are indebted to the following 

Institutions for their help and/or financial 

support:  

Centre National de la Recherche 

Scientifique/CEMES, GDRI: Graphene-

Nanotubes, Grafoid Inc., IIT Graphene Labs, 

McGill University, Nanoscale Horizons, 

Phantoms Foundation, Texas Instruments, 

The Catalan Institute of Nanoscience and 

Nanotechnology (ICN2), Tourisme 

Montréal, Université Catholique de Louvain 

and Université de Montreal. 

We would also like to thank the following 

companies for their participation as 

exhibitors: Abalonyx AS, Go Foundation, 

Grafoid Inc., Group Nanoxplore Inc., 

PLASMIONIQUE Inc, Raymor/NanoIntegris, 

and SURAGUS GmbH. 

 

We also would like to thank all the speakers 

and attendees that joined us this year. 

 

We truly hope that Graphene Canada 2016 

serves as a platform for communication 

between science and business. 

 

Hope to see you again in the next edition of 

Graphene Canada to be held in 2017. 
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Francesco BonaccorsoFrancesco BonaccorsoFrancesco BonaccorsoFrancesco Bonaccorso 

(IIT, Italy) 

JeanJeanJeanJean----Christophe CharlierChristophe CharlierChristophe CharlierChristophe Charlier 

(Université Catholique de Louvain, Belgium) 

Gordon ChiuGordon ChiuGordon ChiuGordon Chiu  

(Grafoid, Canada) 

Luigi ColomboLuigi ColomboLuigi ColomboLuigi Colombo 

(Texas Instruments, USA) 

Antonio Antonio Antonio Antonio CorreiaCorreiaCorreiaCorreia  

(Phantoms Foundation, Spain) 

Luc DuchesneLuc DuchesneLuc DuchesneLuc Duchesne  

(GO Foundation, Canada) 

Erik DujardinErik DujardinErik DujardinErik Dujardin  

(CEMES/CNRS, France) 

Richard MartelRichard MartelRichard MartelRichard Martel  

(Université de Montreal, Canada) 

Stephan RocheStephan RocheStephan RocheStephan Roche 

(ICREA/ICN2, Spain) 

Thomas SzkopekThomas SzkopekThomas SzkopekThomas Szkopek  

(McGill University, Canada) 
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Speakers & Posters List 
 

Alphebetical Order 

 
  PAGE 

Sana Ahmed (National Centre of Excellence in Analytical Chemistry, Pakistan)  

Development of atrazine imprinted graphene composites based 

electrochemical sensor for trace level determination of atrazine in real samples 

Poster 163 

Arash Akbari-Sharbaf (Université de Sherbrooke, Canada)  

Two-point Green's function correlations mediated by localized electronic 

edge modes in zigzag graphene nanoribbons 

Oral 81 

Terrance Barkan (The Graphene Council, USA)  

2016 Global Graphene Survey Results - What is the current and future state of 

the graphene industry? 

Invited 19 

Randy Belanger (University of Toronto, Canada)  

Thickness mapping of exfoliated graphene samples using Scanning 

Transmission X-ray Microscopy (STXM) 

Poster 164 

Dominic Boisvert (Polytechnique Montréal, Canada)  

Deposition and structural characterization of atomically-thin melanin 

biopigments 

Poster 165 

John Boland (Trinity College Dublin, Ireland)  

Liquid Phase Exfoliation of Germanium Monosulfide 

Oral 82 
Francesco Bonaccorso (IIT Graphene Labs, Italy)  

Large scale production of 2D-crystals-based inks and their application for 

energy and (opto)electronics 

Invited 20 

Igor Bondarev (North Carolina Central University, USA)  

Monopolar charge fluctuation induced forces in 2D nanostructures 

Oral 83 
Vincent Bouchiat (Néel Institute, CNRS, France)  

Active hybrid devices based on physisorbed elements on Graphene: from 

tunable superconducting transitions to neural network bio-applications 

Invited 22 

Rui Campos (International Iberian Nanotechnology Laboratory, Portugal)  

In-situ growth and functionalization of graphene for biosensing applications 

Oral 85 
Dhan Cardinal (Polytechnique de Montreal, Canada)  

Formation of Graphene Bilayers in CVD Growth 

Oral 87 
Regina Carvalho (Centro de Desenvolvimento da Tecnologia Nuclear, Brazil)  

Graphene based coatings for UV radiation shielding: an improved way of 

protection 

Poster 167 

Huilin Chang (National Chiao Tung University, Taiwan)  

Selective Nano- Structured Material Growth in Nanoelectronic Device 

Oral 88 
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Jean-Christophe Charlier (Université Catholique de Louvain, Belgium) 

Ab initio modeling of novel 2D materials  

Invited 24 
Carl-Bernard Charpin (Université de Montréal, Canada)  

Graphene Growth Kinetics Under Purified Conditions 

Poster 169 
Seungmin Cho (Hanwha Techwin, Korea)  

Fabrication and Characterization of Large Area Graphene 

Invited - 
Karl S. Coleman (Durham University & Applied Graphene Materials, UK) 

Graphene Production and the Importance of Dispersion in Graphene 

Applications  

Invited 26 

Antonio Correia (Phantoms Foundation, Spain)  

"Graphene and 2D Materials” EUREKA Cluster: Fostering European 

Competitiveness 

Invited 27 

Gui-Ping Dai (North Carolina Central University & Chaowei Power Ltd, USA) 

Triangle-Shaped Graphene Domains by LP-CVD and Update of Graphene 

Application in Motive Power Battery  

Invited 28 

Maxime Daigle (Université Laval, Canada)  

A Photochemical Approach Towards Graphene Nanoribbons 

Poster 171 
Minh Tuan Dau (INAC-Spintec,  CEA, Grenoble, France)  

Van der Waals epitaxy of monolayer MoSe2 on sapphire and on epitaxial 

graphene/SiC 

Oral 90 

Kyle DiCamillo (Georgetown University, USA)  

Automated Mechanical Exfoliation of Few Layer MoS2 and MoTe2 

Oral 92 
Marc M. Dignam (Queen´s University, Canada)  

Third Harmonic Terahertz Generation in Monolayer and Bilayer Graphene 

Invited 30 
Abdel El Fatimy (Georgetown University, USA)  

Highly sensitive hot electron bolometer based on graphene quantum dots 

Oral 94 
Ahmed Elmarakbi (University of Sunderland, UK)  

Hierarchical Graphene-based Polymer Composites for Automotive 

Applications: Challenges in the Way Forward 

Invited 31 

Randolph Elmquist (Natl. Inst. Standards & Technology, USA)  

Epitaxial graphene homogeneity and quantum Hall effect in millimeter-scale 

devices 

Oral 96 

Ibrahim Fakih (McGill University, Canada)  

Improved ion sensing graphene field effect transistors using ultra-thin 

parylene encapsulation 

Oral 98 

Giovanni Fanchini (The University of Western Ontario, Canada)  

Graphene thin films and their interaction with metallic nanoparticles: 

materials, characterization and applications 

Invited 32 

Mauro Ferreira (Trinity College Dublin, Ireland)  

The wagon-wheel effect in graphene-based materials: Can apparently 

innocuous oscillations impact so many physical properties? 

Oral 100 

Tobin Filleter (University of Toronto, Canada)  

Mechanical Behavior of Graphene Oxide 

Invited 34 
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  PAGE 

Frederic Fossard (ONERA/CNRS, France)  

Towards 2D and 1D heterostructures for optoelectronics 

Invited 35 
Denis Gagnon (INRS, Canada)  

Analogy between graphene light-matter interactions and strong field 

quantum electrodynamics 

Oral 101 

Gollavelli Ganesh (National Chiao Tung University, Taiwan)  

Exploring photothermal hot spots of graphene in first and second biological 

window to inactivate cancer cells and pathogens 

Poster 173 

Jean-Francis Germain (École Polytechnique de Montréal, Canada)  

The semiconductor-semimetal transition induced by potassium doping in 

atomically-thin black phosphorus studied through Raman spectroscopy 

Poster 174 

Ray Gibbs (Haydale, UK)  

Establishing near term commercial applications for Graphene 

Invited 37 
Philippe Godignon (CNM Barcelona, Spain)  

High Electron Mobility and Low-Field Quantum Hall Effect in Graphene grown 

on SiC substrates ready for back gating 

Oral 102 

Pedro Gomez Romero (ICN2, CSIC, Spain)  

Graphene Electroactive Nanofluids for Energy Storage 

Invited 38 
Hong Guo (McGill University, Canada)  

Calculating impurity-limited carrier mobility of 2D materials 

Invited 77 
Damien Hanlon (Trinity College Dublin, Ireland)  

Characterisation of Liquid-Exfoliated Black Phosphorus Nanosheets 

Oral 104 
Haider Haseeb (University of Augsburg, Germany)  

Polymer Based Clay Quantum Dot Multifunctional Nano-materials: Synthesis 

and Characterization 

Poster 175 

Pawel Hawrylak (University of Ottawa, Canada)  

Photonics, electronics and spintronics with graphene quantum dots 

Invited 40 
Lin He (Beijing Normal University, China)  

Direct imaging of topological edge states at a bilayer graphene domain wall 

Oral 106 
Stephanie Hernandez Santos (Abalonyx AS, Norway)  

Graphene Oxide for Removal of Heavy Metals from Tunnel Wash Water 

Oral 108 
Mark C. Hersam (Northwestern University, USA)  

Solution-Processed Graphene and Related 2D Nanomaterial Inks 

Keynote 42 
James Hone (Columbia University, USA)  

Graphene devices and phenomena in the ultraclean limit 

Keynote 44 
Kaiwen Hu (McGill University, Canada)  

Preparation of ultra-light, “shell-less” graphene aerogel via simple pre-

reduction method 

Oral 110 

Kuan-Tsae Huang (AzTrong Inc, Taiwan)  

Graphene Li-Ion Battery - How it will shape the Electrical Vehicles of tomorrow 

Invited 45 
Martin Hulman (Institute of Electrical Engineering,  SAS, Slovakia)  

Growth of extremely thin MoS2 films by pulsed laser deposition 

Poster 177 
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Toshio Hyodo (KEK, Japan)  

Application of Total-reflection high-energy positron diffraction (TRHEPD) to 

the analysis of the graphene structures 

Oral 112 

Frederic Joucken (Lawrence Berkeley Lab, USA)  

NanoARPES investigation of pristine graphene: evidencing the need for high 

spatial resolution in ARPES experiments 

Poster 179 

Frederic Joucken (Lawrence Berkeley Lab, USA)  

Correspondence between STM and photoemission results on N-doped 

graphene 

Oral 114 

Catherine Journet (Université Lyon 1, France)  

Large and pure h-BN nanosheets obtained by a unique combination of PDCs 

route with SPS process 

Oral 116 

Jasneet Kaur (University of Naples Federico II, Italy)  

Green Route for Production and Biofunctionalization of Transition Metal 

Dichalcogenides based nanosheets 

Oral 117 

Navjot Kaur (Indian Institute of Technology Roorkee, India)  

Effect of cobalt doping on the magnetic properties of graphene nanoribbons 

Oral 160 
Neerav Kharche (Rensselaer Polytechnic Institute, USA)  

Substrate Screening Induced Renormalization of Excited-States in 2D 

Materials 

Oral 119 

Han Seul Kim (Korea Advanced Institute of Science and Technology, Korea)  

Development of a non-equilibrium electronic structure calculation method 

based on local constrained density functional theory: Applications to 

vertically-stacked 2D heterostructures 

Oral 121 

Sun Jun Kim (Yonsei university, Korea)  

Radio frequency transmission characteristics of graphene under low 

temperature 

Oral 122 

Yong-Hoon Kim (KAIST, Korea)  

Computational Study of Graphene-based Interfaces for the Realization of 

Next-generation Energy and Electronic Devices 

Invited 47 

Marcus Klein (SURAGUS GmbH, Germany)  

Electrical Characterization of Large Area Graphene Layers 

Oral 124 
Tatsuhiro Komatsu (Tohoku University, Japan)  

A Numerical Model for Finite-Temperature Electron Self-Energy in Doped 

Graphene with Electron-Electron Interaction 

Poster 181 

Lia Kouchachvili (Natural Resources Canada, Canada)  

Ag/Biochar Composite for Supercapacitor Electrodes 

Oral 125 
Alexander Krawciw (Mt Douglas High School, Canada)  

Graphene: The Next Generation of Printed Circuits 

Poster 183 
Jens Kroeger (Raymor/NanoIntegris, Canada)  

Continuous gas-phase plasma process to produce few-layer crumpled 

graphene 

Oral 127 
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Emanuele Lago (Istituto Italiano di Tecnologia - IIT, Italy)  

Effects of 2D crystals addition on the physical properties of polycarbonate-

based composite 

Oral 128 

Tian Lan (École Polytechnique de Montréal, Canada)  

Electrolyte-Gated Transistors using n-type organic molecular 

semiconductors: the case of PCBM as Channel Material 

Poster 184 

Thomas Lane (The University of Manchester, UK)  

Twist-controlled resonant tunnelling between monolayer and bilayer graphene 

Poster 186 
Andrea Latgé (Universidade Federal Fluminense, Brazil)  

Fold-assisted transport of graphene systems 

Oral 130 
Max Lemme (University of Siegen, Germany)  

Graphene Device and Process Integration - Challenges ahead! 

Invited 78 
Alejandro Leon (Universidad Diego Portales, Chile)  

Electrical and optical properties of beta-graphyne nanoribbons 

Poster 188 
François Leonard (Sandia National Labs, USA)  

Optoelectronics in 1D and 2D Materials 

Invited 49 
Pierre Levesque (Université de Montréal, Canada)  

A new knob in graphene CVD growth 

Oral 131 
Xiao Li (Southeast University, China)  

Graphene based hybrid structures for solar-driven water splitting 

Invited 51 
Wenwen Liu (University of Waterloo, Canada)  

Construction of novel high-performance Li-ion hybrid supercapacitors based 

on 3D graphene composites 

Oral 133 

Yangshuai Liu (University of Waterloo, Canada)  

Fabrication of Graphene-Based Composites for Wearable Supercapacitors 

Oral 135 
Ana Bertha Lopez Oyama (Cicata Unidad Altamira Instituto Politecnico 

Nacional, Mexico)  

Electrochemical Reduction of Graphene Oxide: Synthesis and Applictaions 

Poster 190 

Gregory Lopinski (National Research Council, Canada)  

Characterization of solution processable graphene 

Oral 136 
Farzaneh Mahvash (McGill- UQAM, Canada)  

Charge transport and corrosion inhibiting properties of monolayer hexagonal 

boron nitride grown by chemical vapor deposition 

Oral 137 

Olivier Malenfant-Thuot (Université de Montréal, Canada)  

Ab Initio Calculations of Nitrogen Functionalization of Graphene 

Poster 191 
Vincent Meunier (Rensselaer Polytechnic Institute, USA)  

Modeling vertical and lateral electron transport across heterostructures of 1D 

and 2D materials 

Invited 53 

Jean-Luc Meunier (McGill University, Canada)  

A thermal plasma route for the generation and functionalization of highly 

crystalline graphene structures and stable nanofluids 

Keynote 54 

Jean-François Morin (Université Laval, Canada)  

Photochemical Bottom-up Synthesis of Nanographenes and Graphene 

Nanoribbons 

Invited 56 
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Oussama Moutanabbir (Ecole Polytechnique de Montreal, Canada)  

Stability and Epitaxial Growth of Group V 2D Materials: Theory and in situ 

Observations 

Invited 57 

Sana Mzali (Thales Research & Technology, France)  

Statistical study of graphene field effect transistors (GFETs) performance 

Oral 139 
Soroush Nazarpour (NanoXplore, Canada)  

The wonderful world of Graphene - From lab to market 

Invited 59 
Daniel Neumaier (AMO GmbH, Germany)  

Graphene based electro-optical modulators and phase shifters 

Invited 60 
Juyeong Oh (Yonsei University, Korea)  

Graphene oxide based high-frequency modulation in electronics via optical 

illumination 

Poster 193 

Emanuele Orgiu (Université de Strasbourg & INRS-CEMT, France)  

Supramolecular Approaches to Charge Transport Physics in Hybrid van der 

Waals Heterostructures 

Invited 62 

Diby Benjamin Ossonon (Université du Québec à Montréal, Canada)  

Functionalization of Graphene Sheets During the Electrochemical Exfoliation 

of Graphite in Aqueous Media 

Poster 195 

Jae Young Park (Yonsei University, Korea)  

Radio-frequency transmission of few-layer WSe2 nanosheet Coplanar 

waveguide 

Oral 141 

Jaewoo Park (Western University, Canada)  

Copper nanoparticle-assisted etching of graphene layers 

Poster 196 
Pascal Pochet (CEA INAC, France)  

Dislocations in 2D: blessing or curse? 

Oral 143 
Francesco Presel (University of Trieste, Italy)  

Interaction of small molecules with epitaxial graphene 

Oral 145 
Stephan Roche (ICREA-ICN2, Spain)  

Could Graphene and 2D Materials revolutionize Spintronics? Current 

challenges & opportunities 

Invited 63 

Robert Roelver (Robert Bosch GmbH Corporate Research, Germany)  

Graphene for MEMS sensor products: Chances and challenges 

Keynote 65 
Felix Rösicke (Helmholtz- Zentrum Berlin für Materialien und Energie GmbH, 

Germany)  

Characterization of pre-transfer functionalized graphene 

Poster 198 

Antonio Rossi (Scuola Normale Superiore, Italy)  

Scalable synthesis of WS2 on graphene and h-BN: an all-2D platform for light-

matter transduction 

Oral 147 

Andranik Sarkissian (PLASMIONIQUE Inc, Canada)  

Various Synthesis Technologies and Applications of Nanostructured 

Allotropes of Carbon 

Poster 199 

Shintaro Sato (Fujitsu Laboratories Ltd., Japan)  

Application of graphene to electronic devices 

Invited 66 
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Faranak Sharifi (The University of Western Ontario, Canada)  

Photo-Induced Open Circuit Voltage in Graphene-Based Organic 

Photovoltaics and Its Origin 

Poster 200 

Mohamed Siaj (Université de Québec à Montréal (UQAM), Canada)  

New Insights into Graphene Oxide Chemistry 

Oral 149 
Filipa Simoes (KAUST, Saudi Arabia)  

Elemental quantification of wet digested Nanocarbons and characterization 

of their residues 

Poster 202 

Michaela Sojkova (Institute of Electrical Engineering,  SAS, Slovakia)  

MoS2 and MoSe2 thin films fabrication 

Poster 204 
Mauricio Terrones (The Pennsylvania State University, USA)  

Defect Engineering in 2-Dimensional Materials: Graphene, Doped-Graphene 

and Beyond 

Keynote 68 

Ricky Tjandra (University of Waterloo, Canada)  

Enhanced Binding of Reduced Graphene Oxide to Polyurethane Sponge for 

Oil Absorption 

Oral 150 

Florina Truica-Marasescu (Alcereco Inc, Canada)  

Solvent effects control of the wettability behaviour of graphene thin films 

Invited 70 
Jose-Luis Valverde (University of Castilla La Mancha, Spain)  

Improving the growth of monolayer CVD-graphene over polycrystalline iron 

sheets 

Poster 206 

Argyrios Varonides (University of Scranton, USA)  

Landauer formalism modeling for total thermionic current in reverse-biased 

Ideal Graphene/n-Si Schottky junctions 

Oral 151 

Pedro Venezuela (Universidade Federal Fluminense, Brazil)  

Second-Order Overtone and Combination Raman Modes in Bilayer Graphene: 

First-Principles Calculations 

Oral 153 

Zhongyang Wang (Shanghai Advanced Research Institute, China)  

Green, simple and large scale synthesis of N-doped graphene quantum dots 

with uniform edge groups by electrochemical bottom-up synthesis 

Poster 208 

Zhongyang Wang (Shanghai Advanced Research Institute, China)  

Luminecence Mechanism of the dopped Graphene quantum dots 

Oral 155 
Helge Weman (NTNU & CrayoNano, Norway)  

Epitaxial growth of semiconductor nanostructures on graphene: A solution for 

UV LEDs 

Invited 72 

Rune Wendelbo (Abalonyx, Norway)  

Graphene and graphene derivatives for energy applications 

Invited 74 
Yu-Shu Wu (National Tsing-Hua University, Taiwan)  

Valley FETs in graphene 

Oral 156 
Hyong Seo Yoon (Yonsei University, Korea)  

Contact performance enhancement based on isotype junction effects of 

thickness dependent MoS2 layers 

Poster 210 
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Aiping Yu (University of Waterloo, Canada)  

Advanced Li-Ion Hybrid Supercapacitors Based on 3D Graphene- Foam 

Composites 

Invited 76 

Jin Zhang (University of Western Ontario, Canada)  

Graphene/YBCO Hybrid Nanosheets Prepared by Matrix Assisted Pulsed Laser 

Evaporation 

Poster 212 

Saifeng Zhang (Shanghai Institute of Fine Mechanics and Optics,  Chinese 

Academy of Sciences, China)  

Nonlinear absorption in two dimensional materials 

Oral 158 
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Terrance Barkan 
 
 

The Graphene Council 
USA  
 

 

 

2016 Global Graphene Survey Results - What is the 
current and future state of the graphene industry? 

More than 400 graphene experts world-
wide were asked about the current and 
future state of the global graphene market. 
Join this session to learn industry insights 
from the global survey as well as industry 
intelligence reports and an update on the 
progress towards graphene standards from 
The Graphene Council, the worlds largest 
community for graphene professionals. 
 
We explore which industries, products and 
applications are most likely to be impacted 
by graphene development and which of 
these are the most likely candidates for 
successful commercialization. We also look 
at what graphene industry experts expect 
from national governments regarding 
support for the commercialization of this 
amazing material. 
 
This presentation will also provide a short 
update on the efforts to develop a global 
standard for graphene by the international 
standards bodies like ISO / ANSI/ IEC and 
others. 
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Francesco Bonaccorso 
 
 

Istituto Italiano di Tecnologia, Graphene Labs,  
Via Morego 30, 16163 Genova, Italy 
 

francesco.bonaccorso@iit.it 

 

Large scale production of 2D-crystals-based inks and 
their application for energy and (opto)electronics 

Graphene and other two dimensional (2D) 
crystals thanks to their excellent and 
complementary material properties, have 
the opportunity to improve the 
performance of existing devices or enable 
new ones [1-6] that are also 
environmentally friendly [7]. Moreover, the 
possibility to assembly such 2D crystals in 
vertical heterostructures will provide a rich 
toolset for the creation of new materials 
[1,2,8], enabling the realisation of next-
generation devices.  
 

However, one of the key requirement for 
applications such as flexible 
(opto)electronics and energy storage and 
conversion is the development of 
industrially scalable production processes 
[2,8], which provides a balance between 
ease of fabrication and final material 
quality with on-demand tuneable 
properties.  
 

Liquid-phase exfoliation [2,8,9] is offering 
a simple and cost-effective pathway to 
fabricate various 2D crystal-based 
(opto)electronic and energy devices, 
presenting huge integration flexibility 
compared to conventional methods. 
Here, I will show our scaling up approach 

for the solution processing of graphene 
and other 2D crystal based on wet-jet 
milling of layered materials. Moreover, I 
will present an overview of graphene and 
other 2D crystals for flexible and printed 
(opto)electronic [11] and energy [12-15] 
applications, throughout the fabrication 
of large area electrodes [12] to devices 
integration [10-15]. 
 
References  
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V. Bouchiat 
Z Han, F. Veliev, A. Allain, A. Bourrier, H. Arjmandi-Tash, A. Briançon,  
C. Delacour  
 

Département Nanosciences, Institut Néel, CNRS-Grenoble, France 
 

vincent.bouchiat@neel.cnrs.fr 

 

Active hybrid devices based on physisorbed elements 
on Graphene: from tunable superconducting 
transitions to neural network bio-applications 

Graphene provides an ideal 2D gas of 
Dirac Fermions, which is directly exposed 
to the environment. Therefore it provides 
an ideal platform on which to tune, via 
application of an electrostatic gate, the 
electronic coupling between ordered 
adsorbates deposited on its surface via 
the control of density and sign of charge 
carriers. This situation is particularly 
interesting when the network of 
adsorbates are actively interacting 
between each other and can induce 
some long range electronic order within 
the underlying graphene substrate, such 
as superconducting correlations [1].  To 
demonstrate this concept, we have 
measured arrays of superconducting 
clusters physisorbed on Graphene 
capable to induce via the proximity effect 
a gate-tunable superconducting 
transition. We have experimentally 
studied the case of macroscopic 
graphene decorated with an array of 
superconducting tin clusters [2], which 
induce via percolation of proximity effect 
a global but tunable 2D superconducting 
state. By adjusting the graphene disorder 

and its charge carrier density on one side 
, the geometrical order, cluster size and 
density of the superconducting dot 
network on the other side, the 
superconducting state can exhibit very 
different behaviors, allowing to test 
different regimes and quantum phase 
transition from a granular 
superconductor to either metallic or 
insulating states, leading to a bosonic-
type gate-controlled quantum phase 
transition [3]. I will show recent 
experimental results involving three sets 
of triangular arrays sparsely distributed 
on graphene, in which superconductivity 
is destroyed for a critical gate value that 
we attribute to the effect of quantum 
fluctuations of the phase giving rise to an 
intermediate metallic state [4]. 
 

Finally I will give another example of 
organized elements on graphene 
involving the interaction of in-situ grown 
neurons onto graphene [5], showing that 
electrical activity of neural cells can be 
probed with sub-cell accuracy. 
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Figure 1:Figure 1:Figure 1:Figure 1: Low temperature phase diagram of 
superconducting transition triangular array of 
Tin dots decorating graphene inset AFM 
micrograph of the corresponding sample (scan 
size 10 microns). 
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Ab initio modeling of novel 2D materials 

Borophene, a recently synthesized two-
dimensional monolayer of boron atoms, 
is expected to exhibit anisotropic metallic 
character with relatively high electronic 
velocities [1]. At the same time, very low 
optical conductivities in the infrared-
visible light region have been reported. 
Based on its promising electronic 
transport properties and a priori high 
transparency, borophene could become 
a genuine LEGO piece in the 2D materials 
assembling game. Such early suggested 
properties demands for an in depth 
investigation of borophene electronic 
structure. Moreover, borophene is 
naturally degraded in ambient conditions 
and it is therefore important to assess the 
mechanisms and the effects of oxidation 
on borophene layers. Optical and 
electronic properties of pristine and 
oxidized borophene have been 
investigated using first-principles 
techniques [2]. Optical response of the 
oxidized layer is found to be strongly 
modified suggesting that optical 
measurements can serve as an efficient 
probe for borophene surface 
contamination.  
 

Two-dimensional conjugated polymers 
exhibit electronic structures analogous to 

that of graphene with the peculiarity of 
π–π* bands which are fully symmetric 
and isolated. Realistic 2D conjugated 
polymer networks with a structural 
disorder such as monomer vacancies 
(unavoidable during bottom-up 
synthesis) are investigated using both ab 
initio and tight-binding techniques [3] in 
order to check their suitability for 
electronic applications. As expected, long 
mean free paths and high mobilities are 
predicted for low defect densities. At low 
temperatures and for high defect 
densities, strong localization phenomena 
originating from quantum interferences 
of multiple scattering paths are observed 
in the close vicinity of the Dirac energy 
region while the absence of localization 
effects is predicted away from this region 
suggesting a sharp mobility transition [3].  
 

Electronic structure and transport 
properties of N-doped graphene with a 
single sublattice preference are 
investigated using both first-principles 
techniques and a real-space Kubo-
Greenwood approach [4]. Such a 
breaking of the sublattice symmetry 
leads to the appearance of a true band 
gap in graphene electronic spectrum 
even for a random distribution of the N 
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dopants. In addition, a natural spatial 
separation of both types of charge 
carriers at the band edge is observed, 
leading to a highly asymmetric electronic 
transport. For such N-doped graphene 
systems, the carrier at the conduction 
band edge present outstanding transport 
properties including long mean free 
paths, high mobilities and conductivities. 
Such a transport behavior can be 
explained by a non-diffusive regime 
(quasiballistic transport behavior at the 
conduction band edge), and originates 
from a low scattering rate. The presence 
of a true band gap along with the 
persistence of carriers traveling in an 
unperturbed sublattice suggest the use of 
such N-doped graphene in G-FET 
applications, where a high ION/IOFF ratio is 
expected. The present ab initio 
simulations should encourage more 
investigation and specific transport 
measurements on N-doped graphene 
samples where such an unbalanced 
sublattice doping is observed. 
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Graphene Production and the Importance of Dispersion 
in Graphene Applications 

Graphene has generated much interest 
owing to its high surface area and 
exceptional electrical, thermal and 
mechanical properties. Here I will discuss 
the synthesis of graphene using a simple, 
convenient and scalable ‘bottom-up’ 
process. I will talk about how Applied 
Graphene Materials works in partnership 
with its customers to provide dispersion 
and product integration expertise, to 
deliver solutions for a wide range of 
applications. During the talk I will 
highlight the importance of graphene 
dispersions in delivering the true 
commercial value of graphene which lies 
in the ability to transfer its intrinsic 
properties into other materials. 
 
Applied Graphene Materials works in 
partnership with its customers across 
many different sectors with the know-
how to deliver advanced material 
solutions for many applications, 
including: advanced composites and 
polymers; coatings; functional fluids 
including oils and lubricants; 
supercapacitors and batteries; thermal 
management solutions; barriers and 
impermeable films; display materials and 

packaging; and inks and 3D printed 
materials. I will discuss some recent case 
studies where graphene has been shown 
to offer significant benefits in the 
application area targeted. 
 
