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Registration Opening for all conferences 
Nanotech France 2016, EGF 2016, NanoMatEn 2016 and 

NanoMetrology 2016 
 

May 31st, 2016 

15:00-18:00 Registration / Welcoming Cocktail Reception Registration Area 

 

Nanotech France 2016 Sessions Program 
 

June 1st, 2016 

08:30-12:00 Registration Registration Area 

09:00-12:45 Nanotech Plenary Session I Amphitheatre H 

09:00-12:45 
Joint Symposium on Functional Hybrids and Clay 
Nanomaterials 

Room 261 

12:00-14:00 Lunch Break / Exhibition / Poster Session I Restaurant / Main Hall 

14:00-16:00 

Session I: Nanomaterials Fabrication / Synthesis Room 211 

Session II - Nanomaterials synthesis and properties Room 212 

Joint Symposium on Functional Hybrids and Clay 
Nanomaterials 

Room 261 

16:00-16:30 Coffee Break / Exhibition / Poster Session I Main Hall 

16:30-19:00 

Session I: Nanomaterials Fabrication / Synthesis  Room 211 

Session II - Nanomaterials synthesis and properties Room 212 

Joint Symposium on Functional Hybrids and Clay 
Nanomaterials 

Room 261 

June 2nd, 2016 

09:15-12:45 Nanotech Plenary session II Amphitheatre H  

10:00-10:30 Coffee Break / Exhibition / Poster Session II Main Hall 

10:30-12:45 Session III: NanoBioMedecine /Nanosafety Room 508 

12:00-14:00 Lunch break / Exhibition / Poster session II Restaurant / Main Hall 

14:00-16:00 Session III: NanoBioMedecine /Nanosafety Room 508 

16:00-16:30 Coffee break / Exhibition / Poster session II Main Hall 

16:30 -19:00 Session III: NanoBioMedecine /Nanosafety Room 508 

18:30-20:30 Networking Cocktail – Meet Elsevier Team Main Hall 

June 3rd , 2016 

09:00-10:00 
Session IV: NanoElectronics/NanoPhotonics  Room 211 

Industrial session: InnovNano France 2016 Room 508 

10:00-10:30 Coffee Break + Exhibition Main Hall 

10:30-13:00 
Session IV: NanoElectronics/NanoPhotonics Room 211 

Industrial session:InnovNano France 2016 Room 508 
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NanoMetrology France 2016 Sessions Program 
 

June 1st, 2016 

08:30-12:00 Registration Registration Area 

09:00-12:45 Nanotech Plenary Session I Amphitheatre H 

10:30-11:00 Coffee Break / Exhibition / Poster Session II Main Hall 

11:00-12:45 
Session I: Nanomaterials characterization  Room 508 

Symposium on Nanospectroscopy Room 561 

12:00 - 14:00 Lunch Break / Exhibition / Poster Session I Restaurant / Main Hall 

14:00 16:00 
Session I: Nanomaterials characterization  Room 508 

Symposium on Nanospectroscopy Room 561 

16:00 -16:30 Coffee Break / Exhibition / Poster Session I Main Hall 

16:30 19:00 
Session I: Nanomaterials characterization Room 508 

Symposium on Nanospectroscopy Room 561 

 

June 2nd, 2016 

09:15-12:45 Nanotech Plenary session II Amphitheatre H  

09:00-10:00 Symposium on Detection, location & quantification Nano Room 511 

10:00 - 10:30 Coffee Break / Exhibition / Poster Session II Main Hall 

10:30 -12:45 Symposium on Detection, location & quantification Nano Room 511 

12:00 -14:00 Lunch break / Exhibition / Poster session II Restaurant / Main Hall 

14:00 -16:00 Symposium on Detection, location & quantification Nano Room 511 

16:00 - 16:30 Coffee break / Exhibition / Poster session II Main Hall 

16:30 -19:00 Symposium on Detection, location & quantification Nano Room 511 

18:30 -20:30 Networking Cocktail – Meet Elsevier Team Main Hall 
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NanMaterials for Energy and Environment - NanoMatEn 2016 
Sessions Program 

 

June 1st, 2016 

08:30-12:00 Registration / Welcome Coffee Registration Area 

09:00-12:45 Nanotech Plenary Session I Amphitheatre H 

12:00-14:00 Lunch Break / Exhibition / Poster Session I Restaurant / Main Hall 

 

June 2nd, 2016 

08:30-12:45 Nanotech Plenary  session II Amphitheatre H  

10:30-11:00 Coffee Break / Exhibition / Poster Session II Main Hall 

10:30-12:45 
NanoMatEn 2016 Session I: NanoEnergy  Room 211 

NanoMatEn 2016 Session II: Nanotechnology for 
Environmental  

Room 212 

12:00-14:00 Lunch break / Exhibition / Poster session II Restaurant / Main Hall 

14:00-16:00 

NanoMatEn 2016 Session I: NanoEnergy Room 211 

NanoMatEn 2016 Session II: Nanotechnology for 
Environmental 

Room 212 

Symposium on Nanotechnology for Photovoltaics Room 260 

16:00-16:30 Coffee break / Exhibition / Poster session II Main Hall 

16:30-19:00 

NanoMatEn 2016 Session I: NanoEnergy Room 211 

NanoMatEn 2016 Session II: Nanotechnology for 
Environmental  

Room 212 

Symposium on Nanotechnology for Photovoltaics Room 260 

18:30-20:30 Networking Cocktail – Meet Elsevier Team Main Hall 

June 3rd , 2016 

08:30-10:30 
NanoMatEn 2016 Session III: Nanotechnology for water 
treatment 

Room 561 

10:30-11:00 Coffee Break / Exhibition  Main Hall 

11:00-13:00 
NanoMatEn 2016 Session III: Nanotechnology for water 
treatment 

Room 561 
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European Graphene Forum - EGF 2016 Sessions Program 
 

June 1st, 2016 

08:30-12:00 Registration / Welcome Coffee Registration Area 

09:00-10:30 EGF2016 Plenary Session I Amphitheatre G 

10:30-11:00 Coffee Break / Exhibition / Poster Session II Main Hall 

11:00-12:45 EGF2016 Plenary Session I Amphitheatre G 

12:45-14:00 Lunch Break / Exhibition / Poster Session I Restaurant / Main Hall 

14:00-16:00 
EGF 2016- Session I: Graphene and 2D MaterialsSynthesis, 
characterization and properties 

Amphitheatre G 

16:00-16:30 Coffee Break / Exhibition / Poster Session I Main Hall 

16:30-19:00 
EGF 2016- Session I: Graphene and 2D MaterialsSynthesis, 
characterization and properties 

Amphitheatre G 

 

June 2nd, 2016 

09:15-12:45 EGF 2016 Plenary Session II Amphitheatre G 

10:30-11:00 Coffee Break / Exhibition / Poster Session II Main Hall 

10:30-12:45 EGF 2016 Plenary Session II Amphitheatre G 

 
12:00-14:00 

Lunch break / Exhibition / Poster session II Restaurant / Main Hall 

14:00-16:00 

EGF 2016- Session II: Graphene and 2D Materials 
characterization and properties 

Amphitheatre G 

EGF 2016- Session III: Graphene and 2D Materials properties 
and applications 

Room 561 

16:00-16:30 Coffee break / Exhibition / Poster session II Main Hall 

16:30-19:00 

EGF 2016-  Session II: Graphene and 2D Materials 
characterization and properties 

Amphitheatre G 

EGF 2016- Session III: Graphene and 2D Materials properties 
and applications 

Room 561 

18:30-20:30 Networking Cocktail – Meet Elsevier Team 
Main Hall 

 

June 3rd , 2016 

08:30-10:00 EGF 2016- Session IV: Graphene and 2D Materials applications Room 511 

10:00-10:30 Coffee Break / Exhibition  Main Hall 

10:30-13:00 EGF 2016- Session IV: Graphene and 2D Materials applications Room 511 
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Nanotech France 2016 Conference Preliminary Program 

June 1st, 2016 
Nanotech Plenary session I 

Amphitheatre H 

Session’s Chairs: 
Prof. Jupille Jacques, Institut des Nanosciences de Paris - France. 

Prof. James M Hill, University of South Australia – Australia 

08:30-12:00 Conferences Registration 

09:00-09:30 

Club nanoMetrology: a French Initiative to improve the 
Reliability of Measurements at the Nanoscale. A review after 4 
years. 
G. Favre, K. Aguir, D. Bernard, O. Bezencenet, J. Carimalo, 
N. Feltin, B. Gautier, A. Levenson, T. Macé, P. Maillot and J.-
M. Moschetta 

Dr. Georges Favre, 
Laboratoire national de 
métrologie et d'essais (LNE) 
– France 

09:30-10:00 

European standardization in nanotechnologies and relation 
with International work. How standardization can help industry 
and regulators in developing safe products? 
P. Conner 

Mr. Patrice Conner, AFNOR 
Standardization, 
Management and Consumer 
Services Dep- France 

10:00-10:30 
Mathematical modelling in nanotechnology 
J. Hill  

Prof. James M Hill, 
University of South Australia 
– Australia 

10:30-11:00 Coffee Break / Exhibition/ Posters Session I 

11:00-11:30 
Water collection/Repellency of Bioinspired Micro/Nano-
structured Surfaces  
Y. Zheng 

Prof. Yongmei Zheng, 
Beihang University – China 

11:30-12:00 
Ultrasonic Spray Coating as a versatile technique for the large 
area deposition of functional nanoparticles 
J. Stryckers and W. Deferme 

Prof. Wim Deferme, Hasselt 
University - Belgium  

12:45-14:00 Lunch Break / Exhibition / Posters session I 

 

June 1st, 2016 
Session I: Nanomaterials Fabrication / Synthesis 

Conference Room 211 

Session’s Chairs: 
Prof. Jacques Jupille, Institut des Nanosciences de Paris – France/ Prof. Nicolas Fressengeas,   

Lorraine University – France/  Dr. Valentina Beghetto, Ca' Foscary, University of Venice – Italy / Prof. 
Valentin Rodionov, King Abdullah University of Science and Technology - Saudi Arabia 

14:00-14:15 
Rational Synthesis of Chirality-Pure Single Walled Carbon 
Nanotube 
K.Yu. Amsharov 

Dr. Konstantin Amsharov, 
University of Erlangen-
Nürnberg – Germany 

14:15-14:30 
New frontiers and technologies for advanced materials 
V. Beghetto, L. Agostinis, R. Taffarello and R. Samiolo 

Dr. Valentina Beghetto, Ca' 
Foscary, University of Venice 
- Italy  

14:30-14:45 

Weak interactions for strong complexation between DNA 
nano-rods and lipids  
L. Navailles, K. Bougis, R. Leite Rubim, N. Ziane, J.Peyencet, 
A. Bentaleb, A. Février, B.B. Gerbelli, C.L.P. Oliveira, A. de 
Oliveira, . Schoentgen, G. Tonelli,  P. Barthélémy and F. 
Nallet 

Dr. Laurence Navailles, 
CNRS/ Bordeaux University, 
France  
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14:45-15:00 

Repeat proteins as template to organize photoactive 
molecules 
S. Hernández Mejías, J. López-Andarias, K. Erazo,C. 
Atienza, N. Martín and A.L.Cortajarena 

Ms. Sara Hernández, 
IMDEA-Nanociencia, Madrid 
- Spain 

15:00-15:15 

Chemical Reactions Directed Evolution of Complex Peptide  

Nanostructures  

A.K. Das 

Dr Apurba K. Das, Indian 
Institute of Technology 
Indore- India  

15:15-15:30 
Metal nanoparticles for optical limiting prepared via citrate 
reduction 
C. S. Hege, S. Dengler and B. Eberle 

Ms. Cordula Hege, 
Fraunhofer IOSB – Germany 

15:30-15:45 

Shape and Pore Size Controlled Scalable Synthesis of 
Functional Oxide Nanostructures through Exothermic 
Chemical Reactions 
A. Voskanyan and K.Y. Chan 

Mr. Albert Voskanyan, The 
University of Hong Kong - 
Hong Kong 

15:45-16:00 

Ultrasonic Spray Coating as a scale-up technique for the 
deposition of hybrid magnetic-plasmonic nanocomposites 
J. Stryckers, T. Swusten, W. Brullot, J. D’Haen, T. Verbiest 
and W. Deferme 

Mr. Jeroen Stryckers, 
Hasselt University - Belgium 
 

16:00-16:30 Coffee Break / Exhibition/ Posters Session I 

16:30-16:45 

The Development and Application of Vacuum-interconnected 
Technology for Nanofabrications 
S. A. Ding and H. Yang 

Dr. Sunan Ding, SuZhou 
Institute of Nano-Tech and 
Nano-Bionics / Chinese 
Academy of Sciences - 
China 

16:45-17:00 

Functionalization of single wall carbon nanotube for cesium 
sorption 
H. Draouil, L. Alvarez, J. Cambedouzou, M. A. Zaibi and J.-L. 
Bantignies 

Ms. Hajer Draouil, Tunis 
University - Tunisia 

17:00-17:15 

Development of a new direct liquid injection system for 
nanoparticle deposition by chemical vapor deposition using 
nanoparticle solutions 
M.Vervaele, B. De Roo, M.Rajala, H.Guillon, J.W.Seo and 
J.P.Locquet 

Mr. Mattias Vervaele, KU 
Leuven - Belgium 

17:15-17:30 

Composite production for Cold Gas Spray and photocatalytic 
behavior of the multifunctional coatings 
S. Dosta, M. Robotti, I. G. Cano, N. Cinca, A. Concustell, J. 
M. Guilemany 

Dr. Sergi Dosta, University 
of Barcelona - Spain 

17:30-17:45 
Application of Spark discharge method for in situ synthesis of 
copper nano particles on cotton fabrics  
S. Shahidi, A.Jamali 2, S.D. Sharifi and H. Ghomi  

Dr. Sheila Shahidi, Islamic 
Azad University- Iran 

17:45-18:00 

Controlled resonance energy transfer under one- and two-
photon excitations in a hybrid material engineered from 
quantum dots and the photosensitive protein bacteriorho-
dopsin  
V. Krivenkov, P. Samokhvalov, R. Bilan, D. Solovyeva, A. 
Chistyakov and I. Nabiev 

Mr. Victor Krivenkov, 
National Research Nuclear 
University - Russian 
Federation  

18:00-18:15 

Microwave Assisted Synthesized ZnO nanorods arrays on 
Tetrapak Substrate 
A.Pimental, B. Coelho, S. Ferreira, A. Araújo, D. Nunes, M. 
Oliveira, R.Franco, H. Águas, R. Martins and E. Fortunato 

Dr. Ana Pimentel, 
Universidade NOVA de 
Lisboa - Portugal 

18:15-18:30 
Fabrication of Metal Nanotubes via Short-Circuit Diffusion Pro-
cess and The Diffusion Model 
S. Baylan, E. Rabkin and G. Richter 

Mrs. Semanur Baylan, Max 
Planck Institute for Intelligent 
Systems- Germany  

18:30-18:45 

Design and characterization of nanowired microwave devices 
in substrate integrated waveguide technology 
V. Van Kerckhoven, L. Piraux and I. Huynen 

Mr. Vivien Van 
Kerckhoven, Université 
catholique de Louvain - 
Belgium 

18:45-19:00 
G-doping in Thin Si Nano-grating Layers 
A. Tavkhelidze, L. Jangidze, M. Mebonia, G. Skhiladze, D. 
Ursutiu, C. Samoila, Z. Taliashvili, and L. Nadaraia 

Mr. Mikheil Mebonia,  Ilia 
State University- Germany 
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June 1st, 2016 
Session II - Nanomaterials synthesis and properties 

Conference Room 212 

Session’s Chairs: 
Prof. Wim Deferme, Hasselt University – Belgium/ Prof. Yongmei Zheng, Beihang University – 

China/ Dr. Karine Bonnot, French German Research Institute of Saint-Louis – France/ Prof. 
Tahar Laoui, King Fahd University of Petroleum and Minerals- Saudi Arabia 

14:00-14:30 

Surface-Engineered Mechanically Hard Tungsten Disulfide 
(WS2) Inorganic Nanotubes (INTs-WS2)– Novel Chemically 
Taylored Nanoscale CNT-Replacement Inorganic “Nanofillers” 
J.-P. Lellouche, D. Raichman and J. Laloy 

Prof. Jean-Paul Lellouche, 
Bar-Ilan University - Israel 
 

14:30-14:45 
Reinforcing Acrylonitrile Rubber With Graphene: Inspection of 
Mechanical, Thermal and Cure Kinetics Properties 
B. Mensah and C. Nah 

Mr. Bismark Mensah, 
Chonbuk National University 
- Rep. of Korea 

14:45-15:00 

Development of Flexural Properties in Woven-fabric/Epoxy 
Resin CFRP Panels with Additional Nano Rubber Particle 
Reinforcement 
J. Sirichantra, T. Pullawan, P. Lamo and S. Kumwongwian 

Dr. Jariyavadee 
Sirichantra, Ministry of 
Science and Technology - 
Thailand 

15:00-15:15 
 

The effect of dispersion method and processing condition on 
the structure properties of polystyrene/graphene oxide 
nanocomposites 
Z. Mohammadsalih, B.J. Inkson and B. Chen 

Mr. Zaid Mohammadsalih, 
University of Sheffield - UK 

15:15-15:30 

Hollow Nanoparticles for Applications in Lightweight Nano-
composites 
V. Rodionov and T. Sainsbury 
 

Prof. Valentin Rodionov, 
King Abdullah University of 
Science and Technology - 
Saudi Arabia 

15:30-15:45 

Functionalization and optical properties of inorganic liquid 
crystals 

M. Thiriet, K. Lahlil, J.P. Boilot, J. Peretti and T. Gacoin 

Ms. Maud Thiriet, Ecole 
Polytechnique, CNRS – 
France 

15:45-16:00 

Chip Calorimetry for Investigating the Co-detection of 
Hexogen and Pentrite Vapors by Nanostructured Porous 
Materials 
K. Bonnot, L. Schlur and D. Spitzer 

Dr. Karine Bonnot, French 
German Research Institute of 
Saint-Louis - France 

16:00-16:30 Coffee Break / Exhibition/ Posters Session I 

16:30-16:45 
Development of fire retardant treatment with silica 
nanoparticles to apply onto bio-based composite materials 
M. Bourebrab, G. Durand, A. Taylor, R. Hadden and L. Bisby  

Ms. Marion Bourebrab, 
University of Edinburgh - UK 

16:45-17:00 
Resistive sensors from nanoparticle assembles  
L. Baklouti and F. Favier 

Ms Linda Baklouti, 
University of Montpellier – 
France 

17:00-17:15 
Effect of nano Zinc oxide particles on weathering properties of 
epoxy coatings 
D. Shalini and A.S.Khanna 

Mrs. Dolai Shalini,  IIT  
Bombay – India 

17:15-17:30 
Facile Synthesis of Scalable Hierarchical Surfaced Titanium 
Di-oxide Hollow Sphere for Hydrogen Generation Application 
K.K. Jeremy Ang, B.Y.Liang Tan, J.Juay and D. Sun 

Mr. Koon Keong Jeremy 
Ang, Nanyang Technological 
University – Singapore 

17:30-17:45 
Solid Cation-exchange Resin catalysed Esterification of Lactic 
Acid with Ethanol: A Novel Kinetic Study. 
E. Okon and G. Edward 

Mrs. Edidiong Okon, The 
Robert Gordon University 
Aberdeen – UK 

17:45-18:00 
Resistive Switching in Self-ordered TiO2 Nanocolumn Arrays 
M. Marik, M. Bendova, J. Hubalek and A. Mozalev 
 

Mr. Marian Marik, Brno 
University of Technology - 
Czech Republic 
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18:00-18:15 

Formulation and Characterization of Garlic oil nanoparticles 
with enhanced Anti-Microbial Activities 

S. Fahmy and W. Mamdouh 

Mr. Sherif Fahmy, The 
American University in Cairo 
– Egypt 

18:15-18:30 

Neutron radiation resistance of ferroelectric copolymer filled 
with Al2O3  and ZnO nanoparticles 
S.Rouabah, B. Vincent, D.Rouxel, A.Chaabi, S.Girard,  P. 
Paillet and M. Gaillardin 

Ms. Sawsen Rouabah, Jean 
Lamour Institute – France 

18:30-18:45 
The Synthesis of Blue Colored Zirconia and Its Application on 
Automotive Industry 
A.Yurdakul and H. Gocmez 

Dr. Arife Yurdakul, 
Dumlupinar University- 
Turkey 

18:45-19:00 

Effect of nanoclay on short term water absorption and swelling 
of composites made by wood poplar flour and recycled poly-
styrene 

A. Tavasoli, A. Samariha, M. Nemati and Z. Masoomi 

Dr. Afshin Tavasoli, Islamic 
Azad University- Iran 

 

June 1st, 2016 
Nanotech France 2016: Joint Symposium on Functional Hybrids and Clay Nanomaterials 

Conference Room 261 

Session’s Chairs: 
Prof. Eduardo Ruiz-Hitzky and Dr. Pilar Aranda, Materials Science Institute of Madrid (ICMM-

CSIC) - Spain 
Prof. Alicia de Andrés, Materials Science Institute of Madrid (CSIC) - Spain 

Dr Mercedes Vila, Ctechnano-coating technologies S.L - Spain 
Dr. Vanessa Prevot, Blaise Pascal University - France 

09:00-09:05 Welcome from the symposium chairs Chairs 

09:05-09:40 

Clay-graphene nanocomposites 
E. Ruiz-Hitzky 

Prof. Eduardo Ruiz-Hitzky, 
Materials Science Institute of 
Madrid (ICMM-CSIC) – 
Spain 

09:40-09:55 

Graphene / Ru nanostructure transparent hybrid systems for 
sensing applications 
L. Álvarez-Fraga, F. Jiménez-Villacorta, E. Climent-Pascual, 
R. Ramirez-Jiménez, C. Prieto and A. de Andrés 

Dr. Felix Jimenez-
Villacorta, Materials Science 
Institute of Madrid  (CSIC) – 
Spain 

09:55-10:10 

Thermal properties of LDPE Graphene filled nanocomposites 
designed for HVDC cable accessories. 
K. Gaska, R. Hafiizh Azhari, R. Kadar, M. Andersson and S. 
Gubanski 

Dr. Karolina Gaska, 
Chalmers University of 
Technology – Sweden 

10:10-10:30 Coffee Break / Exhibition/ Posters session I 

10:30-11:05 
Multi-parameter monitoring of in vitro tissue models using or-
ganic electronics 
R.M Owens 

Dr. Roisin Owens, Ecole 
des Mines de. St. Etienne – 
France 

11:05-11:30 

DNA-based bionanocomposites for gene transfer and 
biotechno-logical applications. 
F.A.Castro-Smirnov, O. Piétrement, P. Aranda, J. Ayache, E. 
Le Cam, J-R. Bertrand, B.S. Lopez and E.Ruiz-Hitzky 

Prof Fidel A. Castro-
Smirnov, University of 
Informatic Sciences – Cuba 

11:30-11:55 

In Vivo Multimodal Deep Tissue Imaging with Hybrid 
Nanostructures 
D. H. Ortgies, L. de la Cueva, B. del Rosal, F. Sanz-
Rodríguez, N. Fernández, M. C. Iglesias-de la Cruz, G. Salas, 
D. Cabrera, F. J. Teran, D. Jaque and E. Martín Rodríguez 

Dr. Dirk Ortgies, 
Autonomous University of 
Madrid – Spain 

11:55-12:10 

Magneto-photo-thermal Nanomaterials as Efficient Nano-
heaters for Tumor Therapy 
A. Espinosa,  R. Di Corato, J. Kolosnjaj-Tabi, M. Bugnet, G. 
Radtke, S. Neveu, G. A. Botton, P. Flaud, A. Abou-Hassan, T. 
Pellegrino and C. Wilhelm 

Dr Ana Espinosa, Paris 
Diderot University - France  
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12:10-12:25 
Adsorption of diclofenac pharmaceutical product onto clay 
mineral and organoclay derivatives 
T. De Oliveira and R.Guégan 

Mr. Tiago De Oliveira, 
Institut des Sciences de la 
Terre d’Orléans – France 

12:45-14:00 Lunch Break / Exhibition / Posters session I 

14:00-14:25 

Sepiolite-Nanocellulose Assembly as new Nanofibrous Hybrid 
Materials   
M. M. González del Campo, M. Darder, P. Aranda and E. 
Ruiz-Hitzky  

Dr. Margarita Darder, 
Materials Science Institute of 
Madrid, CSIC-Madrid - Spain 

14:25-14:40 

Multi-enzyme/layered double hydroxide-based biohybrids for 
the synthesis 
 of chiral polyols in cascade reaction 
F. Bruna Gonzalez, M. De Sousa, M. Lorillière, G. Ali, T. 
Gefflaut, V. de Berardinis, L. Pollegioni, W.-D. Fessner, C. 
Forano, V. Prévot, C. Mousty, F.Charmantray and L. Hecquet 

Dr. Felipe Bruna Gonzalez, 
Blaise Pascal University - 
France  

14:40-14:55 
Biohybrids based on zein and montmorillonite: preparation 
and use as nanofiller in clay-based bionanocomposites 
A.C.S. Alcântaraa, M. Darder, P. Aranda and E. Ruiz-Hitzky 

Dr. Pilar Aranda, Materials 
Science Institute of Madrid, 
CSIC-Madrid - Spain 

14:55-15:30 
Hybrid Photonics for Energy Efficiency  
P.G. Lagoudakis 

Prof. Pavlos G. 
Lagoudakis, University of 
Southampton - UK 

15:30-15:55 
Plasmon assisted Nd3+-based solid-state nanolaser  
P. Molina, E. Yraola, M.O. Ramírez, C. Tserkezis, J.L. Plaza, 
J.Aizpurua, J.Bravo-Abad and L.E. Bausá 

Prof. Luisa Bausá, 
Autonomous University of 
Madrid – Spain 

15:55-16:15 Coffee Break /Exhibition/ Posters Session I 

16:15-16:40 

MoSi2–Si3N4 Composite Absorber for Concentrated Solar 
Power (CSP) 
A. Rodríguez-Palomo, D. Hernández-Pinilla, E. Céspedes, L. 
Álvarez-Fraga, F. Jiménez-Villacorta, R. Jiménez-Riobóo and 
C. Prieto 

Prof. Carlo Prieto, Materials 
Science Institute of Madrid  
(CSIC) – Spain 

16:40-16:55 

Hybrid photonic crystal LED renders 123% color conversion 
ef-fective quantum yield 
M. Brossard, C. Krishnan, K.-Y. Lee, J.-K. Huang, C.-H. Lin, 
H.-C. Kuo, M. D. B. Charlton and P. G. Lagoudakis 

Dr. Mael Brossard, 
University of Southampton – 
UK 

16:55-17:10 

ZnO-clay nanoarchitectures: preparation and uses as 
photocatalyst 
M. Akkari, P. Aranda, H. Ben Rhaiem, A. Ben Haj Amara and 
E. Ruiz-Hitzky 

Dr. Pilar Aranda, Materials 
Science Institute of Madrid, 
CSIC-Madrid - Spain 

17:10-17:40 
Atomic and Molecular Layer Deposition of Hybrid 
Nanostructured Materials 
M.Vila 

Dr. Mercedes Vila Juárez, 
CTECH Nano-Coating 
Technologies S.L – Spain 

17:45-17:55 

Maya Blue-Based Nanostructured Clay Materials for Colouring  
Geopolymers 
C.M. Ouellet-Plamondon, P. Aranda, A. Favier, G. Habert, H. 
Van Damme and E. Ruiz-Hitzky 

Prof. Claudiane Ouellet-
Plamondon, École de 
Technologie Supérieure – 
Canada 

17:55-18:10 

Multifunctional Metallic Janus MOF Particles Synthesized by 
the Desymmetrization at Interfaces Approach  
A. Ayala, I. Imaz and D. Maspoch 

Mr. Abraham Ayala 
Hernández, Autonomous 
University of Barcelona - 
Spain  

18:10-18:25 

Nanoclays for adsorption of tartrazine: A sustainable 
application 
C. del Hoyo Martínez, M. S. Lozano García and V. Sánchez 
Escribano 

Prof. Carmen del Hoyo 
Martínez, University of 
Slamanca – Spain 

18:25-18:40 

Study of synthetic talc growth by EXAFS: basic research to 
support technology transfer 
A. Dumas, M. Mizrahi, F. Martin, F. Requejo, M. Claverie, C. 
Aymonier 

Dr Angela Dumas,  Institut 
de Chimie de la Matière 
Condensée de Bordeaux 
(ICMCB) – France 
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June 2nd, 2016 
Nanotech Plenary session II 

Amphitheatre H 

Session’s Chairs: 
Prof. Jupille Jacques, Institut des Nanosciences de Paris – France/ Prof. Alejandro Pérez-

Rodríguez, Catalonia Institute for Energy Research, IREC – Spain 

09:15-10:00 
DNA-controlled fusion of liposomes 
O.Ries, P.Löffler and S.Vogel 
 

Prof Stefan Vogel, University 
of Southern Denmark - 
Denmark 

10:00-10:30 Coffee Break / exhPosters Session 

10:30-11:15 

Meeting the needs for aged and released nanomaterials 
required for further testing 
B. Nowack 

Prof. Bernd Nowack, Empa, 
Swiss Federal Laboratories for 
Materials Science and 
Technology - Switzerland 

11:15-12:00 

Resonant Raman scattering methodologies for assessment of 
nanometric layers in high efficiency chalcogenide solar cells 
M. Guc, D. Hariskos, W. Hempel, F. Oliva, L. Calvo-Barrio, T, 
Jawhari, V. Izquierdo-Roca and A. Pérez-Rodríguez 

Prof. Alejandro Pérez-
Rodríguez, Catalonia Institute 
for Energy Research, IREC - 
Spain 

12:00-12:30 
Publish books chapters with SETCOR, in collaboration with 
Elsevier. 

Mr Simon Holt/ Mr Matthew 
Deans, Elsevier Publishing- 
UK 

12:45-14:00 Lunch Break/ Exhibition/  Posters session  II 

 

June 2nd , 2016 
Session III: NanoBioMedecine/Nanosafety 

Conference Room 508 

Session’s Chairs: 
Prof. Danail Hristozov, University Ca’ Foscari Venice – Italy/ Dr. Nicklas Raun Jacobsen, 

National Research Centre for the Working Environment, Copenhagen – Denmark/ Prof. Kevin 

Braeckmans, Ghent University - Belgium 

10:30-11:00 

Engineered cell wall binding domains of lysins for the multi-
plexed detection and rapid separation of food-borne 
pathogens  
M. Kong and S. Ryu 

Prof. Sangryeol Ryu, Seoul 
National University - Republic 
of Korea 

11:00-11:15 

Room-temperature aqueous synthesis of ultra-small Cu2−xSe 
nanoparticles for highly efficient photoacoustic imaging-guided 
photothermal cancer therapy 
S. Zhang, J. Xiong, L. Zhang, Z. Li and S. Dou 

Mr. Shaohua Zhang, 
University of Wollongong - 
Australia. 

11:15-11:30 
Selective cancer cell toxicity and radiosensitization using 
mixed-oxide high atomic number nanoparticles  
S.Grellet, S. Kaas, E. Crabb, S. Allman and J.Golding 

Ms Sophie Grellet The Open 
University - UK 

11:30-11:45 
Doxorubicin-loaded BN Nanoparticles for Cancer Therapy 
I.V. Sukhorukova, I.Yu. Zhitnyak, A.M. Kovalskii, N.A. 
Gloushankova, D.V. Golberg and D.V. Shtansky 

Mrs. Irina Sukhorukova, 
National University of Science 
and Technology-Russia  

11 :45-12:00 

Antimicrobial electrospun nanofibrous scaffolds for gingival 
fibroblast growth  
A. Baranowska-Korczyc,  M. Jasiurkowska-Delaporte, B. 
Grześkowiak, M. Jarek, A. Warowicka, B. M. Maciejewska, J. 
Jurga-Stopa and S. Jurga 

Dr. Anna Baranowska-
Korczyc, Adam Mickiewicz 
University - Poland 
 

12:00-12:15 
Development of new biocompatible -Ti coatings on Ti6Al4V 
for medical applications 
E. Frutos and T. Polcar 

Dr. Emilio Torres, Czech 
Technical University in Prague 
- Czech Republic 
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12:15-12:30 
Wound healing evaluation of collagen-laminin dermal matrix  
E.H. Gokce, S. Tuncay-Tanrıverdi, İ. Eroglu, N. Tsapis, 
I.Tekmen, E. Fattal and O. Ozer 

Dr. Evren Homan Gökçe, 
University of Ege- Turkey 
 

12:30-12:45 
Nanostructured Copper Hydroxide on Graphene Pore 
Structure for Non-enzymatic Electrochemical Glucose Sensor  
I. Shackery and S. C. Jun 

Mr. Iman Shackery, Yonsei 
University, Seoul - Rep. of 
Korea 

12 :45-13:00 

An innovative detection platform to support nanomedicine 
characterisation and development 
C. Desmet, A. Valsesia, R. La Spina, P. Urban, F. Rossi and 
P. Colpo 

Dr. Cloe Desmet, European 
Commission Joint Research 
Centre – Italy 

12:45-14:00 Lunch Break / Exhibition / Posters session II 

14:00-14:30 

Highly controlled delivery of macromolecules and contrast 
agents in living cells by laser-induced vapour nanobubbles 
R. Xiong, F. Joris, L. Wayteck, K. Raemdonck, K. Peynshaert, 
I. Lentacker, A. G. Skirtach and K. Braeckmans 

Prof. Kevin Braeckmans, 
Ghent University - Belgium  

14:30-14:45 
Imidazolium-derived nanostructures for drug delivery 
M. Rodrigues, E. Amirthalingam, D. Limón, A. Calpena, D. B. 
Amabilino and L. Pérez-García 

Dr. Mafalda Rodrigues,  
Barcelona University – Spain 

14:45-15:00 

The development and evaluation of a novel hybrid PLGA 
nanoparticle-Pheroid® system with the potential to improve 
tuberculosis therapy 
M.P. Chelopo, L. Kalombo, J.Wesley-Smith, B. Naicker, M. 
Glyn, A. Grobler and R. Hayeshi 

Ms. Madichaba P Chelopo, 
North-West University and 
CSIR - South Africa  

15:00-15:15 
A novel SPION-eicosane coating material for on-demand drug 
release triggered by magnetic hyperthermia 
L. Che Rose, A.G. Mayes and H. Suhaimi 

Dr Laili Che Rose, Malaysia 
Terengganu University – 
Malaysia 

15:15-15:30 

Morphology effect of mesoporous silica nanoparticles on drug 
delivery 
S. Rahmani, L. Lichon, M. Maynadier, M. Garcia, M. Gary-
Bobo, M. Ferid, C. Charnay and J.O. Durand  

Ms. Saher Rahmani, Institut 
Charles Gerhardt Montpellier 
University - France 
 

15:30-15:45 
Application of samarium oxide to evaluate the in vivo bio- 
distribution of PLGA nanoparticles 
V. Mandiwana, L. Kalombo, J.R. Zeevaart and A. Grobler 

Ms. Vusani Mandiwana, 
CSIR, North West University - 
South Africa 

15:45-16:00 
Efficient drug delivery with synthesized mitoxantrone-gold 
nanoparticle conjugates for in vitro breast cancer therapy 
A. Jafarizad,  S. gharibian, G. Pavon-Djavid and D. Ekinci 

Dr. Abbas Jafarizad, Sahand 
University of Technolog- Iran. 
 

16:00-16:30 Coffee Break / Exhibition / Posters Session II 

16:30-17:00 

Toxicology: Pulmonary and systemic toxicity caused by 
nanoparticles 
NR. Jacobsen 

Dr. Nicklas Raun Jacobsen, 
National Research Centre for 
the Working Environment- 
Copenhagen - Denmark 

17:00-17:15 

Measurement of airborne engineered nanoparticles 
M. Levin 

Dr. Markus Levin, National 
Research Center for the 
Working Environment -
Denmark 

17:15-17:30 

Evaluation of Dithizone-Based Colorimetric Sensors for Silver 
Nanoparticles in Aqueous Media  
N. Wasukan, S. Srisung, M. Kuno, K. Kulthong and R. 
Maniratanachote 

Dr. Nootcharin Wasukan, 
Srinakharinwirot University -
Bangkok-Thailand 

17:30-17:45 
Drosophila melanogaster as a suitable in vivo model to 
determine potential side effects of nanomaterials 
M. Alaraby, A. Hernández and R. Marcos 

Mr. Mohamed Alaraby, 
Autonomous University of 
Barcelona – Spain 

17:45-18:00 
Determination for Stability Constant of Silver-DMSA 
Nanoparticles  
S. Srisung, N. Wasukan, K. Kulthong and R. Maniratanachote 

Dr. Sujittra Srisung, 
Srinakharinwirot University- 
Thailand 

18:00-18:15 
Legal Metrology Framework for Nanotechnology in Australia 
S.Devasahayam 
 

Dr. Sheila Devasahayam, 
Federation University 
Australia, Victoria – Australia 
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18:15-18:30 

Effects of Different Printing Ink Binders on Printability and 
Biodegradability of Polylactic Acid Film 
S. Netpradit, S. Binraman and C. Ladmai 

Dr. Suchapa Netpradit, King 
Mongkut’s University of 
Technology Thonburi - 
Thailand  

18:30-18:45 

Effect of the supply air supporting the shaping of the exhaust 
air flow during the processing of nanomaterials 
T. Jankowski 

Mr. Tomasz Jankowski, 
Central Institute for Labour 
Protection – National 
Research Institute – Poland 

18:45-19:00 
High stability metal nanoparticles for healthcare applications 
E. El-Meliegy 
 

Prof. Emad El-Meliegy, 
National Research Centre, 
Ceramics – Egypt 

19:00-19:15 
Overview of available data of occupational exposure to 
manufactured nanomaterials, approaches and needs 
S. Bau and O. Witschger 

Dr. Sébastien Bau, Institut 
National de Recherche et de 
Sécurité- France 

 

June 3rd , 2016 
Session IV: NanoElectronics/NanoPhotonics 

Conference Room 211 

Session’s Chairs: 

 Prof. Philippe Godignon, CNM-CSIC Barcelone-Spain – France/ Prof. Aurica Farcas, 

”Petru Poni’’ Institute of Macromolecular Chemistry – Romania 

09:00-09:45 
Nanoscale Magnetic Skyrmions- A New twist for Spintronics  
R. Wiesendanger 

Prof. Roland Wiesendanger, 
University of Hamburg – 
Germany 

09:45-10:00 
Density of states and electrical properties of nanocrystalline 
Co2+ and Ta5+ substituted barium bismuth niobate  
P. Dhak, A.Kundu, M.K. Adak, D. Dhak and A.O. Sjåstad 

Dr. Prasanta Dhak, University 
of Oslo – Norway 

10:00-10:30 Coffee Break / Exhibition 

10:30-10:45 
Self-powered high photoresponse ultraviolet photodetector 
based on dual ion beam sputtered Ga doped ZnO  
P. Sharma, R.Singh, R. Bhardwaj, and S. Mukherjee 

Prof. Shaibal Mukherjee, 
Indian Institute of Technology, 
Indore – India 

10:45-11:00 

Perovskite Oxide Spin Filters 
B. Prasad and M.G. Blamire 

Dr. Bhagwati Prasad, Max 
Planck Institute for Solid State 
Research- Stuttgart - 
Germany 

11:00-11:15 
New fundamental effects in single molecular circuitry 
A.C. Aragonès, N. Darwish, F. Sanz, E. Ruiz and I.Díez-
Pérez 

Mr. Albert Aragonès, 
University of Barcelona - 
Spain 

11:15-11:30 

Synaptic Weight Modulation and Logic Function Learning with 
Electro-grafted Nano Organic Memristors  
Y-P. Lin, C.H. Bennett, D. Chabi, D. Vodenicarevic, D. 
Querlioz, T. Cabaret, A. Balan, B. Jousselme, C. Gamrat, J-O. 
Klein and V. Derycke 

Dr. Yu-Pu Lin, CEA Saclay - 
France  

11:30-11:45 

Quantum Interference Effect In Anthraquinone Solid State 
Junc-tions  
M. L. Della Rocca, C. Bessis, C. Barraud, P. Martin, J.-C. 
Lacroix, T. Markussen and P. Lafarge 

Dr. Maria Luisa Della Rocca, 
Paris Diderot University - 
France 

11:45-12:00 

Impact of Surface Modification of ITO Bottom Electrode on 
Switching Characteristics of ZnO-based Transparent Resistive 
Memory Devices Fabricated on Polymer Substrate 
F. M. Simanjuntak and T. Y. Tseng 

Mr. Firman Mangasa 
Simanjuntak, National Chiao 
Tung University – Taiwan 

12:00-12:15 
Synthesis of ZrO2 films by spray pyrolysis ultrasonic 
presenting the up conversion phenomenon 
P. E. Ortiz-Ortega and M García-Hipólito 

Mr. Pedro Enrique Ortiz 
Ortega, National Autonomous 
University of Mexico - Mexico. 
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12:15-12:30 

Conjugated Polyrotaxanes: A Critical Assessment of Photo-
physical Properties in Correlation with the Effect of the Nature 
of Host Molecules Encapsulation 
A. Farcas, A.-M. Resmerita and P.-H. Aubert 

Prof. Aurica Farcas, ”Petru 
Poni’’ Institute of 
Macromolecular Chemistry – 
Romania 

12:30-12:45 
Designing High Performance Digital Logic NOT Gate Using 
Single Electron Box (SEB) Nano-Devices 
D.Bahrepour 

Dr. Davoud Bahrepour, 
Islamic Azad University- Iran 

12:45-13:00 
Use of Nanobiomechonics robots to tackle HIV virus 
A.Vohra 

Mr. Amit Vohra, Bharat 
Electronics Limited- India 

 

June 3rd , 2016 
InnovNanoFrance 2016 : Industrial Session 

Conference Room 508 

Session’s Chairs: 
Dr. Julio Gomez, CEO, Avanzare Innovacion Tecnologica S.L.- Spain 

09:00-9:30 

Graphene based supercapacitors: results and perspectives 
P. Bondavalli and G. Pognon 

Dr. Paolo Bondavalli, Head of 
Nanomaterial topic team, 
Thales Research and 
Technology – France 

09:30-09:00 
Graphenea Roadmap: Wafer Scale Integration 
Mr Iñigo Charola 

Mr. Iñigo Charola, Business 
Development Director-
Graphenea - Spain 

10:00-10:30 Coffee Break / Exhibition 

10:30-11:00 
Static Multiple Light Scattering to monitor protein aggregation 
and pigments dispersibility  
C. Tisserand, G. Brambilla, P. Bru and G. Meunier 

Dr. Christelle Tisserand, 
Formulaction Company – 
France 

11:00-11:30 
Bulk graphene production and application in composites, 
energy and coatings 
J. Gomez, J. Perez and E. Villaro 

Dr. Julio Gomez, CEO-
Avanzare Innovacion 
Tecnologica S.L.- Spain 

11:30-12:00 
Graphene: the early commercialisation prospects 
R. Gibbs 

Mr. Ray Gibbs, CEO- 
Hatydale Graphene Industries 
Plc- UK 

12:00-12:30 

3D Printing Sets New Standards in Microfabrication 
A. Legant 

Mr. Alexander Legant, 
Nanoscribe GmbH, 
Eggenstein, Leopoldshafen – 
Germany 

12:30-13:00 

Graphene grown on SiC substrates for applications in 
eletronics 
L. Serrano, A. García-García, A. Ballestar, J. M. de Teresa, 
M. R. Ibarra and P. Godignon 

Dr. Luis Serrano, Graphene 
Nanotech (GPNT) - Spain 

 

Posters Session I: June 1st 2016 

Nanotech France 2016: Nanamaterials synthesis, characterization/Nanometrology  and 
properties 

Exhibition and Poster Hall 

N. Title Author/Affiliation/Country 

1 
Organic solvent resistant polyelectrolyte multilayers : effect of the 
sufonic to carboxylic content 
P. Argkarawanitnan and S. T. Dubas 

Ms. Patsarat Argkarawanitnan, 
Chulalongkorn University, Bangkok – 
Thailand 

2 
Solvothermal hot injection synthesis of AgNi nanoalloy 
V. Vykoukal, J. Bursik, P.Roupcova and J.Pinkas  

Mr. Vit Vykoukal, Masaryk 
University - Czech Republic 

3 
Layer-by-Layer Deposition of Photocatalysts on PU foam 
C. Wechwithayakhlung and  S. Dubas 

Ms. Chayanit Wechwithayakhlung, 
Chulalongkorn University, Bangkok – 
Thailand 
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4 

Thickness dependent optical properties of the large area synthe-
sized few layers MoSe2 on SiO2 and Al2O3 substrates by 
Molecular Beam Epitaxy 
Y. H. Choi, D. H. Lim, J. H. Jung, K. -H. Yoo, B. –Y. Yoo and M. –
H. Cho  

Mr. Yoonho Choi, Yonsei University, 
Seoul - Republic of Korea 

5 
Influence of superficial morphology in the growth of zinc oxide 
nanowires 
Arana J A, Monroy B M and Santana G 

Mr. Julio Alejandro Arana Trenado, 
National Autonomous University of 
Mexico - Mexico. 

6 

Plasma functionalized POSS / PDMS nano-composite membranes 
for solvent separation by pervaporation  
X. Chen, Z. Chen, R. d’Agostino, L. F. Dumée, X. J. Dai and K. 
Magniez 

Mr Xiao. Chen, Deakin University -
Australia  

7 
New molecular precursors for AgCu nanoalloy preparation 
V.Vykoukal, J. Bursik, P.Roupcova, V. Halasta and J. Pinkas  

Prof. Jiri Pinkas, Masaryk University 
- Czech Republic 

8 

Influence of nano-particles on the surface morphology and 
properties of fouling release coatings based on 
polydimethylsiloxane 
Z. Zhang, H. Zhou and Y. Qi 

Prof. Zhanping Zhang, Dalian 
Maritime University – China 

9 

Effect of operating conditions on adhension strength of Cu/AlN 
laminate fabricated by High Vacuum Surface Controlled Direct 
Bonding 
S-C. Lim and K.B. Jang 

Dr. Sung-Chul Lim, Korea Institue of 
Industrial Technology, Songdo-dong 
– Rep. of Korea 

10 

Enhancement of the TFT’s performance by slight phosphorus 
doping: Lower density of states within the grain boundaries and 
higher stability 
M. Zaghdoudi, R.Rogel, T.Mohammed-Brahim and H. Ezzaouia 

Mrs. Mariem Zaghdoudi, Institute of 
Environmental Science and 
Technology – Tunisia 

11 

The Green Synthesis, Characterization, and Antioxidant Activities 
of Silver Nanoparticles Synthesized from Asphodelus aestivus 
Aqueous Extract 
B. Kıvçak, T. Erdoğan, P. Taştan, B. Sümer Tüzün and M. 
Özyazıci  

Prof. Bijen Kıvcak, Ege University, 
Izmir – Turkey 

12 
Synthesis of Monodisperse Gold Nanoparticles for Plasmonics 
S. Marguet,  J. Caron, A. Habert and  M. Khaywah 

Dr. Sylvie Marguet, CNRS/CEA 
Saclay – France 

13 
Enhanced Mass Activity of Pt as Au@Pt Nanoparticles on reduced 
Graphene Oxide Support for Methanol and Ethanol Oxidation  
P. Gnanaprakasam, S. E. Jeena and T. Selvaraju 

Mr. P. Gnanaprakasam, Karunya 
University- India 

14 

Formation of Germanium Analog of The Tubular Aluminosilicate 
imogolite Containing Fe 
M. Ookawa, E. Kato, M. Watanabe, K. Osada, M. Yoshikawa and 
S. Yamane 

Dr. Masashi Ookawa, National 
Institute of Technology, Numazu 
College – Japan 

15 
Dispersion Characteristics of Layered Double Hydroxides in the 
presence of amphipathic macroRAFT agents 
M. Pavlovic, V. Prevot, E. Bourgeat-Lami and I. Szilagyi 

Mr. Marko Pavlovic, University of 
Geneva - Switzerland 

16 
Tuning the structure and the mechanical properties of epoxy-silica 
sol-gel hybrid materials 
B. Domènech, I. Mata and E. Molins 

Dr. Ignasi Mata, Materials Science 
Institute -Barcelona (ICMAB-CSIC) - 
Spain. 

17 

High performance Transparent Electrode Consisting of Silver and 
Graphene Hybrid Structure Fabricated by Near-Field Electro-
Spinning  
D. H. Youn, Y. J. Yu, S. J. Yun, H. K. Choi, J. S. Choi, G. H. Kim 
and C. G. Choi 

Dr. Doo-Hyeb Youn, Electronics and 
Telecommunications Research 
Institute- Republic of Korea 

18 

Plasmonic Ag ultrafine nanoparticle-graphene substrates for 
Raman enhancement 
E.Climent-Pascual, F. Jimenez-Villacorta, L. Álvarez-Fraga, R. 
Ramírez-Jíménez, C. Prieto and A. De Andrés 

Dr. Esteban Climent-Pascual, 
ICMM-CSIC - Spain  

19 
Self-cleaning Properties of Nanostructured Polypropylene Foils 
Fabri-cated by Roll-to-Roll Extrusion Coating 
A. Telecka and R. Taboryski 

Ms. Agnieszka Telecka, Danish 
Technical University Nanotech DTU – 
Denmark 
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20 

Chemical and electronic structure profiling in the top few 
nanometers of hydrothermally prepared and plasma hydrogenated 
ZnO nanorods 
M. Al-Saadi 

Mr. Mubarak Al-Saadi, Sultan 
Qaboos Univercity (SQU) - Oman  

21 

Fluorescent Photosensitive Vitroceramics with Silver and 
Samarium Additives: Improvement of Writing Accuracy and 
Efficiency for 3D Optical Storage Media 
C. Busuioc, S. Jinga and E. Pavel 

Dr. Cristina Busuioc, Polytechnic 
University of Bucharest - Romania 

22 
Transparent and Hard PTFE-like Coatings by RF magnetron 
Sputtering of PTFE Polymer Target 
Y. S. Song and J. Kim 

Dr. Young Sik Song, KITECH- 
Surface Technology R&BD Group- 
Incheon - Republic of Korea 

23 

Mathematical Modeling Process of Sedimentation Magnetic 
Nanoparticles on the Walls of Blood Vessels 
M.A. Shumova, D.V. Korolev, O.A. Smolyanskaya and S.A. 
Chivilikhin 

Mrs. Maria Shumova, ITMO 
University, Saint-Petersburg -  
Russian Federation 

24 
Grown of silicon nanowires for possible solar cell applications 
J. Salazar, G. Santana and B. M. Monroy 

Ms. Jenifer Salazar, National 
Autonomous University of Mexico – 
Mexico 

25 
Applications of Positron Probe in polymer nanocomposites 
G.B.Xie, J.Zhong, S.Gao and  B. Wang 

Prof. Bo Wang, Wuhan University – 
China 

26 
Modeling and Simulation of P-Type Cu2O Thin-Film Transistors 
Using COMSOL Multiphysics 
S.  Alsharif, H. Farhan and H. Aljawhari 

Mrs. Sarah Alsharif, King Abdulaziz 
University - Saudi Arabia 

27 
MoN-decorated Nitrogen Doped Carbon Nanotubes Anode With 
High Lithium Storage Performance  
S.M. Abbas, Z. Rehman, A. Rehman and N. Ahmad 

Mr. Syed Mustansar Abbas, 
National Centre for Physics, 
Islamabad - Pakistan  

28 

Low Frequency Noise Spectroscopy in n-channel UTBOX de-vices 
with 20 nm Si film 
B. Nafaa, B. Cretu, N. Ismail, O. Touayar, E. Simoen, J.-M. 
Routoure, R. Carin, M. Aoulaiche and C. Claeys 

Ms. Beya Nafaa, Institut National de 
Sciences Appliquées et de 
Technologie- Tunisia 

29 
Aluminum oxide nanopores and nanowires 
F. Flores-Gracia, J. Martínez-Juárez, J.A. Luna-López, R.R. 
González-Jiménez 

Dr. Francisco Flores, Autonomous 
University of Puebla- Mexico 

 

Posters Session II: June 2nd, 2016 

Nanotech France 2016: NanoBioMedecine/Nanosafety   

Exhibition and Poster Hall 

1 
Investigation of Biomolecule Release Behaviours From Titanium 
Surfaces with Controllable Porosity 
C. Bayram 

Mr. Cem Bayram, Hacettepe 
University - Turkey 

2 

UV Crosslinkable PLGA-b-PEG NanoparticIe Integrated Gel 
Networks for Topical Drug Delivery 
M. Gultekinoglu, I. Eroglu, C. Bayram, E.A. Aksoy and  K. 
Ulubayram 

Mrs. Merve Gultekinoglu, 
Hacettepe University - Turkey 

3 

New Outlook on Parkinson’s Treatment: A Dual Targeting Nano-
particle Complex for More Efficient Delivery of Curcumin Improves 
Neuroprotection 
N. Beals, P. Kharel, W. Geldenhuys and S. Basu 

Mr. Nathan Beals, Kent State 
University- USA 

4 

Biodegradable mesoporous silica nanoparticles from synthesis to 
anti-cancer application 
S. Seré, J. Belmans, B. De Roo, M. Vervaele, S. Van Gool and J. 
P. Locquet 

Ms. Stephanie Seré, KU Leuven-
Belgium  

5 
Formulation and Characterization of Liposomes Loaded with 
Resveratrol using Plackett-Burman Experimental Design  
S. Al-Edresi, S. Freeman, H. Aojula and J. Penny 

Mr. Sarmad Al-Edresi, University of 
Manchester- United Kingdom  
 

6 

Biological interactions monitoring of B-16 Melanoma cells using 
electrochemical impedance spectroscopy 
C. Marculescu, B. Tincu, A. Avram, T. Burinaru, C. Voitincu and M. 
Avram  

Dr. Catalin Marculescu, National 
Institute for Research and 
Development in Microtechnologies –
Bucharest- Romania 
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7 
Formulation and In Vitro Evaluation of Simvastatin Loaded 
Nanostructured Lipid Carriers 
D. Örgül, H. Eroğlu and S. Hekimoğlu 

Mrs. Dilara Örgül, Hacettepe 
University- Turkey 

8 
Kinetics of mRNA Onset Time in Single Cell Arrays 
N. Mehrotra, A.Reiser, R. Krzyszton and J.O. Rädler 

Ms. Neha Mehrotra, Ludwig-
Maximilians-University-Munich- 
Germany 

9 

Magnetocloric effect for inducing hypothermia as new therapeutic 
strategy for stroke 
R. Iglesias, A. Vieites-Prado, B. Argibay, F. Campos, M. Bañobre-
López,  T. Sobrino, J. Rivas and J. Castillo 

Dr.Ramón Iglesias, University of 
Santiago de Compostela- Spain. 
 

10 

Lipid membrane anchors in Lipid-Nucleic acid (LiNA) conju-gates 
for liposome fusion 
O. Ries, P.M. G. Löffler and S.Vogel 

Dr. Oliver Ries, University of 
Southern Denmark- Denmark 

11 

One-pot Solventless Preparation of PEGylated Black Phos-phorus 
Nanoparticles for Photoacoustic Imaging and Photo-thermal 
Therapy of Cancer 
C. Sun, C. Zhao and Z. Li 

Ms. Caixia Sun, East China 
University of Science and 
Technology Shanghai- 
China 

12 

The ultra-structural analysis of antibody conjugated gold 
nanoparticles on fiber optic particles plasmon resonance (FOPPR) 
enabled bio-sensor 
C-Y. Hsieh, Y-N. Wu, S-R. Wu, C-Y. Chiang and L-K. Chau 

Ms. Ching-Yi Hsieh, National 
Cheng Kung University- Taiwan  
 

13 

In situ Synthesis of Nano-copper on Denim Garment for 
Antibacterial Purposes 
D. Zarbaf, M. Montazer and A. Sadeghian Maryan 

Mr. Dara Zarbaf, Islamic Azad 
University- Tehran- Iran  
 

14 
Filtering Pigments from honey by nanofiber membrane 
F.Azizzadeh and F. Altay 

Mrs. Farzaneh Azizzadeh, Istanbul 
Technical University -Turkey 

15 

Physicochemical and mechanical characterization of electrospun 
poly-ε-caprolactone nanofibers loaded with cilostazol 
M. Rychter, A. Baranowska-Korczyc, M. Jarek, B.M. Maciejewska, 
L. Emerson Coy and  J. Lulek 

Mr. Marek Rychter, Poznań 
University of Medical Sciences- 
Poland 

 

Posters Session II: June 2nd, 2016 

Nanotech France 2016: Nanoelectronics/ NanoPhotonics 

Exhibition and Poster Hall 

N. Title Author/Affiliation/Country 

1 

Green Emissive Perovskite Light-Emitting Diodes Via Mor-
phological Control of Perovskite Films 
M. H. Song and J. C. Yu 

Prof. Myoung Hoon Song, Ulsan 
National Institute of Science and 
Technology (UNIST)- Republic of 
Korea  

2 

Influence of electrical pulses on lithium cobalt oxide thin films : 
memristive behaviour and potential applications 
V. S. Nguyen, V. H. Mai, A. Moradpour,..P.Chrétien and O. 
Schneegans 

Mr. Van Son Nguyen, Paris Sud 
University - France  

3 

Al2O3 passivation effect in HfO2-Al2O3 laminate structures grown 
on InP substrates 
H-K. Kang, Y-S. Kang, D-K. Kim, M. Back, Y-S. An, J-D. Song, H. 
Kim and M-H. Cho   

Mr. Hang-Kyu Kang, Yonsei 
University-Seoul - Republic of Korea  

4 

Flexible Microelectrode Patterning with Thin Polymer Stencils 
Prepared using PEGDA/Silicate Nanocomposites 
Y.H. Kim, Y.K. Lee, T.Kim, S.Goel, H.J. Kim and S-J. Choi 

Dr. Young Ho Kim, Daegu-
Gyeongbuk Medical Innovation 
Foundation, Daegu - Republic of 
Korea 

5 
Molecular switches - from STM-induced single molecule chemistry 
to switching of entire layers 
T.Leoni, T.Lelaidier, A.Thomas, O.Siri and C.Becker 

Dr. Thomas Leoni, Aix Marseille 
University - France 
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NanoMetrology France 2016 Preliminary Program 
 

June 1st , 2016 
Session I: Methodologies for nanomaterials characterization  

Conference Room 508 

Session Chairs: 
Dr. Georges Favre, Laboratoire national de métrologie et d'essais(LNE) - France 

Prof. James M. Hill, University of South Australia - Australia 

11:00-11:30 
Exact solutions for the axial pressure profiles in 
channels with Maxwell slip flow 
A. C. Hoffmann, S. Karakitsiou and  B. Holst 

Prof. Alex Christian Hoffmann, 
University of Bergen - Norway 

11:30-12:00 
 

Dynamic identification of perforated MEMS devices by 
the continuous wavelet transform 
J. Lardiès and T.P. Le 
 

Prof. Joseph Lardies, FEMTO-ST 
Institute- Bourgogne Franche-Comté 
University - France 

12:00-12:30 

General atomistic approach for modeling metal-
semiconductor interfaces using density functional theory 
and non-equilibrium Green's function 
D. Stradi, U. Martinez, A. Blom, M. Brandbyge and K. 
Stokbro 

Dr. Daniele Stradi, Quantumwise- 
Danemark 

12:30-12:45 

Sidewall Roughness of Nanoelectronic and 
Nanophotonic Structures: Metrological Challenges and 
their  Critical Role in Applications   
V. Constantoudis, G. Patsis and E. Gogolides 

Dr. Vassilios Constantoudis, 
NCSR Demokritos/ Nanometrisis- 
Greece 

12:45-14:00 Lunch Break / Exhibition / Poster Session I 

14:00-14:30 

Implementation of Process Analytical Technology for 
the multi-sectoral manufacturing of nanoparticles by wet 
milling  
C. Vairon, D. Bordeaux and A. Blasco 

Ms. Celine Vairon,  SDTech 
company - UK 

14:30-14:45 
A SAXS/WAXS Laboratory Instrument for 
Nanomaterials characterization  
O. Taché, A. Thill, D. Carrière, F.Testard and O.Spalla 

Mr. Olivier Taché, LIONS, NIMBE, 
CEA Paris Saclay University- France 
 

14:45-15:00 

MEMS for in-situ TEM nanoscience on dry and wet 
samples 
L. Jalabert, T . Ishida, T. Sato, M. Egawa, G. Valet, S. 
Volz and H. Fujita 

Dr. Laurent Jalabert, LAAS-CNRS- 
France  

15:00-15:15 

Characterization of nanomaterials by A4F-UV-MALLS-
ICPMS, Sp-ICPMS and DLS: Application to foodstuff, 
consumer products, environmental and medicinal 
samples 
M.Menta, I. de La Calle and M.Klein 

Dr. Mathieu Menta, Ultra-Traces 
Analyses Aquitaine (UT2A)- Pau - 
France 

15:15-15:30 
Design of experiment for uncertainty evaluation of 
nanoparticle diameter measurements with AFM 
B. De Boeck, J. Pétry, N. Sebaihi and M. Dobre 

Dr. Bert De Boeck, FPS Economy 
(NMI Belgium)-Belgium 

15:30-15:45 

Local resistance imaging on soft materials by 
conducting probe atomic force microscopy in 
intermittent contact mode 
A.Vecchiola, P.Chrétien, K.Bouzehouane, 
O.Schneegans, P.Seneor, S.Tatay and F.Houzé 

Dr.  Aymeric Vecchiola, Unité Mixte 
de Physique CNRS/Thales - France 

15:45-16:00 

Continuous monitoring of tip radius during atomic force 
microscopy imaging using higher harmonics 
E. Rull Trinidad, F. Gramazio, M. Lorenzoni, F. Pérez-
Murano, U. Staufer and J. Fraxedas2 

Dr. Jordi Fraxedas, Catalan Institute 
of Nanoscience and Nanotechnology 
(ICN2) - Spain 

16:00-16:30 Coffee Break / Exhibition/ Posters Session I 
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16:30-16:45 
Measurement uncertainty evaluation of a metrological 
AFM by modeling its position measurement system 
P. Ceria, S. Ducourtieux, Y. Boukellal and A. Allard 

Mr. Paul Ceria, LNE- Laboratoire 
National de metrologie et d’Essais- 
France 

16:45-17:00 

Quantitative X-ray Resolution of the Atomic Structure of 
Metal Oxide Nanotubes: the Imogolite Case 
M.-S. Amara, S. Rouzière, E. Paineau, E. Poli, J. D. 
Elliott, G. Teobaldi and P. Launois 

Dr. Pascale Launois, Paris Sud 
University- France 

17:00-17:15 

Water in Single-Walled Carbon Nanotubes: structural 
and dynamical analyses 
E. Paineau, S. Dalla-Bernardina, J.B. Brubach, S. 
Rouzière, P. Judeinstein, S. Rols,  P. Roy and P. 
Launois 

Dr. Erwan Paineau, Paris Sud 
University - France  

17:15-17:30 
An Accurate Reconvergent Fanout Aware Algorithm for  
nano-Circuits  Reliability Ranking  
W. Ibrahim and H. Amer 

Prof. Walid Ibrahim, UAE University 
- UAE 

17:30-17:45 

Modeling and Analysis of scatterometry with high-
harmonic-generation EUV source 
Y-S. Ku, Y-C. Chen, C-L. Yeh, Y-C. Hsieh, C-H. Cho 
and C-W. Lo 

Dr. Yi-sha Ku, Industrial Technology 
Research Institute - Taiwan 

17:45-18:00 
Influence of the probe-surface contact area on AFM 
tribological investigation of nanopatterned Si surfaces 
A. Rota, E. Serpini, G. C. Gazzadi and S. Valeri 

Dr. Alberto Rota, CNR Nanoscience 
Institute-Modena - Italy 
 

18:00-18:15 

Simultaneous Topographical, Spectroscopic and 
Electrical Map-ping at the Nanoscale 
A. Zoladek-Lemanczyk, N. Kumar, A.A. Y, Guilbert, 
S.M. Tuladhar, T. Kirchartz, B.C. Schroeder, I. 
McCulloch, J. Nelson, D. Roy and F. A. Castro 

Dr. Alina Zoladek-Lemanczyk, 
National Physical Laboratory- UK 

18:15-18:30 
Interaction between Hybrid Inclusions mediated by 
surfactant membranes  
E. Azar and D. Constantin 

Mrs. Elise Azar, Paris Sud 
University-France 

18:30-18:45 

Micro to Atomic Scale Observations on Nano-sized Y-
TZP Powder Produced by One-Step Hydrothermal 
Route  
A. Yurdakul, H. Gocmez and H. Yurdakul 

Dr. Hilmi Yurdakul, Dumlupinar 
University- Turkey 

18:45-19:00 

First steps towards instantaneous positioning of 
Nanorobots equiped with graphene antenna in large 
scaled nano-systems  
D. Moffo and P. Canalda 

Mr. Dermas Moffo, University of 
Bourgogne-Franche-Comté- France 

 

June 1st, 2016 
Nanometrlogy France 2016: Symposium on Nanospectroscopy 

Conference Room 561 

Chairs: Prof. Pierre-Michel Adam University of technology of Troyes- France 

11:00-11:30 
 
 

Nanospectroscopy of optical antennas and coupled 
hybrid antenna-nanoemitter-structures 

M. Fleischer 

Prof. Monika Fleischer, Institute for 
Applied Physics-Eberhard Karls 
University, Tübingen - Germany 

11:30-12:00 
Nanospectroscopy with Silver Nanowires 
S. Mackowski 

Prof. Sebastian Mackowski, 
Nioclaus Copernicus University- 
Poland 

12:00-12:30 

Addressing Challenges in Fabrication of Nanoscale 
Interstices at Molecular resolutions for 
Nanospectroscopies 
S. Krishnamoorthy 

Dr. Sivashankar Krishnamoorthy, 
Luxembourg Institute of Science and 
Technology-Luxembourg 

12:30-12:45 

Real-time sensing of chemical and biological species 
into individual cells with single-molecule resolution 
P. Actis 

Dr. Paolo Actis, BioNano Consulting 
/School of Electronic and Electrical 
Engineering, University of Leeds- 
United Kingdom 
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12:45-14:00 Lunch Break / Exhibition / Poster Session I 

14:00-14:30 

Resonant Surface-enhanced Raman Scattering by 
Optical Phonons in CdSe Nanocrystals on Metal 
Nanocluster Arrays 
A.G. Milekhin, V.M. Dzhagan and D.R.T. Zahn 

Prof. Dietrich R.T. Zahn, Chemnitz 
University of Technology- Germany 

14:30-14:45 

Approaching single molecule detection using plasmonic 
nanogaps 
A.R. L. Marshall, J. Stokes, J-S. Bouillard and A.M. 
Adawi 

Dr. Jean-Sebastien Bouillard, 
University of Hull - United Kingdom  

14:45-15:00 
Colloidal Gold Nanostructures for Plasmonics 

M. Y. Khaywah and S. Marguet 

Dr. Mohammad Yehia Khaywah, 
CNRS/CEA Saclay - France 

15:00-15:15 

Intermixing length measurement with up to sub-nm 
accura-cy by XEDS spectrum imaging  

E Carbo-Argibay, C. Afonso, M. S. Claro and D. G. 
Stroppa 

Dr. Daniel Stroppa, International 
Iberian Nanotechnology Laboratory - 
Portugal. 

15:15-15:30 

High resolution solid state NMR spectroscopy in 
surface organometallic chemistry: access to molecular 
understanding of active sites of well-defined 
heterogeneous catalysts. 

E.Abou-Hamad and J-M. Basset 

Dr. Edy Abou Hamad, King 
Abdullah University of Science and 
Technology (KAUST) - Saudi Arabia 

15:30-16:00 
Aluminum plasmonics for UV nanooptics 
J. Martin, D. Khlopin, F. F. Zhang, Silvère 
Schuermans, D. Gérard, J. Proust  and J. Plain  

Dr. Jérôme Martin, de Technology 
University of Troyes - France 

16:00-16:30  Coffee Break / Posters Session I 

16:30-16:45 

Scanning Tunneling Spectroscopy approaches for 
Nano-structures characterization 

B. Naydenov, J.Li, P. Barimar, and J.J. Boland 

Dr. Borislav Naydenov,  

Trinity College Dublin - Ireland 

16:45-17:00 

Material optical properties by spectroscopic 
ellipsometry of thin particulate films 
O. Zhuromskyy,S. Golkar,I. Spies, R. Klupp-Taylor,U. 
Peschel, 

Dr Oleksandr Zhuromskyy, 
Erlangen-Nürnberg University- 
Germany 

17:00-17:15 
Investigations and Conclusions regarding Metrological 
Fundamentals for ‘true’ Nanovolume Spectroscopy. 
N. MacMillan 

Mr. Norman McMillan, Institute of 
Technology Carlow - Ireland  

17:15-17:30 
Emerging Applications of Nanoscale Zinc Oxide 
D. Rogers, V. E. Sandana, F. H. Teherani and P. Bove. 

Dr. David Rogers, Nanovation 
Company - France 

17:30-17:45 

Investigation of Diamond-Like Carbon Films Physical 
Properties Using Multifractal Analysis  

N. Margaryan,  Zh. Panosyan, A.Mailyan and S. 
Voskanyan 

Mr. Narek Margaryan, National 
Poliytechnic University of Armenia – 
Armenia 

 

June 2nd , 2016 
Nanometrlogy France 2016: 

Symposium on Detection, location & quantification of nanomaterials and by-product released 
from nano-enable products  

Conference Room 511 

Session Chairs: 
Prof. Jean-Yves Bottero, CNRS-CEREGE-France and Duke University - USA 

09:00-09:30 

Towards a Better Understanding of Interaction 
Mechanisms and Thermodynamic Properties of 
Nanomaterials Interacting with BioMacromolecules.  
S. Stoll, F. Loosli, O. Oriekhova, F. Carnal and A. 
Clavier 

Dr. Serge Stoll, Institute F.-A. Forel, 
University of Geneva - Switzerland 
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09:30-10:00 

Silver Nanoparticles in managed waste facilities: From 
metallic to sulfidic and back again. 
R. Kaegi, C. Meier, A. Voegelin, A. Pradas del Real, G. 
Sarret, and C.R. Mueller 

Dr. Ralf Kaegi, Eawag, Swiss 
Federal Institute of Aquatic Science 
and Technology -Switzerland 

10:00-10:30 Coffee Break / Posters Session II 

10:30-11:00 
Rules and rates of release from nano-enabled products 
N. Neubauer 

Dr. Nicole Neuabuer, BASF SE, 
Company – Germany 

11:00-11:30 

Response of microbial communities and plant to metal 
oxide- and carbon-based nanomaterials in a plant-soil-
based system 
C. Santaella, B. Collin, M. Hamidat, M. Barakat, P. 
Ortet and W. Achouak 

Dr. Catherine Santaella, CNRS 
Marseille/ CEA Cadarache-France 

11:30-11:50 

Effect of chemical transformations of silver in nanoAg-
enabled textiles on their antimicrobial efficacy and 
release 
G. Lowry and T. Dankovich 

Prof. Gregory Lowry, Carnegie 
Mellon University - USA 

11:50-12:10 

Multi-scale X-ray computed-tomography for the 3D 
detec-tion and location of nanomaterials in 
manufactured materi-als and complex media 
P. Chaurand, D. Borschneck, V. Vidal, C. Levard, L. 
Scifo, J. Perrin  and J. Rose 

Mrs. Perrine Chaurand, CEREGE-
Aix-Marseille University- France 
 

12:10-12:30 

Indoor mesocosms: an integrated approach to 
assess the environmental risks of 
nanomaterials 
M.Auffan, M.Tella, L.Brousset, C.Santaella, J. Rose, A. 
Thiéry, J.Y. Bottero 

Dr. Melanie Auffan, CEREGE/ 
CNRS-Aix-Marseille University- 
France 
 

12:30-12:45 

Effect of nanoceria biotransformation in activated 
sludge on the microbiota associated to canola roots 
B.Collin, E.Doelsch, M. Auffan, N. Roche, M. Barakat, 
P. Ortet, W. Achouak and C.Santaella 

Dr. Blanche Collin, Aix-Marseille 
University- France 

12:45-14:00 Lunch Break / Exhibition / Posters session II 

14:00-14:30 

Some challenges and solutions for detecting 
engineered nanoparticles in environmental samples 
M. Hadioui, K. Proulx, L. Frechette-Viens, T. Theoret 
and K.J. Wilkinson 

Prof.  Kevin Wilkinson, University of 
Montreal – Canada 

14:30-14:45 
Behavior of Engineered CeO2 Nanoparticles Released 
in Aquatic Systems 
O. Oriekhova and S. Stoll 

Ms. Olena Oriekhova, Institute F.-A. 
Forel, University of Geneva - 
Switzerland 

14:45-15:00 

Elucidation of standard specimen preparation 
techniques of nano-enabled products for 
characterization using field-emission scanning electron 
microscope 
A. Sohrabi  

Dr. Abouzar Sohrabi, Sharif 
University of Technology, Tehran – 
Iran 

15:00-15:15 

Influence of nano-TiO2 with Different Crystalline Phases 
on Bioaccumulation of Perfluorooctanesulfonate by  
Fishes Living in Different Water Layers 
L.Y. Zhu and L.W. Qiang 

Prof. Lingyan Zhu, Nankai 
University - China 

15:15-15:30 

Assessing the heteroaggregation of manufactured 
nanoparticles with naturally occurring colloids in a 
typical surface water 
D. Slomberg, J. Labille, A. Praetorius, C. Harns, J-Y. 
Bottero, P. Ollivier, M. Scheringe2, N. Sani-Kast, S Ilina 
and J. Brant 

Dr. Jerome Labille, CEREGE, Aix-
Marseille University- France 

15:30-15:45 

Behavior of engineered nanomaterials from marketed 
tiles under standardized abrasion conditions. 
C. Bressot, O. Aguerre-Chariol, C., Pagnoux and M., 
Morgeneyer 

Mr. Christophe Bressot, Institut 
National de l'Environnement 
Industriel et des Risques (INERIS), 
Limoges - France 

15:45-16:00 
Marine plastic litters: the unanalyzed nano-fraction 
J. Gigault, B. Pedrono, B. Maxit and A. Ter Halle 

Mr. Boris Pedrono, Cordouan 
Technologies, Pessac - France 
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16:00-16:30 Coffee Break / Exhibition/ Posters Session II 

16:30-16:45 
Challenges on fate, behavior and effects of 
nanomaterials in the marine environment 
C. Mouneyrac 

Prof. Catherine Mouneyrac, 
Université Catholique de l’Ouest-
France 

16:45-17:00 

Sulfidation pathways of Silver Nanoparticles in the 
presence of Humic Acid 
B. Thalmann, A. Voegelin, E. Morgenroth and R. Kaegi 

Dr. Basilius Thalmann, Eawag, 
Swiss Federal Institute of Aquatic 
Science and Technology -
Switzerland 

17:00-17:15 

Mechanism of CuO/ZnO nanoparticle sulfidation: 
Insights from electron microscopy 
A. Gogos, B. Thalmann and R. Kaegi 

Dr. Alexander Gogos, Eawag, 
Swiss Federal Institute of Aquatic 
Science and Technology -
Switzerland 

17:15-17:30 

Development of the first generation of hybrid metrology 
algorithms dedicated to nanoparticles measurement 
with AFM and SEM techniques 
A.Dervillé, A.Delvallée, S.Martinez,…,L.Devoille, Y 
.Zimmermann, J.Foucher and G.Favre 

Dr. Johann Foucher, POLLEN 
Metrology Company - France 

17:30-17:45 

Toward the direct quantification of dissolution and 
aggregation of AgNPs using AF4-UVD-MALLS-ICP-MS 
and Cryo-TEM analysis 
I.A.M Worms, A. Arnould, R. Soulas, J-F. Damlencourt, 
S. Motellier, E. Mintz, I. Michaud-Soret and D. Truffier-
Boutry 

Dr. Isabelle Worms, CEA, 
Grenoble,DRF/BIG/LCBM/BioMet - 
France 

17:45-18:00 

Particle Size Distribution Analysis of Complex Fe2O3 
Nano-particle Aggregates Embedded in High Density 
Polyethylene Matrix 
T. Uusimäki, T. Wagner, E. Verleysen, J. Mielke, P. 
Müller and R.Kägi 

Dr. Toni Uusimaki, ETH- Eawag- 
Switzerland 

18:00-18:15 

Combination of micro- and nano- computed X-ray 
tomography for the characterization of nanomaterial-
plant interactions 
C. Levard, A.E. P. del Real, A. Avellan, F. Schwab, P. 
Chaurand, D. Borschneck, V. Vidal, M. Auffan, G. 
Sarret and J. Rose 

Dr. Fabienne Schwab, Aix-Marseille 
University-CNRS- France 

18:15-18:30 
Piezo-Resistive Sensing Active (PRSA) Probes 
integrated into a Nanomeasuring Machine (NMM-1) 
A. El Melegy, T. Hausotte,  M. A. Younes and M. Amer 

Dr. Ahmed El Melegy,  FAU 
Erlangen-Nürnberg University - 
Germany 

18:30-18:45 
One pot Green synthesis of fluorescent Zinc oxide 
nanoparticles and its biological effects 
A. Mallick, P. Kumari, S.K.Verma 

Dr. Muhammad Anwar Mallick, 
Vinoba Bhave University- India 

18:45-19:00 

Adsorption properties of DOX antibiotic from aqueous 
solutions onto pristine and magnetized carbon 
nanotubes. 
A. Terechshenko, K.Korzhynbayeva, M.R.Babaa,  
Jorge O. Oña-Ruales and Z. Bakenov 

Ms. Alina Terechshenko,  
Nazarbayev University- Kazakhstan  
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NanoMaterials for Energy and Environment - NanMatEn 2016 
Preliminary Program 

 

June 2nd, 2016 
NanoMatEn 2016 Session I: NanoEnergy 

Conference Room 211 

Session Chairs: 
Prof. Je-Lueng Shie, National l-Lan University – Taiwan 

Prof. Nicolas Fressengeas,   Lorraine University – France 

10:30-11:00 

Multi-functional Thin Films for Solar Energy Utilization 
J. He 

Prof. Junhui He, Technical 
Institute of Physics and 
Chemistry, Chinese Academy of 
Sciences - China. 