Links: 
Prof. Karl Coleman Home PageProf. Karl Coleman Home PageProf. Karl Coleman Home PageProf. Karl Coleman Home Page    
www.dur.ac.uk/chemistry/staff/profile/?id=1329 
Applied Graphene MaterialsApplied Graphene MaterialsApplied Graphene MaterialsApplied Graphene Materials    
www.appliedgraphenematerials.com 
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“Graphene and 2D Materials” EUREKA Cluster: 
Fostering European Competitiveness 

The “Graphene & 2D Materials” EUREKA 
cluster is defined as a complementary 
enabling and accelerator instrument in 
the European scene, fully piloted by 
industries to further take graphene from 
the mature research developed at 
academic laboratories into the European 
society in the space of 5 years, boosting 
economic growth, jobs creation and 
international leadership and investment 
attractiveness. This cluster will help 
Europe having a more dominant position 
in graphene patenting, will deploy the 
proper winning industrial strategies to 
gain worldwide competitiveness, and will 
ensure that for all promising industrial 
sectors of technology innovation, a fully 
integrated EU-value chain is established, 
integrating into consortia the relevant 
actors from low to high Technology 
Readiness Levels (TRL).  
 
 
 
 
 
 
 
 

The cluster will clarify the differentiating 
potential in all sectors where EU-
industries is strong and could further gain 
in competitiveness, and will develop 
proper incentives towards the 
achievement of EU-leadership in the 
fields of graphene commercialization and 
graphene-driven technology improvement. 
The cluster will elaborate and foster 
industrially-driven innovation strategies, 
that will take advantage of the existing 
excellent science and transnational 
platforms in Europe (national networks, 
Graphene-Flagship, etc.), and will focus 
on solving current challenges which are 
limiting the time to market and business 
growth of graphene-related EU 
companies. 
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Triangle-Shaped Graphene Domains by LP-CVD and 
Update of Graphene Application in Motive Power Battery 

The initial nucleation and growth 
dynamics of graphene play a critical role 
in determining the final quality of CVD 
graphene films, and it is highly desirable 
to synthesize large area high quality 
single crystalline graphene films [1, 2]. 
The shape and structure of individual 
graphene domains greatly influences its 
property and directly determines the 
grain boundary in polycrystalline 
graphene films. Thus, the tailoring and 
direct observation of the domain shape 
structure are very important for 
understanding the growth mechanism as 
well as to maximize single-crystalline 
graphene’s inherent outstanding 
properties for future applications. I will 
report the growth of “triangle” graphene 
domains on Cu foils during the early 
stage of CVD operated under low 
pressure.  
 

With the development of scientific and 
technological innovation over the past 
decades, graphene based products is 
growing rapidly around the world. Today 
lead-acid batteries are the most widely 
used rechargeable systems and still share 

about 65% of the rechargeable batteries 
market. Although lead-acid systems were 
investigated and developed over 150 
years, research continues to enhance 
their performance in terms of rate 
capability, stability, cycle life and 
durability [3]. Graphene is envisaged to 
enhance the performance of these 
batteries as the most efficient materials 
in terms of high intrinsic electrical 
conductivity, extremely lightweight, 
chemical inert, and flexible with a large 
surface area. The presence of graphene 
in the electrodes improves the electrical 
conductivity between the active mass 
particles through preventing thickening 
and the growth of large PbSO4 particles 
[4]. This improvement is naturally 
attributed to the formation of a stable 
conductive active mass matrix that 
enables the delivery and distribution of 
current to all the active material 
homogeneously. By enabling a uniform 
current distribution, and subsequently 
well distributed electrochemical redox 
reactions throughout the electrode 
matrix, arrested the formation of too 
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large PbSO4 particles. The addition of 
graphene is supposed to improve both 
the mechanical stability and electrical 
integrity of the electrodes and to induce 
uniform changes in the active mass 
during the complicated conversion 
reactions during cycling. As the largest 
producer of motive power battery in the 
world, Chaowei has a potential need of 
graphene with 1000 tons/year. In this talk, 
I will present latest research of graphene 
commercially application in motive 
power battery, especially E-bike market. 
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Figures 
 

 
    
Figure 1:Figure 1:Figure 1:Figure 1: Typical SEM image of “triangle” graphene domains (Left) and cycle life of battery (Right). 
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Third Harmonic Terahertz Generation in  
Monolayer and Bilayer Graphene 

It has been predicted that due to the 
linear dispersion of monolayer graphene 
near the Dirac points, there should be 
strong third harmonic generation in 
doped graphene at terahertz (THz) 
frequencies [1]. Despite this prediction, 
the only experimental evidence of third 
harmonic generation at THz frequencies 
has been in a 45 layer sample [2]. Our 
recent theoretical work has predicted 
that there is a di erent and potentially 
stronger way to generate the third 
harmonic in monolayer graphene, which 
relies on the strong interplay between 
interband and intraband carrier 
dynamics at THz frequencies [3]. This 
interplay arises due to the zero-bandgap, 
high mobility, controllable Fermi energy 
and strong intra- and interband 
absorption. As all of these are also 
features in bilayer graphene, it should 
also exhibit a strong third harmonic. 
 

In this talk, I will review our formalism 
and present the results of our 
calculations of third harmonic generation 
in undoped monolayer and bilayer 
graphene as a function of field strength 
and THz frequency. Our model employs 

nonperturbative dynamic equations for 
the electron density matrix within the 
length gauge, with the inclusion of both 
interband and intraband carrier 
dynamics. We find that the emitted third 
harmonic field in undoped, unbiased, 
suspended bilayer graphene at low 
temperature is 53% of the reflected 
fundamental field for an incident single-
cycle pulse at 2 THz with an amplitude of 
2.5 kV/cm. Surprisingly, this is slightly 
larger than obtained for monolayer 
graphene [3]. I will finally examine third 
harmonic generation in biased bilayer 
graphene, for biases such that the 
bandgap opened is on the order of the 
THz photon energy. 
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Hierarchical Graphene-based Polymer Composites for 
Automotive Applications: Challenges in the Way Forward 

The automotive industry is widely viewed 
as being the industry in which the 
greatest volume of advanced composite 
materials will be used in the future to 
produce light vehicles. Nowadays, several 
advanced materials are widely used in 
automotive industry. Because of its 
multifunctional properties and promising 
applications, many expectations in 
composite materials are related to 
Graphene. However, no application of 
graphene-based materials is currently 
marketed in the automotive sector. 
Therefore, research activities are under 
development for study the potentiality of 
these systems and all the value’s chain of 
automotive needs to be involved in this 
effort. One of most challenge aim is the 
economic impact of the innovative 
structures on the vehicle market, all the 
value’s chain have to address their effort 
to get as low as possible the final cost of 
the innovative products.  
 

The present initiative provides a 
summary overview on Graphene Related 
materials (GRM) for automotive 
applications and investigates efficient 
ways to integrate Graphene as polymer 
reinforcements within composite 
materials for energy-efficient and safe 
vehicles (EESVs). An approach that starts 

from the nano-scale through the 
Graphene elaboration by experiments to 
meso/macro-scale by continuum 
mechanics modelling is discussed with 
respect to some limiting factors in terms 
of the large scale production, the 
interfacial behaviour, the amount of 
wrinkling and network structure. Finally, 
a strategy for modelling such a 
composite is elaborated in the 
framework of the Graphene Flagship to 
well understand such limitations for a full 
applicability of Graphene. It is anticipated 
that this initiative will advance innovative 
lightweight graphene composites and 
their related modelling, designing, 
manufacturing, and joining capabilities 
suitable for automotive industry which 
requires unique levels of affordability, 
mechanical performance, green 
environmental impact and energy 
efficiency. This leads to complete 
understanding of the new graphene 
composites and their applicability in 
high-volume production scenarios. 
 

Keywords:Keywords:Keywords:Keywords: Automotive applications, 
Composite modelling and design, Energy 
efficient and safe vehicles, Graphene, 
Graphene composites 
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Graphene thin films and their interaction with metallic 
nanoparticles: Materials, characterization and 

applications 

In this presentation, we will review our 
recent work on large-area graphene thin 
films, collections of single-layer, few-
layer, and multilayer graphene platelets 
assembled on a variety of substrates by 
cost-effective and widely scalable 
solution-processing methods. We will 
focus on the fact that their excellent 
optical electronic and thermal properties 
can be further enhanced through 
deposition of metallic nanoparticles (Me-
NP) on their surfaces. Me-NP deposition 
on graphene can be achieved by a variety 
of methods, including thermal 
evaporation, sputtering, or 
organometallic precursors [1-3]. Metals 
strongly interacting with graphene form 
chemical bonds and carbides, but weakly 
interacting metals result in doping, 
without substantially altering the 
electronic band structure of graphene [4].  
 
One important motivation to investigate 
graphene decorated with Me-NPs is to 
achieve precise doping of this material at 
the nanoscale, which is critical for several 
applications. Although large metallic thin 
films on graphene are known to move the 

Fermi level above or below the Dirac 
point [4], little has been done to study 
these effects when large-area graphene 
thin films are contacted with particles of 
nanometer diameters at varying 
concentrations, and to investigate the 
nature of such phenomena. We will 
present in detail some recent results [1] 
on the local effect of copper 
nanoparticles (Cu-NPs) on the Fermi 
energy of graphene domains in large-
area graphene thin films, with theoretical 
calculations corroborating our Kelvin-
probe force microscopy experiments to 
demonstrate that the Fermi level shifts in 
the presence of Cu-NPs, which breaks the 
electron-hole symmetry due to weak Van 
der Waals interactions between the 
graphene backbone and Cu, even in the 
absence of chemical bonding and charge 
transfer. This is in contrast to previous 
predictions for large and flat metallic 
contacts [1].  
 
In the last part of our presentation we will 
show how deposition parameters control 
the nucleation of Cu-NPs on graphene 
thin films, in a way that, under specific 
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growth situations close to 
thermodynamic equilibrium, periodic 
superlattices of Cu-NPs on large-area 
graphene thin films can be 
obtained.Theoretical calculations 
suggest a lowest formation energy for Cu-
nanoparticle arrays aligning along 
armchair crystallographic directions, 
indicating that their self-assembly is 
energetically more favorable. 
Applications of periodic superlattices of 
Cu-NPs on graphene will be discussed in 
conjunction with scanning near field 
optical measurements. Their behavior as 
evanescent waveguides will be 
demonstrated [2].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References 
 
[1] Akbari-Sharbaf A, Ezugwu S, Ahmed MS, 

Cottam MG, Fanchini G, Carbon. 
2015;95:199 

[2] Ouyang T, Akbari-Sharbaf A, Park J, Bauld 
R, Cottam MG, Fanchini G, RSC Advances. 
2015;5:98814 

[3] Venter A, Hesari M, Ahmed MS, Bauld R, 
Workentin MS, Fanchini G, 
Nanotechnology. 2014;25:135601. 

[4] Giovannetti G, Khomyakov PA, Brocks G,  
Karpan VM, van den Brink J, and Kelly PJ, 
Phys. Rev. Lett. 2008;101:026803 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

33



GrapheneCanada2016 
 

 

  
|  

 A
B

S
T

R
A

C
T

S
 

 

 

 

Tobin Filleter 
 

Department of Mechanical & Industrial Engineering, University of Toronto 
5 King’s College Rd, Toronto, ON, M5S 3G8, Canada 

filleter@mie.utoronto.ca 
www.mie.utoronto.ca/labs/nmml/index.html 

 

Mechanical Behavior of Graphene Oxide 

Graphene oxide (GO) is a 2D 
nanostructure used as a building block 
for a class of materials with hierarchical 
features that possess vastly differing 
characteristic dimensions and properties. 
GO has been applied as a good candidate 
for paper-like materials, robust fibers, 
membranes, and reinforcement elements 
in composites. The use of GO in these 
materials has been motivated in large 
part by the exceptional mechanical 
properties of individual graphene and GO 
monolayers. Macroscopic papers and 
fibers synthesized using GO, however, 
typically exhibit strengths on the order of 
10-100’s of MPa’s. This talk will explore 
recent studies on the mechanical 
behavior of GO based materials across 
multiple length scales that yield insights 
into the size-scale mechanical 
phenomenon exhibited by GO materials. 
This will include the strength and fracture 
of behavior of GO monolayer building 
blocks [1] and intermediate multiple 
layered GO nanosheets [2], as well as the 
interfacial shear properties of GO 
multilayers [3]. 
 
 
 
 

References 
 
[1] C.H. Cao, M. Daly, C.V. Singh, Y. Sun, and T. 

Filleter, High strength measurement of 
monolayer graphene oxide. Carbon, 2015. 
81: p. 497-504. 

[2] C.H. Cao, M. Daly, B. Chen, J.Y. Howe, C.V. 
Singh, T. Filleter, et al., Strengthening in 
Graphene Oxide Nanosheets: Bridging the 
Gap between Interplanar and Intraplanar 
Fracture. Nano Letters, 2015. 15(10): p. 
6528-6534. 

[3] M. Daly, C.H. Cao, H. Sun, Y. Sun, T. Filleter, 
and C.V. Singh, Interfacial Shear Strength 
of Multilayer Graphene Oxide Films. Acs 
Nano, 2016. 10(2): p. 1939-1947. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

34



GrapheneCanada2016 
 

   
|  

 A
B

S
T

R
A

C
T

S
 

 

 

 

F. Fossard1 
E. Gaufres1, A. Favron2, N.Tang3, V. Gosselin2, M. Côté2, R. Martel3 and 
 A. Loiseau1 
 

1Laboratoire d’Etude des Microstructures, UMR 104 CNRS-Onera, Châtillon, France 
2Regroupement Québécois sur les Matériaux de Pointe (RQMP) and Département 
de physique, Université de Montréal, Montréal, Canada 
3RQMP and Département de chimie, Université de Montréal, Montréal, Canada 

 

 

Towards 2D and 1D heterostructures for optoelectronics 

The field of two-dimensional materials 
has been gradually enriched by new 
structures such as hexagonal Boron 
Nitride (hBN) dichalcogenides (e.g MoS2), 
Black Phosphorus… These nearly zero 
thickness crystals exhibit fundamental 
properties that, when strongly interacting 
in layered heterostructures, can offer new 
paradigms for photonics, electronics or 
magnetism. 
 

In the first part of this talk, we focus on 
Black phosphorus and present some 
spectroscopic insights of exfoliated layers 
of this material [1] that highlight the 
potential of P(black) based Van der Waals 
heterostructures. First we discuss the 
quantum oxidation mechanism 
responsible for the high reactivity of 
P(black) on air based on combined 
Raman and TEM-EELS (Electron Energy 
Loss Spectroscopy) measurements and 
how this mechanism can be used for 
preparing suitable samples. Then we 
show that Electron Energy Loss 
Spectroscopy (EELS) in the 1eV-50eV 
range, coupled with ab initio calculations, 
provides a unique approach to the 
anisotropic dielectric response of 

P(Black) at the nanoscale. Indeed, thanks 
to its angular resolution, our EELS set-up 
implemented in a TEM –STEM machine is 
capable to probe excitonic effects, optical 
transitions and plasmons dispersions as a 
function of the q momentum, for selected 
crystallographic orientations in the 
Brillouin zone of different symmetries. 
Finally we apply this spectroscopy on 
other 2D materials involved in 
heterostructures such as hBN and MoS2. 
 

The quantum confinement phenomena 
and interlayer effects that are now 
scrutinized in 2D materials and their 
heterostructure also fully make sense for 
1D hybrids based on SWCNT or BNNT. As 
an illustration of this consistency, we will 
show in the second part of the talk, that 
the control of the 1D aggregation of 
active molecules inside nanotube, 
observed by Raman and EELS 
hyperspectral imaging [2], enables the 
observation of original and specific 
optical properties [3]. These confinement 
effects represent a great interest in 
various applicative fields such as 
multispectral bio-detection, multiplexing 
and super-dyes. 
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Establishing near term commercial applications  
for Graphene 

The potential for graphene and other 
nano particles to significantly enhance 
material properties has been well 
documented. However, as carbon is inert 
and does not mix well with other 
materials it needs to be homogeneously 
dispersed and bonded into the host 
material in order to realise its potential. 
There are hundreds of “graphene’s” in the 
market today and all display different 
characteristics. Knowing which one 
works best and applying a sympathetic 
surface treatment for a specific 
application is the Haydale expertise. This 
functionalisation treatment plus the 
years of processing know how sets 
Haydale apart in the ability to 
commercialise nano materials.  
 
For industry to adopt these new materials 
we need to demonstrate a repeatable 
and cost effective functionalisation 
process that is scalable and can be 
tailored to the specific requirement. One 
of the challenges industry faces is that 
there is currently no standard definition 
of graphene which means that R&D and 
general procurement departments may 
not know exactly what it is they are 

buying nor be able to replicate test 
results with a subsequent batch of 
material. Industry requires a 
standardisation of materials to remove 
this uncertainty. 
 
Further, in order to persuade industry to 
adopt the new materials we need to be 
able to incorporate the functionalised 
materials into existing production 
facilities thus avoiding the need for 
replacement of existing capital 
equipment. Ray Gibbs will examine these 
challenges and explain how Haydale has 
established a consistent supply chain of 
the nanomaterials and are addressing 
the commercial adoption challenges 
through the establishment of Centres of 
Excellence in strategic locations across 
the globe. 
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Graphene Electroactive Nanofluids for Energy Storage 

Energy storage has never been so thriving 
as it is today, boosted by the need of a 
new and sustainable energy model. At 
the same time, graphene is witnessing an 
explosive growth both in fundamental 
research and applied developments, 
among which, energy storage is one of 
the most frequently considered for this 
unique material. 
 

In our research group (NEO-Energy) we 
have developed several lines of work 
concerning graphene for energy storage. 
In particular, we have developed 
supercapacitors based on graphene and 
on their hybrid materials with 
polyoxometalates[1-2] and other 
molecular species as well as with 
extended phases.[3] 
 

But, in addition to conventional solid-
electrode batteries and supercapacitors, 
we have recently developed an 
alternative way to store electrical energy 
with solid electroactive species dispersed 
in electrolyte liquids. These electroactive 
nanofluids[4-5] can be used in flow cells 
broadening the potential applications of 
conventional Redox Flow Batteries. 
 

In this conference we will present some 
of our most recent results along this line, 
in particular how graphene can be put to 
work for energy storage in a new way by 
making use of graphene nanofluids, 
which show a remarkably fast energy 
storage capability.[6] 
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Photonics, electronics and spintronics with  
graphene quantum dots 

We describe here our recent theoretical 
work aiming at design of graphene 
nanostructures capable of realizing the 
three functionalities of a quantum circuit: 
electronics, photonics and spintronics, in 
a single material and at the nanoscale[1]. 
Integration of these different 
functionalities using graphene quantum 
dots may enable Carbononics - a unified 
approach to Information and 
Communication Technologies. The 
design tools include size, shape, type of 
edge, sublattice symmetry, topology, 
number of layers and carrier density in 
graphene quantum dots[1-9]. In 
particular, sublattice engineering allows 
design of magnetic moments tunable 
with voltage and light, size engineering 
leads to optical gaps from THz to UV 
while shape engineering leads to a 
degenerate exciton spectrum allowing for 
the generation of entangled photon pairs 
via XX-X cascade[7,8]. Geometry and e-e 
interactions allow for the integration of 
topologically protected states of matter 
into carbononics[9,10]. Comparison with 
experiment on colloidal graphene 
quantum dots[6-8] as well as other 

competing material systems [10,11] will 
be given. 
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Solution-Processed Graphene and Related  
2D Nanomaterial Inks 

Two-dimensional nanomaterials have 
emerged as promising candidates for 
next-generation electronics and 
optoelectronics [1], but advances in 
scalable nanomanufacturing are required 
to exploit this potential in real-world 
technology. This talk will explore 
methods for improving the uniformity of 
solution-processed graphene and related 
two-dimensional nanomaterials with an 
eye toward realizing dispersions and inks 
that can be deposited into large-area 
thin-films [2]. In particular, density 
gradient ultracentrifugation allows the 
solution-based isolation of graphene [3], 
boron nitride [4], montmorillonite [5], 
and transition metal dichalcogenides 
(e.g., MoS2, WS2, MoSe2, and WSe2) [6] with 
homogeneous thickness down to the 
atomically thin limit. Similarly, two-
dimensional black phosphorus is isolated 
in organic solvents [7] or deoxygenated 
aqueous surfactant solutions [8] with the 
resulting phosphorene nanosheets 
showing field-effect transistor mobilities 
and on/off ratios that are comparable to 
micromechanically exfoliated flakes. By 
adding cellulosic polymer stabilizers to 
these dispersions, the rheological 

properties can be tuned by orders of 
magnitude, thereby enabling two-
dimensional nanomaterial inks that are 
compatible with a range of additive 
manufacturing methods including inkjet 
[9], gravure [10], screen [11], and 3D 
printing [12]. The resulting printed two-
dimensional nanomaterial structures 
show promise in several applications 
including photodiodes [13], anti-
ambipolar transistors [14], gate-tunable 
memristors [15], and heterojunction 
photovoltaics [16]. 
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Graphene devices and phenomena in the ultraclean limit 

Two-dimensional materials offer a wide 
range of outstanding properties but are 
highly sensitive to disorder from the 
environment. We have developed a ‘van 
der Waals transfer’ technique to 
encapsulate graphene within crystalline 
h-BN with nearly perfect interfaces, and 
an ‘edge contact’ technique to achieve 
electrical contact to the encapsulated 
channel.[1] This provides graphene 
channels with ballistic transport over 
tens of microns at low T, offering a 
platform to explore a wide variety of 
phenomena and devices. This talk will 
summarize recent results in three areas: 
novel ‘Hofstader Butterfly’ physics [2]; 
demonstration of negative refraction at 
graphene p-n junctions [3]; and tunable 
interactions between in double-layer 
heterostructures of bilayer graphene that 
result in formation of an excitonic 
superfluid phase [4,5] 
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Graphene Li-Ion Battery – 
How it will shape the Electrical Vehicles of tomorrow 

Lithium-ion batteries make a significant 
contribution to green transportation, 
including electric vehicles, hybrid 
vehicles, and plug-in hybrid vehicles, 
because of their outstanding 
performance [1–3]. The high price of 
lithium-ion batteries is one of limitations 
for their widely application. In order to 
reduce the economic costs of lithium-ion 
batteries, it is critical to improve the 
battery performance and cycle life, which 
are mostly affected by many factors such 
as operation temperature, current and 
battery configuration. The use of 
graphene and graphene oxide for both 
anode and cathode materials can 
increase the battery capacity and lifespan 
of a battery. We will present the potential 
of graphene battery and its impact on 
electrical vehicles of the future. 
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Computational Study of Graphene-based Interfaces for 
the Realization of Next-generation Energy and 

Electronic Devices 

In this talk, I will present our recent 
research effort in the characterization of 
graphene-based interfaces for the 
realization of next-generation energy and 
electronic devices in collaboration with 
experimentalists. First, I will discuss the 
mechanism of high electrocatalytic 
activity of Se edge-doped graphene 
nanoplatelets for iodine reduction 
reaction (IRR) in dye-sensitized solar cells 
(DSSCs) [1]. The mechanisms of IRR in 
carbon-based DSSC counter-electrodes 
are clarified based on density functional 
theory (DFT) and non-equilibrium Green’s 
function calculations, together with the 
electrochemical kinetics analysis. Next, I 
will describe a DFT study of the 
graphene/WSe2 "barristor" device that 
shows an exceptional low-temperature 
characteristic [2]. Combined with the 
experimental characterization of defect 
states and device modeling, self-
interaction-corrected DFT calculations 
reveal a novel charge transport 
mechanism originating from trap-
assisted tunneling rather than the typical 
thermionic emission process. If time 

permits, I will close the talk by 
mentioning the DFT study of high-
performance Li battery realized with TiO2 
anatase nanoparticles adsorbed on 
graphene, in which we provide the 
atomistic picture of the “domino 
cascade” Li ion insertion process [3].  
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Optoelectronics in 1D and 2D materials 

Low-dimensional materials such as 
graphene, transition metal dichalcogenides, 
semiconducting nanowires, and carbon 
nanotubes, have attracted attention for 
applications in electronics and photonics, 
as well as for the wealth of new scientific 
phenomena that arise at reduced 
dimensionality. In this presentation I will 
discuss our experimental and theoretical 
work to develop a fundamental 
understanding of optoelectronic 
phenomena in such systems, and to 
exploit these nanomaterials for 
photodetection applications. For 
example, we use spatially-resolved 
photocurrent measurements combined 
with other techniques (e.g. 
thermoelectric measurements, Raman 
thermography) to identify the origin of 
the photocurrent in nanowires and 2D 
materials. We reveal a new regime of 
operation in MoS2, MoSe2, and their 
alloys, where the photocurrent depends 
superlinearly on light intensity [1]. In the 
case of GaN/AlGaN nanowires, we 
combine optoelectronic and 
thermoelectric measurements to reveal 
the coexistence of photogating and 
photothermoelectric effects [2]. Finally, I 
will discuss the realization of broadband 
infrared and terahertz photodetectors 

using macroscopically aligned carbon 
nanotubes [3-6]. 
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Graphene based hybrid structures for  
solar-driven water splitting 

Developing clean and renewable energy 
has been considered as one of the most 
effective ways to address the energy and 
environmental related crisis. One of the 
most powerful sustainable energy, solar 
energy, can be utilized through 
solar−driven water splitting, which 
contains two energy conversion units. 
One is the photovoltaic solar cell, which 
converts light energy to electric energy 
for power supply. The other is the water 
electrolysis unit, which converts electric 
energy to hydrogen energy by using 
highly efficient and stable catalysts. 
Graphene and its hybrid 
nanocomposites, with their excellent 
optical, electrical and mechanical 
properties, can be applied in this system, 
to further improve the photoelectric 
conversion efficiency, and decrease the 
electrical consumption in the water 
electrolysis module. 
 
Herein, to develop the solar−driven water 
splitting system, first, a hybrid 
graphene/Si−solid electrolyte solar cell is 
fabricated by combining graphene with 

solid electrolyte, achieving a conversion 
efficiency to be 11%, acting as the 
photoelectric conversion unit in this 
system. Then, water electrolysis catalysts 
are prepared by simply depositing 
transition metal (Co, Ni) based selenides 
on the conductive graphene substrate, 
which largely reduce the noble metal 
consumption in hydrogen production, 
realizing the conversion of electric energy 
to hydrogen energy at low cost. By 
connecting the solar cell and water 
electrolysis unit in tandem, a solar−driven 
water splitting system is constructed, 
with the highest solar-to-hydrogen 
conversion efficiency to be 6.65%. 
 
References 
 
[1] Xiao Li, et al, Adv. Energy Mater., 4 (2014) 

1400224. 
[2] Xiao Li, et al, J. Mater. Chem. A, revised 

(2016). 

 
 
 
 

51



GrapheneCanada2016 
 

 

  
|  

 A
B

S
T

R
A

C
T

S
 

Figures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

52



GrapheneCanada2016 
 

   
|  

 A
B

S
T

R
A

C
T

S
 

 

 

 

Vincent Meunier 
 
Department of Physics, Applied Physics, and Astronomy Rensselaer Polytechnic 
Institute, Troy, NY 12180, USA 

 

 

Modeling vertical and lateral electron transport across 
heterostructures of 1D and 2D materials 

I will present recent developments made 
in the understanding of charge transport 
across heterostructures between 
nanostructured materials, including one-
dimensional and two-dimensional 
graphene- and transition metal 
dichalcogenide- based systems. 
 
The first part of the presentation will 
focus on electron transport taking place 
along on-dimensional heterostructures 
[1].  I will show how controlled chemical 
doping on one side of the junction can 
lead to physical properties that are well 
suited for photovoltaics and 
photocatalysis device development. In 
addition, it will be demonstrated that the 
appropriate choice of monomers used in 
the bottom-up assembly of these 
materials can yield tunable properties. 
 
The second part of the talk will be 
devoted to a description of the role of 
collective motion in the ultrafast charge 
transfer in van der Waals (vdW) 
heterostructures. [2] Using time-
dependent density functional theory 
molecular dynamics, it was found that 
the collective motion of excitons at the 

interface of the vdW heterostructures 
leads to plasma oscillations associated 
with optical excitation. Application to the 
experimentally realized MoS2/WS2 
heterostructure yields good agreement 
with experiment, indicating near 
complete charge transfer within a 
timescale of 100 fs. 
 
Finally, I will briefly present recent 
theoretical developments in the 
understanding of electronic band gap 
renormalization induced by substrate 
polarization effects, taking adsorbate size 
into account. 
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A thermal plasma route for the generation and 
functionalization of highly crystalline graphene 

structures and stable nanofluids 

Thermal plasma (TP) reactors are used 
extensively for the generation of particles 
having specific compositions or phase 
structures. Nanoparticles (NPs) are also 
being generated using precursors that 
are either in the gas phase, in liquid 
solutions or even sometimes in the solid 
phase. More difficult is the controlled 
homogeneous nucleation of pure 
nanomaterials (chemically and 
structurally), and controlled nucleation of 
non-isotropic structures such as 
graphene. This talk will concentrate on 
achieving the 2-D structure of graphene 
in a TP system enabling extremely high 
purity and crystallinity of the material 
produced. The very high temperature 
homogeneous nucleation window 
(~4000-5000 K) involved in the TP 
processing route enables a bottom-up 
approach, provided one can control the 
2-D structural evolution of the NP 
nucleated. Modeling of the energy/fluid 
fields as well as the graphene particle 
nucleation/growth fields indicate the 
critical clusters of carbon set the 
thickness (number of atomic layers) of 
the graphene, while the residence time in 

the growth field correlates with the sheet 
side lengths (on the order of 100nm 
x100nm, with on average 10 atomic layers 
in thickness; namely forming graphene 
nanoflakes (GNF)). An understanding of 
the physical processes enabling the 2D 
growth provides separate control 
parameters for playing on the number of 
layers and sheet scale lengths. The 
crystallinity parameters for these GNF 
from TEM and Raman spectroscopy are 
exceptional in comparison to regular top-
down synthesis approaches. The 
graphene NPs most often require some 
chemical functionalization for specific 
applications, and again a TP can provide 
the active species for functionalization 
scenarios forming primary bonds 
between the functional group and 
graphene. The high temperature plasma 
forms a unique environment allowing 
purity from the simple precursors, 
unrivaled crystallinity from the extreme 
temperatures of nucleation and growth, 
and in situ flexibility for tuning of the 
functionalities directly inside the 
synthesis reactor through the use of the 
colder downstream recombining plasma. 
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This talk will describe the road for a 
controlled and pure graphene 
nucleation, followed in the same reactor 
by nitrogen, oxygen and iron 
functionalization of the graphene 
structure. The aimed applications here 
are for catalytic activity, in particular for a 
non-noble metal catalyst in fuel cells, and 
in the generation of graphene-based 
nanofluids that show full stability over 
time and high temperatures without the 
use of surfactants. 
 
References 
 
[1] Legrand U et al, 2016 Synthesis and in-situ 

oxygen functionalization of deposited 
graphene nanoflakes for nanofluid 
generation, Carbon 102 216-223 

[2] Meunier JL et al, 2014 Two dimensional 
geometry control of graphene nanoflakes 
produced by thermal plasma for catalyst 
application, Plasma Chem Plasma Proc 34 
505-521 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: Highly crystalline graphene nanoflakes 
(GNF) generated in a thermal plasma 
environment. 
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Photochemical Bottom-up Synthesis of Nanographenes 
and Graphene Nanoribbons 

Nanographenes (NGs) and graphene 
nanoribbons (GNRs) are very promising 
materials for electronic applications such 
as field-effect transistors, solar cells and 
biosensors. However, NGs and GNRs 
produced by physical methods suffer 
from poor solubility in common solvents, 
which make difficult their deposition on 
large substrates as required for the 
production of the next generation of 
electronic devices. Moreover, physical 
methods do not allow control over size, 
shape and functionalization of GNRs, 
leading to undefined electronic and 
physical properties. Methods to prepare 
such materials using the solution-phase 
bottom-up approach have been 
proposed. Yet, no synthetic method 
provides clean aromatization step and 
the resulting materials can possess 
significant amount of structural defects. 
In this presentation, we will show a new 
bottom-up synthetic strategy for the 
preparation of soluble, well-defined NGs 
and GNRs with controllable width and 
physical properties.[1] Our strategy is 
based on the straightforward preparation 
of different chlorine-containing oligo- and 

polyphenylene precursors, followed by an 
intramolecular cyclodehydrochlorination 
(CDHC) reaction to form the graphenic 
structure. The synthesis and characterization 
of several NGs and GNRs will be presented. 
 
References 
 
[1] Daigle, M.; Picard-Lafond, A.; Soligo, E.; 

Morin, J.-F. Angew. Chem. Int. Ed. 2016, 55, 
2042. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

56



GrapheneCanada2016 
 

   
|  

 A
B

S
T

R
A

C
T

S
 

 

 

 

Oussama Moutanabbir1  
Matthieu Fortin-Deschênes1, Olga Waller1, Amanda Hébert1,  
Pierre Levesque2, Richard Martel2   
 
1Department of Engineering Physics, École Polytechnique de Montréal, C. P. 6079, 
Succursale Centre-Ville, Montréal, Canada 
2Département de Chimie, Université de Montréal, 2900 boulevard Edouard 
Montpetit, Montréal, Canada  

oussama.moutanabbir@polymtl.ca 

 

Stability and Epitaxial Growth of Group V 2D Materials: 
Theory and in situ Observations 

Over the last few years, the existence and 
stability of several novel non-zero 
bandgap 2D materials have been 
theoretically predicted thus paving the 
way to developing a new class of graphene-
like materials and heterostructures with 
superior functionalities. In this regard, 
group V 2D materials have been 
attracting a great deal of attention due to 
their unique physical and chemical 
properties such as a thickness dependent 
band gap in the visible to infrared range 
and anisotropic transport properties 
[1,2]. Up to date, 2D black phosphorus 
(2D-bP) and 2D antimony (2D-Sb) have 
been obtained by mechanical and liquid 
phase exfoliation from bulk crystals [3,4]. 
The exfoliated layers can be transferred 
and used to conduct fundamental 
studies and implement new device 
concepts. However, the large scale 
synthesis of these materials still remains 
a formidable task that is a crucial step 
toward scalable technologies. The 
epitaxial growth is by far the most 
promising method to synthesize these 

emerging 2D materials especially for 
mainstream electronic, optoelectronic 
and photonic applications. With this 
perspective, in this talk we present our 
recent studies of the epitaxial growth of 
group V 2D materials and real time 
investigations of their stability. Low-
energy electron microscopy (LEEM) 
supported by ab initio calculations and 
kinetic Monte Carlo simulations are 
employed to elucidate the growth of 2D-
(bP, As, Sb) materials, their thermal 
behavior and interaction with the 
substrate. In particular, we will discuss 
the mechanisms and dynamics of the 
thermal decomposition of 2D-bP [5] as 
well as the electronic properties and 
substrate-layer interaction of all three 2D 
materials on relevant growth substrates. 
Finally, we present in situ LEEM 
investigations of the growth of 2D-Sb and 
2D-bP and discuss possible paths to 
achieve their epitaxial growth. 
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The wonderful world of Graphene - From lab to market 

Graphene is a truly a “wonder” material 
with many promising attributes. Its 
outstanding thermal conductivity 
promises a revolution in thermal transfer 
and cooling industries. Its superb 
electrical conductivity and electron 
mobility makes it a natural as a filler in 
plastics to improve EMI and anti-
electrostatic performance. Its solid 
performance during wear and friction 
tests paves the way for future heavy-duty 
greases and lubricants. The addition of 
mechanical strength, flexibility and light 
weight – all of these attributes together 
make graphene the wonder material of 
the century. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

While all these attributes show great 
potential, bringing graphene from lab to 
market has been challenging. Such a high 
aspect ratio material requires special 
handling and processing to ensure 
reliability and consistent quality. 
Difficulties in scaling exfoliation 
techniques and poor dispersibility have 
hindered the rapid commercialization of 
graphene and resulted in high costs not 
supportable by industry business cases. 
Today graphene is on the verge of 
widespread adoption in multiple 
industries, but as of yet no killer 
applications have been identified. This 
talk will introduce a systematic approach 
on new application development using 
graphene, where industrial concerns are 
truly addressed, while identifying high 
potential areas where further research is 
essential. 
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Graphene based electro-optical modulators and  
phase shifters 

Graphene is a promising material for 
realizing high-performance on-chip 
electro-optical modulators because of 
graphene’s excellent optical properties, 
which are controllable by electric gates, 
and the possibility to integrate graphene 
based modulators on silicon and other 
dielectric waveguides.   
 
In this talk I will discuss our recent results 
on graphene based absorption 
modulators, phase modulators and 
thermo-electric phase shifters [1-3]. A key 
issue for all these devices is the residual 
insertion loss added by the light 
absorption of graphene. This parameter 
is essentially depending on the mobility µ 
and doping level n in graphene, with 
higher values for both µ and n providing 
less absorption. In addition 
contaminations introduced during device 
fabrication play an important role on the 
overall insertion loss of the device. 
Therefore techniques for maintaining the 
intrinsically high carrier mobility in 
graphene during device fabrication and 
for achieving high, stable and 
reproducible doping levels in graphene 

need to be developed in order to realize 
competitive electro-optical modulators.  
 
Finally, I will benchmark the current 
results with competing technologies and 
give an outlook on which performance 
can be expected for graphene based 
electro-optical modulators and phase 
shifters. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Left side: False color SEM image of a silicon micro-ring resonator having a graphene 
based thermos-electric phase shifter on top. Right side: One optical resonance of the ring 
resonator for different heating power levels in the graphene based heater. With increasing 
heating power the resonance shifts to longer wavelengths. 
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Supramolecular Approaches to Charge Transport 
Physics in Hybrid van der Waals Heterostructures 

Graphene and the two-dimensional (2D) 
van der Waals semiconductors represent 
the thinnest, air stable semiconducting 
materials known. Their unique optical, 
electronic and mechanical properties hold 
great potential for harnessing them as key 
components in novel applications for 
electronics and optoelectronics. However, 
the charge transport behavior in such 
semiconductors is more susceptible to 
external surroundings (e.g. gaseous 
adsorbates from air and trapped charges 
in substrates) and their electronic 
performance is generally different than the 
corresponding bulk materials due to the 
fact that surface and bulk coincide when 
going from 3D down to 2D. Interestingly, 
one can take advantage of the latter 
property by using ordered supramolecular 
layers in order to tune charge transport 
and optical properties of such 2D 
materials. Hence, the electrical properties 
of graphene can be strongly influenced by 
the presence of physisorbed molecules, 
which induce charge transfer and 
doping[1]. In this context, supramolecular 
chemistry makes it possible to precisely 

tune the doping effect via the formation of 
ordered self-assembled monolayers 
(SAMs) of molecules embedding different 
functional groups[2]. 
 

In my presentation, I will give an example 
of a more general physical scenario: the 
charge transport and the doping on 
graphene can be tuned through ad-hoc 
engineering of the supramolecular 
assemblies physisorbed on its surface. A 
very fine photoreactivity process allows to 
achieve molecules featuring the same 
assembly motif on the surface but 
different terminal groups which contribute 
to doping the graphene in a novel way. 
 

This approach will give an easy example of 
all the potential hidden in van der Waals 
heterostructures composed of 
supramolecular lattices physisorbed onto 
graphene. 
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Could Graphene and 2D Materials revolutionize 
Spintronics? Current challenges & opportunities 

Graphene has been heralded as the ideal 
material to achieve long spin 
propagation and further control the spin 
degree of freedom, in the quest of 
advancing non-charge-based 
information processing and computing, 
and for creating a new generation of 
active (CMOS compatible) spintronic 
devices together with non-volatile low 
energy MRAM memories. Many 
technological roadblocks and lack of 
fundamental knowledge are however 
limiting today´s progress. Indeed, 
despite ultralow intrinsic and Rashba 
spin-orbit couplings (SOC) in clean 
graphene (µeV range), measured spin 
lifetimes remain in the range of several 
nanoseconds. This is orders of magnitude 
shorter than initially predicted, but 
already enough to envision disruptive 
non-charge-based room-temperature 
applications [1]. Besides, the physics of 
graphene “can be enriched and 

manipulated” by harvesting the large 
amount of possibilities of proximity 
effects with magnetic insulators, strong 
SOC materials, topological insulators, etc. 
One challenge is to endow a sizable spin-
to-current conversion efficiency by 

enhancing spin-orbit interaction (say up 
to meV). Claims have been made that 
very large spin Hall angles (figure of merit 
for spin Hall effect-SHE) could be 
generated by using chemical 
functionalization with hydrogen or Au/Cu 
ad-atoms, or interfacing graphene with 
WS2 substrate [2]. Those results are 
however fiercely questioned [3]. 
 
In this talk, I will discuss spin transport in 
graphene-based materials, accounting 
for the effect of substrate, impurities, and 
ad-atoms and using a fully quantum 
derivation of spin dynamics and 
calculation of multiterminal quantum 
resistance, going beyond the usual semi-
classical theory and conventional 
approximations made in the literature. 
The role of pseudospin in driving spin 
dephasing and relaxation will be unveiled 
in the ultraclean limit for which electron-
hole puddles and micron eV spin-orbit 
interaction are determining the 
fundamentals of spin lifetimes, giving 
foundations to experimental features [4]. 
Second, I will discuss the impact of 
chemical functionalization (fluorine, gold 
and thallium ad-atoms) and proximity 
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effects with other 2D materials in 
generating spin-dependent phenomena 
such as spin filters, quantum spin Hall 
and tunable spin Hall effects in graphene.  
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Graphene for MEMS sensor products:  
Chances and challenges 

Graphene, the 2D material with very 
promising mechanical and electrical 
properties has now reached a level of 
maturity where an industrial engagement 
is necessary on the way to 
commercialization.  Bosch the worldwide 
largest manufacturer of MEMS sensing 
devices is now a part of the growing 
number of companies and startups 
looking into graphene applications and 
large scale fabrication routes for 
graphene synthesis. 
 
In terms of wafer based fabrication there 
is still a need for improvement of the 
commonly used graphene synthesis 
process based on layer transfer 
techniques including wet processing. An 
overview of possible methods and 
current progress in this field will be 
covered in our presentation. 
 
In terms of applications Bosch corporate 
research has started first collaborations 
with the academia to evaluate the 
potential of graphene for sensor 
applications.  
 

Here, Bosch currently focuses on 
magnetic sensing. The two-dimensional 
material graphene exhibiting 
substantially higher charge carrier 
mobility seems to be predestined for use 
in magnetic field sensing. Neglecting all 
extrinsic sources of disorder, the phonon 
scattering limited mobility of graphene 
can surpass 100,000 cm2/Vs at room 
temperature at a reasonably low charge 
carrier density of 1012 cm-2, exceeding all 
other common material candidates for 
Hall sensing. 
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Application of graphene to electronic devices 

Nanocarbon materials, such as graphene 
and carbon nanotubes, have excellent 
electrical, thermal, and mechanical 
properties and are thus expected to be 
used for future electronics devices. We 
have been working on synthesis of 
nanocarbon materials and their 
application to transistors and 
interconnects for years. In this talk, we 
first describe our efforts to grow 
nanocarbon materials, which include 
graphene growth over a 300-mm wafer by 
chemical vapor deposition (CVD), and 
synthesis of an interesting carbon 
structure consisting of multilayer 
graphene combined with the upper ends 
of vertically aligned multiwall carbon 
nanotubes on a substrate [1]. Bottom-up 
synthesis of graphene nanoribbons 
(GNRs) on Cu twin crystals (Fig. 1) and 
step edges is also explained [2,3]. CVD-
synthesis of multilayer hexagonal boron 
nitride (hBN), which can be good 
substrate and passivation film for 
graphene devices, is also described. 
 
As for transistor applications, we briefly 
review theoretical and experimental 
studies on transport properties of GNR-
channel transistors first. We then explain 

one of our approaches to obtain a high 
current on-off ratio of graphene channel 
transistors. In fact, we used a graphene 
channel irradiated by helium ions, 
demonstrating a sizable transport gap 
and an on-off ratio of about two orders of 
magnitude at room temperature [4]. We 
then describe a double-gate graphene 
transistor and its applications, which 
includes a binary digital phase modulator 
making use of ambipolar properties of 
graphene [5]. 
 
We also explain the application of 
graphene to interconnects. We actually 
fabricated GNR interconnects with widths 
as narrow as 8 nm using electron beam 
lithography (Fig. 2) [6]. The GNR 
interconnects were heavily doped by 
intercalation of FeCl3 molecules and 
demonstrated resistivity and reliability 
better than those of Cu with similar 
dimensions. 
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Figure 1:Figure 1:Figure 1:Figure 1: Graphene ribbons formed on Cu twin 
crystal regions 
 

 
 
Figure 2:Figure 2:Figure 2:Figure 2: Graphene naroribbon interconnect with 
a width of 8 nm 
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Defect Engineering in 2-Dimensional Materials: 
Graphene, Doped-Graphene and Beyond 

This talk will first provide an overview of 
different defects in 2-Dimensional 
materials including graphene and 
Chalcogenides. In particular, we will 
focus on: 1) defining the dimensionalities 
and atomic structures of defects; 2) 
pathways to generating structural defects 
during and after synthesis and, 3) the 
effects of having defects on the physico-
chemical properties and applications. We 
will then discuss the synthesis of large-
area, high-quality monolayers of 
nitrogen-, boron- and silicon-doped 
graphene sheets on Cu foils using 
ambient-pressure chemical vapor 
deposition (AP-CVD). Scanning tunneling 
microscopy (STM) and spectroscopy 
(STS) demonstrate that defects in doped 
graphenes arrange in different 
geometrical configurations exhibiting 
different electronic and chemical 
properties. Interestingly, these doped 
layers can be used as efficient molecular 
sensors and electronic devices. In this 
context, Graphene enhanced Raman 
spectroscopy will be introduced and it 
will explained that by doping graphene 

with Nitrogen, the Fermi level (EF) of 
graphene shifts, and if this shift aligns 
with the lower unoccupied molecular 
orbital (LUMO) of a molecule, charge 
transfer would be enhanced, thus 
significantly amplifying the molecule's 
vibrational Raman modes. 
Concentrations as low as 10-11 mol/L of 
different dye molecules can be detected 
using GERS. Finally, we will discuss the 
controlled synthesis and assembly of 
chalcogenide monolayers on different 
substrates. The electronic performance 
of monolayers of MoS2, WS2 and hetero-
systems operating under flexural strain 
will also be presented. Our findings 
demonstrates that it is now possible to 
use chalcogenide layers for the 
fabrication of flexible electronic devices, 
however, defect control is required to 
tailor their performance.  
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Solvent effects control of the wettability behaviour of 
graphene thin films 

Graphene is naturally hydrophobic, 
which makes it an excellent candidate for 
producing super-hydrophobic surfaces.  
Two factors play important roles for the 
functionality and the wetting behaviour 
of super-hydrophobic surfaces: the 
chemical composition of the material, 
and the geometric structure of the 
surfaces [1]. However, as it has a low 
contact angle (CA) with water droplets, 
the hydrophobicity of graphene is not 
enough to exhibit the strong water 
repellency needed for some practical 
opportunities, such as fluid transport, 
self-cleaning, environmental 
remediation, and energy applications.[2]  
Two approaches are generally used to 
improve the wetting behavior of 
graphene surfaces: (i) creation of surface 
micro / nano structures by mechanical 
means, or (ii) the grafting of suitable 
chemical groups / polymers (e.g. 
chemical functionalization with F-
containing groups) [2,3].  
 

In this work, a different approach was 
used, namely exploiting solvent-particle 
interactions in graphene dispersions in 
order to control surface morphology (and 
thus wetting behaviour) of the films 
deposited onto Si wafers.  The impact of 
solvent-graphene platelet interactions on 
the morphology of the suspended 
particles, and on the morphology of the 
resulting graphene films was investigated 
using appropriate characterization 
methods, such as: Dynamic Light 
Scattering (DLS), CA measurements, and 
Scanning Electron Microscopy (SEM).  The 
dispersant polarity, and the total surface 
coverage of substrates were studied to 
develop an understanding of each 
parameter on the tunability of graphene-
based thin films.  The study made evident 
that the physico-chemical properties of 
the graphene films vary significantly 
depending upon the treatment of the 
precursor material, the 
cleaning/preparation of the substrate 
surface, and the deposition method. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: SEM images of graphene films 
prepared under identical spraying conditions 
on Si wafers by using dispersions with 
different solvents, such as water, dimethyl 
sulfoxide, acetone and ethanol 
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Epitaxial growth of semiconductor nanostructures  
on graphene: A solution for UV LEDs 

We have recently developed a generic 
atomic model which describes the 
epitaxial growth of semiconductor 
nanostructures on graphene that is 
applicable to all conventional 
semiconductor materials [1, 2], as shown 
in Fig. 1. The model was first verified by 
cross-sectional transmission electron 
microscopy studies of GaAs nanowires 
that grow epitaxially and dislocation-free 
on graphene, in spite of a lattice 
mismatch of 6.3 % [1]. Recently we have 
also shown the vertical growth of 
dislocation-free GaN nanowires on 
graphene mediated by nanometer-sized 
AlGaN nucleation islands [3]. The 
epitaxial growth of semiconductor 
nanostructures on graphene is very 
appealing for device applications since 
graphene can function not only as a 
replacement of the semiconductor 
substrate but in addition as a transparent 
and flexible electrode for e.g. solar cells 
and LEDs. 
 
For deep ultraviolet AlGaN based LEDs in 
huge need for various disinfection and 
sterilization purposes, the concept offers 
a real advantage over present thin film 

based technology. Such thin film UV LEDs 
are today very expensive and inefficient 
due to the lack of a good transparent 
electrode (ITO is absorbing in deep UV), 
the high dislocation density in the active 
thin film layers, low light extraction 
efficiency, and the use of very expensive 
semiconductor substrates (e.g. AlN). The 
spinoff company CrayoNano are now 
developing LEDs based on the selective-
area growth of AlGaN nanostructures on 
mask-patterned graphene, which 
potentially can overcome all these 
problems, as will be further discussed in 
my talk. 
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Figures 

 

 
Figure 1:Figure 1:Figure 1:Figure 1: (a-d) Relative orientation and arrangement when semiconductor atoms are adsorbed 
on H- and/or B-sites. (e) Generic model describing the semiconductor bandgaps vs. lattice 
constants together with lattice constants for the lattice-matched atom arrangements on 
graphene [1]. 

 
 
 
 
 

 
 
 

73



GrapheneCanada2016 
 

 

  
|  

 A
B

S
T

R
A

C
T

S
 

 

 

 

Rune Wendelbo  
Stephanie H. Santos    
 
Abalonyx AS, Forskningsveien 1, 0373-Oslo, Norway   
 

rw@abalonyx.no 

 

Graphene and graphene derivatives for  
energy applications 

Graphene has several unique properties 
potentially useful for a range of energy 
related applications. Established and 
potential applications include batteries 
and supercapacitors, solar cells, gas 
sensors, gas storage, nuclear industry 
and applications in high voltage transfer 
cables. These will be reviewed and 
illustrated with examples from recent 
reports. 
 
Batteries is a high growth market where 
graphene’s electric and thermal 
conductivity obviously is useful, but more 
interesting is graphene’s potential as an 
agent to stabilize certain meta-stable 
phases, e.g. in sulfur based cathodes for 
post-LIB-batteries, pursued by a range of 
battery companies. Graphene based 
super capacitors have already been 
commercialized. For SCs, the 
organization of the graphene particles is 
important. The material must be densely 
packed to reduce the volumetric capacity 
but still having a sufficiently open 
structure to allow fast migration of ions. 
Applications for photovoltaics are less 
obvious, due to the black color of 
graphene and its lack of band-gap in its 

pure form. However, doping of graphene 
has been shown to create band-gap, and 
compounding with other electronic 
materials such as zink oxide also shows 
potential. In fuel cells, graphene may play 
a role as support for catalysts and in 
proton exchange membranes in DMFCs. 
 
The use of GO to soak up heavy 
radionuclides from water has been 
reported and verified1. This is certainly 
one of the applications to be seen 
commercialized in this decade, easily 
requiring production of hundreds of tons 
of GO per year. On the other hand, 
applications as components in sensors, 
although potentially large in numbers will 
be small in mass due to the very limited 
amount used in each sensor. When it 
comes to energy storage, GO being an 
insulationg material does not have an 
obvious role. However, GO can easily be 
converted to reduced graphene oxide 
(rGO), effectively competing with other 
graphene powders. Effectively, rGO has 
the advantage over other graphene 
powders in that GO is easy to work with. 
rGO has a high density of defects 
compared to more well-crystalline 
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graphene types, but this can also 
represent an advantage in that holes 
present in the sheets allowing for 
diffusion of e.g. Li-ions.  
 
For most energy related applications, the 
useful form of graphene is powder. 
Abalonyx is active in production of GO 
and rGO as well as in the development of 
GO and rGO optimized for several 
applications. Abalonyx’ sister company 
Graphene Batteries is engaged in 
application of rGO and pillared rGO for 
certain battery and supercapacitor 
applications with promising results.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The final, and not least important 
parameter for large scale use of graphene 
family materials is price. Graphene 
powders produced in plasma are 
expensive and the process not very 
scalable. Delamination of graphite in 
organic solvents has similar challenges. 
Present estimates indicate that the price 
of GO can come down to well below 40 
USD/Kg and rGO to just under 100 
USD/Kg – price levels that can be 
tolerated by many industries if 
compensated by real improvements in 
performance of the GO/rGO-containing 
products.  
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Advanced Li-Ion Hybrid Supercapacitors Based on  
3D Graphene- Foam Composites 

Currently one of the most promising 
techniques is to use 2-dimensional (2D) 
graphene sheets to form three-
dimensional (3D) networks known as 
graphene sponge. Graphene sponges are 
synonymous with the following 
terminology: foams, aerogels, hydrogels 
and 3D porous networks. Graphene 
sponges exhibit high surface area and 
highly accessible pore volume. They also 
display high strength and conductivity 
with low densities. Dr. Aiping Yu’s team at 
the University of Waterloo has developed 
a few technologies to fabricate graphene 
foam and composite to make electrodes 
of Li ion supercapacitor. The 
presentation will cover the main 
achievements of the group in this field. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

76



GrapheneCanada2016 
 

   
|  
 A

B
S

T
R

A
C

T
S

 

LATE 

 

 

Hong Guo 
 
Department of Physics, McGill University, Montreal, Canada 
 

 

 

Calculating impurity-limited carrier mobility of  
2D materials 

Realistic nanoelectronic devices 
inevitably have some disorder which 
affect device operation. Unintentional 
impurities locate at unpredictable 
positions in the material and predicted 
physical property should be averaged 
over the impurity configurations. One 
may generate many impurity 
configurations, calculate each of them 
and average over the results. 
Unfortunately such a brute force 
approach is too costly to be practical for 
first principles simulations. To solve this 
problem, we have developed a theory of 
nonequilibrium coherent potential 
approximation (NECPA) that is integrated 
with the density functional theory (DFT) 
and Keldysh nonequilibrium Green's 
function (NEGF), in which the disorder 
configuration average is carried out 
analytically thereby only a single first 
principles NEGF-DFT computation is 
necessary to obtain the disorder 
averaged transport properties. Using 
NECPA, we have calculated disorder 
limited carrier mobility of 2D materials 
including graphene and monolayer black 
phosphorus.  

Acknowledgement:Acknowledgement:Acknowledgement:Acknowledgement: the work is in 
collaboration with Saeed Bohloul, Zi 
Wang, Eric Zhu, Lei Liu, Kirk Bevan, 
Michael Zhang and Kui Gong. 
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Graphene Device and Process Integration – 
 Challenges ahead! 

Graphene research has matured from 
fundamental investigations of material 
properties to very specific 
demonstrations of devices and their 
potential for applications. In this talk, I 
will present several promising areas, 
where the exceptional properties of 
graphene may be exploited. Two 
examples are graphene-based hot 
electron transistors [1], [2] and graphene-
membrane-based 
nanoelectromechanical systems [3], [4]. 
However, proper device and process 
integration remains challenging and 
currently prevents commercialization. 
Several such open issues will be 
discussed in detail [5], [6]. 
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Two-point Green’s function correlations mediated by 
localized electronic edge modes in zigzag graphene 

nanoribbons 
The unusual nature of the localized 
electronic edge modes in zigzag graphene 
nanoribbons (ZZ-GNRs) have been the 
subject of intense investigation since its 
inception above 20 years ago by Fujita et al. 
[1]. Nearly all theoretical investigations 
related to edge modes in ZZ-GNRs have 
been carried out numerically or semi-
numerically. Here we will present the first 
comprehensive analytical investigation of 
the localized edge modes in ZZ-GNRs 
demonstrating that two possible distinct 
type of localized modes with strikingly 
different properties can exist in the system 
[2]. The first type of localized edge mode (or 
“zero” mode) is a topologically induced 
mode arising from the bipartite 
honeycomb lattice structure of graphene 
and is always present at zigzag edges. The 
second type of edge mode is only present 
at zigzag edges with a modified hopping 
parameter between edges sites distinct 
from the hopping between interior sites. In 
particular we demonstrate that correlations 
mediated by the zero mode between two 
atomic sites on the same edge is 
comparable to correlations between two 

atomic sites on opposite edges and 
independent of the width of the ribbon in 
leading order and in the absence of zero-
mode damping effects. We also 
demonstrate the strength of correlations 
are strongly dependent on the sublattice 
labels of any two atomic points being 
considered. On the other hand correlations 
mediated by the “modified hopping” edge 
mode is independent of the sublattice 
labels and the two edges decouple when 
the width of the ribbon is greater than the 
attenuation length of the modified edge 
mode. Analytical expressions and 
numerical results are presented for the 
dependence of the mode frequencies on 
the ribbon width and on wave number 
parallel to the ZZ edges. 
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Liquid-phase Exfoliation of Germanium Monosulfide 
Since the introduction of graphene in 
2004 there has been widespread research 
of two-dimensional materials in the area 
of nanoscience. Primary focus was 
initially placed on graphene, however 
many other nanomaterials have shown 
promise, such as boron nitride (BN) and 
transition metal dichalcogenides (TMDs) 
to name but a few.  
 

Hanlon, D., et al. have produced 
nanosheets of black phosphorus (BP); a 
new layered material which shows great 
promise for optoelectronics [1]. Here we 
show the extension of the exfoliation 
process described to germanium 
monosulfide (GeS), a novel two-
dimensional semiconductor material. 

The GeS monolayer is isoelectronic to 
that of black phosphorus.  
 