11:00-11:30 
Comparative study of PN, PIN and new Schottky based 
InGaN thin films solar cells 
A. Adaine, S. Ould Saad Hamady and N. Fressengeas  

Prof. Nicolas Fressengeas,   
Lorraine University - France 

11:30-12:00 
Hybrid Heterojunction PEDOT:PSS/GaAs Thin Film Solar 
Cells Via Wafer-Bonding Technique 
K.W. Sun 

Prof. Kien Wen Sun, National 
Chiao Tung University - Taiwan 

12:00-12:15 

Role of methylammonium molecules on the electronic 
transport properties of organometallic perovskite 
CH3NH3PbI3 
G. R. Berdiyorov, F. El-Mellouhi, M. E. Madjet, F. H. 
Alharbi, and S. N. Rashkeev 

Dr. Golibjon Berdiyorov, Qatar 
Environment and Energy 
Research Institute - Qatar 

12:15-12:30 
Surface Modification for Enhancing Perovskite Solar Cell 
Performance  
W.Yu,Tom Wu and Aram Amassian 

Dr. Weili Yu, King Abdullah 
University of Science and 
Technology - Saudi Arabia. 

12:30-12:45 

The TiO2-dye interface in DSSCs: comparing single 
crystals and thin films and deposition methods, sensitized 
in UHV and liquid solution 
Z. Besharat, R. Alvarez Asencio, M. Götelid, M. Johnson 
and M. W.Rutland 

Ms.  Zahra Besharat, KTH Royal 
Institute of Technology - Sweden 

12:45-14:00 Lunch Break / Exhibition / Posters session II 

14:00-14:15 

Photoelectric and Photothermoelectric Material of SBA-
15/K-OMS-2 on Photoelectrochemical Solar Cell 
Application 
C-H. Lee, J-L. Shie, Y. Li and C-Y. Chang 

Prof. Je-Lueng Shie, National l-
Lan University - Taiwan 

14:15-14:30 
Aluminum-Carbon Nanotube Nanocomposite for Silicon 
Solar Cell Back Metallization 
K. El-Rafei, A. Esawi, O. Tobail and A. Klingner 

Dr. Amal Esawi, The American 
University in Cairo - Egypt  
 

14:30-14:45 

Co-based mesoporous spinels for oxygen evolution 
reaction in alkaline medium 
A. Habrioux, I. Abidat, C. Canaff, D. Dambournet,C. 
Comminges, T. Napporn and K.B. Kokoh 

Dr.Aurélien Habrioux, University 
of Poitiers - France 
 

14:45-15:00 

Coupled surface-plasmon/thermoelectric power generators 
based on TCO nanowires 
A. Catellani, A. Ruini, M. Buongiorno Nardelli and A. 
Calzolari 

Dr. Arrigo Calzolari, CNR-NANO 
Istituto Nanoscienze, Centro S3 - 
Italy  

15:00-15:15 
Core-shell Ni-NiF2 as cathode materials for secondary 
lithium batteries 
L. Doubtsof, L. Jouffret, P. Bonnet and K. Guerin 

Mrs. Lea Doubtsof,  Institut de 
Chimie de Clermont-Ferrand. 
Clermont University - France 

15:15-15:30 
Ultra-Thin copper oxide nanowires grown by atmospheric 
pressure afterglow for water splitting application 
A. Imam, T. Gries, K. Hussein and T. Belmonte 

Mr. Abdallah Imam, Lorraine 
University - France 
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15:30-15:45 

Energy transfer between up-converting nanocrystals and 
organic polymer 
J. Grzelak, K. Ciszak, M. Nyk, D. Piatkowski and S. 
Mackowski 

Ms. Justyna Grzelak, Nicolaus 
Copernicus University - Poland 
 

15:45-16:00 

Energy Harvesting with Decorative Colour Specific 
Windows 
B. Fisher, E. New, D. Kutsarov, V. Stolojan and S. R. P. 
Silva 

Mr. Brett Fisher, University of 
Surrey - UK 

16:00-16:30 Coffee Break / Exhibition /  Posters Session II 

16:30-16:45 
Enhanced Thermal Conductivity of Nanofluids Containing 
Two-Dimensional Materials 
D. Lee, G. Lee, J-J. Park and M. Lee 

Dr. Dongju Lee, Korea Atomic 
Energy Research Institute – 
Republic. of Korea 

16:45-17:00 

Nanofluids with enhanced thermal properties: an 
experimental and theoretical analysis 
J. Navas, A. Sánchez-Coronilla, E.I. Martín, R. Gómez-
Villarejo,…,C. Fernández-Lorenzo and J. Martín-Calleja 

Dr. Javier Navas, Cádiz 
University - Spain 

17:00-17:15 
New Composites “LiCl/vermiculite” for Sorptive Heat 
Storage  
A.D. Grekova, L.G. Gordeeva and Y.I. Aristov 

Dr. Alexandra Grekova, 
Novosibirsk State University - 
Russian Federation 

17:15-17:30 
Pseudocapacitive Study of Nickel Oxide Nanomaterials for 
Electrochemical Energy storage 
L. Meda, J. Adkinsand C. Arnold 

Dr. Lamartine Meda, Xavier 
Univresity of Louisiana- USA 

 

June 2nd, 2016 
NanoMatEn 2016 Session II: Nanotechnology for Environmental applications 

Conference Room 212 

Session Chairs:  Prof. Joydeep Dutta, KTH Royal Institute of Technology – Sweden/ 
Prof. M. Carmen Hermosin, IRNAS-CSIC-Sevilla- Spain/ Prof. Tahar Laoui, King Fahd University 

of Petroleum and Minerals- Saudi Arabia 

10:30-11:00 

Effect of Sb segregation on conductance and catalytic 
activity at Pt/Sb-doped SnO2 interface: a synergetic 
computational and experimental study  
Q.Fu, L.C. Colmenares Rausseo‡, U.Martinez, P.I.Dahl, 
J.M.García Lastra, P.E. Vullum, I-H. Svenum and T.Vegge 

Dr. Umberto Martinez, 
Quantumwise - Danemark 

11:00-11:15 

Au@Pt Core-shell Mesoporous Nanoballs and 
Nanoparticles as Efficient Electrocatalysts for formic acid 
and glucose oxidation 
T.W. Napporn, Y. Holade, A. Lehoux, H. Remita and K. B. 
Kokoh 

Dr. Teko W. Napporn, Poitiers 
University- France 

11:15-11:30 

First insight into fluorinated Pt/carbon aerogels as more 
corrosion-resistant electrocatalysts for Proton Exchange 
Membrane Fuel Cells Cathodes  
Y. Ahmad, S. Berthon-Fabry, L. Dubau, K.Guerin and M. 
Chatenet 

Dr. Yasser Ahmad, Blaise Pascal 
University- France 

11:30-11:45 
Label-Free Surface Plasmon Resonance Biosensing with 
Titanium Nitride Thin film 
S.P. Ng, G. Qiu, Z. Deng and C.M.L. Wu 

Prof. Chi-Man Wu, City 
University of Hong Kong - China  
 

11:45-12:00 

Effect of calcination temperature on photocatalytic activity 
of TiO2/BixOy Nanofibersin the photodegradation of Acid 
Orange 7 (AO7) under visible light irradiation 
J.Jermyn, S.SiangLee, Benny Y.Liang Tan, H.Bai and D. 
Delai Sun 

Mr. Jermyn Juay, Nayang 
Technological Unviersity - 
Singapore 

12:00-12:15 
Facile Synthesis of Highly Efficient One-Dimensional 
Plasmonic Photo-catalysts 
J. Xiong and Z. Li 

Ms. Jinyan Xiong, The University 
of Wollongong- Australia. 
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12:15-12:30 

Analytical TEM study on the behavior of CeO2 
nanoparticles in Sb-V-CeO2/TiO2 catalysts for NH3-SCR 
Y.E. Jeong, P.A.Kumar, K-Y. Lee and H.P. Ha 

Ms. Young Eun Jeong, Korea 
Institue of Science and 
Technology- Seoul- Republic of 
Korea 

12:30-12:45 
Photodegradation of Oflaxacin with nano-go/m Composite 
and it’s reuse 
P. Alicanoğlu and D. T. Sponza 

Mrs. Pelin Alicanoglu, 
Pamukkale University-Turkey 
 

12:45-14:00 Lunch Break / Exhibition / Posters session II 

14:00-14:15 
Nanostructures as Catalysts for H2O2 
Electrogeneration and Degradation of Organic Pollutants 
M. C. Santos 

Prof. Mauro Santos, , ABC 
Federal University - Brazil 

14:15-14:30 

Designing efficient bimetallic photocatalysts for hydrogen 
production 
E. Aronovitch, P.Kalisman, L. Houben, L. Amirav and 
M.Bar-Sadan 

Mr. Eran Aronovitch, Ben-
Gurion University of the Negev- 
Israel 

14:30-14:45 

Enhancing Cuprous Oxide Stability for Hydrogen Evolution 
J. Azevedo, S.D. Tilley, M. Schreier, M. Stefik, L. Steier, P. 
Dias, C.T. Sousa, J.P. Araújo, M.T. Mayer, M. Graetzel 
and A. Mendes 

Mr. João Azevedo, LEPABE-
Porto University - Portugal  

14:45-15:00 
Preparation  of Basic Type of Activated Alumina Supports 
for using in Production and Separation of Hydrogen 
M. Duran and F.N. Tüzün 

Dr. Fatma Nihal Tuzun, Hitit 
University - Turkey 

15:00-15:15 

On the applicability of Johnson-Mehl-Avrami-Kolmogorov 
(JMAK) approach in explaining the hydrogen sorption 
kinetics in nanocrystalline magnesium hydride  
S. Shriniwasan, A. Gangrade, N.K. Gor, H.-Y. Tien, M. 
Tanniru, F. Ebrahimi and S.S.V. Tatiparti 

Prof. Sankara Sarma Tatipari, 
Indian Institute of Technology 
Bombay - India. 

15:15-15:30 

Improving the Adhesion Capacity of Foliar Nitrogen 
Fertilizer through Nano networks 
D. Cai, N. Zhong, P. Zhao and Z. Wu 

Dr. Dongqing Cai, Hefei 
Institutes of Physical Science, 
Chinese Academy of Sciences - 
China 

15:30-15:45 
Development of an “anti-bug” Bicomponent Fibre 
M. Bischoff, G. Seide and T. Gries 

Mrs. Merle Bischoff, Institut für 
Textiltechnik, RWTH Aachen 
University- Germany 

15:45-16:00 
Molecularly Imprinted Polymer Nano layers for the 
electrochemical detection of pesticides 
S. Bouden, V. Bertagna, B. Cagnon and C. Vautrin-Ul  

Dr. Sarra Bouden, Orléans 
University- France 

16:00-16:30 Coffee Break / Exhibition/ Posters Session II 

16:30-16:45 

Carbon Nanofibers−Ionic Liquid Composite Sensors For   
Detection of Trace Heavy Metals 
L. Oularbi, M. El Rhazi and M. Turmine 

Mr. Larbi. Oularbi, University 
Hassan II Casablanca, Morocco/ 
Sorbonne University, UPMC 
University- France 

16:45-17:00 

Zero valent iron nanoparticles for remediation of soils 
contaminated with heavy metals 
O. Cortes, S.Machado, N.Vital, H.Gouveia, V.Correia,T. 
Albergaria and C. Delerue Matos 

Dr. Helena Gouveia, ISQ, 
Taguspark –Oeiras- Portugal 

17:00-17:15 

Development of nano-porous geopolymer for passive 
cooling systems 
M. Alshaaer, J. Alkafawein, Y. Al-Fayez, T. Fahmy, M. 
Zamorano Toro and M. Martín Morales 

Prof. Mazen Alshaaer, Prince 
Sattam Bin Abdulaziz University- 
Saudi Arabia 

17:15-17:30 
Novel Zeolite-Polyurethane Membrane for Environmental 
Applications 
H.Shehu and E.Gobina 

Ms. Habiba Shehu, Robert 
Gordon University-Aberdeen- 
United Kingdom  

17:30-17:45 
Flue Gases Capturing Capacity of Nano-porous organic 
Ma-terials 
R. Ullah, M. Atilhan and C.T.  Yavuz 

Dr. Ruh Ullah, , Qatar University- 
Qatar 
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June 2nd, 2016 
NanoMatEn 2016- Symposium on Nanotechnology for Photovoltaics 

Conference Room 260 

Session Chairs: 
Prof. Alejandro Perez-Rodriguez, IREC- Catalonia Institute for Energy Research - Spain 

14:00-14:45 
High efficiency thin film photovoltaic cells in novel light 
confinement architectures 

Prof. Jordi Martorell- ICFO -
Barcelona- Spain 

14:45-15:30 

Nano-architectures and organic-inorganic hybrid material 
combinations for novel photovoltaic device concepts 
S. Christiansen, S. Schmitt, S. Jäckle, G. Sarau, M. 
Göbelt, R. Keding, M. Mattiza, B. Hoffmann and M. Latzel 

Prof. Silke Christiansen, 
Helmholtz Zentrum für Materialien 
und Energie, HZB (Berlin), 
Germany- Germany 

15:30-15:45 

Metal Oxide Nanorod Arrays Fabricated by Solution Pro-
cesses for Applications in Hybrid Photovoltaic Cells 
S. Chuangchote, W.Arpavate, N.Laosiripojana and T. 
Sagawa 

Dr. Surawut Chuangchote, King 
Mongkut's University of 
Technology Thonburi- Thailand 

15:45-16:00 

Boosting impact of nanometric Ge layers on the synthesis 
and performance in Cu2ZnSnSe4 solar cells  
P.Pistor, S.Giraldo, M.Neuschitzer, M. Placidi A.Pérez-
Rodriguez and E.Saucedo 

Dr. Paul Pistor, Catalonia 
Institute for Energy Research-
(IREC) - Spain 

16:00-16:30 Coffee Break / Exhibition / Posters session II 

16:30-16:45 
Thin Epitaxial Silicon Foils Using Porous-Silicon-Based 
Lift-Off for Photovoltaic Application 
I. Gordon 

Dr. Ivan Gordon, Photovoltaics 
Department IMEC-Leuven- 
Belgium 

16;45-17:15 

Photon managements by employing one- and two-
dimensional structures for optoelectronic devices 
J-H. He, and J.R.D.Retamal  
 
 

Dr. Jose Ramon Duran 
Retamal, King Abdullah 
University of Science & 
Technology, 
Saudi Arabia 

17:15-17:30 
Electric and Photovoltaic Behavior of Novel Few Layer  
α-MoTe2 / MoS2 Dichalcogenide Heterojunction 
A.Pezeshki and S. Im 

Mrs. Atiye Pezeshki, Yonsei 
University- Seoul - Republic od 
Korea 

17:30-17:45 

Zinc selenide as a potential Cd-free buffer nanolayer for 
CZTSe solar cells 
M.Placidi, M. Espindola-Rodriguez, H. Xie, F. Oliva, Y. 
Sanchez, M. Neuschitzer, S. Giraldo, I. Becerril-Romero, 
P. Pistor, V. Izquierdo-Roca, E. Saucedo and A. Pérez-
Rodríguez 

Dr. Marcel Placidi, Catalonia 
Institute for Energy Research 
(IREC) - Spain 

17:45-18:00 
SURMOFs and CNCs as novel tuneable Materials for 
Optical, Photonic as well as  for Solar Energy Materials 
E. Redel 

Dr. Engelbert Redel, Karlsruhe 
Institute of Technology (KIT) - 
Germany 

 

June 3rd , 2016 
NanoMatEn 2016- Session III: Nanotechnology for water treatment 

Conference Room 561 

Session Chairs: 
Prof. Joydeep Dutta, KTH Royal Institute of Technology - Sweden 

Dr. Alberto Figoli, Institute on Membrane Technology (CNR-ITM) - Italy 

08:30-09:15 
Nanotechnology for cleaning water: redox reactions the 
way out? 

Prof. Joydeep Dutta, KTH Royal 
Institute of Technology - Sweden 

09:15-09:30 
Nanostructured membranes for water desalination: an 
overview   
M.Faccini and M. Boerrigter 

Dr. Mirko Faccini, LEITAT 
Technological Center-Spain   
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09:30-09:45 

Decontamination of wastewater using nanocarbon 
compounds insert in diatomite mesoporous structure 
E. Flores, O. Enriquez, J. De la Cruz, A. López, G.Poma 
and M.Quintana 

Dr. Maria Quintana, Engineering 
and Technological University, 
Lima - Peru  

09:45-10:00 

Functionalization of glassy carbon electrode by amines 
electrochemical oxidation for micro-pollutants detection in 
water 
D. Pally, M. Alaaeddine, B. Cagnon, V. Bertagna, R. 
Benoit, F. Podvorica and C. Vautrin 

Dr. Valerie Bertagna, University 
of Orleans - France  

10:00-10:30 Coffee Break / Exhibition 

10:30-11:00 

PVDF UF hollow-fiber membrane production as pre-
treatment system in Water Desalination Reverse Osmosis 
Unit 
A. Figoli, O. Saoncella, S. Xue, S. Simone, F.Galiano, M. 
Boerrigter, C. Chaumette, M. Faccini and E. Drioli 

Dr. Alberto Figoli, Institute on 
Membrane Technology (CNR-
ITM) - Italy 

11:00-11:15 

Development of Alumina-Carbon Nanotubes Porous 
Membranes Using Spark Plasma Sintering Process for 
Water Purification  
T. Laoui, H. K. Shahzad, M. A. Hussein, F. Patel, N. Al 
Aqeeli and M. A. Atieh 

Prof. Tahar Laoui, King Fahd 
University of Petroleum and 
Minerals- Saudi Arabia  
 

11:15-11:30 

The efficient separation of oil-water emulsions with a 
flexible, superhydrophilic and self-cleaning TiO2/Fe2O3 
membrane 
B.Y.L. Tana, J. Juaya, J.K.K. Anga, Z.Liub and D. Suna 

Mr. Benny Tan, Nanyang 
Technological University - 
Singapore 

11:30-11:45 
Nanostructure formation, characterization and application 
of ba-nana peels  nanosorbent in mine water treatment 
O. Atiba-Oyewo, M.S. Onyango and C. Wolkersdorfer 

Ms. Opeyemi Atiba-Oyewo, 
Tshwane University of 
Technology - South Africa 

11:45-12:00 

Fabrication of hematite photoanode for solar water splitting 
by using pulsed laser deposition 
C-P.Yen,Y-J. Li, S-J. Luo, J.Wang, C-J.Tseng and S-Y 
Chen 

Mr. Chih-ping Yen, National 
Taiwan University - Taiwan 

12:00-12:15 
Molecular Dynamics-Continuum Hybrid Simulation of 
Water Transport through Carbon Nanotube Membranes 
A. Kudaikulov, A. Kaltayev and C. Josserand 

Mr. Aziz Kudaikulov, Al-Farabi 
Kazakh National University - 
Kazakhstan 

12:15-12:30 
Titanium Dioxide-Based Nanocatalysts Constructed from 
Natural Sources for Photocatalytic Wastewater Treatment 
P. Kemacheevakul and  S.Chuangchote 

Dr. Patiya Kemacheevakul, King 
Mongkut's University of 
Technology - Thailand 

12:30-12:45 

Magnetic Nanoparticles Stabilized by Lignocellulosic 
Waste as Green Adsorbent For Cr(VI) Removal from 
Waste Water 
I.L.A. Ouma, A.E. Ofomaja and E.B. Naidoo, 

Ms. Linda Ouma, Vaal University 
of Technology-South Africa 

 

Posters Session II: June 2nd, 2016 

NanoMatEn 2016  

Exhibition and Poster Hall 

N. Title Author/Affiliation/Country 

1 
Solar charged redox flow battery  
K. Wedege, J. Azevedo, A. Khataee, A. Mendes and A. Bentien 

Ms. Kristina Wedege, Aarhus 
University - Denmark 

2 
Novel Methods for the Deposition of Solution-Processed CdTe Inks for 
Photovoltaic Applications 
J.C. Russell, J.M. Kurley, H. Zhang and D. Talapin 

Mr Jake Russell, University of 
Chicago - USA 

3 

Enhancement of power conversion efficiency of  dye-sensitized solar 
cells  via incorporation of GaN semiconductor materials synthesized in 
hot-wall CVD furnace. 
M. Baisariyev, R.Iskakov, G. Sugurbekova 

Mr. Murat Baisariyev, 
Nazarbayev University - 
Kazakhstan 
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4 
Fabrication of Hierarchical Nanostructures for Perfect Anti-reflection 
Coating 
S.J. Cho and T. An  

Prof. Taechang An, Andong 
National University - Republic of 
Korea. 

5 
Modeling infrared radiation transport in insulating dielectric 
nanocomposites to minimize radiative thermal losses 
J.Tang, V.Thakore and T.Ala-Nissilä 

Ms. Janika Tang, Aalto 
University - Finland 

6 
Numerical Investigations of Heat Transfer in Rectangular Micro-
Channels during Single Phase Fluid Flow using Cooling Nanoliquids 
L. Snoussi, N. Ouerfelli, F.B.M. Belgacem and A. Guizani 

Dr. Lotfi Snoussi, Research and 
Technologies Centre of Energy – 
Tunisia 

7 
The performance fo Zn/Ni battery using NixZn(1-x)O as anodic 
material to suppress Zn dendrite 
Y. Im, K;Su Park, T.W. Cho, J-S. Lee and M.Kang 

Mr. Younghwan Im, Yeungnam 
University - Republic of Korea 

8 

Kinetic mechanisms of hydrogen sorption in nanocrystalline 
magnesium (hydride)   
S. Shriniwasan, A. Gangrade, N.K. Gor, H.-Y. Tien, M. Tanniru, F. 
Ebrahimi and S.S.V. Tatiparti 

Ms. Sweta Shriniwasan, Indian 
Institute of Technology Bombay – 
India 

9 

Hydrogen production from propane steam reforming over 30NixFe1-
xO/70Al2O3 catalysts 
Kang Min Kim1, Byeong Sub Kwak1, No-Kuk Park2, Tae Jin Lee2, 
Misook Kang*1 

Mr. Kang Min Kim, Yeungnam 
University - Republic of Korea 

10 
Hydrogen production by propane steam reforming over transition 
metal (A = Fe, Co, Ni, Cu) in Mn-based metal oxide structure 
J. Yeon Do and M. Kang 

Ms. Jeong Yeon Do, Yeungnam 
University - Republic of Korea  
 

11 

Three-metallic Mn-based Ni1-XCoXMnO4/γ-Al2O3 (X=0.2, 0.3, 0.4, 
0.5) catalysts for hydrogen production via steam reforming of propane 
gas 
S.W. Jo and M. Kang 

Mr. SeungWon Jo, Yeungnam 
University - Republic of Korea 

12 
Effective hydrogen production from propane stream reforming on 
Co/Cex/γ-Al2O3 
M.Park and M.Kang 

Mr. Minkyu Park, Yeungnam 
University - Republic of Korea. 

13 

Oxygen Reduction Reaction Catalyzed by Manganese Dioxide 
Nanoflowers   
L.R. Aveiro, V.S. Antonin, A.G.M. da Silva, E. G. Candido, 
P.H.C.Camargo and M.C. dos Santos 

Mrs. Luci Aveiro, ABC Federal 
University - Brazil 

14 
W@Au nanostructures as catalysts for H2O2 electrogeneration 
V. S. Antonin, L.S. Parreira, F.L. Silva, R.B. Valim, P. Hammer, 
M.R.V. Lanza and M. C. Santos  

Ms. Vanessa Antonin, ABC 
Federal University - Brazil 

15 
 

Selective removal of lead using a nanocompound basedon diatomite 
and graphene oxide 
E. Flores, O. Enriquez, J. De la Cruz, A. López, G. Poma and M. 
Quintana 

Ms. Elena Flores, Universidad de 
Ingenieria y Tecnologia - Peru 

16 
Hybrid Nanocomposite of Nanocellulose-Silver Nanoparticles-
Graphene Oxide for Environmental Remediation Purposes 
S.W. Chook,C.H. Chia and S. Zakaria 

Dr. Soon Wei Chook, National 
University of Malaysia (UKM) – 
Malaysia 

17 
Study of degradability of starch-based films mixing with nano-Titanium 
dioxide 
J. Komasatitaya, S. Mataweechotikul and  A. Simprasert 

Dr. Juntira Komasatitaya, King 
Mongkut University of Technology 
Thonburi-Bangkok-Thailand 

18 
Synthesis and Characterization of Superparamagnetic Magnetite/ 
Modified Magnetite Nano-Particles (Fe3O4@SiO2@L) 
H. Çiftci,  B. Ersoy and A. Evcin 

Prof. Bahri Ersoy, Afyon 
Kocatepe University- Turkey 

19 

Determination of the equilibrium constant of 1,3,5-nickel 
bencenotricarboxylate, Ni-HKUST-1 
J. Vargas, J. Balmaseda and R. Salcedo 

Ms. Jaquebet Vargas 
Bustamante, Universidad 
Nacional Autónoma de México- 
Mexico 

20 
Nanocomposite films as a gas sensor for organic compounds  
S.Ali, B. Horrocks and A. Houlton 

Mrs. Shams Ali, Newcastle 
University- United Kigndom 

21 
Synthesis and characterization of ZnO-Ag nanoparticles supported on 
MCM-41 as a photocatalyst for degradation Congo Red 
E. M. Barrera-Rendón, G. García-Rosales and J. Jiménez-Becerril 

Ms. Eva M. Barrera Rendón, 
Toluca Technology Institute-
Mexico 
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22 
Synthesis and Evaluation of a Carbon-TiO2-CeO2 composite for the 
degradation of phenol 
Y. Lara-Lopez, G. García-Rosales and J. Jiménez-Becerril 

Ms. Yoselin Lara-Lopez, Toluca  
Technology Institute- Mexico 

23 
Low Cost and Free TCO Porous Coal as a Counter Electrode (CE) for 
Dye Sensitized Solar Cell (DSSC) 
M.Y. Feteha, S. Ebrahim  and L. Saad 

Dr. Mohamed Feteha, Alexandria 
University- Egypt 

24 
Facile formation of fullerene nanostructures and their application to 
polymer solar cells 
S. Woo, W.-H. Kim and S.-J. Sung 

Dr. Sungho Woo, Daegu 
Gyeongbuk Institute of Science & 
Technology- Republic of Korea 

25 
Comparison of the systemic nanoherbicide Imazamox-LDH obtained 
by direct synthesis and reconstruction: preliminary results 
R. Khatem, A. Bakthi and M.C. Hermosin 

Prof. M. Carmen Hermosin, 
IRNAS-CSIC-Sevilla- Spain 

26 

Polymer optimised dewatering of sludge using Geotubes, 
a systematic approach 
H. Haase, W. Lieske, T. Schanz and H. Dehn 

Mr. Wolfgang Lieske, Ruhr-
University- Germany  
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European Graphene Forum – EGF 2016 
Preliminary Program 

June 1st , 2016 
EGF 2016- Plenary session I 

Amphitheatre G 

Session’s Chairs: 
Dr Cinzia Casiraghi, University of Manchester- UK 

Prof. Giancarlo Faini, Laboratoire de Photonique et de Nanostructures, CNRS - France  

09:00-9:40 
Supramolecular approaches to 2-D materials: from complex 
structures to sophisticated functions 
P.Samorì 

Prof. Paolo Samorì, 
Starsbourg Unversity - 
France 

09:40-10:20 
Water-based 2D-crystal Inks: from Production to Devices 
C. Casiraghi 

Dr. Cinzia Casiraghi, 
University of Manchester- U K 

10:30-11:00 Lunch Break / Exhibition / Posters Session I 

11:00-11:30  

PN Junction Based Devices in Ultra-Clean Graphene 
P. Rickhaus, M-H. Liu, P. Makk, M. Jung, C. Handschin, S. 
Zihlmann, E. Tovari, R. Maurand, M. Weiss, K. Richter and C. 
Schönenberger 

Prof. Christian 
Schönenberger, University of 
Basel - Switzerland 

11:30-12:00 
2-D Nanocarbons: Attraction, Reality and Future  
Z. Liu 

Prof Zhongfan Liu, Peking 
University- Beijing - China 

12:00- 12:30 

Effects of morphology and surface chemistry of graphite 
nanoplates on dispersion and network formation in 
polypropylene melts 
R. M. Santos and  J. A. Covas 

Prof. José Covas, University 
of Minho - Portugal 

12:30-12:45 
Exploring Graphene Plasmonics for Novel Applications: From 
Tunable Absorption Enhancement to Strong Optical Forces 
J. Zhang, W. Liu, Z. Zhu, C. Guo, K. Liu, X. Yuan and S. Qin 

Dr. Jianfa Zhang, National 
University of Defense 
Technology-China 

12:45-13:00  
Scalable Few Layer Graphene Production by Graphite 
Exfoliation in Liquids 
C. Damm, T. J. Nacken, H. Xing, Y. Hambal and W. Peukert 

Dr. Cornelia Damm, 
University Erlangen-
Nürnberg- Germany 

12:45-14:00 Lunch Break / Exhibition / Posters Session I 

EGF 2016- Session I: Graphene and 2D MaterialsSynthesis, characterization and properties 

Session’s Chairs: 
Prof Zhongfan Liu, Peking University, Beijing – China/ Prof. Andrey Chuvilin, CIC nanoGUNE – 

Spain 

14:00-14:15 
CVD-grown large-area monolayer MoS2 using H2S 
D. Dumcenco, D. Ovchinnikov, O. Lopez-Sanchez, P. Gillet, D. 
T. L. Alexander, S. Lazar, A. Radenovic and A. Kis 

Dr. Dumitru Dumcenco, 
EPFL - Switzerland 

14:15-14:30 

Centimeter-scale synthesis of ultrathin layered MoO3 by van der 
Waals epitaxy 
A.J. Molina-Mendoza, J.L. Lado, J.Island, M.Angel Niño, L. 
Aballe, M.Foerster, F.Y. Bruno, H.S. J. van der Zant, G.Rubio-
Bollinger, N.Agraït,  E.M. Perez, J. Fernández-Rossier and A. 
Castellanos-Gomez 

Mr. Aday J Molina-
Mendoza, Universidad 
Autonoma de Madrid - Spain 

14:30-14:45 
Plasma-assisted CVD graphene synthesis and characterization 
on nickel substrates 
P. Pop-Ghe, L. Krückemeier, N. Wöhrl and V. Buck 

Ms. Patricia Pop-Ghe, 
University of Duisburg -
Essen-Germany 

14:45-15:00 
A Record-Breaking mobility for CVD Graphene by suppressing 
the effect of charged impurities  
R. Nashed, K. Brenner and A. Naeemi 

Mr. Ramy Nashed, Georgia 
Institute of Technology – 
USA 

15:00-15:15 
Chemical Kinetics during CVD Growth of Graphene 
S. Farhat, I. Hinkov, H-A. Mehedi and A. Gicque 

Dr. Farhat Samir, CNRS 
LSPM-Paris 13 University- 
France 
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15:15-15:30 

Optimized Synthesis of Graphene by Cobalt-Catalyzed 
Decomposition of Methane with Plasma-Ehnanced CVD 
H.-A. Mehedi, B. Baudrillart, D. Alloyeau, C. Ricolleau, J. 
Lagoutte, A. Gicquel and S.  Farhat 

Dr. Hasan Al Mehedi, 
CNRS LSPM-Paris 13 
University- France 

15:30-15:45 

Tuning the nature of nitrogen atoms in N-containing RGO:  
Enhanced thermal oxidation stability by nitrogen doping 
S. Sandoval, N. Kumar, A. Sundaresan, C. N. R. Rao, A. 
Fuertes and G. Tobias 

Ms. Stefania Sandoval 
Rojano, Institute of Materials 
Science of Barcelona - 
Spain  

15:45-16:00 

Towards High Quality Graphene Flakes by Electrochemical 
Exfoliation of Graphite With Multifunctional Electrolytes 
J.M. Munuera, J.I. Paredes, S. Villar-Rodil, M. Ayán-Varela, A. 
Martínez-Alonso and J.M.D. Tascón 

Mr. Jose Munuera, Instituto 
Nacional del Carbón, 
INCAR-CSIC - Spain 

16:00-16:15 

Deoxygenation of Graphene Oxide by Metalorganic Compounds 
N. Jalagonia, T. Kuchukhidze, N. Jalabadze, V. Tsitsishvili and 
R.Chedia 

Mrs. Natia Jalagonia, Ilia 
Vekua Sukhumi Institute of 
Physics and Technology, 
Tbilisi - Georgia 

16:15-16:30 Coffee Break / Exhibition / Posters Session I 

16:30-16:45 
Functionalization of Graphene by [2+1] Cycloaddition Reaction 
at Ambient Conditions  
A. Faghani, R. Haag and M. Adeli 

Prof. Mohsen Adeli, Free 
University of Berlin - 
Germany. 

16:45-17:00 

A facile and scalable way to produce reduced graphene 
oxide/epoxy nanocomposites  
G.B. Olowojoba, S. Kopsidas, S.Eslava, E.S. Gutierrez, A.J. 
Kinloch, C.Mattevi, V.G. Rocha and A.C. Taylor 

Dr. Ganiu B. Olowojoba, 
Imperial College London, 
London - UK 

17:00-17:15 
Benzoxazine-functionalized graphene oxide for synthesis of new 
nanocomposites 
I. Biru, C. Damian, S. A. Garea and H. Iovu 

Mrs. Luliana Biru, 
University Politehnica of 
Bucharest - Romania 

17:15-17:30 

Electrodeposition process of graphene nano-plates on open-
cells aluminum foams – a critical review 

A. Simoncini, V. Tagliaferri and N. Ucciardello 

Mr. Alessandro Simoncini, 
University of Rome “Tor 
Vergata” - Italy 

17:30-17:45 

Optimization of In-Situ Polymerization Process of Graphene 
Nano-Platelet Composites 

B. Yang, J. Doucette and P. Mertiny 

Mr. Bo Yang, University of 
Alberta - Canada 

17:45-18:00 

Multilayered Membranes based on Graphene and Natural Poly-
mers for Biomedical Applications 

M. C. Paiva, E. Cunha, D. Moura, C. Silva,  M. F. Proença and 
N. Alves 

Dr. Maria Paiva, University 
of Minho- Portugal 

18:00-18:15 

Antimicrobial properties of RGO modified with Polysulfone 
Brushes and their nanocomposites 

J.Peña-Bahamonde, H.Nguyen, V.San Miguel, J.C.Cabanelas 

and D. Rodrigues 

Mrs. Janire Pena 
Bahamonde, University 
Carlos III Madrid- Spain 

18:15-18:30 

Room-temperature positive magnetoresistance in functionalized 
graphene grown by CVD  
O.V. Kononenko,  V. N. Matveev, V.I. Levashov and V.T. 
Volkov 

Dr. Oleg Kononenko, 
Institute of Microelectronics 
Technology and High Purity 
Materials- Russian 
Federration 

18:30-18:45 

Defects in irradiated graphene on metallic substrates 
I. Shchedrina, C. Corbel, N. Ollier, O. Cavani, T. Wade, M. 
Konczykowski, J-P. Renault, J. Ghilan, H. Randriamahazaka, 
C.S. Cojocaru, I. Florea and B. Geffroy 

Dr. Irina Shchedrina, Ecole 
polytechnique - France 

18:45-19:00 
High porosity Graphene/Fe3O4 scaffolds  for Electromagnetic 
Interference Shielding 
M. González, J. Pozuelo and J. Baselga 

Mrs. Marta González, 
University Carlos III of 
Madrid- Spain   

19:00-19:15 
Effect of Post-Exfoliation Annealing and Ultrasonic Treatments 
on Mechanically Exfoliated MoS2 
P. Budania, N. Mitchell and D. McNeill 

Ms. Prachi Budania, 
Queen’s University, Belfast – 
UK 
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June 2nd , 2016 

EGF 2016- Plenary session II 

Amphitheatre G 

Session’s Chairs: 
Prof. Giancarlo Faini, Laboratoire de Photonique et de Nanostructures, CNRS – France 

Dr. Konstantin Amsharov, University of Erlangen-Nürnberg – Germany/ Prof. Alberto Fina, 

Polytechnic University of Turin – Italy 

08:30-9:15 
2D Materials: technology, standards and science 
A.H. Castro Neto 

Prof. Antonio H. Castro 
Neto, National University of 
Singapore - Singapore 

09:15-10:00 

Graphene-based Platforms for Biosensing Applications 
A. Merkoçi 

Prof. Arben Merkoçi, ICN2/ 
CSIC/The Barcelona Institute 
of Science and Technolgy - 
Spain 

10:00-10:30 Coffee Break / Exhibition / Posters Session II 

10:30:11:00 
Carbon Based Nano-Materials/Devices 
K.S. Kim 

Prof Kwang S. Kim, Ulsan 
National Institute of Science 
and Technology - Korea 

11:00-11:30 
Reaction kinetics of Stone - Wales rotation in graphene 
A. Chuvilin, S. T. Skowron, V. O. Koroteev, M. Baldoni, S. 
Lopatin, A. Zurutuza and E. Bichoutskaia 

Prof. Andrey Chuvilin, CIC 
nanoGUNE – Spain 
 

11:30-12:00 
Ultrafast Generation of Plasmon Polaritons in High Mobility 
Graphene   
D.N. Basov 

Prof. Dmitri Basov, 
University of California and 
Columbia University - USA 

12:00-12:30 

Design and fabrication of Graphene based platforms for Raman 
sensing 
L. Álvarez-Fraga, F. Jimenez-Villacorta, E. Climent-Pascual, R. 
Ramírez-Jíménez, C. Prieto and A. de Andrés 

Prof. Alicia de Andrés, 
Materials Science Institute of 
Madrid (CSIC) – Spain 
 

12:30-12:45 
Imaging and spectroscopy on the 10-nm length scale 
M. Eisele 

Mr. Max Eisele, Neaspec 
GmbH- Germany 

12:45-14:00 Lunch Break / Exhibition / Posters session II 

EGF 2016- Session II: Graphene and 2D Materials characterization and properties 

Chairs:. Giancarlo Faini, Laboratoire de Photonique et de Nanostructures, CNRS – France/ Dr. 
Konstantin Amsharov, University of Erlangen-Nürnberg – Germany/ Prof. Alberto Fina, 

Polytechnic University of Turin – Italy  

14:00-14:40 

Graphene nanoplatelets for thermally conductive polymer nano-
composites via melt reactive extrusion 
A. Fina, S. Colonna, O. Monticelli, M. Tortello, R.S. Gonnelli, J. 
Gomez, M. Pavese, F. Giorgis and G. Saracco 

Prof. Alberto Fina, 
Polytechnic University of 
Turin - Italy 

14:40-15:00 
Reduced Graphene Oxide Enhances Horseradish Peroxidase 
Stability by Serving as Radical Scavenger and Redox Mediator 
C. Zhang, S. Chen, P.J. J. Alvarez and W. Chen 

Prof. Chengdong 
Zhang,Nankai University- 
China 

15:00-15:30 
Ab-initio calculations and simple models of electronic excitations 
in 2D materials and heterostructures 
K.S.Thygesen 

Prof. Kristian.S. Thygesen, 
Technical University of 
Denmark- Denmark 

15:30-15:45 

Mechanical Property Enhancement of In-Situ Synthesized 
Three-Dimensional Network Graphene Reinforced Copper 
Nanocomposites 
X. Zhang,C.N.He and N.Q. Zhao 

Mr. Xiang Zhang, Tianjin 
University- China 

15:45-16:00 

Next-Generation of Graphene Composites: Surface-Modified 
GO with Tunable Flake Orientation 
M. Wåhlander, F. Nilsson, A. Carlmark, S. Edmondson and E. 
Malmström 

Mr. Martin Wåhlander, KTH 
Royal Institute of Technology 
- Sweden  
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16:00-16:30 Coffee Break / Exhibition / Posters session II 

16:30-16:45 

Tunable Magnetism of Adatoms adsorbed on Bilayer Graphene 

D. Nafday, M. Kabir and T. Saha Dasgupta 

Ms. Dhani Nafday, S.N. 
Bose National Center for 
Basic Sciences- Kolkata- 
India 

16:45-17:00 
Ultrafast optics in graphene  
K. Liu, J.F. Zhang, Z.H. Zhu, C.C. Guo, X.D. Yuan, W.M. Ye 
and S.Q. Qin 

Prof. Ken Liu, National 
University of Defense 
Technology- China 

17:00-17:15 
Graphynes: from Competitors to Graphene to  Atomic Sieves 
and Scatter 
F. Viñes, M. Manadé, S. Kim, P. Gamallo, J.Y. Lee and F. Il-las 

Dr. Francesc Viñes, 
Barcelona University- Spain 

17:15-17:30 

Combination of the PDCs Route with the SPS Process to Easily 
Obtain Large and Pure h-BN Nanosheets 
Y. Li, S. Yuan, P. Steyer, B. Toury, V. Garnier, A. Brioude and 
C. Journet 

Dr. Philippe Steyer, INSA  
Lyon- France. 
 
 

17:30-17:45 
Graphene based Electrically Tunable Hybrid Plasmonic-photonic 
Waveguide with Low-loss and Nano-scale Optical Confinement  
L.Singh ,Sulabh and M. Kumar 

Dr Mukesh Kumar, Indian 
Institute of Technology- 
Indore- India 

17:45-18:00 
Electrochemically exfoliated graphite for solution-processed 
transparent conductive electrodes. 
A.Ly, P. Viville and R. Lazzaroni 

Mr. Ahmadou Ly, Mons 
University- Belgium 

18:00-18:15 
Discontinuous bilayer graphene chemiresistors  
P. Krauss and J. J. Schneider 

Mr Peter Krauss, 
Technische Universität 
Darmstadt -Germany 

18:15-18:30 
Spin noise in graphene detected via cross-correlation 
S. Omar,  I.J. Vera-Marun, M.H.D. Guimarães,  A. Kaverzin  and 
B.J. van Wees 

Mr. Siddhartha Omar, 
University of Groningen- The 
Netherlands 

18:30-18:45 

Graphene oxide framework membranes: Control the 2D 
interspacing toward strict molecular sieving 
G. Zeng, G. Li, B. Qi, X. He, Y. Zhang and Y. Sun 

Dr. Gaofeng Zeng, 
Shanghai Advanced 
Research Institute, Chinese 
Academy of Sciences - 
China 

18:45-19:00 
Hydrogen-decorated stabilization and thermal conductivity of 
penta-silicene: A first principles calculation 
H. K. Liu, Y. Lin and M. Hu 

Mr. Huake Liu, RWTH 
Aachen University- Germany 

19:00-19:15 

Enhancing the performance of dye-sensitized solar cells by 
incorporating various ratios of platinum and reduced graphene 
oxide thin film as a counter electrode 
N. Ahmad-Ludin, A. Bolhan,  M. Y. Sulaiman, M. S. Suait, M. A. 
Mat-Teridi, M. A. Ibrahim, S. Sepeai, K. Sopian and H. Arakawa 

Dr. Norasikin Ahmad 
Ludin, Kebangsaan 
University – Malaysia 

 

June 2nd , 2016 
EGF 2016- Session III: Graphene and 2D Materials properties and applications 

Conference Room 561 

Session’s Chairs: 
Dr Cinzia Casiraghi, University of Manchester- UK 

Prof. Alicia de Andrés, Materials Science Institute of Madrid (CSIC), Spain 

14:00-14:30 

Platinum-Gold Alloy Nanoparticles Decorated Crumpled 
Graphene for Electrocatalyst  
H.D. Jang, S.K. Kim, J-H. Choi and H.Chang 

Prof. Hee Dong Jang, Korea 
Institute of Geoscience and 
Mineral Resources - 
Republic of Korea 

14:30-15:00 
Graphene Transistor Monitoring Properties of Functional Oxides 
D.Suh 

Prof. Dongseok Suh, 
Sungkyunkwan University - 
Republic of Korea 
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15:00-15:15 

Infrared spectroscopy of closely aligned heterostructures of 
graphene and hexagonal boron nitride 
D.S.L. Abergel and M. Mucha-Kruczyński 
 

Dr. David Abergel, Nordita, 
KTH Royal Institute of 
Technology and Stockholm 
University- Sweden 

15:15-15:30 

Anisotropy of Unstrained Pristine Graphene 
G. Shpenkov 

Dr. Georgi Shpenkov, 
Academy of Computer 
Science and Management- 
Poland 

15;30-15:45 
Temperature dependent fracture of defected graphene sheets: a 
Molecular Dynamics study 
S. Nasiri and M. Zaiser 

Mrs. Samaneh Nasiri, 
Friedrich-alexander 
University- Germany 

15:45-16:00 
Graphene: A Tunable Kerr Nonlinear Medium 
B. Semnani, A.H. Majedi and S. Safavi-Naeini 

Mr. Behrooz Semnani, 
University of Waterloo- 
Canada 

16:00-16:30 Coffee Break / Exhibition / Posters session II 

16:30-16:45 

Substantial improvement of graphene-enhanced raman 
scatering through strain engineering of graphene 
G. Dobrik, P. Nemes-Incze, L.P. Biró and L. Tapasztó 
 

Dr. Levente Tapaszto, 
Centre For Energy Research 
Hugarian Academy of 
Sciences- Hungary 

16:45-17:00 
Evaluation of Graphene Suspensions 
T.J. Nacken, C. E. Halbig, C. Damm, J. Walter, S. Eigler and W. 
Peukert 

Mr. Thomas Nacken, 
University Erlangen-
Nürnberg - Germany. 

17:00-17:15 
Pt nanoparticles supported on rGO/SiC hybrid material as a 
cathode catalyst in DMFC 
B. Ozdincer, K. K. Maniam and S. M. Holmes 

Mr. Baki Ozdincer, The 
University of Manchester – 
UK 

17:15-17:30 
Graphene based coatings against corrosion 
K.S. Aneja, S. Bohm, A.S. Khanna and M. Thompson 
 

Mr. Karanveer. S. Aneja, 
Indian Institute of Technology  
Bombay -  India 

17:30-17:45 
Impact of reduction degree of graphene oxide on the 
photocatalytic activity of graphene oxide/TiO2 nanotubes 
M. Hamandi, G. Berhault, C. Guillard and H. Kochkar 

Mrs. Marwa Hamandi, 
Claude Bernard University 
Lyon – France 

17:45-18:00 

Fabrication of Graphen oxides (GO) based rGO-TiO2/Fe3O4 
nanocomposites for the removal of Methylene Blue and  
Arsenic(III) from Wastewater 
P. Benjwal, M. Kumar, P. Chamoli and K.K. Kar 

Ms. Poonam Benjwal, 
Indian Institute of Technology 
Kanpur- India 
 

18:00-18:15 
Graphene nanoplatelets biocompatibility is improved by surface 
adsorption of polymers 
A. Pinto, A. Moreira, F. Magalhães and I. Gonçalves 

Dr. Inês C. Gonçalves, 
University of Porto- Portugal 

18:15-18:30 

Functionalization of graphene field-effect transistor channel for 
ischemic stroke biomarker detection 
P. D. Cabral, E. Fernandes, F. Cerqueira, G. Machado Jr., J. 
Borme and P. Alpuim 

Ms. Patricia Cabral da 
Silva, International Iberian 
Nanotechnology Laboratory-  
Portugal 

18:30-18:45 

A Novel SPR biosensor chip with Graphene Oxide Linking Layer 

Yu.V. Stebunov, O.A. Aftenieva, A.V. Arsenin and V.S. Volkov 

 

Mr. Yury Stebunov, Moscow 
Institute of Physics and 
Technology- Russian 
Federation  

18:45-19:00 

Heartbeat resistive sensor based on graphene nanobelt thin 
films 
A. Alaferdov, R. Savu, S. Rackauskas, T. Rackauskas, E. Joanni 
and S A. Moshkalev 

Dr. Stanislav Moshkalev, 
UNICAMP, Center for 
Semiconductor Components- 
Brazil 

19:00-19:15 
The potential of graphene based active components in silicon 
photonic systems  
D. Schall, and D.Neumaier  

Mr. Daniel Schall, AMO 
GmbH-Aachen- Germany 

19:15-19:30 

Few-Layer Graphene Langmuir Nanofilm Decorated by Palladi-
um Nanoparticles for NO2 and H2 Gas Sensing 
D. Kostiuk, S. Luby, M. Demydenko, Y. Halahovets, P. 
Siffalovic, K. Vegso, J. Ivanco, M. Jergel, M. Kotlar, R. 
Redhammer and E. Majkova* 

Dr. Dmytro Kostiuk, Slovak 
Academy of Sciences-
Slovakia 
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June 3rd, 2016 
EGF 2016- Session IV: Graphene and 2D Materials applications 

Conference Room 511 

Session’s Chairs: 
Prof Valerio Pruneri, ICFO-The Institute of Photonic Sciences and ICREA- Spain 

Prof. Thomas Mueller, Institute of Photonics, Vienna University of Technology – Austria 

08:30-09:00 
Radionuclide Therapy with Neutron-Activated Graphen Oxide 
Nanoplatelets 
J Kim and M. Jay 

Prof. Michael Jay, 
University of North Carolina- 
USA 

09:00-09:30 
Thixotropic Properties of Graphene Oxide/Hydrogel for 3D 
Bioprinting 
H. Li and L. Li 

Prof. Lin Li, Nanyang 
Technological University- 
Singapore 

09:30-10:00 

Graphene for transparent electrodes and sensing applications 

V.Pruneri 

Prof. Valerio Pruneri, ICFO-
The Institute of Photonic 
Sciences and ICREA- Spain 

10:00-10:30 Coffee Break / Exhibition 

10:30-11:00 

Ballistic transport regimes in hBN-encapsulated graphene 
devices  
J.Wallbank and V. Falko 

Dr. John Wallbank, National 
Graphene Institute, 
University of Manchester - 
UK 

11:00-11:30 

Optoelectronics with atomically thin materials 
T.Mueller 

Prof. Thomas Mueller, 
Institute of Photonics, Vienna 
University of Technology - 
Austria 

11:30-12:00 
Nonlinear Electrodynamics and Optics of Graphene 
S.A. Mikhailov 

Dr. Sergey Mikhailov, 
University of Augsburg - 
Germany 

12:00-12:30 

Graphene membranes and their use as pressure sensors 
H.S.J. van der Zant 

Prof. Herre S.J. van der 
Zant, Delft University of 
Technology - The 
Netherlands 

12:30-13:00 
Functionalized graphene for flexible light-emitting devices 
E;T;Alonso, G;Karkera, G;F. Jones, S;Russo, M.F. Craciun 

Prof. Monica F. Craciun, 
University of Exeter - UK 

 

Posters Session II: June 2nd , 2016 
European Graphene Forum - EGF 2016 

Exhibition and Poster Hall 

N. Title Author/Affiliation/Country 

1 

Formation of Continuous Few-layer MoS2Nanosheet Filmfor Sensing 
and Detection Applications 
M.Demydenko, M.Jergel, D.Kostiuk, Y.Halahovets, M.Kotlar, 
P.Siffalovic, K.Vegso and E.Majkova 

Dr. Maksym Demydenko, Slovak 
Academy of Sciences - Slovakia 

2 
Grain Boundary Structures and Electronic Properties of Hexagonal 
Boron Nitride on Cu (111)  
Q. Li, Y. Zhang and Z. Liu 

Ms. Qiucheng Li, Peking 
University, Beijing - Republic of 
China 

3 
Large-scale Synthesis of Defects-selective Graphene Quantum Dots 
for Cell Imaging by Ultrasonic-assisted Liquid-Phase Exfoliation 
L. Lu and Y.T. Pei 

Mr. Liqiang Lu, University of 
Groningen - Netherlands 

4 
CVD growth of large single crystal graphene  
L. Lin, H. Ren, J. Li, N. Kang, H. Q. Xu, H. Peng and Z. Liu 

Mr. Li Lin, Peking University- 
China.  

5 
Fabrication and Characterizaiton of Near Infrared Detectors based on 
MoS2 Few-layers Grown with Chemical Vapor Deposition 
X. Wang, L.L. Shiau and B.K. Tay 

Prof. Beng Kang Tay, Nanyang 
Technological University- 
Singapore 
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6 
Silver/nitrogen-doped reduced graphene oxide as an electrocatalyst 
for oxygen reduction in alkaline medium 
L.T. Soo, K.S. Loh, A.B. Mohamad, W.R.W. Daud and W.Y. Wong 

Dr. Kee Shyuan Loh, 
Kebangsaan Malaysia University- 
Malaysia  

7 
Adsorption Abilities of TiO2_R-OH_rGO Nanocomposites  
E. Kusiak-Nejman, A. Wanag, J. Kapica-Kozar, Ł. Kowalczyk, A.W. 
Morawski, L. Lipińska and M. Aksienionek 

Dr. Ewelina Kusiak-Nejman, 
West Pomeranian University of 
Technology- Poland 

8 
Preparation and Tribological Performance of Nickel-Graphene Oxide 
Composite Coatings 
S. Qi, X. Li and H. Dong 

Mr Shaojun Qi, University of 
Birmingham- United Kingdom 

9 
One - pot preparation of SERS nanocomposites of silver and 
graphene oxide with tunable properties 
M.O. Volodina, A.V. Sidorov, E.A. Eremina and E.A. Goodilin 

Mrs. Mariia Volodina, 
Lomonosov Moscow State 
University- Russian Federation 

10 

Reduced graphene oxide on/in metallic substrates: coating and 
composite 
M.A.Rodríguez-Escudero, A.Argumanez, I. Llorente, O. Caballero-
Calero, M.S. MartínGonza-lez, R. Fernandez and M.C.García-
Alonso 

Mrs. M Cristina Garcia-Alonso, 
The Spanish National Research 
Council (CSIC)- Spain 

11 

High orientation degree of graphene nanoplatelets in spark plasma 
sintered silicon nitride composites 
O. Tapasztó, L. Tapasztó, V. Puchy, J. Dusza, C. Balázsi and K. 
Balázsi 

Dr.  Orsolya Tapasztó, Center 
for Energy Research, Institute of 
Technical Physics and Materials 
Sciences- Hungary 

12 
Observation of Alkali Metal Adsorption on Freestanding Graphene by 
Means of LEEPS Microscopy 
M. Lorenzo, J. Vergés, C. Escher, J.-N.Longchamp and H.-W. Fink 

Ms. Marianna Lorenzo, 
University of Zurich- Switzerland 

13 
3D nanodendrites consisting of Pd and N-doped carbon 
nanoparticles as bifunctional catalyst 
H. K. Sadhanala, R. Nandan, and K. K. Nanda 

Mr. Hari Krishna Sadhanala, 
Indian Institute of Science- 
Bangalore- India. 

14 

Graphene growth and transfer towards flexible substrates for 
microwave applications 
J. Njeim, A. Madouri, A. Cavanna, P. Chrétien, A. Jaffré, Z. Ren and 
D. Brunel 

Ms. Joanna Njeim, Pierre et 
Marie Curie University- France 

15 
Multi-layered graphene interface for enhancing the stretchability of 
brittle conductive layers 
S. Won, Y. Hwangbo, K-S. Kim, H-J. Lee and J-H. Kim 

Dr. Yun Hwangbo, Korea 
Institute of Machinery & Materials 
(KIMM)- Republic of Korea 

16 
Experimental study of the electrical properties of multilayer graphene-
fullerene C60-multilayer graphene junctions 
E. Benítez and D. Mendoza. 

Mr. Erick Benitez, National 
Autonomous University of Mexico 
- Mexico. 

17 
Spin transport in fully hexagonal boron nitride encapsulated graphene 
M. Gurram, S. Omar, S. Zihlmann, P. Makk, C. Schӧnenberger and 
B.J. van Wees 

Mr. Mallikarjuna Gurram, 
University of Groningen- The 
Netherlands 

18 
Ultra-Broadband Strong Absorption Enhancement in Graphene with 
Plasmonic Light Trapping 
F. Xiong and J. Zhang 

Mr. Xiong Feng, National 
University of Defense 
Technology- China 

19 

Novel Aerosol Synthesis of Pt Nanoparticles-Laden Graphene via 
Microwave Plasma Spray Pyrolysis and Their Enhanced Methanol 
Oxidation Reaction 
H. Chang, E.H. Jo, S.K. Kim and H.D. Jang 

Dr. Hankwon Chang, Korea 
Institute of Geoscience & Mineral 
Resources- Republic of Korea 

20 
Diverse anisotropy of phonon transport in two-dimensional group IV-
VI compounds: A comparative study 
G. Qin and M. Hu 

Mr. Guangzhao Qin, RWTH 
Aachen University- Germany 

21 
Effect of modified Graphene and Montmorillonites and their mixtures 
on the properties of biodegradable PLA/PCL blend 
A. Habi, B.S.Bouakaz, Y. Grohens and I. Pillin 

Dr. Abderrahmane Habi, A. Mira 
de Béjaia University - Algeria. 
 

22 
Magneto-optical characterization of super-lattices in graphene 
T. Wolf, I. P. Levkivskyi, O. Zilberberg and G. Blatter 

Mr. Tobias Wolf, ETH Zurich- 
Switzerland 

23 
Conference topic: applications of graphene in biomedical area 
Graphene Oxide Based Sensing of Small Molecules 
O.A. Aftenieva, Yu.V. Stebunov and A.V. Arsenin 

Ms. Olha Aftenieva, Moscow 
Institute of Physics and 
Technology- Russian Federation 

24 
Development of Graphene-based Barriers for Solar Cells 
G. Rossi, M.Sarno, C.Cirillo and L. Incarnato 

Dr. Gabriella Rossi, University of 
Salerno - Italy 
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Club nanoMetrology : a French Initiative to improve the Re-
liability of Measurements at the Nanoscale. A review after 4 

years 
 

G. Favre1,  K. Aguir2, D. Bernard3, O. Bezencenet4, J. Carimalo5, N. Feltin1, B. Gautier6, A. Levenson7, 

T. Macé8, P. Maillot9, J.-M. Moschetta8 

 
1 LNE, 29 avenue Roger Hennequin, 78197 Trappes / France, 2Aix-Marseille Université – IM2NP, St. 

Jérôme, 13397 Marseille / France, 3 CEA, 17 rue des Martyrs  38000 Grenoble / France, 4 Thales 

Research & Technology, 1 avenue Augustin Fresnel, 91767 Palaiseau / France, 5 CNRS – Institut de 

Physique, 3, rue Michel Ange, 75794 PARIS / France, 6 INL/INSA Lyon, 7 avenue Capelle, 69621 

Villeurbanne / France, 7 NanoSciences France (C’Nano), CNRS/LPN, Route de Nozay 91460 Mar-

coussis / France, 8 LNE, 1 rue Gaston Boissier, 75724 Paris / France, 9 STMicroelectronics, ZI de 

Rousset Avenue Coq, 13106 Rousset / France 
 

 

Abstract: 

Nanotechnologies offer ever-increasing number 

of applications in all sectors of industry. Howev-

er most of the measurement capabilities dedicat-

ed to nanomaterials properties are still in their 

infancy, while industrial processes involve quali-

ty insurance management which relies on demon-

strated reliable tools. Therefore the lack of suita-

ble metrology slows down the technological inte-

gration of certain nano-objects or nanostructures. 

In parallel, the development of nanomaterials 

raises the question of their regulation and possi-

ble risks for health, safety and environment, 

while all reports published by government agen-

cies and standardization bodies point out the lack 

of tools, reference materials and methodologies 

that would establish the metrological traceability 

of measurements and thus allow the comparabil-

ity of data. 

Support to industry in nanotechnologies and 

analysis of risk / benefit ratio of nanomaterials 

demand therefore the development of a new me-

trology: the nanometrology. In order to bring 

some answers to this wide and complex area, 

LNE (the French National Metrology Instiute) 

and CNRS created in 2011 the Club nanoMe-

trology (CnM) with the support of French Minis-

try of Industry.  

At present, more than 340 members have joined 

the CnM, one third coming from SMEs, start-

ups and large industrial groups (producers, com-

panies in processing and integration, instrument 

manufacturers …). 

 

 
 

Figure 1: Figure showing the periodic structure 

provided by the CNRS/LPN & LNE to be used 

in the frame of the interlaboratory comparison 

organized by the CnM in 2014. Main highlights 

of the CnM actions (in particular the first inter-

comparison on nanomaterial characterization at 

the French national scale) and present outlook 

will be presented.   

 

Keywords: network, nanometrology, metrologi-

cal traceability, reliability, inter-comparison, 

standards, working groups, dissemination. 
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European standardization in nanotechnologies and relation 
with International work. How standardization can help indus-

try and regulators in developing safe products? 
 

P. Conner,1 

 
1 AFNOR Standardization, Management and Consumer Services Department, La Plaine Saint-Denis, 

FRANCE  
 

 

Abstract: 

Nanotechnologies have enormous potential to 

contribute to human flourishing in responsible 

and sustainable ways. They are rapidly develop-

ing field of science, technology and innovation. 

As enabling technologies, their full scope of ap-

plications is potentially very wide. Major impli-

cations are expected in many areas, e.g. 

healthcare, information and communication tech-

nologies, energy production and storage, materi-

als science/chemical engineering, manufacturing, 

environmental protection, consumer products, 

etc. However, nanotechnologies are unlikely to 

realize their full potential unless their associated 

societal and ethical issues are adequately attend-

ed. Namely nanotechnologies and nanoparticles 

may expose humans and the environment to new 

health risks, possibly involving quite different 

mechanisms of interference with the physiology 

of human and environmental species. 

One of the building blocks of the “safe, integrat-

ed and responsible” approach is standardization. 

Both the Economic and Social Committee and 

the European Parliament have highlighted the 

importance to be attached to standardization as a 

means to accompany the introduction on the 

market of nanotechnologies and nanomaterials, 

and a means to facilitate the implementation of 

regulation. ISO and CEN have respectively 

started in 2005 and 2006 to deal with selected 

topics related to this emerging and enabling tech-

nology.  

In the beginning of 2010, EC DG "Enterprise 

and Industry" addressed the mandate M/461 to 

CEN, CENELEC and ETSI for standardization 

activities regarding nanotechnologies and nano-

materials. Thus CEN/TC 352 "Nanotechnolo-

gies" has been asked to take the leadership for 

the coordination in the execution of M/461 

(46 topics to be standardized) and to contact rel-

evant European and International Technical 

committees and interested stakeholders as appro-

priate (56 structures have been identified). Prior 

requests from M/461 deal with characterization 

and exposure of nanomaterials and any matters 

related to Health, Safety and Environment. An-

swers will be given to: What are the structures 

and how they work? Where are we right now and 

how work is going from now onwards? How 

CEN’s work and targets deal with and interact 

with global matters in this field? 

Keywords:nanotechnologies, responsible and 

sustainable ways, enabling technologies, 

healthcare, information, communication technol-

ogies, energy production, storage, materials sci-

ence, chemical engineering, manufacturing, envi-

ronmental protection, consumer products, nano-

particles, health risks, nanomaterials, regulation, 

ISO, CEN/TC 352 "Nanotechnologies", charac-

terization, exposure, health, safety. 
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Mathematical modelling in nanotechnology 
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Email: jim.hill@unisa.edu.au 
 
 

Abstract 

In this talk we present an overview of the 

mathematical modelling contributions of 

the Nanomechanics Groups at the 
Universities of South Australia, Adelaide 

and Wollongong. We assume that 

individual atomic interactions follow the 
Lennard-Jones potential, and that 

molecular interactions can be approximated 

by replacement of their actual atomic 

structure with either a continuous 
distribution of atoms having a constant 

atomic surface density, or with a 

continuous distribution of atoms 
throughout the volume with constant 

volume atomic density. Fullerenes and 

carbon nanotubes are well known to have 
many unique properties, such as low 

weight, high strength, flexibility, high 

thermal conductivity and chemical 

stability, and they have many potential 
applications in novel nano-devices. One 

concept that illustrates our progress in 

nanomechanics, and has attracted much 
attention, is the creation of nano-

oscillators, to produce frequencies in the 

gigahertz range, for applications such as 
ultra-fast optical filters and nano-antennae. 

The sliding of an inner shell inside an outer 

shell of a multi-walled carbon nanotube 

can generate oscillatory frequencies up to 
several gigahertz, and the shorter the inner 

tube the higher the frequency. A C60-

nanotube oscillator generates high 
frequencies by oscillating a C60 fullerene 

inside a single-walled carbon nanotube. As 

a means of illustrating nanomechanical 

modelling we discuss the underlying 
mechanisms of nano-oscillators using the 

Lennard-Jones potential together with the 

continuous approach. This modelling 
approach applies to many problems, and 

three illustrative examples of recent work 

in hydrogen storage, nanocomputing and 
nanomedicine are briefly discussed. At the 

nano scale the geometric notions of well 

defined space and packing may have a 

greater importance, and some results on the 

structure of nanotubes, including carbon, 

boron nitride, boron and silicon, and on 

related nanostructures arising from 
geometric considerations only are also 

presented. 
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Water collection/Repellency of Bioinspired Micro/Nano-structured 

Surfaces 

 
Y. Zheng 

Beihang University, School of Chemistry and Environment, Beijing, China  

 
 

Abstract: 

Inspired by the roles of micro- and nanostruc-

tures in the water collecting ability of spider silk, 

a series of functional fibers are designed by using 

nanotechnology-related methods. The “spindle-

knot/joint” structures demonstrate the coopera-

tion of multiple gradients in driving tiny water 

drops to collect water at micro- and nano-level. 

The geometrical-engineered thin fibers display a 

much higher water capturing ability than normal 

fibers in fog flows; the bead-on-string hetero-

structured micro-fibers are capable of intelligent-

ly responding to environmental changes in hu-

midity; the tiny water droplets can be controlled 

the transport in directions by designing the tem-

perature, photo, rough-responded surfaces on 

fibers; the continuous size spindle-knots fiber 

can realize the droplet transport in a long dis-

tance for water collection in efficiency (Figure 

1). By integrative gradient features of surfaces 

between spider silk and beetle back, a kind of 

wettable star-shape pattern surface also realizes 

the effect of water repellency rather than others. 

Otherwise, learning from butterfly wing and 

plant leaf display water repellency and low-

temperature superhydrophobicity, bioinspired 

surfaces with optimal micro- and nanostructures 

display distinctly anti-icing, ice-phobic and de-

ice abilities. It is also demonstrated further that 

the oriented or asymmetric features on geome-

tries at micro- and nano-level can generate the 

driving of droplets that is resulted from the sur-

face energy gradient,. Especially, the superhy-

drophilic oriented-nanohaired surface exhibits 

the directional transport of drop as the surface is 

at high temperature. These studies are greatly 

significant to help to design the novel functional 

engineering wettability-controlled surfaces 

 

Keywords: bioinspired, micro-/nanostructure, 

gradient, wettability application.. 

 

 

 

 

 

 
Figure 1:.Figure 1 illustrates the bioinspired 

wettability surfaces with micro- and nanostruc-

tures to control the water collection and repel-

lency. 
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Ultrasonic Spray Coating as a versatile technique for the large ar-

ea deposition of functional nanoparticles 

 

J. Stryckers,1,2 W. Deferme,1,3, * 
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Abstract: 

Solution deposition techniques allow the deposi-

tion of thin films at atmospheric pressure and 

ambient temperatures. A direct advantage of this 

is the absence of high temperatures and near 

vacuum pressures that allow the use 

of flexible substrates such as PET, textile or pa-

per. 

 

Spin coating is the laboratory standard when 

producing thin films of typically ~100 nm. De-

spite its ease-of-use, the spin coating process 

does not comply well with large-area production. 

Nor is the process compatible with high through-

put roll-to-roll production and it does not allow 

patterning. Furthermore, spin coating is a waste-

ful process. 

 

Ultrasonic spray coating on the other hand has 

virtually no limitation in substrate size and a low 

utilization of material. It is possible to apply a 

variety of particle mixtures to a wide range of 

substrates and it allows to engineer the thin film 

depositions by manipulating the tun able spray 

coating parameters. 

 

The focus of our research was directed to deposit 

eco-friendly, water-based nanoparticle inks into 

layers with desired thickness and morpho ogy, by 

optimising the ultrasonic spray coating parame-

ters and the deposition temperature. It is shown 

in this work that nanoparticles with different di-

ameters can be deposited in thin films. Gold and 

magnitate nanoparticles (<30nm) for magneto-

optical, P3HT-PCBM nanoparticles (~100nm) 

for organic photovoltaic and molecular imprinted 

polymer particles (~1µm) for bi sensing applica-

tions are the subject of the study. Due to the nar-

row distribution of the droplet size and the deag-

glomeration of the particles during ultrasonic 

spray coating, it is demonstrated that eco-

friendly, water-based nanoparticle inks can be 

deposited into layers with desired thickness and 

morphology. 