We demonstrate that high-quality, few-
layer GeS nanosheets, with controllable 
size can be produced in large quantities 
through the use of liquid phase 
exfoliation under ambient conditions in 
solvents such as N-methyl pyrrolidone 
and 2-propanol. Also shown is testing of 
these nanosheets for potential 
applications in battery electrodes. 
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Figures 

 

 

Figure 1:Figure 1:Figure 1:Figure 1: A) TEM image of GeS nanosheets produced from Liquid phase exfoliation, B) Ultra-Violet 
Visible spectra showing absorption, extinction and scattering data. 
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Monopolar charge fluctuation induced forces in 2D 
nanostructures 

Fluctuation-induced interactions have 
widespread applications in materials, 
micro- and nanoscaled devices. The 
much-studied Casimir and van der Waals 
interactions are due to vacuum 
electromagnetic mode fluctuations 
captured via the dielectric response 
properties of the objects.[1-4] Such forces 
are universal, and they are especially 
prominent at micron distances and 
below. Fluctuations of many other 
observables are also possible, which may 
give rise to different interactions.[5] 
Fluctuations originating from charge 
disorder on neutral slabs, in particular, 
are shown to give an additional 
contribution to the net interacting force 
while completely masking the typical 
Casimir–van der Waals interaction.[6] 
 

Here, we investigate monopolar charge 
fluctuation induced forces in 2D 
nanostructures.[7] We present a general 
theory utilizing the capacitance concept 
and distinguishing between thermal and 
quantum mechanical effects through 
characteristic dependences on distance, 
temperature, and other factors. 

Graphene-based systems are taken as 
templates for which the theory is applied. 
Here, the fundamental difference of the 
charge-induced fluctuation forces from 
the typical Casimir force lies in their 
origin. While the Casimir force is due to 
the electromagnetic fluctuation 
excitations associated with the dielectric 
response of each plate, the charge-
induced effect is due to monopolar 
charge fluctuations between the plates 
transferred through a connecting wire, or 
a metallic substrate (see Figure). Since in 
many cases nanostructures are 
characterized by a reduced Casimir force, 
the nanocapacitors we study offer the 
possibility of finding regimes where the 
charge-induced fluctuation interaction 
can be dominant. Our results are strong 
evidence that there are different types of 
dispersive interactions that occur in solid 
state devices, in particular when lower 
dimensional materials such as graphene 
are used. 
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Figures 

      
Figure 1:Figure 1:Figure 1:Figure 1: (a), (b) Metal sheet and carbon nanoribbon systems that exhibit monopolar charge 
fluctuation forces. (c) Distance (z-) dependence of the charge fluctuations thermal force normalized 
by f0 =−kBT/(2Az) for graphene nanoribbons of varying width. The area A of all ribbon structures is 
chosen to be 1 µm2. The graphene-metal Casimir force at room temperature is also shown. 
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In-situ growth and functionalization of graphene for 
biosensing applications 

Although in recent years we have 
witnessed staggering achievements in 
both fundamental and applied research 
in graphene, applications still lack the 
pervasiveness that this material unique 
properties anticipated. One of the 
problems with the establishment of a 
graphene technology comes from the 
required transfer step, from the native 
metal catalyst onto the final substrate, 
normally using a temporary polymeric 
substrate. As a consequence, a non-
uniform, wrinkled, contaminated with 
debris sheet of graphene results, which 
no longer exhibits the record-breaking 
properties of the pristine 2D material. 
Moreover, the transfer step takes time, 
requires patience and persistence, and, 
crucially, it is largely operator dependent, 
hence very prone to errors. 
 

Graphene extreme sensitivity to electric 
charges and fields in its vicinity, together 
with its high chemical stability, provide 
an ideal transducing platform for 
biosensing applications. Biosensing 
requires that the active surface is highly 
reproducible, which can be achieved by 
in-situ growth of the graphene layer. Here 

we show that graphene directly grown on 
copper and molybdenum surfaces, 
provides the required type of surface, in a 
transfer free process that can be used for 
biosensor development. Moreover, the 
metal catalyst is patterned previously to 
the graphene CVD step, which implies 
that, by design, graphene will grow 
selectively only on the substrate regions 
where it is required. This highly simplifies 
the graphene patterning process, which 
translates into cheaper devices and 
higher graphene quality, since the 
fabrication process becomes faster and 
the damage inflicted to graphene by 
lithographic processes is minimized. 
 

Biosensing with graphene requires 
surface functionalization for specific 
analyte detection. We used as linker a 
pyrene derivative (1-pyrenebutyric acid 
N-hydroxysuccinimide ester, PBSE), a 
molecule that provides π-π interactions 
with graphene on the pyrene end, and 
has a ester group at the opposite end, 
which reacts with the amine group of the 
sensing element. Nucleic acids allow the 
development of biosensors with high 
specificity and affinity and its 
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electrochemical characterisation is 
commonly performed taking advantage 
of the well-known thiol-gold interaction. 
In the present work, a 29 nucleotides long 
methylene blue labelled DNA strand (self-
complementary on its ends to form a 
becon) is immobilised on the electrode 
surface and after electrochemical 
characterisation of the film, hybridisation 
is performed with a fully complementary 
strand (cDNA). Surface coverage, rates of 
electron transfer and biosensor 

performance are determined from cyclic, 
square-wave and differential pulse 
voltammetry and compared with the 
commonly used Au based biosensors. 
Both macro and microelectrodes will be 
fabricated and the results compared. The 
sensor performance will be compared 
with that of electrolyte-gated graphene 
transistors whose channel is 
functionalized in the same manner as 
described above. 
 

 

Figures 

 
Figure 1:Figure 1:Figure 1:Figure 1: a) MB-labelled DNA strands immobilized on graphene surface b) Graphene µ-electrode 
arrays 
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Formation of Graphene Bilayers in CVD Growth 
Understanding the fundamental aspects 
of graphene chemical vapor deposition 
(CVD) on copper is a key towards the mass 
production of this carbon allotrope. One 
way in which this understanding can 
manifest itself is through controlled 
growths of graphene layer, that is, time to 
completion, defect density and 
morphology [1,2,3]. Layer thickness trigger 
to a large extent the graphene properties 
and the presences of bilayer islands may 
be desirable or detrimental upon selected 
applications and nowadays needs to be 
controlled. Bilayers islands appear with no 
clear-cut explanation in sight and even 
those who specifically study graphene 
bilayer growth often do not provide a 
mechanism for this phenomenon [4,5,6,7]. 
We have shown in previous studies that at 
trace level, oxidizing impurity can totally 
govern the growth kinetics. In this study, 
by exercising a strict control over gas 
impurity in the furnace, we grow in a 
regime where impurities effects are 
minimized and no longer limits the 
growth. This gain of control over the 
growth allowed us to identify that bilayers 
formation, to a large extent, occur during 
the cool down phase. A mechanism is 
proposed for these inverted wedding cake 
bilayers invoking the thermal expansion 
coefficient mismatch between copper and 
graphene, causing a delamination and 
buckling of the later. By controlling the 

cooling parameters, we gained control 
over the presence or not of bilayer islands 
and to some extent their coverage and 
density. By getting rid of “cooling down” 
bilayers, we were able to identify a second 
category of bilayer with different origins. 
Interestingly while the “cooling down” 
bilayer appears to be random the second 
category is commensurate. While 
understanding bilayer growth is 
interesting from a fundamental point of 
view, this controlled growth also enables 
the development of graphene-bilayer 
related technologies, which are 
particularly enticing for their intrinsic 
bandgap. 
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Selective Nano- Structured Material Growth in 
Nanoelectronic Device 

Catalytic-assisted CNTs are integrated 
into trenches and holes under CH4/H2 
gases by microwave plasma chemical 
vapor deposition, the trench and hole are 
used to fabricate for gate electrodes and 
interconnections, respectively. Results 
indicate the orientation of grown CNTs is 
dominated by pattern geometry. The 
growth models of Fe and CoSi2 and 
application for nanoelectronics are 
purposed. 
 

The integration of CNTs into Si-based 
metal-oxide-semiconductor field effect 
transistor (MOSFET) or new 
nanoelectronicos remains a challenge in 
the fields of transistors and 
interconnections. CNTs are accepted as 
candidates for use in molecular 
electronics to overcome the physical 
limitation of current Si transistors and Cu 
interconnections [1-2]. The feasibility of 
realizing this vision depends on direct 
approaches to selective depositions in 
the trenches or holes of Si wafers. 
Bundles of CNTs in the trenches and 
holes can provide sufficient current 
density in the form of channels and 
conductors, respectively. This work 

systematically elucidates the synthesis of 
CNTs by microwave plasma CVD 
(MPCVD). In this investigation, Fe catalyst 
and CoSi2 film employed frequently as 
gate electrodes and a contact material in 
Si microelectronics are applied. The 
selective growth of CNTs in trench/hole 
approaches is also examined. The 
morphology and nanostructures of CNTs 
are characterized. The field emission 
characteristics of CNTs deposited in the 
trenches and holes are investigated to 
determine electronic performance. CNTs 
were synthesized on patterned Si wafers 
with trench arrays and holes by MPCVD 
system with CH4+H2 source gases. Two 
catalytic films were prepared on 
patterned Si wafers before CNTs 
synthesis: (1) an Fe film (20 Å) and (2) a Co 
film (75 Å). Then two-step rapid thermal 
annealing (RTP) was conducted at 600 ℃ 
for 60s and at 760 ℃ for 20s, under N2 
ambient. Si wafer with patterned CoSi2 
holes with a CoSi2 catalyst film was 
formed by rapid thermal processing 
(RTP) and the self-alignment process. 
Figure 1 presents the AES depth profiles 
Co film on Si substrate with rapid thermal 
annealing (RTP) indicating the chemical 
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composition of CoSi2.The oxide film was 
prepared by plasma-enhanced chemical 
deposition (PECVD), and plasma dry 
etching and a wet stripping were adopted 
to remove the un-reacted metal film. The 
schematic diagrams of CNTs formation 
on trench and hole are shown in Fig. 2. 
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Figures 
 

  
Figure 1:Figure 1:Figure 1:Figure 1: AES depth profile Co film/Si substrate 
after RTP 

 
 
Figure Figure Figure Figure 2222:::: Process flows of forming CNTs on (a) Fe 
trench arrays, oxide film deposition ->Fe film 
deposition ->drying etching - >CNTs growth (b) 
CoSi2 holes, oxide film deposition ->drying 
etching ->Co film deposition ->RTP (CoSi2 
formation)-> unreacted metal removal -> CNTs 
growth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

89



GrapheneCanada2016 
 

 

  
|  
 A

B
S

T
R

A
C

T
S

 

 

 

 

M. T. Dau1,2 
C. Vergnaud1,2, A. Marty1,2, F. Rortais1,2, C. Beigné1,2, G. Renaud1,3, V. Guigoz1,4, O. Renault1,4, 
P. Mallet1,5, J.-Y. Veuillen1,5, C. Alvarez1,3, H. Okuno1,3, L. Huder1,6, V. Renard1,6, C. Chapelier1,6, 
E. Bellet-Almaric1,2, P. Pochet1,3 and M. Jamet1,2 
 

1 Université Grenoble Alpes, F-38000 Grenoble, France 
2 INAC-SPINTEC, CEA/CNRS, F-38000 Grenoble, France 
3 INAC-MEM, CEA, F-38000 Grenoble, France 
4 CEA, LETI, Minatec campus, F-38054 Grenoble, France 
5 CNRS, Institut NEEL, F-38000 Grenoble, France 
6 INAC-PHELIQS, CEA, F-38000 Grenoble, France 

minhtuan.dau@cea.fr 
 

Van der Waals epitaxy of monolayer MoSe2 on sapphire 
and on epitaxial graphene/SiC 

Two-dimensional materials based on 
transition metal dichalcogenides (TMDs) 
have gained increasing attention 
because of their fascinating features in 
electronic and optical properties. 
Achievement of layered TMDs with large 
lateral dimensions is a pre-requisite for 
an easy implementation into devices and 
for the exploration of novel physics. 
Molecular beam epitaxy is a viable 
approach for synthetizing large-scale 
TMDs thin films down to one monolayer 
with high uniformity and purity. In 
addition, as TMDs bulk exhibits out-of-
plane van der Waals-type interactions 
between sandwiched layers, a van der 
Waals interaction between as-grown 
films with substrates is expected when 
growing TMDs films on inert substrates. 
Therefore, using MBE approach allows to 
study impact of such short-range force on 
the growth dynamics of TMDs on different 
substrates [1]. 
 

We report the growth and 
characterizations of large-scale 
monolayer TMDs MoSe2 on sapphire 
substrates and fashionable 2D 
heterostructure composed of one 
monolayer MoSe2 on graphene/SiC 
substrates. The TMDs epilayers were 
fabricated by two-step growth process 
which consists of depositing TMDs layers 
at 500°C - 550°C followed by a post-
annealing around 700°C. We point out 
that the growth rate and the substrate 
temperature of the first step play a key 
role in the growth dynamics of the TMDs. 
The post-annealing allows to improve the 
crystalline quality and to smooth the 
layers. We have performed several 
techniques in order to characterize the 
structure of TMDs layers such as RHEED, 
(synchrotron) X-ray diffraction, TEM, AFM. 
Firgures 1a, b show the in-plane scans of 
the monolayers MoSe2 on sapphire and 
graphene, respectively. One can see that 
the MoSe2 layer grows up without any 
preferential orientation with respect to 
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the sapphire substrate, while it is clearly 
commensurately epitaxial on the 
graphene/SiC. Indeed, the phi-scan 
confirms the polycrystalline character of 
the layer on sapphire that means that the 
layer is composed of small multi-
domains. For 2D heterostructure, we did 
not find any significant off-angle variants 
stemming from the free rotation of the 
layer regarding the graphene layer. The 
homogeneity over centimeter-sized 
surface of the MoSe2 layers was 
confirmed by Raman spectroscopy. The 
XPS and TEM measurements reveal 
possible chemical interactions between 
sapphire substrate and deposited species 
that likely introduce random nucleation 
sites, thus, resulting in the polycrystalline 
growth. Powerful techniques such as 
STM–STS performed at 4K and k-resolved 
PEEM, a complementing ARUPS, were 
used to probe the atomic-scale structure 
and electronic properties of the 
heterostructure. The interplay between 
proximity effect and resulting electronic 
structure, which enables to shed light on 
the nature of van der Waals interaction 
within vertical 2D heterostructure, will be 
discussed in the talk. 
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Figure 1:Figure 1:Figure 1:Figure 1: (a) XRD of 1ML MoSe2 on sapphire (b) 
XRD of 1 ML MoSe2 on graphene/SiC 
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Automated Mechanical Exfoliation of  
Few Layer MoS2 and MoTe2 

Two-dimensional materials are of great 
interest due to their unique electronic 
and optical properties. Graphene has 
received much attention for its excellent 
electron mobility and other unique 
properties. Its use as a gas sensing 
material has also been tested due to its 
excellent surface to volume ratio [1]. 
Unfortunately, graphene lacks the 
semiconducting properties that gas 
sensing layers (such as indium tin oxide) 
traditionally possess [2]. Molybdenum 
disulfide (MoS2) is another two 
dimensional material that is analogous to 
graphene in its lattice structure and is 
made of stacked layers of molybdenum 
sandwiched between layers of bonded 
sulfur. However, bulk MoS2 has an 
indirect band gap of 1.2 eV while 
monolayer MoS2 has a direct band gap of 
1.8 eV. Molybdenum ditelluride (MoTe2) is 
a similar material to MoS2, made of 
tellurium layers, taking sulfur’s place, and 
sharing the lattice structure of MoS2 and 
graphene. MoTe2 has an indirect band 
gap of 0.86 eV in bulk and a direct band 
gap of 1.8 eV as a monolayer, reinforcing 
its similarity to MoS2. These two materials 
have potential for use in applications 
such as gas sensing [2, 3] where a 

semiconducting film is more useful than 
a material with no band gap. One of the 
challenges of using two dimensional 
films in devices such as gas sensors is the 
difficulty of mass producing these 
materials at an acceptable quality and 
performance level. The methods of 
producing few layer films of MoS2 or 
MoTe2 currently include mechanical 
exfoliation and chemical vapor 
deposition (CVD) or other growth 
techniques. Mechanical exfoliation 
stands out not only for not being a 
chemically driven growth technique but 
also for its ability to produce pristine 
films of two dimensional materials [4]. 
However, mechanical exfoliation is hard 
to reproduce and produces small sample 
footprints. A programmable machine 
would be useful for adding consistency to 
the technique of mechanical exfoliation. 
A rheometer is a tool which can apply 
stresses to soft solid materials and gather 
data about their mechanical properties. 
This makes it a candidate to reproduce 
the pressing and peeling of flake-covered 
pieces of adhesive that is normally done 
by hand to achieve mechanical 
exfoliation. We show that automating the 
mechanical exfoliation using a rheometer 
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adds greatly to the reproducibility of this 
fabrication technique. It also establishes 
machine parameters that can be varied 
to optimize and standardize a 
mechanical exfoliation recipe for that 
machine. 
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Figures 
 

 
    
Figure 1:Figure 1:Figure 1:Figure 1: The rheometer presses together and 
peels apart pieces of tape while the rheometer 
rotates between each exfoliation. This results in 
progressively thinner sheets of material down to 
only a few molecular layers. 
 

 
 

Figure Figure Figure Figure 2222:::: Rheometer tool and stage as the two 
pieces of tape are brought into contact and then 
peeled apart. 
 

 

 
Figure Figure Figure Figure 3333:::: Optical and SEM images of a 
monolayers MoS2 flake. 
 

 
 

Figure Figure Figure Figure 4444:::: AFM image of monolayer MoS2 flake an 
height profile of monolayer MoS2 flake. 
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Highly sensitive hot electron bolometer based on 
graphene quantum dots 

We studied graphene quantum dots 
patterned from epitaxial graphene on SiC 
and from chemical vapor deposition of 
Graphene Films on SiO2/Si with a 
resistance strongly dependent on 
temperature. The combination of weak 
electron-phonon coupling and small 
electronic heat capacity in graphene 
makes these quantum dots ideal hot-
electron bolometers. We characterized 
the response of these quantum dot 
bolometers to THz radiation as a function 
of dot size, with sizes ranging from 30 to 
700 nm and from 2.5 to 80 K temperature 
range. We show that quantum dots 
exhibit a variation of resistance with 
temperature higher than 430 MΩ/K below 
6 K, leading to electrical responsivities for 
absorbed THz power greater than 1 × 1010 
V/W. The power dependence of the 
responsivity was also investigated. The 
high responsivity, the potential for 
operation above 80 K and process 
scalability demonstrate that graphene 
quantum dot THz detectors hold great 
promise for practical applications. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: Temperature and THz power dependence of graphene quantum dotsTemperature and THz power dependence of graphene quantum dotsTemperature and THz power dependence of graphene quantum dotsTemperature and THz power dependence of graphene quantum dots. aaaa, Resistance vs. 
temperature for two quantum dots with different diameter at VDC = 5mV. bbbb, Current-voltage 
characteristic with (red) and without (black) of 0.15 THz radiation and the response as function of THz 
power absorbed for a 200-nm dot at 3K. 
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Epitaxial graphene homogeneity and quantum Hall 
effect in millimeter-scale devices 

Fully quantized magnetotransport is 
observed in two 5.6 mm × 5.6 mm 
epitaxial graphene (EG) devices, grown 
on the Si-face of hexagonal SiC(0001) by 
constrained Si sublimation at 1900 °C [1]. 
In our sample A, the quantized Hall 
resistance (Rxy = h/2e2) is maintained to 
five parts in 109 up to Ixx ≈ 0.72 mA at 
T = 3.1 K and 9 T. This result exceeds the 
highest QHE critical currents reported in 
graphene (0.5 mA) or GaAs 
heterostructures (0.6 mA) and is ascribed 
to remarkable uniformity of the EG layer. 
In our samples, adsorbed polar 
molecules act as a gate, and it is possible 
to vary the carrier concentration through 
this effect [2]. AC transport 
measurements were made on sample B 
at seven levels of carrier density, as 
shown in Fig. 1. Despite the presence of 
inhomogeneous layer number in some 
small areas of sample B, the measured 
mobility is µ ≈ 43 700 cm2V-1s-1 for 
n0 ≈ 0.5 × 1010 cm-2, which is the highest 
reported mobility for any graphene 
sample of millimeter-scale dimensions. 
For comparison, similar characteristics of 
µ and n have been reported in gated, 
high-quality EG devices of < 5 µm width 

[3], but in those devices the mobility was 
seen to decrease for values of n below 
≈ 1011 cm-2. This decrease is absent in the 
sample B, allowing transport with high 
mobility at very low carrier densities. 
Pristine exfoliated graphene on h-BN 
exhibits mobility about twice what we 
measure, and typically the maximum 
mobility occurs at low carrier density [4]. 
We explain the high level of transport 
mobility and critical current using various 
microscopy measurements of the 
graphene layer and substrate, including 
Raman mapping that reveals low and 
uniform strain over much of the surface 
of both devices. Our results show that 
disorder in EG produced by the SiC 
substrate does not result in reduced 
mobility at low carrier density if the 
density of scattering sources is relatively 
low, and that more homogeneous strain 
in monolayer EG may reduce the level of 
carrier density fluctuations. 
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Improved ion sensing graphene field effect transistors 
using ultra-thin parylene encapsulation 

Graphene field effect transistors (FETs) 
are an attractive candidate for sensing 
applications because of their high charge 
carrier mobility and the ideal coupling 
between graphene charge carriers and 
surface potential. However, depositing a 
selective layer on the graphene for these 
sensing applications can degrade 
graphene’s electrical properties, increase 
hysteresis, and present a challenge for 
maintaining its stability and 
performance. Here, we protect the 
graphene by encapsulating it with an 
ultrathin layer (~ 4nm) of parylene, a 
hydrophobic polymer, and then deposit a 
~ 3nm aluminum oxide sensing layer to 
characterize large are graphene ion 
sensitive field effect transistors (ISFETs). 
Not only do we demonstrate pH 
sensitivities approaching aluminum 
oxide’s limit of ~ 48 mV/pH [1] over pH 2.5 
through pH 7.5, but we also observe 
significant improvements in field effect 
mobilities of ~ 7000 cm2V-1s-1 and in 
transconductance with limited hysteresis 
compared to previous work [2]. The 
observed improvements due to the 
graphene encapsulation has resulted in 
the substantial improvement in the 

minimum detection limit of our ISFETs to 
5 mpH/ rtHz, advantageous to highly 
sensitive applications. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: (a) Schematic of a graphene based ISFET encapsulated with parylene with Al2O3 as a sensing 
layer. (b) The current flowing through the graphene channel while sweeping the reference electrode 
voltage Vref in both directions with different pH buffer solutions. (c) The field effect mobility of the 
carriers versus the reference electrode voltage Vref for different pH buffer solutions. (d) The neutrality 
point potential of the minimum conductance Vnp for the different pH buffer solutions; a 46.5 mV/pH 
sensitivity is observed. 
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The wagon-wheel effect in graphene-based materials: 
Can apparently innocuous oscillations impact so many 

physical properties? 
The key signature of any symmetry-
breaking perturbation that arises due to 
the presence of impurities and/or defects 
is the appearance of spatial fluctuations 
in quantities like the local density of 
states (LDOS) and the carrier density, 
both of which oscillate away from the 
location of the perturbation. However, in 
graphene these oscillations are hidden 
by their commensurability with the lattice 
parameter of graphene, analogously to 
the optical illusion known as the wagon-
wheel effect. Surprisingly, the absence of 
such oscillations can have a dramatic 
effect in a number of electronic 
properties of graphene and its derivative 
materials, as shown in this talk. For a 
start, these simple oscillations, or lack 
thereof, can explain the sublattice 
asymmetry seen in impurity-doped 
graphene where dopants prefer to bind 
to carbon atoms occupying one of the 
two sublattices of graphene even though 
both are absolutely equivalent. Another 
manifestation of the wagon-wheel effect 
is that the bonding symmetry with which 
a dopant binds to graphene may 
determine how good a scatterer this 

dopant is. As a result, certain impurities 
tend to be completely invisible causing 
no scattering whatsoever, with direct 
implications for the designing of efficient 
sensors. Finally, in addition to explaining 
the aforementioned physical properties, 
we argue that the wagon-wheel effect 
can also be explored to improve the 
accuracy of electronic structure 
calculations in graphene-related 
materials. 
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Analogy between graphene light-matter interactions 
and strong field quantum electrodynamics 

We theoretically describe the use of 
graphene as a “QED simulator” following 
the formal analogy between quantum 
electrodynamics (QED) and the dynamics 
of low-energy excitations in graphene [1]. 
More specifically, time-dependent 
electron-hole pair production in 
graphene can be used to simulate QED 
pair production from vacuum either in 
the multiphoton or Schwinger regime 
(also known as tunneling regime). We 
concentrate on the case where the 
system is driven out of equilibrium by the 
application of a linearly polarized or 
circularly polarized laser excitation. For 
applied fields of magnitude E0 = 107 V/m, 
the multiphoton regime corresponds to 
optical frequencies and the tunneling 
regime corresponds to terahertz 
frequencies. The resulting electron 
momentum densities are computed via a 
split-operator method for the numerical 
solution of the time-dependent Dirac 
equation [2]. For a linearly polarized 
excitation and a single optical cycle 
applied on the graphene sample, our 
results can be intuitively explained in 
terms of Landau-Zener-Stueckelberg 
interferometry and the Kibble-Zurek 
mechanism [3]. This highlights the 

unparalleled contribution of this 2D 
material to fundamental physics studies. 
Graphene in a strong magnetic field is 
also discussed in the context of electron-
hole pair creation [4]. 
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High Electron Mobility and Low-Field Quantum Hall 
Effect in Graphene grown on SiC substrates  

ready for back gating 
It seems that we are entering the era of 
two dimensional materials, that ever 
since they have been isolated showed 
amazing potential for developing new 
devices based on their extraordinary 
properties. When it comes to 
industrialization and commercialization, 
two main issues have to be faced: 
utilization of reproducible and affordable 
standardized manufacturing processes 
and high quality of the final product. For 
that purpose, we fabricate graphene by 
selective sublimation of Silicon Carbide 
(SiC), using an optimized protocol 
developed in our company. Our typical 
graphene layers grown on Si face SiC 
present mobilities in the range of 3000-
4000 cm2V-1s-1 at room temperature and 
up to almost 40000 at low temperature. 
Furthermore, pursuing the inclusion of 
graphene in the field of electronics, we 
produced a novel graphene product 
grown on top of pre-processed SiC 
substrates with a buried conducting layer 
at a depth of 300 nm, formed by ion 
implantation. By these means, we can 
provide a substrate where graphene can 

be easily back gated by biasing the 
semiconductor buried layer. Our quality 
inspections, in terms of Raman 
investigations, revealed that we obtained 
SiC substrates covered with more than 
75% of graphene of superior quality. 
Moreover, measurements performed on 
Hall bar devices fabricated along the SiC 
terraces corroborated those results. That 
is: mobilities of the electrons as high as 
8000 cm2V-1s-1 at low temperature and 
2800 cm2V-1s-1 at RT, as well as, low 
magnetic field plateaux on the Quantum 
Hall Effect have been observed. Even if 
these performances are pretty good in 
this first generation material, the pre-
processing of the semiconductor 
substrate is still impacting the graphene 
performances and we are working to 
improve the SiC processing to reach the 
electrical values obtained on graphene 
grown on virgin SiC substrates. All those 
premises make our graphene an ideal 
candidate to overcome the difficulties in 
bringing its potential to the desired 
industrial scale. 
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Figures 
 

  
 
Figure 1:Figure 1:Figure 1:Figure 1: Raman spectra measured at the position indicated by the blue crossin the optical image at 
the inset. The lower inset figure consists on a maping of the FWHM of the 2D peak, in which only the 
yellow dots indicate positions where single layer graphene is not found, while all the rest corresponds 
to the presence of high quality monolayer graphene, as it can be inferred from the color scale to the 
right. 
 

 
 
Figure Figure Figure Figure 2222:::: On the left hand side, a HRTEM cross sectional image of a studied sample. The single 
graphene layer, as well as the conducting buried layer can be observed. On the right side, the results 
obtained at 2 K for both longitudinal and Hall resistance on the mentioned device.  
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Characterisation of Liquid-Exfoliated Black 
Phosphorus Nanosheets 

Over the last number of years there has 
been significant interest in two-
dimensional materials in the area of 
nanoscience. Initially research has been 
focused on the study of graphene, 
however; more recently focus has 
expanded to other 2D nanomaterials 
such as; BN, transition metal 
dichalcogenides (TMDs) and transition 
metal oxides (TMOs). Black phosphorus 
(BP) is a new layered material which has 
generated significant interest over the 
last year. It is only the second elemental 
2D material to be studied after graphene. 
BP is a layered crystal in its bulk form, 
consisting of atomically thin layers of 
phosphorus atoms stacked on top of 
each other via van der Waals interactions, 
similar to the way graphene stacks to 
form graphite [1, 2]. However; in contrast 
to other layered 2D nanomaterials which 
display direct bandgaps in the monolayer 
form, BP displays a direct bandgap in the 
mono-, few-layer and bulk forms. This 
makes BP highly attractive for electronics 
and optoelectronics [3]. 
 