 

 
Figure 1: (a) Ultrasonic atomization principle at the 

atomizing surface (b) Cross-section of an ultrasonic 

spray nozzle and deagglomeration of nanoparticles 

 

 
 

Figure 2: Optimized 10µm thick polystyrene nano-

particle layer 

 

Keywords: ultrasonic spray coating, eco-

friendly nanoparticle inks, magneto-optics, or-

ganic photovoltaics, biosensor applications 
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Rational Synthesis of Chirality-Pure Single Walled Carbon 
Nanotube 

 

K.Yu. Amsharov* 

University of Erlangen-Nürnberg, Institute of Organic Chemistry, Erlangen,German 
 

Abstract: 

Over the last decade, Single-Walled Carbon 

Nanotubes (SWCNTs) have attracted tremen-

dous attention from almost all areas of science 

because of their extraordinary chemical and 

physical properties. The diversity in electronic 

properties of SWCNTs which vary from semi-

conducting to metallic strongly depends on the 

atomic structure or chirality which is uniquely 

determined the tube connectivity by the pair of 

chiral index (n,m). The ability to tune the band 

gap over a rather wide range together with extra 

high chemical, mechanical and thermo- stability 

makes SWCNTs very promising candidates for 

many potential applications. However, the wide-

spread use of SWCNTs has remained elusive due 

to a lack of efficient production techniques of 

chirality-pure samples. Although significant ef-

forts have been made in selective SWCNT syn-

theses, no efficient pathway to truly single-

chirality SWCNTs was found. Previously we 

have shown that specially designed polycyclic 

aromatic hydrocarbons (PAHs) can be quantita-

tively converted to the “preprogrammed” carbon 

nanostructure, such as buckybowls and fuller-

enes by surface assisted cyclodehydrogenation 

(SACDH),[1] and have further demonstrated that 

the approach can be extended to the fabrication 

of CNT end-caps and even ultra-short singly-

capped nanotubes bearing several CNT seg-

ments.[2] The tubes obtained by this route are 

already bonded to the metal and can be used di-

rectly for the SWCNT fabrication on the same 

metal surface. Finally we have demonstrated that 

CNT seeds are ac-tive in tube growth initiation 

and can be indeed grown to isomerically pure 

SWCNTs exclusively by epitaxial elongation 

under Chemical Vapor Deposition (CVD) condi-

tion (Figure 1).[3] Our finding shows that the 

uncontrolled CNT nucleation can be avoided and 

an isomerically pure and defect free SWCNTs 

can be effectively fabricated in bulk.[3] Based on 

this dis-covery a one-pot synthesis strategy ap-

pears to be very attractive for the preparative 

synthesis of chirality pure SWCNTs. Since vir-

tually all types of SWCNTs can be grown on 

metal catalyst surfaces by common CVD ap-

proaches, it seems to be highly realistic to extend 

the pre-sented strategy for synthesis of SWCNTs 

with various possible chiralities.[4] 

 

 
Figure 1: The general scheme for the chirality 

controlled SWCNT synthesis on the example of 

(6,6) SWCNT fabrication, showing four main 

steps: precursor synthesis, precursor deposition 

on the metal surface, surface assisted cyclode-

hydrogenation (SACDH) to the ultra-short 

SWCNT and the final growth to the isomerically 

pure nanotube. 

 

Keywords: Single walled carbon nanotube, ra-

tional synthesis, isomer-pure SWCNTs, chirali-

ty-controlled synthesis. 
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New frontiers and technologies for advanced materials 
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Abstract: 

The project is concerned with the development of 

a new class of molecules used as activating 

agents for “cross-linking” (ACL) and their appli-

cation for the preparation of innovative materi-

als. Crossing, an Academic Spin off and innova-

tive Start Up, is developing the know-how for the 

industrial production and use of new families of 

organic compounds such as ACLs. 

The great potential of this class of molecules is 

embedded in their multiple applications. Today 

poor availability and high costs of cross-linking 

agents, drastically limits the use of similar com-

pounds, except for pharmaceutical and biomedi-

cal engineering applications [1,2]. 

These activators are able to link together differ-

ent molecules with a “lock and key” mechanism 

shown in Figure 1 in which the hands exemplify 

the function of the activators. 

 

 
 

Figure 1. ACLx “lock and key” mechanism. 

 

Another interesting characteristic, bound to the 

particular nature of the ACLs, relates to the 

modularity of the structure of these compounds. 

Indeed, the structure of the ACLs is such that it 

can be easily modified, providing the end user 

with a wide range of homologue compounds, 

which can vary in activity, performance, speed of 

action etc. ACLs may thus be specifically formu-

lated and optimized as a function of the specific 

use.  

The range of ACLs that Crossing intends to de-

velop industrially are not currently available on 

the world market. 

The main activities to be developed are: 

1) Development of the synthesis procedure for 

the industrial production of the first activator 

head of the family (ACL11), with top-down ap-

proach and implementation of a pilot plant (pa-

tent pending regarding the industrial production 

of ACLx). 

2) Outsourcing for the production of ACL11. 

3) Development of further homologous activators 

(ACLx), related to ACL11, with top-down ap-

proach and implementation of a pilot plant. 

4) Diversification of the sectors of employment 

of ACLx industrialized (patent pending regarding 

the industrial application of ACLx as leather 

tanning agents alternative to chrome salts). 

5) Industrialization and commissioning of pro-

duction plants for ACLx. 

6) Development of a network of technical and 

industrial relations for the acceleration of the 

processes above. 

 

Keywords: cross-linking, advanced materials, 

collagen, leather, packaging, antimicrobial, tex-

tile 
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Abstract: 

Various weak interactions can be used to im-

prove the complex formation between DNA and 

lipids. Using two different examples, we propose 

using the hydrophobic effect, confinement, en-

tropy, interfacial interactions and specific inter-

actions as tools for building new supramolecular 

assemblies that could be used as a versatile car-

riers of both hydrophobic and hydrophilic thera-

peutic molecules.  

First approach: surfactant lamellar phases are 

particularly attractive for preparing layered 

composite structures because colloidal particles 

can be intercalated within or between surfactant 

bilayers. The effect of soft confinement on DNA 

ordering was investigated by varying the water 

content of a neutral lipid lamellar host. A rich 

polymorphism was found, ranging from weakly 

correlated DNA-DNA in-plane organizations to 

highly ordered structures. Structural transitions 

were observed. The bilayer structural changes 

are discussed in analogy with the so-called 

“brush-to-mushroom” transition induced by lat-

eral confinement, relevant for long linear poly-

mers grafted onto rigid surfaces, taking also into 

account the role of vertical confinement. We 

suggest that the alteration of membrane steric 

interactions, together with the appearance of in-

terfacial interactions between bilayers and DNA 

molecules may be a relevant mechanism for the 

emergence of highly ordered structures in the 

concentrated regime of the nanocomposite.  

Second approach: hybrid constructions based on 

nucleosides and lipophilic components, known as 

nucleolipids, have become an extremely interest-

ing class of molecules, especially for their poten-

tial biomedical applications. In this context, it 

seemed important to define the nature and esti-

mate the strength of their interaction with poly-

nucleotides. In a large number of systems, we 

demonstrate the preferential formation by hydro-

gen bonding of complexes where complementary 

adenine and thymine moieties associate. Two 

different mechanisms for the formation of the 

complexes are proposed. 

 

Keywords: soft matter, self-organisation, lamel-

lar phase, nucleolipids, soft confinement, SAXS, 

vectorization, gene therapy. 
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Repeat proteins as template to organize photoactive molecules 
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Abstract: The development of application-

oriented innovative materials requires methods 
for control of structures along different size 

scales. Bottom-up self-assembly that relies on 

highly specific biomolecular interactions of small 

defined components, is an attractive approach for 
biomaterial design and nanostructure templating. 

In this work, we used modular designed consen-

sus tetratricopeptide repeat proteins (CTPRs) for 
the generation of functional nanostructures and 

nanostructured materials. CTPR arrays contain 

multiple identical repeats that interact through a 
single inter-repeat interface to form elongated 

superhelical structures. We have characterized the 

self-assembly properties of long consensus repeat 

protein arrays in self-standing films to use them 
as templates for the creation of functional materi-

als. We show the use of the proteins and generat-

ed structures as a template to organize photoac-
tive organic molecules.We propose to use CTPR 

proteins in order to template donor-acceptor pairs 

for electro-active materials. In order to achieve an 
efficient electron transfer the arrays of molecules 

need to be ordered at defined distances. We show 

the data in which we explore the potential of 

CTPR protein scaffolds for nanometer-precise 
arrangement of the molecules. We are able to 

form photo-active films using the conjugates 

where we obtain photo-induced current transport.   

Keywords: protein design, protein assembly, bio-

conjugates, phto-active molecules, bio-hybrid 

materials,. 

Figure 1. A) Generation of designed repeat proteins 
using modify modules, in different colors in the lef,  

to form different repeat proteins depending on the 

application, in th right.B) In the left,  protein film 
generation by the control in the protein self-

assembly. In the right,  controlled functionalization 

of the proteins to use as a template to organize pho-
toactive molecules. C) Combining control in the as-

sembly and in the functionalization, generation of 

conductive nano-structured film where the photoac-

tive molecules are organized in solid state.   
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Chemical Reactions Directed Evolution of Complex Peptide 

Nanostructures 
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Abstract: 

Self-assembly plays a vital role in constructing 

complex functional materials for the applications in 

biosensing, drug delivery and wound healing 
treatment. Peptide self-assembly leading to 

supramolecular hydrogels have been reported in 

response to external stimuli including sonication,1 
pH, ionic strength, temperature, light, chemical fuel2 

and enzyme-catalyzed reactions.3 Dynamic covalent 

chemistry exploits the reversibility of chemical 

reactions for the generation of library molecules 
under thermodynamic control. 

We have developed oxo-ester and selenoester 

mediated native chemical ligation reactions of small 
peptides with N-terminus aromatic protecting group 

i.e. Naphthalene-2-methoxycarbonyl (Nmoc)4 that 

self-assemble to form self-supporting hydrogel and 
ultimately leads to a nanostructured predominating 

product. The peptide self-assembly is based on the 

formation of hydrogen bonding as well as ᴫ-ᴫ 

stacking interaction of highly conjugated aromatic 
moieties. In this procedure, the redox active NCL 

peptides lead to the formation of a N-capped single 

predominating product. Self-assembly via hydrogen 
bonding, oxidation and reduction of disulfide bonds 

and ᴫ-stacking interactions of Nmoc peptides is the 

driving force for the formation of single 
predominating product. Formation of nanofibers5,6 in 

self-supporting hydrogel was observed in time 

dependent manner by scanning electron microscopy. 

Product conversion was observed by HPLC and 
further properties were studied by fluorescence, time 

correlated single photon counting and rheology. 
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Metal nanoparticles for optical limiting prepared via citrate 
reduction 
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Abstract: 

Metal nanoparticles as well as several organic 

and inorganic materials, dyes or macrocyclic 

rings with conjugated π-system act optically non-

linear [1]. They can be used to attenuate intense 

laser beams while showing high transmittance at 

low intensity levels. By utilizing them in so 

called optical limiting devices they can prevent 

sensors or the human eye from laser induced 

damage [2]. In this study we examined the influ-

ence of different reduction methods regarding the 

optical limiting properties of thus produced na-

noparticles. Reduction with sodium citrate was 

compared to sodium borohydride.  

In case of citrate reduction a seed-mediated 

growth approach was used. In the growth step 

the impact of different factors like pH was ana-

lysed.  

The citrate seeds tend to have a wormlike struc-

ture. Addition of citrate acid to the growth solu-

tion leads to smaller nanoparticles. Sodium hy-

droxide addition induces cubic nanoparticles.  

The silver citrate seeds hold better optical limit-

ing ability than the sodium borohydride silver 

nanoparticles stabilized with PVP (see Figure 1).  

Keywords: Optical limiting, nanoparticle syn-

thesis, sodium citrate, sodium borohydride 

 

 

 

 

 

 

 

Figure 1: Measurement of the optical limiting 

behavior of silver nanoparticles at 532 nm. The 

nonlinear threshold is located around input ener-

gies of 1 µJ. The silver nanoparticles stabilized 

with citrate showed better optical limiting prop-

erties than the PVP-stabilized silver nanoparti-

cles. 
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Shape and Pore Size Controlled Scalable Synthesis of Functional 

Oxide Nanostructures through Exothermic Chemical Reactions 
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Abstract: 

Mesoporous metal oxides with uniform shape 

and porosity are of considerable interest. Their 

economical production at a large scale in an effi-

cient manner, however, still remains a challeng-

ing task for commercialization. We report for the 

first time a scalable, economic, energy and time 

efficient method for the synthesis of crystalline 

mesoporous oxide catalysts (Cr2O3, CeO2) with 

tailored shape and porosity, by utilizing exo-

thermic chemical reactions (Figure 1). In con-

trast to wet methods, such as hydrothermal syn-

thesis (e.g. soft or hard templates method) which 

takes hours to proceed in a constant temperature 

and constant volume reactor, exothermic reac-

tions has rapid thermal and mass transfer pro-

cesses. The high temperature required for crystal 

nucleation is achieved by the self-generated heat. 

Rapid cooling (typically few seconds) does not 

provide sufficient time for extended crystal 

growth, leading to nanoscale crystals. By care-

fully controlling the synthesis conditions metal 

oxides with uniform shape, uniform porosity, 

high specific surface area, high pore volume and 

high crystalliny can be fabricated. As-prepared 

mesoporous CeO2 possesses uniform 22 nm 

pores, 0.6 ml/g pore volume, which is the highest 

pore volume for CeO2 reported. The porosity 

estimated from pore volume of 0.6 ml/g and 

CeO2 density (7.28 g/ml) is 81%, which is higher 

than the theoretical limit (74%) of closed packed 

spherical cavities.  The additional porosity above 

the closed packed spheres limit may come from 

micropores between the CeO2 nanocrystals since 

the measured micropore volume is 0.075 ml/g, 

which is equivalent to 12.5% porosity. The esti-

mated porosity of 81% approaches the value 

(>90%) of common aerogels which are open 

frameworks formed by networked nanoparti-

cles.We used combination of different character-

ization techniques to understand the mechanistic 

details of the process.  

The obtained mesoporous CeO2 catalyst exhibit-

ed excellent catalytic activity for soot and carbon 

monoxide oxidation. In principle this method can 

be applied to synthesize different high porosity 

crystalline metal oxides (binary, ternary). Large 

scale production of CeO2 has been demonstrated 

by 0.5 kg ceria-3 catalyst produced within five 

hours.  

Keywords: exothermic reactions, nanoporous 

oxides, ceria, heat transfer, catalytic applica-

tions, oxidation,  

 

Figure 1: SEM images of Cr2O3 octahedra (A, 

B), TEM images of CeO2 catalyst (C, D) and 

BJH pore size distribution plots of CeO2 cata-

lysts prepared through exothermic chemical re-

actions.  
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Abstract: 

Ultrasonic spray coating is presented as a stable 

and linear mass production compatible method to 

deposit gold and iron oxide nanoparticles to-

wards magneto-optic applications. In a first step, 

gold nanoparticles, having a diameter around 

10nm, were deposited from a water-based ink 

using the ultrasonic spray coating technique. 

Layer formation, covering rate (see figure 1) and 

absorbance are compared with state-of-the-art 

layer-by-layer deposition.  

 

 

 

Figure 1: Covering rate of Au nanoparticles de-

posited by ultrasonic spray coating showing a 

growing covering rate as the amount of layers is 

augmented.  

 

In a next step, superparamagnetic iron oxide na-

noparticles, having also a diameter of 10nm, syn-

thesized using a modified forced hydrolysis 

method were functionalized with six different 

molecules, precipitated and dried. Dispersed in a 

single solvent ink, dependent on their functionali-

zation, they were ultrasonically spray coated in 

ambient conditions. These layers were deposited 

as a single layer or as part of a hybrid gold-

magnetite nanocomposite stack. Optical and 

magneto-optical properties of single and hybrid 

layers with increasing thickness were studied and 

their properties are compared with identical lay-

ers deposited using layer-by-layer deposition, as 

seen in figure 2. 

 
 

Figure 2: (left) UV-VIS spectra of respectively 1, 

3, 5, 7 layers of Magnetite deposited on top of 5 

layers of gold. (right) Faraday rotation of the lay-

ers, 0 corresponds with only 5 layers of gold na-

noparticles 

 

It is shown in this work that, in comparison with 

the layer-by-layer deposition, coverage of the 

substrates can be tuned extremely precise by the 

ultrasonic spray coating technique, which opens 

new and innovative applications with improved 

properties for these magnetic-plasmonic nano-

composites. 

 

Keywords: ultrasonic spray coating, magnetic-

plasmonic nanocomposites, Faraday rotation 
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The Development and Application of Vacuum-interconnected 

Technology for Nano-fabrications   
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Abstract: 
 

From microelectronics to nano-electronics, the 

surface and interface properties of materials and 

devices are more and more important, comparing 

to the bulk properties. Manufacturing under ul-

tra-clean rooms eventually could not prevent 

contaminations from O2, C, and H2O-vapor, dur-

ing wafer transferring through air, which are 

very critical to improving the nano-devices per-

formance and reliability. For example, the two 

major challenges of GaN-based HEMT power 

devices are off-current leaking and dynamic-

current collapse, and the root causes are believe 

to be related to the interfacial defects or impuri-

ties. The best solution of eliminating these unfa-

vorable issues is to process the wafers in a well-

controlled environment, without exposure wafers 

to air during the whole process flow. At present, 

a vacuum-interconnected R&D facility is being 

built at Suzhou Institute of Nano-tech and Nano-

bionics, CAS, which links more than 30 pro-

cessing and characterization tools through UHV 

tubes with a diameter of 150 millimeters and to-

tal length of 100 meters. Therefore, it is possible 

to integrate critical processes together under a 

vacuum environment, and avoid any uncontrolla-

ble contaminations on wafer surfaces during wa-

fer transfer between processing steps. This newly 

developed technology will not only largely reduce 

the process steps but also greatly enhance the 

device performance. In additional, there are also 

in-line characterization and analytical tools con-

nected to the system, which are very necessary 

and useful to study the material intrinsic proper-

ties and processing mechanisms. This talk will 

focus on the advantages of vacuum-

interconnected technology and its applications on 

researches, developing and fabrications of ad-

vanced III-V semiconductor nano-devices.    

 

Keywords: Nano-electronics, Nano-devices, 

vacuum-interconnected-system, in-line pro-

cessing and characterization, III-V semiconduc-

tors 

 

 
 

Figure 1: The effect drawing of the vacuum-

interconnected R&D facility, which is under 

construction in Suzhou, China. There are three 

major functional platforms-material growth, 

characterization, and device processing-linked 

together through 100m UHV tubes for wafer 

transfer.     

 

 
 

Figure 2: Picture of a corner of the vacuum-

interconnected facility. Wafers could be trans-

ferred quickly by using automatically controlled 

cars in UHV tubes (pressure < 5x10-8 Pa) be-

tween processing tools, avoiding any uncontrol-

lable contaminations in air.  
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Abstract: 

During nuclear accidents, several radioactive ef-

fluents are released in the environment. Therefore, 

effluents of  low and medium activity are dissemi-

nated in the sea or the atmosphere, including 

amounts of cesium. 

The major challenge of the radioactive decontami-

nation is to achieve this process by generating a 

minimum quantity of waste and secondary efflu-

ents. The solid-liquid extraction can be an inter-

esting option [1]. 

In this work, we used carbon nanostructures in-

cluding carbon nanotube for the decontamination 

of effluents containing cesium. We operated sur-

face modifications of these structures by function-

alizing them with hexaferrocyanate nanoparticles.  

This functionalization is done in two steps. First-

ly, an amine function is grafted onto the nanotube 

surface, and secondly hexaferrocyanure is grown 

from the supported amines.  

Using different techniques of characterization, 

involving Raman spectroscopy, X-ray photoemis-

sion spectroscopy and thermogravimetric analysis, 

we discuss hexaferrocyanate grafting on the sur-

face of carbon supports [2-4]. We are now work-

ing on the quantification of cesium extraction by 

these hybrid systems, and we compare their effi-

ciency with regards to ungrafted nanotubes (see 

Figure 1) .  

 

Keywords: carbon nanostructure, single wall 

carbon nanotube, cesium, sorption, Raman spec-

troscopy, X- Ray Photoemission spectroscopy 

 

 
Figure 1: Figure illustrating Raman spectroscopy 

analyzes of  longitudinal modes for raw nano-

tubes and nanotubes exposed to cesium. 
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Abstract: 

Nanoparticles of different materials are already 

used in many applications. In some applications 

these nanoparticles need to be deposited on a 

substrate in a fast and reproducible way. We 

have developed a new direct liquid injection sys-

tem for nanoparticle deposition by chemical 

vapor deposition using a liquid nanoparticle pre-

cursor. The system is designed to deposit nano-

particles in a controlled and reproducible way by 

using two direct liquid injectors to deliver nano-

particles to the system. To allow injection and 

evaporation of the liquid, a direct liquid injection 

and vaporization system is mounted on top of the 

process chamber. The nanoparticle solution is 

first evaporated after which the nanoparticles 

flow onto a substrate inside the vacuum cham-

ber. The deposition of the nanoparticles is con-

trolled by parameters such as deposition temper-

ature, partial pressure of the gases and flow rate 

of the nanoparticle suspension. The concentra-

tion of the deposited nanoparticles can be varied 

simply by changing the flow rate and deposition 

time.  

A big advantage of this technique is the wide 

range of films that can be produced by varying 

the precursors and nanoparticles used. Perhaps 

more important is the general applicability; 

chemical vapor deposition is already widely used 

in the glazing and microelectronics industries, 

hence this approach could be easily integrated 

into the design of useful products and devices. 

 

Keywords: nanoparticle vapor deposition, direct 

liquid injection chemical vapor deposition, nano-

particle precursors 

 
Figure 1: Illustration of the new direct liquid 

injection system for nanoparticle deposition by 

chemical vapor deposition using a liquid nano-

particle precursor.  
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Abstract: 

Cold Gas Spray (CGS) deposition of ceramic 

nano-particles represents nowadays a very inno-

vative trend. In this work, titanium dioxide TiO2 

nanoparticles were mixed with a ductile material 

in order to obtain a tailor-made nanocomposite 

feedstock, using different mixing techniques. 

Mechanical union of TiO2 nanoparticles around 

polymeric microparticles was investigated, as 

well as their influence on structure and morphol-

ogy. The best mixtures were selected in order to 

be sprayed by CGS. Adequate spraying deposi-

tion parameters were chosen in order to develop 

well-bonded coatings onto various substrates and 

enhance the desired properties of the products. 

Feedstocks and coatings were characterized by 

Optical Microscopy (OM) and Scanning Elec-

tron Microscopy (SEM). 

 

Multifunctional properties given by titanium di-

oxide nanoparticles, such as air purification, 

NOx abatement, self-cleaning and photocatalysis 

were measured. 

Furthermore, manufactured coatings were com-

pared with a commercial photocatalytic paint, 

giving improved results such as higher NOx deg-

radation. 

 

Keywords: Titanium dioxide, ceramic polymeric 

nanocomposite, Cold Gas Spray, multifunctional 

coatings, photocatalysis. 
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Abstract: 

Nano particles with special properties such as 

copper nano particles have been widely sur-

veyed in diverse scientific fields. The properties 
of nano particles are very widespread, for ex-

ample, can be easily altered by varying their 

size, shape, and chemical environment. Also 
individuals' interests have increased in develop-

ing nanoparticles on fabrics to their potential in 

various applications such as medical clothes, 
wound dressings, healthcare (including disposa-

ble) appliances, protective garments, veterinary, 

and military among others. Recently there has 

been increased attention paid to the in situ syn-
thesis of nano particles in textile fabrics. One of 

the methods for nano particles synthesis is 

spark-discharge method (SDM) in liquid that is 
a useful way for synthesis of nano particles. Un-

like conventional methods for metal nano parti-

cles synthesis, SDM method does not require 

application of chemical surfactants and stabi-
lizers. SDM is an attractive method to manufac-

ture fine powder at low temperature and offers a 

simple, non toxic, and low-cost alternative to 
conventional techniques.  

In this research, the SDM method was used for 

in situ synthesis of copper nano particles on cot-
ton fabrics for producing antibacterial textile.  

The schematic of system is shown in Figure 1. 

A variety of analytical techniques were applied 

for the characterization of both Cu Nano parti-
cles and synthesized Cu NPs on cotton fabrics. 

The structural characterization of the particles 

was carried out by the X-ray powder diffraction 
(XRD) method. Also the morphological proper-

ties of treated cotton samples were investigated 

using Scanning electron microscope. Particle 
size and size distribution were measured by dy-

namic light scattering (DLS) apparatus. The re-

sults show that, concentration of 100 ppm is 

enough for killing 107 CFU/ml of bacteria. It is 
indicated that the synthesised Cu- NPs are very 

strong against S-Aureus. Also the durability of 

antibacterial efficiency after 15 times of wash-

ing was tested. The results confirm that, the an-

tibacterial fastness properties are significant and 

no colonies spread over agar plate after 15 cy-
cles of washing. 

It was concluded that, SDM for in situ synthe-

size of nano Cu on cotton fabrics in batch sys-
tems is very promising method. 

Keywords: Antibacterial Textile, Spark Dis-

charge Method, Cotton, Copper nano particles 

 

Figure 1: The schematic of Spark Discharge 
Method for insitu synthesize of copper nano 

particles on cotton fabrics 
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Abstract: An intense effort has been made re-

cently in scientific community for the use of cost-

efficient substrates in several applications such 

as low-cost platform for medical paper diagnos-

tics, analysis and/or quality control devices 

(Araújo et al.; 2014). 

Zinc Oxide (ZnO) is an n-type semiconductor 

with a wide and direct band gap of about 3.37 

eV and a large free exciton binding energy of 60 

meV at room temperature which allows it to act 

as an efficient semiconductor material. The phys-

ical and chemical properties of ZnO nanomateri-

als vary as a function of size, shape, morphology 

and crystalline structures. Many efforts have 

been devoted to the development of the shape and 

size of nanostructures. Different techniques, pre-

cursors and solvents can be used to prepare a 

vary of nanotructures. Thus, new synthesis strat-

egies are vital for the development of novel na-

nomaterials (Pimentel et al, 2015). 

Conventional heating is known to be inefficient 

and time and energy consuming. Microwave ir-

radiation is relatively cheap due to its unique 

features such as short reaction time, enhanced 

reaction selectivity, energy saving, homogeneous 

volumetric heating and high reaction rate.  

In the present work, a cardboard substrate 

(tetrapak) is used to grow ZnO nanostructures. 

This cardboard substrate is cost-efficient, highly 

sensitive and amiable to several different envi-

ronments and target analytes. It is extremely ro-

bust when compared to common paper. Moreo-

ver, ZnO nanostructures with hexagonal struc-

ture were synthesized by hydrothermal method 

assisted by microwave radiation on tetrapak sub-

strate. The effect of time and temperature on 

ZnO synthesis was compared. The ZnO synthe-

sis time was vary from 5 min to 30 min and the 

synthesis temperature change from 70 ºC to 120 

ºC. We will present scanning electron microsco-

py (SEM) and X-Ray diffraction (XRD) meas-

urements and optical characterization of samples  

synthesized with different temperatures and 

growth time. 

By using ZnO nanorods on card board substrate, 

we will demonstrate the feasibility of nanoplas-

monic cardboard substrates for reproducible and 

stable SERS substrates with a tunable visible 

resonance. 

 

Figure 1: SEM image of ZnO nanorods synthe-

sized by hydrothermal method assisted by mi-

crowave radiation on tetrapak substrate. The 

inset show the SERS signal of the produced 

ZnO nanorods. 

Keywords: Zinc Oxide, Tetrapak, Microwave 

synthesis, SERS 
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Abstract: 

Hollow metal nanostructures are of great interest 

because of their unique plasmonic, catalytic and 

magnetic properties and their usage in the field of 

nanotechnology. Various methods have been ap-

plied to produce nanostructures mostly based on 

the template approach, which often result in pol-

ycrystalline nanostructures with a high concen-

tration of impurities and defects. The process of 

pores nucleation and growth is difficult to con-

trol and their size and shape are limited since 

they are greatly dependent on the template. Thus, 

it becomes an important issue to produce these 

structures. Therefore, we introduce a new route 

to synthesis perfectly single crystalline, defect 

free and freestanding metal nanotubes (NTs) 

from a metal nanowhisker (NW) template by the 

dissolution of the core material by the grain 

boundary diffusion.  

With this aim, single crystalline Ag nanowhisk-

ers (diameter: 100-150 nm and length: 4-30μm) 

were synthesized on a carbon-coated 

Si/SiO2/Si3N4 substrate by moleculer beam epi-

taxy. Different materials (Au, Pd, Co) were 

grown as shell on the Ag NWs to produce core-

shell nanowhiskers. The metal nanotubes (Au, Pd 

and Co)  were obtained via annealing  of these 

core-shell structures. After the fabrication of the 

metal nanotubes, the kinetic study was done and 

a diffusion model was formulated. The kinetic 

study showed the relationship between the time 

for the formation of hollowing and the size of the 

nanowhisker. The diffusion model can be used 

for different material systems of similar micro-

structure. 

The method which was used to fabricate single 

crystalline free standing metal nanotubes (Au, Pd 

and Co) via short-circuit diffusion process can 

be used as an alternative new route and might 

help to find a new application areas in addition to 

the potential applications because of the micro-

structure improvements.  

 

 
 

Keywords: metal nanotubes, core-shell, diffu-

sion, moleculer beam epitaxy, Ag, Au, Pd, Co. 
 

Figure 1: Typical SEM image of Au nanotube. 

Figure illustrates the hollowing process on the Ag-

Au core shell structures. 
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Abstract: 

We propose a new way to design and fabricate 

microwave devices combining the technology of 
metallic nanowires aligned in a nanoporous me-

dium and that of substrate integrated waveguides. 

Our approach paves the way for a new architec-

ture of nanowired microwave devices offering 
immunity to radiation losses, excellent tempera-

ture stability and increased miniaturization com-

patible with high-frequency monolithic inte-
grated circuits technology. The basic studied 

structure is a substrate integrated waveguide 

(SIW) in which the vertical walls consist of nan-

owires arrays (Figure 1). The electrodeposited 
nanowires are embedded in porous alumina tem-

plate on silicon substrate to guarantee compati-

bility with electronic standards. Exploiting the 
specific permittivity and permeability of nan-

owires arrays, the waveguide can be modified to 

achieve different types of microwave devices. 
This is done by properly placing nanowires ar-

rays in the SIW and exploiting effects like elec-

tromagnetic band-gap (Figure 2) or ferromag-

netic resonance to control microwave propaga-
tion. A laser-assisted process was developed to 

produce patterned growth of vertically aligned 

nanowire arrays for monolithic microwave inte-
grated devices. A precise control is achieved 

thanks to the versatility and selectivity of electro-

deposition process and fine positioning of multi-
ple nanowires arrays. 

 

This new fabrication strategy has proven its effi-

ciency for the realisation of compact planar inte-
grated circuits such as filters, couplers, antennas, 

phase shifters, isolators, ...  

 
Keywords: nanowires, microwave, devices, sub-

strate integrated waveguide, laser, patterning, un-

reciprocity, ferromagnetic resonance, electro-

magnetic band-gap. 
 

Figure 1: Schematic view of the studied sub-

strate integrated waveguide and microstrip con-
nections using nanoporous alumina template on 

Si. A laser-assisted process is used to produce 

patterned growth of vertically aligned nanowire 

arrays in the porous structure.  
 

 
 

Figure 2: Microwave measurement on SIW electro-

magnetic band-gap (EBG) filter and schematic top 

view of the realized device. The four nanowired 
strips placed along the guide create filtering effect 

at 20 GHz and cut-off frequency is induced by ef-

fective nanowired walls of the SIW.  
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Abstract: 

Recently, new quantum effects have been studied 

in thin nan-ograting layers. Nano-grating (NG) 

dramatically changes electronic, thermoelectric 

and electron emission properties, when grating 

pitch size becomes comparable with the 

electron’s de Broglie wavelength. This is due to 

the special boundary conditions imposed by NG 

on the electron wave function. Supplementary 

boundary conditions forbid some quantum states, 

and the density of quantum states is reduced (in 

all bands). Electrons rejected from the valence 

band occupy empty quantum states in the 

conduction band. Electron concentration n in the 

conduction band increases, which was termed as 

geometry-induced doping or G-doping. 
 
Nanostructures were fabricated with laser 

interference lithography, using blue-violet 

semiconductor laser with 375 nm wavelength. 

Nanostructures was investigated on 70 nm thin 

device layer of Silicon on insulator (SOI) wafer. 

Both 4-wire Van der Paw (4W) and 2-wire 

methods (2W) were used for I-V characteristics, 

as along (R =) as across (R +) the grating direction 

with and without temperature gradient. 

 

It was observed that nanograting reduces 

resistivity of Si layer from ≈10 Ohm cm (plain 

layer) to 5x10−2 - 8x10−3  Ohm cm. This 

reduction is in agreement with theoretical 

prediction of G-doping in nano-grating layers. 

Value 10−2 Ohm cm corresponds to “impurity” 

concentration of 3x10-2 𝑐𝑚−3 (Phosphorous in 

Si). Both I-V characteristics were linear 

indicating good quality of ohm contacts. Most 

samples show resistivity anisotropy which varied 

in the range of 0.2–1. Resistivity temperature 

dependence matches G-doping theory. G-doping 

do not require ionized impurities. This allows 

high carrier mobility and temperature 

independent carrier concentration. This 

technology can be used for solar cells and other 

photovoltaic devices, ultra-high frequency 

electronics, and power electronics. 

Keywords: Nanostructuring, nano-grating, 

interference lithography, doping  
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Abstract: 

An innovative method of surface functionaliza-

tion (polycarboxylation – polyCOOH shell 

formation) of hydrophobic tungsten disulfide 

(WS2) multi-walled inorganic nanotubes (INTs-

WS2) has been successfully developed and opti-

mized (DoE - Statistical Design Of Experiments 

methods) using N-based electrophilic species 

(imminium salt chemistry). This sidewall poly-

COOH-enabling functionalization showed ex-

treme COOH-based chemical versatility for in-

novative interfacial chemistries. Indeed and for 

example, it enabled the effective fabrication of a 

wide range of covalent WS2-INTs surface modi-

fications (polyNH2, polyOH, polySH as 1st se-

ries examples) via (i) polyCOOH chemical acti-

vation (EDC, CDI) and (ii) 2nd step covalent nu-

cleophilic substitutions by short -aminated lig-

ands H2N-linker-X (X outer surface functionali-

ty).  

Resulting fully characterized functional WS2 

INTs (f-INTs-WS2) have a quite wide potential 

for use as novel functional nanoscale fillers to-

ward new mechanically strengthened and/or con-

ductive composite polymeric matrices (case of 

hybrid polythiophene-decorated f-INTs-WS2 

nanocomposites, Figure 1). Corresponding novel 

functional nanomaterials/”nanoscale fillers” have 

been also shown to be non-toxic in preliminary 

toxicity studies, which opens a wide R&D 

route/progress for relating end-user applications.  

  

Keywords: Transition metal dichalcogenide na-

nomaterials, surface engineering of nanomateri-

als, Vilsmeier-Haack complexes, DoE global 

optimization, functional inorganic tungsten disul-

fide nanotubes, hybrid conductive nanomaterials 

 

 
Figure 1: Highly conformal oxidative generation of 

a conductive functional (polyCOOH) polythio-

phene-based organic shell onto inorganic WS2-

INTs nanotubes  
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Abstract:  

Since the discovery of graphene (G) by (Novose-

lov et al.; 2004) , a great deal of interest has 

been focused on its incorporation into polymer 

materials aiming to the preparation of G-based 

polymer nanocomposites. Currently, there are 

few literatures on G or derivative G (GRD) 

based elastomeric nanocomposites because of the 

difficulties in attaining proper dispersion, by 

avoiding re-agglomeration tendency of the GRD 

sheets. Furthermore, the reinforcement behavior 

of GO and G in a typical polymeric matrix is still 

not well understood. We report here a compara-

tive study of G and graphene oxide (GO) nano-

particles synthesized via modified Hummer’s 

route (Hummers et al.;1985). We assess the 

quality of the nanoparticles (GO and G) by tech-

niques such as; X-ray photoelectron spectrosco-

py, Raman spectroscopy, Fourier tranform infra-

red, and transmission electron microscopy etc. 

We prepare a nanocomposite of NBR-GO and 

NBR-G by solution mixing method and study 

their physical properties.  Major properties con-

sidered include mechanical properties, thermal 

stability, and cure kinetics. We observe that the 

NBR-nanocomposites are generally found to 

show improved mechanical and thermal stability 

properties but exhibit inferior cure kinetics be-

havior by comparison. The observed enhance-

ment are attributed to the better dispersion of 

fillers within NBR matrix, confirmed by SEM 

and TEM observations as well as the strong hy-

drogen bonds between the nitrile units of NBR 

molecules and the oxygenated functional groups 

(eg. OH-, and -COOH) on graphene sheets (see 

Figure 1). However, in view of cure kinetics, the 

poorer curing behavior may be attributed to ab-

sorption of cure ingredient and perhaps the nu-

merous reaction mechanism ensued during vul-

canization of the composites (Mathew et 

al.;2008). With proper modification techniques 

of GRD, and composites preparation, Elastomer-

ic-GRD based nanocomposites could serve as 

green material for various applications in rubber 

nanotechnology industry. 

 

Keywords:  graphene, graphene oxide, acryloni-

trile-butadiene rubber, cure kinetics, dispersion, 

modulus. 
 

 
Figure 1: A schematic representation of the re-

action between G(A) with a rubber molecule (B) 
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Abstract: Twill woven carbon fibre fabric have 

been impregnated with the modified epoxy resins 

with additional nano rubber particles (Nar-

powUFPR VP-501) in the range of 0 to1 wt%. The 

laminates were studied in flexural properties and 

sectioned subsequently for microstructural damage 

investigation. In addition, the TEM observation  was 

used to investigate the nano-sized NarpowUFPR 

VP-501dispersed  in the epoxy resin matrix. The 

results showed that the panels with modified epoxy 

resins by adding nano rubber particles up to 1 wt% 

were developed approximately 16% and 17% in the 

flexural strength and modulus of elasticity in bend-

ing, respectively. For microstructural damage inves-

tigation, the cross sections of the specimens with 

additional 0 and 1 wt% nano rubber particles were 

examined after the flexural test as shown in Figure 

1. It can be seen that for the specimen without nano 

rubber particle (Figures 1(a)) that substantial de-

lamination of the composite has occurred after the 

flexural test, whereas less damage is evident in the 

specimen containing a dispersion of 1 wt% nano  

rubber particles (Figure 1(b)). This is consistent 

with a higher resistance to delamination being 

shown by the specimens additionally reinforced with 

1 wt% nano rubber particles after the bending flex-

ural test of the specimen. The observation suggest 

that the enhanced flexural properties are a conse-

quence of the  nano rubber particles producing a 

reduction in the extent of delamination during bend-

ing fracture of  the specimens. In addition, the TEM 

images gave representative shape distributions of the 

NarpowUFPR VP-501dispersed in the epoxy resin 

matrix (Figure 2). The diameter of nano rubber par-

ticles ranges from about 50 to 100 nm.     

 

Keywords: carbon fibre fabric, CFRP,  nano rub-

ber particle, modified epoxy resin, flexural proper-

ties, delamination 

 

 
 

Figure 1: Cross sections of the specimens after the 

bending flexural test for NarpowUFPR VP-501 

additions (a) 0 wt%, (b) 1 wt% 

 

 
 

Figure 2: TEM images of  the round shape distri-

butions of the NarpowUFPR VP-501 dispersed in 

the epoxy resin matrix 
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Abstract: 

The homogeneous dispersion of graphene 

sheets in the polymer matrix can be considered 

as one of the major challenges to prepare high 
performance polymer graphene 

nanocomposites (Pokharel et al. 2015). Several 

techniques have been used to ensure a good 
dispersion of the nanoparticles in the polymer 

matrix such as sonication and shear mixing 

(Prolongo et al. 2008).  Using a suitable 

organic or aqueous medium represents another 
important factor to ensure a good dispersion of 

graphene nanosheets (Johnson et al. 2015). In 

this study, polystyrene (PS) was reinforced 
with 0.5 wt.% of graphene oxide (GO) and 

polymer nanocomposites (PNCs) of PS and 

GO were prepared using solution blending 
methods (Figure 1). Two different solvents 

were used to prepare the PNCs which were 

dimethylformamide (DMF) and 

tetrahydrofuran (THF). Magnetic stirring and 
water bath sonication were employed to 

prepare the first set of PS-GO nanocomposite 

samples using DMF. In the second set of 
samples THF was used as the solvent instead 

of DMF and magnetic stirring, water bath 

sonication and shear mixing were utilised to 

disperse the nanoparticles in the matrix. 
Different periods of mixing time were also 

examined in the last two methods to study 

their effect on the structure and properties on 
the resultant nanocomposites. Fourier 

transform infrared spectroscopy, scanning 

electron microscopy and atomic force 
microscopy were used to characterise the 

structure of GO and PS-GO nanocomposites. 

Tensile testing, dynamic mechanical analysis 

(DMA) and thermogravimetric analysis (TGA) 
were performed to investigate the mechanical 

and thermal properties of the nanocomposites. 

The results showed that the use of DMF as the 
dispersing medium led to the formation of 

unstable suspensions and poorly dispersed 

samples. On the other hand the use of THF 

resulted in stable suspensions and well- 
dispersed samples which led to enhanced 

mechanical properties. The tensile Young’s 

modulus and tensile strength for the PS-GO 

nanocomposite increased by 29% and  22% 
respectively as compared with neat PS  

(dispersed  by water bath sonication for 1 h  

and  shear mixing for 2 h). DMA results 
showed an increase in the  storage modulus by 

35% under the same mixing conditions. TGA 

results showed that thermal degradation 
temperature was increased slightly in the 

nanocomposite.  In conclusion, using 

synergistic techniques of mixing with a 

suitable organic solvent led to a relatively 
good dispersion of graphene nanosheets in 

polystyrene matrix resulting in improved  

mechanical properties as compared with neat 
PS.  

Keywords: Polystyrene, graphene oxide, 

nanocomposite, processing condition, 

dispersion technique. 

 

Figure 1: Schematic of GO sheets dispersing 

in a polymer solution. 
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Abstract: Materials that are tough, yet light are 
highly desirable for many defense applications, 

such as airframes, UAVs/drones, vehicle parts, 

and body armor. Composite materials, especially 
fiber-reinforced resins, are a privileged class of 

materials that combine light weight and extreme 

mechanical strength.  

A variety of substances have been applied as in-
terphase agents between reinforcing fibers and 

resins in composites (Ajayan et al., 2003; Ma-

nias, 2005). SiO2 nanoparticles are commonly 
used for improve the compressive properties and 

stability of composite materials, especially those 

based on epoxy resins (Bondioli et al., 2005). 
However, a high weight loading of SiO2 (> 10 

wt.%) is commonly needed. This leads to an un-

desirable increase in the weight of the composite 

due to the high density of SiO2. 

A need exists for additives that could improve the 

mechanical properties of the resin and prevent fi-

ber delamination without penalizing the weight 
of the composite. We propose to solve the prob-

lem by using suitably functionalized hollow sil-

ica or organo-silica nanoparticles as interphase 

agents. These particles are remarkably light, yet 
they have many of the same beneficial properties 

as the traditional SiO2-based interphase agents. 

Blending in as little as 0.1 wt % of one of our 
nanoparticle formulations have increased the ul-

timate strength of common aerospace resins by 

up to 100%.  

This technology offers a drop-in replacement for 

existing interphase agents in carbon fiber and 

similar composites. Materials prepared with the 

use of our hollow-particle interphase agent can 
be up to 20% lighter than the materials currently 

on the market. Furthermore, better dispersibility 

of our interphase agent allows easier curing pro-
cedures, and simplifies manufacturing of more 

complex parts and objects.  

 
Keywords:  nanoparticles, structural composites, 

lightweight materials, epoxy resin, polyurethane. 

 
Figure 1: Nanocomposites utilizing a traditional 

solid-partile (A) and hollow-particle (B) inter-

phase agents. A loading of as low as 0.01 wt % 

of hollow nanoparticles is sufficient to improve 
the ultimate strength of an epoxy resin by up to 

100%. 
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Abstract: 

Mineral liquid crystals combine the athermal 

lyotropic phase behavior with the intrinsic 

properties of minerals such as large refractive 

index and dichroïsm. However, practical use of 

such systems has long been limited due to the 

difficulty in synthesis, stabilization, and control 

of colloidal behavior of anisotropic mineral 

nanoparticles. We here report on a new mineral 

liquid crystal system composed of sodium 

yttrium fluorides (NaYF4) nanorods. 

NaYF4:Yb/Er nanorods with tuned size and 

aspect ratio were obtained through an optimized 

hydro-thermal route. Doping the particles with 

lanthanides like erbium or ytterbium offers a 

particularly interesting luminescence 

upconversion. The nanorods have been 

functionalized with different molecules including 

phosphonate or carboxylate functions, which 

react very efficiently to the nanoparticles 

surface. This grafting, which is very easy to 

implement, was characterized by NMR and IR. 

Functionalized nanoparticles allow to obtain 

very concentrated solutions, showing an 

outstanding colloidal stability. This stabilization 

opens a large field of research for studying 

physical properties coming from the anisotropic 

shape of the nanoparticles. We can mention the 

elaboration of thin films of particles aligned in 

the same direction or their alignment by an 

electric field. These last electro-optical 

properties have been investigated, especially the 

influence of the frequency and the amplitude of 

the applied electric field, as well as the particles 

functionalization. 

 

Keywords: Inorganic liquid crystals, 

hydrothermal synthesis, stabilization by 

functionalization, electro-optical properties, up-

conversion luminescence 
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Figure 1: SEM picture of NaYF4:Yb/Er nanorods 

 

 
Figure 2: Assembly of nanorods aligned by an 

electric  field  

 
Figure 3: Luminescence by up-conversion for an 

IR excitation  
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Abstract: Detecting explosives in air is chal-
lenging for homeland security applications due 

to threatening increased of terrorism explosive 

bombs against populations. However there is 
also a crucial need for (i) identifying the threat 

at the level of traces or sub-traces, and (ii) un-

derstanding the competition existing between 
various threats for their detection and between 

threats and interferents. We recently developed 

an innovative technology for identifying explo-

sives at a solid state within few second on 
femtogramme mass and single microcrystal with 

nanocalorimetry. (Piazzon et al., 2010) 

In a recent published work we have used 
nanocalorimetry to discriminate between hex-

ogen (RDX) and pentrite (PETN) vapors once 

adsorbed on porous materials. (Bonnot et al., 

2015) Once explosive vapor is trapped in a ma-

terial, fast heating at 3000 K/s up to 360°C  
5°C lead to a thermal pattern which is specific 

to the explosive and its interaction with the po-

rous material. The obtained signatures permit 
simultaneously detecting and identifying the 

vapors in just some few milliseconds. Further 

investigations on the use of nanocalorimetry for 

the identification of threats, show that the tech-
nique permits to accurately determine the pres-

ence or the absence of adsorbed explosive(s) on 

the porous material when two explosives are 
present simultaneously in the air. This allowed 

us to investigate the way PETN and RDX va-

pors interact with porous material used for their 

detection when they are both present in air at the 
same time. Up to now it is the first time that mi-

crothermal analysis is used to characterize ex-

plosive interactions with porous material, with 
the aim to detect and identify these explosives 

when they are present in the air. 

 
Keywords: Explosive identification, nanopo-

rous materials, competitive adsorption, chip-

calorimetry, nanocalorimetry. 
 

 
Figure 1: Figure illustrating the thermal pattern 
recorded when the copper oxide nanoparticles 

subjected to RDX are heated up to 360°C at a 

rate of 3000 K/s. at first the RDX desorbs at 

229°C from the copper-oxide nanoparticles on 
which it was adsorbed before decomposing at 

260°C inside the porous material.  
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Abstract: The work carried out is aligned with 

the European collaborative project ISOBIO, co-

ordinated by TWI Ltd. (UK). This project aims at 

developing a new approach to fabricate low em-
bodied energy insulating materials made from 

bio-derived aggregates (e.g. straw or hemp shivs) 

and binders. Good thermal insulation and humid-
ity buffering are key properties for such materi-

als. In addition, bio-based materials used for con-

struction can be engineered to have desirable fire 

performance by modification of the materials’ 
properties. However, to reduce the embedded en-

ergy in the material and to improve moisture and 

thermal buffering it is necessary for it to be per-
meable (breathable). This therefore introduces 

the need for alternative treatments to provide fire 

retardancy.  
The approach adopted is to develop a halogen-

free and phosphorus-free fire retardant to be ap-

plied as a surface treatment onto bio-aggregates 

for use within insulation panels. The materials 
need to repel liquid water and prevent condensa-

tion to minimise issues related to degradation, 

such as rotting. These target properties, namely 
hydrophobicity, condensation prevention, 

breathability, fire retardancy and durability will 

be achieved with a silica-based treatment.  

In fact, silica has been identified in many studies 
[1] [2] to be good fire retardant when applied on 

polymers, due to an accumulation of silica at the 

surface that acts as an insulation barrier [3]. Such 
characteristics are being evaluated for the natural 

fibre composite to quantify the impact of silica 

on fire retardancy properties. The technology 
considered in this project is based on silica nano-

particles. These nanoparticles are synthesised, 

analysed and then functionalised with silanes to 

confer hydrophobicity to the bio-aggregates and 

bonding between one another (figure 1). Various 

parameters are being evaluated in order to design 
the most appropriate silica nanoparticles for the 

application, such as the loading of nanoparticles, 

the functionalisation agents used, their respective 
ratios and the method of coating. 

Keywords: silica nanoparticles, functionalised 

nanoparticles, surface treatment, bio-materials, 

insulation, fire retardancy, hydrophobicity. 

References: 

1. T. Kashiwagi, J.W. Gilman, K.M. Butler, 

R.H. Harris, J.R. Shields. Flame Retardant 
Mechanism of Silica Gel/Silica. Fire and 

Materials. 2000, Vol. 24, pp. 277-289. 

2. Hshieh, F-Y. Shielding Effects of Silica-ash 
Layer on the Combustion of Silicones and 

Their Possible Applications on the Fire 

Retardancy of Organic Polymers. Fire and 

Materials. 1998, Vol. 22, pp. 69-76. 
3. L.A. Lowden, T.R. Richard Hull. 

Flammability behaviour of wood and a 

review of the methods for its reduction. Fire 
Science Reviews. 2013, Vol. 2, 4.  

 

 

 

 

 

Figure 1:Schematic of the functionalisation pro-
cess of silica nanoparticles 
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Abstract: 

A gas sensor allows the detection thanks to the 

specific reactivity of its sensitive material to-

wards the target gas. 

The use of resistive sensors is based on mesuar-

ing the variation of their electrical conductivity 

when the target gas is in contact with the sensi-

tive material.  

In our study, we chose to work with core-shell 

nanoparticles as sensing materials. The idea con-

sists on decorating spherical gold nanoparticles, 

insensitive to the target gases, with a shell based 

on a different material. The latter provides the 

specific sensitivity to the sensor.  

Previous work in our laboratory focused on 

Au@Pd and Au@Pt nanoparticles as H2 sensors. 

The work was extended to other shell materials 

to examine their sensitivity towards  H2 as well 

as other target gases including NH3. 

Au@SnO2 and Au@Ag nanoparticles were syn-

thetized and then assembled by Langmuir 

Blodgett technique. The assembly resulted in 

close-packed core-shell nanoparticle layers. 

These layers were transferred , by 

 simple dip-coating, to a glass slide supporting 

interdigitated electrodes. Sensing performances 

of the as fabricated sensors were evaluated.  

Au@SnO2  based sensors were tested under H2 

while Au@Ag based sensors were tested under 

NH3. Both sensors showed responses towards the 

target gases. 

Among the main sensor proprieties requested and 

studied we note : sensitivity, selectivity, response 

and recovery times 

Langmuir-Blodgett organized assembles of core-

shell nanoparticles showed attractive sensing 

performances towards H2 and NH3 in extended 

concentration ranges. 

Another important contribution concerns the elu-

cidation of the sensing mechanisms 

 

Keywords: resistive sensor, core-shell nanopar-

ticles, Langmuir-Blodgett technique, sensitivity,  

selectivity.  

 
 

Figure1 TEM images of Au@SnO2nanoparticules. 

 
Figure 2 Reponses of an Au@SnO2 NPs based 

sensor i=f(t) within  H2 concentration in N2, syn-

thetic air and O2. 
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Abstract: 

The exterior durability of epoxy coatings is 

poor as they tend to chalking and undergo 

weathering under sunlight. Even a micro de-

fect in a coating, especially in steel struc-

tures, pipe lines, automotives and airplane 

components can lead to localized corrosion 

of the substrate thus leading to catastrophic 

disasters. Current study involves studying 

the effect of Nano ZnO (used as a UV 

blocker) in the epoxy coatings as it it is 

known to improve the weathering proper-

ties. In addition to this, Nano ZnO can also 

improve the mechanical properties and cor-

rosion resistance without affecting the opti-

cal clarity of clear epoxy coats. Current 

study focuses on exploring the additional 

benefits associated with introducing Nano 

ZnO into epoxy coatings. Nano ZnO powder 

was incorporated into the clear epoxy resin 

and commercial epoxy coat at different load-

ing levels to study its effect on performance, 

mechanical and optical properties of the 

coating. Ultra violet weathering tests were 

done to study their weatherability, an ad-

vanced non destructive technology called as 
Electro chemical impedance spectroscopy (EIS) 

was used for studying corrosion properties and 

mechanical tests like tensile testing to study the 

tensile strength of the coating , taber abrasion to 

study the wear resistance, pull off adhesion and 

hardness tests were carried to evaluate the me-

chanical properties. 

Keywords: Epoxy coatings, nano zinc oxides, 

weathering properties,corrosion resistance, me-

chanical properties.. 

 

 

Figure 1: Epoxy coated sample undergone 

chalking after 72 hours of exposure to UV(B) 

radiation. Corrosion intiation in the effected area 

can be seen in the figure. The main aim of this 

work is to decrease the degradation due to 

weathering using nano Zinc oxide. 
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Abstract: The need for a scalable spherical hol-

low titanium dioxide (TiO2) nanomaterials is in 

demand and researches has developed many 
methods to achieve the desired morphological 

structure to lower density and increase active 

area for adsorption and photocatalysis [1]. The 

advantages of hollow spheres however, is lim-
ited largely by the smooth surface of the hollow 

structures. Hence, research to further optimize 

surface morphology of spherical materials to 
further maximize the potential of the spherical 

morphology. However, the optimisation of the 

morphology typically requires multiple steps 
and applies the use of additives for the synthesis 

process. This report will focus on the facile and 

scalable synthesis of hierarchical surfaced tita-

nium hollow spheres, through the adoption of a 
solvothermal method. The process will incorpo-

rate the use of hard template method for control-

lable size, using carbonaceous spheres synthe-
sized through glucose as the sacrificial template, 

owning to its green and sustainable synthesis in 

addition to the distribution of functional groups 
which make surface modifications unnecessary 

[2]. The formation of a hierarchical surface was 

observed after solvothermal synthesis of the 

producing urchin like hierarchical TiO2 spheres 
with a copper infused carbonaceous spheres as 

the inner template. The incorporation of copper 

oxide into the carbon spheres was obtained 
through diffusion [3]. Such direct approach to 

synthesize a hierarchical surface TiO2 spheres 

comprising only of a solvent and precursor solu-

tion. The carbonaceous hard template not only 
provides ease of scalability and size controlla-

bility but also the incorporation of multiple ele-

ments. The report will then discuss on the mor-
phological structure and factors which will af-

fect the photocatalysis performance of the mate-

rial by assessing the photocatalytic oxidation 
performance of the Cu-TiO2 Hollow 

 

Keywords: titanium dioxide, copper oxide, hol-

low structures, hierarchical structures, photoca-
talysis, solvothermal, calcination,. 

 

 

 
Figure 1: (a) depicts the formation of the hierarchical 

Cu-TiO2 spheres after the solvothermal process. (b) the 

formation of the hierarchical surfaces atop the spherical 

carbonaceous spheres template with the incorporation of 
copper observable with the darker coloured surface. 
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Abstract: 
 

Cation-exchange resin catalysts have attracted a 

lot of attention in the esterification process in-

volving carboxylic acid and alcohol to produce 

organic ester and water as the by-product. In this 

work, the esterification of lactic acid and ethanol 

to produce ethyl lactate using different cation-

exchange resin catalysts was carried out at 100 
oC. The cation-exchange resin used for the esteri-

fication process was amberlyst 36. The charac-

terisation of the resin catalysts was determined 

using different methods including Fourier Trans-

form Infrared - Attenuated Total Reflection (Ni-

colet iS10 FTIR-ATR) and liquid nitrogen ad-

sorption/desorption (Quantachrome, 2013 Auto-

sorption) at 77 K. methods The esterification 

product was tested using FTIR to determine the 

most adsorbed components on the surface of the 

resin catalysts. The absorption band at 2998 nm 

depicts C = O bond (carbonyl group) while the 

band at 1745 nm showed O-H bond (hydroxyl 

group), suggesting ethanol and water as the most 

adsorbed components on the surface of the resin 

catalysts. Two simplified mechanism based on 

Langmuir-Hinshelwood model were employed to 

describe the components that adsorbed most on 

the surface of the catalysts. The kinetic study of 

the retention time and the peak areas of the ester-

ification product catalysed with the different cat-

alysts were compared using an autosampler gas 

chromatography coupled with mass spectrometry 

(7890B autosampler GC-MS). The surface area 

and pore size of the cation-exchange resin was 

determined using the BET (Brunauer-Emmett-

Teller) and BJH (Barrette – Joyner Halenda) 

methods respectively. The BET result of amber-

lyst 36 was found to be 33.883 m2/g. The BET 

isotherm of the cation-exchange resin exhibited a 

type IV isotherm which was in agreement with 

the IUPAC classification for mesoporous materi-

al. 

 

Keywords: Kinetics, ethyl lactate, esterification, 

lactic acid, and characterisation and cation-

exchange resin.  
 

Figure 1: Figure describe the experimental setup of 

the question in which the paper is aiming to solve: 

To carried out the esterification of ethyl lactate us-

ing solid cation-exchange resin and kinetic study of 

the adsorption components on the surface of the 

catalysts using Langmuir model. 

 

 
 

Figure 2: Figure describe the esterification experi-

mental setup [1]. 

References:  

1. Edidiong Okon, Habiba Shehu, Edward Gobina. 

Experimental Characterisation of Cation-

exchange Resin for Biomass Green Solvent Pro-

duction. Journal of Scientific Engineering and 

Technology. 2016; 5(4); Pp 173 – 179.  

36



Resistive Switching in Self-ordered TiO2 Nanocolumn Arrays 
 

M. Marik,* M. Bendova, J. Hubalek, A. Mozalev 

CEITEC - Central European Institute of Technology, Brno University of Technology, Brno, Czech 

Republic 
 

Abstract: 

Modulation of electrical resistance (resistance 
switching) by voltage applied to or by current 

flowing through a device is a growing research 

field nowadays with the potential of the devices 

to be utilized for memory applications. 
Switching phenomena have been observed in 

numerous materials, including some dielectric 

binary oxides, perovskites, and semiconductors. 
(Yang et. al.; 2013) In the present study, we 

investigate resistive switching behavior of TiO2 

nanocolumn arrays prepared via the originally 
developed porous-anodic-alumina-assisted 

anodizing of sputter-deposited Ti layers. 

Fabrication of self-ordered TiO2 nanocolumns 

consists of several steps. An Al(250 nm) / 
Ti(200 nm) bilayer sputter-deposited on a SiO2-

coated Si wafer is electrochemically anodized 

in oxalic acid at 40 V, this being followed by 
reanodizing to 100 V (Sjöström et al.; 2010). 

This leads to growth of ~150 nm long TiO2 

columns embedded in the alumina matrix ( 
Figure 1). The length of the columns may be 

tuned by changing the final voltage value at the 

reanodization step. Thermal annealing may be 

applied to alter the film crystal structure. 
In order to create an electrical contact to the 

TiO2 columns inside the pores, gold is 

electrochemically deposited onto the column 
tops and over the alumina surface and an upper 

electrode is formed in this way. To confine the 

electrode area to approx. 100 μm x 100 μm, a 

photolithography followed by chemical etching 
of Au is performed. As the bottom electrode, 

the remaining Ti layer below the columns is 

used. 
Electrical characterization of the films by 

means of I(V) measurements for estimating 

their switching behavior shows a substantial 
resistivity change in dependence of the applied 

voltage (Figure 2). The ratio of the OFF and 

ON resistivities is ranged between 10 and 1000, 

depending on the columns’ properties. Thus, 
the TiO2 nanocolumns developed here exhibit 

promising memristive properties. A thorough 

investigation is now in progress. 
Research leading to these results was supported 

by GAČR grant no. 15-23005Y. 

Keywords: resistive switching, memristor, self-

ordered nanostructures, porous-anodic-alumina-
assisted anodizing. 
 

 
 

Figure 1: A scheme of the samples: TiO2 

columns embedded in alumina matrix and 
contacted by electrochemically deposited Au. 

 

 
Figure 2: R(V) characteristics of a sample 

anodized at 100 V, as calculated from the 

measured I(V) cycles. The resistivity change 
clearly manifests the memristive behavior of 

the TiO2 nanocolumns. Arrows show the sweep 

direction. 
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Abstract 

Bacterial infections are considered the second 

main cause of death worldwide and the third 

main cause of death in the developed countries 
[1] and as a result, many antibacterial coatings 

have been prepared in order to fight the different 

strains of bacteria and decrease the mortality 
rates.  

In the present study, garlic oil (GO) colloidal 

nano-particles (NPs) were prepared by combin-
ing GO with poly lactic-co-glycolic acid 

(PLGA) polymer by Single emulsion/solvent 

evaporation (SE/SE) method.[2, 3] Different 

PLGA/GO NP formulations were prepared by 
high speed homogenizer at different homogeni-

zation time intervals. A number of preparation 

factors were carefully controlled in order to 
have stable and uniform size distribution of the 

different PLGA/GO-Colloidal NPs formula-

tions. Complete characterization of the particle 

sizes, zeta potential, poly dispersity index (PDI), 
the GO% in each PLGA/GO-Colloidal NPs 

formulation, the morphology (by using Scan-

ning Electron Microscope (SEM)), and the 
chemical structural characteristics (by using 

Fourier Transform-Infra-red spectroscopy (FT-

IR) and Ultraviolet-Visible spectrophotometry 
(UV-vis), were carried out. In addition, antibac-

terial assessment has been carried out against 

Eichercia Coli (E. coli) and Staphylococcus au-

reus (S. aureus) bacteria using Colony Counting 
Method (CCM) (Figure 1).  

Interestingly, the size of the PLGA/GO-

Colloidal NPs was found to be in the range of 
201 – 319 nm (which was reduced by more than 

10 folds compared to the GO particles). In addi-

tion, the antibacterial activities of the different 
PLGA/GO formulations against both E. coli and 

S. aureus were enhanced by 70-78 % of bacteri-

al inhibition compared with GO in the bulk 

form. 

Keywords: PLGA, Garlic oil, Nanoparticles, E. 

coli, S. aureus. 

 

 

Figure 1. A schematic representation summariz-

ing the preparation steps of each of PLGA/GO 
NPs. 

 

These results shed more insights into the im-

portant factors that need to be considered when 

preparing NPs conjugates from natural materi-

als, and open new avenues in exploring other 

extracts with promising antibacterial activities.  
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Abstract: Hybrid nanocomposites[1-3] based on 

oxide nanoparticles incorporated in polymer ma-

trix have been extensively studied the past few 

years. In this paper we study the ability of these 

materials to withstand radiation environments 

such as those encountered in nuclear power 

plants. Because the defects induced by irradia-

tion can be generated through both ionization and 

atomic displacement damages in such environ-

ments, we have to consider their relative inci-

dence on the physical properties by performing 

tests at different facilities (60Co source or reac-

tors). In this work, we focus on the mechanical 

and elasto-optic properties variations occurring 

after irradiation by neutron (0.8MeV), that are 

assumed to be the most impacting type of parti-

cles.  

In this paper, two nanocomposites are studied. 

One was P(VDF-TrFE) matrix filled with ZnO 

nanoparticles  and for the other one Al2O3 nano-

particles were incorporated to the matrix.  

For such materials, Brillouin spectroscopy can 

provide information on both elastic and elasto-

optic variation. We demonstrate here that this 

last one is as a good diagnostic of chemical and 

structural modifications. We will present in this 

paper some results about these specific meas-

urements. 

We can assume that, for both samples, heavy 

atoms (Zn and Al) are responsible for the in-

crease of the interaction between matter and neu-

trons. However, results show that for high con-

centration of nanofillers the behaviours of our 

two different nanocomposites with neutron flu-

ences 5.1014 n/cm2 are in opposition. Alumina 

nanoparticles are known to increase the elastic 

constants and then act in our case as a protection 

against the physical consequences of atomic dis-

placement damages induced by neutrons. On the 

contrary, for ZnO nanoparticles, elastic as well 

as elasto-optic properties are strongly influenced 

by neutron fluence because the pristine samples 

are softener than pure P(VDF-TrFE) and also 

because Zn is a heavier atom than Al. 

Keywords: Nanocomposites, neutron, Radiation, 

Brillouin spectroscopy, elasto-optic, P(VDF-

TrFE) 

 
Figure 1: Figure illustrating phonon frequency 

for pristine P(VDF-TrFE) and nanocomposite 

with ZnO (increase of the effect with the in-

crease of wt% and the opposite behavior for 

alumina) 
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Abstract: 

Ceramic based welding pins are used to 

automotive industry as a connecting element. 
The main function of welding pin provides to 

combine the nut on the metal surface. These 

materials are required to have high strength 
and fracture toughness because of operating 

under a heavy load. They are also subjected to 

temperature changes during process. 

Therefore, they must have a good thermal 
shock resistance. Indeed, ZrO2 based ceramic 

is the one of best material for this kind of 

application. According to literature, 
Hydrothermal is convenient method to 

synthesis nanosized blue colored ZrO2 powder. 

The production of Y-TZP powders with blue-

colored and  5 nm grain size was successfully 

obtained from ZrO2-Y2O3-Al2O3-CoO system 
by hydrothermal method in one-step. The blue-

colored ZrO2 ceramics with 16.85 MPa.m1/2 

fracture toughness and 9.79 GPa hardness 
values were produced for 98.20% of 

theoretical density. The obtained sintered 

zirconia meets criteria for application required 

high wear resistance and excellent mechanical 
properties. 

 

Keywords: automotive industry, ceramic 
welding pim, hydrothermal powder synthesis, 

Y-TZP.  

 

 

Figure 1: SEM image showing the sintered 

blue colored zirconia ceramic. 
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Abstract: 

In this research effect of nanoclay content on short 

term water absorption and swelling of nano compo-

sites made by poplar flour and recycled polystyrene 

were investigated. Composite samples were produced 

by injection moulding method. 0,3 and 6 % nanoclay 

with 3 % MAPP were mixed to produce nanocompo-

sites. 

Nano composite samples were soaked at distilled wa-

ter and 2 and 24 hours water absorption and swelling 

were measured according to DIN standard. Results 

showed that by increasing nanoclay content, water 

absorption and swelling of nanocomposites were de-

creased. Scanning electron microscopy pictures 

showed that by adding more nanoclay to composites, 

adhesion between fibers and polymer matrix has im-

proved and voids and hollows decreased. 

Keywords: nanoclay, water absorption, Composite 

 

Figure 1: showed that water absorption has decreased 

by addition of nanoclay to composites.Higher addition 

of nanoclay has no effect on water absorption of 

composites. 

 
a ) 0% nanoclay     b) 3% nanoclay  c)6% nanoclay 

 

Figure 2: Morphological improvement of the polymer 

matrix and fibers shows in figure 2(a-c).It was 

cleared that by adding nanoclay to composite, voids 

and hollows decreased. 
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Abstract: 
An interesting meeting point between 2D 

materials can result from the assembly of clays 

and graphene. In fact, abundant deposits of clay 
minerals and graphite are spread out around our 

planet. Clay minerals exhibit a layered structural 

arrangement based on the stacking of silicate 

sheets that can be submitted to delamination 
processes. Similarly, graphite is composed of a 

piling of graphene arranged as monolayers of 

sp2 bonded carbon atoms. As it is well known, 
delamination or exfoliation of graphite 

submitted to physical or chemical procedures 

give rise to graphene monolayers or few-layers 
graphene. Both types of delaminated 2D solids 

exhibit interesting surface properties, including 

porosity and intercalation ability, which can be 

used for preparation of hybrid, biohybrid and 
composite materials provided of potential 

interest in advanced applications. In this 

context, clays and graphene can be combined at 
the nanometer scale (Figure 1) giving 

composites of potential interest as materials for 

applications in energy storage, conductive 

polymer nanocomposites and electro-responsive 
elements for sensing devices. To achieve clay-

graphene systems two approaches have been 

recently developed: i) sonomechanical direct 
assembling of both components from aqueous 

dispersions (1), and ii) thermal treatment, at 

relatively low temperature (< 800ºC) and in the 
absence on of oxygen of organic compounds 

adsorbed on clays (2,3). Layered clays like 

montmorillonite and fibrous clays like sepiolite 

are good components supports for the synthesis 
of diverse clay-graphene materials, which 

exhibit electrical conductivity that depends on 

the content ofn assembled carbon as well as on 
the adopted experimental conditions in the 

preparation procedure. 

 
Keywords: Graphene, smectite clays, montmo-

rillonite, fibrous clays, sepiolite, nanocompo-

sites, conducting materials. 

 
 

 

 
 

Figure 1: Schematic representation of a clay-
graphene composite prepared by assembling of 

graphene nanoplatelets (in brown color) and 

nanofibrous clay sepiolite (in red color). 
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Abstract: 

Graphene/plasmonic metal nanoparticle hybrid 

materials are emerging candidates for the devel-

opment of a new generation of transparent 

(bio)sensors [1]. One of the current research strat-

egies, named ultraviolet – surface enhanced Ra-

man scattering (UV–SERS), consists of combin-

ing surface and resonance enhancements at UV 

wavelengths, is envisioned to increase the sensitiv-

ity of Raman signal in chemical and biological 

detection. To this purpose, graphene/nano-

ruthenium hybrid materials have been fabricated 

and studied. In this case, Ru nanostructures can 

act simultaneously as a catalyst for graphene for-

mation, and as an intercalated UV plasmon reso-

nance source to eventually enhance the detection 

performance [2].  

A detailed characterization of the influence of 

preparation conditions on the crystallinity and 

morphology of the Ru nanostructured layers was 

carried out utilizing synchrotron x-ray diffrac-

tion, scanning electron microscopy and atomic 

force microscopy. Graphene formation on the Ru 

nanostructures and its characteristics (single lay-

er, SLG, or multilayer graphene, MLG) are ana-

lyzed by force and Raman spectroscopies. The 

crystalline structure and morphology of the Ru 

nanostructured layers, tailored with deposition 

parameters, are observed to determine the quality 

of the obtained graphene. (Figure 1). The local-

ized plasmon resonance associated with the Ru 

nanoparticles shifts with graphene growth rang-

ing very close to the SLG interband transition at 

4.6 eV, which indicates some coupling between 

graphene electronic structure and Ru free elec-

trons, and is enhanced and shifted up to 5.3 eV 

when MLG is present. 

 

Keywords: Graphene-based hybrid materials, 

Ultraviolet-surface enhanced Raman scattering 

(UV-SERS), scanning electron and force mi-

croscopies, Raman spectroscopy, biosensing ap-

plications. 

 

 
 

Figure 1: SEM images of two graphene/ruthenium 

nanoparticle samples, with their respective Raman 

spectra, confirming the formation of single-layer 

and multi-layer graphene on the Ru nanostructures. 
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Abstract: 

The development of HVDC cable technology will 

result in increased electric stress on the insulation 

systems, where the weakest points appear in cable 

terminations and joints. Therefore controlling the 

field distribution in these components is a crucial 

issue. This function is fulfilled by field grading 

materials consisting of polymer composites filled 

with semi-conducting ceramic particles such as 

SiC, ZnO or carbon black. The nonlinear electri-

cal conductivity is provided by the percolated 

structure of the filler particles. However relative-

ly high filler loads need to be used (30% to 40%), 

which affect negatively the mechanical properties 

and can deteriorate manufacturing process due to 

increased viscosity. The alternative approach is to 

use conductive particles of graphene (GnP) for 

the sake of its unique electrical, thermal and me-

chanical properties. The main advantage is a pos-

sibility to obtain percolation threshold for low 

graphene loading contents. 

The technique chosen to produce nanocomposites 

is a precoating technique proposed by Drzal 

group [1, 2], in which liquid phase exfoliation of 

graphene nanopowder is carried out by means of 

chemical wet dispersion in acetone, followed by 

sonication. GnP-LDPE masterbatches were ex-

truded afterwards by means of single-screw ex-

truder from Brabender, with a screw diameter 

D=19 mm and a screw length of 25 D equipped 

with conveyor belt. The screw rotational speeds 

applied were 5 and 45 rpm, which corresponds to 

shear rates of 118 and 1062 and draw ratios of 1 

and 0.5. The two different rotation speed of the 

extruder screw was used to check if additional 

exfoliation process could possibly take place and 

what was its impact on the dispersion of the filler 

particles in LDPE matrix. Samples were prepared 

in form of tapes with graphene contents of 1%, 

3%, 5% and 7,5%.  

Investigations presented in this paper concentrate 

on elucidating the variations in the applied pro-

cessing technique on the composite morphology. 

It was achieved by means of DSC and TGA anal-

yses as well as microscopic observations. Results 

of measurements of composites’ thermal conduc-

tivity are also reported. 

Keywords: Graphene, nanocomposites, polyeth-

ylene, melt extrusion, processing, thermal con-

ductivity 
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Abstract: 

Organic bioelectronics refers in part to the cou-

pling of conducting polymer based devices with 

biological systems, proven repeatedly in the last 

decade to provide numerous advantages to a wide 

variety of biomedical applications in terms of sen-

sitivity, specificity and most importantly, bridging 

of the biotic/abiotic interface. We focus on the 

unique properties of organic electronic materials 

that allow easy processing, and flexibility in design 

as well as chemical tunability, to develop state-of-

the-art tools to (1) develop relevant in vitro models 

by creating more ‘in vivo’ like environments and 

(2) monitor cells i.e. for diagnostic purposes fol-

lowing exposure to toxins or pathogens. We have 

successfully demonstrated the use of the organic 

electrochemical transistor (OECT) for monitoring 

in vitro models of the gastrointestinal tract, the 

kidney and the blood brain barrier.  

For each application, we attempt to recreate the in 

vivo conditions through the use of microfluidics, 

biofunctionalised materials, and combinations of 

different cell types, while simultaneously designing 

the materials/devices in the most appropriate form 

factor to suit the model at hand. Our goal is to de-

velop physiologically relevant in vitro models with 

integrated monitoring systems that obviate the 

need for animal experimentation in diagnostics, 

toxicology or drug development. In this presenta-

tion, I will focus on demonstrating how we adapt 

the OECT to generate a ‘tool-box’ of methods to 

continuously monitor live cells in vitro. The 

toolbox includes electronic impedance monitoring, 

metabolite sensing, high resolution imaging and an 

automated electrical wound healing assay. 

 

Keywords: OECT, conducting polymer, in vitro 

toxicology, microfluidics, 3D tissues 

 

Figure 1: Image of the channel of an Organic 

Electrochemical transistor (50 x50µm) in the cen-

tre. The black borders top and bottom are the gold 

lines insulated by parylene. MDCK II cells (Ma-

din Darby Canine Kidney) were transfected with 

Lifeact (red fluorescent protein) for live cell imag-

ing, possible thanks to the optical transparency of 

the conducting polymer used in the channel 

(PEDOT:PSS). Cells were exposed to a DC (di-

rect current) pulse which killed the cells on the 

active area. Approximately 2 hours post pulse (the 

time the image was taken), the cells begin to mi-

grate across the channel as they ‘heal’. Electrical 

and optical images are correlated to monitor cell 

behaviour during healing. 
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Abstract: 

Nanofibers of sepiolite, a natural silicate belong-

ing to the clay minerals family, might constitute 

a potential promising nanocarrier for the non-

viral transfer of bio-molecules. Sepiolite nano-

fibers efficiently binds different types of nucleic 

acids (genomic DNA, plasmid DNA, single 

strand and double strand oligonucleotides and 

RNA) through electrostatic interactions, hydro-

gen bonding, cation bridges, and van der Waals 

forces, resulting in bionanocomposites provided 

with the latent bioactivity characteristic of DNA 

and RNA species. By combining fluorescence 

microscopy, transmission electron microscopy 

(TEM), time-lapse video microscopy and flow 

cytometry analysis (FACS), we show that sepio-

lite can be spontaneously internalized into mam-

malian cells through both endocytic and non-

endocytic pathways. Furthermore, we show that 

sepiolite is able to stably transfer plasmid DNA 

into mammalian cells and that the efficiency can 

be optimized. These results open the way to the 

use of sepiolite and DNA-based bionanocompo-

sites as a novel class of nanoplatform for gene 

transfer with potential clinical applications, as 

well as for the development of novel biological 

models of interest for Academia and biotechno-

logical applications.   

 

Keywords: Sepiolite, DNA, clay minerals, bi-

onanocomposites, mammalian cells, bacteria, 
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Abstract:  

Luminescent nanoparticles (LNPs) brought great 

advances to the areas of imaging and sensing but 

most of them use UV or visible light and are 

hence limited to cellular or topical applications. 

For in vivo bioimaging LNPs working in the in-

frared hold more promise because of their ability 

to penetrate biological tissue.[1] 

Combining our interest in LNPs that emit IR 

light between 1000 – 1350 nm, an area with min-

imal tissue absorption and scattering, which is 

defined as the 2nd biological window (II-BW), 

with the desire for multifunctional nanoparticles, 

we developed hybrid nanostructures (HNSs) 

through the encapsulation of superparamagnetic 

iron oxide and infrared emitting quantum dots, 

which absorb and emit in the II-BW, with 

PLGA, a biocompatible, FDA-approved polymer 

that is ideally suited for in vivo applications. We 

demonstrated the HNSs applicability for in vivo 

multimodal imaging (MRI and infrared fluores-

cence) in mice and their multifunctionality was 

studied through the assessment of their applica-

bility as potential magnetic heating agents in hy-

perthermia treatments.[2] 

In summary, HNSs for in vivo multimodal imag-

ing were synthesized and their features were 

studied in ex vivo and in vivo experiments. The 

capability of the magnetic-fluorescent HNSs for 

hyperthermia treatments was also demonstrated. 

 

Keywords: infrared fluorescence, bioimaging, 

MRI, multimodal, multifunctional. 

Figure 1: Above: Schematic representation of 

HNSs, Below: Multimodal imaging in a mouse 

(left: infrared fluorescence, right: MRI) employing 

the HNSs 
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Abstract: 

New multifunctional nanomaterials that combine 

different therapeutic capabilities in one-single 

object are attracting increasing attention in can-

cer battle.1 Nanostructures which couple magnet-

ic and plasmonic properties have demonstrated a 

synergistic therapeutic and diagnostic potential: 

iron oxide cores (magnetic) bring potential for 

magnetic resonance imaging (MRI), magnetic 

manipulation and targeting, while gold layers 

(plasmonic) were integrated to provide optical 

response of the hybrids for imaging or photo-

thermal heating. However, nanomaterials that 

incorporate the simultaneous action of mag-

netism and light to efficiently deliver heating to 

induce tumour cell death (hyperthermia) are rare.  

Here, we explore two examples of nanostructures 

devoted to thermal-therapies under magneto-

photo-thermal action: i) magnetic-plasmonic na-

nohybrids (composed of a core optimized for 

high efficiency in magnetic hyperthermia, and a 

gold shell with tunable plasmonic properties 

from the visible to the near infrared region 

(NIR)2 and ii) iron oxide cube-shaped nano-

materials (Figure 1).3 Efficient and amplified 

heat conversion was achieved for both cases, 

either in suspension till in vivo conditions, be-

coming into a new dual hyperthermic-modality 

for tumor treatment with minimal collateral tis-

sue damage. 

Keywords: magnetic hyperthermia, photo-

thermia, magneto-plasmonic nanohybrids, iron 

oxide nanoparticles, nanomedicine, bimodal hy-

perthermia 

 

Figure1: Iron oxide nanocube-mediated heating 

in cancer cells. Inset: Heating efficiency (SLP, in 

W/g) under magnetic hyperthermia only and 

combined with photothermia (dual-mode).  
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Abstract: Pharmaceutical products (PPs) are 

non-biodegraded substances which are more and 

more commonly found in sewage and surface 

water (Thiebault at al., 2015). Although being 

present at low concentration, these substances 

have been recognized to drive to toxic effects on 

several ecosystems. Among recalcitrant PPs to 

water treatments, diclofenac, a nonsteroidal anti-

inflammatory substance, shows a high toxicity 

(Ferrari et al., 2003) and remains at high concen-

tration in the environment (Miege et al., 2009) 

due to its particular resistance to the current 

treatment (Verlicchi et al., 2014). For this pur-

pose, new techniques including adsorbents have 

to be developed for the adsorption of PPs (Gué-

gan et al., 2015). 

In the present contribution, the adsorption of di-

clofenac onto a clay mineral and its organoclay 

derivatives has been studied with a particular 

understanding of the interactional mechanisms of 

this PP with the prepared adsorbents. The exper-

imental data obtained by a set of complementary 

techniques (X-ray diffraction, infrared spectros-

copy, gas chromatography coupled with mass 

spectroscopy) reveal that organoclays prepared 

with the use of two different cationic long-alky 

chains surfactants (BDTA and HDTMA) show a 

particular affinity to diclofenac which is en-

hanced as the density of surfactant is increased 

while the nature appears to play a minor role.  
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Abstract: 

Bionanocomposites are hybrid materials pre-

pared from natural polymers and inorganic solids 
with particle size in the nanometer scale, such as 

clays (Darder et al., 2007). Different type of bi-

opolymers can be employed in the preparation of 
bionanocomposites with special interest focusing 

on the use of polysaccharides. Cellulose is the 

most abundant, renewable and biodegradable 

natural polysaccharide in Earth and, thus, materi-
als based on cellulose (wood, flax, cotton, 

hemp…) have been widely used for thousands of 

years by men.  
The present work intends to explore the prepara-

tion and characterization of bionanocomposites 

consisting in the assembly of cellulosic materials 

and fibrous clays (sepiolite) as inorganic compo-
nents. The cellulose nanofibers (CNF) were gen-

tly provided by Prof. P. Mutjé (Univ. of Girona, 

Spain), prepared following the methodology by 
Saito et al. (2007). The obtained CNF are around 

4-20 nm in width and a few microns in lenght. As 

inorganic counterpart, a commercial sepiolite of 
rheological grade and dimensions close to those 

of CNF was employed.  

The methodology used for the preparation of this 

hybrid material has consisted in the application 
of shear force and ultrasound energy to aqueous 

suspensions of CNF and sepiolite (Ruiz-Hitzky y 

col., 2014), getting stable gels which can be con-
formed as films. The subsequent characterization 

of these materials has corroborated the suitability 

of the employed methodology to obtain homoge-
neous hybrid materials showing good interaction 

between the organic and the inorganic fibers. 

The stability of these films makes them good can-

didates for different applications either as absor-
bents or for more advanced application such as 

sensors, requiring in this case the incorporation 

of other nanoparticles or functional groups. In 
this way, multiwalled carbon nanotubes have 

been successfully incorporated into this hybrid 

system, giving rise to conducting materials which 

are currently being explored for uses as active 
phase in sensor devices. 

 
Figure 1: Films of (a) CNF (b) CNF–sepiolite, 

and (c) CNF-sepiolite-MWCNT, (d) FE-SEM 

imagen CNF-sepiolite. 
 

Keywords: Bionanocomposites, fibrous clays, 

sepiolite, cellulose nanofibers, multiwalled car-

bon nanotubes. 
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 Abstract: 

Highly efficient functional materials can be de-

veloped thanks to the association of biological 
materials with inorganic components to generate 

the so-called biohydrid materials. In particular, 

layered double hydroxides (LDH), since their 
layers are positively charged, can favorably inter-

act with biomolecules which often bear an over-

all negative charge at neutral pH values. Differ-
ent strategies were developed for the design of 

LDH biohybrids containing enzymes. Transketo-

lase (TK, EC 2.2.1.1.), a thiamine diphosphate-

dependent enzyme, reveals an efficient biocata-
lyst to ensure the stereospecific transfer of a two-

carbon ketol unit to the carbonyl of a variety of 

aldehydes leading to chiral polyols of biological 
interest. We have recently identified a thermosta-

ble and highly robust TK from Geobacillus stea-

rothermophillus (TKgst) offering interesting op-

portunities.  
In this presentation, we will describe the trans-

ketolase immobilization on LDH allowing easy 

use, storage and reuse of the supported enzyme 
and how it is possible to extend the immobiliza-

tion strategy to the co-immobilization of D-

amino oxidase / TKgst or α-transaminase / 
TKgst@LDH. These biohybrids are of special in-

terest in cascade enzymatic reactions since they 

catalyze the in situ formation of β-hydroxypy-

ruvate (HPA) from D- or L-serine respectively. 
The released HPA is readily converted upon TK-

catalyzed reaction yielding the corresponding α-

ketose product in the presence of an acceptor al-
dehyde. In resume, we will describe the synthesis 

and the characterization of biohybrids, and some 

applications in biocatalysis for the synthesis of 
chiral polyols. 

 

Keywords: biohybrids, layered double hydrox-

ides, biocatalysis, transketolase, D-amino acid 
oxidase, transaminase, co-immobilization of en-

zymes, chiral polyols. 
 

 

 

Figure 1: General scheme of a biocatalyst based on 
D-amino acid oxidase / TKgst@LDH or α -transam-

inase / TKgst@LDH nanohybrids for the synthesis 

of D-threo (3S, 4R) ketoses, using D- or L-serine for 
the in situ generation of HPA as donor for TKgst 

and yielding the ketose product. 
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Abstract: Amongst organic-inorganic hybrids those 

implying the use of biological species as organic 

counterpart represent a growing field of research 
centred in the development of advanced functional 

or structural materials (Ruiz-Hitzky et al., 2008). 

Bionanocomposites are biohybrid materials involv-
ing polymers from biological origin, being the most 

common ones based on poly(lactic acid) or polysac-

charides, such as chitosan or starch, and clay miner-

als as inorganic nanofiller (Ruiz-Hitzky et al., 
2015). Although less explored, polypeptides and 

proteins have been also intercalated in the interla-

mellar space of smectite clays such as montmorillo-
nite, forming a protein-clay biohybrid material. Bi-

onanocomposites based on the assembling of zein 

with montmorillonite have been prepared by the 
thermo-plasticization and blown extrusion tech-

niques (Luecha et al., 2010; Nedi et al., 2012) as 

well as from protein solved in ethanol/water mix-

tures (Alcântara et al., 2011).  using organoclays, 
but in this communication we will show that it is 

possible to prepare the bionanocomposites using 

sodium montmorillonite in which the process is 
controlled working with the solubility properties of 

zein. The mechanism of the biohybrid formation 

will be explained considering the complex structure 

of zein and the role of the amino acids in its compo-
sition, as well as the specific conformation of this 

protein. Aspects on the physicochemical characteri-

zation of the resulting biohybrids (Figure 1) and 
their application biofillers in the preparation of di-

verse ecofriendly nanocomposites based on zein and 

starch will be also discussed. In this sense, it will be 
shown that the incorporation of the biofiller im-

proves the compatibility with the polymer matrix, 

while keeping the biocompatible character of the 

material, and additionally play a role for incorporat-
ing barrier properties as reported for other bi-

organoclays used in the preparation of reinforced 

bioplastics (Chivrac et al., 2010; Alcântara et al. 
2016). 

Keywords: zein, montmorillonite, bionanocompo-

sites, biohybrids, biofillers 

Figure 1: TEM image of one of the biohybrids pre-

prared by intercalation of zein in Na-

montmorillonite clay. 
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Abstract: 

The brightness, large absorption cross-section 

and flexibility of colloidal nanocrystal quantum-

dots (NQDs) and organic semiconductors render 

them promising new materials for light harvest-

ing and light emitting applications. However, 

both classes of material are plagued by low-

charge-transfer efficiency that limits the overall 

power conversion efficiency when compared to 

silicon-based or epitaxial p-n junction photovol-

taics, and epitaxial light emitting diodes. A route 

to circumvent altogether issues associated to low 

charge transfer in NQDs and organic semicon-

ductors is to engineer devices that utilize alterna-

tive energy transfer schemes to electrical injec-

tion and transport while still benefiting from their 

large oscillator strength. 

   
Figure 1: (a) Schematic representation, (b) 

cross-sectional, and (c) top scanning electron 

microscopy images of a photonic quasi-crystal 

LED hybridized with NQD color converters. 

In nature, funnelling of energy between different 

chromophores predominantly occurs through a 

non-radiative dipole-dipole coupling mechanism, 

commonly referred to as resonance energy trans-

fer. Non-radiative energy transfer does not in-

volve charge transfer or emission and absorption 

of photons between donor and acceptor and can 

exceed the radiative energy transfer routinely 

used in phosphor light emitting devices. Theoret-

ical calculations and recent experimental obser-

vations demonstrate that free quantum well exci-

tons can undergo resonance energy transfer with 

an order of magnitude higher rate compared to 

localized, point-like excitons exemplifying the 

potential of hybrid photonic devices utilising res-

onance energy transfer as a means to overcome 

charge transfer related limitations [1].  

Here, I will present recent advances in the field 

of hybrid photonics in architectures where non-

radiative energy transfer is used to combine the 

high carrier mobility of single crystal inorganic 

semiconductor heterostructures and the versatili-

ty offered by colloidal NQDs and organic semi-

conductors in light harvesting and light emitting 

configurations such as those depicted in Figures 

1&2 [2-4].  

 

 
Figure 2: (a) Schematic illustration of a flexible 

inkjet-printed NQD/CIGS hybrid solar cell. (b) 

Photograph of a hybrid device. (c) Schematic of 

the pulsed-spray NQD deposition system. 

Keywords: hybrid photonics, photovoltaics, so-

lar cells, LEDs, energy, NRET, RET, resonance 

energy transfer, nanophotonics, . 
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Abstract: 

Today the field of solid state lasers (SSL) has 

evolved to a vast list of designs and configura-

tions to cover applications in a wide range of 

scientific and technological fronts. However, the 

new challenges in nanoscience and nanotechnol-

ogy require coherent light sources operating in 

the sub-micrometer range. Such sources are real-

ly promising since the manipulation of coherent 

light in nanometric spatial scales can generate a 

revolution in a variety of applications ranging 

from sensors to biomedicine and from imaging 

technologies to the information technology. 

Here, we demonstrate threshold conditions for 

laser action at the nanoscale in a SSL due to the 

presence of plasmonic structures. The system 

operates at room temperature with a laser emis-

sion wavelength close to 1 µm. The solid state 

gain medium is constituted by a Nd3+ doped peri-

odically poled LiNbO3 (Nd3+:PPLN) laser crystal 

on which long chains of closely spaced silver 

interacting nanoparticles have been fabricated. 

The broad radiative plasmonic modes supported 

by the chains of metallic nanoparticles extend 

from the visible down to the NIR, matching the 

relevant transitions of the Nd3+ laser ions and 

being responsible for the sub-wavelength optical 

confinement of the laser mode. As a conse-

quence, a dramatic reduction of the pump power 

at threshold (50%) and a remarkable improve-

ment (up to 15-fold) of the slope efficiency com-

pared to the case of the conventional bulk laser 

operation are obtained.  

The results can open a systematic roadmap to 

implement the nanoscale confinement effect in 

many other ions and compounds of solid-state 

laser physics, by the right choice of plasmonic 

antenna morphology and configuration. The 

work opens the possibility to extend the results to 

the extremely vast list of solid state gain media 

constituted by hundreds of host-optically ion 

combinations (for instance Nd3+, Er3+, Yb3+, 

Cr3+, Ti3+,…), which cover the spectral range 

from the ultraviolet to the mid-infrared with ad-

vantages of compactness, chemical and thermal 

frequency stability, and with the subsequent 

broad range of applications. 

 

Keywords: plasmonic nanolaser, solid state la-

ser, Nd3+, chains of Ag nanoparticles. 
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Abstract: 

A novel absorbing composite based on MoSi2–

Si3N4 has been investigated to be used in high 

temperature solar selective coatings (SSC) for 

harvesting energy in concentrated solar power 

(CSP) collectors.  

A good balance between performance and cost is 

obtained with SSCs based on a multilayer made 

of the following four layers: (i) an infrared re-

flective metallic layer (IR-mirror) placed close to 

the substrate, (ii) a high metal volume fraction 

(HMVF) composite layer, (iii) a low metal vol-

ume fraction (LMVF) composite layer, and (iv) 

an anti-reflective (AR) layer. 

Several informations are needed to optimize the 

optical properties of solar selective stacks arriv-

ing to the highest values in absorptivity and the 

lowest in thermal emissivity (Céspedes et al. 

2014). For this purpose, the following issues 

have to be considered for the final application of 

such a coating:  

(a) the study of the complex refractive index of 

each component, (b) simulation of the UV-Vis-

IR reflectance of the whole stack based on the 

complex dielectric permittivity of the compo-

nents, (c) optimization of the optical absorptivity 

and thermal emissivity by selecting the appropri-

ate thickness and composition of each layer, (d) 

sputtering deposition of whole multilayer stacks, 

(e) optical characterization and comparison with 

calculated reflectance and, finally, (f) thermal 

annealing to study the chemical stability and 

ageing of the prepared materials.  

In this communication, we report on SSCs based 

on silver as IR-mirror metallic layer, a double 

composite layer of MoSi2 embedded in Si3N4 and 

Si3N4 as AR layer. The optical characterization 

shown in Fig. 1 evidences the suitability (Her-

nández-Pinilla et al. 2016) of this absorbing 

composite for high temperature CSP applica-

tions, as well as the thermal stability of the 

stacks after consecutive annealing treatments 

above 600 ºC without any hint of ageing degra-

dation. 

 

300 1000 3000 10000 30000
0

20

40

60

80

100

0 60 120 180 240
0.00

0.05

0.10

0.15

0.80

0.90

 "as-deposited" 

 15 h @ 600 ºC 

 65 h @ 600 ºC 

 165 h @ 600 ºC 

 215 h @ 600 ºC 

 

 

R
e

fl
e

c
ta

n
c
e

 (
%

)

Wavelength (nm)

 absorptivity

 emissivity at 600 ºC

 emissivity at 25 ºC

 

 


th

  
  
  
  
  
 

S
o

l

Time (h)

 
Figure 1: Reflectance spectra of representative 

SSC after long time periods of vacuum anneal-

ing at 600 ºC. The inset shows the evolution of 

solar absorptivity and thermal emissivity.  

 

 

Keywords: Solar Selective Coating, Concentrat-

ed Solar Power. 
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Abstract: 

Colloidal quantum dots (QDs) have emerged as 

promising color conversion light emitters for sol-

id state lighting applications due to their emis-

sion tunability and near-unity photoluminescence 

quantum yields. In current commercial light 

emitting diodes (LEDs), QDs are dispersed into 

an encapsulation layer in a far field architecture, 

where the majority of the light emitted by the 

LED remains trapped within the epitaxy due to 

total internal reflection, drastically reducing out-

coupling efficiency. Here, we demonstrate a pho-

tonic quasi-crystal (PQC) hybrid LED geometry 

that allows QD emitters to be placed in close 

proximity to the multiple quantum wells 

(MQWs) of the active area (Figure 1). This ar-

chitecture greatly improves coupling between 

MQWs and QDs, simultaneously allowing non-

radiative resonant energy transfer (RET) be-

tween the MQWs and the QDs and near-field 

radiative coupling of trapped (guided)-modes in 

the LED to the emitters. In this configuration, we 

demonstrate record-breaking effective quantum 

yields reaching 123% for single color conversion 

LEDs and 110% for white light emitting devices. 

We also use time-resolved spectroscopy to study 

RET between the MQWs and the QDs, and 

demonstrate transfer efficiencies in excess of 

80%. We believe that these hybrid PQC LED 

structures, fabricated with low-cost nano-imprint 

lithography and using cheap colloidal QD emit-

ters, could represent an important technological 

breakthrough for the solid state lighting industry. 

 

Keywords: Quantum-well; Photonic quasi crys-

tals; Light-emitting diodes; Quantum dots, Reso-

nant energy transfer. 
 

 

 
Figure 1: (a) Schematic representation, (b) cross-

sectional and (c) top SEM images of a photonic 

quasi-crystal LED hybridized with QD color con-

verters. 
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Abstract: The development of porous 
nanostructured  materials based on clay minerals 

is a topic of great importance being typically 

used in catalysis and adsorption applications 
(Ruiz-Hitzky et al., 2012; Aranda et al., 2014). 

Amongst other approaches it has been reported a 

colloidal route that involves the use of or-

ganoclays and metal alcoxides to develop new 
porous clay nanoarchitectures from both layered 

and fibrous clays (Ruiz-Hitzky and Aranda, 

2014). In this communication it will be intro-
duced new porous ZnO and ZnO/SiO2-clay 

nanoarchitectures based on both layered and 

fibrous silicates by applying methodologies of 
synthesis characterized by the use of intermedi-

ate organoclays for favouring the assembly of 

the involved oxide nanoparticles.  

On the one side, ZnO-clay porous materials 
were prepared following a new approch based 

on the assembly of previously prepared ZnO 

nanoparticles (NP) to organoclays pepared by 
treatment with cetyltrimethylammonium bro-

mide of two montmorillonite layered silictes 

(Wyoming montmorillonite commercialized as 
Cloisite® by Southern Clay Products and, an 

iron-rich smectite from Gafsa, Tunisia described 

by Letaief et al., 2002) and a sepiolite fibrous 

clay (clay mineral from Vallecas, Spain, com-
mercialized as Pangel® S9, by TOLSA SA). The 

assembly procedure implies the dispersion of 

the organophilic  clays in  2-propanol together 
with and ZnO NPs, previously prepared from 

zinc acetate in presence of KOH in methanol at 

reflux,  to achieve intermediate ZnO/clay or-

gano-heterostructures (Akkari et al., 2016). Af-
ter thermal treatment, the organic matter is re-

moved and the ZnO NPs become finally assem-

bled to the clay being consolidated the resulting 
ZnO/clay nanoarchitectures (Figure 1).  

On the other side, ZnO NP were assembled to 

SiO2-organoclay clay heterostructures prepared 
following a methodology developed at the 

ICMM-CSIC that uses a colloidal route to as-

semble SiO2 and other type of NP to layered and 

fibrous clays (Ruiz-Hitzky and Aranda, 2014). 
This apporoach intends to procure larger surfac-

es for the assembly of the ZnO NP as for in-
stance, in the case of layered clays it is possible 

to even reach the delamination of the clay dur-

ing the formation of silica networks from al-
coxysilanes previously associated with the clay. 

In the present case intermediatesilica-clay heter-

ostructures were prepared from the organoclays 

using tetramethoxysilane (TMOS) as silica pre-
cursor but they were not submitted to the ther-

mal treatment till treatment with a suspension of 

ZnO NP in 2-propanol under ultrasonication. 
Heating the resulting materials to eliminate the 

organic matter produces ZnO/SiO2 nanoparticles 

homogeneously dispersed on delaminated lay-
ered  clays or on the external surface of the fi-

brous clay.  

 

 
Figure 1: TEM image of one of the ZnO/SEP nano-

architectures prepared in this case by combining 
dispersions of the organoclay and ZnO NPs. 

Both types of ZnO-clay heterostructures have 

been characterized by diverse techniques (XRD, 

FTIR, chemical analysis, specific surface area 
and porosity deterinations, TEM and SEM-

EDX,…) and their activity in the photocatalytic 

decomposition of methylene blue dye in water 

was evaluated in view to establish their potential 
interest as photocatalyst for degradation of or-

ganic pollutants in water.  

Keywords: smectites, sepiolite, ZnO nanoparti-
cles, heterostructured materials, photocatalysis. 
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red Materials 

 

M.Vila,1,*  

1CTECHnano-Coating Technologies S.L. Tolosa Hiribidea, San Sebastián 20018. Spain 
 

 

Abstract: 

 

Different from chemical vapor deposition (CVD) 

and physical vapor deposition (PVD), atomic la-
yer deposition (ALD) is based on saturated sur-

face reactions. In this case, the thin films are 

grown in a layer-by-layer fashion allowing sub-

nanometer thickness control, low temperature de-
positions, good uniformity and superior step co-

verage on high specific surface area components 

compared to CVD and PVD. 
These advantages of ALD over other thin film 

deposition processes have been conventionally 

applied mainly in semiconductor electronic in-
dustry on the preparation of layers of outstanding 

High-K dielectric materials.  

But, due to the advances in tool design and recipe 

development, the importance of ALD is rapidly 
expanding for producing innovative nanoscale 

materials.  

ALD new applications are highly multidiscipli-
nar. It has an emerging potential on photovoltaic 

cells, flexible electronics, enhanced performance 

glass, paper and textiles, new generation transis-
tors, sensors, and advanced energy materials te-

chnology. Innovations brought by nanotechno-

logy to biosciences and biosensors are also pro-

ving to be good candidates to benefit from these 
potentialities and its surface funcionalization 

possibilities. 

Some of these advanced applications  require the 
deposition of  hybrid materials that could com-

bine the beneficial aspects of both inorganic and 

organic phases.  

Molecular layer deposition (MLD) methods ex-
tend the ALD strategy to include organic and 

hybrid organic−inorganic polymeric materials, 

so a combination of both techniques opens the 
door to the creating of highly attractive nanos-

tructural frameworks.  

 
Keywords: Materials deposition, atomic layer 

deposition, hybrid nanomaterials, hybrid coat-

ings. 

 
 

 

 
 

 

 
 

 

 

 
 
 

Figure 1: Figure illustrating several structures that 

could be prepared by this technique, emphazising 
the high surface-area porous structures that could be 

deposited at low temperature, providing good uni-

formity and superior step coverage. 
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Abstract: 

Maya Blue is an ancient nanostructured pigment 

synthetized by assembling indigo, a natural dye, 

with palygorskite, a microfibrous clay mineral. 
The novelty of our approach is to mimic "pre-Co-

lumbian nanotechnology" and to functionalize ge-

opolymers with a sepiolite-based organic-inor-
ganic hybrid material inspired from the Maya Blue 

pigment. It is acid- and UV-resistant, as confirmed 

by the stability of Maya mural paintings over time. 
We synthesized analogous pigments, using meth-

ylene blue (MB) and methyl red (MR) as organic 

dyes and sepiolite as fibrous clay mineral, a parent 

clay to palygorskite. We used an aqueous (as) and 
a solid-state (ss) method, both leading to encapsu-

lation of dye monomers into the clay micropores, 

as confirmed by UV-VIS spectroscopy. The clay 
dye hybrids were further characterized by specific 

surface area and dye content determinations. The 

solid state method allowed to encapsulate a larger 
quantity of dye and provided a stronger colour. 

This nanostructured pigment was then incorpo-

rated into a geopolymer matrix at room tempera-

ture. Calorimetry and X-ray diffraction support 
that the sepiolite clay does not participate to the ge-

opolymerisation reaction. The stability of the new 

coloured geopolymer materials to hydrogen perox-
ide, UV and acid conditions were tested. It was 

confirmed that it is the prior encapsulation of the 

dye into sepiolite that leads to the stability of the 

pigment in the geopolymer matrix. The methylene 
blue hybrid is more stable to environmental condi-

tions (UV and  hydrogen peroxide) than the methyl 

red one. This first study opens the way to numerous 
possibilities for functionalizing inorganic binder 

materials with organic elements that would be oth-

erwise sensitive to thermal treatment in conven-
tional ceramic processing.  

Keywords: Maya Blue, sepiolite, geopolymer, 

methylene blue, methyl red, UV stability 

 

 
 

Figure 1: Change of colour of geopolymer with 

hydrogen peroxide, from left to right: sepiolite + 

MRas, sepiolite + MRss, only MB, sepiolite + MBas, 

sepiolite with MBss. Upper part, before H2O2 ex-
posure and lower part after exposure 
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Abstract: 

 

Metal–Organic Frameworks (MOFs) are a new 

family of crystalline porous solids constructed by 

linking metal ions/clusters to organic ligands 

through coordination bonds. They are character-

ized by extremely large surface areas and high 

structural/compositional flexibility that confer 

them high potential for myriad applications, in-

cluding gas storage, separation, catalysis, etc.1,2 

However, beyond the improvements that an ade-

quate design can induce in the MOF properties,3,4 

the optimization and the presence of MOFs in 

future real applications must come also from 

their combination with other type of materials; 

thereby creating composites.   

In this communication, we present a general 

strategy for the formation of discrete porous me-

tallic Janus MOF nanocomposites, based on di-

rect evaporation of metals on the surface of col-

loidal MOF crystals that have been pre-

immobilized onto planar surfaces. The approach 

that we used is also known as desymmetrization 

at interfaces. We will explain the different steps 

of this novel methodology, the flexibility of the 

approach, and how the new nano composites 

combine the properties of both components (e.g. 

Co for introduce magnetism) to be used as ad-

vanced adsorbents for pollutant sequestration 

(e.g. Hg2+) in water.    

 

Keywords: Metal Organic Frameworks, porous 

materials, sequestration of pollutants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: a) SEM images of Janus ZIF-8@Au par-

ticles with a size of around 100 nm, 200 nm and 

1µm. Scale bar: 500 nm (from left to right). b) Pho-

tography image showing that Janus UiO-66@Co 

nanocomposites can be guided with a magnet.  
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Nanoclays for adsorption of tartrazine: A sustainable appli-
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Abstract: 

Drinking water is an increasingly scarce com-

modity, especially in the countries with the low-

est human development index, where millions of 

people do not have any access to sources of clean 

water to meet their basic needs and often be-

comes vehicle diseases. That is why water pollu-

tion is an issue of vital importance to be solved. 

Removal of dyes effluent is one of the most sig-

nificant and difficult to treat environmental prob-

lems since many of the dyes are of synthetic 

origin and a complex molecular structure, mak-

ing them more stable and difficult to biodegrade. 

Sorption techniques produce high quality treated 

effluent and sorption processes have been inves-

tigated as a method of removing dyes wastewater 

. Tartrazine is a typical synthetic, watersoluble 

anionic dye. This substance appears to cause the 

most allergic and intolerances reactions of all the 

azo dyes, particulary among asthmatics and 

those with aspirins intolerance. Consequently, 

the wastewater containing tartrazine with various 

concentrations should be treated before. 

 

The adsorption of tartrazine  by montmorillonite  

and sepiolite is studied in this work. Results 

show a strong interaction between clays and the 

colorants because of the cationic exchange and 

the realignments of the organic molecule when 

the adsorption takes place. Ultrasound technique 

improves the colorant adsorption by the clays. 

 

Keywords: Adsorption, clays, ultrasound tech-

nique, tartrazine 
 

Figure 1: FT-IR Spectra: Systems Tartrazine-

natural montmorillonite, natural sepiolite and 

ultrasounds systems 

 

 

FT-IR SPECTRA: (a) System:  tartrazine – natural montmorillonite; (b) tartrazine;

(c) natural montmorillonite
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FT-IR SPECTRA: (a) Ultrasound System:  tartrazine – natural montmorillonite; 

(b) tartrazine;   (c) natural montmorillonite
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FT-IR SPECTRA: (a) System:  tartrazine – natural sepiolite; (b) tartrazine;               

(c) natural sepiolite

a

b

c

3569

2930 1663
1019

785

FT-IR SPECTRA: (a) Ultrasound System:  tartrazine – natural sepiolite;                  

(b) tartrazine;   (c) natural sepiolite
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Abstract: 

Synthetic talc (Mg3Si4O10(OH)2)  began to be 

developed at a laboratory scale ten years ago as 
a technical solution to perform new lubricant 

composite materials.1 In collaboration with in-

dustrial partners, synthesis processes were re-

cently revised and improved2,3 to obtain an eco-
nomically viable process. Nowadays, synthetic 

talc appears in various industrial sectors as a 

competitive and original fillers.4,5 While syn-
thetic talc is a well-documented product,6,7 very 

few information is available about the early 

stages of its formation. However, understanding 

talc crystallogenesis mechanisms is of primordi-
al importance before developing this filler on a 

preindustrial scale.  

Extended X-ray Absorption Fine Structure 
(EXAFS) was used to probe the immediate en-

vironment of the octahedral cation of the talc 

precursor sample (PT) and talc samples (T). 
EXAFS spectroscopy is particularly interesting 

because this technique is chemically selective 

and well suited for poorly crystalline and non-

crystalline materials.8 To study the structural 
evolution of the octahedral sheet, synthetic Ni-

talcs were used because Ni atoms have more 

suitable energy absorption for the use of 
EXAFS measurements than Mg atoms. 

This work aimed to understand the mechanisms 

of transformation from the amorphous talc pre-
cursor to crystalline synthetic talc synthesized at 

100, 200 and 300 °C during 6 hours. EXAFS 

data evidenced a T-O-T (Tetrahedral-

Octahedral-Tetrahedral) nano-entity as soon as 
the talc precursor precipitated. With the synthe-

sis temperature, these talc units are interlocked 

through the octahedral sheet. Simultaneously 
with the synthesis temperature, the tetrahedral 

sheets are developed, and Si−O−Si chains are 

progressively formed. Based on this growth 

mechanism, intracrystalline distribution of Ni 

and Mg in the octahedral sheet was also studied 

as a function of hydrothermal temperature 

 
 

Figure 1: Fourier transforms of the talc precursor 

and the talc synthesized at 100, 200, and 300 °C. 

Keywords: synthetic talc, EXAFS, talc precur-

sor, crystalogenesis 
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DNA-controlled fusion of liposomes 
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Abstract: 

Fusion of lipid bilayers is an ubiquitous process 

in nature. The merging of two biomembranes 

leading to release of encapsulated content in a 

controlled way is crucial, e.g. for cell signaling, 

exocytosis and intracellular trafficking. Pioneer-

ing attempts by Boxer and Höök et al. showed 

the feasibility of artificial liposome fusion con-

trolled by supramolecular interactions of lipid-

nucleic acid conjugates (LiNAs).[1] It could be 

shown that LiNAs are able to mimic the basic 

functional behaviour of the natural SNARE 

complex.  

 

Figure 1: Schematic illustration of DNA-

mediated and controlled assembly and hemifu-

sion/fusion process.  

 

Assembly as the first step towards fusion has 

been reported earlier [2-4] by us and is the initial 

process necessary for controlled fusion, a pro-

cess followed by hemifusion and finally fusion of 

DNA-functionalized liposomes. Key parameters 

such as oligonucleotide sequence and length, oli-

gonucleotide design and mem-brane anchors 

structure are investigated. Content and lipid-

mixing assays show key steps during hemifusion 

or fusion and open the path for reactant mixing 

and chemistry in nanoscale reaction containers 

(liposomes). Chemistry in very small volumes is 

relevant for the understanding of chemistry under 

“crowded” conditions (like in cells) and the effect 

of water “activity” on chemistry under non-bulk 

solvent conditions in very confined small spaces 

(cell biology).  

Keywords: membrane fusion, oligonucleotides, 

DNA, su-pramolecular chemistry. 
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Abstract: 

The analysis of the potential risks of engineered 

nanomaterials (ENM) has so far been almost 

exclusively focused on the pristine, as-produced 

particles. However, when considering a life-cycle 

perspective, it is clear that ENM released from 

genuine products during manufacturing, use, and 

disposal is far more relevant. Research on release 

of materials from nano-products is growing and 

the next necessary step is to investigate the be-

havior and effects of these released materials in 

the environment and on humans. Therefore, suf-

ficient amounts of released materials need to be 

available for further testing. In addition, ENM-

free reference materials are needed since many 

processes not only release ENM but also nano-

sized fragments from the ENM-containing ma-

trix that may interfere with further tests. The 

SUN consortium (Project on “Sustainable Nano-

technologies”, EU 7th Framework funding) uses 

methods to characterize and quantify nano-

materials released from composite samples that 

are exposed to environmental stressors. Here we 

describe an approach to provide materials in 

hundreds of gram quantities mimicking actual 

released materials from coatings and polymer 

nanocomposites by producing what is called 

“Fragmented Products” (FP). These FP can fur-

ther be exposed to environmental conditions (e.g. 

humidity, light) to produce “Weathered Frag-

mented Products” (WFP) or can be subjected to 

a further size fractionation to isolate “Sieved 

Fragmented Products” (SFP) that are representa-

tive for inhalation studies. In this perspective we 

describe the approach, and the used methods to 

obtain released materials in amounts large 

enough to be suitable for further fate and 

(eco)toxicity testing. We present a case study 

(nanoparticulate organic pigment in polypropyl-

ene) to show exemplarily the procedures used to 

produce the FP. We present some characteriza-

tion data of the FP and discuss critically the fur-

ther potential and the usefulness of the approach 

we developed. 

Keywords: engineered nanomaterials, release, 

aging, weathering, fragmentation, products, pol-

ymers, coatngs 

 

 

Figure 1: The SUN concept: Pristine nano-

materials are formulated into products that are 

then fragmented in “Fragmented product (FP)”. 

These FP can be sived to produce a fine fraction 

or weathered to produced weathered fragments. 

These fragmented products can be used in tox, 

ecotox and fate studies in large quantitites. 
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Abstract: 

High efficiency chalcogenide solar cell architec-

tures involve the integration of buffer nanometric 

layers for the formation of the device heterojunc-

tion. This includes mainly CdS layers with thick-

nesses in the range of 30-60 nm, and alternative 

Cd-free layers based on Zn(O,S) and Zn(S,Se) 

alloys have more recently been developed. In all 

cases, control of the thickness and composition 

of the layers are relevant to achieve high perfor-

mance devices. However, assessment of these 

parameters is currently compromised by their 

nanometric thickness. In this framework, this 

work reviews the development of resonant Ra-

man scattering methodologies for the quantitative 

assessment of the thickness and composition of 

the buffer layers. The analysis of the data ob-

tained from different kinds of layers confirms the 

potential of Raman scattering based techniques 

for the non-destructive monitoring of these na-

nometric layers in advanced high efficient devic-

es. 

 

Keywords: resonant Raman scattering, thin film 

solar cells, chalcogenide solar cells. 

 

Thin film solar cells based on chalcogenide semi-

conductors have a strong interest because of their 

potential for the achievement of cost-effective 

devices. This includes more mature chalcopyrite 

Cu(In,Ga)(S,Se)2 (CIGS) technologies that have 

recently achieved a record cell efficiency of 

22.3% [1] and are already at the industrial stage, 

as well as emerging kesterite Cu2ZnSn(S,Se)4 

(CZTS) based devices that avoid the use of 

scarce elements, being very weel suited for their 

sustainable deployment at Terawatt levels. Main 

advantages of these technologies are related to 

their high potential for reduction of production 

costs as well as their high technological flexibil-

ity, which allows the development of cost-

effective devices with weight and shape well 

adapted to different customized applications, as 

building integration. 

In these technologies, the device architecture in-

cludes a nanometric n-type (buffer) layer located 

between the p-type chalcogenide absorber and 

the transparent conductive oxide window layer. 

This buffer layer has typically a thickness in the 

range 20 – 40 nm. Currently, most of processes 

implemented at industrial scale use a CdS buffer 

layer. However, the relatively low bandgap of 

CdS limits the device performance in the UV 

region. This, together with concerns related to 

the high toxicity of Cd, have motivated the de-

velopment of alternative Cd-free layers as those 

based in Zn(O,S) or Zn(S,Se) alloys. In all these 

cases, it is very important to control the presence 

of thickness and composition inhomogenity in the 

grown layers. This is strongly relevant because 

layer and process inhomogeneity are responsible 

of the significant reduction of the efficiency of 

the solar modules in relation to those achieved at 

cell level. Control of these inhomogeneity implies 

the need for reliable and high sensitivity tools (if 

possible non-destructive) allowing their detection 

at early process stages. However, in the case of 

the buffer layers, this is compromised by their 

nanometric thickness. 

In this framework, this work reports the devel-

opment of resonant Raman scattering methodol-

ogies for the non-destructive assessment of these 

buffer nanometric layers. Raman scattering is a 

non-destructive technique well suited for these 

applications, being the Raman spectra sensitive 

to structural and chemico-physical  
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Figure 1: Dependence of CdS thickness on rela-

tive integrated intensity of CdS and CIGSe 

peaks. The inset shows the mapping of a CdS 

layer region 50×50 μm2. 

 

properties of the layers that have a direct impact 

in the device efficiency. In addition, the use of 

near resonant excitation conditions (where the 

excitation wavelength approaches a real energy 

level in the band structure) leads to a strong en-

hancement in the intensity of the Raman peaks, 

overcoming the problems related to the nanomet-

ric layer dimensions. This also allows a strong 

decrease of the measuring time, achieving times 

compatible with the implementation of the tech-

nique as in-situ/on-line process monitoring tool 

in industrial processes. The technique can also be 

easily coupled to mapping facilities at macro-

scopic and microscopic levels, for the detection 

of the layer inhomogeneity with different spatial 

resolutions. 

Detection of thickness inhomogeneity is based on 

the strong dependence of the intensity of the Ra-

man peaks on the layer thickness, as shown in 

Figure 1. This figure plots the relative integral 

intensity of the main CdS Raman peak in relation 

to that of the underlying absorber that has been 

measured on reference CIGS cells that were fab-

ricated with CdS buffer layers with different 

thicknesses. This dependence has also been ap-

plied for the detection of microscopic thickness 

inhomogeneity as shown in the inset. 

On the other hand, one of the main challenges for 

the alternative buffer layers based on Zn(O,S) or 

Zn(S,Se) solid solutions is related with the con-

trol of the alloy composition. In these systems, 

resonant excitation conditions show a depend-

ence on the alloy composition. In  

 
Figure 2: Frequency of ZnO-like Raman peak 

versus S/(S+O) ratio measured from Zn(O,S) 

solid solutions. The solid line represents the line-

ar fit to the experimental data. 

 

these cases, different methodologies are devel-

oped for the quantitative assessment of the com-

position at the different layer composition re-

gions, based in the analysis of both the frequency 

and the relative intensity of the main Raman 

peaks [2,3]. 

Figure 2 shows an example of this methodology, 

based on the existence of a simple linear depend-

ence of the frequency of the ZnO-like Raman 

peak from Zn(O,S) on the alloy composition. 

Even if this linear behavior holds in almost all 

the composition region (from stoichiometric ZnO 

to very close to stoichiometric ZnS), the need to 

keep resonant excitation conditions for the meas-

urement of nanometric layers conditions the ap-

plicability of this methodology for layers with 

composition close to S/(S+O) = 0.5. In this case, 

the analysis of the relative intensity of the ZnS 

like Raman peak gives an alternative procedure 

for the high sensitivity assessment of the layer 

composition. Detailed analysis of the intensity of 

the ZnS and ZnSe like peaks also provides with 

similar methodologies for the quantitative as-

sessment of the buffer composition. 
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Abstract: 

Novel and specific bioprobes are an essential 

part in biosensors for detection of pathogenic 

bacteria. Although antibodies are the most com-

monly used biorecognition elements, they are 

suffered from cross-reactivity and high produc-

tion cost. Recently, phages have gained increas-

ing interest as alternatives to antibodies due to 

the host specificity and low-cost. However, lysis-

mediated phage infection process remains a bur-

den for the reliable detection methods. Here, we 

produced engineered cell wall binding domains 

(CBD) of several phage lysins in E. coli and 

tested their feasibility as new probes to detect 

multiple pathogens. Confocal laser scanning mi-

croscopy revealed that the three different patho-

gens (Bacillus cereus, Staphylococcus aureus, 

and Clostridium perfringens) were clearly iden-

tified by its colors and the presence of non-target 

bacteria did not interfere with the target-specific 

binding property of each CBD. The magnetic 

nanoclusters (MNCs) coated with CBD can be 

used to separate and concentrate the target bacte-

ria from liquid sample. The CBD-coated MNCs 

achieved 70 to 90% capture of target bacteria 

with less than 10% non-specific recovery, show-

ing better cell capture efficiency than a commer-

cial antibody-based immunomagnetic separation. 

This CBD-based magnetic assay is useful for 

pre-analytical sample processing, especially for 

separating target bacteria from complex food 

matrices. In addition, CBDs-coated MNCs can 

be easily incorporated to other rapid biosensing 

platforms and thus offer a great potential in de-

veloping CBD-based biosensors. 

 

Keywords: Bacteriophage, lysin, cell wall bind-

ing domain (CBD), magnetic nanoclusters 

(MNCs), detection, fluorescence, bioprobes, 

pathogenic bacteria    

 

Figure 1: Simultaneous detection of multiple 

pathogens in liquid sample. Multiple pathogenic 

bacteria were labeled by three CBD fusion pro-

teins with different fluorescent markers. EGFP-

SA_CBD for S. aureus (green), mCherry-

BC_CBD for B. cereus (red), and EYFP-

CP_CBD for C. perfringens (yellow). 
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Abstract: 

Copper chalcogenides have been applied as a 

potential contrast agent for photoacoustic (PA) 

imaging and photothermal agent for photother-

mal therapy (PTT) respectively several years ago 

with high NIR absorption owing to the localized 

surface plasmon resonances (LSPR) arising from 

p-type carriers in vacancy-doped nanocrystals.1-3 

Among them, copper selenide has been developed 

to be a promising candidate as a photothermal 

agent due to its high photothermal conversion 

efficiency and ease of synthesis. However, the 

reported pure copper selenide generally suffered 

from hydrophobic performance and less biocom-

patible when synthesized via hot injection. The 

synthesis of water-soluble cooper selenide is 

mainly achieved through two synthetic routes: 

indirect organic-pase synthesis followed by a 

ligand-exchange process, and direct aqueous-

phase synthesis. Compared with the high-cost, 

unfriendly experiment conditions and complex 

ligand-exchang procedures of the organic-phase 

synthetic route, the direct aqueous synthetic 

route provides a greener approach for acquiring 

water-soluble copper selenide nanoparticles. It is 

believed that the relative small nanoparticles are 

more suitable for biological and medical applica-

tion as they are less likely to be rapidly recog-

nized and cleared by phagocytes and reticuloen-

dothelial system (RES) than larger ones. Moreo-

ver, they can remain in the circulation for an ex-

tended period of time, and passively accumulate 

within tumors through enhanced permeability 

and retention (EPR) effect. Here in this study, we 

aqueous synthesis the ultra-small Cu2-xSe nano-

particles at room temperature and applied it as a 

efficient photoacoustic imaging-guided photo-

thermal agent for the first time.  

This study also  discuss about the stability and 

biocompatibility of  as prepared Cu2-xSe with the 

modification of polyethylene glycol or not.  This 

research would provides us a new strategy for 

designing theranostic agents for cancer diagnosis 

and treatment with the combination of  PA and 

PTT.  

 

Keywords: ultra-small Cu2-xSe, surface modifi-

cation, photoacoustic imaging, photothermal 

therapy 
 

 

 
 

Figure 1: Figure demonstrate the scheme of in 

vivo photoacoustic imaging-guided photothermal 

cancer therapy via using ultra-small Cu2-xSe na-

noparticles. 
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Abstract: 
Radiotherapy is currently used in around 50% of 

cancer treatments. Although it is generally effec-

tive, it is damaging to surrounding healthy tis-
sues. This damage can be reduced by by better 

targeting to cancer cells. Improved radiotherapy 

outcomes can be achieved by targeting heavy el-

ements to cancer cells, since these produce ener-
getic electrons and free radicals upon irradiation 

that further increase the effectiveness of radio-

therapy. Because of their biocompatibility and 
amenability to surface modification, gold nano-

particles (AuNPs) show significant promise in 

this area.We observe that acute 3hr exposure of 
cells to 2nm gold nanoparticles, bearing a 50:50 

ratio of alpha-galactose and PEGamine ligands, 

results in selective chemotoxicity toward cancer 

cells at nanomolar concentrations, without affect-
ing normal cells (Figure 1). Chemotoxicity is pre-

vented by antioxidant co-administration and is 

partially prevented by a pan-caspase inhibitor (Z-
VAD-fmk). Our initial results suggest that AuNP 

toxicity is additive with using X-ray radiother-

apy.Cerium oxide NPs are one of the most stud-
ied metal oxides NPs due to their high redox and 

oxygen transport properties [1]. They are inter-

esting for radiotherapy applications because they 

adsorb oxygen and may therefore favour the ra-
diolytic production of oxygen-containing free 

radicals, especially under low-oxygen condi-

tions, such as the environment of most solid tu-
mours. The surface oxygen vacancy of ceria NPs 

therefore makes them an interesting tool for pro-

oxidant properties [2,3].  

Nevertheless, the potential of ceria as a radiosen-
sitiser has not been investigated extensively as it 

has a relatively low atomic number. It will there-

fore produce a low flux of secondary electrons 
upon irradiation which could potentially displace 

the adsorbed oxygen. 

We have been working on the fabrication of 
mixed ceria NPs, incorporating gold or bismuth, 

to increase the flux of secondary electrons (Fig-

ure 2). It is hoped these effects combined will fur-

ther facilate the localized generation of ROS and 
increase effectiveness of targetted radiotherapy 

We predict that these new mixed-oxide ceria NPs 

will have better radiosensitisation potential than 

pure ceria NPs, and could be used to effectively 
target hypoxic cancer cells. 

Keywords: nanoparticles, chemotherapeutic, ra-

diosensitizer, cancer cell targeting, reactive oxy-
gen species production, ROS, uptake, toxicity 

 
Figure 1. Six-day clonogenic assay of HSC-3 

cancer cells and HaCaT normal cells, with or 
without acute exposure to at 10 μg/ml AuNPs  
 

a) b)  

 

Figure 2: NPs observed by transmission electron 
microscopy (average size 3 nm). a) ceria-gold 

NPs ; b) ceria-bismuth NPs  

References: 

1. Sun, C., Li, H., Chen, L. (2012) 
Nanostructured ceria-based materials: 

synthesis, properties, and applications. 

Energy & Environmental Science 5: 8475-
8505. 

2. Celardo, I., Pedersen, J.Z., Traversa, E., 

Ghibelli, L. (2011) Pharmacological 
potential of cerium oxide nanoparticles. 

Nanoscale 3: 1411-1420. 

3. Goharshadi, E.K., Samiee, S., Nancarrow, P. 
(2011) Fabrication of cerium oxide 

nanoparticles: Characterization and optical 

properties. Journal of Colloid and Interface 

Science 356: 473-480. 

71



Doxorubicin-loaded BN Nanoparticles for Cancer Therapy 
 

I.V. Sukhorukova1, I.Yu. Zhitnyak2, A.M. Kovalskii1, N.A. Gloushankova2, D.V. Golberg3, D.V. 

Shtansky1  
1National University of Science and Technology "MISIS", Leninsky prospect 4, Moscow, 119049, 

Russia, irina_btnn@mail.ru 
2N.N. Blokhin Russian Cancer Research Center, Kashirskoe shosse 24, Moscow 115478, Russia 
3National Institute for Materials Science (NIMS), Namiki 1-1, Tsukuba, Ibaraki 3050044, Japan 

 

Abstract: 

Nanoparticles (NPs) have a great potential as 

nanosized drug delivery carriers. Such systems 

must safely deliver the drug to the site of tumor 

without drug leakage, effectively penetrate in-

side cancer cells, and provide intracellular drug 

release. However, although nanoparticles offer 

many advantages as drug carrier systems, there 

are still many limitations to be solved such as 

instability, inadequate tissue distribution, small 

drug loading and toxicity. The present work is 

focused on the fabrication of BN nanoparticles 

(BNNPs) with a petal-like surface structure, 

which are able to absorb a large amount of anti-

tumor drug, and their utilization by neoplastic 

cells. 

The BNNPs were prepared by chemical vapor 

deposition (CVD) method using boron oxide 

vapor and flowing ammonia in a vertical induc-

tion furnace. The temperature in the precursor 

location area was maintained at 1310°C. The 

powder mixture of pure FeO,  MgO, and B was 

used as a precursor. In order to separate the ag-

glomerates into individual nanoparticles, 

BNNPs were ultrasonically treated in a distilled 

water solution (BNNPs concentration 2 mg/ml). 

Thorough structural characterization revealed 

that the surface of hollow BNNPs had been 

made of numerous nanosheet petals (Fig.1). The 

chemical treatment in Earle’s balanced salt so-

lution for 14 days did not affect the average size 

and morphology of BNNPs. The BNNPs loaded 

with Doxorubicin (DOX) were stable at neutral 

pH but effectively released DOX at pH 4.5–5.5. 

MTT assay and cell growth tests showed that 

BNNPs-DOX had been toxic for neoplastic 

IAR-6-1 cells. 

The cytotoxicity of BNNPs-DOX was compara-

ble with free DOX at identical concentrations in 

the range of 0.26-1.04 µg/ml. The BNNPs-DOX 

nanocarriers were internalized into IAR-6-1 ne-

oplastic cells using endocytic pathways, and 

then DOX was released from nanosized drug 

delivery carriers and accumulated both in nuclei 

and cytoplasma resulting in cell death. 

 

 
 

Figure 1. TEM image of BN nanoparticles 

 

Compared with other known nanosystems 

for targeted drug delivery, BNNPs has a 

number of advantages: BNNPs is not toxic; 

has high chemical stability; particle spheri-

cal shape is optimal for uptake by tumor 

cells, BNNPs have an optimal size 100-150 

nm both in terms of drug loading and uptake 

by the tumor cells; high specific surface ar-

ea, the presence of the internal cavity and 

hexagonal structure with a high lattice pa-

rameter (high interplane distance between 

the basal planes) are beneficial in terms of 

sorption capacity and effective drug release. 

In addition, BN nanostructures with differ-

ent morphologies can be obtained in a single 

process cycle that does not require further 

processing, for instance, creating mesopo-

rous structures on their surface.  
Future works will be focused on the additional 

functionalization of BNNPs to further improve 

their biological performance. 

 

Keywords: BN nanoparticles, chemical vapor 

deposition, neoplastic cells, drug delivery 
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Abstract: 

In recent years, tissue engineering has focused on 

designing three-dimensional (3D), biocompatible, 

antimicrobial nanomaterials for regenerative 

medicine, drug delivery systems and wound 

dressing. A large range of nanostructures have 

been employed to give mechanical support for 

cell proliferation and differentiation, or have 

been combined into composite scaffolds to im-

prove their physio-chemical properties. 3D struc-

ture, large surface to volume ratio, and similarity 

to the fibrous architecture of the extracellular 

matrix (ECM) make electrospun nanofibrous 

scaffolds one of the most attractive materials for 

tissue engineering applications.1  

In this study, the PCL (Fig. 1) and PVP electro-

spun nanofibers were applied as human gingival 

fibroblast (HGF-1) scaffold and antimicrobial 

membranes for potential dental purposes. The 

nuclei and cytoskeleton morphology of HGF-1 

cells grown on both types of nanofibers was un-

changed. The direction of cell growth was gov-

erned by nanofiber number and alignment. Hy-

drophilic PVP nanofibers demonstrated low sta-

bility in a biological environment in comparison 

to hydrophobic PCL nanofibers. In addition, an-

tibiotics were incorporated within the nanofibers. 

PCL/ampicillin mats were successfully prepared 

using a drum collector. The composed nanofibers 

were studied by Raman spectroscopy and DSC 

analysis. Conductivity measurements of the 

soaking solution using Broad Band Dielectric 

methods found the mechanism of drug release to 

be based on Fickian diffusion, and the WST-1 

test found the PCL and PCL/ampicillin nano-

fibers to have minimal cytotoxicity. The mats 

released antibiotics and showed antibacterial ac-

tivity against a selected dental caries pathogen. 

The zone of growth inhibition for Streptococcus 

sanguinis was directly proportional into the con-

tent of ampicillin incorporated to the mats. 

 

Figure 1: SEM image of PCL nanofibers. 
 

Keywords: electrospinning, nanofibers, scaf-

folds, dental applications, gingival fibroblasts, 

HGF-1, antibacterial activity 
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Abstract: Around 70-80% of implants are still 

made of the traditional metallic materials (Stain-

less steel, Co-Cr alloys and Ti alloys). These 

materials are not free of interactions with the 

physiological environment, since its high chloride 

ions content together to the biological macromol-

ecules and proteins activity are able to influence 

corrosion, increasing the ion release into sur-

rounding tissue of alloying elements such as 

nickel (Ni), presents in stainless steel and Co-Cr 

alloys, which is widely recognized as a high risk 

element from the point of view of incompatibility 

problems [1]. Others elements such as vanadium 

(V) and aluminium (Al), usually used in devel-

opment of Ti alloys for biomedical applications, 

have shown be a cause of Alzheimer’s disease 

[2] and neurotoxic [3], respectively. On the other 

hand, Young’s modulus of these materials are 

higher compared with bone. This produces nega-

tive effects as stress shielding, in prosthesis with 

a great load bearing, which may lead to bone 

atrophy and a poor bone remodelling.  

Recently, low modulus Ti alloys, composed of 

non-toxic elements, have been developed for bi-

omedical applications. Its values lie between 

around 40 and 80 GPa. Nevertheless, Young’s 

modulus values can be lowered by processing 

control the texture, and therefore these may be 

similar to the top of the range for bone (30 GPa). 

However, these -Ti alloys not show higher 

structural stiffness and therefore their use is 

quite limited. Thereby, the development of sur-

face modifications or coatings with higher bio-

compatibility and better mechanical properties 

able to increase osseointegration of the implant, 

minimizing effects as stress shielding, is funda-

mental. 

Sputtering techniques are extremely versatile 

with great potential to produce nanostructured, 

homogeneous, dense, compacts and free-cracks 

coatings. Therefore it could be a new route to 

produce -Ti textured coatings on Ti or stainless 

steels alloys, free of toxic elements. The focus of 

this work is to produce different ternary (Ti-Nb-

Zr and Zr-Nb-Ti) coatings with dissimilar stoi-

chiometry in order to get coatings with low 

Young’s modulus (-Ti phase) in order to get a 

better load transfer between bone and metallic 

surface. Research in this area is still in an em-

bryonic state with no relevant studies published 

in the area of the coating materials referred to 

above. 

Results regarding to grain size, texture and re-

sidual stress magnitude of Ti-20Nb-XZr (X=7, 

13, 20, 25 w.%) and Zr-20-YTi (Y=7, 13, 20, 25 

w.%), as a function of sputtering conditions, will 

be shown. Of particular interest will be the 

changes in the residual stress values along the 

thickness, manifested by Ti-20Nb-13Zr, as a 

function of bias voltage on the substrate. Fur-

thermore we will correlate the magnitude of this 

residual stress with the higher or lower percent-

age of -Ti phase (BCC phase) inside of the 

coating. Since higher BCC phase concentration 

is fundamental in order to get a lower Young’s 

modulus, and therefore produces coatings with a 

lower stress shielding able to reduce the failure 

of the implant as a consequence of bone atrophy 

and a poor bone remodelling when there is a big 

difference in the Young’s modulus values be-

tween metallic implant and surrounding bone 

tissue.  

 

Keywords: -Ti alloys, residual stresses, 

Young’s modulus, X-ray diffraction biomedical 

applications. 
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Abstract: Dermal matrices (DM) containing 

compounds that provide required mechanical 

support while speeding up the healing of 

wounds have been suggested as an alternative 

strategy, for chronic diabetic wounds (1).  A 

three dimensional collagen-laminin porous DM 

was prepared for this aim. DM was fabricated 

by freeze-drying (Alpha 1-2 LO plus, UK) and 

cross-linked by UV-light (UVP-CL 1000, UK). 

The diameter:thickness ratio of DM-MP-RSV 

was determined as  2.24 ± 0.05 cm: 0.64 ± 0.04 

cm. The distribution of laminin was checked by 

confocal laser scanning microscopy (Zeiss 

LSM/510/ 1mW Helium Neon). A confocal mi-

croscope was used to observe at a wavelength 

of λex = 543 nm and λem = 570 nm/620 nm for 

Rhodamine B and Nile red; λex = 486 nm and λ 

em = 515 nm for FITC. As seen in Fig 1. laminin 

(in red) was homogenously distributed on the 

collagen fibers (in green).  

Texture profile analysis (TPA) was performed 

on DM before and after UV cross-linking, using 

a software-controlled penetrometer (TA-TX 

Plus, Stable Micro Systems, Godalming, UK). 

Texture profile analysis determined that cross-

linking was required for mechanical support. 

The results obtained after crosslinking were as 

the following: 21.2 ± 0.5 N for hardness, 18.3 ± 

0.3 N.mm for compressibility, 1.01 ± 0.01 for 

cohesiveness and 0.963 ± 0.1 for elasticity. The 

water content of DM was determined by ther-

mal gravimetric analyzer (TGA-4000, Perkin 

Elmer). TGA studies showed that water uptake 

capacity was 84.2%. Collagenase was dissolved 

in pH 7.4 PBS to give a concentration of 28 

unit/mL. These mixtures were incubated at 37 

°C for 10 min to keep enzymes active and 

mixed with a magnetic stirrer. DM was added 

to the enzyme solution and the degradation 

time was observed as 30 min.  

Wistar albino rats received streptozotocin (60 

mg/kg) intraperitoneally for induction of diabe-

tes (2). After the treatment with DM at 17th 

day, histopathological evaluations were con-

ducted for observation with light microscopy. 

Histopathological studies revealed that collagen 

fibers were intense and improved by the pres-

ence of formulation without any signs of in-

flammation. The remodeling phase of wound 

was completed.  

 

Figure 1: CLSM images of DM, collagen fibers of 

dermal matrix in green, laminin in red  

Keywords: wound healing, dermal matrix, tissue, 

collagen, laminin, in vivo wound model 
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Abstract: 

The glucose sensing has wide range of applica-

tion with significant role in clinical diagnostics, 

food industry and biotechnology [1]. The crucial 

importance of glucose sensors make it necessary 

to develop fast, accurate and reliable methods for 

glucose determination. The commercial glucose 

sensors are based on the enzymes which provide 

good selectivity and high sensitivity. But they are 

suffer from thermal and chemical instability, 

sensitivity to temperature, pH and humidity 

which comes from the nature of enzymes. Thus, 

to overcome above-mentioned drawbacks of en-

zyme based glucose sensors, several attempts 

have been done in order to achieve a simple, 

cheap, accurate and fast enzyme-free glucose 

sensor. 

We report the synthesis of the flower-like 

nanostructure of copper hydroxide (Cu(OH)2) on 

freestanding graphene pore structure (GPS) via a 

simple and cost-effective chemical bath deposi-

tion (CBD) method. The CBD is a facile method 

which provide relatively inexpensive, simple and 

convenient route for large area deposition. 

Meanwhile electrochemical sensors are simple, 

operative, sensitive, high time efficiency and rea-

sonably inexpensive compare to other methods. 

The structural and morphological characteriza-

tion of Cu(OH)2 reveals that, Cu(OH)2 nano 

structure, consists of nanorods (diameter ~100 

nm), are well covered over the porous graphene 

framework (Figure 1). The electrocatalytic activ-

ity of the nanocomposite, investigated by cyclic 

voltammetry (CV) and amperometric methods. 

The nanostructure morphology leads to be a high 

specific surface area, which provides the struc-

tural foundation for the high sensitivity. Signifi-

cantly, Cu(OH)2/GPS electrode showed the ex-

cellent sensitivity (up to 3.36 mA mM-1 cm-2), 

low detection limit (1.2 μM), wide linear range 

(1.2 μM ~ 6 mM). The Cu(OH)2/GPS exhibited 

good reproducibility and excellent selectivity 

toward usual interfering materials such 

as lactose, fructose, Acetaminophen, ascorbic 

acid, dopamine and urea in 1 M KOH aqueous 

electrolyte. 

Keywords: Non-enzymatic glucose sensor, Gra-

phene pore structure, Metal hydroxide, Bio sens-

ing. 

 

Figure 1: The SEM image of nanostructure 

copper hydroxide on graphene pore structure. 
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Abstract: 

At the interface between nanotechnology and 

biology, nanomedicine unveils new challenges for 

the scientific community. While nanoparticles 

(NPs) represent an opportunity to achieve refined 

targeting for imaging and selective treatments, 

NPs modifications for targeting purposes and 

their interactions with biomolecules have to be 

well characterized. In particular, the determina-

tion of the structure morphology and stability of 

nanoparticle–protein complexes is important to 

understand the behaviour of nanoparticles in bio-

logical systems. Protein coverage, affinity and 

structures when interacting with NPs are funda-

mental parameters to be determined. 

 

In the present study, we propose a straightfor-

ward method based on a quartz crystal microbal-

ance with dissipation monitoring (QCM-D) to 

support the producers in the development and 

validation of nanomedicines. The platform is 

based on the surface modification of quartz crys-

tal sensors with a plasma polymerized poly (eth-

ylene oxide), which allows NPs binding while 

avoiding biomolecules adsorption1. It enables the 

direct quantification and characterization of NPs 

and their interaction with biomolecules. First, the 

signal measured for NPs adsorption on the sub-

strate was analyzed to quantify the material 

bound, which was then validated by Scanning 

Electron Microscopy. Moreover, the frequency 

and dissipation changes showed to be size-

dependent. Those results demonstrated the suita-

bility of the method for NPs size determination. 

Then, the NPs interaction with biomolecules, and 

more specifically the protein corona formation 

was investigated by flowing a serum albumin on 

the NPs-PEO quartz. The number of proteins per 

nanoparticle was assessed and validated by com-

parison with other methods based on size meas-

urement2. Finally, the ability of the NP-protein 

complex to be involved in biomolecular recogni-

tion with a specific antibody was evaluated, 

providing information on the tertiary structure 

preservation and accessibility of the binding site. 

Those promising results demonstrated the poten-

tial of the method as a powerful tool for nano-

medicine assessment.applications.  

 

Figure 1: QCM-D monitoring of the changes on the 

sensor surface, related to the NPs binding and  in-

teractions with biomolecules 

 

 

Keywords: engineered nanomaterials, nanomed-

icine assessment, nanoparticles-proteins interac-

tions, quartz crystal microbalance. 
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Abstract: There is great interest in delivering 

macromolecular agents like siRNA and contrast 

agents such as quantum dots into living cells for 

therapeutic and diagnostic purposes. Although 

substantial effort has gone into designing non-

viral nanocarriers for intracellular delivery of 

these materials, entrapment in endosomes after 

endocytocytic uptake remains a major bottleneck. 

Laser-induced photoporation in combination with 

plasmonic (e.g. gold) nanoparticles, is an alterna-

tive physical method that is receiving increasing 

attention for delivering macromolecules in cells. 

By using appropriate pulsed laser light, gold na-

noparticles can be quickly heated so that water 

vapour nanobubbles can emerge in hydrated tis-

sue. When the gold nanoparticles are adsorbed to 

the cell membrane, these laser-induced vapour 

nanobubbles can create pores in the membrane. 

Macromolecules or nanoparticles in the sur-

rounding cell medium can then diffuse through 

the pores directly into the cell’s cytoplasm. Using 

this phoroporation methodology, we have 

demonstrated that cells can be efficiently trans-

fected with siRNA, including hard to transfect 

cytotoxic T-cells. In addition, we have shown 

that vapour nanobubble photoporation is ideally 

suited for efficient delivery of contrast agents 

like fluorescent dextrans and quantum dots into 

cells. Applications range from long-term cell 

tracking for in vivo cell therapies, to labelling of 

selected cells (e.g. primary neuronal cells) in cul-

ture for high-content screening. Combined with 

the fact that little or no cytotoxicity is induced, 

we conclude that laser-induced membrane pora-

tion by vapour nanobubbles is highly promising 

delivery method whose applications have only 

just begone to be explored.  

 

 
Figure 1: Laser-induced vapour nanobubbles 

can perforate the cell membrane, allowing thera-

peutic molecules or contrast agents to enter cells 

which are irradiated by suitable pulsed laser 

light.  

Keywords: gold nanoparticles, laser therapy, 

drug delivery, diagnostics, theranostics, bio-

imaging. 
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Abstract: 

Supramolecular chemistry is a discipline that 

allows the synthesis and assembly of complex 

nanostructures by strong (covalent) or weak (van 

der Walls, hydrogen bonds, electrostatic) bonds. 

We present here a family of imidazolium-derived 

gemini-type amphiphilic molecules that can be 

used to obtain different nanostructured materials. 

The imidazolium moiety allows these molecules 

to interact and stabilize gold nanoparticles 

(GNP). The synthesis of GNP could be per-

formed using two different methods, either bi-

phasic system through a modification of the 

Brust-Schiffrin method, or in aqueous medium. 

The different methods allowed obtaining either 

organic-soluble or water-soluble monodiesperse 

GNP wth diameters between 8 and 10 nm. 

On the other hand, the amphiphilic character of 

the molecules leads to the spontaneous self-

assembly of supramolecular gels in an aqueous 

solution containing ethanol. The formed gels are 

composed of  fibbers with approximately 100 nm 

wide, which fuse and cross forming a network. 

Each fibber appears to be composed of thinner 

fibbers that are flat, and arrange themselves in 

bigger structures. 

These molecules also present the ability to rec-

ognize and complex anions, which allowed in-

corporating anionic model drugs on the different 

nanostructures, that could furthermore be re-

leased on a sustained manner. Additionally, their 

toxicity is similar to the one observed for other 

ionic liquids with similar characteristics, show-

ing promising applications as delivery vehicles. 

Finally, the gels could also be used as template 

for the synthesis of gold nanoparticles with im-

proved monodispersion and defined geometry. 

 

Keywords: gold nanoparticles, supramolecular 

gels, drug delivery 
 

 
Figure 1: Imidazolium-based amphiphile (a) used 

to obtain supramolecular gels (b) and gold nanopar-

ticles (c) that furthermore can be synthesized using 

the gel as template. 
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Abstract: 

Hybrid drug delivery systems, composed of a 
polymeric nanoparticles (NPs) core and lipo-

somes have recently emerged in an effort to mit-

igate some limitations associated with the indi-

vidual drug delivery systems (1) (2).  This study 
explores the combination of two unique delivery 

systems namely polymeric poly lactic-co-

glycolic acid (PLGA) nanoparticles (NPs) as 
well as and Pheroid® technology.  The PLGA 

NPs with size ranging between 200 to 310 nm 

were obtained, while free Pheroid vesicles with 
a wide size range from 100 nm to 4500 nm were 

aquired.  These solid NPs were combined with 

Pheroid® vesicles using two types of mixing 

approaches named, pre-mix and post-mix.  The  
particle size for the hybrid system ranged from 

approximately 1990 nm to 2250 nm while the 

zeta potential ranged from -22 to -25 mV using 
laser scattering technigue.  There was an ob-

served increase in the size population of the 

Pheroid® vesicles when combined with NPs de-

pending on the surface charge of the NPs.  More 
physicochemical properties of this novel hybrid 

were obtained through transmission electron 

microscopy (TEM) and confocal laser scanning 
microscopy (CLSM).  CLSM images and some 

TEM images, showed possible localization of 

the NPs with the vesicles.  Biological in vitro 
experiments.were conducted to evaluate the ef-

fect of this hybrid system on cytotoxicity, per-

meability as well as uptake using caco-2 cell 

line.  The in vivo evaluation of this novel hybrid 
system was done to investigate its potential ap-

plication to address challenges in tuberculosis 

(TB) therapy and South Africa accounts for over 
80% of all TB cases worldwide (3).  Balb/c fe-

male mice were used to determine the phamaco-

kinetics of anti-TB drug (rifampicin or isonia-
zid)-loaded hybrid delivery system.  

 

Keywords: PLGA nanoparticles, Pheroid® vesi-

cles, Lipid-polymer hybrid nanoparticles, Drug 
delivery, Tuberculosis, Rifampicin, Isoniazid 

 

Figure 1: Illustration of the possible combina-

tion of Pheroid® and NPs to form a novel NP-

Pheroid hybrid system..  The optimal comibita-
tion of the two sytems can be detrmined by a 

number of factors which include, the charge of 

the nanoparticle, mixing method and the 
amount of NPs. 
 