Accordingly there have been numerous 
reports producing BP nanosheets via 
mechanical cleavage. However; to 

produce large quantities of material a 
scalable method is required. Therefore, 
BP crystal has been subjected to liquid 
phase exfoliation in cyclohexyl 
pyrrolidone (CHP), a common organic 
solvent. This process produces high 
quality nanosheets with lateral 
dimensions up to 3µm. These 
nanosheets unlike graphene and some 
other layered materials are unstable 
under ambient conditions [4]. This poses 
a significant problem for processing and 
fabrication of devices using BP. Herein a 
spectroscopic method is presented to 
track the degradation of the nanosheets 
in solution produced using liquid phase 
exfoliation. A stability metric is also 
presented, which can be used to 
determine the amount of reacted 
nanosheets in a given sample. It was 
found that the instability of the 
nanosheets predominantly occurs via a 
disproportionation reaction at the edges. 
Interestingly the stability of the 
nanosheets varies across different 
solvents where amide solvents show the 
greatest stability. Samples prepared 
using appropriate solvents can slow 
down the reaction which reduces the 
degradation to ~8% after 3 days. 
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Figure 1:Figure 1:Figure 1:Figure 1: A) TEM image of nanosheets produced 
from Liquid phase exfoliation, B) Decreasing 
nanosheet concentration with varying water 
contents as a function of time. 
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Direct imaging of topological edge states at a bilayer 
graphene domain wall 

Looking for systems where topological 
edge states persist in the absence of 
external magnetic fields boosts rapid 
developments in condensed matter 
physics in the past few years. The AB-BA 
domain wall in gapped graphene bilayers 
is a rare naked structure that is believed 
to host one-dimensional topological 
electronic states. Here we show, for the 
first time, direct imaging of its topological 
edge states by using scanning tunneling 
microscope (STM) [1-3]. The 
simultaneously obtained atomic-
resolution images of the domain wall 
provide us unprecedented opportunities 
to measure the spatially-varying edge 
states within it. The one-dimensional 
conducting channels are observed to be 
mainly located around the two edges of 
the domain wall, which is reproduced 
quite well by our theoretical calculations. 
Our experiment further demonstrates 
that the one-dimensional topological 
states are quite robust even in the 
presence of high magnetic fields, raising 
hopes of graphene-based electronics 
with ultra-low dissipation. 
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Graphene Oxide for Removal of Heavy Metals from 
Tunnel Wash Water 

The potential of graphene-based 
materials like graphene oxide (GO) and 
reduced graphene oxide (rGO) as efficient 
adsorbents for contaminants such as 
radionuclides, cationic/anionic dyes and 
heavy metals has been studied in the 
recent years with encouraging results 
(Yang, 2010), (Zhao, 2011), (Ramesha, 
2011), (Romanchuk, 2013). In the present 
work we evaluate GO as scavenger for 
heavy metals from tunnel wash water. 
Norway has approximately 800 km of 
tunnel construction along its territory 
(Torp, 2013); these tunnels are subjected 
to regular maintenance that includes 
washing episodes. Tunnel wash water 
can contain particulate material, soap, 
polycyclic aromatic hydrocarbons (PAH), 
oil components and heavy metals such 
as zinc (Zn), lead (Pb), copper (Cu) and 
cadmium (Cd) among others (Meland, 
2012).  
 

In order to test the performance of GO as 
an adsorbent for heavy metals present in 
tunnel wash water, three experimental 
series were conducted. Series 1 and 2 
were done in tunnel wash water from a 
half-wash episode in December 2015 at 
the Nordby tunnel in Akershus province 

in Norway. The water sample was 
characterized and results showed 
measurable concentrations of Zn (650 
µg/L), Cu (60 µg/L), Pb (8.3 µg/L), PAH 
and oil components. Series 3 was done in 
deionized water containing 5 ppm of Zn, 
Cu, Pb and Cd. Samples from the three 
series were treated with GO (0.6 g/L) and 
an inorganic flocculant* developed by 
our company in order to enhance 
separation. Graphene oxide was 
prepared by modified Hummers method 
(Hummers, 1958). The precipitate was 
separated by centrifugation and the 
supernatant was analysed by inductively 
coupled plasma mass spectrometry for 
elemental analysis. Results in terms of 
relative adsorption efficiency are shown 
in Table 1. 
 

Efficiencies for Cu and Zn in series 1 and 2 
are high, however values for Zn are higher 
than the ones for Cu, suggesting that 
mechanisms such as cation competition 
and concentration effects may influence 
the adsorption of these metals onto GO 
when present in a multicomponent 
system. Results from series 3 show very 
high adsorption efficiency for all the 
heavy metals tested, suggesting that the 
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presence of PAH and oil components in 
series 1 and 2, may negatively affect the 
adsorption of Zn and Cu and potentially 
other heavy metals onto GO. The pH 
value in all series is near neutral value, 
this suggest that the removal of these 
metals may not be attributed to 
formation of precipitating species. These 
results represent a step forward to 
understanding the potential of GO in the 
water treatment field, where 
management of rest-cations and large pH 
adjustments are still challenges to 
overcome. 
 
Note: *Flocculant is pending approval for 

a patent. 
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SeriesSeriesSeriesSeries    pHpHpHpH    Heavy Metal and Relative Adsorption Efficiency (%)Heavy Metal and Relative Adsorption Efficiency (%)Heavy Metal and Relative Adsorption Efficiency (%)Heavy Metal and Relative Adsorption Efficiency (%)    
1111    7 Cu (71.7%), Zn (94.3%), Pb (> 75.9%)1 
2222    7.9 Cu (88.4%), Zn (94.2%), Pb (> 75.9%)1 

3333    7.9 Cu (99.9%), Zn (99.3%), Pb (99.9%), Cd (99.9%) 
 
Table 1Table 1Table 1Table 1:::: Results of experimental series 1,2 and 3; pH value and relative adsorption efficiency are 
shown. 
 

                                                           
1 Concentration values for Pb (not shown) after treatment were under the LOQ (2.0 µg/l), thus it is possible 
to say that the adsorption efficiency for Pb is at least 75.9% in both series 1 and 2. 
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Preparation of ultra-light, “shell-less” graphene aerogel 
via simple pre-reduction method 

Reduced graphene oxide (RGO) gels are 
emerging three dimensional graphene 
macroscopic assemblies of potential use 
in many applications including energy 
storage, pollutant adsorption and gas 
sensing [1]. Conventional RGO gels are 
often prepared via solution based 
gelation involving the reduction of 
graphene oxide (GO) through chemical or 
solvothermal reduction. Often, the gel is 
formed with a shell structure enveloping 
the interior porous bulk [2]. The 
conventional gel also shows high volume 
shrinkage and is thus mechanically rigid, 
demonstrating severe plastic 
deformation upon compression. This 
makes them less attractive to 
applications such as reusable oil 
sponges, energy absorbing materials and 
electromechanical sensors. 
 

In this work, we present a simple pre-
reduction technique prior to 

hydrothermal gelation of GO that allows 
us to prepare RGO aerogels with ultra-low 
density and excellent mechanical 
elasticity. The pre-reduction step also 
weakens the surface anchoring of GO at 
interfaces resulting an open structure 
with the porous bulk structure 
immediately accessible from the surface 
[2]. These new features make the pre-
reduced RGO aerogel more attractive to 
the aforementioned applications. 
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Figures 
 

 
 
Scheme 1Scheme 1Scheme 1Scheme 1:::: Graphene hydrogel (GHG) formation under hydrothermal conditions: a) conventional 
GHG with shell; b) GHG by thermal or chemical pre-reduction prior to hydrothermal treatment. 
 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Optical and SEM images of conventional and shell-less GHG. a) Photograph of 
conventional GHG, b) shell-less GHG prepared via thermal pre-reduction and c) shell-less GHG 
prepared via chemical pre-reduction using vitamin C. SEM images of the exterior (d) and interior 
(e) structure of shell-less GHG in b) with similar microstructure. 
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Application of Total-reflection high-energy positron 
diffraction (TRHEPD) to the analysis  

of the graphene structures 
Total-reflection high-energy positron 
diffraction (TRHEPD) [1, 2], is the positron 
(the antiparticle of the electron) 
counterpart of reflection high-energy 
electron diffraction (RHEED). Its surface 
sensitivity originates from the inelastic 
scatterings, as is the case for the electron 
diffraction such as low energy electron 
diffraction (LEED) and reflection high-
energy electron diffraction (RHEED), i.e., 
once a particle undergoes an elastic 
scattering it loses coherence to 
contribute the diffraction pattern. In 
addition to this, TRHEPD has a reason 
which renders the the method 
exceedingly surface sensitive, i.e., the 
electrostatic potential inside every solid 
is positive and thus the surface is 
repulsive for a positron. A fast positron 
incident on a surface with a glancing 
angle smaller than a certain critical angle 
is totally reflected. In this condition, the 
diffraction pattern is determined only by 
the atoms on the topmost surface [3]. It is 
also possible to get information on the 
immediate subsurface by increasing the 
glancing angle across the critical angle. In 
this condition the positron is refracted 
toward the surface in contrast to the 
electron which is refracted off the surface 
and penetrates deeper. Thus TRHEPD is 

best suited for the the determination of 
the atomic arrangement of the atomic 
layer materials such as graphene. 
 

A TRHEPD station with a brightness-
enhanced intense positron beam is now 
in operation at the Slow Positron Facility, 
KEK, where positrons are created via pair 
creation from the Bremsstrahlung of 50 
MeV electron accelerated by an electron 
linac [4]. 
 

We report here recent application of this 
TRHEPD station to the structure of 
graphene on a Cu(111) and a Co(0001) 
surfaces. It was confirmed that the 
graphene has no buckling and the 
distance between graphene and the 
substrate was determined [5]. In a study 
of silicene on Ag(111), amount of 
buckling and the distance between the 
substrate and the bottom silicon atoms 
were determined [6]. TRHEPD has lso 
been applied to a more complex surface  
structure of rutile-TiO2(110)-(1×2) surface 
[7]. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Because of the positive electrostatic potential of every material, the positron is 
refracted toward the surface, while the electron is refracted off the surface. When the incident 
glancing angle is smaller than the critical angle, the positron is totally reflected and thus the 
diffraction pattern is determined solely determin by the arrangement of the topmost atoms. 
 

 
Figure 2:Figure 2:Figure 2:Figure 2: The TRHEPD 00-spot rocking curves for the graphene on Cu(111) and Co(0001) and the 
obtained structures – amount of bucking and the graphene-substrate distance. 
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Correspondence between STM and photoemission 
results on N-doped graphene 

We present a combination of STM and 
ARPES results obtained on nitrogen-
doped graphene. The pristine graphene 
samples were grown on 4H-SiC(000-1) 
using the confinement controlled 
sublimation method [1] and were 
subsequently doped by exposing them to 
a nitrogen radical flux produced by RF 
plasma source. 
 

The electronic doping level was first 
measured by ARPES at the Cassiopée 
beamline of the Soleil synchrotron (cf. fig. 
1). The same samples were then 
investigated by LT-STM to evaluate their 
nitrogen concentration (cf. fig. 1) as well 
as the electronic doping on a nanometer 
scale. Core-level photoemission 
experiments were also performed on the 
samples. 
 

The combination of these data with tight-
binding calculations allowed us to 
evidence several important effects. First, 
the number of charge carriers brought by 
each dopant does not appear to be 
constant, which, as tight binding results 

support, questions the reliability of the 
rigid band model for graphene. Second, 
the N 1s energy level corresponding to 
nitrogen in the ‘graphitic’ configuration 
depends on the level of nitrogen 
concentration. Connections between this 
dependence and the departure from the 
tight-binding model can be made. Third, 
the measure of the electronic doping by 
STS and another technique (ARPES) 
permits to demonstrate unambiguously 
the need for renormalization of the STS 
spectra and strongly supports the 
interpretation of the pseudogap 
observed in the tunneling spectra as the 
absence of an inelastic tunneling channel 
at low bias [2]. 
 

These results, as well as previous related 
results, are discussed in refs [3] & [4]. 
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Figures 
 

 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: ARPES and typical STM images acquired on samples with different nitrogen 
concentration. The electronic doping levels (µ) as well as the nitrogen concentrations (c) are 
given on each image. N dopants appear as red protrusions on the STM images 
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Large and pure h-BN nanosheets obtained by a unique 
combination of PDCs route with SPS process 

Since graphene's properties are strongly 
linked to the substrate on which it is 
deposited, it is clear that the promising 
future development of practical 
graphene devices will necessarily go 
through the development of insulating 
substrates on which graphene can be 
deposited without changing its intrinsic 
properties. One of the most suitable 
substrates appears to be the hexagonal 
variety of boron nitride (h-BN, also called 
“white graphite”), which is isostructural 
and isoelectronic of graphene, with a 
lattice matching that of graphene. As a 
consequence, the development of a 
novel source for highly crystallized h-BN 
crystals, suitable for a further exfoliation, 
is a prime scientific issue. This 
presentation proposes a promising 
approach to synthesize pure and well-
crystallized h-BN flakes, which can be 
easily exfoliated into Boron Nitride 
NanoSheets (BNNSs). This new accessible 
production process represents a relevant 
alternative source of supply in response 
to the increasing need of high quality 
BNNSs. The synthesis strategy to prepare 
pure h-BN is based on a unique 
combination of the Polymer Derived 
Ceramics (PDCs) route [1] with the Spark 
Plasma Sintering (SPS) process [2]. 
Through a multi-scale chemical and 
structural investigation, it is clearly 

shown that obtained flakes are large 
(fig.1), defect-free and well-crystallized, 
which are key-characteristics for a 
subsequent exfoliation into relevant 
BNNSs. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: TEM bright field micrograph attesting 
the large dimension of h-BN flake resulting 
from the PDCs/SPS dual process 
 

10 µm 
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Green route for production and biofunctionalization of 
transition metal dichalcogenides based nanosheets 

Recently, two dimensional (2D) materials 
including transition metal dichalcogenides 
(TMDs),such as MoS2 and WS2 have 
triggered the enthusiasm of the research 
community due to their extraordinary 
chemical, electronic and optical 
properties. Moreover, the wide spectrum 
of their applications in nanoelectronics, 
nanophotonics, biomedical and sensing 
devices, has also motivated research on 
the production of high quality 2D TMDs. 
Literature reports suggest that these 
layered materials are produced by 
various techniques such as mechanical 
and chemical exfoliation, including liquid 
phase exfoliation [1], being the most 
versatile technique for the production of 
large-scale, few-layered and functionalized 
2D TMD based nanosheets. 
 

Herein, we report that during liquid 
exfoliation of MoS2 and WS2 layered 
crystallites are sonicated in presence of 
green solvents i.e., water and ethanol and 
a fungal hydrophobin Vmh2 [2] is added 
to retain stability and biological 
functionalization. Since, Vmh2 protein 
has unique physicochemical properties 
and superior hydrophobicity, the 

addition of this hydrophobin results in 
stable dispersions of few/monolayered 
nanosheets, after few steps of controlled 
centrifugation. Furthermore, controlled 
centrifugation enables the selection of 
bio-functionalized few-layered nanosheets 
of MoS2 and WS2, which are investigated by 
UV-VIS, Raman spectroscopy and atomic 
force microscopy. The stability of these 
dispersions are studied by zeta potential 
measurements, which also confirm the 
bio-functionalization of nanosheets. 
Thus, we have introduced an eco-friendly 
and economic strategy to produce large 
scale and biofunctionalized TMD based 
nanosheets. 
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Figures 
 

  
Figure Figure Figure Figure 1:1:1:1: Stability of exfoliated samples in 
function of time and hydrophobin content  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2Figure 2Figure 2Figure 2:::: Extinction spectra of MoS2 liquid 
dispersions 
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Substrate Screening Induced Renormalization of 
Excited-States in 2D Materials 

Two-dimensional (2D) materials offer an 
emerging platform for exploring novel 
electronic phenomena in reduced 
dimensionality systems. Owing to their 
atomic scale thickness, the excitation 
energy levels in 2D materials are strongly 
renormalized due to the screening by the 
surrounding environment such as the 
substrate. This effect is expected to have 
strong impact when the 2D materials are 
integrated into functional devices. 
Accounting for such long-range screening 
requires methods beyond density 
functional theory (DFT), such as the GW 
approach. Large scale GW calculations 
including the substrate are not feasible 
using the presently available 
computational tools. 
 

We have developed an integrated first-
principles approach combining density 
functional theory (DFT), the GW 
approximation, and a semiclassical 
image-charge model to compute the 
electronic band gaps in planar 2D 
systems in weak interaction with the 
surrounding environment, including 
long-range screening effects, in a 
computationally tractable manner [1]. 
This methodology is general for any 

planar 2D system and we apply it here to 
the specific case of graphene 
nanoribbons (GNRs) since accurate 
experimental data exist [2,3]. 
 

We find that the band gap of substrate-
supported GNRs is reduced by several 
tenths of an eV compared to their 
isolated counterparts, with a width-and 
orientation-dependent renormalization. 
The predicted band gaps are in good 
agreement with the range of available 
experimental data on substrate-
supported armchair GNRs (Figure 1). Our 
results indicate that the band gaps in 
GNRs can be tuned by controlling the 
electronic screening at the interface and 
suggest the interesting possibility of 
using spatially varying dielectric 
environment to engineer the screening 
effects and induce band offsets into 2D 
materials without any chemical 
modification. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Quasiparticle band gap of the 
isolated and substrate-supported armchair 
graphene nanoribbons (AGNRs) as a function 
of their width. Energy levels in the substrate 
supported AGNRs are strongly renormalized 
by the substrate induced screening effect 
resulting in the reduction of the band gap. 
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Development of a non-equilibrium electronic structure 
calculation method based on local  

constrained density functional theory:  
Applications to vertically-stacked 2D heterostructures 

We report on the development of a novel 
first-principles electronic structure 
calculation method for the junction 
systems subjected to non-equilibrium 
conditions. Within the scheme, non-
equilibrium situations induced by 
external bias voltages are described 
within the local constrained density 
functional theory formalism. We will 
discuss our solutions to the several 
technical difficulties in describing 
complicated nanointerfaces placed 
under bias voltages. As applicaton 
examples, we consider vertically-stacked 
van der waals heterostructure based on 
two-dimensional layered materials. By 
explicitly extracting the changes in energy 
level alignment and charge transfer 
characteristics in response to the source-
drain and gate biases, we provide 
atomistic guidelines for the design of 
several novel nano-devices. 
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Radio frequency transmission characteristics of 
graphene under low temperature 

Graphene, a two dimensional honeycomb 
lattice of carbon atoms with 0.335 nm 
thickness, has attracted great attention 
because of its good electric properties, 
flexibility and stability [1, 2]. Especially, its 
superior properties show remarkable 
potential for radio frequency (RF) 
applications [3]. Although there were 
many electronic device researches, these 
studies based on frequency has not been 
much progressed in.  
 

In this study, we prepared ground-signal-
ground (GSG) devices of graphene 
interconnectors for RF transmission with 
two-port measurements in the high 
frequency range from 2 to 10 GHz. From 
the investigation of RF transmission, we 
demonstrated the electrical characteristics 
according to temperature from 100K to 
300K. Furthermore, using telegrapher’s 
equations with equivalent circuit model, 
parameters such as impedance, 
resistance (R), inductance (L), shunt 
conductance (G), and shunt capacitance 
(C) were extracted from the RF 
transmission results for demonstrating 
effect of thermal energy. The result of this 
study is expected to suggest the 
achievability of identifying a graphene-
based RF transmission device with 
temperature.  
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Electrical Characterization of  
Large Area Graphene Layers 

The current advances in the research and 
manufacturing of large area graphene 
layers are promising towards the 
introduction of this exciting material in 
display industry and other electrical and 
optical applications. New production 
technologies in the fabrication of flexible 
displays, touch screens or printed 
electronics apply graphene layers on 
non-metal substrates and bring new 
challenges to the re-quired metrology. 
Traditional measurement concepts of 
layer thickness, sheet resistance, optical 
trans-parency and layer uniformity are 
difficult to apply to graphene and are 
often harmful to the product layer. New 
non-contact sensor concepts are 
required to adapt to the challenges and 
even the foreseea-ble inline production 
of large area graphene.  
 
 
 
 
 
 
 
 
 
 

Dedicated non-contact measurement 
sensors are a pioneering method to 
leverage these issues in a large variety of 
applications, while significantly lowering 
the costs of development and process 
setup. Transferred and printed graphene 
layers can be characterized with high 
accuracy in a huge measure-ment range 
and even right during production. Large 
area graphene mappings are applied for 
process optimization and for efficient 
quality control. Examples of doped, 
defected and excellent Graphene are 
presented as quality images and 
implications for manufacturer are 
explained.     
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Ag/Biochar Composite for Supercapacitor Electrodes 
The development of new electrical 
energy storage devices and the 
improving of existing ones e.g. batteries 
and supercapacitors (SC) has become 
extremely important due to increased 
application of these devices in 
transportation and in renewable energy 
storage. Among them, SC are more 
capable of generating higher power 
density than are batteries, and are 
gaining particular interest. They are used 
for recovering brake energy in electrical 
vehicles and locomotives and for 
enhancing the energy efficiency of 
instruments requiring a peak power 
source. They can eliminate idling and 
consequently reduce fuel consumption, 
emission of harmful pollutants and 
maintenance cost and prolong engine 
life. However, SC store significantly less 
energy than batteries. One way to 
increase the energy storage capacity of 
SC without compromising their cost is to 
enhance the performance of electrodes. 
Low-cost and high-performance 
materials for the electrodes have been 
extensively investigated. The most 
utilised material for SC electrodes is 
carbon (from different sources and in 
different forms). Canada is rich in 
biomass, which is one of the potential 

sources of carbon for these applications. 
Biochar (BC) from woody residue has 
unique pore morphology.  Its potential as 
a carbon source for the SC electrodes has 
been reported in many recent studies [1-
5]. It has been observed that the physical 
and electrochemical properties of the BC 
highly depend on the source of biomass, 
its carbonization conditions and any 
subsequent activation methods. One of 
the key criteria for utilizing activated BC 
(a-BC) as an electrode material is its 
electrical conductivity. In this work, a 
potential method has been proposed for 
the impregnation of Ag ions into the a-BC 
to prepare a composite material with 
high electrical conductivity.  
 

The results obtained from 
electrochemical measurements showed 
that electrodes composed of Ag/(a-BC) 
have higher electrical conductivity and 
better performance compared to a-BC 
based electrodes (Fig.1). The highest 
specific capacitance of 475 F g-1 in 
aqueous 3M LiN((SO2CF3)2) electrolyte 
was achieved which is  almost 42% 
higher than the previously reported value 
(335 F g-1) for electrodes composed with 
of a-BC [1]. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: CV curves at 5mV s-1 scan rate 
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Continuous gas-phase plasma process  
to produce few-layer crumpled graphene 

Raymor is industrializing a continuous 
gas-phase plasma process to produce 
few-layer crumpled graphene sheets at 
commercial scale (few hundred grams 
per hour) using a 60 kW plasma torch. 
Process optimization has allowed us to 
produce a material having an 
outstanding high crystallinity and purity. 
Raymor’s patent protected plasma 
production process is continuous, robust, 
and low-cost compared to other 
manufacturing methods. The material 
presents low oxygen content (1-2%) and 
ppm metal impurity levels, suitable for 
battery applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The turbostratic layering and 'crinkled' 3-
D morphology of this graphene is unique, 
and provides superior dispersability in a 
variety of solvents. Efforts toward process 
stability, product quality and product 
standardization will be reviewed. 
Characterization of the material is 
routinely done using Raman 
spectroscopy and nitrogen adsorption 
isotherm (surface area): plasma-grown 
graphene presents a G/D ratio up to 4 at 
514 nm excitation wavelength along with 
a surface area greater than 400 m2/g. 
Advantages of utilizing this material in 
energy storage and conductive ink 
applications will be discussed. 
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Effects of 2D crystals addition on the physical 
properties of polycarbonate-based composite 

Two-dimensional (2D) crystals-based 
applications are gaining increasing 
attention in the past few years [1]. The 
current bottleneck hindering the full 
exploitation of the 2D crystal properties 
relies on their production strategies. In 
this context, liquid phase exfoliation 
(LPE) of layered materials [2,3] is the 
most promising approach for the 
scalable production of 2D crystals. In fact, 
by LPE it is possible to realize dispersions 
and inks, to be deposited on target 
substrates, as well as polymer 
composites [4]. In particular, 2D-crystals-
based composites have shown 
improvements in mechanical, electrical 
and thermal properties compared to 
pristine polymer matrices [1,4]. 
Unfortunately, the impact of both 2D filler 
nature and morphology, i.e. lateral size 
and thickness, on the composite 
properties is still poorly understood, thus 
an in-depth study is urgently needed for 
further optimization. 
 

Herein, we select polycarbonate (PC) as 
polymer for the production of both 
graphene- and hexagonal boron nitride 
(hBN)-doped composites, prepared by 
solvent blending technique. The 2D 

crystals addition to the polymeric matrix 
is evaluated by investigating the 
mechanical properties of the composites.  
 

Exfoliation of bulk layered material is 
carried out by ultra-sonication [5]. The 
solvent used for graphene is N-Methyl-2-
pyrrolidone, whereas for h-BN we used a 
novel water/surfactant solution. 2D-
based crystals are then sorted by lateral 
size and thickness by using ultra-
centrifugation [6-8]. The obtained 
graphene flakes of average lateral size of 
~300 nm are obtained by ultra-
centrifugation at 17000g; a cascade 
centrifugation [9] was developed in order 
to separate hBN flakes in two different 
dispersions with average lateral sizes of 
200 and 400 nm, respectively. After the 
ultra-centrifugation, a solvent exchange 
process is used for the re-dispersion of 
the graphene and hBN flakes in 1,3-
dioxolane, the same solvent used for the 
dissolution of PC pellets. 2D crystals and 
PC dispersions are mixed by means of 
ultra-sonication allowing a thorough 
mixing of flakes and PC polymer chains. 
The dispersions are then pelletized by 
pouring water, a non-solvent for the PC, 
which precipitates the composite 
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materials. Finally, the pellets of 
composite are hot-pressed to form 
~100 µm thick composite films. 
 

Graphene/PC and hBN/PC composites 
are characterized morphologically and 
structurally using atomic force and 
scanning electron microscopies, and 
Raman spectroscopy. Static and dynamic 
mechanical measurements are carried 
out to investigate the effect of low 
loading (≤1%) of the two different 2D 
crystal fillers in PC matrix. We found an 
improvement of more than 25% in 
Young’s modulus with respect to the neat 
polymer at 1 wt.% and 0.5 wt% of loading 
of graphene and hBN, respectively. Thus, 
hBN flakes provided the same 
improvement of graphene flakes with 
only half of the loading, highlighting how 
the differences in structure and 
morphology of 2D-crystals-based fillers 
play a key role in nanocomposite science 
and technology. 
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Fold assisted transport in graphene systems 
Deformations in graphene are central 
elements in the novel field of 
“straintronics”. Various strain geometries 
have been to produce specific properties 
but their experimental realization has 
been limited. Because folds occur 
naturally in graphene samples, or could 
be engineered with appropriate 
substrates, we study their effects on 
graphene transport properties [1]. We 
show the existence of an enhanced local 
density of states (LDOS) along the fold 
that originates from localization of higher 
energy states, and provides extra 

conductance channels at lower energies. 
In addition to exhibit sublattice symmetry 
breaking, these states are valley 
polarized, with quasi-ballistic properties 
in smooth disorder potentials. We 
confirmed that these results persist in the 
presence of strong edge disorder, making 
folds viable electronic waveguides. These 
findings could be tested in currently 
available experimental settings. 
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Figures 

 
Figures1:Figures1:Figures1:Figures1: (a) Schematic representation of a graphene nanoribbon with a Gaussian fold 
deformation. (b) Total LDOS for states with same velocity near both K and K’ valleys. Color 
scale represents percentual contribution from each valley; yellow refers to states near K and 
black to states near K’. Notice that arrows in (a) represent valley polarized current along the 
ribbon, with colors defined as in (b). 
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A new knob in graphene CVD growth 
Several milestones have been achieved 
for the chemical vapor deposition (CVD) 
of graphene films on copper foils since it 
was first reported back in 2009 and the 
technology is now mature enough so 
companies are developing tools for mass 
productions. Still, continuous monolayer 
coverage of graphene on copper requires 
surprisingly long growth times and 
several inconsistencies remains to be 
elucidated in order to scale the 
production and reach the constancy and 
uniformity of the resulting material as 
required by the industry. 
 

Our recent research revealed oxidizing 
impurities as a dominant factor 
governing the growth. For instance, 
oxygen impurities and not hydrogen, are 
responsible for graphene etching on 
copper and hydrogen have the protecting 
role of counter balancing oxidizing 
impurities reactions. When the level of 
oxidizing impurities are minimized, 
continuous layer of graphene can be 
grown in the sole presence of methane 
[1, 2]. The kinetics of the reactions have 
been addressed and revealed a 
competitive action between precursor 

oxidation and carbon growth during 
graphene formation in the CVD reactor. 
Based on our experimental evidences 
and the kinetic model developed, a 
criterion is found for the O2/H2 partial 
pressure ratio setting a limit between 
impurities limited growth and methane 
adsorption-dissociation limited growth. 
Most of the work to date, even using 
ultra-high purity (UHP) gases, are in the 
impurities limited growth regime. In this 
presentation, the adsorption-dissociation 
limited growth regime is explored in a 
series of growth experiments where the 
level of oxidizing impurities is strictly 
controlled. With this new control knob, 
the growth can be speeded up by a factor 
of x50 compared to recipes under UHP 
conditions without affecting graphene 
quality. The purified regime also allowed 
us to identify an origin of bilayer islands 
and gave us some insight on the copper 
surface quality effects on the resulting 
graphene morphology. 
 