References:  

1. Mandal, B. t. c. M. f., Bhattacharjee, H., Mittal, 
N., Sah, H., Balabathula, P., Thoma, L. A., and 

Wood, G. C. (2013) Nanomedicine: 

Nanotechnology, Biology and Medicine 9, 474-

491 

2. Zhang, L., Chan, J. M., Gu, F. X., Rhee, J.-W., 

Wang, A. Z., Radovic-Moreno, A. F., Alexis, 

F., Langer, R., and Farokhzad, O. C. (2008) 
ACS Nano 2, 1696-1702 

3. WHO. (2013) Global Tuberculosis Report. 

World Health Organization 

 

79



A novel SPION-eicosane coating material for on-demand 
drug release triggered by magnetic hyperthermia 

 

L. Che Rose,1* A.G. Mayes2 , H. Suhaimi1. 

 
1 
University Malaysia Terengganu , School of Fundamental Science, Universiti Malaysia Terengga-

nu, 21030 Kuala Terengganu, Terengganu Darul Iman, Malaysia 

2 
School of Chemistry, University of East Anglia, Norwich Research Park, Norwich, NR4 7TJ, UK 

 

 

Abstract: 

An orally-administered system for targeted, on-

demand drug delivery to the gastrointestinal (GI) 

tract is highly desirable due to the high instances 

of diseases of that organ system and harsh me-

chanical and physical conditions any such system 

has to endure. To that end, we present an iron 

oxide nanoparticle/wax composite capsule coat-

ing using magnetic hyperthermia as a release 

trigger. The coating is synthesised using a simple 

dip-coating process from pharmaceutically ap-

proved materials using a gelatin drug capsule as 

a template. We show that the coating is impervi-

ous to chemical conditions within the GI tract 

and is completely melted within two minutes 

when exposed to an RF magnetic field under bio-

logically-relevant conditions. The overall sim-

plicity of action, durability and non-toxic and 

inexpensive nature of our system demonstrated 

herein are key for successful drug delivery sys-

tems. Selective targeting of such drug delivery 

systems has focused largely on the conjugation 

of cancer targeting tags (proteins, peptides, 

sugars) to nanoparticle surfaces and surface 

coatings or as part of micellar systems. These 

have proved of limited value due to size re-

strictions placed on such constructions by the 

reticuloendothelial system, which clears for-

eign bodies above 20 nm in [hydrodynamic] 

diameter. Many systems focus on the treat-

ment of tumours via the vascular network, but 

as yet, “on-demand” drug delivery systems for 

exclusive use in the GI tract are under-

developed. Current systems rely on simple pH 

switches or degradation through bacterial en-

zyme action, which can be somewhat unpre-

dictable and offers limited control. To address 

this problem, we propose a drug delivery sys-

tem for use in the GI tract, with potential for 

magnetic targeting and tracking, which can 
release its payload on demand using localised 

magnetic hyperthermia to trigger release. The 

system we propose is shown in Fig. 1. 

 

Keywords: gastrointestinal (GI) tract, iron oxide 

nanoparticle, drug deliver, hyperthermia 

 

 
 

Figure 1: The process of capsule exposure and 

drug release: (a) An iron oxide and eicosane coated 

capsule, (b) upon exposure to radiowaves, heating 

occurs causing melting and formation of holes in 

the coating and exposure of the capsule to the sur-

rounding environment, (c) fluid ingress cause cap-

sule dissolution and (d) drug release 
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Abstract: Mesoporous silica nanoparticles 

(MSNs) have recently attracted much attention 
in the biomedical field due to their unique char-

acteristics, including high surface area, large 

pore volume, and uniform porosity, excellent 
biocompatibility and in vivo biodegradability 

[1] making them ideal candidates for drug deliv-

ery [2] . 

The interaction between MSNs and cells has 
been studied extensively, but the effect of nano-

particles shape on cell behavior has received 

little attention. 
Recent observations in biological systems sug-

gest that physical parameters of nanoparticles, 

like shape,  size and surface charge, can effect 
their nonspecific uptake into cells [3]. Particle 

shape has been considered to play an impotant 

role in both the systemic distrubtion of nanopar-

ticles and the cellular interactions with nanopar-
ticles. Shape is an important physical character-

istic that has an important role in modeling cel-

lular responsiveness and associated application 
in biotechnology[4]. However only few reports 

described how nanospherical silica nanoparti-

cles effect drug delivery. 

In the current work the influence of MSN shape 
on the effectiveness of dug deleviry was investi-

gated with special emphasis on cancer therapy. 

In  this study we designed a series of MSNs 
with controlled shape: sphere and rod exhibiting 

similar chemical composition, by controlling the 

ratio of reagents in sol gel reaction.  
Owing to their high porosity and a high specific 

surface area (930 m2g-1), the various shape of 

MSN were then applied as drug nano-carriers 

and loaded with doxorubicin. The loading ca-
pacities were calculated from the UV-visible 

analysis of the supernatant reaching up to 20 

and 30 % of Dox loaded in MSNs. 
We reported here that the interaction of nano-

particles with cells (MCF 7) and the drug deliv-

ery efficiency are enhaced by particle shape and 

a very efficient cancer cell killing was observed 

with MSN-Rod. 

 

Figure : Cytotoxicity of the MSN-Sphere and 

MSN-Rod on MCF-7 cancer cells. 

Keywords: Mesoporous silica nano-

partcles,doxorubicine, drug delivery, biomedical 

applications. 
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Abstract: 

Developing nanoparticulate delivery systems that 

will allow easy movement and localisation of a 

drug to the target tissue and provide more con-

trolled release of the drug in vivo is a challenge 

for researchers in nanomedicine. The aim of this 

study was to evaluate the biodistribution of 

nano-delivery systems poly(D,L-lactide-co-

glycolide) (PLGA) nanoparticles containing sa-

marium-153 oxide ([153Sm]Sm2O3) as radiotracer 

after oral and intravenous administration to rats 

to prove that orally administered nanoparticles 

indeed alter the biodistribution of a drug as com-

pared to the drug on its own. 

Stable samarium-152 oxide ([152Sm]Sm2O3) was 

encapsulated in polymeric PLGA nanoparticles. 

These were then activated in the SAFARI-1 nu-

clear research reactor to produce radioactive 

[153Sm]Sm2O3 loaded-PLGA nanoparticles. Both 

the stable nanoparticles as well as the fully de-

cayed activated nanoparticles were characterized 

for size, Zeta potential and morphology using 

dynamic light scattering and scanning electron 

microscopy (SEM). The nanoparticle compounds 

were orally and intravenously (IV) administered 

to rats in order to trace their uptake and biodis-

tribution through imaging and ex vivo biodistri-

bution studies.   

The PLGA nanoparticles containing 

[153Sm]Sm2O3 were spherical in morphology and 

smaller than 500 nm, therefore meeting the ob-

jective of producing radiolabelled nanoparticles 

smaller than 500 nm. Various parameters were 

optimized to obtain an average particle size rang-

ing between 250 and 300 nm, with an average 

polydispersity index (PDI) ≤ 0.3 after spray dry-

ing.  The particles had a Zeta potential ranging 

between 5 and 20 mV.  The Sm2O3-PLGA na-

noparticles had an average size of 281 ± 6.3 nm 

and a PDI average of 0.22.  The orally adminis-

tered [153Sm]Sm2O3-PLGA nanoparticles were 

deposited in various organs which includes bone 

with a total of 0.3% of the Injected Dose (ID) per 

gram vs the control of [153Sm]Sm2O3 which 

showed no uptake in any organs except the gas-

trointestinal (GI) tract. The IV injected 

[153Sm]Sm2O3-PLGA nanoparticles exhibited the 

highest localisation of nanoparticles in the spleen 

(8.63%ID/g) and liver (3.07%ID/g) but low bone 

uptake was achieved, 0.09%ID/g.   

 

Based on the imaging and the biodistribution 

studies, it can be concluded that there was a sig-

nificant transfer of the orally administrated ra-

diolabelled nanoparticles from the stomach to 

other organs vs the  

controls.  Furthermore, this biodistribution of the 

nano carriers warrants surface modification and 

optimisation of the nanoparticles to avoid higher 

particle localisation in the stomach. 

 

Keywords:  Biodistribution, in vivo, imaging, 

nanoparticles, PLGA, samarium oxide, drug de-

livery, nanomadeicine 
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Abstract: 

Breast cancer is the most common female cancer 

worldwide representing 23% of all cancers in 
women owing to limitations in existing 

therapeutic methods such as surgery, 

radiotherapy and chemotherapy. Nowadays 

nanoparticles have proven to be a promising help 
for increasing treatments rate and improving 

chemotherapy and radiotherapy methods. As an 

instance, drugs can be conjugated on 
nanoparticles like gold (Au) and thus can reduce 

the side effects by getting localized better on 

tumor sites. Enhanced permeability, retention 

effect, high biocompatibility and Surface 
Plasmon Resonance (SPR) in the visible region 

is some of the most interesting properties of 

AuNPs. Mitoxantrone (MTX) is one of the 
chemotherapeutic drugs, which can be applied 

for the treatment of breast and brain cancers. In 

this study, first the 3-mercapto succinimide-
MTX (MSM) were synthesized using MPA. 

The3-mercapto propionic acid (MPA) linker 

thiol moieties provide a direct connection to the 

nanoparticles surface. Then, the MSM was used 
for grafting of the AuNPs surface (AuSMTX) 

and synthesized compounds were characterized 

by several instrumental techniques such as Ft-IR, 
UV-vis, TEM and etc. Finally, the ability of 

AuSMTX nanocomposite as a smart drug and the 

other synthesized compounds to treat MCF-7 
cells were compared using MTT assay. 

 

Keywords: Gold nanoparticles, cancer, 

Mitoxantrone, Drug delivery. 

 

 
Figure1. Results of The MTT assay of 

nanoparticle in MCF7cell line 
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Abstract: 

Nanomaterials possess unique physicochemical 

properties that make new technological advances 

possible. The vast possibilities for applications in 

medicine, industry and consumer products have 

led to a dramatic increase in number of nanopar-

ticle containing products, and a consequent in-

creased occupational, consumer and environmen-

tal exposure. This has raised strong concerns 

about possible health risks caused by exposure to 

engineered nanoparticles. Such concerns have 

propelled toxicology of nanomaterials to the 

forefront of toxicological research. 

Inhalation may cause local inflammation, geno-

toxic and carcinogenic effects at the point of en-

try which have led to classification as possible 

human carcinogens of some particles. The im-

portance of particle size and other physical 

chemical characteristics in relation to toxicity 

and possible mechanisms will be illustrated 

through examples.  

Inhalation of particles is also associated with 

increased risk of cardiovascular disease in epi-

demiological studies. It has been shown that in-

halation of nanomaterials induces a pulmonary 

inflammation that is proportional to the total sur-

face area of the inhaled and pulmonary deposited 

dose of nanomaterials. Additionally, the pulmo-

nary inflammation correlates closely with the 

acute phase response (a systemic alarm re-

sponse) measured as Serum Amyloid A3 (Saa3 

mRNA). In humans the blood levels of SAA are 

associated with risk of cardiovascular disease in 

a prospective study. A correlation with acute 

phase response implies that inhalation of na-

nosized particles would induce a much stronger 

inflammation and acute phase response com-

pared to larger similar particles.  

The above underscores the importance for size 

specific occupational exposure limits (OEL) as 

the current limits may not provide adequate safe-

ty. Still, only few recommendations exist for 

specific nanomaterials, and employers should 

minimize workers exposure.  

Keywords: Toxicology, nanoparticles, physical 

chemical parameters, genotocixity, carcinogen-

icity, translocation, cardiovascular disease. 
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Abstract: 

For exposure measurement of engineered nano-

materials (ENM), traditional gravimetrical anal-

ysis alone is known to be insufficient due to the 

low total mass of the aerosol. Direct reading in-

struments for measurement of particle number, 

size and surface area are often used as replace-

ment or complement to the gravimetrical meas-

urement. Proper aerosol measurements within 

industrial processes demand a high time resolu-

tion in order to properly capture fast transients in 

the particle concentrations and sizes. An analysis 

of workplace measurements suggest that short 

singular release events may generally be detected 

in number concentration measurements at a time-

resolution lower than ca. 1 minute (Asbach et al., 

2014). However, the high temporal resolution 

and the needed measurement procedure should 

not come at the cost of reliability of the meas-

urement. Therefore thorough evaluation of the 

performances and data achieved by different 

candidates for aerosol monitoring should be 

completed. 

A comparison between three different types of 

particle sizing instruments (Fast Mobility Parti-

cle Sizer (FMPS), Electrical Low Pressure Im-

pactor (ELPI) and Scanning Mobility Particle 

Sizer (SMPS)) and one Condensation Particle 

Counter was done to compare instrument re-

sponse in terms of size distributions and number 

concentration. Spherical oil droplets in 39 differ-

ent sizes, with Geometric Mean Diameter 

(GMD) ranging from 50 to 820 nm were used as 

test particles. A spark discharge generator was 

used to generate Au particles either as agglomer-

ates (20-200 nm) or sintered to spherical shape 

(20-80 nm). Further, complexly shaped ENM 

particles generated through the use of a rotating 

drum were used to assess the comparability of 

direct measurement of lung deposited surface 

area as compared to calculated values of the 

same, based on size, density and specific surface 

area. 

Keywords: protein folding, nanoporous sol-gel 

glasses, silica-based biomaterials, circular di-

chroism spectroscopy, surface hydration, crowd-

ing effects, micropatterning, biomedical applica-

tions. 

 

 

Figure 1:.Figure showing the comparison of 

alveolar deposited surface area measured by 

Nanoparticle Surface Area Monitor with caqlcu-

lated values based on measurement with Fast 

Mobility Particle Sizer for eight different mate-

rials. Grey area denotes ±20 % uncertainty. 

 

This work was funded by the ‘Danish Centre for 

Nanosafety’ (20110092173/3) from the Danish 

Working environment Research Foundation and 

the EU Framework 7 Programme NANoREG 

(310584). 
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Abstract: 

Recently, a simplicity, rapidity, high sensitivity 

and selectivity colorimetric sensors are widely 

investigating for heavy metal ions on aquatic 

environment. Silver nanoparticles (AgNPs) are 

increasing utilization in consumer products due 

to its antibacterial effect causing the industrial 

concern has raised to environment. Dithizone  is 

one of the most considered effective chelating 

reagents for metal ions with the stable complexes 

and intensity color. In this study, the selective 

colorimetric sensor of dithizone was selected for 

AgNPs detection in aqueous media. Spectrum of 

the ligand is characterized by two peaks at about 

445 nm and 620 nm, which are responsible for 

green color of the solution. The selectivity to-

wards AgNPs compared with the other metal 

ions ( Na+, K+, Cu2+, Mg2+, Ba2+, Mn2+, Fe3+, 

Co2+, Ni2+, Cu2+, Ag+, Zn2+, Cd2+, Hg2+ and Pb2+) 

were investigated with the concentration of 1.0 x 

10-5 M metal ions. It was found that a distinct 

color change from green to orange was noticed 

only in the case of AgNPs-dithizone complexes.  

In pH dependence, the complexes demonstrated 

an obviously change of color at pH > 6 at room 

temperature, having a maximum wavelength at 

477 nm. This result has been confirmed by UV-

Vis spectroscopy technique. Moreover, the inter-

action of AgNPs-dithizone complexes was sup-

ported by UV–Vis spectroscopy, FT-IR spec-

trum and 1H NMR spectra that were simulated 

by using B3LYP/6-31G(d,p) method compared 

with the experimental data. Therefore, a remark-

able feature of this method can be applied to the 

determination of AgNPs in the environment wa-

ter samples. 

Keywords: silver nanoparticles (AgNPs), dithi-

zone, Colorimetric sensors, DFT, Aquatic envi-

ronment 

Na+ K+ Mg2+ Mn2+ Fe2+ Ni2+Co2+ Cd2+Ba2+ Hg2+ Pb2+Cu2+ Zn2+Control Ag+ AgNPs 
20 nm

AgNPs 
100 nm

 

Figure 1: The interaction of silver–dithizone 

complexs and color of dithizone changes upon 

the addition of metal ions. 
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Abstract: 

Despite being a relatively new field, 
nanoscience is in the forefront of many 

scientific areas. The nanometer scale change the 

materials properties, hence slight changes in 
their size or coating can dramatically modify 

their physical, chemical, and biological 

properties. Subsequently, nanomaterials (NM) 

show two sides, the first one offer attractive 
properties for industry, medical and electronics 

applications, but the another one poses several 

questions marks about their biological effects 
that recall the evaluation of their potential 

harmful effects for protecting both humans and 

environment. One effective model to be used for 
this aim is Drosophila melanogaster (Ong et al., 

2015) as an in vivo model. The usage of 

Drosophila in the study of the biological 

interactions of NM has been recently increasing 
(Alaraby et al., 2015). Notably, Drosophila 

shows a high sensitively in front of changes in 

the NM properties, not only to change in the 
chemical composition of NM as different 

nanoparticle elements and different coating or to 

the physically variations in size, shape and 
surface area, but also to exposure conditions and 

concentration range. Moreover, Drosophila can 

be used as effective sensitive bio-monitor to 

determine the shedding ions from NM and their 
physical interactions. In addition, Drosophila 

offer a perfect model to measure the NM effects 

in all life stages from embryo, up to adult stage 
passing with transitional stages, in a relative 

short time. Furthermore it can be used to 

determine the role of intestine as a barrier to 

protect against NM. Importantly, the use of D. 
melanogaster is ethically less controversial than 

using other higher in vivo model organisms 

(Alaraby et al., 2015). 

 

Keywords: Drosophila, in vivo model, 

nanomaterial. 

 
Figure 1: Show Drosophila larva (A) and 

cerium nanoparticles; in suspension (B), 

distributed inside midgut lumen (C) or attached 
to peritrophic membrane and inside larval 

cellular cytoplasm (D). 
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Abstract: 

Silver, both in the nano- as well as in other 

forms, is used in many applications which the 

risks associated with human or environmental 

exposure to an engineered nanomaterial are 

chiefly determined in part by the release and 

transformation. Silver nanoparticles (AgNPs) are 

increasing utilization in commercial products due 

to its antibacterial effect causing the industrial 

concern has raised to environment. For these 

problem solutions, a wide range of scientific ap-

proach in physics, chemistry are related sciences 

is involved. Dimercaptosuccinic acid (DMSA) is 

known to be one of the effective chelating rea-

gents for heavy metal ions. This ligand is a very 

important in used as a treatment and removal for 

metals toxicity. Assessment of binding strengths 

in a AgNPs-DMSA complex is necessary for 

useful comparisons of binding ligand. The proton 

dissociation constants of the ligands and the sta-

bility constant of their complexes with Ag+ and 

AgNPs have been determined spectrophotochem-

ically. The selectivity towards silver compared 

with the other heavy metal ions (M2+) were inves-

tigated and the data reveal that the stoichiometric 

for all complexes were prepared in different mo-

lar ratio. Moreover, the characterization of 

AgNPs-DMSA complexes was supported by 

scanning electron microscopy (SEM) and trans-

mission electron microscopy (TEM). Therefore, 

this method can be useful to qualify the behavior 

of silver in both form. 

 

Keywords: silver nanoparticles, dimercaptosuc-

cinic acid, stability constant, spectrophotochemi-

cally, scanning electron microscopy 
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Figure 1: Changes in the UV-Vis absorption 

spectrum of DMSA upon addition of AgNPs. 
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Abstract: 

This work explores the feasibility of legal me-

trology (LM) as a platform to address the impact 

of nanotechnology (NT) on legal and social-

economic aspects. It considers whether a LM 

framework needs to be developed for NT and the 

associated benefits and risks.  

 

NT applies scientific knowledge to control and 

utilize matter at the nano-scale, where size-

related properties and phenomena can emerge. It 

is a convergent platform of many disciplines with 

a value to the global economy predicted at US $1 

trillion by 2015. It has now come under strong 

scrutiny due to the potential risks posed to 

Health Safety and Environment (HSE). It is an-

ticipated that nanometrology as a tool must ena-

ble industry to meet regulations and demonstrate 

that nanotechnologies are safe with regard to 

HSE. 

 

NT’s interdisciplinary nature requires many 

measurement systems involving physical, biolog-

ical and chemical measurements. Nanometrology 

develops measurement infrastructure and stand-

ards for NT to assist the industries to capitalise 

on commercialisation opportunities, and contrib-

ute to effective HSE regulatory frameworks for 

nanotechnologies. Australia coordinates the 

physico-chemical safety testing programme for 

selected manufactured nano-materials (MNs), 

run by the Working Party on Manufactured 

Nano-materials of the Organisation for Econom-

ic Co-operation and Development.  

 

Current fragmented regulatory regimes across 

the world, whilst considered adequate, have been 

identified to have potential gaps which would 

prevent comprehensive regulation of NT. There 

is now a general consensus for an internationally 

integrated NT governance approach to address 

the ethical, legal and social aspects. 

 

LM’s objectives relate to harmonised regulation 

and measurements, and not exclusive to meas-

urement range or technology, such as macro, 

micro, meso, nano, or space and biotechnologies. 

Legal metrology’s scope concerning the HSE 

measurements as well as the trade measurements 

seems to be the ideal platform to address the im-

pact of NT.  
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Abstract: Polylactic acid (PLA) film is a biode-

gradable aliphatic polyester derived from renew-

able resources and becomes famous for applica-

tion as flexible packaging to counteract problem 

in landfill waste management. Although printing 

on packaging is important for sale promotion, the 

printing ink should be non-impact to the biodeg-

radability of packaging waste which can be com-

posted into CO2, water and biomass in soil after 

disposal by landfill. The objectives of this re-

search were to compare the printability and bio-

degradability trend of PLA film printed with dif-

ferent ink binders which were nitrocellulose, Pa-

ra rubber latex and acrylic resin. After the water-

based ink samples were applied on the non-

surface treated PLA film by the bar coater, the 

printability and ink film properties were deter-

mined. The results showed that the ink of nitro-

cellulose resin was the best transferred on the 

PLA film with the highest optical density and 

gloss. The adhesion and rub resistance of nitro-

cellulose ink film were as good as acrylic ink 

film while the Para rubber film was poor in 

abrasion resistant. For biodegradability analysis 

after composting simulation in soil for 93 days, 

the PLA samples with natural resin of nitrocellu-

lose ink and para rubber ink had more accumu-

lated CO2 emission than did the samples with 

acrylic ink. The SEM micrographs were also 

taken and showed that surface of PLA film seem 

to be decomposed and the trend was more pro-

nounced on the printed PLA film with Para rub-

ber latex and nitrocellulose than acrylic resin, 

respectively. The mechanical properties and mo-

lecular weight of the PLA film were also de-

creased after biodegradability testing and these 

results were significantly shown by printing with 

nitrocellulose ink, indicating that the natural-

based resins were better applied for printing on 

the biodegradable film than did the petroleum-

based resin.  

Keywords: printing ink binder, printability, bio-

degradability, polylactic acid film, nitrocellulose, 

Para rubber latex, acrylic resin  

 

Figure 1: Figure illustrating the SEM micro-

graphs of PLA film printed with Para rubber ink 

(top), nitrocellulose ink (middle) and acrylic res-

in ink (bottom) which were initial printed and 

decomposed in soil for 60 days and 93 days, 

respectively. 
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Abstract: Important aspect of safe operation 

during the processing of engineered nanomateri-

als is to prevent risks in indoor dust contamina-

tion.  

Elimination or reduction exposure to harmful 

dust generated in the production process it 

should be implemented through the use of effec-

tive devices for capture dust directly from the 

emission sources and air distribution to prevent 

the spread of pollutants in the workspace. 

Changing the approach to the protection against 

the risk to nanoparticles should be related to the 

modeling of air distribution through local ex-

haust ventilation used directly at the source of 

emission of nano-objects supported by supply air 

ventilation in the room. 

The article presents the results of studies which 

aim was to demonstrate the effect of the applica-

tion of the supply air supporting the shaping of 

the exhaust air flow during the cutting of nano-

materials. A study was performed in three vari-

ants of supporting of exhaust ventilation.  

In the study, commercially available stainless 

steel covered with a layer of silver nanoparticles 

subjected to machining by cutting. Silver nano-

particles were bound chemically to the surface of 

the stainless steel and heat-set. 

The results were compared with the results of 

velocity and turbulence intensity of the air sur-

rounding the emission source using only a local 

exhaust ventilation. 

On the basis of the results showed a significant 

effect of changes in the variant ventilation pa-

rameters associated with the distribution of venti-

lation air in the workspace source of air pollutant 

emissions (Fig. 1). The air velocity of the ambi-

ent of emission sources and intensity of flow tur-

bulence discharged from the workspace emis-

sions have an impact on the emission intensity of 

nanoparticles and effectiveness of ventilation 

systems (Fig. 2). 

 

Keywords: nanomaterials, pollutants, nanosil-

ver, air velocity, air flow, ventilation. 

 
Figure 1: Figure presents air velocity distribu-

tion in the emission source of nanoparticles.  

 
Figure 2: Figure illustrating the changes in effi-

ciency of ventilation and number pollutant con-

centration from tests carried out in nanomaterials 

machining. 
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Abstract: 

Nanomedicine is a challenging science employing 

nanoscale devices in monitoring, and controlling 

the cell functions in the biological systems. It has 

the ability to operate on the same small scale as 

the intimate biochemical functions inside the liv-

ing cells. The materials currently used in medical 

treatment are limited by their effectiveness in the 

treatment and diagnosis of diseases such as in-

fections, diabetes, and cancer and offers potential 

solutions to improving the medical diagnosis and 

therapy. For example: utilizing nanomedicine, it 

could be possible to get rid of bacterial infection 

in minutes, rather than weeks by direct delivery 

of antibiotics directly to cells.[1] 

The current work aims at targeting the synthesis 

of metal nanoparticles and nanocomposite, with 

excellent tissue compatibility and safety profiles 

essential for their successful utilization in the 

human body.  

This work involved the synthesis of metal nano-

particles by chemical synthesis and freeze dry-

ing. The nanoparticles were characterized by 

XRD and DTA, and TEM. The prepared nano-

particles; including silver, selenium, copper and 

iron nanoparticles, were prepared using different 

synthesis techniques and different conditions of 

preparation. 

The results showed that the particle size of metal 

nanoparticles is found to be <50nms. The results 

show crystalline metal nanoparticles with high 

stability and narrow particle size distribution, 

with size less than 50nms prepared on the com-

mercial scale. For example: copper nanoparticles 

with high crystallinity are shown in Fig.1. 

 

 
Figure 1: TEM and XRD of copper 

nanoparticles less than 50nm 
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Abstract: 

Manufactured nanomaterials present new chal-

lenges to understanding, predicting, and manag-

ing potential risks to workers, consumers and the 

environment (Houdy et al., 2011). In the recent 

years, concerns about the risks associated with 

nanomaterials have led to a significant increase 

in toxicology studies (Stebounova et al., 2012), 

whose results have raised issues of concern. In 

that context, the prospective widespread usage of 

nanomaterials calls for an assessment of the pos-

sible release and exposure to workers in industri-

al and academic workplaces. 

The aims of this lecture are (i) to provide an 

overview of the occupational inhalation exposure 

in the workplaces where nanomaterials are man-

ufactured and used, and (ii) to identify, to our 

point of view, the still existing shortcomings and 

to propose strategies to overcome them. 

The up-to-date overview mainly relies on the 

analysis of 50 peer-reviewed publications that 

have been identified over the period 2004 – 

2013, among which more than half published in 

the last 4 years. The choice is deliberately fo-

cused on publications that describe studies based 

on real workplaces with potential exposure data 

on nanomaterials, not publications with potential 

exposure to incidental nanoparticles. As an illus-

tration, Figure 1 gives an overview of the distri-

bution of the selected publications according to 

the main activity of the workplaces visited.  

Many of the earlier studies have an explorative 

character, whether in terms of instruments used 

or approaches to measurement or analysis of the 

data, while the most recent studies provide more 

relevant information for the interpretation of the 

exposure. 
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Figure 1: Overview of the distribution of publi-

cations according to the main activity of the vis-

ited workplaces for the period 2004 – 2013. 

 

Examples of occupational exposure assessment 

will be provided. Situations such as big bag dis-

charging, filling and closing, as well as dry 

sandpapering of pieces exposed to nanomaterials 

will be discussed in the presentation. 

Keywords: occupational exposure, measurement 

strategy, manufactured nanomaterial. 
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Abstract: 

Nanoscale magnetic knots, called skyrmions, are 

novel types of localized non-collinear spin tex-

tures which offer great potential for future mag-

netic memory and logic devices [1]. The twisting 

in the skyrmions’ magnetization profile leads to a 

gain in energy with respect to a homogeneously 

magnetized, ferromagnetic state. As a result of 

this magnetization twisting, skyrmions have non-

trivial topological properties, described by a top-

ological charge, and are topologically protected 

against a transition into topologically trivial 

states. The energetics of skyrmionic states is ex-

plained by the Dzyaloshinskii-Moriya interaction 

[2] being relevant in material systems exhibiting 

large spin-orbit coupling and a lack of inversion 

symmetry, in contrast to magnetic bubble do-

mains which are stabilized by dipolar magnetic 

interactions.  

Skyrmion lattices were initially observed in bulk 

non-centrosymmetric materials based on neutron 

diffraction experiments and Lorentz microscopy 

observations. However, recent experimental and 

theoretical work has focused on atomic- and 

nanolayers of magnetic materials with intrinsic 

or interface-induced chiral interactions, thereby 

achieving full compatibility with state-of-the-art 

technology which has been developed over the 

past decades in the field of GMR- and TMR-

based devices. It has been shown both experi-

mentally and theoretically that magnetic skyrmi-

ons in ultrathin film systems can be as small as 

one nanometer in diameter [3] and that their 

properties can largely be tuned by the choice of 

the substrate and overlayer materials [4].  

Atomic-resolution spin-polarized scanning tun-

neling microscopy (SP-STM) and spectroscopy 

[5] has proven to be an invaluable tool for re-

vealing the atomic-scale properties of ultimately 

small skyrmions [6-9]. By locally injecting spin-

polarized electrons from an atomically sharp SP-

STM tip, we are able to write and delete individ-

ual skyrmions one-by-one, making use of spin-

transfer torque exerted by the injected high-

energy spin-polarized electrons [4]. Switching 

rate and direction can be controlled by the pa-

rameters used for current injection. Alternatively, 

individual skyrmions can be created and deleted 

by local electric fields [10], which can be of 

great advantage in view of energy-saving skyr-

mionic device concepts. The subsequent detec-

tion of the written skyrmions can also be 

achieved by electrical means rather than by using 

a magnetic sensing element [11]. The demonstra-

tion of various methods for the creation and an-

nihilation as well as the detection of individual 

nanoscale skyrmions highlight their great poten-

tial for future spintronic devices making use of 

individual topological charges as information 

carriers. 
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croscopy and spectroscopy, spin-polarized STM 
 

References 

1. A. Fert et al., Nature Nanotechnology 8, 

152 (2013). 

2. A. A. Khajetoorians et al., Nature Commun. 

7, 10620 (2016).  

3. S. Heinze et al., Nature Physics 7, 713 

(2011). 

4. N. Romming et al., Science 341, 6146 

(2013).  

5. R. Wiesendanger, Rev. Mod. Phys. 81, 1495 

(2009). 

6. N. Romming et al., Phys. Rev. Lett. 114, 

177203 (2015). 

7. K. von Bergmann et al., Nano Lett. 15, 

3280 (2015). 

8. A. Sonntag et al., Phys. Rev. Lett. 113, 

077202 (2014). 

9. J. Brede et al., Nature Nanotechnology 9, 

1018 (2014). 

10. P.-J. Hsu et al., 

http://arxiv.org/abs/1601.02935. 

11. C. Hanneken et al., Nature Nanotechnology 

10, 1039  (2015). 

95



Density of states and electrical properties of nanocrystalline 
Co2+ and Ta5+ substituted barium bismuth niobate  

 

Prasanta Dhak1, Atreyee Kundu2, Mrinal Kanti Adak,3 Debasis Dhak,3 and Anja O. Sjåstad1 
1Centre for Materials Science and Nanotechnology, Department of Chemistry, University of Oslo, Blin-

dern, N-0315 Oslo, Norway 
2Department of Biological Sciences, Presidency University, Kolkata 700073, India 
3Department of Chemistry, Sidho-Kanho-Birsha University, Purulia 723101, India 

 

Abstract: Bi-based layered perovskite ferroelec-

tric (BLSF) materials are widely investigated 

because of its high Curie temperature (Tc), fa-

tigue free, low sintering temperature, and envi-

ronmentally suitability. The investigation of elec-

trical conductivity is very significant for the fer-

roelectric compounds as many physical proper-

ties like dielectric, ferroelectric, and piezoelectric 

are dependent on the nature and extent of con-

ductivity of the materials. Complex impedance 

spectroscopy is considered to be a great experi-

mental technique to interface between the electri-

cal and structural properties like dielectric be-

havior of crystalline as well as amorphous mate-

rials. For dielectric materials, most of the electri-

cal properties are greatly influenced by doping of 

metal ions or chemical compositions and powder 

characteristics such as particle size, morphology, 

purity etc, become critical to controll. There are 

many reports aiming to improve the dielectric 

and ferroelectric properties of BaBi2Nb2O9 by 

doping different metal ions in suitable sites. To 

the best of our knowledge, till date, no studies 

are available on impedance spectroscopy of Co2+ 

and Ta5+ substituted BaBi2Nb2O9 respectively at 

A and B site ions. 

In this present work, nanocrystalline Co2+ and 

Ta5+ substituted barium bismuth niobate 

Ba0.5Co0.5Bi2NbTaO9 (BCBNT) was synthesized 

by a chemically based route. Powder X-ray dif-

fraction (XRD) confirmed the samples to be 

phase pure with tetragonal crystal structure. Av-

erage crystallite and particle sizes were found to 

be 33 nm and 40 nm, as analyzed through XRD 

and transmission electron microscopy (TEM) 

respectively. Field emission scanning electron 

microscopy (FESEM) was used for micro-

structural investigation of samples sintered at 

950˚C for 4h. The investigation revealed that the 

material was exhibiting high dielectric constant 

value of 1017 at Curie temperature (Tc), 500˚C 

when measured at 10 kHz. Impedance spectros-

copy analysis showed that above 425˚C, the ma-

terial exhibited both bulk and grain boundary 

conductivities which were evidenced from 

FESEM studies. Density of states, minimum 

hoping distance, binding energy etc. were studied 

along with other electrical properties from im-

pedance analysis. Hysteresis behavior was also 

investigated using polarization study. 

Keywords: Nanomaterials; Chemical Route; 

Dielectrics; Ferroelectrics; Impedance; Density 

of States| 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Variation of (a) dielectric constant 

with temperature at different frequency and (b) 

dependence of density of states, N(Ef) at Fermi 

level on frequency at various temperatures for 

BCBNT measured at different frequency 
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Abstract: In recent times, the research on ZnO 

based ultraviolet (UV) photodetectors (PDs) 

have gained interest due to its unique properties 

such as direct wide band gap of 3.37 eV, large 

exciton binding energy of 60 meV, high radiation 

hardness and hence they find place in civil and 

defence applications such as air quality monitor-

ing, flame detection, UV communications and 

missile warning systems.1 ZnO films for UV PDs 

have been deposited by various techniques such 

as magnetron sputtering, molecular beam epi-

taxy, and pulse laser deposition etc.2 Since al-

most all kind of photodetectors requires external 

supply for their operation, it is highly desired to 

have PDs based on self-powered mechanism. In 

this work, we present the feasibility of realizing a 

highly sensitive and self powered UV photodetec-

tor by exploring the photoconducting properties 

of Ga doped ZnO (GZO) thin films. 

GZO based ultraviolet photodetectors were fab-

ricated by dual ion beam sputtering (DIBS) in 

metal-semiconductor-metal structure. The room-

temperature operable PD demonstrated respon-

sivity of 58 mAW-1 at zero bias, which is 15 

times larger than that reported on similar materi-

al grown by other physical vapour deposition 

process3, 4, with the external (EQE)  and internal 

(IQE) quantum efficiency values of ~22.5% and 

37.4% respectively. The unbiased photodetection 

is attributed to the tunnelling of electrons due to 

heavy doping of GZO and built-in electric field 

due to different barriers at two metal semicon-

ductor contacts. The asymmetry in electrodes 

was investigated by temperature-dependent cur-

rent-voltage measurements. These PDs are criti-

cal in terms of energy saving point of view and 

are preferred for long-term monitoring of air-

pollution and wastewater. Fig 1 shows the pho-

toresponse of fabricated GZO photodetector at 

room temperature. 

 
Fig 1. Photoresponse of GZO photodetector 

Keywords: GZO, Dual Ion Beam Sputtering, 

Photoresponse, EQE, IQE, Tunnelling.  
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Abstract: 

The simple growth process and better stability of 

the perovskite oxide heterostructures make them 

a promising candidate for the realization of many 

novel spintronic effects and devices. Integration 

of ferromagnetic insulating (FMI) manganite thin 

films as spin filter into these heterostructure sys-

tems has emerged a novel way to generate a 

highly spin-polarised current [1,2].  In this work, 

the spin-filtering effect through an ultrathin 

Sm0.75Sr0.25MnO3 (SSMO) FMI barrier in epitax-

ial oxide nanopillar tunnel junctions fabricated 

by the Focused Ion Beam (FIB) nano-machining 

technique has been demonstrated. The fabricated 

spin filter tunnel junctions exhibited a spin-

polarization of up to 75% at 5K, which is nearly 

double to that reported in oxide based junctions. 

The spin filter effect was also verified by meas-

uring the tunnel magnetoresistance (TMR) re-

sponse of the SSMO-based quasimagnetic tunnel 

junctions [3]. A highly unconventional bias-

dependent TMR response was observed in these 

devices with two different behaviours in two dif-

ferent thickness regimes of the barrier layer for 

the first time. These results demonstrate the role 

of many novel phenomena, including electric-

field-dependent spin polarization, Coulomb 

blockade and spin accumulation. Nearly 100% 

spin-polarised current has been generated from 

the fully magnetic manganite tunnel junctions. 

Introducing the FMI manganite barrier in mag-

netic tunnel junctions allows the device to oper-

ate in three-resistance states. These wide varie-

ties of novel findings observed in this work open 

the way for the discovery of new spintronic de-

vices by exploiting the many degree of freedom 

of perovskite manganite heterostructure systems.   

 

Keywords Perovskite oxides; Spintronics; Man-
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1 Departament de Química Física, Universitat de Barcelona, Diagonal 645 and Institut de Bioenginye-

ria de Catalunya (IBEC), Baldiri Reixac 15-21, 08028 Barcelona, Catalonia, Spain. 
2 Nanochemistry Research Institute Department of Chemistry, Faculty of Science & Engineering. Cu-

tin University, Perth, Australia. 
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Abstract: Inspired by the proposal that single 

molecules will be functional elements of future 

nanoelectronic and photovoltaic devices, there 
exists considerable interest in understanding 

charge transport in individual molecular back-

bones.1 To investigate charge transport in single-
molecule devices, we exploit scanning tunneling 

microscopy-based approaches in the break-junc-

tion mode (STM-BJ). 

 
Figure 1: Molecular wire through the metal. 

 

The first block of this seminar will present a 

novel way to form highly conductive and tunable 
molecular wires exploiting supramolecular 

chemistry schemes. Single metalloporphyrin 

rings are wired from its metallic center by using 
strong Lewis bases, resulting in an increase of the 

conductivity of three orders of magnitude versus 

previous single-porphyrin wires. This novel plat-
form of wiring individual porphyrins mimics the 

way nature exploits these systems by orienting 

the perpendicular porphyrin axis as the easy axis 

for electron/energy transfer (Fig. 1).2  

 

 
Figure 2: Single-molecular reactor 

In the second block, we will demonstrate the use 
of such approaches to study basic mechanisms in 

chemical catalysis at the nanoscale. We have de-

signed a surface model system to probe electric 

field catalysis of a Diels-Alder reaction by deliv-

ering an oriented electrical field-stimulus across 

two reactants (Fig.2). This method enable study-
ing chemical reactions at the single-molecule 

level.3  

For the last block, we will focus on spin-depend-
ent transport in such single-molecule devices. 

We will show that the interfacial magnetism or 

spinterface, resulting from the interaction be-
tween a magnetic molecule and a metal surface, 

becomes the key pillar to engineering nanoscale 

molecular devices with novel functionalities, 

such as a spinfilter-based switch (Fig. 3).4 

 
Figure 3: Fe-complex as a spintronic-switch 

Keywords: single-molecule junctions, STM 

break-junction, metalloporphyrins, electrocataly-

sis, spin-crossover complexes, magnetore-

sistance, spinterface, spin orbit coupling. 
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Abstract: Neuromorphic computing has gained 
important attention since it is an efficient way to 

handle advanced cognitive tasks such as image 

recognition and classification. Hardware imple-
mentation of an artificial neural network (ANN) 

requires arrays of scalable memory elements to 

act as artificial synapses. Memristors, which are 

two-terminal analog memory devices, are excel-
lent candidates for this application as their tuna-

ble resistance could be used to code and store 

synaptic weights with, in principle, low power 
consumption. In this work, we studied metal-

organic-metal memristors in which the organic 

layer is a dense and robust electro-grafted thin 
film of redox complexes. The process allows 

fabricating planar and vertical junctions, as well 

as small crossbar arrays. The unipolar devices 

display non-volatile multi-level conductivity 
states with high RMAX/RMIN ratio and two dis-

tinct thresholds. The characteristics of individu-

al memristors were characterized in depth with 
respect to the targeted synaptic function. We 

notably showed that they possess the Spike 

Timing-Dependent Plasticity (STDP) property 

(their conductivity evolves as a function of the 
time-delay between incoming pulses at both 

terminals), which is critical for future applica-

tions in neuromorphic circuits based on unsu-
pervised learning. In parallel, we implemented a 

series of memristors as synapses in a simple 

prototype: a mixed circuit with the neuron im-
plemented with conventional electronics. This 

ANN is able to learn linearly separable 3-input 

logic functions through an iterative supervised 

learning algorithm inspired by the Widrow-Hoff  
rule.  

 

Keywords: spike timing-dependent plasticity, 
electro-grafting, organic memristors, supervised 

learning, neuromorphic circuit. 
 

 
Figure 1: A) Planar structure of the organic 
memristor and schematic of the electro-grafted 

thin film of redox complexes. B) Unipolar 

switching behavior of single memristor. C) 

Cumulative STDP property of single organic 
memristor during ~4300 sequentially-applied 

voltage pulses with random time-delay of pre-

/post-synaptic input.  
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Abstract: Quantum interference results from the 

wave properties of electrons and is a well-known 

quantum effect in mesoscopic physics.1 The abil-

ity to control quantum interference at the mo-

lecular level could improve knowledge of elec-

tron transport through molecular systems and 

provide novel electronic behavior of molecular 

junctions. This subject has recently attracted 

great interest, both theoretically2 and experimen-

tally3. Such effect is predicted to occur with 

cross-conjugated molecules, systems composed 

of three unsaturated groups, two of which are 

conjugated to the third but not conjugated to each 

other. The anthraquinone (AQ) molecule (inset of 

Figure 1) is intrinsically cross-conjugated as long 

as contact between the bottom and top electrodes 

involves the two peripheral aromatic rings. The 

expected signature of quantum interference in 

transport through a molecule is a reduction of the 

transmission resulting from destructive interfer-

ence, with a clear antiresonance at the energy 

where interference occurs. 

I will present our investigation of quantum inter-

ference on AQ molecular layers embedded in 

large-area solid-state devices4. We have found 

direct experimental evidence of a large quantum 

interference effect through measurement of the 

differential conductance. We have demonstrated 

that quantum interferences are present at room 

temperature and are enhanced as temperature is 

lowered for molecular layers thicker than a mon-

olayer (Figure1). Furthermore, the experimental 

signature of the electron-phonon coupling ap-

pears at low temperature as the major source of 

decoherence, extinguishing interference effects5. 

The visibility and robustness of this quantum 

effect on large area junction confirms the domi-

nant intramolecular charge transport mechanism 

occurring in the molecular layer, and it paves the 

way for the development of practical devices 

based on the control of the coherent electron 

transport through conjugated systems. 

Figure 1: Mesured conductance G as function of 

voltage V for an AQ-based junction with an area 

of 3030µm2 for different temperatures ranging 

from 11K to 250K. A pronounced anti-

resonance is present at low voltage. Inset: Struc-

ture of an AQ molecule. 

Keywords: molecular electronics, quantum in-

terference, electron-phonon interaction, electron-

ic transport. 
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Abstract: 

The influence of ultraviolet/ozone (UVO) surface 

modified bottom electrode on resistive switching 

characteristics Al-doped ZnO/ZnO/Indium Tin 

Oxide (ITO) transparent resistive memory devic-

es fabricated on flexible substrate was investi-

gated. The importance of surface treated bottom 

electrode is simply overlooked in RRAM fabrica-

tion process, whereas, the surface condition of 

bottom electrode (BE)/below layer will highly 

affect the property/quality of the grown films 

above it. Thus, may alter the electrical properties 

and device reliability. Based on our results, RF 

sputtered ZnO crystallinity is degraded when it is 

deposited on long exposure surface treated 

amorphous ITO, as shown in Fig. 1 (a) and (b). 

However, the preferred (002) orientation is still 

observed in all samples, which is an advantage 

for ion diffusion across the resistive layer 

(Simanjuntak et. al., 2015). The (002) orienta-

tion will limit the occurrence of branches con-

ducting filaments which leads to uniform/stable 

switching. In order to fabricate sandwich struc-

ture device, 150 μm in diameter of AZO top 

electrode is deposited on the films. Consequently, 

highly transparent devices (transparency of ap-

proximately 85% at visible wavelength) has been 

successfully fabricated as depicted in Fig. 1 (c). 

Both non- and treated UVO BE devices show 

clockwise bipolar switching mode as shown in 

Fig (a) and (b), respectively. Obvious enhance-

ment of memory properties of treated devices is 

exhibited. In this study, we first propose a simple 

surface treatment method to improve device per-

formance. Further materials analysis have been 

conducted to explain this phenomena. 

 

Keywords: resistive memory, RRAM, surface 

treatment, ultraviolet/ozone, transparent electron-

ic devices. 

 
Figure 1: X-Ray diffraction analysis of the deposited 

films grown on various condition of surface treated 

ITO/substrate (a) and ZnO crystallinity changes due to 

the surface treated ITO/substrate (b). (c) Highly trans-

parent devices (transmittance of more than 80% at visi-

ble wavelength of 550 nm). Insets show the schematic 

of single device structure and photograph of the fabri-

cated devices.  

 

 
Figure 2: I-V curve of non-treated BE device (a) and 

treated BE device (b). (c) and (d) endurance perfor-

mance of device (a) and (b), respectively. 
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Abstract: 

Up conversion is an optical process that involves 

the conversion of lower-energy photons into 

higher-energy photons. Remarkable properties of 

the phenomenon in rare earth as a narrow band-

width, a long-time emission, anti-Stokes emis-

sion. This characteristics had been applied to 

design lasers, solar cells, and analytic sensors 

and so on (Alves, Bergmann, & Berutti, 2013; 

Chen & Zhao, 2012; Zhou, Liu, Feng, Sun, & 

Li, 2015). The main purpose was synthesize 

films by spray pyrilosis method presenting the up 

conversion phenomenon in particular for Er3+ 

and Yb3+. Films was synthesized by a solution of 

0.05 M of ZrO2 in deionized water and the vari-

ation of deposition temperature was from 450°C 

to 600°C. X ray diffraction found that films 

crystallized at 500°C and 550°C. The photolu-

minescence found two emission bands by up 

conversion at 544 nm and 654 nm for doped 

films by Er3+ at 1% (De la Rosa-Cruz et al., 

2003). Percent concentration of co-doped Yb3+ 

was changed at 0.5%, 1%, 3% and 5%. The 

films with the best intensity was synthesized by 

ZrO2:Er3+(1%) with Yb3+ at 3% and  5% whom 

presenting two bands at 550 nm and 656 nm. 

The band at 550 nm decreased in comparison 

with the band at 656 nm with a percentage rise 

of Yb3+ concentration. This results are partial 

and the main implication is the synthesis of films 

doped with Er3+ and co-doped with Yb3+ whom 

presented up-conversion as the works in dust 

with the same materials (De la Rosa-Cruz et al., 

2003; Sun, Gao, & Huang, 2014). 

Keywords: thin, Erbium, Yterbium, Zirconia, 

spray pyrolysis ultrasonic, x ray diffraction, pho-

toluminescence, dopants,narrow bandwith. 
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Abstract: 

AIDS – Acquired Immune Deficiency Disease 
is a disease related to human immune system 

and is caused by HIV virus -Human Immune 

Deficiency Virus. Till the date a number of re-

searches has undergone to cure AIDS and still 
under execution. Some even proposed some 

drugs to cure it, but their side effects are un-

countable. In this paper described a proposed 
research which can be used to tackle with this 

incurable disease. 

 
AIDS by itself is not a killer disease. The cause 

of AIDS is the HIV virus that is capable of de-

stroying the immune system. Thereby the host 

system is vulnerable to small diseases which 
will turn into a fatal one but actually it is not a 

fatal disease. The HIV virus attack the WBC’s 

by converting them into the HIV. Thereby all 
the WBC’s are converted into HIV, so the im-

mune system will fail. This is the reason for the 

death of the patient.  
 

 

 

 
 

 

 
 

 

 

 

 

 

 

Figure1: Figure illustrating the reaction be-

tween end proteins on membranes of HIV and 

T-CELLS which causes the rest of the DNA 

segment of HIV to enter into T – CELL to enter 

WBC and destroys it.The interaction with CD4 

is just an initiation of path for reacting with 

CCR5 which then leads to complete reaction. 

 

The idea proposed here is to design a 

NANOBIOMECHONIC robot which will pre-
vent the HIV to interact with immune system. 

 

By observing that how the virus affects and in-

teracts with the membrane proteins to enter in 
WBC the paper describes the ways to rig the 

HIV virus. 

The nanobiomechonic robot comprises the 

methods of treatment of virus. 
The nanobiomechonic robot is comprised of 

biotic sensors, converters, magnetic particle 

which will work as a whole for the treatment. 
 

Keywords: Nanobiomechonics, cytotoxins, 

CD4 cells, biosensors, biological converters, 
magnetic particles. 
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Abstract: 

In the past decade, the field of polymer science 

has witnessed remarkable innovations and pro-

gress, alongside major advances in the comple-

mentary field of supramolecular science, which 

offer great opportunity for new concepts, new 

materials with unique properties and novel prac-

tical applications. Among the wide range of pos-

sibilities, the construction of mechanically inter-

locked assemblies such as conjugated polyrotax-

anes (CPr) provides an alternative to the modifi-

cation of the polymer backbone with substitu-

ents, which not only leads to soluble CPs, but 

allows the “insulation” of individual molecular 

wires (IMWs). Rotaxane formation provides an 

efficient strategy to reduce CP’s intermolecular 

interactions by threading a individual π-

conjugate backbone through macrocycle rings. 

Previous studies have shown that the aggregation 

tendency of CP and quenched luminescence in 

the solid films can be inhibited by encapsulation 

of polymer chains. In addition, this strategy has 

been shown to increase both optical and electron-

ic properties of CPr’s compared with films of the 

non-rotaxinated polymers.[1,2] 

In this presentation, the influence of the nature of 

the host molecules on the optical and electro-

chemical behavior, surface topography, as well 

as transport properties of poly(9,9-

dioctylfluorene-alt-bithiophene) main-chain poly-

rotaxanes (Scheme 1) will be reported. Also, a 

comparison between these properties and those 

of the corresponding non-rotaxane counterparts 

will be provided.  

 

Keywords: host-guest system, conjugated 

polyrotaxanes, macrocycles, fluorescence, 

fibers, surfaces, optoelectronic applications.  

 

Scheme 1. Synthesis of main-chain polyrotax-

anes and their non-rotaxane counterparts 
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Designing High Performance Digital Logic NOT Gate Using 
Single Electron Box (SEB) Nano-Devices 
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Abstract: 

The continuing scaling down of CMOS circuits 
has led researchers to build new devices with 

nano dimensions, whose behavior will be inter-

preted based on quantum mechanics [1]. Single-
electron devices (SEDs) are promising candi-

dates for future VLSI applications, due to their 

ultra small dimensions and lower power con-

sumption. In most SED based digital logic de-
signs, a single gate is introduced and its perfor-

mance discussed. While in the SET based cir-

cuits the fan out of a designed gate circuit 
should be measured and discussed. In the other 

words, cascaded SET based designs must work 

properly and the next stage(s) should be driven 

by previous stage. In this paper, a digital logic 
NOT gate based on single electron box (Figure 

1) which is introduced in [2] reviewed. This gate 

utilizes in series and by connecting two of this 
NOT gate a buffer circuit is achieved (Figure 2). 

In order to achieve better performance the de-

signed NOT gate circuit is improved by the use 
of scaling process [3]. The scaling factors are: 
 

(1) 
𝐶𝑆𝐹 ≜

𝐶𝑇,𝑛𝑒𝑤
𝐶𝑇,𝑜𝑙𝑑

 

(2) 
𝑅𝑆𝐹 ≜

𝑅𝑇,𝑛𝑒𝑤
𝑅𝑇,𝑜𝑙𝑑

 

 

where CSF is the capacitance scaling factor, 

CT,new is the total capacitor in the new technolo-

gy, CT,old is the total capacitor in the old tech-
nology, RSF is the tunneling resistance factor, 

RT,new is the tunneling resistance in the new 

technology, and RT,old is the tunneling resistance 

in the old technology. Scaling process changes 
the voltage, resistance and capacitance values 

and lead to better switching speed and better bit 

error rate (BER), however, it does not change 
the logic function. By the use of SIMON simu-

lator [4] the correct operation of the new design 

is illustrated. 

Keywords: digital logic NOT gate, single-

electron devices, fan out, switching speed, bit 

error rate. 

 

Figure 1: A simple NOT gate circuit based on a 

SEB.  

 

Figure 2: Cascading two NOT gate circuits 
based on a SEB (buffer gate). By changing the 

voltage, resistance and capacitance values better 

performance will achieve. 

References: 

1. Likharev K. K. (1999), Single-Electron De-

vices and Their Applications, Proceeding of 
the IEEE, vol. 87, No. 4, 606–632. 

2. Rehan S. E. (2011), The design of logic 

gates using Single Electron Box (SEB) 

Nano-Devices, Design & Technology of In-
tegrated Systems in Nanoscale Era (DTIS), 

2011 6th International Conference on, 1-6. 

3. Sharifi M. J. , Bahrepour D. (2011), Intro-
ducing a technology index concept and op-

timum performance design procedure for 

single-electron-device based circuits, Mi-

croelectronics Journal, Volume 42, Issue 7, 
July 2011, 942-949. 

4. Wasshuber C., Kosina H., Selberherr S., 

(1997), SIMON - A Simulator for Single-
Electron Tunnel Devices and Circuits, IEEE 

Transactions on Computer-Aided Design, 

Vol. 16, 937–944. 

106



 

 

 

 

 

 

 
InnovNano France 2016: 

Industrial Session 

107



Graphene based supercapacitors: results and perspectives 
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Abstract: 

Supercapacitors are electrochemical energy stor-

age devices that combine the high energy-

storage-capability of conventional batteries with 

the high power-delivery-capability of conven-

tional capacitors.  In this contribution we will 

show the results of our group recently obtained 

on supercapacitors with electrodes obtained us-

ing mixtures of carbonaceous nanomaterials 

(carbon nanotubes (CNTs), graphite, graphene, 

oxidised graphene). The electrode fabrication has 

been performed using a new dynamic spray-gun 

based deposition process set-up at Thales Re-

search and Technology (patented). First, we sys-

tematically studied the effect of the relative con-

centrations of Multi-Walled Carbon Nanotubes 

(MWCNTs) and graphite on the energy and 

power density. We obtained a power increase of 

a factor 2.5 compared to barely MWCNTs based 

electrodes for a mixture composed by 75% of 

graphite [1]. This effect is related with the im-

provement of the mesoporous distribution of the 

composites and to the increase of the conduct-

ance as pointes out by Coleman et al. [2]. After 

these results, we decided to test water as a sol-

vent in order to reduce the heating temperature 

and to obtain a green type process without toxic 

solvents. To achieve stable suspensions we oxi-

dised the graphene and the CNTs before putting 

them in water. We observed that changing the 

Graphene Oxide concentrations we obtained dif-

ferent value of capacitance and energy. The best 

results were obtained with 90% of GO and 10% 

of CNTs [3]. We obtained 120F/g and a power 

of 30kW/Kg. The importance of these results is 

that it is the first time that these performances 

have been obtained for graphene related materi-

als using an industrial fabrication suitable tech-

nique that can be implemented in roll-to-roll pro-

duction.  In this way we were able to fabricate 

stable suspensions in less than one hour com-

pared to three days using NMP. All these results 

demonstrate the strong potential to obtaining 

high performance devices using an industrially 

suitable fabrication technique. Finally, new re-

sults using mixtures of Carbon nanofibers and 

graphene will be shown. These new composite 

allow to use ionic liquid as electrolytes and so to 

increase dramatically the energy stored in the 

device without reducing the power. 

Keywords: Graphene, Carbon Nanotubes, Ener-

gy, supercapacitors, Deposition method, Crabon 

Nanofibers. 

 

Figure 1: Figure illustrating a flexible superca-

pacitors obtained using spary-gun deposition 

method. 
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Graphenea Roadmap: Wafer Scale Integration 
 

Iñigo Charola 

Business Development Director, Graphenea 

i.charola@graphenea.com 

 

Abstract 
Graphene aims to develop the potential of graphene for electronic systems by means of combining large 

scale graphene synthesis and conventional CMOS technology into an industrial compatible process. If 
wafer scale integration is available, many applications will be realized on commercial scale (logic, HF, 

optoelectronics, telecommunications, sensors and flexible electronics). Graphenea objetive is to meet 

industry demand of a demonstrator made with actually compatible CMOS processes, then spill-over to 

other applications will be possible and broad adoption will begin  
 

Speaker Biography (Inigo Charola) Iñigo Charola is Business Development Director at Graphenea. 

He has an extensive experience in industrial related products at marketing and sales positions. He started 
his career at ASSA ABLOY, a global leader in security products, then as Sales and Marketing Director 

at an industrial processes private company. Before joining Graphenea he is been working in the 

Electronic Manufacturing Services industry as a Sales Director. He holds a Bachelor's Degree in 
Business Administration from University of Wales, a Master in Marketing and Sales Management from 

ESIC and an Executive MBA from Deusto Business School.  

 

Company Profile (Graphenea) Graphenea is the leading graphene producer. Graphenea supplies CVD 
graphene wafers and Graphene Oxide materials for industrial applications. Graphenea develops custom 

materials in joint development for specific applications. 
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Abstract: 

A technique of Static Multiple Light Scattering 

(SMLS) is proposed to measure mean particles 

size in a large range of concentration between 

0.0001 and 95%, for sizes between 10 nm and 

100 µm by Turbiscan LAB technology. Tur-

biscan consists in sending a light source (880nm) 

and acquiring backscattered and transmitted sig-

nal. The signal intensity enables to measure di-

rectly the mean spherical equivalent diameter (d),  

knowing refractive index of continuous ( and 

dispersed phase and the particles concentra-

tion ( ) according to the Mie theory:  

 
with BS for Backscattering Intensity and T for 

Transmission Intensity.  

 

This technique has the advantage to measure in 

one click, without sample preparation or dilution, 

the mean particles size and so the dispersibility 

efficiency particularly for concentrated suspen-

sions. Other optical techniques such as DLS or 

PTA can perform this measurement but only at a 

very high dilution which denatures the agglomer-

ates and give an erroneous size of the native par-

ticles.  

In this paper, we present different complete stud-

ies: 

- mean size measurement of various products, 

comparison of SMLS with SEM/TEM micros-

copy, 

- dispersibility characterization of pigments, 

- protein aggregation monitoring versus histidine 

concentration 

 

Keywords: protein, pigments, coating, static 

multiple light scattering, aggregation, dispersibil-

ity, mean size 

 

 

  
Figure 1: Principle of measurement of Tur-

biscan® 
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Abstract: 

The bulk graphene market will exponentially 

grow in the next few years. Its applications in 

composites will be the largest segment, followed 

by energy storage applications.[1] 

Different synthetic methods can be used for the 

production of graphene and graphene related ma-

terials. 

Several reviews analyzed the applications of the 

different graphene and related products in energy 

[4, 1b] and in composites applications.[5, 1b] 

In this presentation, 3 different methods for the 

production of bulk graphene or reduce graphene 

oxide: liquid exfoliation, reduced graphene ox-

ides and high expansion were compared with 

other production methods and products in the 

market. 

The complete characterization of graphene and 

highly reduce graphene oxide using TEM, SEM, 

AFM, XPS, DRX, Laser diffraction, surface 

area and pore size analysis (Figure 1), etc will be 

presented. 

Different types of graphene materials with varia-

tion in lateral size, defects and defects concentra-

tion, thickness, etc, have been used to obtain 

graphene-thermoplastic and thermoset compo-

sites. The different effects of the incorporation of 

liquid exfoliated graphene, highly reduced gra-

phene oxide and graphene nanoplatelets on elec-

trical, thermal conductivity and fire retardant 

properties of epoxy were investigated. 

Related to electrical properties, some of these 

composites show lower percolation threshold 

limits than the previously reported values, also 

obtaining ultralow percolation limits (Figure 2), 

opening a new range of applications and mar-

kets. 

Other factors as processing technique, the com-

patibility between graphene and matrix and dis-

persion have an extremely high importance in the 

results. Vertical and horizontal casting experi-

ment (Figure 3) has been performe to observed 

the segregation of the graphene in the polymer 

matrix.  

The use of different graphene materials and dec-

orated graphene materials in energy applications, 

from anodes and cathodes of batteries to super-

capacitors with ultrahigh energy density, will be 

also presented. .  

Keywords: graphene production, graphene ox-

ide, composite, coatings, energy applications. 

 

Figure 1: Pore size analysis, distribution and 

micro/mesoporous distribution for different 

HRGO prepared by thermochemical methods. 
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Figure 2: Electric percolation and Scheme of 

the transport in a composite. 

 

Figure 3: Influence of processing on the elec-

trical conductivity of epoxy-HRGO composites. 
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Graphene: the early commercialisation prospects 
 

Ray Gibbs 

CEO Hatydale Graphene Industries Plc 
 

Abstract: 

Graphene has been hailed as the new wonder material, yet commercial progress remains slow to the in-

dustrial observer. Ray Gibbs CEO of Haydale will take you through what they are doing to rapidly 

grow the Graphene space and why the near term wins are really not that far away and bigger than some 

researchers and commentators think. 

 

The key to commercialisation is to  

 fully understand the base materials and their price/performance criteria; 

 focus on key market drivers in markets renowned for early adoption of new technology- most 

likely unregulated; 

 to establish a robust supply chain; and  

 gain independent credibility for the technical claims.  

 

Keywords: Graphene commercialisation 
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1Nanoscribe GmbH, Eggenstein-Leopoldshafen, Germany  
 

 

Abstract: 

 The technique of two-photon polymerization 

(TPP) allows for additive manufacturing based 

on 3D digital models with sub-micrometer fea-

ture sizes and resolution. In addition, 2D and 

2.5D topologies can be fabricated with ultra-high 

aspect ratios and outstanding design freedom 

with a resolution between electron beam and UV 

lithography. This enables additive as well as sub-

tractive maskless lithography beyond the limits 

of grayscale lithography or the limitations of di-

amond milling. This talk gives an overview on 

the technology, its performance and highlights 

both scientific disruptive breakthroughs as well 

as enabled applications in industry.  

 A simple workflow including the use of STL 

data as standard secures a rapid transformation 

of virtual models into physical objects. This 

closes the gap to conventional stereolithography 

formerly considered as highest resolution 3D 

printing technique.  

The range of applications is wide spread: In op-

tics and photonics, TPP is - among others - used 

for the fabrication of photonic crystals materials 

[1] and optical cloaks [2], photonic colors or 

high-precision micro-optics. As one industrial 

application example, wafer-level micro-optics 

and photonic multi-chip integration [3] will be 

discussed.  

Mechanical engineers are enabled to design 

unique mechanical characteristics previously 

unachievable by shaping complex microtrusses. 

Ultra-light, yet strong [4] or auxetic materials as 

well as unfeelability cloaks [5] have been pub-

lished.  

Unique designs and precision open new applica-

tions in microfluidics: Filters, mixers, complex 

nozzles, micro-robots [6] or micro-needles for 

painless drug delivery exemplify the challenges 

that can be overcome by 3D printing on the mi-

cro- to mesoscale.  

 

Keywords: 3D microprinting, Two-photon 

polymerization,  highest precision additive manu-

facturing, microscale fabrication, 3D laser li-

thography 

 

 
Figure 1: The Figure illustrates meso-scale 

printing with sub-micrometer feature sizes. 
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Abstract: 

Since the isolation of graphene became accessi-

ble and the investigation of its properties re-

vealed outstanding features [1], a large number 

of companies aiming the production of graphene-

based materials and devices appeared in order to 

develop a new and powerful technology. Howev-

er, the fabrication process of high quality gra-

phene in an industrial scale remains as an open 

issue. The growth of graphene on Silicon Car-

bide (SiC) wafers is one of the most promising 

routes for both production and integration into 

planar technology electronic applications [2-3].  

In the present work we study the epitaxial gra-

phene growth on top of different types of SiC 

substrates. Of particular interest for electronic 

applications are those in which a bottom gate is 

ready to be used and prepared prior to graphene 

growth. Processes of implantation of nitrogen 

atoms at a controlled depth have been used in 

order to fabricate such substrate. We investigat-

ed the properties of the graphene grown on top of 

them by means of non-invasive techniques, e.g. 

Raman spectroscopy and optical and atomic 

force microscopy (AFM), and completed the 

characterization with High Resolution Transmis-

sion Electron Microscopy (HRTEM) and 

transport measurements. As a result, we found 

that high quality single layer graphene is cover-

ing ~85% of the substrate and it appears to be a 

good candidate for the development of bottom 

gated devices based on graphene in an industrial 

scale.  

 

Keywords: graphene, Silicon Carbide, SiC, field 

effect gate transistors, FET, bottom gate, optics, 

electronics, high frequency, biosensons.  

 

 
Figure 1: a-b) Raman results obtained on graphene 

grown on an implated SiC substrate. a) Raman 

spectra measured at the position indicated by the 

white cross in b). b) Maping of the FWHM of the 

2D peak, in which only the yellow dots indicate po-

sitions where graphene is not found, as it can be 

inferred from the color scale to the right. c) Optical 

Image of a sample surface. Note the large width of 

the observed terraces. d) HRTEM image of a sam-

ple, in which the presence of one graphene layer and 

the buffer layer are clearly seen (dark lines on the 

center of the image). 
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Abstract: 

An upsurge in the development of micro-and 

nanoelectromechanical devices [1] has kindled 

renewed interest in the flow of fluids at moder-

ately high Knudsen numbers through channels 

and crevices. Another reason for this renewed 

interest is the flow in shale reservoirs, where 

the pore size is extremely small, and the predic-

tion of flow and permeability depends on accu-

rate models. In many modern applications, such 

as MEMS and NEMS, namely micro- and 

nanoelectromechanical devices, it is important 

to know the pressure profile in channel flow at 

Knudsen numbers in the Maxwell slip regime. 

An explicit expression for the axial pressure 

profile in a cylindrical channel with Maxwell 

slip flow of a gas is derived in a direct and 

transparent way from first principles. The re-

sulting expressions, which only involve the inlet 

and outlet pressures and the channel dimen-

sions, are given for use in modelling or simula-

tions of channel flows at Knudsen numbers in 

the range 10-3–0.1. The expression is shown to 

be correct by deriving from it an expression for 

the mass flow through the channel, which is 

shown to be identical to the known expression 

for the mass flow through cylindrical channels 

with Maxwell slip flow. . The developed ex-

pression makes it possible to assess the effects 

of the involved physical parameters directly 

(see e.g. Figure 1). The same method may be 

used for deriving pressure profiles for Maxwell 

slip flow in other types of nano-sized channels, 

e.g.  flat rectangular channels with large aspect 

ratio. 

Keywords: nanochannels, pressure profile, 

Maxwell slip flow, MEMS, NEMS 

 

Figure 1: Figure showing the effect of the ac-

commodation coefficient ( the fraction of mole-

cules undergoing diffuse rather than specular 

reflection at the tube wall), σV, on the pressure 

profile in a cylindrical channel with Maxwell 

slip flow. The mass flow through the channel 

increases by 23% when changing the accom-

modation coefficient from the standard value of 

0.8 to 0.1. 
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Abstract: Micro electro mechanical systems 

(MEMS) are built using integrated circuits and in-

clude movable parts such as membranes, plates, 

beams and other mechanical components. The struc-

tural parts differ between applications and perforated 

microplates are often used in micromechanical 

squeeze film dampers to reduce the damping and 

spring forces due to the fluid flow inside and around 

the microstructure. Identification of the damping 

caused by surrounding fluid and by the dissipations in 

the material is very important to predict the dynamic 

response of the microsystem and to estimate some 

important parameters such as the quality factor, the 

switching time and the release time.  Many methods 

have been proposed to calculate the squeeze-film 

damping in perforated micro systems. In particular G. 

De Pasquale and T. Veijola (2008) used numerical 

strategies and the software ANSYS to estimate the 

gas damping in perforated MEMS. It was shown that 

ANSYS results contained a systematic error at small 

perforations and were not usable for large perfora-

tions. A method was proposed by J. Lardiès (2015) to 

estimate the modal parameters of  a micro structure 

using the subspace approach and the damping coeffi-

cient was obtained by eigendecomposition of the tran-

sition matrix. In this communication we propose a 

time-frequency method (Le et al. , 2015) based in the 

use of the vawelet transform (WT) to identify the dy-

namic parameters (in particular the modal parame-

ters) of a perforated microplate (Figure 1). The perfo-

rated microplate area is  A = 3.127x10-8 m2  and its 

mass is m = 3.814x10-9 kg. The dynamic measure-

ments are conducted in time domain by means of a 

laser vibrometer (details are given in the communica-

tion). We obtain then the displacement of the center of 

the MEMS (Figure 2).  The WT of this response is 

used for dynamic parameters identification. A proce-

dure to obtain the skeleton of the WT is presented in 

the  communication and it is shown that from the 

skeleton we can identify the dynamic parameters of 

the performated microplate. With our approach it is 

not necessary to use the excitation force, only output 

measurements in the time domain are used. Numerical 

examples and an experimental example of a perforat-

ed microplate are presented. Figure 3 shows the am-

plitude (in logarithm form) and the phase of the skel-

ton of the W.T. used to identify the dynamic parame-

ters. Values of these parameters will be presented in 

the communication. 

 
Figure 1. Experimental test on the perforated microplate 

with a laser vibrometer   

 
Figure 2. Displacement response of the perforated  mi-

croplate   

 
Figure 3. Amplitude and phase of the wavelet transform. 

Normalized reconstituted displacement of the perforated 

microplate 

Keywords:  MEMS, microplate, oscillating system, 

dynamic response, wavelet transform, modal parame-

ters, experimental identification. 
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Abstract: 

Metal-semiconductor (M-SC) contacts play a pivotal 

role in a broad range of technologically relevant   de-

vices. Still, their characterization at the atomic-scale 

remains a delicate issue. One of the reasons is that the 

present understanding relies either on simplified ana-

lytical models often parametrized using experimental 

data [1], or on electronic structure simulations de-

scribing the interface using   simple slab calculations 

[2]. Here we propose a general strategy to model real-

istic M-SC interfaces by using density functional theo-

ry (DFT) in combination with the non-equilibrium 

Green's function (NEGF) method as implemented in the Atomistix ToolKit (ATK) simulation software 

[3]. An accurate description of both sides of the interface is achieved by using a meta-GGA functional 

[4] optimally tuned to reproduce the SC measured band-gap, and a spatially dependent effective scheme 

to account for the presence of doping in the SC side. Compared to previous computational methods [2], 

the present approach has the important advantages of (i) treating the system using the appropriate 

boundary conditions and (ii) allowing for a direct comparison between theory and experiments by simu-

lating the I-V characteristics of the interface. We apply this methodology to an Ag/Si interface relevant 

for solar cell applications, and test the reliability of traditional strategies [1,2] to describe its properties 

[5]. 

 

Keywords:  device simulations, density functional theory, metal-semiconductor interfaces, Schottky 

barrier. 
 

Figure 1: Local density of states for a Ag(100)/Si(100) device along the direction normal to the Ag/Si in-

terface plane, for two different doping densities of the Si side of the interface, nd=1018 cm-3 and nd=1020 cm-

3. The light-blue lines show the electrostatic potential relative to the metal fermi energy and the chemical 

potential of bulk silicon. The yellow vertical lines indicate the Schottky barrier at the interface. 
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Abstract: 

The reliable performance of several nanoelec-

tronic and nanophotonic devices depends criti-

cally on the dimensions of the nanostructures 
they contain. Deviations from the designed size 

and shape cause degradation effects and reduce 

dramatically their yield. This is the reason why 
the measurement and characterization of these 

dimensional deviations have been a great chal-

lenge of nanometrology. In this work, we pre-
sent a concise review of the recent advances and 

open issues on one of the most common type of 

size and shape deviation: the sidewall roughness 

of linear and cylindrical nanofeatures, which in 
the jargon of semiconductor manufacturing is 

usually called Line or Contact Edge Roughness 

(LER/CER) (see Fig.1).  The presentation is 
separated in three parts. In the first, we focus on 

the measurement techniques used for the meas-

urement of sidewall roughness (SEM, AFM and 
scatterometry) and discuss their comparative 

pros and cons with respect to the accuracy of the 

measurement. In the second part, we describe 

the mathematical methods and parameters (pdf 
moments, Fourier spectrum, correlation  and 

fractal analysis) proposed for the characteriza-

tion of the acquired roughness measurements in 
view of their relevance to the fabrication condi-

tions and device operation. Finally, we elaborate 

the challenges and issues raised by the recent 

advances in nanolithography (Multiple pattern-
ing techniques, Directed Self Assembly Lithog-

raphy) to produce features with widths <10nm 

and present the recent results of the relevant 
work of our group to address these and explore 

their solutions.   

 
Keywords: sidewall roughness, Line Edge 

Roughness, Contact Edge Roughness, nano-

lithography, nanoelectronics, nanophotonics.  

 
Figure 1: a) Ideal Shape of a line nanostructure on 

a substrate with totally smooth sidewalls, b) an 

SEM image of real line structure where the rough-
ness of sidewalls is evident and c) the extraction of 

line edge roughness from a top-down SEM image. 
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Abstract: 

The demand for nanoparticles has been rapidly 

increasing with the widening of nanomaterials 

applications from construction and coatings to 

energy, food, cosmetic and pharmaceutical in-

dustries. After an intensive innovation phase the 

transfer to industrial production brings new chal-

lenges. The online characterization of manufac-

tured nanoparticles brings major advantages in a 

context where material’s costs and quality are 

preponderant. This study will focus on the top-

down manufacturing of nanoparticles and nano-

suspensions by wet milling process. The objec-

tives of the process analytical technology (PAT) 

in this case are numerous: reduction of the ana-

lytical time and costs, pollution and risk reduc-

tion by avoiding nanoparticles samples transport, 

fast interaction with the process to avoid noncon-

formity and downtime, optimisation of the re-

quired process energy, better knowledge of the 

process by real-time information without sam-

pling bias, automated processes. The key-

information required during the nano-milling 

process were identified. The particle-size distri-

bution (PSD) and its evolution during the milling 

process is the most critical information (end-user 

specification, milling efficiency, possible ag-

glomeration phenomenum between nanoparti-

cles). On the other hand, the rheology and the 

turbidity of the suspensions are linked to the 

PSD changes. The sensitivity range and the 

measuring limits such as the nanoparticle con-

centration in liquid were studied. The integrated 

measurement through Dynamic Light Scattering 

(DLS) and Static Light Scattering (SLS) adress-

es the challenges of the PAT in universal nano-

milling processes: very short measuring time, 

non-destructive testing or reduced sampled quan-

tities, wide measuring range and reproducibility. 

The data acquisition enables the interconnection 

between the process and the analyser. The instal-

lation will provide useful information for the in-

dustrial scale-up of the processs and its applica-

tion to a wide variety of materials at nanoscale. 

Keywords: PAT, online measurement, nanosus-

penions, particle size distribution, rheology, 

SLS, DLS, nano-milling, automated process 

 

 
 

Figure 1: Figure illustrating the PAT system 

with the wet-milling equipment, the mixing ves-

sel and the DLS, SLS and rheology measure-

ment equipment. 
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Abstract: 

Small Angle X-ray Scattering (SAXS) allows 

traceable measurements of size, size distribution, 

surface area, concentration and shape of nano-

materials in solutions, powders and in bulk mate-

rials. 

We present here a custom-made state-of-the-art 

SAXS laboratory instrument (see Figure 1) 

based on Mo X-ray generator. Its design has 

been thought and optimized for the wide angles 

(WAXS) for investigate nanostructured material 

in particular in the size range from below 1 nm 

to above 20 nm. 

The X-ray generator is a molybdenum (17 keV) 

rotating anode. A combination of a multilayer 

collimating mirror and a patented hybrid slits 

gives us a very sharp and high purity beam for a 

laboratory setup, with a size of 1x1 mm2 and a 

flux of 108 photons/s.  

The motorized sample holder can load 20 capil-

laries, a temperature controlled system or a cir-

culation environment system for kinetic studies.   

A vacuum chamber is placed behind whose out-

put window diameter is designed for the 2D im-

age plate Mar345 detector. The accessible q-

range is qmin = 0.03 Å-1 to qmax = 3 Å-1. 

A special attention was given to the complete 

data treatment processing (absolute intensities, 

uncertainties, reference samples, calibration,…), 

enable us to make traceable measurements. 

Combining molybdenum energy and the state-of-

art experimental setup provide us with a very 

powerful tool for nanomaterial studies [2][3]. 

We present here some results obtained with this 

experiment for inter-laboratories characterization 

studies in particular of silver nanoparticles, and 

Si nanoparticles.   

 

Keywords: nanomaterials, nanoparticles, char-

acterization, size and size distribution, nanopar-

ticles concentration, inter-laboratories studies 
 

Figure 1: photographic view of the SAXS-WAXS 

setup. 

Figure 2 : SAXS datagram of silver nanoparticle 

(blue) and the fit model (red) 
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Abstract: 

The combinaison of MEMS and in-situ Transmission Electron Microscopy offers unprecedented in-

sights on atomic or nanoscale phenomena occurring in dry and more recently in wet environments. 

MEMS overcomes technical challenges in integrating mechanical elements into the tiny space of TEM 

holder, adding versatility, high integration level, and low cost. Several examples of MEMS in TEM 

studies are presented. Using a pair of electrostatic actuators, silicon opposing tips within a nanogap can 

be actuated until the contact, and we observed in real-time the elongation of nanojunction for different 

materials including Si, Au, Pt, Ag. Additional integration of double actuators allows sliding capabilities 

for studying nanoscale friction in single Ag nanojunction. Nanoscale heat transfer through a few silicon 

atoms was also achieved by integrating micro-resistances on the generic MEMS device. A prototype of 

cryogenic TEM holder was developed with Hitachi and Gatan to operate MEMS from 90K to 360K, 

and tested to evaluate heat transfer through a diamond-like carbon nanowire made by FIB-CVD method. 

The field of MEMS in TEM expanded a lot with the capability to encapsulate liquids between electron 

transparent windows, also called TEM liquid-cell. We present real-time video of nanoscale Au electro-

plating, as well as a new liquid-cell concept for merging droplets for applications in chemistry, cataly-

sis, and bio-chemistry.  

 

Keywords: MEMS, in-situ TEM, nanojunction, elongation, friction, heat transfer, DLC-nanowire, cry-

ogenic TEM holder, liquid-cell TEM. 
 

123



 

Characterization of nanomaterials by A4F-UV-MALLS-ICPMS, 

Sp-ICPMS and DLS: Application to foodstuff, consumer prod-

ucts, environmental and medicinal samples 
 

M.Menta1* I. de La Calle,1,2, M.Klein1 
1Ultra-Traces Analyses Aquitaine, Pau, France  

2Universidad de Vigo, Departamento de Quimica Analytica y Alimentaria, Vigo, Spain 
 

 

Abstract: 

Nanomaterials (NM) open huge prospects for 

innovation in different fields such as medicine, 

electronics, cosmetics and materials. However, 

their uses raise questions about possible risks to 

the environment and humans. The development 

of suitable protocols for the physicochemical 

characterization (size distribution, shape and 

chemical composition) of such materials is a 

fundamental issue for coming years. To meet the 

needs of various industrial producing or using 

NM, UT2A has developed new analytical ap-

proaches. The first one is focused on the deter-

mination of the size distribution of nano-scale 

particles using Dynamic Light Scattering detec-

tor (DLS) and a splitting system (by size and 

weight) such as Asymmetrical Flow Field Flow 

Fractionation hyphenated with a Multi Angle 

Laser Light Scattering detector (A4F-MALLS). 

The second approach is based on a comprehen-

sive physicochemical characterization made by 

the combination of A4F-MALLS with an Induc-

tively Coupled Plasma Mass Spectrometer (ICP-

MS). The Single Particle-ICPMS has also been 

used to characterize NM. This study is first fo-

cused on the characterization of NM in consumer 

products such as sunscreens, candies or juices. 

The results obtained by the different analytical 

approaches are also discussed.Then the same 

techniques were used for environnemental (col-

loids), industrial (aeronautical surface treatment 

and effluent process) and pharmaceutical appli-

cations. This work has enabled to develop and 

validate an approach to global physicochemical 

characterization of nanomaterials in complex 

matrices. 

. 

Keywords: nanomaterials, physicochemical 

characterization, analytical development, indus-

trial and environmental applications 

 

 
Figure 1: Physicochemical characterization 

(size, size distribution, composition and quanti-

fication) of metallic nanoparticles in sunscreens 

by A4F-MALLS-ICPMS.  

 

 
Figure 2: Characterization of gold nanoparticles 

by Sp-ICPMS.  
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Abstract: Dimensional characterization of nano-
particles is getting increasingly important in nano-

technology research for regulation, legislation and 

many applications arising in industry and health. 

In practice, dimensional measurements are often 
not comparable because they lack traceability and 

a reliable uncertainty evaluation. Traceability can 

be reached by calibration of measurements 
through certified reference grids or materials. 

Nevertheless, a reliable measurement uncertainty 

evaluation is indispensable to make any statement 
about the measurand. In this paper, we describe a 

methodology to calibrate Atomic Force Micros-

copy (AFM) diameter measurements and to eval-

uate the corresponding uncertainty by performing 
a series of experiments.  

The measurand we want to quantify in a traceable 

way is defined as the height (in meter) of a set of 
nanoparticles, deposited on a flat mica surface. 

The AFM output parameter which is a natural 

measurement for this measurand is the maximal 

measured z-value of a particle in the coordinate 
system of the AFM. Since the commercial AFM 

we use is not directly traceable to the meter, we 

need to use reference grids of step heights to per-
form measurement calibrations. The ISO norm 

11952:2014 describes the standardized approach 

to perform calibrations of scanning-probe micro-
scopes. Generally, 3 groups of influencing factors 

have to be investigated in detail to take into ac-

count (by controlling or correcting for them and 

by adding them in the uncertainty evaluation): 
intrinsic influences (determined by the instrument 

characteristics), extrinsic influences (caused by 

the ambient conditions) and the effects of opera-
tion and image analysis. We have minimized the 

effect of these influencing factors by following 

well-defined procedures under intermediate preci-
sion conditions. The remaining variation of all 

kinds of influencing effects under these condi-

tions is assessed by performing a series of meas-

urements and analyzing the resulting data. This 
remaining variation corresponds to intra-

laboratory precision uncertainty. The series of 

measurements is intelligently chosen by using a 
Design of Experiment (DOE) approach. This 

approach is a practical alternative to traditional 

measurement uncertainty evaluation through a 

measurement equation since the underlying phys-
ics are too complex to derive such model. Our 

approach is nevertheless fully compliant with the 
GUM. 

The measurement calibration is performed on 

short-term and with multiple calibration points to 

avoid stability and linearity problems. The cali-
bration correction on the maximal z-values we 

obtain from the microscope yields traceable parti-

cle heights. It is important to use reference grids 
with step heights that cover the desired applica-

tion range. Hence, if the height range of the con-

cerning nanoparticles is expected to be between 
20nm and 80nm, relevant reference grids are 

those with step heights in this range. The meas-

urement model for this multiple point calibration 

is a piecewise linear function. For every two ref-
erence grids R1 and R2, we have the line segment 

(1) 

ℎ𝑎 =
ℎ𝑅1; 𝑎 −  ℎ𝑅2; 𝑎

ℎ𝑅1; 𝑚 −  ℎ𝑅2; 𝑚
(ℎ𝑚 −

ℎ𝑅1; 𝑚 +  ℎ𝑅2; 𝑚

2
) 

+ (ℎ𝑅1; 𝑎 +  ℎ𝑅2; 𝑎)/2 
 

to model the relationship between actual (tracea-

ble) height ℎ𝑎 and measured maximal z-value ℎ𝑚 

of a nanoparticle for measured maximal z-values 
between ℎ𝑅1; 𝑚 and ℎ𝑅2; 𝑚 . We denote ℎ𝑅1; 𝑎 for the 

certified and ℎ𝑅1; 𝑚 for the measured step height of 

reference grid R1. Similar notation is used for R2.  

To obtain a complete uncertainty evaluation for 

ℎ𝑎, the individual uncertainty contributions of the 

individual quantities have to be evaluated. For 

ℎ𝑚, ℎ𝑅1; 𝑚 and ℎ𝑅2; 𝑚, we use the DOE methodolo-
gy. To assess the intra-laboratory precision under 

intermediate precision conditions, we vary all 

parameters that may influence our measurements 

(and fall under the imposed conditions) through 
an extensive series of measurements. To appro-

priately capture all variation present, we fit the 

experimental data to a random effects model. The 
solution of such mixed model can be obtained 

using frequentist or Bayesian methodology. By all 

means, an intra-laboratory precision uncertainty is 
obtained for the measured reference grids and 

nanoparticle height which together with the un-

certainties on the certified step heights of the ref-

erence grids leads to a complete measurement 
uncertainty evaluation through measurement 

model (1). 

 
Keywords: AFM, measurement uncertainty, 

GUM, nanoparticles, mixed effects model. 
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Abstract: 
Local electrical measurements by atomic force 

microscopy (AFM) have become an essential 

tool, both for the characterization of materials, 
structures and devices at smaller and smaller 

scale, than for more fundamental studies of 

nanostructures and nano-objects properties. 
Those measurements are generally done in 

contact mode, that can alter soft samples 

(molecular electronics, organic solar cells...) or 

weakly anchored nano-objects (nanotubes, 
nanoparticules…). In order to overcome these 

difficulties, we recently developed an imaging 

technique allowing local electrical resistance 
measurements in a low-frequency intermittent 

contact mode with a wide range, home-made 

sensing device based on the Resiscope module1. 
After a brief description of the operating 

principle, we will present some significant 

results and compare them with existing 

solutions. First, we will focus on academic 
samples consisting of self-assembled 

monolayers of alkanethiol with different chain 

lengths deposited on gold substrates, that are 
ideal model systems to demonstrate the 

capabilities of our instrument. Then, we will 

present results obtained on various molecular 

spintronics research samples as well as some 
carbon-based materials.         

 

Keywords: Atomic Force Microscopy, 
intermittent contact mode, local electrical 

measurements, soft materials, Resiscope. 

 
 

 

 

 
 

 

 

 
Figure 1: Schematic view of an AFM-Resiscope 

implementation for local resistance measurements 

in intermittent contact mode (example of a 
sinusoidal actuation). The small graph on left side 

shows the successive phases of a deflection versus 

time curve : tip approach without 
interaction , jump-to-contact , maximum of 

repulsive force , adhesion peak at withdrawal , 

jump-off and free cantilever oscillation .  
 
 

 
 

Figure 2: (a) SEM image of vertical carbon 
nanotube. (b) 3D image of topography with 

electrical representation in colour in intermittent 

contact mode (10nN). The NTC stay bond after 
even after several scans.  (c) Same representation 

on another NTC, in contact mode (5nN). The NTC 

was snatch by the tip at the first scan. 
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Abstract: 

The accurate determination of nanomechanical prop-

erties of surfaces by Atomic Force Microscopy 

(AFM) depends to a large extent both on the shape 
and radius of the used cantilever tips. Even in the gen-

tle amplitude modulation (AM) dynamic mode both 

parameters become irreversibly modified due to the 
mechanical contact with the surface in the MHz fre-

quency range. Thus, the possibility to monitor in-situ 

and in-operando the tip state would represent a major 
advantage when interpreting the experimental results. 

Here, we present a continuous tip monitoring method 

based on the simultaneous acquisition of several high-

er harmonics, which are generated in the repulsive 
regime as a result of the nonlinear interactions be-

tween the tip and the studied surface. We have used a 

multi-frequency analysis technique using advanced 
lock-in instrumentation which permits recording ex-

tremely small signals (well below 1 nm amplitudes) 

above the first flexural eigenmode of the cantilever. 
Figure 1 shows the evolution of the mean value of the 

amplitude of the 6th (top) and 7th (bottom) harmonics, 

respectively, during the acquisition of 150 amplitude 

images. We ascribe the observed increase of both 
amplitudes to the increase of the tip radius based on 

numerical simulations using the Virtual Environment 

for Dynamic AFM (VEDA) open code (Kirakofe et 
al, 2012). Note that the increase is more accused in 

the first images, where the tip is sharper (below 10 

nm). Thus,  the simultaneous acquisition of higher 

harmonic images allows the continuously control of 
the state of the tip. 

 

Keywords: atomic force microscopy, amplitude mod-
ulation, tip monitoring, higher harmonics, computer 

simulations, nanometrology. 
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Figure 1: Evolution of the mean value of the ampli-

tude of the 6th (top) and 7th (bottom) harmonics over 
150 amplitude images. The estimated cantilever 

parameters are k=26.12 N/m, f=166.92 kHz and 

Q=517.56 with A0=32.5 nm and Asp=0.45×A0, where 
A0 and Asp represent the free oscillation amplitude 

and amplitude setpoint, respectively. The sample 

was a TiN film with an estimated Young’s modulus 
of ETiN=600 GPa. 
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Abstract: 

At present where nanotechnology is growing 

worldwide, measurement accuracy at the na-

nometer scale becomes an essential challenge to 

improve the performance and the quality of na-

noproducts. To meet the specific needs in the 

field of dimensional nanometrology, LNE 

(French national metrology institute) integrally 

designed a metrological Atomic Force Micro-

scope (mAFM) as shown on the figure 1. 

 

 

Figure 1: Photo of the LNE’s mAFM. 

 

The main objective of this future French refer-

ence instrument is to ensure the traceability to 

the meter as defined by the International System 

of Units (SI). It will be devoted to the calibration 

of scanning probe microscopes (SPM) and scan-

ning electron microscopes (SEM). To measure 

the tip to sample relative position, this instrument 

use an original configuration with four double 

path differential interferometers whose He-Ne 

laser sources are frequency-calibrated. 

 

During the calibration process of transfer stand-

ards, the mAFM issues a calibration certificate 

with a measurement uncertainty. This uncertain-

ty is determined by propagating the uncertainty 

associated with each input quantity which per-

turbes the measurement result, as for example 

the beam misalignment, the metrology frame di-

latation, the instrument drift, etc. The measure-

ment uncertainty is important because it gives an 

indication on the dispersion of the mAFM meas-

urements. For the LNE’s mAFM, the evaluation 

of the uncertainty budget is complex and unfor-

tunately some components can’t be experimental-

ly determined. To overcome this difficulty, a 

numerical model of the geometry position meas-

urement system (Virtual AFM) has been devel-

oped under Matlab. 

 

This model takes into account the position drift 

of the reference prism, the parasitic rotation of 

the mobile prism, the positioning error and dila-

tation of the prisms, the shape and orthogonality 

of all the mirrors (eight in total), the sample 

thickness, the structural frame dilatation and its 

bending deformation, the Abbe offset and cosine 

error of each interferometer (sixteen beams). 

This model enables the use of components evalu-

ated experimentally. A sensitivity analysis is per-

formed to identify which of these considered in-

put quantities are important regarding the vari-

ance of mAFM measurements, including poten-

tial interactions that could arise. A Morris’ de-

sign is used to this extent and will lead to consid-

er non influential quantities as fixed parameters. 

The next step consists in calculating Sobol’s in-

dices in order to quantify their contributions to 

the variance of the XYZ positions and provide 

the overall uncertainty budget. 

 

Finally, the measurement uncertainty is evaluat-

ed using Monte Carlo methods, according to the 

principles of the Supplement 1 of the GUM. The 

algorithm is executed virtually on a parallel 

computer with 32 cores of the LNE cluster to 

reduce calculation time. 

 

The given presentation will introduce the differ-

ent modeling steps, some typical examples of 

contributions evaluated by the model and the 

results obtained for the LNE’s mAFM in terms 

of measurement uncertainty. 
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Abstract: 

Accurate determination of the atomic structure of 

a nanoobject is essential for understanding and 

eventual optimization of properties and func-

tions. Imogolites, the only metal oxyde tubular 

clays with a diameter of the order of the nanome-

ter, are considered as promising candidates for 

molecular recognition applications. However, 

more than fourty years after the seminal article 

of Cradwick and coworkers which gave clues on 

their structure, it has not been precisely deter-

mined. 

Here we show that it is possible to resolve quan-

titatively the atomic structure of metal oxide 

imogolite nanotubes (figure 1(a)) via the combi-

nation of small and wide angle X-ray scattering. 

We will present the specific strategy developed 

to minimize interatomic distortions and to ac-

count for both small and wide angle X-ray scat-

tering data (figure 1(b)).  Fitting of the experi-

mental data reveals the circumference of alumi-

nosilicate, (Al2SiO7H4)N, and aluminogermanate, 

(Al2GeO7H4)M, imogolite nanotubes to be com-

posed by N=13 and M=22 units, in flagrant dis-

agreement with previous computational sugges-

tions. We developed a phenomenological model 

to understand and conciliate this apparent con-

tradiction. Moreover, we performed linear-

scaling density functional theory simulations 

which confirm the fitted structures to be mechan-

ically stable. 

The transferability of the introduced methodolo-

gy anticipates straightforward application to-

wards quantitative structural resolution for new-

ly-discovered imogolite-type nanotubes (double-

walled nanotubes or functionalized nanotubes), 

as well as for other inorganic nanotubes and bio-

compatible tubular clays such as halloysites.  

 

Keywords: inorganic nanotubes, imogolite, met-

al-oxide structure, small-angle X-ray scattering, 

wide-angle X-ray scattering, linear-scaling densi-

ty functional theory 

 
Figure 1: (a) An imogolite nanotube 

Al2Si(Ge)O7H4, with AlO6 octahedra and 

Si(Ge)O4 tetrahedra; (b) X-ray scattering pattern 

of Al2GeO7H4 nanotubes, together with its simu-

lation for the refined structure. 
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Abstract: 

Fast water transport inside carbon nanotubes 

(CNT) is a highly topical issue in fundamental 

research, while related applications are already 

under consideration in environmental and energy 

fields. A substantial set of simulation and theo-

retical works have pointed out two important 

parameters for filling hydrophobic nanochannels, 

namely curvature effects or the strong modifica-

tion of the hydrogen-bond (HB) network. In con-

trast, experimental publications are rather 

scarce.  

Here, we report the first experimental analysis of 

water structure and H-bond network during CNT 

filling. Experiments were performed on single-

walled carbon nanotubes (SWCNT) with diame-

ters between 1 and 2 nm, as they are ultimate 

one-dimensional carbon nanochannels. We pre-

sent in-situ monitoring of water filling of 

SWCNT at room temperature, using X-ray scat-

tering (XRS) and infra-red (IR) spectroscopy. A 

systematic method is developed to determine the 

water radial density profile from XRS measure-

ments, which reveals a progressive structuration 

with increasing the filling rate. Furthermore, IR 

spectroscopy gives evidence for a large propor-

tion of loosely bonded water molecules inside 

SWCNTs, even for fully hydrated nanotubes 

(figure 1). These results are discussed with re-

spect to theoretical and simulation studies in the 

literature. The present experimental data provide 

a solid reference for the elaboration of an ener-

getic model accounting for the properties of wa-

ter in hydrophobic nanoconfinement. They could 

also be relevant with respect to the unimpeded 

permeation of water through graphene-based 

membranes, or in other fields such a biology, 

where the extreme permeability to water of aq-

uaporins, those membrane proteins that form 

nanopores, is crucial for many physiological 

processes. 

 

Keywords: nanofluidics, carbon nanotubes, wa-

ter, X-ray scattering, infra-red spectroscopy 

 

 
 

Figure 1: Left: the O-H stretching band of nano-

confined water; right: single-file water inside 

narrow carbon nanotubes. 
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Abstract: 

CMOS devices have always been subject to a 

steady reduction in feature size. However, as the 

feature size is approaching the deca-nanometer 

mark, the industry is currently facing several 

fundamental limitations. One of the major limita-

tions is the severe static and dynamic parameter 

fluctuations [1]. These fluctuations will inevita-

bly reduce reliability at device, gate, and system 

levels [2], [3]. Hence, having manufacturing pro-

cesses that achieve 100% correctness with future 

nano-devices will not be only extremely costly, 

but might be also plainly impossible. Conse-

quently, future circuits will have to rely on less 

than perfect devices and compensate for the an-

ticipated transient and permanent failures by in-

corporating redundancy at the architectural level 

[4], [5].   

The well-known approach for developing fault-

tolerant architectures is to incorporate space, 

time, or information redundancy. Unfortunately, 

incorporating any of the above redundancy 

schemes to enhance reliability, will inevitably 

affect the design area, power, and delay figures. 

Therefore, accurate reliability estimation is be-

coming essential for future nano-circuits [6]. 

New accurate and efficient simulation algorithms 

are needed for estimating the overall reliability of 

different architectures, and selecting the one that 

best optimizes the trades-off between reliability 

and the classical delay, power, and area design 

parameters. 

Several tools have been proposed in the literature 

to calculate the circuit probability of failure 

(PFCIR) [7]–[12]. However, these tools are usual-

ly used to estimate the average PFCIR or the 

PFCIR associated with a specific input vector. 

None of these tools, to the best knowledge of the 

authors, has tried to identify the worst reliability 

vector (WRV), i.e., the input vector associated 

with the maximum PFCIR (PFMAX). This aspect 

cannot be ignored, as PFMAX could be orders of 

magnitude higher than the average PFCIR (PFAVG) 

[13]. Fig. 1 shows a histogram for the difference 

between PFMAX and PFAVG for 298 different out-

put signals selected from ISCAS’85 benchmark. 

It shows that PFMAX could be 150 times higher 

than PFAVG. Therefore, identifying the WRV is 

essential or future circuit design. Circuit design-

ers should ensure that the circuit is still operating 

within the allowable reliability margin even when 

the WRV is applied to the primary inputs.  

However, identifying the WRV could be compli-

cated. The massive size of today’s digital cir-

cuits, and the complexity of interconnects make 

the accurate calculation of the PFCIR associated 

with the individual input vectors a challenging 

and time-consuming task. In a similar problem, 

Bobba et al. proved that identifying the worst 

leakage power input vector is an NP-hard prob-

lem [14].  Moreover, for digital circuits with few 

input signals, WRV can be identified by using 

brute-force search to check the PFCIR associated 

with each input vector. However, as the number 

of primary inputs increases, the number of pos-

sible input vectors (search space) increases ex-

ponentially. Consequently, simple brute-force 

search is impossible to implement even for rela-

tively small circuit with 32 primary inputs (i.e. 

232 input vectors).  

It is important to mention that circuit designer 

are usually not interested in the PFCIR associated 

with individual input vectors. However, they are 

highly interested in the PFCIR associated with the 

WRV to ensure that the circuit operates within 

the predefined reliability margin durig the worst 

case condition. Therefore, instead of calculating 

the complicated and time consuming PFCIR for 

each input vector, reliability enabled EDA tool 

 
Fig. 1.  Distribution of the ratio between the worst and the 
average PFOUT (Y = PFMAX / PFAVG) for 298 ISCAS’85 output 
signals 
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could rely on a more efficient metric to rank the 

individual input vectors with respect to their reli-

abilities. The new reliability metric should be 

more efficient than PFCIR, and should be able to 

rank the input vectors similar to their ranking 

with respect to PFCIR. Using this metric, the 

EDA tool will be able to efficiently and accurate-

ly identify the WRV, while exact PFCIR is only 

calculated for the identified WRV.  

In this paper a highly accurate, reconvergent 

fanout aware algorithm is proposed for input 

vectors reliability ranking. Simulation results 

show that the input vector ranking using the new 

metric is identical and much more efficient than 

PFCIR, and more accurate and efficient than other 

ranking algorithms currently proposed in the lit-

erature. 

 

Keywords: nano-circuits, reliability, input vec-

tors ranking, heuristic algorithms  
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Abstract: 

For advanced semiconductor production the fea-

tures sizes is smaller than tens of nanometer,  
the capability of scatterometry to extract de-

tailed critical dimension (CD) geometric infor-

mation will require a move to shorter measure-
ment wavelengths [1]. The short wavelength of 

Extreme UltraViolet (EUV) radiation is ad-

vantages since it give rise to a number of dif-

fraction orders scattered from the features of 
tens nanometers and increases the sensitivity to 

accurately extract topographic profile infor-

mation from nano-scale periodic structures. In 
this paper, we discuss the particular attention to 

use polychromatic High Harmonic Generation 

(HHG) in EUV range for the novel applications 

of modeled based EUV scatterometer. Com-
pared to synchrotrons and x-ray free electron 

lasers that also provide light source with short 

wavelength range, high harmonic beam provide 
an output that exhibits a high degree of spatial 

coherence, but they are small scale, and their 

unique characteristic of multiple-order output 
can be tailored to single or multiple orders for 

the experimental requirements [2]. 

We extend the previous scatterometry work by 

employing harmonic emission consisting of a 
few harmonic orders, namely 15-35 nm in EUV 

to illuminate periodic structures for diffractive 

imaging. In contrast to two major types of exist-
ing scatterometry tools are variable-angle scat-

terometers and the specular spectroscopic scat-

terometers, the EUV scatterometer we propose 
is designed to measure intensity of the multi-

order diffraction at a fixed incident angle and 

multiple laser-like wavelengths. The sample 

with periodic structures itself serves as an opti-
cal grating to disperse the HHG onto a CCD 

camera, and the well separated higher order dif-

fraction are more informative than the zero or-
der diffraction which just along the single 

specular direction as the measurement wave-

length range is held fixed in visible or UV. This 

type of non-zero order diffraction information, 
coupled with a very efficient Rigorous Coupled 

Wave Analysis (RCWA) implementation, seems 

to be adequate for detailed reconstruction of the 

profiles of nano-scale periodic gratings. The 

extraction of a CD profile can be viewed as an 
optimization problem. A novel approach is to 

find a profile whose simulated higher order dif-

fraction responses match the measured respons-
es to enable 3D structure profile reconstruction.  

 

Keywords: Extreme UltraViolet, scatterometry, 

High Harmonic Generation, Rigorous Coupled 
Wave Analysis. 

 

 Figure 1: Schematic diagram of EUV scatterome-

ter geometry. 
 

 
Figure 2: Schematic diagram of EUV scatterome-
try measurement algorithm and library match pro-

cess. 
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Abstract: 

One of the most promising methods to control 

friction, wear and adhesion concern the modifica-

tion of surface morphology by means of pattern-

ing techniques. Depending on the size of the sur-

face texture and on the applied load, different 

tribological properties arise. At the microscale 

the effects of patterning on tribological parame-

ters were extensively studied [1-5], showing that 

the contact area plays the dominant role in fric-

tion, adhesion and wettability. In particular, 

many studies report on the effect of micro-

patterning in increasing/decreasing the wettabil-

ity in already hydrophilic/hydrophobic surfaces. 

At the nano-scale the tribological behaviour of 

patterned surfaces has not been completely un-

derstood [6]. The difficulty in studying the tribo-

logical behaviour of nano-patterns can be related 

to the instability of the contact area between the 

probe and the surface, which becomes very criti-

cal in case of very short and small nano-

structures. 

In this study we show how the variation of the 

local radius of curvature can be very frequent, 

leading to different tribological outputs in the 

case of very small nano-structures. The adhesion 

and the coefficient of friction of ordered arrays 

of 1D linear protrusions of Si were studied by 

means of AFM, using a home-made Si rounded 

tip. The nano-patterns were fabricated by Fo-

cused Ion Beam working in very low-ion dose 

mode, taking advantage of the amorphization-

related swelling effect. To limit the experimental 

errors, an ad-hoc measurement procedure and 

data analysis have been adopted.  After the esti-

mation of the local radius of curvature, we are 

able to show that adhesion and friction are influ-

enced by the contact area and by a hydrophobic 

effect induced by the nano-structures. Depending 

on the shape of the nano-features, one contribu-

tion dominates on the other: the contact area in 

the case 1D protrusions, the hydrophobic effect 

in the case of 1D grooves [7]. 

This research has been supported by Fondazione 

Cassa di Risparmio di Modena. 

Keywords: nano-patterning, AFM, coefficient of 

friction, adhesion, contact area, hydrophobicity. 

 

 
Figure 1: sketch representing the AFM tribolog-

ical characterization procedure of the nanopat-

terned Si surface. 
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Abstract: 

The simultaneous non-destructive chemical and 

physical characterisation of materials at the 

nansocale is an essential and highly sought after 

capability. For optoelectronic devices, the key 

functions of interest are optical and electrical. 

Although significant progress in instrumentation 

has been made recently, most existing analytical 

methods can measure only either spectroscopic 

or electrical information but not both simultane-

ously. Furthermore, high resolution is rarely 

achieved in all three dimensions at the same time. 

Here we demonstrate a new method that allows 

simultaneous non-destructive measurement of 

topographical, chemical, optical and electrical 

properties with nanoscale resolution by combin-

ing nano-optical spectroscopy (plasmonic signal 

enhancement) with atomic-force microscopy 

electrical modes in a single experiment.  

 

As a proof of concept we apply this new method 

to the organic solar cell blend C8SiIDT-

BT:ICMA. We are able to identify a hierarchical 

3D nanostructure and directly correlate local 

composition to photocurrent generation and col-

lection, including the direct identification of im-

purities within nanoscopic domains of operating 

solar cells. Such ability to directly measure the 

impact of nanostructure on optoelectronic func-

tion at the same time is unique and solves the 

critical issue of trying to find the same location 

when using a sequence of experiments to obtain 

the different properties. Not only is this task ex-

tremely difficult (sometimes impossible) but it 

can also lead to contamination and/or degrada-

tion when samples are moved from one instru-

ment to another, leading to false results and con-

clusions.  

 

This is the first demonstration of the powerful 

combination of tip-enhanced optical spectrocopy 

(TEOS) and photoconductive atomic force mi-

croscopy in a single experiment. We believe the 

approach shown here will pave the way to the 

development of new methods for investigation of 

a range of scientific problems where different 

electrical properties can be measured simultane-

ously with the identification of the chemical sub-

surface components or impurities affecting them.  

Keywords: Solar cell, polymer blend, photocur-

rent, Tip-enhanced optical spectroscopy, TEOS, 

TERS, PC-AFM. 
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Abstract: 

We perform a systematic investigation of 

the interaction between hydrophobic inor-

ganic particles (butyl-functionalized tin ox-

ide clusters) inserted in highly aligned la-

mellar phases of a zwitterionic surfactant as 

a function of particle concentration and 

temperature. 

The SAXS measurements (with the beam 

incident along the layer normal) give access 

to the in-plane signal I(qr) (at qz=0) of the 

two-dimensional fluid formed by the inclu-

sions within the bilayer. The background-

subtracted intensity divided by the form fac-

tor of the particles yields the structure factor 

S(q), shown in Figure 1 for 30 °C, 70 °C 

and 100 °C (the highest temperature 

reached) at various surface fraction of inclu-

sions . 

The differences are visible: at high tempera-

ture, the flattening of the primary peak and a 

small-angle upturn indicate a more attrac-

tive interaction. By numerically solving the 

Ornstein-Zernicke equation [1]–[3], we ex-

tract from the structure factor the mem-

brane-mediated interaction potential V(r), 

determined by the elastic properties of the 

membrane. 

 

We will fit the experimental data using ana-

lytical and numerical models for the mem-

brane-mediated interaction between inclu-

sions, developed in collaboration with a 

theory team of the MSC laboratory in Paris 

(J.-B. Fournier and P. Galatola.) [4]. The 

comparison should yield a detailed image of 

the elastic properties of the membranes, as 

well as of their temperature dependence. 

 

Figure 1: Two-dimensional structure factor of 

the particle fluid within the membrane, for se-
lected concentrations and at different tempera-

tures. The small dip around 0.4 Å-1 is due to 

imperfect subtraction of the peak from a kapton 
window. 
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Abstract: 

Hydrothermal is one of the appropriate and 

practical methods to obtain narrow particle size 

distribution with weak agglomeration as well 
as high purity and homogenous nano-sized 

zirconia powder within a short time. 

Tetragonal zirconia powders were synthesized 
from zirconium acetate in dilute acetic acid as 

a precursor under hydrothermal conditions. 3 

mol % yttrium chloride hexahydrate 

(Y2Cl3.6H2O) as a stabilizer and urea 
CO(NH2)2 were added as a mineralizer into the 

solution at convenient pH values. The 

precursor was heat treated in a reactor at 180 
oC for 12-48 h to obtain pure t-ZrO2 

nanocrystals. To prevent agglomeration 

anionic dispersant was used and examined the 
zeta potential parameter. Zirconia pellet was 

prepared with cold isostatic pressing using 

polyvinyl butyral as a binder, polyethylene 

glycol (PEG) and stearic acid as a plasticizer 
and lubricant, respectively.  Heat treatment 

was applied 1500 oC for 2 h. Dense zirconia 

ceramics are characterized in detail by 
Scanning Electron Microscopy, X-Ray 

diffraction and Transmission Electron 

Microscopy at atomic scale. 

Keywords: hydrothermal, nano particle, Y-
TZP, characterization. 

 

 
 

 
 

Figure 1: TEM observation of Y-TZP powder 
synthesized by the hydrothermal method. 
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Abstract: The development of new materials 

such as graphen, a sheet  of the thickness of one 
atom, consisting of carbon atoms arranged in a 

hexagonal pattern, enables the fabrication of new 

nano-devices. The expected frequency of nano-

transmitters and nano-graphen-based antennas is 
of the order of terahertz, resulting in nano-

wireless communications between nanorobots 

[1]. Nano- robots with these means are used in 
different applications to carry out actions or for 

the contruction of 2D and 3D smart-forms (pro-

grammable matter – Claytronics[2]). 
These applications often require ( to be complet-

ed ), a precise knowledge of the position of the 

nanorobot. In many cases, it is more useful to 

have a local information on the relative position 
of nanorobots and their orientation,  than a global 

position (or absolute position) of each ro-

bot.Previous work on nanorobots microposition-
ing are either stochastic [3] and based on proba-

bilistic approaches, which give better results on a 

small sample, but produce a larger error due to 
accumulation with a large scale; either determin-

istic and are based on geometrical considerations 

to calculate accurately the position of each item. 

In this work, we propose a model of a smartgrid 
(orthogonal and hexagonal lattice) of  nanorobots 

regular geometry, and their connectors (actuators 

and sensors for displacement and other actions) 
communicating by contact. Based on this model, 

we propose a mixed positioning algorithm (abso-

lute and relative) in 2D and 3D without mobility 

of nodes in a group ranging in size from thou-
sands to millions of items, based on neighborly 

relations and on geometrical considerations to 

calculate accurately the position of each item, 
and then distribute it to all the elements of a large 

grid. Then by simulation we perform a functional 

validation of our algorithm, and a validation of 
the scalability of our algorithm on an orthogonal 

grids of one million nodes. 

 

Keywords:  2D and 3D Nano-localization, rela-
tive and global positioning, Nano-systems, local-

ization algorithm, simulation.  

 
 

Figure 1: Mems regular geometry (nanorobot) + 

connectors form, within an orthogonal grid, in an 

absolute reference frame environment. 

 
Figure 2: Average simulation time for position-

ing a set of nanorobots whose size ranges from 
100000 to 900000. 
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Nanospectroscopy of optical antennas and coupled hybrid anten-
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Abstract: 

Plasmonic nanostructures that act as optical 

nanoantennas for visible light offer interesting 

opportunities for locally concentrating and en-

hancing the electric near-field of an incident light 

wave, or of spectrally tuning the antenna charac-

teristics via their size, shape and material. 

These properties are increasingly employed for 

the development of high-resolution optical mi-

croscopy and nanospectroscopy. Using various 

nanofabrication techniques, suitable antenna 

structures can be prepared for surface-enhanced 

Raman spectroscopy (SERS), optical near-field 

scanning probes, or nano-optical (bio-)sensors. 

By combining the antenna structures with a sec-

ond component in hybrid configurations, such as 

quantum dots, fluorescent molecules, or organic 

thin-films, the antennas can be employed to mod-

ify the absorption and emission characteristics of 

these objects in the coupled system. Key chal-

lenges in this context are the optimization of the 

antenna properties in view of the envisaged ap-

plication, as well as achieving selective coupling 

of the nano-emitters to the high near-field regions 

of individual antennas.  

In this presentation the top-down nanofabrication 

of different optical antennas by various nano-

lithographic techniques, combined with etch-

mask transfer, will be demonstrated. Conical 

nanoantennas offer narrow, high near-field inten-

sity hotspots near their tip apexes. Different pro-

cedures for selectively coupling few or single 

nano-emitters to these tips will be shown. Appli-

cations of different hybrid antenna configurations 

for absorption enhancement in organic thin films, 

emission enhancement and lifetime reduction of 

single quantum dots coupled to nanocones, and 

biosensing through plasmon resonance shifts af-

ter integration in a microfluidic environment will 

be illustrated. 

 

Keywords: plasmonic nanostructures, optical 

antennas, nanofabrication, nanospectroscopy, 

surface enhanced Raman spectroscopy, hybrid 

nanostructures, nano-emitters, quantum dots. 

 

Figure 1: Schematic illustration of spectroscop-

ic investigation of optical antennas and organic 

molecules (not to scale), courtesy of D.A. 

Gollmer. 
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Nanospectroscopy with Silver Nanowires 
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Abstract: 

Silver nanowires are among the most interesting 

plasmonic nanostructures. They not only induce 

metal - enhanced fluorescence of located nearby 

emitters, but can also be used as nanoscale con-

ductors or energy waveguides. In the presenta-

tion I will describe several recent results obtained 

for hybrid nanostructures composed of silver 

nanowires. Among the most important is strong, 

wavelength dependent, fluorescence enhancement 

observed for natural photosynthetic complexes 

coupled to silver nanowires. Particularly interest-

ing are results obtained for photosynthetic com-

plexes bioconjugated with the nanowires, as in 

this way we achieve the ultimate control of the 

morphology of the structure. For such systems 

we were able to use wide-field fluorescence im-

aging to monitor the conjugation process in the 

real time. Another aspect of using silver nan-

owires in hybrid nanostructures concerns cou-

pling polymers considered building blocks of 

organic solar cells. In such a system, we obtained 

two-fold increase of the P3HT absorption. Final-

ly, I will describe observations obtained for rare 

earth-doped nanocrystals coupled to the silver 

nanowires. As these systems feature reasonably 

efficient up-conversion upon infrared excitation, 

we demonstrate that this process can also be en-

hanced by the presence of the nanowires.  The 

experimental results obtained for nanostructures 

composed of silver nanowires, demonstrate ex-

cellent optical properties of these plasmonic 

structures, as well as unique versatility of possi-

ble applications. 

Keywords: silver nanowires, fluorescence imag-

ing, real-time conjugation, energy propagation, 

plasmonic networks. 

 

Figure 1: Examples of photosynthetic complex-

es, P3HT polymer and up-converting nanoparti-

cles coupled with silver nanowires. The last pan-

el shows propagation of energy in a silver nan-

owire-nanocrystal hybrid.  

References: 

1. S. Mackowski, "Metallic nanoparticles 

coupled to photosynthetic complexes", 

Smart Nanoparticles Technology ,InTech 

Publishing (2012) 3-28 

2. D. Piatkowski, N. Hartmann, T. Macabelli, 

M. Nyk, S. Mackowski, A. Hartschuh, Na-

noscale 7, 1479–1484 (2015) 

3. K. Smolarek, B. Ebenhoch, N. Czechowski, 

A. Prymaczek, M. Twardowska, I.D.W. 

Samuel, S. Mackowski, Applied Physics 

Letters 103, 203302/1-4 (2013) 

4. N. Hartmann, D. Piatkowski, R. Ciesielski, 

S. Mackowski, A. Hartschuh, ASC Nano 7, 

10257-10262 (2013) 

5. M. Olejnik, B. Krajnik, D. Kowalska, M. 

Twardowska, N. Czechowski, E. Hofmann, 

S. Mackowski, Applied Physics Letters 102, 

083703/1-5 (2013) 

6. S. Mackowski, S. Wörmke, A.J. Maier, 

T.H.P. Brotosudarmo, H. Harutyunyan, A. 

Hartschuh, A.O. Govorov, H. Scheer, C. 

Bräuchle, Nano Letters 8, 558-564 (2008)  

141



Addressing Challenges in Fabrication of Nanoscale Interstices at 

Molecular resolutions for Nanospectroscopies 
 

S. Krishnamoorthy 

Materials Research and Technology (MRT), Luxembourg Institute of Science and Technology, 41, Rue 

du Brill, L-4422, Belvaux, Luxembourg; sivashankar.krishnamoorthy@list.lu 
 

 

Abstract: 

Noble metal nanostructures have been long 

sought as means to concentrate, direct, and trans-

form electromagnetic fields at nanoscale volumes 

to advantage in light based devices including 

photovoltaics, optoelectronics, sub-wavelength 

optical communications and biomedicine. The 

geometric impact on the EM field profile can be 

shaped to advantage by precise control over re-

peating patterns of nanoscale gaps and curva-

tures at the metal-dielectric interface. The talk 

would present issues and challenges in attaining 

this goal, and present self-assembly approaches 

as a means to attain metal nanoarrays at ultra-

high resolutions. Besides shaping EM field pro-

files, a systematic control at molecular resolu-

tions is a pre-requisite for applications like bio 

sensing, due to the simulatenous influence of the 

geometry on optical/spectroscopic properties as 

well as biomolecular adsorption characteristics. 

The talk would focus on the use of colloids and 

copolymers, to achieve such systematic control 

within nanoarrays taking advantage of electro-

static attraction, replication and/or selective dep-

osition.  

 

Keywords: plasmonics, nanolithography, self-

assembly, nanoarray, nanoparticle arrays, 

nanogaps, design rules, surface-enhanced Raman 

spectroscopy 
 

 
 

Figure 1: Figure illustrating the metal nanoarrays 

fabricated using a combination of approaches in-

volving self-assembly of copolymers and colloidal 

structures, and pattern-transfer approaches.  
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Real-time sensing of chemical and biological species into individ-

ual cells with single-molecule resolution 
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Abstract: 

It is increasingly appreciated that physiological 

and pathological processes within the human 

body are controlled by complex cell-cell interac-

tions within the context of a dynamic micro-

environment. Current methods are inadequate to 

monitor the multiple interactions and dissect the 

contributions of single cells to disease processes. 

Furthermore these methods either study cells 

post-mortem, which prevents analysis of dynam-

ic changes in the cell's ‘omics over time, or they 

do not maintain the natural environment of a cell 

in heterogeneous tissues. 

Scanning Ion Conductance Microscopy (SICM) 

is a scanning probe technique ideally suited  for 

topographical imaging of living cells in culture. 

The operation of SICM relies on an ion current 

that flows between an electrode inside a nanopi-

pette and another electrode in an external bath 

solution. The magnitude of this ion current de-

pends on the nanopipette-sample separation, and 

it is utilised as a feedback signal to maintain a 

constant nanopipette-sample separation and to 

generate topographic information. I will discuss 

the application of SICM as an interventional tool 

to allow nondestructive manipulation of living 

cells, including real-time sensing of chemical and 

biological species into individual cells with sin-

gle-molecule resolution. 

I will then discuss the development of multifunc-

tional nanoprobes based on nanopipettes and 

their application as intracellular nanosensors. I 

will conclude by highlighting the potential appli-

cation of such nanoprobes to the field of nano-

spectroscopy.  

 

Keywords: single-cell analysis, nanopore,  

nanopipette, electrochemistry 
 

 
Figure 1: Electrochemical analysis of a living cell 

with a nanoelectrode 
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Abstract: 

Here we present the results on an investigation of 

resonant Stokes and anti- Stokes surface-

enhanced Raman scattering (SERS) by optical 

phonons in colloidal CdSe nanocrystals (NCs) 

homogeneously deposited on arrays of Au 

nanoclusters using the Langmuir–Blodgett tech-

nology. The thickness of deposited NCs, deter-

mined by transmission and scanning electron 

microscopy, amounts to approximately 1 mono-

layer. Special attention is paid to the determina-

tion of the localized surface plasmon resonance 

(LSPR) energy in the arrays of Au nanoclusters 

as a function of the nanocluster size by means of 

micro-ellipsometry. SERS by optical phonons in 

CdSe NCs shows a significant enhancement fac-

tor with a maximal value of 2 × 103 which de-

pends resonantly on the Au nanocluster size and 

thus on the LSPR energy. The deposition of 

CdSe NCs on the arrays of Au nanocluster di-

mers enabled us to study the polarization de-

pendence of SERS. It was found that a maximal 

SERS signal is observed for the light polariza-

tion along the dimer axis. Finally, SERS by opti-

cal phonons was observed for CdSe NCs depos-

ited on structures with a single Au dimer. A dif-

ference of the LO phonon energy is observed for 

CdSe NCs on different single dimers. This effect 

is explained as the confinement-induced shift 

which depends on the CdSe nanocrystal size and 

indicates quasi-single NC Raman spectra being 

obtained.  

Keywords: resonant surface-enhanced Raman 

scattering, metal nanocluster arrays, colloidal 

CdSe nanocrystals, localized surface plasmon 

resonance, micro-ellipsometry, quasi-single 

nanocrystal Raman spectra 
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Figure 1: top: Typical SEM image of 1 mon-

olayer of CdSe NCs deposited on a Au 

nanocluster array. White circular areas with 

a diameter of about 100 nm refer to Au 

nanoclusters. bottom: Raman spectra of CdSe 

NCs on bare Si (curve 1) and SERS spectra on 

arrays of Au nanoclusters with diameters of 76 

nm (curve 2), measured with exc= 632.8 nm. 
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Approaching single molecule detection using plasmonic nanogaps 
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Abstract: 

Plasmonic technology, referring to the study of spe-

cific surface electromagnetic waves resulting from 

the coupling of photons and collective electron os-

cillations in metals, has seen a rapidly increasing 

interest over the past two decades. Combining key 

advantages directly linked to their nature, such as 

high field confinement, strong field enhancement, 

with polarisation and spectral selectivity, plasmonic 

systems promise many applications encompassing 

bio- and chemical sensing, signal guiding and ma-

nipulation on subwavelength scales, and extend to 

include photonic devices with enhanced perfor-

mances, such as photodetectors, solar cells and light 

emitting diodes. 

 

Plasmonic nano-gaps, arising from the strong cou-

pling of  a metal nanoparticle and metal film, offer 

a surprisingly powerful way to control and enhance 

light-matter interactions at the nanoscale despite 

their simple fabrication. Here we explore in details 

the plasmonic nano-gaps and gauge more specifi-

cally their Surface Enhanced Raman Spectroscopy 

(SERS) potential. SERS offers non-invasive label 

free detection characteristics from these structures 

and provides a molecular fingerprint from the ana-

lyte under investigation therefore allowing for high-

ly specific sensing. The very large field enhance-

ments obtainable in the plasmonic nano-gaps make 

them ideally suited for SERS which relies on strong 

field enhancements to counterbalance the relatively 

small cross-sections involved in Raman scattering.  

 

We present an in-depth study of the plasmonic 

nano-gap optical properties as a function of various 

parameters, including the gap thickness. We deter-

mine different enhancement regimes corresponding 

to different mode hybridisations within the plas-

monic cavity and successfully measure the SERS 

signal from single molecule in a polymer host ma-

trix.  

 

In parallel, FDTD calculations were used to cor-

roborate the experimental results and to determine 

the nano-gap optical properties, including the spa-

tial extension of the hot spot and the corresponding 

local field enhancement within the nanocavity. Us-

ing the knowledge developed by this study, we pro-

pose a figure of merit for the application of plas-

monic nano-gaps to SERS based devices. 

 

This paper demonstrates the huge SERS potential 

plasmonic nanogaps and proves their single mole-

cules capability using relatively minimalist struc-

tures. 
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Abstract: 

        Gold at the nanoscale is a plasmonic mate-

rial that has been proven effective in the devel-

opment of new tools and improved-devices for 

Energy, Health and Information-Technology in 

the visible and near-IR ranges. Gold nanoparti-

cles (AuNPs) can now be readily synthesized in 

large quantities and high quality thanks to signif-

icant advances in colloidal chemistry over the 

past decade. Assembly of AuNPs leads to the 

appearance of new or enhanced plasmonic 

properties, still relatively poorly explored, and 

is therefore particularly promising for industrial-

scale production of cost-effective devices. 

      The uniformity of size and morphology of 

the nanoparticles as building blocks is essential 

for the achievement of large-area assemblies.  

Our group has been developed an expertise in the 

synthesis of monodispersed size- and shape-

controlled gold NPs (see poster). Among the ani-

sotropic shapes, triangles and plates are of par-

ticular interest. Indeed, the hot spot induced by 

six tips of sel-assembly triangles exhibits an un-

precedented enhanced electromagnetic field. Tri-

angles can assemble  in the edge-to-edge fashion 

or through face to face interactions (fig.1) and 

plates can form ordered columnar aggregates.  

        

       In this study, we report the spontaneous 

self-assembly of gold NPs of various shapes 

(rod, sphere, decahedron, triangle, cube, plate) 

by simply evaporating concentrated NPs dis-

persions on non-patterned substrates. This 

straightforward drop-casting method leads to the 

formation of an organized-ring at the periphery 

of the deposit (see fig.1). Key parameters related 

to a controlled-deposition are discussed i.e. the 

orientation of the particles with respect to the 

substrate, the procurement of large organized-

areas, the removal of the surfactant and  the de-

gree of reproducibility. 

 

       In the literature, the applications of such 2D 

and 3D-arrays of gold NPs are currently related 

to SERS studies (for a very sensitive detection 

of organic molecules and for anti-counterfeiting 

devices), 3D-metamaterials and ultra-thin 

metasurfaces, involving either spherical or rod-

shaped NPs. Studies with non-commercial 

shapes such as “nanocubes,  “nanotriangles”, 

and “platelets” are  still very scarce. Our next 

purpose is to study the influence of the mor-

phology  and the  effects of the substrate (me-

tallic or dielectric)  upon the properties of these 

assemblies in collaboration with physicists. 

 

Keywords: gold-nanoparticles, gold-nanoplates, 

spontaneous self-assembly , plasmonics  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: top to bottom: - formation of a ring of 

Au@CTAB NPs during the slow evaporation of the 

droplet; - SEM images of 3D-assemblies of gold 

NPs of various shapes obtained with this method. 
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Abstract: 

Outstanding properties emerge at the interfaces 

of heterogeneous materials, so that their engi-

neering offers promising prospects for achieving 

novel functional structures. The design and reali-

zation of highly-controlled interfaces requires 

reliable characterization techniques with high 

spatial and resolution chemical sensitivity, and 

X-rays Energy Dispersive Spectroscopy Spec-

trum Imaging (XEDS-SI) has been used qualita-

tively for this purpose with ample success. This 

work presents the data processing and signal 

quantitative analysis from XEDS-SI datasets 

obtained by aberration-corrected Scanning 

Transmission Electron Microscopy (STEM). A 

strategy consisting of successive XEDS-SI da-

taset breakdown with decreasing binning sizes 

was explored to improve the chemical mapping 

spatial resolution up to the XEDS signal to noise 

significance limit. The use of anisotropic binning 

maximized the chemical analysis spatial resolu-

tion across the interfaces, allowing for an accu-

rate measurement of the intermixing layer and 

projected roughness at the interface of heteroge-

neous nanostructured materials.  

Keywords: Interfaces, interdiffusion, chemical 

analysis, TEM. 

 

Figure 1: (top) Atomic resolution High Angle 

Annuar Dark Field (HAADF) from a GaAs-

AlGaAs heterostructure interface. (mid) Qualita-

tive color map indicating the Ga-Kα and Al-Kα 

signal distribution from a XEDS-SI experiment. 

(bottom) Ga-Kα and Al-Kα profiles accros the 

interface and assessment of the intermixing layer 

dimension – 1.2 ± 0.1 nm (2σ).  
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High resolution solid state NMR spectroscopy in surface organo-

metallic chemistry: access to molecular understanding of active 

sites of well-defined heterogeneous catalysts. 
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Abstract: 

Among various measurements techniques, Nu-

clear Magnetic Resonance (NMR) is an extreme-

ly powerful tool for the identification of chemical 

composition and the determination of molecular 

structure. Because of its versatility it is widely 

applied in chemistry, materials science, and bio-

medical research. At KAUST, we boast an NMR 

lab housing 5 Solid State NMR spectrometers 

from Bruker include one of the world’s first 

Bruker 900MHz Wide-Bore magnets, coupled 

with a huge range of accessories that would al-

low break-through research. High resolutions 

NMR provide a range of exquisitely precise tools 

to characterize well-defined active sites in heter-

ogeneous catalysis. Implementation of high reso-

lution and 2D solid state NMR techniques helped 

to identify surface structures at a molecular lev-

el, which is a key to implementing structure–

reactivity relationships and rational develop-

ments in heterogeneous catalysis. It is clear that 

these methods also have the potential for exten-

sive further developments and applications, for 

example towards understanding more complex 

systems (complex oxide materials, active sites 

with paramagnetic or quadrupolar centres), prob-

ing the dynamics of surface species (access to 

mobility of active sites), and to monitor the ac-

tive sites as a function of time. 2D high resolu-

tion and 2D spectra shows the power of this 

technique to characterize the well-defined hetero-

geneous catalysts prepared by surface organome-

tallic chemistry. 

 

Keywords: heterogeneous catalysis, surface or-

ganometallic chemistry, solid-state NMR,  

 
Figure 1: Variable-temperature 13C CP/MAS, 
1H spin-echo, two-dimensional 1H−13C dipolar 

HETCOR NMR spectra MAS solid-state 

NMR spectra of ≡Si−O−W(Me)5 
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Aluminum plasmonics for UV nanooptics 
 

J. Martin,1 D. Khlopin,1 F. F. Zhang,1 Silvère Schuermans, 1 D. Gérard,1 J. Proust 1 and J. Plain 1 

1Institut Charles Delaunay - Laboratoire de nanotechnologies et d’instrumentation optique, UMR CNRS 6281, 

Université de Technologie de Troyes, France 

 

Abstract: An electromagnetic field is able to pro-

duce a collective oscillation of free electrons at a 

metal surface. This allows light to be concentrated in 

volumes smaller than its wavelength. The resulting 

waves, called surface plasmons1 can be applied in 

various technological applications such as ultra-

sensitive sensing2, Surface Enhanced Raman Spec-

troscopy (SERS)3, or metal-enhanced fluorescence4, 

to only name a few. For several decades plasmonics 

has been almost exclusively studied in the visible 

region by using nanoparticles made of gold or silver 

as these noble metals support LSPR only in the visi-

ble and near-IR range. Nevertheless, emerging appli-

cations will require the extension of nanoplasmonics 

toward higher energies, in the UV-range. Aluminum 

is one of the most appealing metal for pushing plas-

monics up to ultraviolet energies. The subsequent 

applications in the field of nanooptics are various. 

This metal is therefore a highly promising material 

for commercial applications in the field of nanooptics 

from the infrared to ultraviolet. As a consequence, 

aluminum (or UV) plasmonics has emerged quite 

recently. Aluminium plasmonics has been demon-

strated efficient for numerous potential applications 

including non-linear optics5, enhanced fluorescence6, 

UV-SERS7, optoelectronics8,9 (plasmonic assisted 

lasing, by coupling Al with wide bandgpap semicon-

ductors such as GaN), photocatalysis10, structural 

colors11 and data storage12. In this talk, we will dis-

cuss about the recent advances in aluminum plas-

monics. Different preparation methods developped in 

the laboratory to obtain aluminum nanostructures 

will be presented with their optical and morphologi-

cal characterizations. Both advantages and issue of 

aluminum as a plasmonic material will be part of the 

presentation. 

Keywords: ultraviolet, plasmonics, aluminum, local-

ized surface plamson resonance 

 
Figure 1: Aluminum nanotriangles made by nano-

sphere lithography (SEM image in the inset, scalebar 

200 nm) and their corresponding extcintion spectra 

unveiling their UV and visible optical properties. 
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Scanning Tunneling Spectroscopy approaches for Nano-structures 
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Abstract:  

Silicon-On-Insulator (SOI) layers and 

patterned structures are investigated using 

low-temperature scanning tunneling 
spectroscopy (STS). Different STS methods 

like field emission [1] (see Fig.1) and variable-

height [2] spectroscopy were applied to study 
SOI layer with various thicknesses. Significant 

shifts of the density of states (DOS) with the 

thickness were detected for annealed samples. 
These shifts in the LDOS are attributed to an 

increase of the band gap of the thin layer. 

Similar changes in the electronic structure of 

SOI nanowires (see Fig.2) were observed by 
combined study using Scanning Tunneling and 

Atomic Force Microscopies (STM/AFM). 

These results suggest large influence of the 
SOI interface which reduces significantly the 

effective dimensions of the structures [3]. 

Keyword: Scanning tunneling spectroscopy 

(STS), Silicon-On-Insulator (SOI), Si band 
gap. 

 
 

 
Fig.1 Field emission spectra taken on annealed 

SOI-layer with varying thicknesses. 

 

Fig.2 STM and STS images of annealed SOI-

wire. 
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Abstract: 

Optical properties of materials are crucial for 

building predictive models for light-mater inter-

action. For many important optical materials the 

book by Palik is a reliable source of wavelength 

dependent complex refractive indexes. The ma-

jority of the data sets reported there were meas-

ured on macroscopic samples and represent pure, 

bulk material properties. However, in certain 

cases, especially when dealing with nano sized 

objects, the Palik data might deviate from  those 

of the synthesized materials. And, the question 

“What are the optical properties of the material 

constituting our nano structures?” sometimes is 

not that easy to answer. We apply spectroscopic 

ellipsometry to study optical properties of goe-

thite nano particles. Goethite is a material that is 

not found as bulk crystals, and thus, it's optical 

properties can only be determined from particu-

late systems, as reported by Maedas. Particles 

coming out of our synthesis are of spherical 

shape, making the handling  easier if compared 

to the rod shaped particles typical for goethite. It 

is quite a difficult task to form  particulate films 

with subwavelength accuracy using dip coating 

or droplet drying technique. The non uniformity 

of the film thickness is immediately translated 

into inaccuracy of the extracted optical parame-

ters. The particulate films used in our measure-

ments were manufactured by the Langmuir-

Blodgett technique, and as it can be seen in Fig-

ure 1, are basically dense monolayers of parti-

cles. In addition to the excellent uniformity 

across the entire substrate, which was verified by 

SEM screening, the material density in the film 

can be computed from purely geometric consid-

erations, whereas for thicker films obtaining the 

material density is a challenge. The mean particle 

diameter of about 70nm ensures that there is no 

diffraction on the particles and the films are seen 

by the light as  effective media. Thus, the optical 

properties of goethite can be obtained from the 

effective refractive indexes of the films with the 

help of Maxwell-Garnett equation. Due to the 

small size of the structure, the accuracy of the 

obtained material parameters can be verified by 

directly simulating light reflection from the par-

ticulate film using the superposition T-matrix 

method.  We believe that our approach can be 

easily extended to other material sys-tems and in 

combination with T-matrix method to particle 

diameters of up to micrometer. 

 

Keywords: refractive index, material parame-

ters, spectroscopic ellipsometry, effective medi-

um theory, langmuir-blodgett films, light scatter-

ing, T-matrix. 

 

Figure 1: SEM image of the Langmuir-Blodgett 

monolayer of goethite particles. 
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Abstract: 

The process of forming the semiconductor layers 

for modern electronic devices is accompanied by 

a process of self-organization at the nano and 

micro levels. A promising approach to describe 

such self-similar state to the surface is the mul-

tifractal analysis. The methodology of  multifrac-

tal parameterization of structures of materials is 

based on the fundamental principles of self-

similarity, stochastic and fractal broken sym-

metry structures of natural materials. It uses a 

set of self-similar measures in Euclidean space, 

so can more accurately describe the characteris-

tics of the material.   The property of self-

similarity quantitatively expressed using the con-

cept of fractal dimension. To determine the frac-

tal dimension of the fractal and other parameters, 

we used obtained atomic force microscopy imag-

es for chemical vapor deposited diamond-like 

carbon nanofilms (Figure 1). One of the im-

portant physical parameters of the nanofilms is 

surface energy, which we can calculate using the 

results obtained by multifractal analysis.  These 

results allow us to propose a mathematical ex-

pression that gives an opportunity to evaluate the 

surface energy of the film, due to the presence of 

fractal structure on its surface. Surface energy 

we calculated by the experiment and results were 

compared with the results of multifractal method. 

The dependence of multifractal parameters on 

the deposition duration and other technologi-

cal parameters was revealed. 

Keywords: AFM, multifractal analysis, dia-

mond-like carbon, CVD technology, surface po-

tential. 

 

Figure 1: AFM image of a sample of DLC 

grown on Ge substrate (upper panel) and cross 

sectional profile of thickness across the green 

line on the image (lower panel).  

References: 

1. Panosyan Zh. R., Darbasyan A.T., Vos-

kanyan S.S., Yengibaryan Y. V. (2014), 

Method for preparation of transparent con-

ductive diamond-like carbon films and 

mechanisms of conductivity formation. 

Journal of Contemporary Physics, Vol. 49, 

No. 6, 286-292. 

2. Moskvin P., Krizhanivskiyy V., Rashko-

vetski L., (2014), Multifractal analisis of ar-

eas of spatial forms on surface of Znx Cd1-x 

Te-Si (111) heterocompositions,  Journal of 

Cristal Growth., 404, 204-209. 

3. Yadav R.P., Singh U. B .,Mittal A.K.& 

Swivedi S. (2014) Investigating the 

nanostructured gold thin films using the mul-

tifractal analisis, Applied Physics A, 117, 

2159-2166 

153



 

 

 

 

 

 

Nanometrlogy France 2016 
Symposium on Detection, location & 

quantification of nanomaterials and by-

product released from nano-enable 

products 

154
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Interacting with BioMacromolecules.  
 

S. Stoll,1* F. Loosli,1 O. Oriekhova,1 F. Carnal,1 A. Clavier,1 

1University of Geneva, Environmental Physical Chemistry, Geneva, Switzerland 
 

 

Abstract:  

Interactions between isolated or aggregated na-

noparticles with, in particular, natural organic 

matter such as biopolymers (polysaccharides, 

proteins) and humic substances in aquatic sys-

tems, are often resulting in surface coating, that 

will strongly alter their dynamic properties and 

bioavaibility. The extend to which manufactured 

nanoparticles form such complexes or agglomer-

ates will depend on the balance between the at-

tractive and repulsive forces among the nanopar-

ticles as well as between them and the environ-

mental matrix.  

Novel and original approaches are presented to 

investigate and quantify the interaction mecha-

nisms between nanoparticles and biopolymers. 

The first one is Isothermal Titration Calorimetry 

allowing the measurements of the exchanged heat 

during binding processes. Such quantitative and 

thermodynamic information is often missing to 

get an insight into the thermodynamic association 

properties and mechanisms of adsorption and 

agglomeration. Changes of enthalpy, entropy and 

total free energy, as well as reaction stoichiome-

try and affinity binding constant can be calculat-

ed indicating the importance and balance of en-

thalpic and entropic effects. The second ap-

proach is related to computer modelling. In par-

ticular Monte Carlo simulations constitute a 

powerful approach to get an insight into the in-

teraction processes between nanoparticles and 

aquagenic compounds since the effect of many 

parameters can be investigated in a systematic 

way (nanoparticle size, nanoparticle surface 

charge density, nanoparticle surface hydrophobi-

city, dispersion medium properties, biomacro-

molecule chemistry, etc). The formation of a 

complex between a protein and a charged nano-

particle in presence of  

explicit counterions will be presented.  In all cas-

es, we will show that the presence of one nano-

particle is found to deeply change the bi 

 

 

omacromolecule structure and electrostatic prop-

erties.   

 

Keywords: Interaction mechanisms, surface 

doating, Isothermal titration, Monte Carlo Simu-

lations.  
 

 

 

 

Figure 1: Possible transformation processes 

of nanoparticles in aquatic systems.  
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Figure 1: TEM image of a sewage sludge ash 

sample collected after 1 minute at 800°C. The 

white dotes represent AgNP. 

Silver Nanoparticles in managed waste facilities: 

From metallic to sulfidic and back again. 
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Abstract: 

Transformations of metallic silver nanoparticles 

(AgNP) critically affect their antimicrobial effi-

cacy. Although particle specific effects have 

been postulated, the toxicity of AgNP has been 

largely attributed to the release of ionic silver. 

Due to the limited solubility of silver sulfide 

(Ag2S) under relevant environmental conditions, 

the sulfidation of AgNP has been identified as a 

key transformation, strongly mitigating the ef-

fects of AgNP after their release. 

The beginning of the sulfidation of AgNP in 

sewer systems has been reported from lab- and 

full-scale experiments. The ongoing sulfidation 

and the efficient removal of AgNP from the 

wastewater results in the accumulation of almost 

completely sulfidized AgNP in the sewage 

sludge. After anaerobic sludge treatment, no me-

tallic Ag is detected anymore and Ag is mainly 

present as Ag2S, but a minor fraction of Ag 

bound to thiol groups and/or present as an amor-

phous Ag2S-species is consistently observed. 

In France, UK, and the USA, sewage sludge is 

used as fertilizer in agriculture. In Switzerland 

and in Germany, sewage sludge is incinerated 

preferably in fluidized bed reactors. To investi-

gate the behavior of AgNP during the mono-

incineration, we incinerated digested sludge con-

taining sulfidized AgNP in a lab-scale fluidized 

bed reactor. The reactor was operated at 800 °C 

in an atmosphere of 4 % O2, 12 % CO2, 84% N2 

with 300 ppm SO2 and humidified to 30% H2O 

and thus closely mimicked the condition is a full-

scale fluidized bed reactor. Ash particles collect-

ed after only 1 minute of reaction time revealed 

that Ag was dominantly present as metallic, 

spherical particles < 50 nm (Figure 1). Thus, the 

incineration very efficiently transforms sulfidized 

AgNP back into metallic AgNP. This raises a 

number of questions: Do these incidentally 

formed AgNP have different properties than the 

engineered AgNP that were used in consumer 

products and how can these incidentally formed 

AgNP be distinguished analytically from engi-

neered AgNP? How should these incidentally 

formed AgNP, which went through a sulfidation 

in the WWTP but originated from engineered 

AgNP, be treated in a fate model? Are these in-

cidentally formed AgNP firmly incorporated into 

the ash matrix or may they be mobilized upon 

contact with water, for example during storage in 

a landfill? 

 

Keywords: Sulfidation, silver nanoparticles, 

wastewater treatment, incineration 
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Rules and rates of release from nano-enabled products 
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BASF SE, Material Physics, GMC/R, Carl-Bosch-Strasse 38, 67056 Ludwigshafen, Germany 
 

 

Abstract: 

Release assessment regards the detachment of 

fragments from a larger whole, such as consumer 

products, and additionally considers release 

mechanism, form of the released entity, release 

scenario, probability of release, and lifecycle 

simulation, if relevant. Key parameters which 

mainly influence release are chemical aging 

intensity (photolysis, hydrolysis, leaching), 

processing (sanding, drilling), matrix properties 

(soft or brittle) and nanomaterial properties 

(particulate or fibrous). Systematic series of 

release studies allow a ranking (and possibly 

even a grouping) of the probability and 

characteristics of release from nano-enabled 

products. 

Based on protocol optimization and inter-

laboratory validation by MARINA (FP7), 

nanoGEM (BMBF), and the NanoRelease (US, 

CAN, EU) initiative, we report on quantitative 

release rates from real-world value-chains: 

automotive parts, consumer appliances, wood 

coatings. Original data from BASF and the SUN 

(FP7) project shows that release rates are 

hierarchically determined by decreasing 

importance of aging > process > matrix > 

nanomaterial. Many release phenomena are 

matrix-dominated with released fragments which 

resemble primarily those of the matrix, 

modulated by properties of the nanomaterial. 

Accordingly, also the physical-chemical and 

toxicological properties of fragments are 

dominated by the matrix. Specifically for 

weathering, the matrix (various polymers, 

epoxies, cement) determines releases across 5 

orders of magnitude from 100 mg release per MJ 

of UV energy (cements) down to 0.002 mg/MJ 

(polyethylenes), with less than a factor of 10 up- 

or down-modulation by the embedded metal-

oxide, carbonaceous, or organic nanomaterials 

(Wohlleben and Neubauer, 2016).  

 

 

 

 

 

Keywords: release, nano-enabled products, ag-

ing, processing, matrix, nanomaterial,  
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Abstract: 

Several classes of nanomaterials (NMs)  are 

globally manufactured in hundred to thousands 

of metric tons per year. NMs are considered to 

be emergent contaminants, with specific end-

points in soils and sediments. Current knowledge 

on NMs on soil-based ecosystem comes from 

exposure to concentrations that are far from 

those predicted in soil or even in biosolids. 

 

We have examined the impact of different NMs 

based on metal oxide, CeO2 and TiO2, and car-

bon based NMs (carbon nanotubes, CNTs), on a 

simple-track terrestrial ecosystem based on a 

microbe-soil-plant network.  

Our issues were twofold: i) Can we modulate the 

impact of NMs by designing their properties 

through their physicochemical properties (parti-

cle size, shape, crystalline phase, coating...)? ii) 

Do NMs with very different chemistry and prop-

erties trigger common responses on a plant-sol-

microbe system? 

The NMs were added to a soil at a concentration 

of 1 mg.kg-1, a concentration approaching the 

current maximal estimations of NMs concentra-

tion in soils through modeling. The plant selected 

was Canola (Brassica napus), an oil-producing 

plant. We examined the response of three differ-

ent compartments that form the system, i.e. the 

unplanted soil, the rhizosphere and the plant 

roots. We analyzed microbial enzymatic activi-

ties for carbon, nitrogen, phosphorus recycling 

and the microbial community structure by py-

rosequencing of 16S rRNA gene. 

The presentation will focus on how NMs differ-

entially alter microbial activities and/or microbi-

al communities structure depending on the chem-

istry and physico-chemistry of the NMs, and the 

compartment (unplanted, rhizosphere or root) 

considered.  We will provide some tracks to 

evaluate to what extent the design of the NMs 

can modulate the impact and some trends shared 

by NMs with different reactivity. 

Keywords: nanomaterials, design, soil, rhizo-

sphere, microbiota, plant response, biotransfor-

mation, soil ecosystem. 