Studies in purified conditions allow the 
necessary fundamental knowledge to be 
gained in order to tailor the graphene 
growth and gives the consistency 
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required in a manufacturing context. In 
addition, the growth method shown in 
this report is straightforward and very 
simple to implement in industrial 
manufacturing processes making 
graphene sheets mass production 
economically feasible. 
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Construction of novel high-performance Li-ion hybrid 
supercapacitors based on 3D graphene composites 

Li-ion hybrid capacitors (LIHCs) as a novel 
and promising energy storage unit, 
consisting of a Li-ion battery type anode 
and an electrochemical double layer 
capacitance (EDLC) type cathode, has 
attracted enormous research attentions 
[1-3]. However, it remains a significant 
challenge to build the high-performance 
LIHCs due to most battery-type anodes 
with the sluggish kinetics of Li-ion storage 
and low specific capacitance of common 
capacitor-type cathodes [4, 5]. Thus, a 
search of alternative high-performance 
battery type anode materials and 
capacitor-type cathode materials, able to 
deliver higher energies and power 
densities in organic electrolyte is highly 
required. Herein, a novel high-
performance LIHCs is constructed by 
combining a Li-ion battery type anode 
(3D graphene/MoO3 nanocomposite) with 
a capacitor type cathode (3D 
graphene/PANI derived carbon material). 
Such a subtle design endow LIHCs with a 
wide voltage range of (3.8 V), a high 
energy density of 128.3 Wh·kg-1, and an 
ultra-long cycle life up to 3000 cycles with 
87% capacity retention. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: (a) SEM image of 3D graphene/MoO3 nanocomposite, (b) CV test of LIHSs device based 
on 3D MoO3/GNSs and 3D PANI/GNSs derived carbon at various scan rates. 
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Fabrication of Graphene-Based Composites for 
Wearable Supercapacitors 

Graphene fiber (GF) has arisen as a widely 
used material in both academia and 
industry due to its mechanical flexibility. 
GF has significant value because it 
permits the integration of rich 
functionalities and high performances. 
Many efforts were made to apply 
graphene fibers (GFs) to wearable energy 
storage devices such as supercapacitors. 
However, the utilization of 2-D graphene 
sheets presents difficulties in assembling 
GF with strong mechanical strength. 
Moreover, current methods of fabricating 
supercapacitor device by twisting two 
individual GF together could easily result 
in short circuit or high solution 
resistance. Thus a more integrated GF 
supercapacitor that does not 
compromise electrochemical performance 
is strongly required [1-3].  Herein we 
propose a novel all-in-one GF 
supercapacitor device based on spun 
graphene fibers. The proposed GF 
supercapacitor has strong mechanical 
strength and improved capacitive 
performance due to the utilization of 
giant graphene sheets and introduction 
of Ppy. This novel method also 
overcomes the high solution resistance of 
the conventional closely-packed GO 

sheets. Therefore the proposed novel all-
in-one GF method holds great 
technological promise as an improved 
mean for constructing super capacitor 
devices. 
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Characterization of solution processable graphene 
NRC’s Nanocarbon Metrology project 
aims to develop characterization 
methods and protocols for the 
assessment of single wall carbon 
nanotubes and graphene. As these 
materials move from the laboratory to 
production and into applications, there is 
a need for improved characterization 
methods and development of standard 
protocols to ensure material quality. 
Variable quality of commercially 
available materials and lack of proper 
methods and protocols to evaluate these 
materials is hampering the development 
of applications.  
 

Many applications (i.e. printable 
electronics, batteries, graphene-polymer 
composites,…) require graphene in 
solution. In this case the graphene is in 
the form of flakes dispersed in organic or 
aqueous solvents. Solution processable 
routes to graphene generally fall into two 
categories- direct exfoliation of graphite 
or oxidation to graphene oxide (GO) 
followed by reduction to graphene. 
Properties of films made from these 
dispersions are dependent on both the 
quality of the individual flakes and how 
they are assembled into films. Here we 
will present results on evaluating the 

structure, morphology and electronic 
properties of reduced GO and graphene 
films derived from various protocols 
using starting materials from a variety of 
commercial sources. Size of individual 
flakes in solution have been measured by 
dynamic light scattering and compared 
with atomic force microscopy (AFM) 
measurements after deposition on a 
substrate. AFM height measurements 
have been used to determine flake 
thickness and monitor the thermal 
reduction of GO to graphene. Scanning 
tunneling microscopy has been used to 
observe the atomic scale structure of the 
flakes. AFM and Raman spectroscopy 
have been used to characterize the 
morphology and uniformity of 
continuous films assembled from these 
flakes. These observations are correlated 
with measurements of the conductivity 
and work function. The structure and 
electronic properties of films derived 
from thermal and/or chemical reduction 
of GO are compared with those based on 
dispersions of directly exfoliated 
graphene flakes.    
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Charge transport and corrosion inhibiting properties of 
monolayer hexagonal boron nitride grown by  

chemical vapor deposition 
Hexagonal boron nitride (h-BN), also 
known as white graphite, is a wide 
bandgap material that has found use as 
an appealing insulating dielectric layer in 
ultra-high mobility graphene devices, 2-
dimensional heterostructures and 
tunneling devices [1–4]. We report the 
chemical vapor deposition (CVD) growth 
and characterization of monolayer h-BN. 
The growth was performed in a tube 
furnace on Cu foils using an ammonia 
borane (NH3-BH3) precursor. Scanning 
electron microscopy was used to study 
the morphology of the as-grown films 
and optimize growth conditions to yield 
high coverage of monolayer h-BN. 
Chemical analysis was performed by 
electron energy loss spectroscopy and X-
ray photoelectron spectroscopy. The 
hexagonal crystal structure was 
investigated by electron diffraction of 
suspended films. Raman spectroscopy of 
h-BN transferred to SiO2/Si substrates 
reveals a prominent Stokes shift at 1366-
1370 cm-1. The optical properties of our h-
BN films were probed by 
cathodoluminescence and UV-Vis 
absorption spectroscopy. In-plane 

electron transport studies were 
performed on h-BN monolayer 
transferred to SiO2/Si substrates using a 
variety of electrode geometries. Ni 
electrodes were used to provide electrical 
contact. We have observed quadratic 
scaling of current with voltage (Figure 1), 
consistent with space-charge limited 
transport with a mobility of up to 
~ 0.01 cm2/Vs [5]. Our observation of in-
plane charge transport suggests that h-
BN can function as a semiconductor with 
appropriately chosen contact electrodes, 
as is the case with h-BN nanotubes. 
 

Moreover, the suitability of monolayer h-
BN for inhibiting corrosion has been 
investigated. We report the quantitative 
measurements of monolayer h-BN as a 
Cu corrosion inhibitor by use of cyclic 
voltammetry (Figure 2) and Tafel analysis. 
We have found that CVD grown h-BN 
reduces the Cu corrosion rate by one 
order of magnitude compared to bare Cu, 
suggesting that this ultrathin layer can be 
employed as an atomically thin 
corrosion-inhibition coating. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Is-Vs

2 at various temperatures in 
vacuum (2×10-6 Torr) for a 8 µm channel 
length monolayer h-BN device. 
 

 
Figure 2:Figure 2:Figure 2:Figure 2: Cyclic voltammetry measurements 
for a 0.07 cm2 area bare Cu (red) and h-BN-Cu 
(blue) in a 0.1 M NaOH solution. 
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Statistical study of graphene field effect transistors 
(GFETs) performance 

Graphene has gained increasing 
attention over the last decade, due to its 
outstanding properties closely linked to 
its 2D material nature [1]. In particular, 
the potential of graphene for 
optoelectronic applications is currently 
being extensively explored because of its 
ultra-high carrier mobility and absorption 
from the far infrared to the ultraviolet 
[2,3]. However, to construct high-quality 
optoelectronic devices, it is necessary to 
accurately control graphene doping and 
to operate highly stable devices. 
 

For that purpose, a statistical study was 
performed on more than 500 unsorted 
graphene field effect transistors (GFETs). 
The graphene films were grown on 
copper by chemical vapor deposition 
(CVD) and transferred on 300 nm SiO2/Si 
substrates. The fabrication process 
includes, as a first step, the deposition of 
a protection layer (thin oxidized 
aluminum layer) after graphene transfer. 
Then, after device fabrication, we have 
deposited metal oxides layers, namely 
passivation layers, by atomic layer 
deposition, to passivate our CVD 
graphene based transistors.  

We have statistically demonstrated the 
impact of each layer on our GFETs 
performance by comparing 3 different 
fabrication processes: without any 
protection/passivation layers, with only 
the protection layer and with both 
protection/passivation layers (Fig. 1). 
While we do not observe any 
conductance minimum with unprotected 
and unpassivated devices, 75% of the 
protected/passivated GFETs and 58% of 
only protected devices exhibit a 
conductance minimum for a gate voltage 
(Vmin) below 50 V (Fig. 2).  
 

Even more remarkable, we found out that 
40% of protected and passivated devices 
exhibit a Vmin below 10 V. However, only 
3% of protected devices display a 
conductance minimum in this small 
window. We also achieved successful 
hysteresis free DC characteristics on 
about one-quarter of our 
protected/passivated GFETs. 
 

The analysis of all these statistical results 
highlights the importance of the use of 
both protection and passivation layers to 
fabricate low-doped graphene devices 
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with minimum hysteresis and long-term 
stability.  
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Process Flows of graphene devices 
fabrication on 300 nm SiO2/Si substrates 
without any protection/passivation layers (a), 
with protection process (b) and with 
protection/passivation process (c). 
 

 
 
Figure Figure Figure Figure 2222:::: Cumulative distribution curves of 
working GFETs with protection layer (green 
curve) and with protection/passivation layers 
(purple curve) as a function of Vmin (gate 
voltage at minimum conductance). 
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Radio-frequency transmission of few-layer WSe2 
nanosheet Coplanar waveguide 

For a decade, many researches regarding 
graphene, which has metallic two-
dimensional structure, have been 
explored. However, there are a lot of 
limits in the field of nanoscale electronics 
because of its zero bandgap. Transition 
Metal Dichalcogenides (TMDc) has been 
spotlighted as a next-generation 
nanomaterial due to its existence of 
bandgap and its good electrical and 
mechanical characteristics [1]. Even 
though TMDc materials shows various 
electronic properties [2-3], there is no 
demonstration with high frequency 
transmission yet.  
 

In this research, We confirmed WSe2, one 
of TMDc can be a good candidate for an 
radio-frequency interconnector. To 
fabricate the device, WSe2 nanosheet was 
mechanically exfoliated on highly 
resistive Si/SiO2 substrate. Also, gold 
pattern was deposited for using ground-
signal-ground (GSG) probe method. We 
demonstrate high frequency 
characteristics of WSe2 in range of 0.5–40 
GHz. We measured Scattering 
parameters, and extracted equivalent 
properties including impedance, 
resistance to understand the transport 

conductivity of WSe2. The results of 
impedance and resistance within the 
frequency region through WSe2 show 
negligible degradation. Those results 
show that WSe2 has high potential for 
transmitting signals at gigahertz ranges 
although it has large bandgap. 
 

References 
 

[1] Radisavljevic. et al. "Single-layer MoS2 
transistors." Nature Nanotech. 6 (2011) 
147–150. 

[2] Lee, H. S. et al. "MoS2 Nanosheet 
Phototransistors with Thickness-
Modulated Optical Energy Gap." Nano 
Lett. 12 (2012) 3695–3700. 

[3] Das, Saptarshi. et al. "WSe2 field effect 
transistors with enhanced ambipolar 
characteristics." Applied physics letters 
103.10 (2013): 103501. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

141



GrapheneCanada2016 
 

 

  
|  
 A

B
S

T
R

A
C

T
S

 

Figures 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

142



GrapheneCanada2016 
 

   
|  
 A

B
S

T
R

A
C

T
S

 

 

 

 

P. Pochet1,2 
B. McGuigan3 , A. V. Tyurnina 1, 4, H. T. Johnson3, J. Dijon 1, 4  and H. Okuno1,2 
 

1 Univ. Grenoble Alpes, Grenoble France 
2 CEA INAC 38054 Cedex 9,Grenoble France 
3 MechSE, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, United States 
4 CEA LITEN DTNM, 38054 Cedex 9,Grenoble France 

Pascal.Pochet@cea.fr 
 

Dislocations in 2D: blessing or curse? 
Dislocations in 2D systems were first 
observed several decades ago in the 
famous bubble raft experiment [1]. 
Currently, 2D materials like graphene, h-
BN, and transition metal dichalcogenides 
offer a rich variety of problems for theory, 
with some key potential applications. 
Indeed dislocations are always present in 
materials and are usually undesirable 
because they can alter the electronic 
properties of the target material. A 
classical way to approach dislocations in 
3D heterostructures is found in 
semiconductor science, where the 
presence of misfit dislocations can be 
avoided using the critical thickness 
framework introduce by Matthews and 
Blakeslee [2]. Here we recast this classic 
framework to consider interface misfit 
dislocation formation in 2D in-plane 
heterostructures [3]. We consider 
graphene-h-BN interfaces with various 
dislocation core reconstructions. This 
makes it possible to reveal a design 
space where defect-free heterostructures 
can be grown (see figure below). In other 
cases, dislocations might also be 
desirable, as they are building blocks for 
strengthening of materials through pile-
ups that form grain boundaries. We will 

use the related framework of 
recrystallization to propose a way to 
tailor the properties of graphene. Here, 
using a modified hot-filament-assisted 
Chemical Vapor Deposition setup, which 
does not require any control of crystal 
nucleation and orientation. We propose 
an original growth mechanism [4] that 
includes a stage of structural evolution 
from nanocrystalline to microcrystalline 
graphene film opening a new route to 
control the electrical properties of large-
scale uniform graphene film. 
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Interaction of small molecules with epitaxial graphene 
A full understanding of the nature and 
dynamics of interactions between 
graphene (GR) and gas molecules is very 
important for technological applications 
of GR: in fact, the electronic properties of 
GR – such as its doping – can be modified 
even by a very small quantity of 
adsorbates, including most gasses 
commonly found in the atmosphere [1], 
potentially reducing the efficiency of GR-
based devices. 
 

This interaction is dominated by van der 
Waals forces, weaker than chemical 
bonds, yet characterized by a a wider 
range of interaction: therefore, an 
accurate determination of the interaction 
between GR and gas molecules can not 
neglect the substrate over which GR is 
supported [2,3]. Since GR often forms 
moiré structures on metallic surfaces 
(containing hundreds of atoms per unit 
cell), numeric computations of such 
systems are very demanding, usually 
based on Density Functional Theory 
(DFT) implementations of van der Waals 
forces, which however have often 
provided contradictory results [4,5]. 
 

In order to benchmark these calculations 
and improve their reliability, we have 
performed an experimental study of an 
ideal system, consisting of CO molecules 
adsorbed on GR supported on Ir(111), 
combined with DFT numerical 
calculations on the same system. This 
experimental work combines 
complementary state-of-the-art 
experimental techniques such as NEXAFS, 
LEED and time-resolved high energy 
resolution core level photoelectron 
spectroscopy (TR-XPS) to obtain 
quantitative information on the 
adsorption geometry and energy of CO 
on GR and compare them to theoretical 
predictions. In particular, we have found 
that CO molecules form commensurate 
long-range-ordered structures on the GR 
moiré cell (Fig. 1a), and they lie with their 
axis almost parallel to the surface. From 
TR-XPS spectra we were able to obtain 
accurate desorption curves for a full CO 
layer as well as for coverages as low as 
few percent of Monolayer (Fig. 1b), from 
which we calculated the desorption 
energy with an accuracy of few meV. 
These results are in good agreement with 
theoretical calculations (Fig. 1c). 
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To understand the role of the substrate 
on CO adsorption on GR, we modified its 
electronic structure by intercalating 
cobalt below GR; moreover, we repeated 
the theoretical calculations after 
removing the substrate. Both new 
systems showed a variation in CO 
adsorption energy of tens of meV, i.e. 
around 10% of the adsorption energy, 
showing that this quantity increases for 
increasing GR-substrate interaction (Fig. 
1b). 
 

In this experiment, therefore, we have 
acquired very high quality experimental 
data and used them to verify the 
accuracy of DFT calculations 
implementing van der Waals forces. 
Moreover, this experiment shows that the 

contribution of the substrate on the van 
der Waals interactions of GR with 
adsorbates is significant and must be 
taken into account to obtain accurate 
results from computations. 
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Figure 1:Figure 1:Figure 1:Figure 1: a) LEED pattern of CO/GR/Ir(111); b) Desorption curves of CO from GR/Ir(111) and 
GR/Co/Ir(111) for different initial coverages; c) Calculated minimum energy configuration of 
CO/GR/Ir(111). 
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Scalable synthesis of WS2 on graphene and h-BN:  
an all-2D platform for light-matter transduction 

By exhibiting a measurable bandgap and 
exotic valley physics, atomically-thick 
tungsten disulfide (WS2) offers exciting 
prospects for optoelectronic 
applications. The synthesis of continuous 
WS2 films on other two-dimensional (2D) 
materials would greatly facilitate the 
implementation of novel all-2D 
photoactive devices [1-3]. We have 
demonstrated the scalable growth of WS2 
on graphene and hexagonal boron 
nitride (h-BN) via a chemical vapor 
deposition (CVD) approach. 
Spectroscopic and microscopic analysis 
reveal that the film is bilayer-thick, with 
local monolayer inclusions. 
Photoluminescence measurements show 
a remarkable conservation of 
polarization at room temperature 
peaking 74% (Fig. 1a-b) for the entire WS2 
film. Furthermore, we present a scalable 
approach for the design of 
photoconductive and photoemitting 
patterns. By adopting epitaxial graphene 
on SiC as growth substrate, one can 
define in a bottom-up fashion 
photoemitting and photoconducting 
ribbons (Fig. 1c). The scalable synthesis 

and design on 2D substrates of WS2 films 
with outstanding optical properties is 
instrumental in the development of novel 
all-2D quantum optoelectronic and 
valleytronic devices. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: (a) PL intensity map of a selected h-BN flake (also shown in the optical micrograph in 
the inset) (b) PL polarization vs. PL intensity 2D histogram. The polarization peaks at ~74%. (c) 
PL intensity map taken from the area shown in the inset. The emission in stronger where WS2 is 
on top of buffer layer regions. 
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New Insights into Graphene Oxide Chemistry 
Graphene oxide is regarded as a major 
precursor for graphene-based materials. 
The development of graphene oxide 
based derivatives with new 
functionalities requires a thorough 
understanding of its chemical reactivity, 
especially for canonical synthetic 
methods such as the Diels–Alder 
cycloaddition. For the first part of the 
talk, we will show that the Diels–Alder 
reaction has been successfully extended 
with graphene oxide as a source of 
dienes by using maleic anhydride as a 
dienophile, thereby outlining the 
presence of the cis diene present in the 
graphene oxide framework. We found 
that this reaction could provide 
fundamental information for 
understanding the exact structure and 
chemical nature of graphene oxide. On 
the basis of high-resolution 13C-SS NMR 
spectra, we will show evidence for the 
formation of new sp3 carbon centers 
covalently bonded to graphene oxide 
following hydrolysis of the reaction 
product. We used DFT calculations to 
show that the presence of a cis dihydroxyl 
and C vacancy on the surface of 
graphene oxide are promoting the 
reaction with significant negative 
reaction enthalpies [1]. For the second 
part of the talk, a gram-scale synthesis of 
graphene oxide-based metal oxide 
nanocomposites with tunable fraction of 
reduced carbon will be discussed. 
Graphene oxide-based metal oxide 

nanoparticles hybrid materials with 
tunable fraction of reduced carbon were 
synthetized via a simple one-step 
reaction in aqueous solution at room 
temperature using water soluble metal 
halides such as stannous chloride, 
ferrous chloride, zinc chloride, aluminum 
chloride and magnesium chloride as a 
cheap, abundant, nontoxic and green 
source of reductants. The obtained 
graphene oxide-based materials have a 
more important fraction of reduced 
carbon when metallic ions with higher 
standard reduction potential such as Sn2+ 
(E0=-0.14 V) and Fe2+ (E0=-0.44 V) were 
used for the reduction. According to our 
observations, spontaneous formation of 
metal oxide NPs occurs on the surface of 
GO without damaging the integrity of its 
framework. NMR integration showed that 
GO is only slightly reduced during the 
transformation and the method allowed 
GO-MO composites preparation with a 
tunable fraction of reduced carbon 
ranging from 26-75%. 
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Enhanced Binding of Reduced Graphene Oxide to 
Polyurethane Sponge for Oil Absorption 

In this work [1], we have shown increased 
binding of reduced graphene oxide onto 
the surface of polyurethane (PU) sponge 
using two different coupling agents: (3-
aminopropyl)triethoxysilane (APTES) and 
titanium(IV)(triethanolaminato)isopropox
ide (TTEAI), resulting in a composite 
material that can be utilized as a re-
usable and efficient oil-water separation 
tool. The coupling agents were 
introduced before and after reduction of 
graphene oxide to compare the impact of 
the sequence on the absorbance 
capacities. The sponges were evaluated 
based on hydrophobicity and pump oil 
absorbance capacities (Figure 1). The 
structure and properties of the sponges 
were evaluated using scanning electron 
microscopy and Fourier transform 
infrared spectroscopy. Results revealed 

that reacting the graphene oxide PU 
sponge with the coupling agent 
titanium(IV)(triethanolaminato)iso-
propoxide prior to reduction significantly 
improved oil absorbance. This was due to 
the improved binding of reduced 
graphene oxide to the polyurethane 
framework. The resulting improved rGO-
coated PU sponge is a highly efficient and 
reusable sorbent material and is a 
promising alternative to current 
absorbent materials for oil−water 
separation applications (Fig 2). 
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Figures 

  
Figure 1:Figure 1:Figure 1:Figure 1: (a) Normalized absorbance capacities for 
pump oil over five cycles for (left to right) rGO, a-
APTES-rGO, a-TTEAI-rGO, b-APTES-rGO, and b-
TTEAI-rGO. (b) Absorbance of a-TTEAI-rGO in 
various organic media. 

Figure 2:Figure 2:Figure 2:Figure 2: (a) – (f) Removal of emulsified, 
dyed pump oil from water using the as-
prepared modified rGO/PU composite 
sponge 
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Landauer formalism modeling for total  
thermionic current in reverse-biased Ideal  

Graphene/n-Si Schottky junctions 
The typical current-voltage relationship 
predicted by basic thermionic emission 
modeling, namely, j = A*T2 exp (-q��  /kT) 

[exp (qV/kT)-1], (q��  the junction barrier, 
V the applied voltage, and A* 
Richardson’s constant) does not include 
specific carrier transport mechanisms 
that occur across the 
graphene/semiconductor Schottky 
junction (G/n-Si junction). In a reverse 
biased G/n-Si junction, graphene’s fermi 
level shifts upwards relative to the 
semiconductor’s fermi level, through the 
reversely applied voltage though the 
junction. Reverse current (G to Si side) is 
probable via thermionic escape. In this 
communication we propose a way of re-
writing, from first principles, the formula 
for thermionic carrier transport across an 
ideal Schottky G/n-Si junction under 
reverse bias, by considering two groups 
of migrating carriers: those carriers that 
surmount over and tunnel through the 
junction barrier spike q��. We model 
carrier escape in a Landauer scheme, by 
expressing the current over or through 
the Schottky junction spike, namely, 
J=(q/tg)∫dE x D(E) x (fg-fs) x f(E) x v(E) x t(E), 

where q is the electronic charge, tg is the 
thickness of the graphene layer D(E) is 
graphene’s linear DOS (density of states), 
fg,S are the Fermi-Dirac carrier probability 
functions, v(E) is the thermal electron 
velocity, and t(E) is the transmission 
probability over (=1) and through (less 
than 1) the barrier. Starting from the last 
integral, we model migrating carriers 
through two transport mechanisms (a) 
thermionic escape (TE) over the junction 
barrier and (b) thermionic field emission 
(TFE) through the barrier. In the first case, 
electrons are modeled as carriers 
surmounting the junction barrier with 
maximum probability (|t| = 1), and in the 
latter, carriers are modeled as tunneling 
through the junction barrier with a non-
zero probability |t| = exp (-q��/Eoo). The 
denominator in the probability 
exponential depends on semiconductor 
donor doping Nd according to 

��� � �	ħ
� � ��/� ∗ ��, where m* is 

the semiconductor’s effective mass and 
�� is its dielectric constant. We calculate 
both TE and TFE currents explicitly: (1) TE 
current is explicitly derived as  
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��� � ��
∗ ��.���� !"��/#�$%1 ! exp  !"*/#�$+ 

and (2) TFE current:  
��,� � ��

∗ ��.���� �! 	-.
/0�� %1 ! ���  !"*/#�$+, 

where nnnn is the junction quality factor 
directly dependent on the tunneling 
probability |t| through the potential spike 
at the junction at energy values under 
q��.; the parameter n can be found 
explicitly as 1 � 2��

½, with 2 an 
appropriate constant 2~106���7 �8  related 
to carrier effective mass, semiconductor 
dielectric constant and the kT parameter. 
For total current, we the sum of TE and 
TFE components will suffice:  
� � %��

∗ �7 �⁄ ��� !"��/#�$+ 
:��

∗ �� �⁄ ��� !"��/1#�$+ 1 ! exp  !"*/#�$+. 

We see from this last result, that 
temperature dependence is smeared 
between concurrent T1.5 and T2.5 

dependences respectively, and two new 
Richardson-like constants ��

∗ , and ��
∗ , 

containing the thickness of the 2-D 
graphene layer; different Richardson’s 
constants appear because of the 
graphene layer replacing the metal of a 
traditional Schottky junction. The quality 
factor n in the second exponential is 
related to the semiconductor’s donor 
doping level as ��

½; with values expected 
to be between 0.10 and 0.316 for 
semiconductor doping levels from 
Nd = 1016 to 1017 cm-3 respectively. 
Alternatively, the total current can also be 
written in a more general form: 
� � %��

∗ �7 �⁄ ��� !"��/#�$ 
%1 :  3/2$ #�/"��$��� !"��/�#�$+ 
 1 ! exp  !"*/#�$+ 

kT<< q��, and m a new version of the 
original factor m = n/ (n-1). 
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Second-Order Overtone and Combination Raman Modes 
in Bilayer Graphene: First-Principles Calculations 

Double-resonant Raman (DRR) 
spectroscopy is a very important 
characterization tool for graphitic 
materials. In general, the 2D band is the 
most intense DRR peak in this kind of 
material. The 2D band involves the 
creation of two optical phonons with 
wave-vector close to the K-point of the 
Brillouin Zone. Nevertheless, there are 
several other DRR peaks in graphitic 
materials that may be useful in these 
materials characterization. 
 

Here, we present ab-initio calculations for 
intensities, positions and line shapes of 
small intensity DRR peaks in bilayer 
graphene. We use the methodology 
presented in detail in [1], where density 
functional theory calculations were used 
to investigate the 2D band in bilayer 
graphene.  
 

Recently, several experimental papers 
reported results for small intensities DRR 
peaks in bilayer graphene. The fisrt 
measurements appeared in Refs. [2] and 
[3]. In these works the Raman spectra for 
bilayer graphene between 1650 and 2300 
cm-1 were reported. In this region of the 
spectra it is possible to identify several 

DRR bands. More recently, these DRR 
bands were measured with several 
different laser energies [4.5]. 
 

In bilayer graphene there are also DRR 
bands in the region of the spectra 
between 160 and 200 cm-1[6]. These 
bands are due to layer breathing phonon 
modes. Additionally, Stokes-anti-Stokes 
bands measurements have been also 
reported recently [7].  
 

In our calculations we are able to 
reproduce the experimental measurements 
reported in Refs. [2] to [7] with excellent 
agreement. In FIG. 1, for instance, our 
results are shown, in the region of the 
spectra between 1650 and 2400 cm-1, for 
three different laser energies. More 
importantly our calculations allow a full 
interpretation of the experimental results. 
We are able to unambiguously determine 
the origin of all DRR processes 
concerning the phonons branches, wave-
vectors and relevant electronic processes.  
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Calculated DRR bands for bilayer 
graphene for three different laser energies. 
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Luminescence Mechanism of the doped  
Graphene Quantum dots 

Due to the enormous merits, such as 
stable photoluminescence(PL), high 
fluorescent activity, low toxicity, excellent 
solubility and biocompatibility, Graphene 
quantum dots (GQD) have potential 
application in the fields of light-emitting 
diodes, bioimaging and electrochemical 
biosensing . The luminescence origin has 
been found to be attributed with 
quantum confinement effect, surface 
passivation, and doping. Recently our 
researches find that the nitrogen-doping 
is the effective way to improve the PL 
quantum efficiency of GQDs, however the 
electronic structure and luminescence 
mechanism still need to explore. In this 
talk, we will present some new results of 
the doped GQDs. Using the spectroscopic 
and time-resolved measurements, we try 
to understand the luminescence 
mechanism with different doping state 
such as pyridinic-N, pyrrolic-N and 
graphitic-N. We also studied the influence 
of oxygen-doping on PL of GQDs. The 
origin of the PL emission at 430nm with 
the PLE peak at 320nm previously 
explained as the carbine-like state from 
the free zigzag edge, is now recognized as 
from oxygen-doping. We also discussed 

the effects of the quantum confinement 
effect and the edge functional groups on 
the PL emission. 
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Valley FETs in graphene 
Electrons in graphene exhibit the binary 
degree of freedom called valley 
pseudospin, due to the two-fold valley 
degeneracy at the Dirac points (K and K’) 
in the graphene band structure. 
Protected by the large wave vector 
difference between K and K’, the valley 
pseudospin has a sizable decoherence 
time allowing for the realization of the 
pseudospin-based electronics known as 
valleytronics.[1]. Previous theoretical 
works have developed a unified VOI-
based methodology for the design of 
valleytronic devices. Such a methodology 
utilizes the VOI (valley-orbit interaction) 
that occurs between the pseudospin and 
an in-plane electric field and electrically 
manipulates the valley pseudospin to 
achieve device functions. Employing the 
methodology, a family of valleytronic 
devices including valley qubits [2], valley 
filters [2] and valley FETs [3] have been 
proposed. Here, for demonstration of the 
methodology, we consider the valley FET. 
The presentation will discuss its 
underlying principle and report our 
recent numerical simulation of electron 
transport through the structure based on 
the method of recursive Green’s function. 
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Figures 
 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: The proposed valley FET - a Q1D 
channel in gapped graphene, with the source 
and drain being armchair nanoribbons and the 
channel defined and controlled by electrical 
gates. 
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Figure Figure Figure Figure 2222:::: Source / drain inject / detect electrons 
in the state |K> + |K’>. The channel pseudospin 
is rotated due to the VOI. Depending on the 
angle of rotation, the channel is on (for angle 
= (2n+1)π) or off (for angle = 2nπ) 
 

 
Figure Figure Figure Figure 3333:::: Electron transmission vs. gate bias, for 
two channel widths. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure Figure Figure Figure 4444:::: Electron transmission vs. gate bias, for 
two channel lengths. 
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Nonlinear absorption in two dimensional materials 
Thin film materials with large optical 
nonlinearity and ultrafast response are 
required as the promising candidates for 
future integrated photonics applications. 
Recently, the two dimensional layered 
transition metal dichalcogenides (TMDs) 
and black phosphorus (BP) have 
attracted much attention due to their 
unique electronic, optical, mechanical, 
chemical and thermal properties. WS2 
and MoS2 mono- and few-layer films were 
fabricated by vapor phase sulfurization 
and chemical vapor deposition method. 
We investigated the optical nonlinearity 
of mono- and few-layer WS2 and MoS2 
using the Z-scan technique at a 
wavelength of 1030 nm, 800 nm and 515 
nm with femtosecond pulses. The 
monolayer WS2 exhibited giant optical 
nonlinearities having the two-photon 
absorption (TPA) coefficient of 
~1.0×104 cm/GW. The layer number and 
excitation wavelength dependence of the 
optical nonlinearity of WS2 and MoS2 
were investigated. The mechanism of the 
optical nonlinearity was discussed in 
detail. The damage thresholds of TMDs 
were also given to support potential 
device application in the future. We have 

obtained the ground-state absorption 
(GSA) and excited-state absorption (ESA) 
cross section =>�  and=?�  of BP 
nanosheets, 1.25×10-16 cm2 and 2.85×10-17 

cm2 at 515 nm, 1.23×10-17 cm2 and 
3.02×10-18 cm2 at 1030 nm with the slow 
saturable absorber (SA) model. The ratio 
of =?�  /=>�  is about 0.228 at 515 nm and 
0.247 at 1030 nm. It is even lower when 
the fast SA model is applied. The =>�  and 
=?�  of MoS2 and graphene were also 
achieved using the slow SA model. It is 
clear that the ratio =?�  /=>�  of BP is the 
smallest among three two-dimensional 
layered materials. The superior saturable 
absorption performance of BP over MoS2 
and graphene can be well explained from 
this perspective. The results fundamentally 
support BP to be used as a saturable 
absorber in nanophotonic devices, such 
as fiber laser mode-locking, Q-switching, 
optical switches, etc. 
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Figures 
 

 
Figure Figure Figure Figure 1111:::: (a) Cross-sectional TEM of the 1~3L WS2 film, (b) Reciprocal transmission versus irradiance 
of 1~3L WS2 film. Solid squares are the measured data. Solid line: theoretical variation for a 
hyperbolic irradiance dependence of the TPA coefficient. Dashed line: theoretical variation for a 
constant TPA coefficient. (c) The ratio of ground-state absorption and excited-state absorption 
cross section of BP, MoS2 and graphene at 515 nm and 1030 nm. 
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Effect of cobalt doping on the magnetic properties of 
graphene nanoribbons 

Carbon based materials such as fullerene, 

carbon nanotubes, graphene and its 

derivatives have good candidates for 

various applications due to unique 

properties. In this work, we have focused 

on structural and magnetic properties of 

cobalt doped graphene nanoribbons 

(GNRs). The effect of Co on tuning of the 

electronic band structure which play 

crucial role in contribution of calculated 

magnetic moment of as synthesized GNRs 

through chemical reduction of graphene 

oxide nanoribbons using hydrazine and 

first principle calculations based on 

density-functional theory (DFT). Field 

emission scanning electron microscope 

with EDX analysis and X-ray diffraction 

pattern were confirmed the doping of Co 

into the GNRs matrix. Moreover, the results 

obtained from VSM analysis are clearly 

revealed that improved saturation 

magnetization (Ms) from 7.95x10-3 emug-1 

to 12.68 x10-3 emug-1, due to the presence 

of Co content in pristine GNRs. The 

achieved magnetizations curve show 

ferromagnetic behaviour at room 

temperature. The Co doped GNRs 

exhibited interesting magnetic properties 

which create much attention towards its 

applications such as spintronics devices 

and some related fields. 
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Development of atrazine imprinted graphene 
composites based electrochemical sensor for trace 

level determination of atrazine in real samples 

Graphene, a 2D allotrope of carbon with 
honeycomb structure is an exciting 
material for many device applications. 
Since its production in 2004, it has been 
used significantly to improve the sensitivity 
in various applications due to rapid 
electron transfer and high surface-to-
volume ratio. This one atom layer thick 
carbon sheet exhibits many interesting 
electronic, optical and mechanical 
properties due to its two-dimensional (2D) 
crystal structure and possesses high 
conductivity despite it being an organic 
compound. 
 
Therefore, an attempt was made to prepare 
a graphene based electrochemical sensor 
for trace level analysis of atrazine in real 
samples. In this regard; graphene oxide 
(GO) was prepared from graphite by 
modified Hummers method, later on it was 
further reduced using polypyrrole to 
prepare polymer composites. Finally, these 
graphene composites were made selective 
for atrazine by molecular imprinting using 
ionic liquid (1-butyl-3-methyl imidazolium) 
tetra fluoro borate. 

After synthesis, this work includes usage of 
imprinted graphene composites (IGCs) for 
the selective and sensitive detection of 
atrazine in different standards and real 
samples. Screen Printed Electrodes were 
modified using the IGC. The voltammetric 
measurements were performed in NaH2PO4 
electrolyte. Parameters such as type of 
electrolyte, its concentration, pH, SPE 
coating, equilibrium time, frequency, 
stirring, scan rate, etc were studied 
thoroughly to detect atrazine using the 
prepared sensor. 
 
The surface morphology and composition 
of IGC was studied using a number of 
suitable techniques such as SEM, FTIR, XRD 
and Raman spectroscopy. 
 
Key Words:Key Words:Key Words:Key Words: Atrazine, imprinting, screen 
printed electrode, graphene. 
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Thickness mapping of exfoliated graphene samples 
using Scanning Transmission X-ray Microscopy (STXM) 

Ever since single graphene layers were 
isolated using the “scotch tape” 
exfoliation method [1], graphene has 
been the topic of intense research. Much 
of this research has been centered on 
trying to commercialize products which 
make use of the unique physical 
properties of graphene. However, since 
these properties are very sensitive to the 
number of graphene layers that are 
present in a sample it is very important to 
know the thickness and/or the number of 
graphene layers that are present. The 
majority of work that has been 
conducted on thickness measurements 
of graphene has been done with the use 
of atomic force microscopy (AFM). 
Unfortunately, AFM has been notoriously 
unreliable in determining the thickness of 
graphene layers. In this talk, I will discuss 
the use of another technique, Scanning 
Transmission X-ray Microscopy (STXM), to 
determine the number of graphene layers 
in a region of an exfoliated sample 
prepared on SiN windows. This technique 
consists of collecting an image by raster 
scanning a highly focused (40 nm) soft x-
ray synchrotron beam [2,3] across a 

sample at defined incident photon 
energies. A near edge X-ray absorption 
fine structure (NEXAFS) spectrum is 
collected at each pixel by adjusting the 
energy through the carbon K edge, 
producing an image “stack”. The optical 
density obtained in this manner can be 
used to quantitatively determine the 
number of graphene layers. In addition, 
the acquired spectroscopic information is 
useful for characterizing surface 
cleanliness of the graphene sample. 
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Deposition and structural characterization of 
atomically-thin melanin biopigments 

Mainly known for the tan it produces in 
humans, melanin is also responsible for a 
variety of functions, such as photo-
protection of skin and eye, free radical 
scavenging and metal ion binding. It 
results from the combination of two 
monomers, DHI and DHICA, and their 
redox forms that polymerize in a 
disordered manner to form 2D oligomers 
that then form more complex layered 
structures. Recent reports in the literature 
point to the mixed ionic-electronic 
conduction properties of these structures 
and such properties renders melanin an 
interesting candidate for organic 
nanoscale devices featuring 
biocompatible and easily available 
“active” materials. A critical point 
concerns the metal ion binding 
properties that is not well understood 
despite the strategic importance it has to 
explain the biological role of melanin in 
our body as well as possible 
development of green solar conversion 
technologies. On one hand, metal ion 
binding can be advantageously used to 
tailor electrical conduction but on the 
other hand, it can increase the structural 
disorder in the pigment, thus limiting 

both the reproducibility of the 
experiments and that same conduction. 
Using spin coating deposition, we exploit 
a new synthetic approach based on the 
solid state polymerization of the melanin 
monomers [1] to produce controlled 
samples of 2D melanin that will have 
different chain lengths and nominal 
thickness, ranging from the sub 
monolayer regime to a few monolayers. 
Using atomic force microscopy (AFM, 
Figure 1) we observed that thicknesses 
lower than five monolayers can be 
obtained and we correlated deposition 
method and surface coverage. 
Capitalizing on these findings, we explore 
the use of other characterization 
methods such as Raman spectroscopy 
and UV-Visible absorption to gain 
additional insight on the structural and 
optical properties of the obtained 
oligomers. 
 

References 
 
[1] A. Pezzella et al., Material Horizon, 2 (2015) 

212-220. 

 
 

 

165



GrapheneCanada2016 
 

 

  
|  
 A

B
S

T
R

A
C

T
S

 

Figures 
    

    
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

166



GrapheneCanada2016 
 

   
|  
 A

B
S

T
R

A
C

T
S

 

 

 

 

Carvalho, R.D.E. 
Carvalho, R.H., Ferreira, M.P., Santos, A.P., Furtado, C.A. 
 

Centro de Desenvolvimento da Tecnologia Nuclear - CDTN, Av. Presidente Antônio Carlos, 6.627 
Campus da UFMG – Pampulha Caixa Postal 941 Belo Horizonte, Minas Gerais, Brazil 

duque_strada@yahoo.com.br 
 

Graphene based coatings for UV radiation shielding:  
an improved way of protection!! 

UV radiation has short wavelength and 
high energy exposure. Even though UV 
radiation is widely used in industrial 
processes and applications like 
detectors, sensors, medical diagnosis 
and therapy, prolonged exposure to it 
may result in degradation and harmful 
health effects on the skin, eyes, and 
immune system of humans. Protection is 
therefore needed and alternative UV 
shielding materials with enhanced 
performance and versatility are still 
required [1]. 
 

In this paper, graphene oxide and few 
layer graphene based nanocomposite 
and coatings of poly (vinyl alcohol) and 
textiles of polyester (PY) were tested for 
shielding of UVC (100−280 nm), UVB 
(280−315 nm) and UVA (315−400 nm) 
radiation. The nanocomposites were 
characterized by scanning electron 
microscopy, thermogravimetric analysis, 
Raman spectroscopy and infrared 
spectroscopy. Results show no significant 
structural changes after radiation, 
indicating a good stability of the studied 
systems. The incorporation of graphenic 
nanostructures resulted in transparent 
films and textiles (Fig.1) with enhanced 

UV-shielding properties. The results are 
promising and the absorbance of 
ultraviolet light at 300 nm can be up to 
80% for films with around 70% of 
transparency in visible spectral range and 
concentration as low as 0.5 wt% of 
nanocarbon. 
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Figures 
 

 

Figure 1Figure 1Figure 1Figure 1: 
Photographs of 
graphene 
containing coating 
and textile for UV 
radiation shielding. 
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Graphene Growth Kinetics Under Purified Conditions 

Chemical vapor deposition (CVD) is one 
of the most promising route towards the 
mass production of graphene sheets for 
industrial applications requiring large 
surfaces and pristine quality. To reach 
the necessary standardization of the 
resulting material and to further model 
and engineer the growth, a fundamental 
understanding of the growth kinetics, 
including a reliable database of the 
associated parameters, is still lacking. 
Our group has recently shown the 
important role of oxidizing impurities [1, 
2], even at trace level, under graphene 
CVD growth conditions. Using a severe 
control over these impurities from both 
the furnace and gas feedstock, we were 
able to identify two growth regimes: 
Oxidizing impurity limited growth and 
precursor dissociation limited growth. 
According to our findings, most kinetic 
studies in the literature using standard 
ultra-high purity (UHP) gases are in the 
oxidizing impurity limited growth regime. 
In order to better discretize growth 
parameters effects and extract 
fundamental kinetics values, we devised 
a set of experiments where purity 
conditions are minimized in order to set 

the growth conditions in the precursor 
dissociation limited regime. We 
conducted LP-CVD growth experiments 
with varying growth conditions: pressure, 
temperature and time. The samples were 
characterized using microscopic 
methods (scanning electron microscopy 
(SEM) and Low energy electron 
microscopy (LEEM)) to study the surface 
morphology, crystallinity, nucleation 
density and coverage. RAMAN 
spectroscopy was used to assess the 
graphene quality and thickness. In route 
toward the full model, we found out that 
in purified condition the growth is greatly 
accelerated by a factor of x50 compared 
to UHP condition without affecting the 
graphene quality. For instance, we 
reached >85% coverage in 10min @ 800 
°C and full coverage in 20 s @ 1000 °C. We 
also determined that the total dose of 
methane is the main parameter 
controlling the graphene coverage (see 
figure below) and that the H2 has only 
minor effect when O2 is minimized. 
Effects of growth parameters on 
nucleation density and crystallite size will 
be further commented within the 
presentation. This study will allow 
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retrieving the fundamental kinetic 
constants and activation energies that 
are essential to later model and engineer 
graphene for future applications and also 
give new fundamental insight on the 
catalytic activity of copper for 
dissociating methane. 
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Figures 

 
Figure 1:Figure 1:Figure 1:Figure 1: Effective growth time influences graphene coverage. These growths were obtained with 
varying total methane doses. 
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A Photochemical Approach Towards Graphene 
Nanoribbons 

As graphene is known to be a highly 
conductive zero band gap material, 
graphene nanoribbons (GNRs) are of 
interest as semiconducting materials for 
electronic applications owing to its high 
charge carrier mobilities [1]. Although 
challenging, a bottom-up approach 
towards their preparation is the only way 
to access well-defined structures. 
 
Scholl cyclodehydrogenation is still the 
most exploited reaction for the cyclization 
of polyphenylene precursors, yielding to a 
variety of polycyclic aromatic 
hydrocarbons (PAHs) as well as GNRs [2]. 
Unfortunately, the Scholl 
cyclodehydrogenation reaction lack of 
selectivity, therefore limiting the variety of 
graphenic molecules that can be made [3]. 
Thus, new synthetic cyclization strategies 
need to be investigated in order to build 
new libraries of molecules, thus extending 
the chemical and physical properties of 
the obtained materials. 
 
Here we propose a newly designed 
photochemical approach that consists in 
the irradiation of photosensitive 
halogenated polyphenylenic precursors 

yielding to PAHs and GNRs. The 
cyclodehydrochlorination reaction 
benefits of a precise regioselectivity as well 
as low byproduct release, resulting in a 
greener alternative to produce PAHs and 
GNRs [4]. 
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Figures 
 

 
 
Figure 1Figure 1Figure 1Figure 1: Multiple cyclodehydrochlorination reaction for nanographenes synthesis. 
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Exploring photothermal hot spots of graphene in first 
and second biological window to inactivate cancer 

cells and pathogens 

Abstract:   We have developed a new 
composite material composed of 
reduced graphene oxide (RGO) and poly 
acrylic acid (PAA) to achieve reduced 
graphene oxide functionalized poly 
acrylic acid (RGOPAA).  The photothermal 
capability of RGOPAA was demonstrated 
at 808 nm and 1064 nm near infra-red 
(NIR) wavelengths to kill HeLa cancer 
cells and S. aureus.  The key feature of 
RGOPAA is that it exhibits wide range of 
NIR adsorption both in first (650~950 nm) 
and second biological windows 
(1000~1300 nm).  The photothermal 
heating curves of RGOPAA show similar 
temperature profiles at 808 nm and 1064 
nm wavelengths.  The confocal laser 
scanning microscopy (CLSM) images 
reveals the successful internalization of 
RGOPAA when into HeLa cancer cells.  
The MTT assay and heat shock protein 
expression studies reveal that the 
cytotoxicity of HeLa cancer cells was 
mainly attributed from the heat 
generation of graphene upon 
photoirradiation.  In addition, the 
photothermal studies were also 
demonstrated in the pathogenic bacteria, 

S. aureus which reveals excellent killing 
efficiencies.  Overall, our results clearly 
shows that graphene exhibits excitation 
wavelength independent photothermal 
therapy in the NIR region covering both 
the biological windows and can be a 
robust and economic photothermal 
reagent to combat against cancer and 
pathogens. 
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The semiconductor-semimetal transition induced by 
potassium doping in atomically-thin black phosphorus 

studied through Raman spectroscopy 

wo-dimensional materials based on 
Black phosphorus is a 2D semiconductor 
material exhibiting a thickness-tunable 
direct band-gap and pronounced 
electrical, mechanical, and optical in-
plane anisotropies resulting from its 
puckered structure. Exposed to the high 
electric field induced by adsorbed 
potassium atoms, the band gap of few-
layer black-phosphorus shrinks and 
electronic band dispersions change 
significantly: from a quadratic to linear 
dispersion along the armchair direction 
[2]. At high doping levels, a 
semiconductor to semimetal transition 
has been observed [1]. To shed light on 
these mechanisms, we analyse the 
evolution of the Raman-allowed Ag1 and 
Ag2 modes as a function of potassium 
doping, thickness, excitation wavelength, 
and polarization. Raman spectra reveal a 
clear signature of the semiconductor to 
semimetal transition. 
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Figures 
 

 
Figure 1Figure 1Figure 1Figure 1: The Ag2 mode shifts and increases in 
width as a function of doping where a 
monolayer of potassium (ML) is 3.46 x 1014 
electrons. Dash line is a guide to the eye. 
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Polymer Based Clay Quantum Dot Multifunctional 
Nano-materials:  

Synthesis and Characterization 

Nanotechnology can provide a multitude 
of improvements and new solutions to 
the polymeric material. Polymer based 
clay–quantum dot multifunctional nano-
hybrids were synthesized using the 
solution intercalation method. The 
inclusion of inorganic fillers in a polymer 
improves its mechanical strength, anti-
flammability, dimensional stability and 
other properties. With the selection of 
appropriate fillers, existing properties of 
the polymer can be enhanced or new 
properties can be acquired that is not 
usually associated with the polymer. 
Fundamental limits in clay composition 
prevent them from being used easily in 
applications requiring electrical/thermal 
conductivity or optical applications. 
Therefore, Multi nano-fillers, organoclay 
and quantum dots, were used yielding 
nanocomposite with enhanced 
mechanical, flammability, thermal, 
electrical and optical properties – 
allowing it to be a drop-in replacement 
for many different materials while 
keeping other properties intact. The 
dispersion of nanosized fillers 
(nanofillers) in the polymer is often the 

most challenging and crucial problem. 
Nanofillers tend to aggregate due to 
strong van der Waals attraction, which 
makes it necessary to develop strategies 
to overcome this attraction. End 
functionalization strategy was adopted to 
develop various interactions among the 
phases. Hydrophillic nature of 
montmorillonite clay was changed into 
organophillic by ion exchange method 
using various intercalating agents with 
different functionality and chain lengths. 
These modifications were carried out in 
order to have good compatibility, 
uniform and homogenous dispersion of 
clay and quantum dots in the polymer 
matrix. These intriguing new polymer 
composites based on clay-quantum dots 
will combine the favorable emission 
characteristics with excellent mechanical 
properties. The polymer based clay-
quantum dot materials with high 
photoluminescence (PL) efficiency will be 
promising for use in future optoelectronic 
devices such aslight emitting devices, 
aerospace applications and solar cells. 
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Figures 
 

 
    
Figure 1:Figure 1:Figure 1:Figure 1: Yellow luminescence under UV excitation for the solution, quantum dots and fabricated 
films with quantum dots and organoclay as nanofillers. 
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Growth of extremely thin MoS2 films by  
pulsed laser deposition 

Two-dimensional (2D) materials have 
been one of the most extensively studied 
classes of materials due to their unusual 
physical properties. The best example is 
graphene – a single layer of carbon 
atoms arranged in a two dimensional 
(2D) honeycomb lattice. Many 
graphene´s extraordinary properties 
have been reported including excellent 
electronic and thermal conductivities 
and mechanical properties [1]. However, 
pristine graphene itself is unlikely to be 
used for the fabrication of logical circuits 
because of lacking band gap. 
 
The discovery of graphene has 
stimulated an extensive research on 
other 2D materials. It has been shown 
that it is not only possible to exfoliate 
stable, single-atom or single-polyhedral-
thick 2D materials, but that these 
materials can exhibit unique and 
fascinating physical properties. The 2D 
structure determines the electronic 
properties that may exhibit correlated 
electronic phenomena such as charge 
density waves and superconductivity [2]. 
 
Some remarkable changes in the 
electronic properties of layered materials 

as their thickness is reduced down to 
single or only a few layers are common 
among these 2D crystals. In contrast to 
the zero band gap of pristine graphene 
itself, a single-layer MoS2 sheet is a direct 
band gap semiconductor. The result is 
that MoS2 is a promising material that has 
the potential to be incorporated into 
digital circuits and light-emitting diodes. 
For instance, the current on/off ratio of 
single-layer MoS2 transistors exceeds 108 
at room temperature. This is much higher 
than that (approximately 100) of 
graphene transistors [3]. 
 
Recognizing the uniqueness of the 2D 
structure, one may expect that such 
materials will reveal new and unexpected 
properties providing a number of 
innovative opportunities. Because of 
their distinct properties and high specific 
surface areas, these 2D materials are 
important in various applications such as 
optoelectronics, spintronics, catalysts, 
chemical and biological sensors, 
supercapacitors, solar cells, and lithium 
ion batteries [4]. 
 
Here, we present preparation of very thin 
MoS2 films on various substrates (Si, 
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sapphire, GaN) from a stoichiometric 
target by a pulsed laser deposition. 
Combined results from Raman 
spectroscopy and X-ray reflectivity have 
shown that the thinnest samples contain 
two MoS2 layers. The thickness is 
controlled by the number of laser pulses 
applied albeit no simple direct 
proportion between the two quantities 
has been observed. Selected area 
electron diffraction studies have 
confirmed that the films deposited on Si 
(100) are nanocrystalline and oriented 
perpendicularly to the substrate surface 
while an epitaxial growth of MoS2 films 
was observed on GaN substrates [5]. 
 
We also report on preliminary results on 
fabrication of ultrathin MoS2 layers on 
graphene and graphene oxide. Hybrid 
systems are promising for some 
applications including photodetectors 
and field effect transistors where 
graphene may act as a material for 
electrodes with ultimate thickness. 

References 
 
[1] Ferrari, A.C. et al., Nanoscale 2015, 7, 4598 
[2] Xu, M. et al., Chem. Reviews 2013, 113, 

3766 
[3] Butler, S.Z. et al., ACS Nano 2013, 7, 2898 
[4] Das, S. et al., Annu. Rev. Mater. Res 2015, 

45, 1 
[5] Š. Chromik, M. Sojková, V. Vretenár, A. 

Rosová, E. Dobročka, M. Hulman, Appl. 
Surf. Sci, doi:10.1016/j.apsusc.2016.06.038. 

 
AcknowledgementAcknowledgementAcknowledgementAcknowledgement    
This work was supported by the Slovak 
Research and Development Agency, APVV-
0693-15, APVV LPP-0078-07, Slovak Grant 
Agency for Science, VEGA 2/0120/14, VEGA 
2/0178/15, the project CENTE I, R&D 
Operational Program funded by the ERDF, 
ITMS code 26240120011. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

178



GrapheneCanada2016 
 

   
|  
 A

B
S

T
R

A
C

T
S

 

 

 

 

Frédéric Joucken1 
Nicolas Reckinger1, Stéphane Lorcy2, José Avila2, Chaoyu Chen2, Jérôme Lagoute3, Jean-
François Colomer1, Jacques Ghijsen1, Maria Carmen Asensio2 & Robert Sporken1 
 

1University of Namur, Namur, Belgium 
2Soleil synchrotron, Gif-sur-Yvette, France 
3MPQ lab, Université Paris Diderot – Paris 7, France 

 frederic.joucken@gmail.com 
 

NanoARPES investigation of pristine graphene: 
evidencing the need for high spatial resolution in 

ARPES experiments 

Angle-resolved photoemission spectroscopy 
(ARPES) is the most direct tool to 
measure the electronic structure of 
materials. In particular, fine features of 
the spectra can be analyzed for 
evaluating the electron self-energy. 
Owing to a setup allowing ARPES 
investigation with submicron resolution 
and state-of-the-art energy and 
momentum resolution operated at the 
Antares beamline of the Soleil 
synchrotron [1], we show here first that 
ARPES spectra of pristine and virtually 
undoped monolayer graphene acquired 
on a small spot do not display 
manifestations of self-energy. We next 
demonstrate that, although the region of 
the sample investigated is a unique 
graphene domain, it displays faint spatial 
inhomogeneity, both in its 
crystallographic orientation and its 
thickness, which is undetectable with 
conventional ARPES but renders the 
spectra improper for self-energy 
extraction. These results indicate that 
care should be taken when analyzing 

ARPES spectra obtained with poor spatial 
resolution. 
 

A nanoARPES image of the graphene 
domain investigated is shown on Fig. 1, 
together with spectra acquired at 
different spots along the x-axis on the 
image. Differences between spectra are 
evident. 
 

The results presented here are detailed in 
ref. [2]. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: A nanoARPES image of the graphene domain investigated (a), together with spectra 
acquired at different spots along the x-axis on the image (b). 
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A Numerical Model for Finite-Temperature Electron 
Self-Energy in Doped Graphene with  

Electron-Electron Interaction 

We develop a numerical model for the 
electron self-energy in doped graphene 
due to the electron-electron interaction 
at finite temperatures. It numerically 
calculates the real and imaginary parts of 
the self-energy within the Hartree-Fock 
[1] and random phase approximations [2] 
taking into account the finite-
temperature Fermi-Dirac distribution, so 
that effects of both the band 
renormalization and the band 
broadening on real graphene devices can 
be investigated. We showed that the 
calculated RPA dielectric function 
exhibits the peak broadening and blue 
shift in the plasmon dispersion as the 
temperature increases (Fig. 1). As a result, 
the imaginary part of the self-energy 
exhibits the broadening of peaks 
associated with plasmon excitation (Fig. 
2). In addition, splitting of the peaks 
(leading to the formation of the so-called 
plasmaron band [2] aside from the 
normal band for electrons) at high 
temperature is found. These results 
indicate that the temperature plays a 
crucial role in the energy dispersion 

through the self-energy and, in turn, the 
carrier transport in real devices. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: Logarithmic expression of imaginary part of the RPA dielectric function ε in graphene as a 
function of the wavevector q and the frequency ω calculated at (a) T = 77 K and (b) 800 K. Axes are 
normalized by the Fermi level µ. 
 

 
 
Figure Figure Figure Figure 2222:::: Imaginary part of the self-energy Σ in graphene calculated at T = 77 and 800 K (red and blue 
lines, respectively). Columns from left to right correspond to ℏvFq/µ = 0.25, 0.5, and 0.75, respectively, 
while top and bottom rows correspond to s = 1 (the conduction band) and s = -1 (the valence band), 
respectively. 
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Graphene: The Next Generation of Printed Circuits 

Reduced graphene oxide (rGO) was 
synthesized using various techniques in 
order to characterize the substance’s 
conductive properties and suitability for 
printed circuit boards. It is hypothesized 
that reduced graphene oxide (rGO) would 
make a suitable material for printed 
circuit boards (PCBs). The resistance of 
an rGO film is expected to be a linear 
function of the ratio of length/width. 
Typically rGO has a sheet resistance of 
about 1000 Ω/□ [1].  
 
Initially graphene oxide synthesis was 
attempted using liquid phase sonication 
[2], but this was not successful. Reduced 
graphene oxide was made using the 
Lightscribe method [3] but this procedure 
is fairly slow and has too great a 
resistance for PCB traces. Using an 
industrial CO2 laser cutting [4] was more 
reliable and yielded a sheet resistance on 
the order of 3 kOhm/square. The product 
was analyzed using a Raman 
spectrometer. This material shows 
potential for making discrete resistors 
and especially capacitors. 
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Electrolyte-Gated Transistors using n-type organic 
molecular semiconductors: the case of PCBM as 

Channel Material 
Electrolyte-gated transistors (EGTs) using 
electrolytes as the gating medium are of 
interest since the exceptionally high 
capacitance of the electrical double layer 
forming at the electrolyte/transistor 
channel interface permits current 
modulations of several orders of 
magnitude, at relatively low gate 
voltages, sub 2V [1]. Electrolyte gating is a 
powerful approach to produce large 
charge carrier densities (ca 1014 cm-2) in 
semiconductors. Room temperature 
ionic liquids (RTILs) show great potential 
as gating media for their physico-
chemical properties, such as negligible 
volatility, electrochemical stability 
windows up to ca 5 V, ionic conductivity 
up to 10 mS·cm-1 [2]. N-type organic 
transistors are of relevance for organic p-
n junctions, bipolar transistors and 
complementary integrated circuits for 
flexible, large-area, and low-cost 
electronic applications [3]. In this work, 
we will report on EGTs with RTILs based 
on bis(trifluoromethylsulfonyl)imide 
([TFSI]) anions and 1-ethyl-3-
methylimidazolium ([EMIM]) cations as 

the gating medium and phenyl-C61-
butyric acid methyl ester (PCBM) as the n-
type organic molecular semiconducting 
channel material. Cyclic voltammetries in 
transistor configuration (where the 
working electrode is the channel material 
included between the source and drain 
electrodes and the reference is a high 
surface area gate electrode) were 
recorded to bridge the gap between the 
redox properties of PCBM films, 
characterized by a certain 
supramolecular organization, and the 
modulation of the film electrical 
conductance. Drain-source voltages, Vds, 
as low as 100mV and gate-source 
voltages, Vgs, within the range 0~1.25 V, 
0~1.7 V, 0~1.9 V were explored. We 
observed typical transistor behavior for 
our PCBM EGTs with Ids/Igs and ON/OFF 
ratios of around 10, ON/OFF ratios 
increasing with the increase of the gate 
voltage range. A correlation has been 
established between the redox peaks 
observed in the cyclic voltammetry with 
the morphology/structure of the films as 
deduced by Atomic Force Microscopy 
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and XRD obtained at glancing angles and 
the corresponding transistor behavior. 
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Twist-controlled resonant tunnelling between 
monolayer and bilayer graphene 

We investigate the current-voltage 
characteristics of a field-effect tunnelling 
transistor comprised of both monolayer 
graphene (MLG) and bilayer graphene 
(BLG) with well-aligned crystallographic 
axes, separated by three layers of 
hexagonal boron nitride. Using a self-
consistent description of the device's 
electrostatic configuration we relate the 
current to three distinct tunable voltages 
across the system and hence produce a 
two-dimensional map of the I-V 
characteristics in the low energy regime. 
We show that this theoretical model 
agrees with recent experimental results 
and can be used to demonstrate the 
exact band alignment from which each 
prominent feature arises. The 
characteristics include regions of 
negative differential conductance which 
present an opportunity for the 
production of highly tunable devices 
operable in the terahertz regime [1]. 
Further, the use of gates either side of the 
heterostructure as well as varying the 
twist between the graphene electrodes 
has been shown to offer a fine degree of 
control over the device's rich array of 
characteristics [2]. 
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Electrical and optical properties of  
beta-graphyne nanoribbons. 