 

Figure 1: Localization of CeO2 NMs on a plant 

root. The pixels in red denote the presence of 

NMs. Root hairs were targets in the interaction 

between the plant and NMs. Root hairs are im-

portant because they increase the surface for 

nutrients and water absorption. Root cap and 

root hairs are also preferred localizations for 

bacteria on plant roots, which suggests likely 

plant-bacteria-NMs interactions. We are tempt-

ing to address these interactions and their im-

pacts on a plant-soil-bacteria based system.  
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Abstract: 

This research project seeks to understand the 

effect of aging under different use and end of life 

scenarios on the chemical transformation of sil-

ver nanoparticles in consumer textile products, 

and the subsequent effect on functional perfor-

mance of such products.  This is accomplished 

through various stress tests including exposures 

to artificial sweat and end-of-life chemical expo-

sures. These exposure scenarios represent realis-

tic, but ‘worst-case’” scenarios  to better under-

stand if commonly used life-cycle assumptions, 

such as an immediate release of total Ag-content 

and duration of antimicrobial efficacy, are valid 

in certain circumstances.    Several fabrics were 

chosen to be models for various attachment 

methods for silver nanoparticles, silver metals, 

and silver chlorides.  Silver loading ranged from 

low ppm levels to as high as 0.4 wt%.  The silver 

containing fabrics were exposed to extreme envi-

ronmental chemical scenarios, including chloride, 

sulfide, and acetic acid, and were subsequently 

analyzed with extended x-ray absorption fine 

structure spectroscopy (EXAFS) for nano-

material transformations, and silver release was 

quantified with ICP-MS. The functional perfor-

mance of such textiles post worse-case exposure 

was assessed to determine what, if any chemical 

exposure has a detrimental effect on efficacy of 

antibacterial performance. The potential for de-

termination of the most robust method to incor-

porate silver into textiles, and the appropriate 

loadings, for sustained long-term performance 

under the most strident conditions is discussed. 

Keywords: environmental nanotechnology, safe 

by design, nano-enabled products. 

 

Figure 1: E. coli antibacterial efficacy of silver 

embedded textiles post-corrosive treatments. A) 

Comparison of log and percent reduction of E. 

coli bacteria after 24 hours of incubation on var-

ious textile surfaces. B) Efficacy of silver em-

bedded textiles with respect to remaining silver 

content on the textile surfaces. 
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Abstract: 

 
X-ray computed tomography (CT) is a power-

full 3D imaging technique for the in-situ and 

non-destructive investigation of the inner struc-
ture of an object. This relatively recent tech-

nique has tremendously evolved over the past 

decade with much more sensitive detection sys-

tems and increased spatial resolution. Indeed it 
is now possible to reach spatial resolution of 

tens of nanometers with synchrotron X-ray 

source but also with lab-based systems (nano-
CT).  Reaching such high spatial resolution 

made CT a valuable technique for the 3D detec-

tion and location of nanomaterials, their aggre-
gates and agglomerates (NOAA) in manufac-

tured materials (wood coating, polymers ..) and 

in complex and/or natural media (plants, organ-

isms, organs …).  
The Nano-ID1 platform, installed at CEREGE 

(Aix en Provence, France), is equipped with two 

CT systems and offers the opportunity to per-
form multi-scale analysis on a same sample, i.e. 

3D imaging with a spatial resolution from 50 

µm to 50 nm.  
For example, in a study focusing on the aging of 

wood-coating containing CeO2 nanomaterials 

and associated NOAA released, multi-scale 

micro and nano-CT gave the keys to identify 
NOAA distribution in non-aged materials and 

their behavior during aging. In the field of “saf-

er-by-design” production or eco-conception, the 
accurate distribution of NOAA and their resi-

dues in complex matrixes is of particular interest 

to understand the transfer mechanisms between 

the different environmental compartments;  
We also demonstrated the relevance of multi-

scale micro-CT (down to submicron-scale) to 

detect and locate CeO2-based NOAA within soft 
tissues (e.g. mouse lung tissues) after in vivo 

exposure and artefact-reduced sample prepara-

tion procedure. This capability  is gaining inter-
est especially since the scientific community 

cautiously address the potential risk of NOAA 

for humans and living organisms.   

Keywords: micro and nano-CT, multi-scale 3D 

imaging, in-situ and non detructive technique, 

nanomaterials, their aggregates and agglomer-
ates (NOAA), wood coating aging, release 

mechanisms, biodistribution, soft tissue, lung 

architecture.  

 

Figure 1: 3D image of a lung lobe of mouse 
exposed to CeO2 nanomaterials obtained by 

micro-CT (voxel size of 14,32 µm). Dense 

nanonanomaterials are false-colored in red.  
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Abstract:  
Headway has been made in exploring the poten-
tial impacts of engineered nanomaterials 

(ENMs) on human health. However, investiga-
tion of the roles of nano-scale objects towards 

evolutionary change, environmental disturbance, 
ecosystem structure and function have lagged 

behind the advances in fabricating, measuring 
and manipulating materials at the nano-scale. 

Moreover, current approaches to assess the 
ENMs environmental safety are based on classi-

cal ecotoxicology approaches, which are not 
always adequate for ENMs. For instance, most 

of the research only concerns the hazard but 
rarely the exposure to ENMs that plays a pivotal 

role to understand their environmental risks. The 
exposure depends on various properties; some 

of them are those of colloids (e.g. hetero-, ho-
mo-aggregation, adsorption of organic matter), 

while others are characteristic of nano-size (e.g. 
redox transformation, dissolution and ubiquist 

mineralogy).  
We will present an innovative design offering 

physico-chemists, (micro)biologists, and ecol-
ogists the possibility of conceiving robust exper-

iments to study the exposure and impacts of en-

gineered nanomaterials as well as mechanistic 
concepts at various time and spatial scales. This 

system is based on modular, intermediate size 

(60 L), indoor aquatic mesocosms (Auffan et al. 

2014). It is adjustable to several ecosystems as 

lothic, lentic, estuarine, or lagoon environ-ments 

(Tella et al. 2014, Tella et al. 2015). 

 
Keywords: Mesocosms, realistic exposure con-

dition, ecotoxicology, nanomaterials, ecosys-

tems. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematics of the indoor aquatic meso-

cosms. Tank of 750 3 200 3 600 mm. 
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Abstract: 

Recent interest in the environmental fate and ef-

fects of manufactured CeO2 nanomaterials 

(NMs) has stemmed from its expanded use for a 

variety of applications. The majority of these 

NMs will end up in wastewater treatment plants 

(WWTP) where they will partition to sewage 

sludge during wastewater treatment, and ulti-

mately re-enter the environment through the ap-

plication of biosolids to agricultural soils.1  

Thus, soil may serve as a primary sink for NMs 

accumulation in the environment, in which NMs 

may enter food webs or cause direct toxicity to 

plants, microbial communities, or other soil or-

ganisms.  

This project aims to study (i) the impact of CeO2 

NMs biotransformation on a soil-plant-microbe 

system using realistic exposure modes and (ii) 

the interaction between NMs and trace elements 

such as Cd, Pb, Zn, Ni, which are present both in 

the biosolid and in the soil. 

Pristine CeO2 NMs were first aged in a laborato-

ry-scale activated sludge reactor during 5 weeks. 

The biosolid enriched NMs was then amended to 

a sandy loam soil at environmentally relevant 

concentration: 1 mg.kg-1 CeO2. Four treatments 

were performed: control soil, soil amended with 

1 mg.kg-1 pristine CeO2 NMs, control biosolid 

without NMs, biosolid enriched NMs. The plant 

selected was Canola (Brassica napus), an oil-

producing plant. 

Bulk Ce L3-edge X-ray absorption spectroscopy 

(XAS) was performed in the biosolid before cul-

ture in order to evaluate the NMs transformation 

in the reactor (Figure 1). After the culture, ele-

mental concentrations were measured in the plant 

parts by ICP-AES, and their distribution in roots 

by laser ablation ICP-MS. Root bacterial com-

munity structure was characterized by sequenc-

ing of 16S rRNA gene (Illumina MiSeq) in order 

to understand the impact of the biotransfor-

mation of CeO2 NMs on the microbiota. Our 

presentation will focus on how CeO2 NMs bio-

transformation modulates the interactions in the 

plant-soil-microbes system. 

Keywords: biotransformation, heavy metal, na-

nomaterials, soil, rhizosphere, microbiota, plant 

response, soil ecosystem. 

 

 

Figure 1:  

Experimental XANES spectra at the Ce L3-edge 

of the Ce present in the biosolid after 5 weeks in 

the bioreactor contaminated with pristine CeO2 

NMs (green spectra). XANES spectra of the ini-

tial pristine CeO2 NPs and the Ce(III) malonic 

are provided for reference. This figure show that 

Ce, initially present as Ce(IV) in the nanoparti-

cles, were reduced in the bioreactor, and formed 

Ce(III) complexes in the biosolid. 
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Abstract: 

The main problems associated with the detection 

and characterization of engineered nanoparticles 

(ENP) in the environment are that the concentra-

tions are low and it is often very difficult to dis-

tinguish ENP from the environmental matrices in 

which they are found. In this work, we have fo-

cused our efforts on optimizing and developing 

rigorous techniques to determine ENP sizes and 

distinguish the ENP from their aggregates and 

dissolution products. Single particle inductively 

coupled plasma mass spectrometry (SP-ICPMS) 

has been our method of choice in aqueous matri-

ces while hyperspectral analysis of darkfield im-

ages has generally been employed for solid phase 

samples. Lower particle size detection limits 

have been attained by the on-line coupling of an 

ion exchange column (IEC) with SP-ICPMS 

(IEC-SP-ICPMS). The IEC effectively removes 

the continuous signal of dissolved metal, allow-

ing for both lower detection limits and an im-

proved resolution of solutions containing multi-

ple particles. This technique was shown to be 

particularly useful for metal based nanoparticles 

with high solubilities. Hydrodynamic chromatog-

raphy (HDC) has also been coupled to SP-

ICPMS in order to detect ENP in environmental 

samples, including river waters and wastewater 

effluents. The role of adsorption has been specif-

ically examined. Finally, some work on the de-

tection of ENP in solid samples such as biosolids 

and sediments will be presented in order to help 

better understand the fate of the ENP in complex 

samples. 

Keywords: nanomaterials, single particle induc-

tively coupled plasma spectrometry, hydrody-

namic chromoatography, silver, rare earth met-

als, zinc oxide  

 

Figure 1: Figure illustrating the influence of an 

ion exchange resin on the particle size determi-

nations for a ZnO nanoparticle 
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Abstract: 

Cerium dioxide nanoparticles (CeO2 NPs) are 

widely used in many consumer products due to 
their catalytic and oxidative properties. The 

growing consumption of such products is 

constantly increasing the presence of CeO2 NPs 

in the environment including natural water 
sources such as rivers or lakes. The NPs 

behavior in aquatic system is influenced by 

many factors including water chemistry, 
presence of natural colloids and biota (Loosli et 

al., 2015). Despite the number of researches 

which have been conducted in this area, the fate 
of CeO2 NPs in aquatic systems is not clearly 

understood. In our work we investigated the 

behavior of CeO2 NPs in various environmental 

conditions. Different physicochemical methods 
and techniques, such as dynamic light scattering 

(DLS), nanoparticle tracking analysis (NTA), 

scanning electron microscopy (SEM), acid-base 
titration (Oriekhova et al., 2014), were used to 

characterize CeO2 NPs. Then the influence of 

the physicochemical properties of aqueous 
medium such as variable ionic strengths, pH, 

and presence of natural polyelectrolytes, on 

CeO2 NPs hetero-aggregation was investigated 

(Figure 1). In particular, the influence of natural 
organic matter on the NPs stability was assessed 

(Oriekhova et al., 2016). Then the behavior of 

NPs in artificial medium that mimic the 
composition of natural waters was studied and 

comparison was made by considering Lake 

Geneva water. We found that natural organic 

matter and ionic composition of water are 
strongly modifying the surface of CeO2 NPs. 

Such a coating influences their hetero-

aggregation behavior and stability in 
environmentally changing conditions. Our study 

covers the interdisciplinary domains between 

colloidal, physical and environmental chemistry 
and the results are important not only for a 

better understanding of NPs fate and transport 

but also for their elimination from aquatic 

systems (water treatment processes) and 
evaluation of their ecotoxicity. 

 

Keywords: CeO2 nanoparticle, fulvic acids, 
hetero-aggregation, ionic strength effect, 

stability of nanoparticles, dynamic light 

scattering, nanoparticle tracking analysis, 

scanning electron microscopy. 

 
 

Figure 1: Schematic illustration of the behavior of 

engineered nanoparticles, isolated or aggregated, 

released in aquatic system. This figure is 
demonstrating the possible scenarios of NPs 

behavior in ultrapure, synthetic and natural water, 

taking into account various parameters (such as 
water chemistry and intrinsic NPs properties). 
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Abstract: 

Nano-enabled products are the products which 

includes nano-objects. Our research focuses on a 

science-based understanding of nanomaterial 

properties and effects, alongside development of 

improved measurement and testing methods.  

Taking into consideration our activity on surface 

analysis of nanomaterials using FEG-SEM and 

more specifically, our research on sample prepa-

ration methods to obtain effective micrographs, 

which is becoming increasingly important since 

nanomaterials are comprised into a large degree 

of surfaces which have a significant impact on 

the overall properties and behaviours of these 

materials. The need and importance of adequate 

characterization of the surfaces of nanomaterials 

has been highlighted by many organisations. In 

this paper in order to better expalining of sample 

prepartion techniques, nanomaterials are 

categorized due to the nature of them: 

1) Polymeric, biological and carbomous  

2) Metallic 

3) Ceramic and semiconductor 

In each section it is divided into five physical 

states: 

a) Emuslion or colloids 

b) Powders 

c) Thin film coatings 

d) Bulky paper or ultrathin films 

e) Bulk nanomaterials 

In determining the appropriate sampling strategy, 

the following interlinking factors should be 

considered together: stability of the complex 

matrix, stability of the nano-object, stability of 

the nano-object in the complex matrix. It should 

be mentioned that the more accurate sample 

prepartion techniques is applied, the more 

effective imaging is obtaied using field emision 

gun scanning electron microscope.  

 

 

 

 

Keywords: Field emission gun scanning electron 

microscope, sample preparation, nano-objects, 
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Abstract: 

Nano-titanium dioxide (nano-TiO2) has been 

widely used in commercial products and found in 

aquatic environment. It is expected to affect the 

environmental fate and bioavailability of organic 

pollutants dynamically in the environment. Per-

fluorooctanesulfonate (PFOS) is a typical new 

emerging environmental pollutant. A novel semi-

static multilayer microcosm was set up to inves-

tigate the impacts of nano-TiO2 on PFOS bioac-

cumulation in fish species [Danio rerio (D. re-

rio), Ctenopharyngodon idella (C. idella), Hy-

postomus plecostomus (H. plecostomus)] living 

in different vertical layers. As a result of aggre-

gation and deposition, the concentration of TiO2 

increased from upper to bottom layers in the wa-

ter column. Concomitantly, due to adsorption of 

PFOS on the nano-TiO2 particles, PFOS also 

displayed an increasing trend from upper to bot-

tom layer. Owing to ingestion of the TiO2-PFOS 

complexes, more PFOS was taken-up by fish. 

With the aid of intestinal fluid, PFOS was readi-

ly released from TiO2 particles and absorbed by 

fish. As a result, accumulation of PFOS in whole 

fish was facilitated and the bioaccumulation fac-

tors of PFOS in D. rerio, C. idella and H. ple-

costomus were 3.01, 2.42 and 1.11 times of that 

in the groups without TiO2. However, TiO2 ag-

gregates were too large to penetrate biological 

membranes to participate body circulation, and 

no significant accumulation of TiO2 was ob-

served in fish muscle. The bioaccumulation of 

PFOS was much more promoted by anatase than 

rutile, which was mainly accounted by the great-

er adsorption capacity of anatase to PFOS and 

slower elimination rate of anatase from fish. The 

whole-body PFOS concentration in zebrafish 

was enhanced by 59.0% for anatase and 25.4% 

for rutile after equilibrium. The results suggested 

that the ecological risk of PFOS could be en-

hanced due to the presence of nano-TiO2 in wa-

ter. 

 
 

Figure 1: The BAFs of PFOS in the three fish 

species in the PFOS and TiO2-PFOS groups. 

Bars with different letters above them are signifi-

cantly different (p <0.05). 

 

Keywords: anatase nano-TiO2, rutile nano-TiO2, 

PFOS, aggregation, bioaccumulation, zebrafish. 
 

References:  

 

Boyle D, Al-Bairuty GA, Henry TB, Handy RD. 

(2013), Critical comparison of intravenous injection 

of TiO2 nanoparticles with waterborne and dietary 

exposures concludes minimal environmentally-

relevant toxicity in juvenile rainbow trout oncorhyn-

chus mykiss. Environ. Pollut., 182, 70-79. 

 

Chen GX, Liu XY, Su CM. (2012), Distinct effects 

of humic acid on transport and retention of TiO2 ru-

tile nanoparticles in saturated sand columns. Environ. 

Sci. Technol., 46, 7142-7150. 

167

javascript:void(0);
javascript:void(0);


Assessing the heteroaggregation of manufactured nanoparticles 

with naturally occurring colloids in a typical surface water 
 

D. Slomberg1, J. Labille1,*, A. Praetorius2, C. Harns3, J-Y. Bottero1, P. Ollivier4, M. Scheringer2, N. 

Sani-Kast2, S Ilina4, J. Brant3 
 

1Labex Serenade, CEREGE, Aix-Marseille Université, BP80, 13545 Aix en Provence cedex 4, France 
2Institute for Chemical and Bioengineering, ETH Zurich, 8093 Zurich, Switzerland 

3University of Wyoming, Department of Civil and Architectural Engineering, Laramie, WY 82071 
4BRGM, UMR 7327, BP 36009, 45060 Orléans, France 

 

 

Abstract: 

To assess the risk posed by nanotechnology-

enabled products, the likelihood of engineered 

nanoparticle (NP) exposure through aqueous 

media must be considered, as it is a receptacle of 

these materials throughout their lifecycle. The 

predicted concentrations of engineered NPs in 

surface water systems are expected in the µg/L 

level and consequently, the probability that NPs 

interact with each other may be lower relative to 

their collision frequency with naturally occurring 

colloids present at substantially higher concen-

trations. Colloids may strongly affect the fate 

and transport of NPs via heteroaggregation pro-

cesses. Thus, fate models aimed at predicting NP 

behaviour and concentration profiles must ac-

count for this heteroaggregation (1). A NP-

colloid sticking efficiency, αhetero, is well suited as 

an input for such fate models, but remains a 

challenge to determine experimentally. Here, we 

present a novel method for determining αhetero at 

environmentally relevant NP concentrations by 

using a combination of laser diffraction meas-

urements and aggregation modeling based on the 

Smoluchowski equation (2,3). Interactions be-

tween TiO2 NPs (15 nm) and different types of 

larger mineral colloids (i.e., silica microspheres, 

smectite clay, and natural riverine suspended 

particulate matter) were used to demonstrate this 

new approach (4). Studies were conducted at low 

NP concentrations (0.1 to 4 mg/L) with regard to 

the colloid occurrence (100 mg/L) to develop 

realistic fate scenarios for surface water systems. 

The NP/colloid number ratio was found to be a 

critical component in the heteroaggregation 

mechanism and the effects of ionic strength, pH, 

and natural organic matter on NP heteroaggrega-

tion were also explored. Our data show that at 

relevant concentrations, NP behaviour is mainly 

driven by heteroaggregation with colloids, while 

homoaggregation remains negligible. The dimen-

sionless αhetero value is a key parameter needed to 

feed environmental fate models that are of high 

importance in the field of risk assessment of en-

gineered NPs. Work funded by the French ANR 

and Swiss FOPH as NANOHETER in the frame 

of ERA-NET SIINN. 
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Abstract: 

The study presented here focuses on marketed anti-
bacterial tiles whose emissivity of (nano) particles 

due to abrasion has yet barely been investigated 

[1,2]. The tiles have been characterized regarding 
their surface properties and composition throughout 

their life cycle, i.e. from their use until the end-of-

life. In contrast to conventional tiles, their surfaces 

happen to be uneven. Titanium dioxide is found in 
the depressions these being protected from abra-

sion. at the surface, thus protected by the hilly areas 

against abrasion on the surface of tile. Furthermore, 
a deposition technique has been put in place by 

producers allowing coating of the aforementioned 

marketed tiles with titanium, thus rendering them 
similar to those available on the market. It consists 

of depositing titanium dioxide on the surface to be 

fixed later on the ceramic surface using thermal 

treatments. Besides the intermittent deposition of 
nano-TiO2, the major modification on the state of 

surface can lead to a greater emissivity during its 

use. 
The tests reveal the aerosolization of inhalable mi-

cronic and submicronic particles  that can subjected 

to be released in the environment from antibacterial 
tiles.  

The generated aerosol is mainly dominated by so 

called nanoobjects, agglomerates and aggregates 

(NOAAs) where titanium is widely detected but at 
low concentrations, which is in accordance with the 

relatively low nano-titanium dioxide presence on 

the tile surface. No free and isolated nano-TiO2 
particles have been released.  

This emission of NOAAs can be attributed to (i) 

the intermittent deposition on the tile surface 

which may be less resistant to abrasion as com-
pared to the uncoated tile surface , (ii) the specific 

mechanical resistance of the nanocoating and (iii) 

the change in the surface morphology where the 
irregular surface facilitates not only deposition of 

nano-TiO2 suspension but also the wrench of tile 

pieces during the abrasion. Long term duration 
weathering under standardized and documented 

conditions [3] lead to the formation of  submicron-

ic and compact NOAAs. No growth in emission 

due to weather stress has been detected. 

Keywords: Tiles, aerosol emission, abrasion, anti-

bacterial, weather, nanomaterial, TiO2. 
 

 
 

Figure 1: Example of a nanoparticle observed after 
abrading a weathered tile containing nano-TiO2. 
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Abstract: 
In this work, we present for the first time 

undeniable evidence of nano-plastic 

occurrence due to solar light degradation of 
marine micro-plastics under controlled and 

environmentally representative conditions. As 

observed during our recent expedition 

(Expedition 7th Continent), plastic pollution 
will be one of the most challenging ecological 

threats for the next generation.  

Up to now, all studies have focused on the 
environmental and the economic impact of 

millimeter scale plastics. These plastics can be 

visualized, collected and studied. We are not 
aware of any studies reporting the possibilities 

of nano-plastics in marine water.  

Here, we developed for the first time a new 

solar reactor equipped with an in situ DLS 
device to investigate the possibility of the 

formation of nano-plastics from millimeter 

scale plastics. With this system, correlated with 
electronic microscopy observations, we 

identified for the first time the presence of 

plastics at the nano-scale in water due to UV 

degradation. Based on our observations large 
fractal nano-plastic particles (i.e., >100 nm) 

are produced by UV light after the initial 

formation of the smallest nano-plastic particles 
(i.e., <100 nm).  

These results show the new potential hazards 

of plastic waste at the nanoscale, which had 
not been taken into account previously. 

 

 
 

Figure 1: DLS monitoring of micro-plastics 

degradation under UV solar light 
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Abstract: 

The fast growth of nanotechnologies has brought 

new industrial and business opportunities and 

leads inevitably to the appearance of nano-

materials (NMs) in the aquatic environment 

which represents the major sink of anthropogenic 

contaminants. The assessment of risks related to 

NMs in the estuarine/marine environment repre-

sents a real challenge for ecotoxicologists. The 

complexitiy of physico-chemical properties of 

NMs may result in different and unpredictable 

interactions with biological systems as compared 

with their bulk counterparts. The first studies 

were mainly conducted with freshwater species 

using standard ecotoxicity tests with less than 

20% of published papers on marine species (Cat-

taneo et al., 2009). During the last decade, publi-

cations on ecotoxicity of NMs in marine species 

such as bivalves, polychaetes has risen consider-

ably (up to 38% of the total published papers) 

focusing on NMs accumulation, sub-lethal ef-

fects and mechanisms of action. However, still 

major scientific gaps need to be filled. A multi-

disciplinary approach combining physico-

chemical, biological and nanoparticle-analysis 

expertise is necessary to understand: i) how does 

the marine environment into which engineered 

metal nanoparticles are released affect their 

physicochemical properties and their 

(bio)reactivity? ii) how does this interaction na-

noparticle/medium modify their ability to pene-

trate organisms (speciation, bioavailability) and 

exert toxicity? Multiple case studies will be pre-

sented on the fate and behaviour of NMs in 

coastal-estuarine environments and their toxicity 

effects using different experimental approach 

(microcosms vs mesocosms, short-term vs long 

term studies) on species which have a key role in 

the structure and functioning of estuarine ecosys-

tems.  

 

 
Figure 1: Figure illustrating the main questions 

on the environmental impacts of nanomaterials 

in marine ecosystems. 
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Abstract: 

 

Silver nanoparticles (Ag-NP) are applied to a 

wide range of consumer products due to the well-

known antimicrobial activity of Ag+. During the 

use these particles are likely to be released to the 

urban wastewater system. Due to their toxicity 

toward higher organism, they are of environmen-

tal concern.1 However, recent studies in 

wastewater systems have shown that the Ag-NP 

undergo transformations, most importantly sulfi-

dation to nanoscale silver sulfide (Ag2S-NP).2 

Ag2S is several orders of magnitude less toxic 

than metallic Ag-NP.3 

However, the reaction rates are currently un-

known and the pathways of the Ag-NP sulfida-

tion are only poorly understood. Furthermore, the 

influence of humic acid (HA) on the transfor-

mation has not been studied to date. We, there-

fore, investigated the sulfidation of Ag-NP react-

ed with bisulfide (HS-) in the absence and pres-

ence of HA and evaluated different kinetic mod-

els to describe the observed reaction kinetics. 

Citrate-stabilized Ag-NP of different sizes (20 – 

200 nm) buffered to pH 7.5 were reacted with an 

excess of HS- in the absence of HA as well as at 

HA concentrations ranging from 50 to 1000 mg 

L-1. The metallic and sulfidic fraction of Ag-NP 

after selected reaction times was determined by 

X-ray absorption spectroscopy (XAS). The me-

tallic fraction decreased faster with decreasing 

Ag-NP size and increasing HA concentration. To 

elaborate possible reaction pathways four kinetic 

models were evaluated. Results revealed that the 

experimental data were best described with a 

diffusion-limited solid-state reaction model (par-

abolic rate law). The calculated half-life times of 

the Ag-NP ranged from minutes to hours. 

Increasing sulfidation rates observed with in-

creasing HA concentrations may be explained by 

the adsorption of HA onto the Ag-NP surface 

facilitating the access of HS- to the particle sur-

face. 

To reveal the reaction pathways partially sul-

fidized Ag-NP were investigated by analytical 

transmission electron microscopy (TEM). In the 

presence of HA, initially formed concentric core-

shell Ag0-Ag2S structures developed into hollow 

Ag2S nanoparticles with increasing reaction time, 

possibly via the Kirkendall effect. In the absence 

of HA, the Ag-NP sulfidation resulted in asym-

metric Ag2S-Ag0 structures.  

Our results indicate that the sulfidation rate of 

Ag-NP is limited by the available Ag-NP surface 

and the diffusion of Ag through an Ag2S layer 

formed at the surface of the Ag-NP. 
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Abstract: 

Besides their manifold use in the fields of cataly-

sis, electronics and energy, copper oxide nano-

particles (CuO NPs) are increasingly used in a 

variety of biocide applications, such as wood 

preservation, anti-fouling coatings and agricul-

tural pesticides [1]. CuO NPs from specific ap-

plications will be directly released to the 

wastewater stream and reach a wastewater 

treatment plant (WWTP). Also, zinc oxide nano-

particles (ZnO NPs), which enter the water 

stream mainly from personal care products, will 

end up in WWTPs. The sulfidation of chalko-

phile elements, such as Cu and Zn, favored by 

the elevated concentration of bisulfide (HS-) in 

wastewater systems [2], will strongly influence 

the speciation and the bioavailability of these 

elements in (treated) wastewater. 

In this paper, we, therefore, investigate the sulfi-

dation of CuO and ZnO-NP, in the presence of 

HS- under oxic conditions buffered to pH 8. Re-

acted ZnO- and CuO-NP were collected at se-

lected time points and characterized using scan-

ning transmission electron microscopy in combi-

nation with energy dispersive X-ray (EDX) anal-

ysis.  

After a reaction time of only 15 min, CuO NPs 

already show distinct core-shell structures indi-

cating a rather rapid sulfidation (Figure 1). More 

detailed investigations of the reacted particles 

revealed a CuO-core encapsulated in a void 

which was surrounded by a CuS shell. These 

complex 3-layer structures were not observed in 

comparable experiments conducted with Ag-NP, 

where mostly central voids were observed [3]. In 

experiments conducted with ZnO NP, only a thin 

layer of ZnS formed at the surface of the ZnO-

NP after 15 min (Figure 1). The results from this 

study suggest widely different sulfidation path-

ways and probably different reaction rates for 

different metal(oxides), which have to be taken 

into consideration when assessing the fate of the 

respective NP. 
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Figure 1: STEM micrographs (left panel secondary 

electron image, right panel high angle annular dark 

field image) of CuO (A, B) and ZnO (C, D) NPs 

after 15 min of reaction time with HS-. 
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Abstract: For years, semiconductor industries 

have been using nanomaterials in a daily basis. 

Nowadays « nanos » are starting to be integrated 

in fundamental research, R&D, pilot lines and 

even in production in many other industries. Na-

nomaterials are even more present in products of 

daily provided by pharmaceutical, cosmetic, 

aeronautic, chemical, textile and food industries, 

among others. The nanoparticles are the primary 

structures of nanomaterials. The main challenges 

in their implementation are related to the rigor-

ous quality control of processes which require 

specific metrology techniques. These techniques 

leads to R&D cost management and high yield 

production security. Thus, we focus this work on 

improving the analysis of nanoparticles. 

Two standard techniques are commonly used by 

many laboratories and industries for dimensional 

characterization of nanoparticles: Atomic Force 

Microscopy (AFM) and Scanning Electron Mi-

croscopy (SEM). The main advantage from 

AFM is the topological information whereas the 

SEM provides a lateral information. These tech-

niques are complementary and the fusion of both 

measurements is an active area of research be-

cause of 1- the artifacts on raw data induced 

from each approach, 2 - the mismatch between 

the AFM and SEM images on the same location 

and 3- the difficulty of estimating the meas-

urement uncertainties due to their acquisition at 

different axes. These characteristics lead to a 

limited accuracy on the detection, location and 

quantification of nanoparticles. In this paper we 

propose a novel approach of AFM and SEM 

data fusion for the analysis of nanoparticles. Our 

proposed approach is divided in three steps. The 

first one concerns the preprocessing of the AFM 

images which show some tilt and bow introduced 

by the microscope. The main challenge is to level 

the AFM data without affecting nanoparticles as 

illustrated in figure 1. In this purpose, we devel-

oped a new algorithm and we also propose a new 

criterion to assess the quality of the leveling step. 

The second one is a new algorithm to measure 

the diameter of nanoparticles separately with 

AFM and SEM, including accurate uncertainties 

assessment. The third part is the fusion of both 

techniques to minimize the uncertainties. In this 

sense, we consider two approaches according to 

their applications. One approach is the combina-

tion of two different sets of measurements from 

AFM and SEM collected at different locations 

from the same sample. The other one is the fu-

sion of the AFM and SEM sets acquired at the 

same location. Up to now, the registration be-

tween the two acquisition techniques is not an 

evident task but this approach allows a 3D re-

construction of the nanoparticle in a traceable 

way. The results in our image data sets validate 

the combination of AFM and SEM with defined 

uncertainties for the analysis of nanoparticles. 

We conclude that the proposed approach based 

on the fusion of AFM and SEM could increase 

the accuracy of nanomaterials analysis. 

Keywords: nanometrology, AFM, SEM, data 

fusion, hybrid metrology, accuracy, uncertain-

ties, nanoparticles 

 

Figure 1: Figure illustrating raw AFM image of 

nanoparticles and the same image after an auto-

mated levelling step. 
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Abstract: 

Physicochemical factors (e.g. pH, I, chelators) 

are known to affect silver nanoparticles (AgNPs) 

stability in aqueous solution. In particular, or-

ganothiols1 have been shown to induced either 

their surface dissolution and/or their aggregation. 

However, a simultaneous quantification of both 

processes for polydisperse suspensions can be 

limited by artefacts arising from the use of sim-

ple techniques and methods. Those include (i) 

Changes in surface plasmon resonance (SPR) 

signal operating during surface adsorption of 

chelators and aggregation of AgNPs2 for the 

quantification of dissolution the process (ii) 

Overestimation of hydrodynamic radii using 

light scattering techniques2,3 (iii) Difficulty in the 

separation of the dissolved, nanoparticulate and 

aggregate silver forms by classical fractionation 

techniques. The use of hyphenated techniques 

able to do so such as asymmetrical flow field-

flow fractionation (AF4), in combination to on-

line detectors whom give the size (Multi Angle 

Laser Light Scattering (MALLS) and the quanti-

ty of associated  metals (ICP-MS), is thus very 

promising. In this study, the effect of glutathione 

(GSH), D-penicillamine (D-Pen) and L-cysteine 

(Cys) on AgNPs stability was quantified by the 

use of AF4-UVD-MALLS-ICP-MS. Some ana-

lytical details regarding the limitation of the 

technique are given (e.g. membrane interaction, 

ICP-MS detection; influence of intrinsic SPR 

signal on gyration radii determination by 

MALLS). The results are compared to micro-

graphs of suspensions obtained by cryo-TEM 

(Figure 1) and the complementarity of both tech-

niques to assess the fate of AgNPs is further dis-

cussed. 

Keywords: AgNPs dissolution, AgNPs aggrega-

tion, AF4-ICP-MS, Cryo-TEM. 

 

Figure 1: Examples of AgNPs suspension mi-

crographs recorded on TEM Osiris FEI after (A) 

dry deposition or (B) cryo-fixation; and (C) AF4 

fractograms of disperse AgNPs samples record-

ed by ICP-MS for 107Ag  silver isotope . 
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Abstract: 

The European Commission’s recommendation 

for a definition of a nanomaterial requires the 

determination of primary particles sizes of the 

materials under investigation. Electron micros-

copy is commonly referred to as the confirmatory 

method for particle size distribution determina-

tion. However on complex nanoparticle agglom-

erates and aggregates it is difficult to identify the 

primary particles. In this study, an automatic 

determination of particle sizes with complex ag-

gregated samples is proposed to derive a reliable 

number based particle size distribution. As a 

proof of principle, a sample of Fe2O3 nanoparti-

cle aggregates embedded in high density polyeth-

ylene matrix was used. Different sample prepara-

tion methods, such as cryo-microtomy and fo-

cused ion beam milling, were applied. Electron 

tomography was performed to compare the seg-

mentation of the 2D micrographs to the recon-

structed 3D structure.A custom made particle 

analysis software was used to identify primary 

particles. 

The comparison of the segmented 2D images 

with the reconstructed 3D particles revealed sub-

stantial limitations of the segementation algo-

rithms. Most reliable results were obtained, when 

using the so-called ‘single particle mode’, in 

which only non-agglomerated (primary) particles 

are considered.  

Keywords: nanoparticles, iron oxide, particle 

size distribution, electron tomography, agglom-

erates, aggregates, TEM 

 

 

Figure 1: 2D segmentation results as compared 

to the 3D Fe2O3 aggregates visualized as trian-

gulated surfaces. The left images are positioned 

approximately on the same projection direction 

as the original 2D images. The right-hand imag-

es are vertically rotated anti-clockwise 150º de-

grees 

 

 

Figure 2: STEM dark field image of the Fe2O3 

nanoparticles with segmentation results using the 

single particle mode and the particle size distri-

bution with mean and median feret min values. 
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Abstract: 

Plants are directly exposed to natural and engi-

neered nanomaterials (ENMs) in the atmospher-

ic, terrestrial and aquatic compartments, which 

potentially leads to phytotoxicity, accumulation 

and transfer in the food chain [1, 2]. As an ex-

ample, the application of sewage sludge on agri-

cultural soils that contain manufactured Ag NPs 

[3] exposes plants to these ENMs. Although 

plants are essential components of eco- and agro-

systems, knowledge about Ag-ENM-plant inter-

actions is scarce.  

One major reason for this lack of knowledge is 

the difficulty of characterizing ENM in plant 

tissues without disturbing the sample. Most of 

available techniques are highly invasive and need 

extensive sample preparation which can lead to 

measurement artifacts. As an example, transmis-

sion electron microscopy requires fixation, stain-

ing, drying, resin embedding, and microtoming 

before visualization. Here, we present how X-ray 

computed tomography (CT) can provide 3-

dimensional information to better understand 

ENM uptake, translocation in plants, and phyto-

toxicity with minimal sample preparation. The 

combination of both micro- and nano- resolved 

X-ray CT has allowed to semi-quantitatively 

analyze the nanoparticle accumulation and dis-

tribution in plants as well as anatomical respons-

es when plants are exposed to ENMs at subacute 

exposure concentrations. Three studies will be 

presented including M. sativa., A. thaliana and 

T. aestivum exposed to Au, Ag, and Ag2S 

ENMs. 

 

Keywords: Nanomaterial-plant interactions, bi-

oaccumulation, bioavailability, internalization, 

micro- and nano- X-ray computed tomography. 

Ag, Au and Ag2S nanoparticles. 

 
 

Figure 1: 3D image of the root of a wheat plant 

exposed to Ag2S-ENMs. Bright dots correspond to 

the denser material identified as Ag using other 

complementary techniques. Root diameter is 300 

µm.  
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Abstract: Atomic force microscopes (AFM) are 

instruments for the measurement of topographic 

surface features in the nanoscale. Nanoscale sur-

face features are reconstructed through scanning 

the surface by silicon cantilevers. The main 

drawbacks of conventional AFMs are mainly 

design constraints due to the size of the optical 

deflection measurement system, the difficulty of 

alignment of the laser spot focused on the canti-

lever backside and the limited scanning range. 

The recent use of self-sensing piezo-resistive 

cantilevers has led to the development of self-

sensing and self-actuating cantilevers and elimi-

nated the need for the optical deflection meas-

urement [3]. To overcome the limitation on the 

measurement range, a new measuring system has 

been developed where a piezo-resistive sensing 

active (PRSA) cantilever is integrated into a na-

nomeasuring machine (NMM-1) which extends 

the lateral scanning area up to 25 mm by 25 mm 

( Figure 1). Factors affecting performance and  

accuracy of the developed AFM-system have 

been investigated and compared to other long-

range AFM-systems [4,2,5,1]. The integrated 

system was successfully used for measuring a 

glass scale with a spacing of 8 µm and 100 nm 

feature height and a standard step height of 

119 nm height and 5 µm step width. The system 

resolution and measurement repeatability have 

been investigated. 

Keywords: Nanometrology – Atomic Force Mi-

croscopy (AFM) – Self-Sensing Cantilever - Na-

nomeasuring Machine (NMM) 

 
Figure 1: The new AFM system is illustrated. A 

self-sensing piezo resistive cantilever using the 

Electro-mechanical setup is integrated into the 

Nano-Measuring Machine (NMM-1). 
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Abstract: 

Zinc oxide nanoparticles are one of the most eye 

catching among the recent nanotechnological 

research(1). Fluorescent metal nanoparticles 

(ZnO) have been proved to be a key tool for dif-

ferent biotechnological research because of its 

vast application like drug targeting and cellular 

trafficking.  Zinc oxide nanoparticles are gener-

ally synthesized by different methods and used 

by tagging with fluorescent dye or antibody. 

Moreover these nanoparticles are less stable and 

have short life span. In current work, we have 

synthesized novel fluorescent zinc oxide nano-

particles using green synthesis method where the 

plant extract has been used as a reducing as well 

as stabilizing agent in the synthesis(2). These 

fluorescent zinc oxide nanoparticles bear fluo-

rescent property permanently and have capacity 

to be used for many biotechnological applica-

tions. Moreover, green synthesis method have 

advantage over conventional method involving 

chemical reducing agent often associated with 

environmental toxicity. The synthesized nanopar-

ticles were characterized by UV-Visible Spectro-

photometry(UV-VIS), Dynamic Light Scattering 

(DLS) ,Fluorescent microscopy and Scanning 

Electron Microscope(SEM). Further, we have 

investigated the antibacterial and cytotoxic effect 

of these nanoparticles against bacterial cell 

(E.coli) and mammalian cell line (HCT116) re-

spectively. The results were satisfactory and 

found to be open new dimension in synthesis and 

application of fluorescent nanoparticle. 

Keywords: Fluorescent ZnO nanoparticles; an-

tibacterial effect; Cytotoxicity ,biomedical appli-

cations, Antibacterial effects. 

 

Figure 1: Figure illustrating a novel and green 

way of preparing  fluorescent Zinc oxide nano-

particles with help of natural flora . A illustra-

tive way is presented presenting the characteri-

zation of nanoparticles and their probable use in 

particle trafficking as a biological application. 
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Abstract: 

The presence of antibiotics in aquatic environ-

ments has been recognized as an issue warrant-

ing consideration. Increasing concerns have been 

raised regarding the potential risks of antibiotics 

to human and ecological health due to their ex-

tensive use. More efficient and cost-effective 

adsorbents are urgently needed and are the focus 

of intense research effort. Previous studies have 

demonstrated that carbon nanotubes can be used 

as effective adsorbent materials to remove organ-

ic contaminants [2]. 

 

In this study, magnetic multi-walled carbon 

nanotubes (MMWNTs) were synthesized from 

iron salt solution [3]. Pristine, oxidized and mag-

netized MWNTs were characterized by scanning 

electron microscopy (SEM), Fourier transform 

infrared spectroscopy (FT-IR), and X-ray dif-

fraction (XRD). The three solid samples were 

then investigated for the adsorption of doxycy-

cline antibiotic (DOX) from aqueous solutions. 

The influence of adsorbent mass, contact time, 

the temperature and the pH on the adsorption of 

DOX on the three types of solids was investigat-

ed by conducting a series of batch adsorption 

experiments. The equilibrium data at different 

temperatures were fitted with the Langmuir, 

Freundlich, Tempkin, Redlich-Peterson models. 

Adsorption results showed that the maximum 

percentage removal of DOX from aqueous solu-

tion by pristine, oxidized and magnetized 

MWCNT’s were 99.39%, 78.79% and 94.68% 

respectively. 

 

Our results indicate that surface properties and 

aqueous solution chemistry play important roles 

in DOX adsorption on MWCNTs.  

 

 

 

 

Keywords: adsorption, pristine MWCNT, oxi-

dized MWCNT, magnetized MWCNT, water 

treatment, antibiotics, doxycycline, multi-walled 

carbon nanotubes, nanotechnology 
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Abstract: 

Multi-functional thin films are attracting much 

attention because of their wide potential applica-

tions in energy and environmental applications. 

In this talk, we will present our recent efforts 

towards self-cleaning antireflective thin films for 

solar energy utilization, including superhydro-

philic, superhydrophobic and superamphiphobic 

antireflective thin films. The multifunctional thin 

films not only show high transmittance and self-

cleaning function, but good mechanical strength 

as well. These unique characteristics endow the 

multifunctional thin films with great potential for 

solar energy utilization, such as varied solar 

cells. 
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Abstract: 

The Indium Gallium Nitride III-N alloy has the 

required potentialities to be a material of choice 

used in the next generation high efficiency solar 

cells. Indeed, the mere change in its Indium com-

position allows its absorption to cover the whole 

solar spectrum. One of InGaN main challenges 

remains today its p-doping. We therefore pro-

pose a comparative study between PN and PIN 

thin films structures, alongside new Schottky 

based designs which allow the removal of the 

difficult p-layer.  

A mathematically rigorous multi-criteria struc-

ture optimization associated to a 2D simulation 

based on actually measured physical parameters 

and precise models lead to theoretical efficiencies 

of 17.8%, 19.0%, 18.2% and 19.8% respectively 

for the PN, PIN, Schottky and a new proposed 

Metal-IN (MIN) Schottky based structure. Fig-

ure 1 shows the current-voltage characteristics of 

the optimal MIN solar cell, the Schottky one be-

ing shown for comparison purposes. The toler-

ance that is allowed on each parameter for each 

of the proposed cells has been thoroughly stud-

ied. These studies have shown that the new MIN 

structure exhibits high fabrication tolerances. 

This is particularly true for the n-doping of its n-

layer, which can be raised enough, without loss 

of efficiency, to realize good low resistance ohm-

ic contacts. 

Therefore, these new InGaN Schottky Based So-

lar Cells (SBSC) are shown to be efficient and 

tolerant alternatives to the conventional struc-

tures, allowing the removal of the p-type doping 

of InGaN while giving photovoltaic (PV) per-

formances comparable to the highest reported 

thin films Solar Cell efficiencies. 

Keywords: Solar Cell, Photovoltaics, Thin 

Films, InGaN, Schottky, Simulation. 

 

 
 

 
Figure 1: Current-voltage characteristic for the 

InGaN MIN solar cell compared to the Schottky 

one. 
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Abstract: 

The expensive fabrication processes and materials 

for crystalline Si solar cells limit the wide applica-

tion of photovoltaics. The fabrication of p-n junc-

tions for Si involves furnace diffusion, which is ex-

pensive and requires very high temperatures (∼ 1000 

°C). Therefore, hybrid solar cells that combine semi-

conductor and conjugated polymers at low tempera-

tures provide an alternative to simplify the fabrica-

tion processes and reduce costs (Chen et al., 2013, 

Lin et al., 2015). The conjugated polymer called 

PEDOT:PSS is the most widely used organic mate-

rial for hybrid solar cell devices. PEDOT:PSS is 

transparent, conductive (1000 S/cm), and can pro-

duce a heterojunction with semiconductors. Thus, 

the efficiency of the hybrid 

PEDOT:PSS/semiconductor solar cell is comparable 

with a conventional semiconductor p-n junction so-

lar cell in principle. With a recent record of GaAs p-

n junction solar cell achieving 28.8%, 

PEDOT:PSS/GaAs hybrid heterojunction solar cell 

can offer an alternative route to provide more af-

fordable solar power than current semiconductor 

technology. Herein we demonstrate the fabrication of 

a wafer-scale solution-processed PEDOT:PSS/GaAs 

thin film solar cell by using wafer bonding and 

chemical wet etching techniques. Figure 1 shows the 

schematic of the wafer-bonded GaAs thin film on a 

conducting Si substrate. An Al back contact was 

deposited on the substrate. A thin layer of 

PEDOT:PSS was spin-coated on the sample to form 

a p+-n heterojunction. Finally 100 nm-thick Al front 

electrodes are thermally evaporated through a pat-

terned shadow mask which contains one bus bar 

connecting several finger electrodes. The best thin 

film hybrid solar cells reached an excellent power 

conversion efficiency of 8.93% when an additional 

p+ Al0.3Ga0.7As epi-layer is deposited on the surface 

of the solar cells to provide a front-surface field 

(Figure 2). However, we uncovered that the bonding 

materials was able to diffuse into the GaAs thin film 

during the wafer-bonding stage, which led to the 

decrease in efficiency. Dependence of the cell effi-

ciency on GaAs thin film thickness was also investi-

gated. GaAs-based hybrid solar cells are promising 

for thinning process due to the combined advantages 

of high absorption in inorganic semiconductors and 

large-area solution process in organic materials. 

Keywords: hybrid, heterojunction, solar cell, wafer 

bonding, thin film, front-surface field, back-surface 

field. 

 

 

 
Figure 1: Illustration of the wafer-bonded GaAs thin 

film on Si. 

 
Figure 2 J-V characteristics of the 

PEDOT:PSS/GaAs thin film solar cells. Our best 

device shows a Voc, Jsc, FF, and conversion efficien-

cy of 0.722 V, 15.83 mA, 0.781, and 8.93, respec-

tively. 
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Abstract: 

Organometallic lead-halide perovskites, such as 

methylammonium (MA) lead iodide (MAPbI3), 

have attracted new interest in the past few years 

as promising light harvesting materials with the 

solar conversion efficiency already exceeding 

20% [1]. The organic cations play an important 

role in determining the structural, electronic and 

optical properties of organometallic perovskites. 

For example, orientational rotation of the cations 

results in dynamic direct-to-indirect transition in 

the band gap, which suppresses considerably the 

charge carrier recombination [2]. In addition, 

ferroelectric domain walls can be formed due to 

the permanent dipole moment of the MA mole-

cules, which can assist separation of electrons 

and holes and reduce their recombination due to 

charge segregation [3, 4]. Despite recent exten-

sive research, the role of organic cations in 

defining the excellent photovoltaic performance 

of these materials is not, however, fully under-

stood. In this work we used first-principles densi-

ty-functional theory in combination with the 

nonequilibrium Green’s function formalism to 

study the electronic transport properties of 

MAPbI3 in different ferroelectric states. We con-

sider the cubic crystalline phase of MAPbI3 in 

order to reduce the structural changes induced by 

the organic base. Electronic transport in homo-

geneous ferroelectric or antiferroelectric phases 

both of which do not contain any charged domain 

walls is quite similar (Fig. 1). However, the elec-

tronic transport in the system can be increased 

by an order of magnitude along the charged do-

main walls. Such an enhancement of electronic 

transport originates from smaller variations of 

the electrostatic potential profile along the do-

main walls, whereas the effect of internal octahe-

dral reorganization is negligibly small in this 

crystal phase of the material. This fact may pro-

vide a tool for tuning transport properties of such 

hybrid materials by manipulating molecular cati-

ons having dipole moment. 

 

 

We also present results on the electronic 

transport and optical properties of all-inorganic 

perovskite material CsPbI3. Effect of bulk water 

on the charge carrier dynamics in organometallic 

halide perovskites will also be discussed. 

Keywords: Lead-halide perovskites, organic 

cations, solar cells, density-functional theory, 

electronic transport, domain walls. 

 
Figure 1: Current-voltage characteristics of MAP-

bI3 for different orientations of the MA molecules. 

Insets: device geometries: cubic lattice structure of 

organometallic perovskite MAPbI3 for different ori-

entations of the organic molecules. Periodic bound-

ary conditions are applied along the x- and y-

directions and electronic transport occurs along the 

z-direction through the metallic electrodes. Arrows 

indicate the direction of the dipole moment of the 

organic cations. 
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Abstract: 
Organic–inorganic hybrid perovskites (in par-

ticular CH3NH3PbX3, where X = I, Br, Cl ) solar 

cells are attracting more intesests due to their 

increasing power conversion efficiency (PCE) 
as results of the broad absorption, large carrier 

diffusion length, suitable for large scale pro-

cessing, etc[1]. Now the certified PCE of perov-
skite solar cells has increased by several folds in 

a few years to above 20%[2]. In both planar and 

meso-porous structured perovskite solar cells, 
charge transporting materials play critical roles 

in the extraction and collection of photo-excited 

carriers. Specificly, it is still challenging to de-

velop low cost and environmental friendly hole 
transporting materials (HTMs), which are key 

for effectively extracting holes from the perov-

skite layer while preventing electrons from re-
combination. Recently, we have demonstrated 

that Cu2O thin films could serve as an efficient 

HTM for efficient perovskite solar cells[3]. 
Here, we further declare that the PCE can be 

improved by modifying the surface of Cu2O 

with a small molecule with bifunctional groups, 

Glycine. 
Cu2O is a typical p-type semiconductor, and has 

merits such as low cost, chemical and thermal 

stability, as well as high work function. As a 
result, Cu2O has potential applications in photo-

electrochemistry, magnetoelectrics and super-

conductor, etc. In this research, we confirmed 

that Glycine modified Cu2O thin films can im-
prove the power conversion efficiency (PCE), 

which might due to the optimized surface mor-

phology (see Figure 1. AFM images), interfa-
cial energy level bending, strengthened elec-

tronic coupling. Our results showed that surface 

modification of HTM layer is an effective pro-
cess for making efficient perovskite solar cells. 

This method is simple, suitable for large scale 

processing and easy to control thickness. The 

optical and electrical properties of Cu2O films 
(before and after modification) were systemati-

cally characterized. Our findings strongly sup-

port that transition metal oxide, in case of Cu2O 
here, are promising inorganic HTMs for indus-

trial-scale solar cell applications, and surface 

modification will be necessary for achieving 
higher performance. 

Keywords: perovskite, solar cell, hole trans-

porting materials, copper oxide, surface modifi-

cation, photovoltaics. 
 

 
Figure 1. a) The AFM image of Cu2O layer; b) 
The AFM image of Cu2O layer after modifying 

with Glycine. 
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Abstract: 

The urgent needs of world to replace fossil fuels 

with renewable energy sources in order to reduce 

the amount of greenhouse gases strong-ly  moti-

vates research in the field. Photovoltaic solar 

cells is one potential solution. In the dye sensi-

tized solar cells (DSSCs), photo absorption in-

duces charge excitation in the dye, which later is 

transferred to the TiO2 substrate. The TiO2 is 

nano structured in order to adsorb maximal 

amount of dye and maximize the photo absorp-

tion. Also, aggreagation of dye into large clusters 

or multilayer films leads to reduced efficiency. 

Simply, adsorption, bonding and (mono) layer 

formation of the photo sensitive dye is crucial 

and much work has been put into detailed under-

standing of these interfaces [1]. However, one 

essential issue is how to relate work done under 

realistic conditions with work done under ultra 

high vacuum (UHV). In this work we compare 

thin layers of dye deposited from a dilute liquid 

solution with deposition through sublimation in 

UHV. We use synchrotron based x-ray photoe-

lectron spectroscopy (XPS) to evaluate the sub-

limated thin films and to compare with samples 

prepared in solution. Further, the amount of ad-

sorbed dye in solution was monitored by quartz 

crystal microbalance (QCM) in-situ liquid until 

reaching the monolayer. The structure and me-

chanical properties of the dye film was investi-

gated by atomic force microcopy (AFM) in the 

peakforce quantitative nanoscale mechanical  

(QNM) mode. Results from QCM shows a nice 

Langmuir adsorption in solution. The XPS com-

parison shows that the sublimated films and the 

solution made ones are very similar. Thus, UHV 

studies can be relevant for understanding realis-

tically prepared samples.  

Keywords: QNM AFM, XPS, QCM, DSSCs 

and UHV 

 

 

 

 

Figure 1: a, b) shows the mass changes due to 

adsorption of a) TPA-C ,b) MP13 on TiO2 

QCM-D sensor and c) shows the mass changes 

of both dye vs the concentration of dye in the 

solution. 
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Abstract:  

The purpose of this study is to investigate the 

feasibility of the applications of the thermos-

material (TM), and photo-thermoelectric material 

(PTEM), thereof, to be the thermal photovoltaic 

material (TPM) or photoelectric material (PEM) 

for photoelectrochemical solar cell (PECSC).  In 

this study, the macro molecular zeolite (Santa 

Barbara Amorphous 15 (SBA-15) and Nanorod 

molecular sieve (Octahedral manganese potassi-

um cryptomelane, K-OMS-2) (Figure 1) were 

fabricated and the simulated thermos-reactor can 

be offered as the light heat source with feasible 

temperature for target conversion as well as 

evaluation of thermos-current parameter of ther-

moelectric figure of merit (TFOM). Furthermore, 

PTEM process was also used to test the photo-

current production curve (I-V curve) from 

PECSC. At the same time, SBA-15 and SBA-

15/K-OMS-2 as the electrode of PECSC, named 

as SPECSC and SKOPECSC, were also set to 

test the opne-circuited output voltage (Voc), 

short-circuited output current (Isc), fill factor 

(FF) and maximum output power (Pmax) as well 

as evaluated and discussed. The operation pa-

rameters and influential factors, for example, the 

temperature of PTEM, type and intensity of in-

door light radiation (BLED, WLED and 

UVLED), fabrication method of PECSC, coating 

type etc. were carried out, meanwhile, the char-

acteristic analyses (EA, TEM-EDS, XRD, 

F E G -TEM, XPS, FTIR, NMR, etc.) of SBA-

15 and K-OMS-2  were also examined in order 

to find the optimum conditions for the most ef-

fective material and treatment method in the in-

door light recovery utilization. 

 

Keywords: Photoelectric and Photothermoelec-

tric material, photoelectrochemical solar cell, 

SBA-15, K-OMS-2, UVLED. 

 

 
Figure 1: Figure illustrating the TEM images of 

K-OMS-2 : 38,000x. 
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Abstract:  

There is a global trend towards reducing the 

thickness of the silicon wafers used in the manu-

facturing of solar cell panels. This will result in 

the improvement of the electrical efficiency of 

the panel on one hand, and on the other there is 

the reduction in cost as it was found that nearly 

half of the manufacturing cost of the panel could 

be attributed to the silicon wafer (Soon-gil et al., 

2010). A silicon panel has the silicon wafer in 

the middle along with a silver paste screen print-

ed on the front side and similarly an aluminium 

one on the back side of the wafer. The co-firing 

of both pastes at high temperature up to 900oC 

for a short time is done in order to fix both met-

als to the wafer at both sides so that after co-

firing both metals constitute the cell positive and 

negative electrodes. A problem arises because of 

this high temperature process, which together 

with the later soldering of the cells to assemble a 

module, causes the bowing of the solar cell. This 

bow is mainly due to the difference of the coeffi-

cient of thermal expansion (CTE) of the back 

side Al paste and the Si wafer. Silicon has CTE 

= 2.6 x 10-6 oC-1, while Al has CTE = 22.2x10-6 
oC-1, meaning that for a given increase of 1 oC in 

temperature,  Aluminum will expand around 8.5 

times more than the Silicon wafer to which it is 

attached, thus bowing will result as one side tries 

to stretch more than the other constraining it.  

The aim of this research is to replace the alumi-

num paste with another material with a lower 

CTE thus minimizing the bowing problem. 

Keywords:  Carbon nanotubes, Coefficient of 

Thermal Expansion, Solar Panel, Bowing prob-

lem, Aluminium Paste 

 

 
Figure 1: SEM cross sectional image of a sili-

con wafer coated with Al-10wt%CNT paste. 

 

The proposed replacement is a nanocomposite, 

using Aluminum as the matrix and multi-walled 

carbon nano-tubes (CNT) as the filler. Several 

samples were prepared with different proportions 

of CNT, 2% CNT-Al, 5% CNT-Al and 10% 

CNT-Al. The CTE of these samples were meas-

ured using a dilatometer, the results contrasted 

against 2 control samples: Milled and Unmilled 

Aluminum. It was shown that adding CNTs to 

Aluminium resulted in a reduction of the CTE by 

2.7%, 12.7% and 18.6% for the 2%, 5% and 

10% CNT-Al composites respectively. CNT-Al 

composite pastes were printed on the wafers us-

ing a spin coater, and then were fired at 160oC. 

The bow and warp were measured using a Wafer 

Geometry Gauge device. It was found that the 

CNT-Al pastes led to a reduction in the warp 

developed.  

References:  

Soon-gil Kim, In-jae Lee, Kim, S., Jun-phill 

Eom, Jin-gyeong Park, Sun-mi Lee, . . . Joo-won 

Lee. (2010). Enhancing the solar cell efficiency 

with optimized metal paste, IEEE-NANO, 2010, 

1151-1155. 

189



Co-based mesoporous spinels for oxygen evolution reaction 
in alkaline medium 

A. Habrioux,1,* I. Abidat,1 C. Canaff,1 D. Dambournet,2 J. Rousseau,1 O. Borkiewicz,3 C. Morais,1 C. 

Comminges,1 T. Napporn,1 K.B. Kokoh1  

1 University of Poitiers, IC2MP UMR-CNRS 7285, 4 rue Michel Brunet, B27, TSA 

51106, 86073 Poitiers Cedex 9, France 
2

 CNRS, UMR 8234, PHENIX, F-75005, Paris, France 
3

 X-ray Science Division, Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 

60439, USA 
 

Abstract: 

Stabilization of atmospheric CO2 amount in the 

upcoming years requires a transition towards a 

new energetic grid involving the large scale use 

of renewable resources. As these energies are 

intermittent, it is required to implement costly 

effective and efficient electricity storage systems. 

These latter systems will allow converting inter-

mittent renewable energies into sustainable ener-

getic vectors (hydrogen, electron). For this pur-

pose, the oxygen evolution reaction (OER) plays 

an important role. OER possesses a sluggish ki-

netics that can be enhanced by using a catalyst 

exhibiting reliable surface composition and mor-

phostructural properties. Additionally, in order to 

limit the use of scarce noble metals, the synthesis 

of efficient 3d transition metal oxide-based cata-

lysts is of interest. These materials are indeed 

known to be capable of improving the OER ki-

netics in alkaline medium. The activity and sta-

bility of such materials are intimately related to 

their morphostructural properties. In this way, 

the synthesis of well-defined catalysts is of ut-

most importance and can be performed using 

nanocasting approach. In this presentation, oxy-

gen deficient MxCo3-xO4-δ (where M = Ni, Mn) 

materials have been synthesized by replicating 

ordered mesoporous silica templates (KIT-6, 

SBA-15). The activity of these materials towards 

OER (Figure 1) has been correlated with their 

chemical composition and morphostuctural prop-

erties. A particular attention has been carried out 

to restructuring phenomena occurring upon po-

tential cycling. For particular chemical composi-

tions, it was shown that the formation of a very 

active surface layer was responsible for improv-

ing the catalytic activity of the catalysts towards 

the OER. 1 

Keywords: mesoporous silica, oxygen evolution 

reaction, nanocasting, surface restructuring 

 

 
Figure 1: A) Low-magnification transmission 

electron microscopy image of NiCo2O4-δ catalyst 

obtained by replicating a KIT-6 mesoporous sili-

ca template. B) Polarization curves obtained with 

mesoporous Co3O4-δ, NiCo2O4-δ and MnCo2O4-δ 

oxides synthesized using nanocasting technique 

(KOH 0.1 mol L-1, 20 °C). Scan rate = 5 mV s-1 
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Abstract: 

Sunlight energy conversion throughout exciton 

dissociation in nanoscale systems (e.g. nanopar-

ticles, nanowires, tetrapods, hierarchical struc-

tures, etc.) is a valuable alternative to carbon-

based sources for green and low cost power gen-

erators. Yet, the shrinking of the solar cell di-

mensions causes relevant problems, especially 

for the local thermal dissipation that limits the 

efficiency of photovoltaic systems. On the con-

trary, thermophotovoltaic converters, which di-

rectly convert the energy of photons emitted by a 

thermal source into electrical energy, are limited 

to photons with energy above the bandgap, thus 

reducing the range of solar spectrum available 

for photoconversion. The design of mixed archi-

tectures that could positively exploit both light 

and heat con-version would represent an im-

portant step forward in the realization of more 

efficient devices. Particularly promising are re-

cent prototypical systems that couple a plas-

monic heater to a thermoelectric device [1] for 

the realization of power generators (Fig. 1). 

Here, using calculations from first principles, we 

demonstrate that In-doped ZnO nanowires [2] 

exhibit the unique property of being simultane-

ously thermoelectric transparent conducting ox-

ides (TCOs) [3] and low-loss plasmonic materi-

als in the near-IR and visible range [5]. The 

analysis of their geometrical and optoelectronic 

properties shows that In doping does not perturb 

significantly the structure of the nanowire, while 

gives rise to a good electrical conductivity. The 

calculated charge density injected into the con-

duction band of the host (> 1019 cm−3) is suffi-

cient to sustain a surface-plasmon excitation, 

whose energy decay could generate a tempera-

ture gradient in the wire. This effect, coupled 

with the quenching of the thermal conductivity 

due to surface scattering and the enhanced ther-

moelectric figure of merit with respect to the 

bulk material, establishes the potential of In-

doped ZnO nanowires as novel nanostructured 

energy converters in the form plasmon-

heater/thermoelectric generators [2]. 

Keywords: transparent conducting oxide, ther-

moelectric materials, plasmonics, power genera-

tors, nanowires, In-doped ZnO, first principles 

simulations. 

 

Figure 1: Schematic model of a coupled surface-

plasmon/thermoelectric power generator based 

on ZnO nanowires.. 
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Abstract: 

Choosing the best cathode material used in a Li-

ion battery is one of the most crucial issues in 

achieving higher energy densities, since the ener-

gy density is directly correlated to the specific 

capacity associated with that cathode material 

[1]. Conversion based cathode materials tend to 

exhibit substantially high capacities, due to the 

fact that essentially all the possible oxidation 

states of the compound during the redox reaction 

can be used. Transition metal fluorides have re-

cently been investigated as potential cathode ma-

terials because of their high electronegativity. [2]  

However there are very few studies on NiF2 

based conversion cathode materials in terms of 

the conversion mechanism and electrochemical 

properties, due to its poor electrochemical prop-

erties compared to other metal fluorides [3, 4]. It 

has been recently demonstrated that NiO doped 

NiF2 exhibited slightly higher conversion poten-

tial and better reversibility due to the doping of 

NiO phase, presumably due to the relatively high 

electronic conductivity. The nucleation sites of 

Ni were reduced by the presence of the NiO 

phase in NiF2 and the kinetics of conversion re-

action involving the nucleation and growth of Ni 

particles was enhanced in NiO-doped NiF2 [4]. 

In this study, NiF2 metal fluorides have been 

prepared by an original route where nickel nano-

particles are fluorinated under pure molecular 

fluorine gas. Managing the fluorination condi-

tions allows to control the amount of fluorinated 

nickel and to get partial conversion of nanoparti-

cles of nickel into NiF2. For such purpose, Ni 

nanoparticles of median diameter of 50 nm were 

purchased and fluorinated at temperatures 

ranged in between room temperature and 450°C.  

It was then possible to get different proportions 

of NiF2 shell onto Ni core. The structure of Ni-

doped NiF2 was investigated by X-ray diffraction 

(XRD) and the texture by transmission electron 

microscopy (MET) (Figure 1).  

 

Figure 1: TEM images of pristine Ni nanoparti-

cles a), fluorinated at 200°C b) and fluorinated 

at 300°C c) 

Structural data obtained by XRD combined with 

the weight uptake evolution got at the end of the 

fluorination show first the progressive formation 

of a NiF2 shell which appears as amorphous until 

250°C i.e. a weight percentage of NiF2 lower 

than 24%. Then, the proportion of NiF2 and Ni 

phases becomes only the same by XRD and 

weight uptake as soon as the NiF2 phase is per-

fectly crystallized i.e. for fluorination tempera-

ture higher than 400°C. The coherence lengths of 

each phase evolve with the fluorination tempera-

ture. 

Finally, performances got by galvanostatic 

measurements on thoses materials used as elec-

trode in secondary lithium battery are different 

owing to the nanostructure and very promising. 

Keywords: nanomaterial, core-shell particle, 

fluorination, nickel fluoride, secondary lithium 

battery. 
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Abstract:                                                                                    

To produce hydrogen by water splitting, a 
photocatalyst must be used to dissociate water 

into hydrogen and oxygen under solar 

irradiation. As photocatalyst, iron oxide and 
copper oxide were chosen because they have 

relatively narrow band gaps (2.2 eV), which 

gives them the advantage of harvesting a larger 

part of the visible spectrum compared with other 
oxides like TiO2. But on the other hand, the 

positions of their band gaps are not suitable to 

produce hydrogen and oxygen simultaneously, 
because these two semiconductors (p-type for 

CuO and n-type for Fe2O3) have band gaps with 

one positive edge below 1.23 eV. The solution 
proposed here is to use quantum size effects to 

extend the band gap so as to get it spanned over 

the reduction and oxidation water potentials and 

thus, to produce hydrogen and oxygen 
simultaneously. Quantum size effects occur only 

in very small nanowires, with diameters smaller 

than ~3 nm. To elaborate these nanostructures, 
we used a micro-afterglow produced 

downstream an argon-oxygen microwave plasma 

at atmospheric pressure. The micro-afterglow is 
a very oxidizing medium for it contains 

concentrations of oxygen atoms of a few 1014 

cm 3 and a high concentration of excited oxygen 

molecules like O2(a
1Δg). The presence of these 

species at moderate temperature can discriminate 

the growth rates of iron oxide along different 

directions, which promotes the emergence of 
nanostructures. The elaborated nanostructures, 

grown on pure iron and pure copper samples, 

were too large to exhibit quantum size effects 

but the differences in their morphologies guided 
us to mix them. Modifications in the growth 

mechanism of nanostructures were thus 

expected, making us capable of modifying the 
nanostructures sizes by tuning alloy 

compositions. Mixtures of copper and iron either 

as alloys or as stacks of layers  
 

gave outstanding results after oxidation, making 

it possible to control the morphologies of thus-
grown nanowires and to decrease their diameter 

down to 5 nm. 

Keywords: Nanowires, water splitting, 
photocatalyst, plasma, afterglow, quantum 

confinement.  
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Abstract: 

We study interactions between up-converting 

nanocrystals and Poly(9,9-dioctylfluorene-alt-

benzothiadiazole) (F8BT) polymer, which is one 

of the most commonly used bulding block in bulk 

heterojunction solar cell [1]. The promising can-

didates for sensitizing organic solar cells to in-

frared radiation are up-converting materials 

[2,3], however this requires developing condi-

tions for energy transfer to occur between these 

nanostructures. We report on single fluorescence 

microscopy of colloidal up-converting NaYF4 

nanocrystals (20-nm-large) doped with rare-earth 

ions (Er3+ and Yb3+) [4] mix with the F8BT pol-

ymer. We also prepared a sample containing only 

the NaYF4:Er3+/Yb3+ nanocrystals with identical 

concentration as a reference sample.  To ena-

bling energy transfer between nanostructured one 

of the emission bands of the nanocrystals (cen-

tered at 550 nm) overlaps with the absorption of 

the F8BT polymer. For excitation we used solid-

state near infrared laser (980 nm).  The 

nanostructure containing nanocrystals mixed 

directly into the F8BT layer, was studied by 

means of high-resolution luminescence micros-

copy, both in continuous-wave and time-resolved 

modes.  We demonstrate that energy transfer is 

efficiently transferred from the nanocrystals to 

polymer by probing luminescence properties of 

individual nanocrystals. The life-time of nano-

crystal emission decreases for nanocrystals em-

bedded in F8BT polymer as compared to a refer-

ence sample, what proves efficient non-radiative 

energy transfer from the nanocrystals to the pol-

ymer layer. The intensity of polymer emission, 

like F8BT or P3HT, can be further enhanced by 

an order of magnitude using metallic nanoparti-

cles with  plasmon resonance matching the ab-

sorption of nanocrystals [5]. These results are 

important for improving the spectral response of 

organic bulk  

 

 

heterojunction solar cells, in particular in the 

infrared region. 
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Abstract: 

Organic solar cells (OSCs) can be light-weight, 

flexible, and semi-transparent (Jayawardena, 

2013; He, 2012); they can also be integrated into 

architectural elements, such as windows (He, 

2012; Schmidt, 2009), where reducing glare, 

providing decorative ambiance and harvesting 

energy in office buildings can be achieved simul-

taneously. Energy harvesting from coloured win-

dows with power conversion efficiencies of 

around 0.5-2.8% (Schmidt, 2009) has been re-

ported. Using a one-dimensional simulation (the 

transfer matrix method) (He, 2012; Pettersson, 

1999; Jung, 2011), we show that we can tune the 

thicknesses of the components of the OSC to 

create bespoke devices that transmit a given 

quantity of light, having a specific colour and to 

have optimum energy harvesting cabilities. In 

Figure 1, we demonstrate this by designing a 

Red, Green and a Blue solar cell, each with 50% 

transmissivity and around 2% power conversion 

efficiency, increasing to more than 4% with 30% 

transmissivity. This shows that OSCs can be 

integrated into architectural designs, leading to a 

new generation of energy efficient with ambient 

control buildings. 

 

Keywords: transfer matrix method, semi-

transparent solar cells, organic solar cells, organ-

ic photovoltaics, energy harvesting, power con-

version efficiency.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Illustrates different coloured semi-

transparent OSCs (red, green and blue), all having 

an average transmissivity of 50%. The RGB values 

that have been used are Red (213, 148, 147), Green 

(200, 210, 172) , and Blue (173, 182, 199) . Each 

of the images shows the approximated power con-

version efficiency for the materials used. 
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Abstract: 

Heat transfer fluids plays an important role in 

diverse fields in transport, electronic, solar cells, 

and nuclear cooling systems, etc. The increasing 

thermal loads in applications require advanced 

operational fluids. In recent years, two-

dimensional (2D) materials such as graphene and 

hexagonal boron nitride (h-BN) with high me-

chanical strength and thermal conductivity have 

been tried in fluids for heat transfer improve-

ment. However, 2D materials with high specific 

surface area are prone to form irreversible ag-

gregation due to van der Waals interactions. 

Thus, stable dispersion of the 2D materials in the 

fluids are essential problems to be solved for the 

effective utilization. We report the synthesis and 

characterization of stable high thermal conduc-

tivity nanofluids using exfoliated h-BN and gra-

phene oxide (GO) in ethylene glycol (EG) with-

out surfactants. Exfoliated h-BN and graphene 

oxide effectively be used to achieve remarkable 

thermal conductivity improvement of the 

nanofluids. The thermal conductivity enhance-

ment depends strongly on the volume fraction of 

exfoliated h-BN and GO and increases with the 

increasing loading. With exfoliated h-BN as fill-

ers, thermal conductivity of the nanofluids can be 

effectively improved with maintaining its electri-

cal insulation. (Figure 1) Moreover, the thermal 

conductivity of the BN-EG nanofluids remains 

almost constant for five days, indicating their 

high stability. In addition, we will introduce the 

viscosity the nanofluids with concentration and 

temperature. This study will enable us to discuss 

advanced nanofluids containing 2D materials 

that can be applied in various thermal manage-

ment applications.  