The �beta-graphyne is a class of 
graphyne that presents an interesting 
difference from other graphynes shapes. 
The Dirac cone is not located in a point of 
high-symmetry in reciprocal space [1-2]. 
In this work we perform a theoretical 
study of the electronic and optic 
properties of bi-nanoribbons of this 
material, for different stacking 
configurations. The electronic properties 
of the systems are obtained using the 
density functional theory (DFT) code 
OpenMX [3], which is based on localized 
pseudoatomic orbitals (PAOs) [4] and 
norm-conserving pseudopotentials [5]. 
The PAO of carbon atoms consists of two 
sorbitals and two p-orbitals. The Perdew–
Burke–Ernzerhof (PBE) exchange-
correlation functional [6], which is 
derived within the generalized gradient 
approximation (GGA) is used, taking into 
account an energy cutoff equal to 150 Ry 
and a convergence criteria of 10−8 
Hartree. All structures are relaxed using 
the Direct Inversion Iterative Subspace 
method [7] with a residual force criteria 
less than 10−4 Hartree/Bohr. Our results 
show that these systems have interesting 

optical and electrical conduction 
properties, depending on the stack and 
edges of nanoribbons. As an example, 
shown in Figure 1, the results of electrical 
conduction, of nanoribbon formed with a 
single layer. 
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Figure 1:Figure 1:Figure 1:Figure 1: Schematic of beta-graphyne nanoribbon and electrical transmission. 
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Electrochemical reduction of graphene oxide: 
synthesis and applications 

The past decades have seen a great interest 
in the carbon nanostructures by its inherent 
features, e.g. thermal and electronic 
conductivities, as well as their relevance in 
the development of photovoltaics and fuel 
cells, sensors, opto-electronics, and 
thermoelectric devices [1,2]. Our research 
group has a great interest in graphene 
production methodologies and enhances 
the performance in different applications. 
In this way, the present work explores two 
ways to obtain ERGO using a combination 
of Hummers[3] and potentiostatic 
methods. In the first one, GO was obtained 
starting from an aqueous solution 
containing graphite in H2SO4 and thereafter 
reduced using different potentials from 1-
4V and AISI 304L as electrodes. The second 
formulation, was starting from GO 
produced by the traditional modified 
Hummers method, followed by a pulse 
potential method at 1.6 and 2.0 V in H2SO4. 
Samples characterization were realized 
using Raman spectroscopy, Ultraviolet-
Visible (UV-Vis), Fourier transform infrared 
(FTIR), X-ray diffraction patterns (XRD) and 
X-ray photoelectron spectroscopy (XPS). 
The results shown that depending of the 

synthesized method the ERGO can be 
obtained in solution or as a film on the 
metallic substrate, with potential 
applications. 
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Figure 1:Figure 1:Figure 1:Figure 1: TEM image of ERGO at 1.6V
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Ab Initio Calculations of Nitrogen  
Functionalization of Graphene 

A new way of incorporating single 
nitrogen atoms in a graphene sheet, 
which involves a treatment in the late 
afterglow part of a plasma, has been 
developed by an experimental team [1,2]. 
It aims to maximize the substitutional, or 
graphitic, doping while minimizing the 
damage done to the graphene. With the 
software package ABINIT [3,4], we have 
carried out some first-principles 
calculations of different configurations of 
doping nitrogen atoms in a graphene 
sheet. We obtained the formation 
energies of the structures to study 
whether they are realistic configurations. 
We found that vacancies in the graphene 
sheet facilitate the incorporation of 
nitrogen atoms and, in particular, that 
the substitutional doping has the lowest 
formation energy. We also studied the 
energetic of nitrogen atoms adsorbed 
above the carbon plane because it plays 
a role in the process of functionalization. 
Using the Nudged Elastic Band method 
(NEB), we were able to calculate energy 
barriers for the diffusion and the in-plane 
absorption of these atoms. 
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Graphene oxide based high-frequency modulation in 
electronics via optical illumination 

Here, we report variation of scattering 
parametric properties in graphene oxide 
via illumination control. Graphene oxide 
was synthesized by chemically exfoliating 
graphite so that it has band properties 
while graphene has zero bandgap at K 
point. Since optoelectronic properties are 
highly affected by band gap properties, 
graphene oxide has been attracted 
tremendous attractions due to its 
controllable property [1-3]. Also, 
graphene oxide has potential for 
electronic devices since it partially has 
sp2 orbital which is basic building block 
for graphene [4]. However, observation in 
high frequency transmission modulated 
via optical signal has not been explored 
sufficiently, particularly, for 
demonstration of controlling wave 
intensity and wavelength for high 
frequency optoelectronics. In this 
demonstration, we prepared two types of 
graphene oxide device; first one is thick 
enough for low intensity to investigate 
intensity relation while the other is thin to 
verify photon energy relation.We hope 
that this investigation will be a foothold 
for high frequency transmission 
experiment for graphene oxide and other 
materials under illumination. 
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Functionalization of Graphene Sheets During the 
Electrochemical Exfoliation of  
Graphite in Aqueous Media 

Graphene [1,2] is undoubtedly one of the 
most attractive material for researchers, 
consequently the most intensively 
studied material due to its potential 
applications in several different areas. 
Various approaches are being developed 
for its large-scale preparation by green 
and cost-effective method [3,4]. One of 
the best methods is the electrochemical 
exfoliation of graphite in an aqueous 
solution [5]. However, for several 
applications graphene must be 
functionalized either non-covalently or 
covalently. In this work, graphene sheets 
produced electrochemically were 
functionalized during the exfoliation 
process. The resulting materials were 

characterized by several techniques such 
as Raman spectroscopy, 
thermogravimetric analysis, TEM, SEM, 
electronic conductivity measurements 
and electrochemical techniques. 
 

References 
[1] Novoselov, K. S. et al., Science. 5696 (2004) 

666. 
[2] Hummers, W. S.; Offeman, R. E., J. Am. 

Chem. Soc. 6 (1958) 1339. 
[3] V. Chabot, B. Kim, B. Sloper, C. Tzoganakis, 

A. Yu,Sci. Rep., 3 (2013) 1378. 
[4] Munuera, J. M. et al., Nanoscale, 5 (2016) 

2982. 
[5] Parvez, K. et al., J. Am. Chem. Soc. 16 

(2014)  6083. 

 
 

Figures 

 

195



GrapheneCanada2016 
 

 

  
|  
 A

B
S

T
R

A
C

T
S

 

 

 

 

Jaewoo Park   
Paul Bazylewski, Arash Akbari*, Sabastine Ezugwu, Reg Bauld, and Giovanni Fanchini  
 

1Physics & Astronomy, University of Western Ontario, 1151 Richmond St, London ON N6A 3K7, 
Canada 
*Present address: Université de Sherbrooke, 2500 boul. de l'Université, Sherbrooke, QC J1K 2R1, 
Canada 

jpark627@uwo.ca 
 

Copper nanoparticle-assisted etching of  
graphene layers 

It has been demonstrated that metal 
etching by strong acids in the presence of 
graphene oxide and graphene layers 
promotes a certain degree of additional 
oxidation of the carbon backbone, 
breaking some C=C bonds, with the 
formation of C=O and C-OH groups.[1,2] If 
metallic nanoparticles on graphene are 
used for this oxidation process,[3] pores 
may locally form in the correspondence 
of locations at which C=C bonds are 
broken. At higher concentration of 
metallic nanoparticles, or when 
nanoparticles adhere more strongly to 
graphene, etching involves the complete 
removal of the graphene layer.[4] In this 
presentation we will review two distinct 
case studies of copper nanoparticle (Cu-
NP) assisted etching of graphene, which 
offer a complementary vision of this 
startling material.  
 

In the first study (Figure 1, [4]) Cu-NPs 
grown on graphene films by radio-
frequency sputtering adhere well on flat 
graphene surfaces, but not on graphene 
wrinkles and ridges. By etching these Cu-
NP's in nitric acid, we can remove the 
largest portions of flat graphene flakes, 

leaving behind only ridges and wrinkles 
as individual graphene nanoribbons 
(GNRs). Two classes of GNRs are formed 
in this way: wide GNRs from planar ridges 
and narrow and straight GNRs from 
vertical wrinkles. 
 

In the second study (Figure 2, [3]) 
thermally evaporated Cu-NPs weakly 
adhere on graphene thin films and their 
etching in nitric acid leads to porous 
graphene-based membranes offering 
energy-efficient water filtration at 
relatively low differential pressures (down 
to 30 kPa) while still exhibiting high 
performance in terms of adsorption of 
metal ions at the part-per-million level. 
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Figure 1:Figure 1:Figure 1:Figure 1: Etching of Cu-NP's grown by radio-frequency sputtering on graphene , leaving behind 
wrinkles and ridges as graphene nanoribbons.[4] 
 

 
 
Figure Figure Figure Figure 2222:::: Etching of Cu-NP's grown by thermal evaporation on a graphene thin film on TeflonTM 

substrate: (a) SEM prior to and (b) after etching, which leaves behind a nano-porous graphene-
based material suitable for water purification at low differential pressures. The higher detection 
rate of fluorine from TeflonTM substrate is a consequence of higher sub-nanoporosity[3] 
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Characterization of pre-transfer functionalized graphene 

Large area graphene was successfully 
covalently functionalized with p-
aminophenyl (AP) and p (N 
maleimido)phenyl residues (MP) from the 
respective diazonium salts, prior to 
transfer. The success of the 
functionalization was confirmed by 
Raman backscattering spectroscopy and 
infrared spectroscopic ellipsometry (IRSE). 
Furthermore, we have investigated the 
thickness and spatial distribution of the 
MP residues, using infrared spectroscopic 
ellipsometry and infrared atomic force 
microscopy, prior and after the transfer 
process. The data show consistently a MP 
layer thickness of 4.5-4.8 nm. Both 
functionalizations were used for 
subsequent modification with either 
carboxylic acids (AP-functionalized) or 
thiols (MP-functionalized). Furthermore, 
functionalized graphene sheets were 
transferred to various substrates, 
including glass, SiO2, PTFE tape and 
aluminium foil. Considering the variety of 
available diazonium cations and possible 
further modifications, this opens the 
possibility to the use of modified graphene 
as tailored modular building block for 
specific surface functionalization. 
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Various Synthesis Technologies and Applications of 
Nanostructured Allotropes of Carbon 

Potential applications of nanostructured 
carbon allotropes have drawn considerable 
attention from various industrial fields, due 
to their potential applications stemmed 
from their outstanding electrical, 
mechanical, and optical properties. 
Example of applications in nanoelectronics, 
nano-electromechanical system (NEMS), 
flexible electronics, advanced energy 
production and storage devices, like 
batteries and fuel cells and super capacitor, 
as well as gas and chemical sensors, to 
name a few, are driving the global interest.  
Their unique characteristics placed them 
among the most promising molecular 
building blocks in nanotechnology. 
However, various applications require 
structures with different building blocs; 
therefore, it is necessary to develop specific 
strategies for selective growth, with 
excellent control over the size, electrical, 
mechanical and optical characteristics, in 
order to fully exploit their potentials. 
Moreover, some applications, particularly 
those related to nanoelectronics and 
NEMS, will require doping of these 
molecular structures with various dopants 
in order to modify their electrical 
properties.  
 

There are variety of techniques used for 
fabrication of various allotropes of carbon 
nanostructures. Plasma- and vacuum 
assisted synthesis techniques have been 
used as a strategy to assist the synthesis at 
lower temperatures, since plasma-assisted 
dissociation of precursors used for 
synthesis, facilitate the nanomaterial 
growth at low temperatures [1]. Plasma 
techniques have also been used to dope 
graphene and CNT with nitrogen [1,2], an 
important step for nanoelectronic 
applications. In this presentation we will 
discuss various synthesis strategies and 
their specific advantages. We will also 
present characteristics of some samples 
produced from different techniques, and 
finally will present example of applications 
related to energy production using 
thermoelectric convertors [4] and 
development of gas sensors.  
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Photo-Induced Open Circuit Voltage in Graphene-
Based Organic Photovoltaics and Its Origin 

We investigated the origin of open circuit 
voltage in graphene-based organic 
photovoltaics (OPVs) from I-V 
measurements at 1 Sun irradiation and 
using Kelvin Probe Force Microscopy 
(KPFM) under laser illumination. In this 
work we utilized poly(3-hexyl-
thiophene):phenyl-C61-butyric acid 
methyl ester (P3HT:PCBM) blend as a 
photoactive layer to fabricate bulk 
hetherojunction OPVs. Our experiments 
demonstrated that thin P3HT:PCBM OPVs 
assembled on transparent graphene 
electrodes exhibit higher open circuit 
voltages (Voc ≈ 0.79 ± 0.01 eV) than 
identical ITO-based OPVs (Voc ≈ 0.60 ± 0.01 
eV). Both previously reported models, the 
band energy offset [1] and the metal-
insulator-metal models [2], failed to 
explain the high open circuit voltage in 
graphene-based OPVs. Using KPFM under 
illumination, we found that the work 
function of graphene thin film electrodes 
strongly increase with increasing 
intensity of illumination and the amounts 
of photoexcited holes injected into 
graphene, as shown schematically in 
Figure 1. This result led us to propose a 
dynamic graphene-insulator-metal 
model (d-GIM) based on the specific zero-

band gap semiconducting properties of 
graphene. Our d-GIM model predicts an 
open circuit voltage of Voc = 0.74 V for thin 
graphene-based OPVs that compares 
well with the value of Voc = 0.79 ± 0.01 V 
directly measured from I-V curves. Our d-
GIM model sheds light on the factors that 
influence controlling the open circuit 
voltage in virtually any ultrathin OPVs. 
Since the efficiency of OPVs is 
proportional to the open circuit voltage, 
our findings can be seen as a critical step 
towards improving the performance of 
organic photovoltaics.  
 
References 
 
[1] B. P. Rand, D. P. Burk, S. R. Forrest, Phys. 

Rev. B, 11 (2007), 115327: 1-11. 
[2] V. D. Mihailetchi, P. W. M. Blom, J. C. 

Hummelen, and M. T. Rispens, J. Appl. 
Phys., 10 (2003), 68496854. 

 
 
 
 
 
 
 

 
 

200



GrapheneCanada2016 
 

   
|  
 A

B
S

T
R

A
C

T
S

 

Figures 
 

 

 
Figure 1:Figure 1:Figure 1:Figure 1: Schematic of hole generation and Fermi level shift in graphene-based solar cells under 
illumination. The shift in the Fermin level and the subsequent increase in the work function of 
graphene lead to larger difference between the work function of Al top contact and graphene 
electrode. This difference corresponds to the open circuit voltage. 
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Elemental quantification of wet digested Nanocarbons 
and characterization of their residues 

It is estimated that Nanocarbons will be 
incorporated in our daily life in about 
three decades. Despite the accumulated 
knowledge on these materials, a pressing 
need to develop viable strategies for 
industrial-scale standardization persists. 
In addition, it is recognised that even 
minute amounts of other elements 
beyond carbon (e.g. transition metals 
used as growth catalysts) could have a 
deleterious effect not just on the 
aggregated physicochemical response of 
these materials but also in the 
environment and human health.[1] 
 

Currently, the “gold standard” technique 
to quantify impurities in Nanocarbons is 
the neutron activation analysis.[2] 
However, as it relies on a neutron source, 
a nuclear reactor is needed, and so it is 
not suitable for routine analysis. On the 
other hand, inductively coupled plasma 
(ICP) techniques are widely available in 
chemistry laboratories and commonly 
applied to the study of vestigial 
quantities of metals in solid materials. 
Unfortunately, its applicability to 

Nanocarbons (e.g. graphene and 
nanotubes) has suffered from the lack of 
efficient digestion steps and certified 
reference materials (CRM).[3] 
 

In this study, various commercial and 
certified graphitic carbon materials were 
subjected to a “two-steps” microwave-
assisted acid digestion procedure. 
Following this, the concentration of up to 
18 elements was analysed by ICP coupled 
to optical emission spectrometry (OES). 
Successful quantification of the certified 
elements was achieved, hence validating 
our wet digestion approach. Its 
applicability was further confirmed for a 
commercial single-walled carbon 
nanotube (SWCNT) sample. Where 
possible, the digestion residues were 
characterised by Raman spectroscopy, 
transmission electron microscopy and 
nuclear magnetic resonance (NMR) as we 
strived to understand the structural 
disintegration mechanism for graphitic 
carbons. It was seen that NMR, despite 
being less commonly used in the study of 
Nanocarbons, may effectively be the 
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most valuable tool to access the 
digestion degree of these materials. 
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MoS2 and MoSe2 thin films fabrication 

Two dimensional (2D) materials have 
gained great interest in recent years due to 
their unique electronic, mechanical, and 
optical properties. Especially transition 
metal dichalcogenides (TMDs) with the 
formula MX2, where M is a transition metal 
(Mo, W, and so on) and X is a chalcogen (S, 
Se, or Te), have attracted much attention 
due to their layer structure and 
semiconducting properties [1]. Their 
structure consists of a plane of metal atoms 
sandwiched between two planes of 
chalcogen atoms by covalent interaction 
and different layers are held together by 
van der Waals interactions [2]. These 
layered materials exhibit many distinctive 
characteristics such as outstanding 
flexibility, moderate carrier mobility and 
layer dependent electronic and optical 
properties. This makes TMD materials 
suitable for various applications such as 
transparent and flexible field effect 
transistors (FETs), photodetectors, 
photovoltaic cells, light-emitting diodes 
and catalysts [1]. 
 
Among metal dichalcogenides, 
molybdenum sulfide (MoS2) materials have 
been extensively investigated for its 
interesting properties including enhanced 
optical absorption, thermoresponsive 

photogeneration, efficient hydrogen 
evolution reaction capability, valley 
polarization and high on/off ratio with low 
subthreshold swing, which can lead to 
ultrathin and highly efficient photovoltaics, 
photo-thermoelectrics, catalysis for 
sustainability [3]. Moreover, by quasi-
continuous electrostatic carrier doping 
achieved by the combination of HfO2 and 
ionic liquid, a superconducting state was 
achieved in MoS2 [4]. Recently, monolayer 
MoSe2 has started to gain attention 
because it has many interesting electronic 
and optical properties similar to those of 
monolayer MoS2, such as a direct band gap, 
strong photoluminescence (PL), and a large 
exciton binding energy. It is known that 
sulfur defects in the MoS2 monolayer greatly 
affect the electronic transport and optical 
properties [1]. Therefore, it would be 
meaningful to carefully compare the 
properties of monolayer MoS2 and MoSe2. 
 
A large effort has been made to develop 
methods for growing high quality ultrathin 
films. Still, mechanical exfoliation is the 
most widely used way to prepare MoS2 and 
MoSe2 monolayers. On the other hand, the 
method is inherently not suitable for up-
scaling. As an alternative, a chemical vapor 
deposition (CVD) is capable of producing 
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large area MoS2 and MoSe2 films. Recently, 
physical vapor deposition, especially 
pulsed laser deposition (PLD) has 
successfully been used for the fabrication of 
MoS2 thin films [5]. 
 
Molybdenum disulfide and molybdenum 
diselenide thin films were prepared by a 
two-step method on different substrates. 
First, molybdenum thin films were 
magnetron sputtered on different 
substrates (Si, sapphire). Second, the thin 
films were sulfurized / selenized in vapors of 
sulfur or selenium at high temperatures in a 
furnace. As-prepared films were 
characterized by XRD analysis, Raman 
spectroscopy, Rutherford backscattering 
and SEM techniques. Afterwards, the films 
were patterned to different types of 
structures using photolithography and ion 
beam etching. Electrical conductivity of the 
patterned structures were investigated. 
Finally, we discuss the structural and 
electrical properties of MoS2 and MoSe2 thin 
films and structures made of them. 
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Improving the growth of monolayer CVD-graphene over 
polycrystalline iron sheets 

Graphene is a two-dimensional carbon 
nanomaterial with hexagonal structure. 
The extraordinary properties of graphene 
make it an ideal material for a wide 
variety of applications [1]. Two different 
strategies can be distinguished for 
graphene synthesis, such as Bottom-Up 
and Top Down. The first one is based on 
the synthesis of graphene from a 
carbonaceous gas source. The second 
one is based on the synthesis of 
graphene using graphite as the raw 
material [2]. Within the Bottom-Up 
strategy is included Chemical Vapor 
Deposition (CVD) method. This method 
highlights because it is simpler and easier 
to scale than the other ones. In addition, 
it is possible to obtain large areas of 
graphene. Raman spectroscopy is the 
most widely used technique to perform 
quickly structural and electronic 
characterization of graphitic materials, 
besides being a non-destructive 
characterization method [3].     
 
The principal aim of this work was the 
synthesis and optimization of CVD-
graphene synthesis using polycrystalline 
iron as catalyst with the purpose of 
increase the percentage of monolayer 

graphene grown over the metal 
substrate. Although graphene is only one 
atom thick, it is visible at the optical 
microscope. In this investigation, four 
different colors could be distinguished in 
optical microscope images of the 
graphene samples, corresponding each 
one with one type of graphene. To study 
the quality of the samples, an Excel-VBA 
application was designed. This 
application analyzed the optical 
microscope images obtained and allows 
to know the percentage of each type of 
graphene deposited over the iron. Based 
on those percentages, the Excel-VBA 
application assigns values between 0 and 
1000 to quantify a quality value of the 
sample. If 100% of the sample is coated 
with multilayer, few-layer, bilayer or 
monolayer graphene, the application 
assigns a value of 1, 10, 100 or 1000, 
respectively. Therefore, the closer to 1000 
is the quality value; the higher the 
percentage of monolayer graphene 
coating the metal foil [3]. 
 
To achieve the aim of this investigation, 
different synthesis variables which affect 
the graphene quality were optimized 
(reaction time, CH4/H2 flow rate ratio and 
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total flow (CH4+H2) during the reaction 
step at different reaction times). It was 
observed that the percentage of 
monolayer graphene and thus, the 
quality of graphene sample increased 
with the optimization of the synthesis 
variables, reaching the 62.4% of the 
sample covered with monolayer 
graphene and a value of 642 of graphene 
quality. 
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Figures 
 

% MONOLAYER GRAPHENE% MONOLAYER GRAPHENE% MONOLAYER GRAPHENE% MONOLAYER GRAPHENE    62.462.462.462.4    

% BILAYER GRAPHENE% BILAYER GRAPHENE% BILAYER GRAPHENE% BILAYER GRAPHENE    24.7 

% FEW% FEW% FEW% FEW----LAYER GRAPHENELAYER GRAPHENELAYER GRAPHENELAYER GRAPHENE    8.8 

% MULTILAYER GRAPHENE% MULTILAYER GRAPHENE% MULTILAYER GRAPHENE% MULTILAYER GRAPHENE    4.3 

QUALITY VALUEQUALITY VALUEQUALITY VALUEQUALITY VALUE    642.5 

 
Table 1:Table 1:Table 1:Table 1: Percentage of each type of graphene 
and quality value of the optimum sample. 
(Synthesis conditions: 1025 ºC, CH4/H2= 0.25 v/v, 

80 Nml/min at 7 min) 

 

 
 
Figure 1:Figure 1:Figure 1:Figure 1: Optical microscopy and Raman 
spectroscopy of the optimum sample. 
(Synthesis conditions: 1025 ºC, CH4/H2= 0.25 v/v, 

80 Nml/min at 7 min) 
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Green, simple and large scale synthesis of N-doped 
graphene quantum dots with uniform edge groups by 

electrochemical bottom-up synthesis 

As a new kind of photoluminescence (PL) 
material, graphene quantum dots (GQDs) 
have drawn extensive attention of 
researchers because of their remarkable 
properties. It deserves to note that the 
specific PL mechanism of GQDs is the 
fundamental issue for its development. It 
has been demonstrated that the size, 
heteroatoms, edge carbon atoms, 
defects and edge groups all obviously 
affect the PL progress of GQDs [1, 2]. As 
the inevitable constituent part of GQDs, 
edge groups have a significant influence 
on the PL spectra. However, by now, the 
real role of edge groups in PL process is 
unclear. This can be due to the 
unavoidable different edge groups in 
most reported GQDs [1]. Thus, it is very 
necessary for the development of new 
preparation approach for GQDs with 
uniform edge groups. 
 
We developed an electrochemical 
bottom-up synthesis of N-doped GQDs 
(N-GQDs) with large amount of well-
defined edge groups for the first time [5]. 
This progress is green (both atom 

utilization and yield are higher than 95 %, 
without by-products), simple and 
suitable for large scale synthesis. The 
exclusive edge group of the obtained N-
GQDs is -NH2 because of the amino 
oxidative coupling of o-
phenylenediamine, which results in 
unique excitation wavelength 
independence behavior. The high 
quantum yield is believed to originate 
from the localized π state due to the 
graphitic doping of nitrogen [3, 4]. The 
edge groups have little influence on the 
spectral resolved PL lifetime as well as 
the size distribution [5]. 
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Figures 
 

 
Figure 1:Figure 1:Figure 1:Figure 1: (a) UV-vis absorption, PL (λex=420 
nm) and PLE (λem=569 nm) spectra of N-GQDs 
aqueous solution, inset: the photograph of N-
GQDs aqueous solution under 365 nm UV 
light. (b) PL spectra of N-GQDs aqueous 
solution at different excitation wavelengths 
(370-500 nm). (c) The lifetime of N-GQDs 
measured at 25 °C (λex =420 nm and λem=570 
nm). (d) PL decay curves of N-GQDs tested at 
25 °C with 10 nm increments of progressive 
emission wavelength (λex=420 nm). 
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Contact performance enhancement based on isotype 
junction effects of thickness dependent MoS2 layers 

In early 2000s, graphene was shown to 
have excellent carrier mobility as a zero-
gap semiconductor. [1] Since its 
discovery, various materials in 2D 
crystalline structures have garnered 
significant attention because of their 
unique properties, which can be used in 
various fields of academics and industry. 
[2-4] Recently, transition metal 
dichalcogenides (TMDs) have become a 
hot topic of interest due to their 
remarkable electronic performances and 
their potential to replace silicon-based 
systems. Single-layer MoS2 may be the 
most popular material among TMDs 
showing clear n-type semiconductor 
characteristics with a direct-energy band 
gap that is similar in size to silicon and 
can be used as an active layer in various 
electronic devices.  
 
In this work, the difference in the work 
functions of MoS2 nanosheets with 
different thickness has been observed 
based on the relative surface potential 
values measured by a scanning Kelvin 
probe microscopy technique. From the 
energy structure change, a layer-
dependent MoS2 isotype heterojunction 
shows small potential barriers and weak 

current-rectifying effects. However, the 
small potential barrier at the junction 
easily becomes negligible with a 2D 
contact area that is obtained by the 
polymer-assisted dry transfer technique 
showing only linear and symmetric 
current features. Therefore, we can 
obtain significant enhancement of 
contact performance by applying a 
multilayer MoS2 structure between the 
MoS2 channel and the metal electrode 
because two small potential barriers are 
more advantageous than one large 
Schottky barrier and they allow 
increment of the effective contact area. 
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Graphene/YBCO Hybrid Nanosheets  
Prepared by Matrix Assisted Pulsed Laser Evaporation 

Hybrid graphene nanosheets by 
depositing yttrium barium copper oxide 
(YBCO) superconductor particles were 
developed by using the matrix-assisted 
pulsed laser evaporation (MAPLE), a free-
contamination method. With increasing 
irradiation time, the amount of YBCO 
nanoparticles deposited on graphene is 
increased. In addition, the 
microstructures and elemental 
composition of YBCO nanoparticle 
deposited on graphene sheet by the 
MAPLE process were studied in terms of 
particle size and shape as a function of 

the deposition time/irradiation time (t). It 
is noted that the shape and size of the 
YBCO nanoparticles are more uniform 
with increasing t. When t increases to 2 
hours, the average diameter of the 
spherical YBCO nanoparticles deposited 
on graphene sheets is around 50 ± 10 nm. 
This study demonstrates that MAPLE is a 
suitable process for depositing inorganic 
superconductor nanoparticles on 
graphene sheets without additional 
chemical agents. 
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