Keywords: nanofluid, boron nitride, graphene 

oxide, thermal conductivity, viscosity. 
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Figure 1: Thermal conductivity enhancement of 

BNNP-EG and GO-EG nanofluids with concen-

tration and temperature. 
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Abstract: 

Concentrating Solar Power (CSP) is one of the 

most interesting option as renewable energy to-

day. One option in order to improve the efficien-

cy of these plants is to enhance the properties of 

the heat thermal fluid (HTF) used. Thus, one of 

the research lines of greater interest is the use of 

nanofluids to enhance the thermal properties of 

HTFs, because of the incorporation of solids into 

these fluids improves several thermal properties 

such as thermal conductivity or the heat transfer 

coefficient. In this work, we report nanofluids 

based on metallic nanoparticles, and we analysed 

the effect of the presence of the nanoparticles in 

different properties such as density, viscosity, 

and thermal properties, that is isobaric specific 

heat, thermal conductivity, and thermal diffusivi-

ty. So, in function of the nanoparticle nature, the 

enhancement of the HTF properties were differ-

ent. Also, in order to understand the behaviour of 

the nanofluidics systems, dynamic molecular 

analysis were performed. The structural and dy-

namic properties of the nanofluids were ana-

lysed. From, radial distribution function and the 

spatial distribution function analysis, the struc-

tural properties of the systems were studied. In 

turn, the thermal properties were estimated from 

theoretical calculations, and the same trend ob-

tained from the experimental results were ob-

served, which validates the methodology pro-

posed. Thus, this study provides us with a better 

understanding of how the HTF molecules are 

rearranged around the metal, leading to an en-

hancement of the thermal properties. 

Keywords: nanofluids, Concentrating Solar 

Power, Dynamic Molecular, heat transfer fluid, 

specific heat, thermal conductivity, nanoparti-

cles. 

 
Figure 1: The metal-fluid interactions lead to a dif-

ferent behaviour of the thermal properties of 

nanofluids based on metallic nanoparticles and the 

eutectic mixture of diphenyl oxide and byphenil as 

base fluid. 
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Abstract: 

The renewable energy sources are inexhaustible, 

but the main barrier to their successful imple-

mentation is a mismatch between the production 

of and demand for the energy they generate [1].  

Sorption heat storage (SHS) is a promising way 

towards efficient use of the renewable energy 

sources. SHS process consists of two main stag-

es, namely, charging (heat accumulation) during 

endothermic desorption process, and discharging 

(heat release) during exothermic sorption. 

Among adsorbents suggested for SHS, the com-

posites "salt in porous matrix" (CSPM) are con-

sidered promising due to their high Heat Storage 

Capacity (HSC) and tunable sorption behavior 

[2]. This paper addresses the intent synthesis of 

novel CSPMs, adapted for two SHS cycles: 

long-term (LT), or seasonal, and short-term 

(ST), or daily, heat storage. Expanded vermicu-

lite was used as a host matrix with large pore 

volume (Vp = 2.7 cm3/g), and LiCl as an active 

salt. Firstly, the analysis of operating conditions 

of two selected SHS cycles was performed. 

Then, the LiCl/vermiculite composites were syn-

thesised for these cycles by dry impregnation 

method; water and methanol sorption on these 

materials was studied. Finally, the HSC of the 

new sorbents was evaluated. The XRD pattern of 

LiCl/vermiculite shows that LiCl forms well-

crystalized phase (cubic lattice Fm-3m) in the 

vermiculite pores with the coherently scattering 

domains of 100 nm size. Isobars of water and 

methanol sorption on these composites are S-

shaped curves. At high temperature, the sorption 

is minor; at decreasing temperature the sorption 

steeply rises indicating the formation of 

LiClnH2O (n = 1, 2) and LiCl3CH3OH com-

plexes. The new composites excange 0.75 and 

0.65 g/g  of water under conditions of ST and 

LT cycles, respectively. The appropriate values 

for methanol equal 1.08 and 0.88 g/g. The iso-

steric heat of water (57  3 kJ/mol) and methanol 

(41  3  kJ/mol) sorption are calculated. For 

LiCl(35 wt.%)/vermiculite – methanol no sorp-

tion-desorption hysteresis, typical of the bulky 

salt, is observed. For LiCl(35 wt.%)/vermiculite 

– water the hysteresis does not exceed 5 ºC, that 

is acceptable for SHS. 

 
Figure 1: The HSC for different sorbents under 

ST and LT cycles conditions (working fluid - 

water). 

The working pair LiCl(59 wt.%)/vermiculite 

posesses higher HSC equal to 2.1 and 2.4 kJ/g 

under conditions of LT and ST cycles, respec-

tivaly. These values are superior to appropriate 

HSCs (0.13 – 0.87 kJ/g) reported for the com-

mon and innovative adsorbents proposed for 

SHS [1]. This demonstrates that the new compo-

sites hold much promise for SHS and their utili-

zation can promote a broader implementation of 

this emerging technology. 

Acknowledgment: The study was partially sup-

ported by the RFBR (project 15-53-53096). 

Grekova A.D. thanks the Ministry of Education 

and Science of the Russian Federation (the Rus-

sian President's Scholarship SP-3769.2016.1) 

Keywords: sorption heat storage, LiCl, vermicu-

lite, methanol, water.  

References: 

1. Yu, N., Wang, R, Z., Wang, L.W. (2013) 

Sorption thermal storage for solar energy. 

Prog. Energy Comb. Sci., 39,489-514.  

2. Gordeeva, L.G.,  Aristov, Yu.I. (2012) 

Composites “salt inside porous matrix” for 

adsorption heat transformation: a current 

state of the art and new trends. Int. J. Low 

Carbon Technol., 7, 288-302. 

198



Pseudocapacitive Study of Nickel Oxide Nanomaterials for 
Electrochemical Energy storage 
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Abstract: 

Supercapacitors deliver a higher power density 

than batteries, but the latter stores more capaci-

ty.1 Combining the attributes of supercapacitors 

and batteries are needed for future electronics. 

One approach is to synthesize pseudocapacitive 

storage materials with both characteristics. 

Pseudocapacitive or hybrid materials offer op-

portunities to tackle much needed improvements 

in the performance of energy storage devices. 

Using a low-pressure chemical vapor deposition 

(CVD) process, nanostructured Ni-based elec-

trodes pure NiO and NiO/Ni(OH)2 mixture were 

directly deposited on stainless steel current col-

lectors. Powder X-ray diffraction revealed the 

deposited materials have (111) preferred growth 

for NiO and (102) preferred growth for 

NiO/Ni(OH)2 samples. FESEM revealed differ-

ences in morphology for the materials, but all 

deposited materials were nanosized in scale. The 

relationships of the electrochemical properties 

and morphology were also investigated in order 

to design Ni-based oxide electrodes that exhibit 

overall superior electrochemical properties in-

cluding pseudocapacitor. Galvanostatic charge-

discharge and cyclic voltammetry experiments 

were performed in these two materials in the 

range of 0.1 – 4.0 V versus Li/Li+ in 1:1:1 molar 

ratio of EC/PC/DMC. The electrochemical per-

formance of the NiO and NiO/Ni(OH)2, which 

behave as a pseudocapacitor, will be discussed.  

Keywords: Pseudocapacitor, NiO, lithium ion 

battery, CVD 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 1. FESEM image of NiO after galvanostatic 

charge/discharge curves for the first 10 cycles of 

annealed NiO. The as-deposited NiO is shown on 

the inset . The charge/discharge curves are shown 

as well as the Coulombic Efficiency. 
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Abstract: 

In this work, the effect of Sb segregation on the 

conductance and catalytic activity at 

Pt/Antimony doped tin dioxide (ATO) interface 

was investigated through a combined comput-

tional and experimental study. It was found that 

Sb-dopant atoms prefer to segregate toward the 

ATO/Pt interface. The deposited Pt catalysts, 

interestingly, not only promote Sb segregation, 

but also suppress the occurrence of Sb3+ spe-

cies, a charge carrier neutralizer at the interface. 

The conductivity of ATO was found to increase, 

to a magnitude close to that of activated carbon, 

with an increment of Sb concentration before 

reachinga saturation point around 10%, and then 

decrease, indicating that Sb enrichment at the 

ATO surface may not always favor an increment 

of the electric current. 

Keywords: atomistic simulations, density func-

tional theory, electronic transport properties, 

NEGF, fuel cells, energy storage  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Antimony-doped tin dioxide (ATO)  

interface as modeled in ATK. 
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Abstract: 

Platinum (Pt) electrocatalyst exhibits sluggish 

kinetics toward organics electrooxidation and ox-

ygen reduction reaction. This represents a major 

obstacle to a more widespread use of the polymer 

electrolyte membrane (PEM) fuel cells. Currently, 

Pt nanoparticles (NPs) dispersed on carbon sup-

ports (Pt/C) are used as electrode materials. The 

carbon support corrosion process, the aggregation 

of Pt NPs, and their dissolution lead to significant 

loss of the electrochemical surface area (ECSA). 

For improving the performance of such Pt/C cata-

lyts, unsupported Pt nanoscale materials were 

found to exhibit interesting properties like their 

high active surface area. Therefore novel synthe-

sis routes are proposed to elaborate more active 

and cleaner materials for energy conversion and 

storage systems. Compared to chemical reducing 

processes that follow a diffusion front, radiolysis 

presents the advantage of inducing homogeneous 

nucleation and growth in the whole volume of the 

irradiated sample. Metal nanoparticles including 

1D, 2D and 3D nanostructures can be directly 

synthesized in surfactant mesophases. In the pre-

sent work, supportless Pt, Au@Pt 3D-porous 

nanostructures (PtNBs and Au@PtNBs), and 

Aucore-Ptshell nanoparticles (Au50Pt50NPs) were 

synthesized. The radiolytic synthesis provides a 

high control on the size, morphology, and compo-

sition of the nanoparticles. Nanoballs, 85 ± 5 nm 

for PtNBs and 75 ± 5 nm for Au@PtNBs, are 

formed by 3D-interconnected nanowires leading to 

a giant mesoporous structure. The high catalytic 

activity of these nanostructures toward organic 

electrooxidation was highlighted in aqueous media 

and attributed to their particular core−shell struc-

ture. The Au@PtNBs mesoporous materials ex-

hibit improved kinetics toward glucose  and for-

mic acid electrooxidation compared to their coun-

terpart PtNBs and Au50Pt50NPs respectively.  

 

 

 

 

 

 
 

Figure 1: Figure 1 illustrating (a) single PtNB of 

about D = 90 nm, highlighting pore construction, d = 

15 nm. (b) HRTEM image of Au@PtNBs formed by 

a large core made of gold and a porous Pt shell. 
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Abstract: 

Proton exchange membrane fuel cells (PEMFC) 

are devices that convert chemical energy into 

electricity in a clean and efficient manner. They 

can be used in automotive, nomad, or stationary 

applications without emission of pollutants (nei-

ther gas nor particles).After several decades of 

scientific and technological improvements, the 

PEMFC technology is now mature and starts to 

be deployed on the field, but some drawbacks 

must be overcome; in particular, their durability 

in operation must be increased. The durability 

strongly depends on the technical choice of the 

PEMFC manufacturer (bipolar plates, mem-

brane, and quality of the hydrogen) but also es-

pecially the resistance to degradation of the car-

bon support and the catalyst and the water man-

agement. This study evaluates the fluorination of 

a carbon aerogel and gives first insights into its 

durability when used as platinum electrocatalyst 

substrate for proton exchange membrane fuel cell 

(PEMFC) cathodes. Fluorine has been intro-

duced before or after platinum deposition (Figure 

1). The different electrocatalysts are physico-

chemically and electrochemically characterized, 

and the results discussed by comparison with 

commercial Pt/XC72 from E-Tek. The results 

demonstrate that the level of fluorination of the 

carbon aerogel can be controlled. The fluorina-

tion modifies the texture of the carbons by in-

creasing the pore size and decreasing the specific 

surface area, but the textures remain appropriate 

for PEMFC applications. Two fluorination sites 

are observed, leading to both high covalent C-F 

bonds and weakened ones, the quantity of which 

depends on whether the 

a)

d)c)

b)

 

Figure 1. TEM pictures of the Pt-CA (a,b) and 

Pt/F-CA (c,d) electrocatalys 

treatment is done before or after platinum depo-

sition. The order of the different treatments is 

very important. Indeed, the presence of platinum 

contributes to the fluorination mechanism, but 

leads to amorphous platinum, which is demon-

strated rather inactive towards the oxygen reduc-

tion reaction. On the contrary, a better durability 

was demonstrated for the fluorinated and then 

platinized catalyst compared both to the same 

but not fluorinated catalyst and to the reference 

commercial material (based on the loss of the 

electrochemical real surface area after accelerat-

ed stress tests). 

Keywords: Carbon aerogel, Fluorination, Elec-

trocatalysts, Durability, PEMFC 
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Label-Free Surface Plasmon Resonance Biosensing with  
Titanium Nitride Thinfilm 
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Abstract: 

State-of-the-art label-free biosensors employing 

surface plasmon resonance (SPR) technology are 

governed by two critical components, namely, 1) 

the plasmonic material responding to refractive 

index alteration on the sensing surface, and 2) 

surface functionalization by specific antibody so 

that the corresponding antigen can be captured 

and detected accordingly.  While gold is the dom-

inating plasmonic material, it is also expensive, 

fragile and incompatible with existing comple-

mentary metal-oxide-semiconductor (CMOS) 

fabrication technology.  Thus, the scope to min-

iaturize chip-scale gold-based SPR devices is 

rather limited.  Recently, we observed the renais-

sance of novel titanium nitride (TiN) plasmonic 

material, which is durable and CMOS compati-

ble.  It is thought that TiN may address some of 

the above-mentioned limitations. In this presenta-

tion, we fabricated TiN thinfilm of various 

thicknesses on glass (TiNG) by magnetron sput-

tering.  It was found that with nominal TiN 

thickness of 30 nm, the refractive index resolu-

tion attains approximately 1.9 × 10-7 RIU, which 

is comparable to the performance of gold film.  

We have also attempted direct detection of biotin 

with the TiNG biosensor and monitored the sub-

sequential biotin-streptavidin conjugation.  As it 

was found that the biotin-TiN affinity is one or-

der of magnitude better than that of biotin-gold, 

we were able to detect biotin directly to 1.2 

µg∙ml-1 (4.9 µM) at flow rate of 5 µl∙min-1 in 

label-free manner.  Thus, the detection limit of 

biotin is two orders of magnitude better than ex-

isting SPR devices.  We have also explored the 

biotin-TiN interaction with periodic density func-

tional theory via computational simulation and 

found that the exceptional biotin-TiN affinity 

may be due to the formation of both S-Ti and O-

Ti bonds, whereas only S-Au bonds were formed 

on gold.  In conclusion, we have proved that 

TiNG is a convincing alternative to existing 

gold-based SPR biosensors by both experimental 

and theoretical investigations.  

Keywords: Immunosensors, surface plasmon 

resonance biosensing, labe-free, titanium nitride 

thinfilm, , biotin-streptavidin conjugation, direct 

detection. 
 

 
 

Figure 1: a) Absorption of biotin to the TiN (200) 

surface with formation of two S-Ti bonds and the 

adsorption energy is estimated to be -3.2 eV using 

DFT geometrical optimization, b) the absorption of 

biotin to the Au (111) surface is also calculated and 

it is found to be -0.8 eV which is much weaker and 

no S-Au chemical bond is formed. 
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Effect of calcination temperature on photocatalytic activity of 
TiO2/BixOy Nanofibers in the photodegradation of Acid Or-

ange 7 (AO7) under visible light irradiation 
Juay Jermyn,1 Siew Siang Lee,1 Benny Yong Liang Tan,1 Hongwei Bai,1 Darren Delai Sun,1, 

1Nanyang Technological University 

 

Abstract: 

Currently, it is still a challenge to utilise Titanium 

Dioxide (TiO2) to photocatalytically degrade dye 

wastewater under solar irradiation. This is due to the 

wide bad gap of TiO2 material (3.2eV) which can 

only be activated by UV light irradiation. Bismuth 

(Bi) is one of the candidate that aids in the extension 

of TiO2 nanomaterials photoactivity into visible light 

region but little has been studied on how the visible 

light photoactivity of these composite changes with 

its calcination temperature. In this study, 3mol% 

Bismuth (Xu et al., 2011) was used to synthesis 
TiO2/BixOy

 nanofibers via a facile electrospinning 

(Bai et al., 2012). The composite nanofibers were 

calcined at 550oC, 650oC, 750oC, 850oC respectively 

and were characterised using XRD, FESEM and 

TEM. Subsequently, the photocatalytic activity of the 

composite nanofibers were studied with respect to its 

calcination temperature. The results illustrated in 

Figure 1b substantiates that Bi was successfully 

incorporated into TiO2 which facilitates the extension 

of its activity into the visible light region (Wu, Lu, & 

Li, 2009). Moreover, from the photodegradation 
experiment, it revealed that the composite nanofibers 

exhibited higher activity than pure TiO2 nanofibers in 

the degradation of Acid Orange 7 (AO7) under visi-

ble light irradiation. The analytical outcomes indicate 

that the TiO2/BixOy
 nanofibers calcined at 850oC 

exhibited highest photoactivity. This suggests that 

the phase transformation of TiO2 between its antase 

and rutile phase plays a significant part in enhancing 

the photoactivity of the TiO2/BixOy
 nanofibers.  

Keywords: TiO2/BixOy, Nanofibers, Electrospinning, 

Visible Light, photocatalytic oxidation, Dye 
wastewater, Acid Orange 7, Temperature, 

 

 
Figure 1: (a) FESEM image of TiO2/BixOy

 nanofibers 

(b) EDX dispersion pattern of the TiO2/BixOy
 nanofibers 

indicating the successful incorporation of Bismuth into 

the TiO2 nanofibers.  
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Abstract: Semiconductor photocatalysis have 

attracted considerable attention in recent years 

due to their great potential indevelopment of re-

newable and clean energy, as well as in environ-

mental protection and remediation. The limited 

visible-light absorption and high recombination 

rate of electron-hole pairs of the commonly used 

semiconductor photocatalysts such as TiO2, 

ZnO, Cu2O, CdS, however, hinder their practical 

applications. Modification of photocatalysts with 

novel plasmonic metals to form met-

al/semiconductor heterostructures has been con-

sidered as a promising strategy to enhance their 

photocatalytic performance. Compared with oth-

er noble metals, one-dimensional (1D) Ag nan-

owires are more attractive because of their high 

electrical and thermal conductivity, antibacterial 

characteristics, low cost, nontoxicity, and a 

wealth of optical and photoelectrochemical prop-

erties directly related to their geometry-dependent 

surface plasmon resonances, which makes them 

very popular for fabrication of advanced semi-

conductor/noble metal nanophotocatalysts. Here-

in, we chose semiconductor oxides such as ZnO 

and Cu2O as an example of photocatalysts, and 

investigated the optimum ratio of ZnO/Cu2O to 

Ag nanostructures (Xiong etal.; 2014) and their 

performance. The resultant 1D Ag@ZnO/Cu2O 

core-shell nanowires prepared by a facile and 

general ambient strategy exhibited much higher 

photocatalytic activity and stability towards deg-

radation of organic contaminants than 

Ag@ZnO/Cu2O core-shell nanoparticles and 

pure ZnO/Cu2O nanocrystals under solar light 

irradiation. The core-shell 1D Ag@CdS nan-

owires also exhibit better photocatlytic perfor-

mance than pure CdS. In addition, the 1D Ag-

Ag2S hybrid nanowires showed excellent dye 

adsorption performance, although the catalytic 

activity was not significantly enhanced.  

Furthermore, they also exhibited potential appli-

cations in other areas such as lithium ion batter-

ies and SESR detection of poluutants (Xiong 

etal.; 2015). It  is expected this work not only 

provide a simple and general strategy to synthe-

size 1D Ag-oxides/sulfides heteronanostructred 

photocatalysts but also explore the potential ap-

plications of such 1D heterostructures in the field 

of energy. 

Keywords: Ag@Cu2O, Ag@ZnO, Ag@CdS, 

Ag-Ag2S, one-dimensional structure, core-shell 

nanowires, plasmonic photocatalysts. 

 

 

Figure 1: SEM images of 1D Ag@Cu2O nan-

owires (A), Ag@ZnO nanowires (B), Ag@CdS 

nanowires (C),  Ag-Ag2S nanowires (D). 
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Abstract: 

Selective catalytic reduction (SCR) with NH3 is 

well known for the abatement of NOx from the 

stationary power sources, ships and atomoblies 

[1]. Commercially, WO3 (or MoO3)-V2O5-TiO2 

based catalysts are well established at narrow 

operating temperatures (300-400oC) [2].        

Recently, Ha et al. promoted Sb added 

V2O5/TiO2 catalysts that showed remarkably ef-

ficient sulfur resistance at low tempera-

ture(<250oC) compared to the WO3-V2O5/TiO2 

commercial catalyst [3]. Furthermore, added Sb-

V2O5-10% CeO2 /TiO2 (SbVCT) catalyst showed 

almost 90% of NOx conversion in the 800ppm 

SO2 and 6% H2O at 220oC [4]. Additionally, the 

SbVCT catalyst after sulfation pretreatment in-

dicated higher both catalytic activity and physi-

co-chemical properties than non-sulfated catalyst 

[5]. At 500oC sulfation, the catalytic activity was 

improved by surface acidity and sulfur toluene in 

relation with the Ce3+/Ce4+ ratio and formation of 

strong bulk-like sulfate species on the surface, 

which are mainly due to CeO2 added. [6]. There-

fore, from now on, the study of  SbVCT catalyst 

is focused on only the performance through the 

various Ce ionic states. In this study, we will 

mainly discuss about the CeO2 nanoparticle be-

havior on SbVCT catalyst  and sulfated catalyst 

by TEM analysis. Figure 1 shows the STEM 

images of the SbVCT catalyst. Figure 1(a) dis-

plays the fresh SbVCT catalyst with 2-4nm size 

of CeO2 clusters formed on the anatase TiO2 par-

ticles while the CeO2 nanoparticles were dis-

persed well after sulfation at 500oC for 1hr in 

Figure 1(b). The dispersion of CeO2 on SbVCT 

sulfated catalyst revealed higher the NOx conver-

sion in low temperature range between 180 and 

250oC than fresh catalyst (Figure 2).Figure 3 

exhibits SO2-DRIFTs analysis carried out on the 

surface sulfate species formed on the 10% 

CeO2/TiO2 (CT) Sb-10% CeO2/TiO2 (SbCT), V-

10% CeO2/TiO2 (VCT) and SbVCT catalysts. 

The SbVCT catalyst shows the highest spectra 

intensity of the band at 1267cm-1, which indi-

cates strong bulk-like sulfate speices compare 

with others [7]. From the supported results, the 

CeO2 nanoparticles behavior on the SbVCT 

catalyst has relationship with catalytic activity 

after sulfation due to the following reasons : (i) 

highly dispersive CeO2 nanoparticles on surface,  

(ii) synergetic effects of metal oxide compound 

owing to increasing total acidity and redox prop-

erties. The CeO2 behavior and catalytic proper-

ties on SbVCT catalyst were thoroughly charac-

terized by TEM with EDS mapping analysis, 

BET surface area, in siu DRIFT spectrometer, 

H2-temperature programmed reduction, thermos 

gravimetric analysis, and X-ray photoelectron 

spectroscopy.  

 

Figure 1: STEM image of the (a) fresh, (b) sul-

fated SbVCT catalyst. 

 

Figure 2: NOx conversion of SbVCT catalysts 

 

Figure 3: DRIFT spectra of catalysts exposed 

to 1000ppm SO2+ 3vol. O2 for 30min at 500oC. 

Keywords: CeO2 nanoparticles, TEM, EDS 

mapping, NH3-SCR.   
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Abstract: Pharmaceuticals, newly recognized 

classes of environmental pollutants, are becom-

ing increasingly problematic contaminants of 

either surface water or ground water around in-

dustrial and residential communities (Kyzas et 

al., 2015). Among widespread used antibiotics, 

fluoroquinolone antibiotics (FQ) are an im-

portant type with undetectable biodegradability 

(Kagle et al., 2009). Within the large class of 

FQs, ofloxacin (OFL) is used to treat urinary 

and respiratory tract infections in humans and 

animals (Goyne et al., 2005). Chemically, OFL, 

a fluorinated carboxyquinolone, is the racemate, 

(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-

1-piperazinyl)-7oxo-7H-pyrido[1,2,3-de]-1,4 

benzoxazine-6-carboxylic acid) (Min et al., 

2011). In receiving environments, low concentra-

tions of antibiotic traces can cause resistance to 

microorganisms (Bhandari et al., 2008). Concen-

trations OFL in wastewaters have been obtained 

to range from ng to mg L−1 (Larsson et al., 

2007), thus OFL removal from wastewater has 

become important. Graphene oxide (GO) with 

large quantities of oxygen atoms on the surface 

are present in the forms of epoxy, hydroxyl, and 

carboxyl groups. These functional groups make 

GO hydrophilic and suitable to be an adsorbent 

(Gao et al., 2012). Especially, some iron oxide 

nanomaterials composited with GO as magnetic 

adsorbents were a better solution (Mostofizadeh 

et al., 2011). Thus, the combination of GO with 

magnetic nanoparticles (Nano-GO/M) to produce 

a magnetic graphene-based composite and it will 

be separated from the matrix rapidly and easily 

by an external magnetic field. This study aims  to 

investigate the removal of OFL at increasing 

concentrations (1, 3, 5, 25, 100, 500 and 1000 

mg/L), at increasing irradiation times and at 

acidic (pH=4), neutral and alkaline (pH=10) 

conditions via photodegredation process by using  

UV light and sunlight. Also  photodegredation 

products of OFL (POF (9-piperazino ofloxacin) 

and MOF (des-methyl ofloxacin) were investi-

gated during the UV light process. The Nano-

GO/M was prepared under laboratory condi-

tions. The surface properties of the Nano-GO/M 

composite was investigated by a scanning elec-

tron microscope (SEM), fourier transform infra-

red spectroscopy (FTIR) and x-ray diffraction 

(XRD). For maximum OFL removal (93%) the 

optimum Nano-GO/M concentration was found 

to be 0.5 g/L at 1 mg/L OFL concentration, at 

pH of 6.5, at a UV power of  300 W and at a 

temperature of  21°C after 60 min retention time 

by UV light. For maximum OFL removal (82%) 

the optimum Nano-GO/M concentration was 

found to be 2 g/L at 1 mg/L OFL concentration, 

at pH of 6.5, after 350 min irradiation time, at 

35°C ± 5°C and with a power of 80 W sunlight. 

In this study, six sequential treatment steps were 

investigated for determination of reusability of 

Nano-GO/M composite. 0.5 g/L Nano-GO/M 

composite were used for six times under under 

specified operational conditions (60 min, 300 

W UV, 100 mg/L OFL, pH 6.5  and  room tem-

perature). 

Keywords: Fluoroquinolone, Ofloxacin, Gra-

phene, Magnetite, Nano composite, Photodegra-

dation, UV irradiation, Sunlight 
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Abstract: Electrogeneration of H2O2 is one of 

the most important processes today for produc-

tion of this molecule with low cost and without 

storage and transport. H2O2 is recognized as both 

a good and an environmental friendly in Electro-

chemical Advanced Oxidative Processes 

(EAOPs). The use of nanostructures and modifi-

cation of carbonaceous materials for H2O2 elec-

trogeneration and degradation of organic pollu-

tants using Advanced Oxidative Processes has 

been extensively studied by our group [1 - 5]. 

The main materials are related to: 1) carbon ma-

terials modified with fuctional groups by acidic 

and alkaline treatment and 2) nanomarials modi-

fying carbon support. The effects of increasing 

H2O2 electrogeneration are associated to the sur-

face properties of the two materials above which 

are completely different from those ones of pure 

carbon for the activity toward H2O2. For this 

reason, we have been developing changes of the 

carbon materials with acidic and alkaline treat-

ment [1], using nanostructures of different oxides 

and metals with very small amounts on carbon 

and base materials for H2O2 electrogeneration 

and electrochemical degradation of Dipirone, 

Phenol, Evans Blue and Ciprofloxacine [2 - 6]. 

The main goal of this work is to discuss the mod-

ification of the carbon properties such as hidro-

philicity, conductivity, structure and compostion 

of the surface species when we prepare both dif-

ferent carbon treatments and different propor-

tions of nanostructures with several oxides and 

metals on carbon. With rotating ring-dic experi-

ments is clearly indicated that ring currents (due 

to peroxide electrogeneration are the highest us-

ing carbon modified materials with acidic treat-

ment and nanostrucutures such as: CeO2/C (4%), 

WO3/C (1%), W@Au/C (1%) and nanospheres 

of TiO2 covered with gold nanoparticles on car-

bon). For dipirone one can observe using differ-

ent EAOPs very good results as CeO2/C 4% gas 

diffusion electrode GDE which produced 331 mg 

L−1 of H2O2 while Vulcan carbon produced 108 

mg L−1, more than three times higher, since 

Ce(III) and Ce(IV) species on carbon in similar 

concentration facilitated the formation of 

H2O2.Electro-Fenton process mineralized 57 % 

of the dipyrone in 5 min at −1.1 V. Regarding 

phenol 1% WO3/C produced 585 mg L−1 of H2O2 

while Vulcan carbon produced 100 mg L−1. 

Lower quantities of metal on carbon supports are 

more efficient for H2O2 formation.WO3/C mate-

rial exhibits surface acidity by the presence of 

W6+ and oxygenated species. Acid surface pro-

vides hydrophilicity and higher activity in ORR 

for H2O2 production. Photo-electro-Fenton al-

lowed 75 % phenol mineralization following 12 h 

of electrolysis. 

Keywords: Hydrogen peroxide electrogenera-

tion, Oxygen reduction reaction, Nanostrucu-

tures, Degradadtion of organic pollutants. 
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Abstract: 

The search for alternative clean and renewable 

energy source is a major pressing issue. One 

promising direction is the use of semiconductor 

nanoparticles as photocatalysts which absorb the 

solar radiation and produce hydrogen from wa-

ter. Upon radiation, excited electrons and holes 

are created. They then migrate to the surface and 

react with the aqueous solution. Efficient photo-

catalysts should maintain charge separation of 

the holes and electrons and contain different sites 

for oxidation and reduction. Usually a small me-

tallic particle is deposited on the semiconductor 

which acts as an electron sink and a reduction 

site for protons. Hybrid core-shell structures 

such as CdS@CdSe increase the charge separa-

tion and reduce the particle dissolution by con-

fining the holes to the core and leaving the elec-

trons delocalized over the entire structure. A bi-

metallic co-catalyst composed of metals such as 

gold and palladium should improve the photo-

catalytic activity of the system. Such bimetallic 

particles possess the ability to attract electrons 

from the semiconductor and discharge them into 

the aqueous solution more efficiently then each 

of the metals on their own.  Here we use the 

CdSe@CdS-Au\Pd system as a case study to 

explore the effect of the inner structure of the 

bimetallic tip on the photocatalytic performance. 

In addition we study the dynamic processes 

which occur during photocatalysis. For this aim 

we used high resolution energy dispersive spec-

troscopy (EDS) for the system characterization 

and an online GC equipped setup for the long 

duration photocatalytic hydrogen evolution 

measurements. 

 
Figure 1: Figure illustrating the hydrogen evolu-

tion process and the roles of the photocatalysts' 

different components; light harvesting CdS rod, 

charge carriers attractors: CdSe core and bime-

tallic tip, and reduction site for protons - the 

bimetallic tip. 

Keywords: HR-STEM, photocatalysis, water 

splitting, nano-hetero structures, hydrogen evo-

lution catalyst. 
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Abstract: The possibility of producing chemical 

fuels from solar energy has become increasingly 

attractive as sustainable, clean and efficient solu-

tion to our ever-growing energy demands. Photo-

electrochemical (PEC) water splitting has been 

much improved since the first reports in the 70s1 

and nowadays researchers aim to find inexpen-

sive, efficient and stable materials to perform 

PEC water splitting. Cuprous oxide, Cu2O, is 

very interesting since it has a 2 eV bandgap with 

favorable energy band positions, good conductiv-

ity and it can be processed with low-cost meth-

ods such as electrodeposition. Cu2O has been 

proven an efficient material with current densi-

ties up to 7.5 mA cm-2 under AM 1.5 illumina-

tion and biased at 0 VRHE
2 nevertheless it is not 

stable in contact with the electrolyte, decompos-

ing completely after few minutes. For real appli-

cations, much more is required and new strate-

gies are needed to overcome this limitation. In 

this work, we focus on improving the Cu2O sta-

bility up to ~60 h with only 10 % loss. Electro-

deposition and atomic layer deposition (ALD) 

were used to synthesize the Cu2O and for over-

layer deposition, respectively, and are here de-

scribed.3 A simple low-cost solution was devel-

oped to greatly enhance the Cu2O photocathode 

stability. Steam treatments employed on 

Cu2O/AZO/TiO2 photocathodes allow for stabil-

ity improvement using both RuO2 and Pt cata-

lysts.4 Not only did we obtain enhanced stabili-

ties in both cases, we also uncovered the critical 

importance of morphological changes of the sur-

face in generating these high-stability photocath-

odes. The most used protection layer for Cu2O is 

still TiO2.
2,3,4 In this study it was discovered that 

ALD deposited SnO2 is a promising candidate 

overlayer for stabilizing photocathodes for hy-

drogen evolution.  

Keywords: water splitting; cuprous oxide; steam 

treatment; stability; protective layer. 

 
Figure 1: Performance of a composite Cu2O photo-

cathode after steam treatment: chronoamperometric 

stability measurement biased at 0 VRHE in pH 5.0 

phosphate–sulfate electrolyte under light chopping 

with (b) RuOx and (c) Pt as catalyst. 

The performance and stability were influenced 

by the film thickness, post-deposition steam 

treatment, and the nature of the heterojunction 

interface. The optimized device exhibited great 

stability, maintaining 90 % of its initial photo-

current after 57 h of sustained photoelectro-

chemical water reduction. These new results 

open a much-needed window to make this semi-

conductor a strong competitor for solar water 

splitting applications. 
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Abstract: 

Hydrogen permeable membranes are highly at-

tractive in the membrane gas separation field due 

to the importance of hydrogen(Lee et al., 2004). 

However, there has been great interest for cata-

lytic membranes providing the production and 

separation of hydrogen at the same time (Ku-

rungot et al., 2003 and Lee, D., Hacarlioglu, P., 

Oyama, S.T., 2004). This study contains the de-

velopment of basic activated alumina supports 

employed in the preparation of membrane reac-

tors for hydrogen production and separation. For 

this reason, three different basic types of activat-

ed alumina supports were developed by using 

three different Si/Al molar ratio at two different 

calcination temperatures. Supports developed are 

in disc shape having the diameter of 21 mm with 

the thickness of 1 mm(Figure 1). Then, effect of 

different Si/Al molar ratio and annealing temper-

ature variations on supports was explored with 

the usage of BET instrument. Surface area and 

pore diameter of supports changed around 1.99-

2.17 m2/g and 2.13-2.39 nm respectively as a 

consequence of calcination temperature of 

12000C. Surface area and pore diameter of sup-

ports also increased around 54.08-67.66 m2/g  

and 6.41-6.52 nm by reducing the calcination 

temperature to 6000C. 

Keywords: basic type activated alumina, porous 

alumina support, hydrogen production and sepa-

ration, binder 

 

 

 

 

 
Figure 1: Figure indicates the support sample 

manufactured with having the disc shape in 

terms of diameter of 21 mm and thickness of 1 

mm  
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Abstract: 

Magnesium hydride (MgH2) can be a promising 

material for on-board hydrogen storage due to its 

high gravimetric capacity (7.6 wt. %). However, 

its applicability is hindered by the slow kinetics 

of hydrogen absorption and desorption (‘sorp-

tion’). During sorption the nucleation of the 

growing phase is followed by its interfacial and 

diffusional growth. One or more of these phe-

nomena can be rate limiting, thus deciding the 

overall kinetics. To enhance the kinetics it is nec-

essary to understand the sorption mechanisms. 

Hydrogen sorption mechanism in Mg(H2) is stud-

ied using Johnson-Mehl-Avrami-Kolmogorov 

(JMAK) equation represented as α = 1–exp(–

ktn), where α is the converted fraction of the 

growing phase, k is the kinetic factor which gives 

information about the nucleation density (No), 

interface velocity (U) and growth dimensionality 

of the growing phase (n). Interestingly, the very 

detailed analysis presented here shows that n, k 

change with time which in turn affect No and U. 

Investigations on hydrogen sorption mechanism 

in nanocrystalline MgH2 (~80 nm) were carried 

out through absorption/desorption experiments at 

several temperatures (150 – 400 °C). It was ob-

served that n decreases with time. A transition 

from interfacial to diffusional growth during 

sorption was observed as suggested by a change 

in the interface velocity by ~2 orders; decrease in 

the estimated diffusion coefficients (Fick’s 2nd 

law) by ~2-5 orders. The changes in these kinetic 

parameters are supported by microscopic analy-

sis (HRTEM, SEM). Microscopic analysis re-

veals that the change in morphology of the grow-

ing phase (formation of core-shell structure) re-

sults in the decrease of growth dimensionality 

(n). The changing n was further used in explain-

ing the trends in the nucleation density (No) and 

the kinetic factor (k). These trends were ex-

plained by developing several mathematical func-

tions for interfacial and diffusional regime. The 

present analysis shows that the applicability of 

the JMAK approach and its related equations 

change with the changing kinetic mechanisms of 

sorption in nanocrystalline MgH2. 

Keywords: MgH2, hydrogen sorption, JMAK, 

interfacial growth, diffusional growth.  

 
Figure 1: Transition from interfacial to diffusional 

growth represented in terms of the n, U and D and 

microscopic images for hydrogen absorption in Mg 

at 210 °C and PH2=1 MPa. 
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Abstract: 

Traditional foliar nitrogen fertilizer (TFNF) on 

crop leaves tends to discharge into environment 

through rainwater washing, leaching, and volati-

lization, resulting in severe pollution. Hence, it is 

important to improve the adhesion capacity of 

FNF. This work describes a loss-control foliar 

nitrogen fertilizer (LCFNF) by adding attapulgite 

(ATP) irradiated by high-energy electron beam 

(HEEB), as a loss control agent (LCA), to TFNF. 

LCA possesses a micro/nano networks structure 

and thus could bind a large amount of nitrogen to 

form fertilizer-ATP complex which could be then 

retained by the rough surface of crop leaves to 

increase the adhesion ability of TFNF. Therefore, 

LCFNF displayed lower loss amount and higher 

utilization efficiency compared with TFNF. This 

work provides a facile method to decrease the loss 

of TFNF and thus lower the environment pollution 

risk.  

 

Keywords: foliar nitrogen fertilizer, attapulgite, 

biochar and biosilica, adhesion, loss control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (a) Digital photo of peanut leaf; (b) 

SEM image of LCFNF. LCA possesses a mi-

cro/nano networks structure and thus could bind a 

large amount of nitrogen to form fertilizer-ATP 

complex which could be then retained by the 

rough surface of crop leaves to increase the adhe-

sion ability of TFNF. 
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Abstract: 

Nowadays crop spraying is mostly done with 

pesticides, which harm crop enemies, but can 

also interfere with the human body. Silica parti-

cles (SiO2) in the nanometer and micrometer 

scale offer a physical way to combat insects 

without harming humans and other mammals. 

Thereby, they allow to forego pesticides, which 

can harm the environment. As silica particles are 

supplied as a powder or in a suspension to farm-

ers, the silica use in large scale agriculture is not 

sufficient due to erosion through wind and rain.  

When silica is implemented in a textile’s surface 

(uncovered by polymer), particles are locally 

bound and do resist erosion, but can function 

against bugs. By choosing polypropylene as a 

matrix polymer, the production of an inexpensive 

agritextile with an “anti-bug” effect is made pos-

sible. In the Symposium the results of  

1) preliminary experiments from lab scale ex-

trudered filaments (Figure 1 and 2) and of   

2) compound development and investigation as 

well as selection and furthermore  

3) the fibre manufacturing on a pilot scale melt 

spinning line and fibre investigation will be 

shown. For the compound manufacture, a select-

ed number of investigated silica particles are 

shown (3 out of 8, different sizes in the nano and 

micron range: small, medium and large) and re-

sults of filler content and filter testing are por-

trayed and explained. In the following, one parti-

cle type is selected for the fibre manufacture in a 

semi-industrial scale. In a melt-spinning process, 

bicomponent fibres are manufactured. These fi-

bres consist of a virgin polypropylene core and a 

functionalized silica sheath as shown in graph 1. 

In the Symposium both the manufacturing char-

acteristics and varied parameter will be shown as 

well as their influence on the fibre characteristics 

are investigated.  

Keywords: agriculture, environment, textile, 

silica, insects, protection 

 

Figure 1: PP fibre with 5,2 wt.% Aerosil R812 

 

Figure 2: PP fibre with 4,5 wt% Syloid 244 

  
Graph 1: Bicomponent fibre with virgin poly-

propylen core and functionalized sheath 
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Abstract: 

The use of many pesticides in agriculture is re-

sponsible for their release into the environment 

and these substances have a negative impact on 

the ecosystem. In fact, their degradation products 

and their metabolites are toxic toward living or-

ganisms. Furthermore, the monitoring of the 

quality of groundwater and surface water showed 

many aquifers contamination by these pollutants. 

It is therefore crucial to develop rapid, sensitive 

and selective technical analysis for the in-situ 

monitoring of these pollutants in real-time. Modi-

fied surfaces by Molecular Imprinted Polymers 

(MIPs) are a cross-linked polymers which con-

tain specific cavities corresponding to a template 

molecule imprint. MIPs based nano layers have 

become an important tool for sensing applica-

tions (Figure 1). In fact, MIPs have high selec-

tivity, and are very stable, robust, easy to obtain 

and low cost, which make them interesting espe-

cially for in-situ sensing devices. Furthermore, 

the combination of the large selectivity of MIPs 

nano layers with the high sensitivity of the elec-

trochemical methods enables to reach high ana-

lytical performances. In this context, our aim is 

to develop modified carbon electrodes by thin 

films of molecularly imprinted polypyrrole (PPy) 

for electrochemical detection of selected pesti-

cides such as Isoproturon. The pesticide mole-

cule-imprinted PPy is electrochemically prepared 

on glassy carbon and on screen printed electrodes 

in aqueous solutions of pyrrole and template 

molecule. Cyclic voltammetry and chronoam-

perometry are compared as electropolymerization 

methods and electrochemical  parameters such  

as electrodeposition  time, electrodeposition po-

tential, scan number and scan rate are studied. 

The specific and selective recognition of the tar-

geted molecule by the imprinted PPy is showed 

by comparison with results obtained on non-

imprinted PPy. The modified electrodes are char-

acterized by IRTF and microscopy (AFM, 

SEM).  

 

 

 

 

 

Finally, electrochemical detection of pesticides is 

achieved by square wave voltammetry after a 

preconcentration first step. 

Keywords: MIPs nanolayers, pesticides pollu-

tants, electropolymerization, electrochemical 

sensor, MIPs/ Carbon sensor, electrochemical 

layer characterization, molecular recognition. 

 
Figure 1: Figure illustrating the development of a 

MIPs/ Carbon sensor. 
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Abstract 

Heavy metal contaminations is one of the major 

problems for environment and human health due 

to high toxicity, are also a major environmental 

contaminants found in air, soil and drinking wa-

ter. Among of them, lead ion Pb2+ is one of the 

most toxic environmental pollutants even at very 

low concentrations [1]. Considering the severe 

toxicity of lead ion, developing sensitive and se-

lective strategies for Pb2+ detection has been of 

great concern in the past decades as well as re-

cent years. The electroanalytical techniques are 

one of the most techniques used for detection and 

analysis of trace heavy metals ions, because of 

their attractive features, including easiness, ro-

bustness and their low cost. During the last dec-

ades, different approaches have been used to de-

velop high-performance electrochemical sensors 

based on modified electrodes by carbon nano-

materials (CNMs). Carbon nanofibers (CNFs) 

are one of them and have recently attracted much 

attention in diverse application areas especially 

in electroanalysis and biosensing owing to their 

unique characteristics such as excellent electrical 

and thermal conductivities, hight chemical and 

mechanical stability, and large specific area 

[2].Room Temperature Ionic Liquids (RTILs) 

are a new class of purely ionic, salt-like materi-

als that are liquid at unusual low temperatures. 

Because of their high stability, fair electrical 

conductivity, and very low vapor pressure, ILs 

hold a great promise for green chemistry applica-

tions in general and for electrochemical applica-

tions in particular [3]. In the present work a new 

composite electrode has been fabricated by using 

CNFs and an ionic liquid, 1-ethyl-3-

methylimidazolium bis(tri-fluoro-methyl-

sulfonyl)imide, [EMIM][NTf2]. This electrode 

shows very attractive electrochemical perfor-

mances compared to other conventional elec-

trodes using graphite and mineral oil, notably 

improved sensitivity and stability. The interface 

properties of obtained composite were character-

ized by cyclic voltammetry (CV), electrochemi-

cal impedance spectroscopy (EIS), and the mor-

phology was examined by scanning electron mi-

croscopy (SEM-FEG). This new composite 

demonstrated interesting performances for lead 

detection, and also a better sensibility, and stabil-

ity. 

Keywords: Carbon nanofibers, Room Tempera-

ture Ionic Liquids, Electrochemical sensors, 

Lead detection. 

 
Figure1: Anodic Stripping Square Wave Volt-

ammetry (ASSWV) for 50 ppb Pb2+ in 0.1 M 

acetate buffer at the CPE and CNFs/EMIM 

NTf2 electrode. Deposition potential: -1.1 V, 

deposition time: 2 min. 
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Abstract: 

Zero-valent iron nanoparticles (nZVIs) have be-

come extremely popular, in the last decade, for 

environmental remediation. Their size and high 

surface area makes them a highly reactive agent 

for degrading a wide range of pollutants in con-

taminated soils (Machado et al, 2015). 

There are two distinct approaches for synthesiz-

ing nZVIs: the top-down and the bottom-up. The 

former transforms micro and macro materials in 

nanosized materials using mechanical and/or 

chemical processes while the latter promotes the 

growth of the particles through chemical reac-

tions (Hoag et al. 2009). In the bottom-up ap-

proach the innovative green method, that uses 

natural extract as reducing agent to produce 

nZVI, can be highlighted due to its advantages. 

Among them it can be stressed the fact that the 

natural extract can act as a capping agent that 

protects the iron nanoparticles from premature 

oxidation and agglomeration. In addition, it can 

be used as a source of nutrients and microorgan-

isms for a possible bioremediation. The increas-

ing interest in these green based-methods re-

quires in-depth studies that would allow to eval-

uate their efficiencies when compared to already 

comercially available nZVI products. Following 

this, the main objective of this work was to simu-

late, at a laboratory scale, the remediation of 

soils contaminated with Zinc and Chromium 

(VI), comparing the efficiencies of two distinct 

types of nZVIs: the green and the commercial 

ones (Nanofer 25s). Different sets of column 

tests were performed in heavy metal contaminat-

ed soils collected at Parque Empresarial do Bar-

reiro, Lisbon, Portugal. In each set of tests a dis-

tinct parameter was studied: nZVI dosage, reac-

tion time and sequence of injection. Preliminary 

results allowed concluding that both nZVIs 

(commercial and green) are efficient to remediate 

the soils contaminated with Zinc and Chromium, 

validating the green nZVI as an alternative meth-

od. Further full-scale ecosystem studies address-

ing integrative risk assessment and life cycle as-

sessment approaches are needed to guarantee a 

responsible and sustainable use of the green-

based method.  

Keywords: zero-valent iron, nanoparticles, soil, 

chromium, zinc, green. 

 
Figure 1: Transmission electron microscopy (TEM) 

analysis of the Nanofer 25s (left) and green nZVI 

(right). 
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Abstract:  

This work aims to investigate the use of alkali 

activated metakaolinite from natural kaolinitic 

soil as precursors for the production of Nano- 

porous geoplymer cement for passive cooling 

systems. Nano – porous geopolymer cement was 

synthesized using metakaolinite, and alkaline 

activators, namely sodium silicate (Na2SiO3) and 

sodium hydroxide. For metakaolinite prepara-

tion, Kaolinitic soil sample was collected from 

kaolin deposit (Saudi Arabia), which is located 

in Riyadh region. XRD analysis showed that ka-

olinite phase, was diminished due calcination and 

geopolymerization. The produced geopolymer 

cement exhibited a flexural strength of 12.3MPa, 

and compressive strength of 32MPa and 

44.2MPa under immersed and dry conditions. 

The microstructure of the produced geopolyemer 

was characterized by formation of Nano-porous 

network as shown by the SEM images. The gen-

eral evaluation of the produced geopolymer ce-

ment from kaolinitic soil indicates its potential 

for a number of applications including green 

construction materials, and passive cooling . 

Keywords: Nano-porous, Geopolymers, Kaolin-

ite, SEM, Construction, Minerals, Water absorp-

tion, Strength. 

 

Figure 1: Figure illustrating the SEM image of 

Nano-porous network of the geopolymer. 
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Abstract: 

There has been great concern in the emissions of 

Volatile Organic Compounds (VOCs) from oil 

and process industries in the recent years. Dif-

ferent countries in the world have regulations in 

place that tightly control these emissions. In 

many countries emissions of VOCs and Non-

Methane Volatile Organic Compounds 

(NMVOCs) are not subject to control. The sepa-

ration of hydrocarbons from gas mixtures is one 

of the major objectives of chemical and petro-

chemical industries. There are various methods 

that these industries employ to achieve good 

separation. These include adsorption, rectifica-

tion, membrane technology and use of cryogen-

ics. Modern membrane technology can also be 

used in implementing Process intensification (PI) 

which is an innovative design method that is 

aimed at decreasing production cost, waste gen-

erated and size of equipment used as well as en-

ergy utilization This research has reviewed the 

current technology that is being used for the con-

trol of VOC emissions from shuttle tankers and 

also investigated the feasibility of the use of 

membrane technology to separate and recover 

the hydrocarbon gases under various experi-

mental conditions.   

The aim of this research is to identify and modi-

fy separation membranes for optimum selectivity 

for lighter hydrocarbons recovery from crude oil 

shuttle tanker transportation and the feasibility 

of using the modified membrane for natural gas 

processing. This research work looks at the ef-

fect of polyurethane polymer on the separations 

of CO2, CH4 and C3H8 through a zeo-

lite/polyurethane mixed matrix membrane was 

evaluated. The dip-coating method was used for 

the preparation of Y-type zeolite. A methodology 

based on the modification of ceramic inorganic 

membranes using different types of support with 

the aim to achieving high selectivity for the hy-

drocarbons has been developed. Polyurethane-

zeolite nanoparticles were prepared by solution 

blending and casting method.  Physical proper-

ties of the polyurethane and the zeo-

lite/polyurethane mixed matrix membrane were 

investigated by Scanning Electron Microscope 

(SEM), Fourier Transfer Infra-Red (FTIR) and  

 

Nitrogen physosorption analyses. This con-

firmed the homogenous and nanoscale distribu-

tion of zeolite particles in the polyurethane-

zeolite nanocomposite membrane. The Nitrogen 

physisorption measurements showed the hystere-

sis isotherm of the membrane corresponding to 

type IV and V that is indicative of a mesoporous 

membrane. The surface area and the pore size 

was determined using the Barrett, Joyner, 

Halenda (BJH) desorption method which showed 

a pore diameter of 3.320 nm, pore volume of 

0.31 ccg-1 and surface area of 43.583m2g-1. Sin-

gle gas permeation tests were carried out at a 

pressure range of 0.01 to 0.1 MPa. The mem-

brane showed a permeance of CH4 to be in the 

range of 5.189 x 10-7 to 1.78 x 10-5 mols-1m-2Pa-1 

and a CH4/C3H8 selectivity of 3.5 at 293 K with 

the molar flux of the gases having an average 

linear regression coefficient value of R2 = 

0.9892.   On the basis of the results obtained it 

can be concluded that for the recovery of volatile 

organic compounds the use of the zeo-

lite/polyurethane membrane can be competitive.  
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Abstract: 

Pre-combustion flue gas capture has been 

emerged as an efficient alternative to circumvent 

the costly procedures of materials regeneration 

utilized by the energy industry for CO2 capture 

and separation. Stability of the porous structure 

and repeated use at high pressure and high tem-

perature are among the essential requirements for 

the efficient materials to be used for industrial 

level CO2 separation. Herein we report the CO2 

adsorption-desorption performance of nanopo-

rous covalent organic polymers (COPs), which 

can operate efficiently and repeatedly at elevated 

pressure of 200 bars and above.  Since, pre-

combustion capture also requires removal of hy-

drogen along with CO2; therefore, nanoporous 

COP was also tested for hydrogen removal at 

high pressure. COP material prepared with sim-

ple technique from building block monomers of 

cyanuric chloride and linked with 1,3-bis(4-

piperidinyl)propane has enough surface area and 

pore volume which makes the material capable to 

store large quantity of syngas at high tempera-

ture and pressure. Results indicated that the new-

ly synthesized COP material can adsorbed ex-

ceptionally large quantity of CO2 and very little 

hydrogen at 200 bars and 35 °C. Additionally, 

the adsorption isotherm was exactly matching 

with the desorption isotherm, suggesting that  

material has excellent adsorption-desorption 

characteristics. Similarly, the material has shown 

very stable performance when used repeatedly 

and alternatively for CO2 and hydrogen after re-

generation at 50 °C. The capturing performance 

of material was also investigated for other gases 

like methane and nitrogen at various pressures 

and temperatures. Experimental results revealed 

that COP material has exceptional CO2 adsorp-

tion efficiency, very good selectivity, and strong 

stability and can be manufacture with simple 

techniques. Upon comparing with the very re-

cently investigated materials such as amine mod-

ified SBA-15 and poly-benzimidazole materials, 

it was concluded that covalent organic polymers 

prepared from cyanuric chloride possess ex-

tremely high CO2 capturing capacity at elevated 

pressure. Based on their very high stability and 

excellent capturing capacity the materials can be 

tested for large scale applications in IGCC. Last-

ly, material is economically attractive when it is 

compared with the commercially available mate-

rials and has exceptional performance  contrary 

to activated carbon, metal organic frame work 

and monoethanole amine  

Keywords: High pressure, CO2 Capture. Mate-

rials for Pre-combustion gases seperation 
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Figure 1: CO2 adsorption-dsorption isotherms at 

three different temperatures obtained with magnetic 

suspension balance. 
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Abstract: 

An optimal light absorption in the active layer of 

thin film light harvesting devices has for many 

years challenged scientists in the area of solar 

cell research. The approaches followed may be 

grouped into two categories that consider: Anti-

reflection configurations to reduce the amount of 

light that is reflected by the device top layers; 

Light trapping to limit the amount of light ejected 

by the structure. The former has been applied to 

several types of devices with considerable suc-

cess, but the latter one has not been shown to be 

critical in any record performing thin film cell 

architecture yet. 

Here, we will present a new optical cavity con-

figuration that can confine light effectively in a 

large wavelength range close to 400 nm. The 

new elements we incorporate to a standard 1-D 

optical cavity lead to a smeared resonance be-

havior which is no longer limited to the funda-

mental and harmonics of such cavity. We con-

sider a PTB7-Th: PC71BM organic solar cell 

integrated within this new cavity and demon-

strate that PECs higher than 11% can be 

reached. We demonstrate that the cavity concept 

we propose is quite universal in terms of the ma-

terials needed for its fabrication as well as the 

type of cells where it is applicable. In addition, 

we will also discuss a new fiber plate configura-

tion for thin film cells where confining the light 

that is incident at an orthogonal direction is 

achieved effectively.1,2 

Keywords: Light harvesting, light trapping, thin 

film photovotlaics, optical cavity enhanced ab-

sorption, photonic fiber plate, whispering gallery, 

organic, polymer, perovskite, hybrid cells. 
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Abstract:The implementation of tailored nano-

architectures into conventional as well as novel 

material combinations for photovoltaic devices 

can improve photovoltaic (PV) cells by optimiz-

ing charge generation, separation and extraction. 

The charge generation in solar cells can be tuned 

by using lowly reflective materials such as nano-

patterned layers which can contribute to an en-

hanced absorption through enhanced scattering 

and  if geometries of nano-structures permit even 

through photonic coupling. While already large 

arrays of homogenous silicon nanowires 

(SiNWs) or – inverted cones (SiNCs), produced 

by reactive ion etching combined with nano-

sphere-lithography, can substantially increase the 

absorption of thin film silicon on glass [1], verti-

cal light-funnel arrays composed of SiNCs show 

even superior absorption properties [2]. These 

nanostructures optimized with respect to their 

optical behavior show large surfaces which re-

quire proper passivation and more importantly, 

good charge extraction concepts. Tunnel-oxides 

deposited by atomic layer deposition (ALD) 

show proven passivation capacities. The highly 

p-conducting polymer PEDOT:PSS forms a 

nearly perfect hybrid hole selective contact to 

silicon leading to power conversion efficiencies 

of 14% on planar n-type silicon [3]. Of course, 

these hybrid contacts can also be combined with 

nanostructured material. Last but not least, the 

charge extraction concepts seek for novel cheap, 

transparent and highly conductive materials re-

placing conventional metal grid-electrodes. Al-

ternatives can be solution-processed Ag-

nanowire networks, stabilized and protected by 

e.g. ALD deposited aluminum doped ZnO, show-

ing solar cells with high short circuit currents, 

low resistivity and small amounts of metal [4]. 

The present paper will present the optical behav-

ior of individual and arrays of SiNWs and 

SiNCs using finite difference time domain 

(FDTD) simulations and will derive design rules 

for PV optimized ensembles of Si nanostruc-

tures. Moreover, experimental confirmation of 

simulation results will be presented.  Here, nano-

probing of individual nano-structures and en-

sembles will be presented based on a powerful 

electron-microscopy platform to carry out cor-

relative microscopy and spectroscopies. 

Keywords: Advanced Nanomaterials, Nano-

materials Fabrication, Characterization and 

Tools, Nanoscale Electronics, Nanotech for  

Energy and Environment, Nano Applications 
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Abstract: 

Organic photovoltaic cells (OPVs) have recently 

become a great attention due to the simple pro-

cess and the cheaper production cost compared 

with silicon solar cells. However, photoconver-

sion efficiencies of OPVs are still low compared 

with inorganic photovoltaic cells because of low 

mobility to transfer excited electrons or holes in 

OPVs. In order to overcome the low mobility of 

carriers and improve the cell efficiencies, hybrid 

solar cells combined organic material as an elec-

tron donor and inorganic material as an electron 

acceptor have been studied. Recently, metal ox-

ide nanorod arrays, e.g. ZnO arrays, are normal-

ly used as inorganic semiconductor acceptor in 

hybrid solar cells due to their several favorable 

properties, such as high electron mobility and 

wide bandgap. Among the various techniques to 

fabricate one-dimensional ZnO nanostructure, 

hydrothermal method gets a lot of attention and 

extensive uses, because it is a simple technique 

that can operate at low temperature and ambient 

pressure. Moreover, there is no requirement of 

special equipment and substrate in hydrothermal 

method. In this works, ZnO nanorod arrays have 

been synthesized on seed-coated transparent con-

ducting oxide (TCO) substrates by hydrothermal 

method from different thickness of seed layers. 

The obtained ZnO nanorods was investigated by 

Scanning electron microscope (SEM) and X-ray 

diffractometer (XRD) to study the influence of 

different seed layer thicknesses on the orientation 

of nanorods. The experimental results demon-

strate that the thickness of seed layers has roles 

on the density, diameter, and vertical alignment 

of ZnO nanorods. SEM images show that the 

morphologies of ZnO nanorods are hexagonal 

wurtzite structures and ZnO nanorods are denser 

with increasing seed layer thickness. XRD pat-

tern shows that ZnO nanorods are grown along 

the vertical direction at suitable seed layer thick-

ness. The well-aligned ZnO nanorods from the 

suitable seed layer thickness were applied as an 

electron transporting layer in hybrid photovoltaic 

cells. Various surface modifications were carried 

out on ZnO nanorods, i.e. TiO2 nanotube arrays 

using ZnO nanorods as templates by liquid phase 

deposition methods, addition of a layer of TiO2 

nanofilm, and addition of nanoparticles (TiCl4 

treatment). Photovoltaic properties and power 

conversion efficiency of devices made of typical 

and modified metal oxide nanorod arrays were 

investigated.  

Keywords: metal oxide nanorod, solution pro-

cess, hydrothermal method, seed layer, hybrid 

photovoltaic cell 
 

   
(a)                         (b)                          (c) 

Figure 1: SEM images of ZnO nanorod arrays 

grown on various seed layer thicknesses: (a) 1, (b) 

2, and (c) 3 seed layer(s). 
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Abstract: 

Recently, we reported the beneficial effects of the 

incorporation of small amounts of Ge into 

Cu2ZnSnSe4 (CZTSe) based solar cell absorbers 

synthesized in a sequential process (sputtering of 

metallic precursors and selenization in a seleni-

um atmosphere).  We have proven the impact of 

the nanometric Ge layers on crystal growth, dop-

ing density and alkali metal diffusion dynamics. 

These findings have ultimately led to a boost in 

power conversion efficiencies enabling us to sur-

pass 10 %. The nanometric Ge layers are applied 

during the metallic Cu, Zn,Sn precursor deposi-

tion prior to the selenization of the absorbers. 

While the addition of the nanometric Ge layer 

(10-20nm) improves all solar cell parameters, we 

find the highest impact on the open circuit volt-

age. Thanks to the nano-engeneering with Ge, we 

were able to drastically reduce the voltage losses 

in our devices and achieve open circuit voltages 

of nearly 500 mV. In this presentation, we sum-

marize our recent results and our current under-

standing and the origins of this surprisingly effi-

cient nanometric surface modification. We focus 

on the optimum preparation condition and the 

main impact the Ge incorporation has on the 

opto-electronic behaviour of the device. We will 

then shed light on the interaction between germa-

nium and sodium. As it is widely known, Na is a 

very important dopant in kesterite which plays an 

essential role in the doping level control. We 

demonstrate that during the annealing process, a 

Ge-Se liquid phase is formed which dissolves 

preferably Na-related phases modifying the con-

tent of this last element in the CZTSe absorber, 

and impacting notably on the electrical properties 

of the layers and concomitantly on the devices 

performance. We support our Ge-Na interaction 

model with experiments using Na-free substrates, 

showing the importance of accurately control the 

Na content when Ge is used to increase the effi-

ciency of CZTSe based solar cells. 

 

 

 

 

Keywords: Thin Film Photovoltaics, Sustainable 
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Solar Cells, Voltage Loss Minimization, Ge 

Nanolayer, Surface Modification. 

 

Figure 1: IV characteristics and solar cell parame-

ters obtained for solar cells with different amounts 

of Ge (Ref: no Ge, Ge10: 10 nm Ge, Ge25: 25 nm 

Ge) applied on top of the metallic precursor step 

prior to selenization. 
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Abstract: 

In order to reduce the material cost for silicon 

solar cells, several research groups are investi-

gating the feasibility of making cells on very thin 

monocrystalline silicon foils. Imec proposed in 

the past the so-called i2-module approach, which 

allows for the module-level processing (many 

cells in parallel) of solar cells on thin silicon foils 

that are bonded to a glass superstrate. The sili-

con substrates used for this concept are high-

quality epitaxial foils lifted off from a parent 

silicon substrate using porous silicon made by 

electrochemical etching (see Figure 1). The po-

rous-silicon lift-off approach is one of the prom-

ising “direct wafering” routes that could poten-

tially replace traditional wafers, made by ingot 

casting and wire sawing, to create substrates 

with a thickness well below 100 µm and without 

kerf losses. This contribution first of all deals 

with the latest optimization of the foil fabrication 

in order to create foils that combine high material 

quality with a high detachment yield. The quality 

of the resulting epitaxial foil strongly depends on 

the smoothness of the seed. Therefore, adapted  

reorganization processes for the porous silicon 

seed and detachment layers are proposed. In this 

way, we have managed to obtain 100μm thick 

silicon foils with effective lifetimes up to 1.3ms, 

and 40μm thick foils with effective lifetimes up 

to 700μs. We will also review the current status 

of the process development for solar cells made 

from these thin foils. Two approaches are pre-

sented. In the first approach, heterojunction solar 

cells are fabricated on freestanding epitaxial wa-

fers of 40μm thickness. In the second approach, 

heterojunction back-contacted cells are fabricat-

ed on thin foils that are bonded to a glass super-

strate. Challenges for device processing and limi-

tations in cell performance will be discussed.  

 

 

 

 

 

 

 

 

 

Finally, we will show how nanophotonics can be 

used to improve the solar cells made from these 

thin silicon foils by nanotexturing the front sur-

face of the foils which leads to increased current 

densities in the devices. 

 

Figure 1: Figure illustrating the envisaged pro-

cess flow, starting with a silicon substrate on 

which a epitaxial layer is grown, which is lifted 

off from the substrate and then processed into a 

working solar device while the strating substrate 

is re-used again.  

Keywords: Silicon solar cells, epitaxy, porous-

silicon, lift-off, kerfless wafering, heterojunc-

tions, nanophotonics. 
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Abstract: 

Transition-metal dichalcogenides (TMDs) 

are two dimensional (2D) nanomaterial with 

the common formula MX2. In general, M 

atoms are sandwiched between X atoms to 

form a single layer, and each layer can be 

stacked together via van der Waals forces, 

which make 2D TMDs easily cleaved by 

scotch tape or other similar techniques. 

Among TMD families with ultra-thin layers, 

molybdenum disulfide (MoS2) is a well-

known semiconductors with their bandgaps 

of more than 1.2 eV; their band gap increas-

es to 1.8 eV for monolayer and band proper-

ties changes from indirect to direct type. As 

one of quite recent 2D materials, molyb-

denum ditelluride (α-MoTe2) has also been 

attracting attention due to its optical and 

electrical properties. Monolayer -MoTe2 

exhibits a direct optical bandgap of 1.10 eV, 

while its bulk form becomes an indirect sem-

iconductor with the band gap of 0.88~1.0 

eV. MoTe2-based homo- or hetero-junction 

p-n diode has not been reported yet although 

p-n diode is one of the basic building blocks 

for electronics and optoelectronics. In fact, 

forming two different types of conduction in 

the same nanoflake might not be easy. So, 

heterojunction p-n diode studies have always 

been preferred but limited to n-MoS2/p-Si 

bulk, n-MoS2/p- WSe2 and n-MoS2/p-BP 

(black phosphorous) systems, to the best of 

our knowledge. 

In the present study, we attempted van der 

Waals heterojunction p-n diode fabrication 

by direct imprinting technique transferring p-

type α-MoTe2 onto n-type MoS2 nanoflake, 

since in this way we would achieve Mo-

based dichalcogene 2D p-n diode which ap-

pears novel in view of using the same transi-

tion metal for both p- and n-type. Pt elec-

trode appeared very good for ohmic contact 

with p-type α-MoTe2 even without thermal 

annealing. Our few-layered -MoTe2/MoS2 

p-n diode demonstrates low voltage opera-

tion at 5 V and high reasonable ON/OFF 

current ratio of 103~4×103 (~4×103 on 

SiO2/Si and ~103 on glass substrate) along 

with good ideality factors of 1.06~1.34. Kil-

ohertz fast dynamic rectification was 

achieved in the dark while dynamic photo-

voltaic switching was also exhibited under 

red, green, blue LEDs, and 800 nm infrared 

laser. We regard that our new 2D p-n diode 

is quite promising in the prospects of nano-

electronics and optoelectronics. 

Keywords: MoS2, MoTe2, Photovoltaic effect, 

P-n Diode, Van der Waals heterojunction 
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Figure 1: This figure shows the 3D schematic of 

our van der Waals 2D p-n diode on glass sub-

strate. 
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Zinc selenide as a potential Cd-free buffer nanolayer for CZTSe 

solar cells 
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Abstract: 

A way of achieving via a dual step method the 

formation of Cd free chalcogenide buffer 
nanolayers for chalcogenide thin film solar cells 

is proposed in this work. More particularly the 

case of ZnSe buffer for CZTSe absorber was 
investigated through the deposition of a very 

thin zinc oxide layer onto CZTSe and subse-

quent selenization at low temperatures to form 
ZnSe without deterioration of the absorber. The 

preliminary characterizations of ZnSe/CZTSe 

solar cells with different ZnSe thicknesses show 

promising results achieving 3.8% efficiency on 
a first set of experiments.  

 

High efficiency chalcogenide solar cells are 
based in the formation of a pn heterojunction 

between the p-type chalcogenide absorber and 

an n-type nanometric buffer layer. Cadmium 

sulfide (CdS) is the most common used buffer 
layer for thin film photovoltaics, mainly for his-

torical reasons, since it was the first working 

buffer layer with CdTe solar cells. However, the 
toxicity of Cd stimulated the research of alterna-

tive Cd-free buffer layers, the most commonly 

reported being sulfide ones such as ZnS, In2S3, 
Zn(O,S) and Zn(O,OH)S. Similarly to CdS, 

chemical bath deposition (CBD) was used to 

prepare them, which can complicate the deposi-

tion of equivalent selenide buffers, for which 
hazardous selenide chemical precursors (such as 

selenourea) are required. One way of avoiding 

the use of dangerous chemical precursors relies 
on other safer methods to prepare selenide buff-

ers. In this work a process for preparing cadmi-

um-free ZnSe buffer onto the absorber is pre-
sented, based on a dual step consisting on the 

sputtering deposition of zinc oxide followed by 

a rapid selenization. Cu2ZnSnSe4 (CZTSe) kes-

terite absorbers were prepared following the 
same process than described in [1]. Several 

thicknesses of zinc oxide (around 5, 10, 25 and 

50 nm) were deposited onto the surface of the 
CZTSe layers which was etched using KMnO4 

and (NH4)2S [2,3]. The samples were labeled 

ZnSe-0 (no ZnSe layer), ZnSe-1, ZnSe-2, ZnSe-

5 and ZnSe-10 respectively, the numbers corre-
sponding to the deposition time (in minutes) of 

the ZnO (i.e. ZnSe-1 means 1 min of ZnO depo-

sition, giving around 5 nm). Just after the ZnO 

deposition, the samples were selenized at 400ºC 
at atmospheric pressure during 15 min. The so-

lar cells were then completed by depositing on 

top an i-ZnO layer followed by an ITO layer. 
No efficiency in CZTSe solar cells was obtained 

without ZnSe buffer layer. However, for very 

thin layers of ZnSe (the initial ZnO thickness 
was between 5 and 10 nm) the devices exhibited 

a clear solar cell behaviour, despite a low fill 

factor (around 40%). An efficiency of 3.8% was 

obtained for a ZnSe thickness around 10 nm, 
with an open circuit voltage (Voc) and short cir-

cuit current density (Jsc) values of 357 mV and 

26 mA/cm2 respectively. When the ZnSe thick-
ness increased, the efficiency considerably re-

duced, probably due to elevated recombinations 

in the thick ZnSe layer (as confirmed in the 

quantum efficiency behaviour, not shown here). 
Further characterizations are currently being 

performed to optimize the process synthesis of 

the buffer and improve the devices efficiency. 
Keywords: free-cadmium buffers, zinc sele-

nide, thin film solar cells, kesterite solar cells. 
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Abstract: 

Here I will present a particularly interesting class 

of surface-anchored (metal-organic frameworks 

and coordination network compounds) materials 

SURMOFs and CNCs for the fabrication e.g. of 

1D (Photonic Band Gap) PBG materials [1] as 

optical sensors, low-k dielectric thin films [2], 

optoelectronic/ electrochromic switchable coat-

ings/devices [3] PV devices [4] or as future arti-

ficial Light-Harnessing (LH) antenna array as-

semblies as well as monolithic up- and down 

conversion architectures. Since these materials 

are highly porous and the size of their pores are 

highly adjustable, they can be further functional-

ized (e.g. with different metal/oxo connectors or 

clusters linked with various organic linkers) e.g. 

in order to specifically bind target analytes (opti-

cal sensing), to electrically load and unload small 

ions (optoelectronic applications) as well as to 

act as photon traps, which are able to efficiently 

absorb, transport and harness light energy over 

an artificial LH antenna array. In addition, the 

RI (Refractive Index) as well as the optical prop-

erties of SURMOF and CNC materials can be 

tailored – a fact which makes these materials 

ideally suited for photonic, optical, optoelectron-

ic, light-harnessing as well as for future solar 

energy systems like photocatalytic and PV appli-

cations.  

Keywords: SURMOFs, porous  thin films, arti-

ficial light harnessing, optics and photonics, PV 

applications, photocatalysis.  
 

 

 

 

 

 

 

 

Figure 1. Schematic  Drawing of an artificial su-

pramolecular LH array for photocatalytic and/or 

PV applications. 
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Nanotechnology for cleaning water: redox reactions the way out? 
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Abstract: 

Due to continuous population growth in the 

world, water scarcity is an important area to find 

an immediate answer. Environmental pollution 

and industrialization in global scale have led to 

pollution of available water and thus hygienical-

ly friendly purification technologies are the need 

of the hour. Cost-effective treatment of pollu-

tants requires the transformation of hazardous 

substances into benign forms. Nanotechnology 

based filters utilizing photocatalytic processes 

that activate the antimicrobial properties under 

sunlight and Capacitive Deionization techniques 

promise as an interesting alternative for effective 

degradation of organics and removal of dis-

solved ions from water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Development of these techniques would make it 

possible to install delocalized systems with very 

little capital investment and operation and 

maintenance costs. 
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Funtional nanostructured materials for water treatment and desali-

nation 
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Abstract:Nanotechnology has the potential 

to contribute to long-term water quality, 

availability, and viability of water resources, 

such as through the use of advanced filtra-

tion materials that enable greater water re-

use, recycling, and desalinization. In this 

talk, we will give an overview of the latest 

advances made at LEITAT in the develop-

ment of nanostructured materials and mem-

branes for water treatment. We will provide 

examples of the innovations in fundamental 

science, engineering and technology with 

the highest potential to foster a break-

through in sustainable water technologies, 

including: 

i. Photocatalytic hollow-fiber membranes 

to prevent fouling in water desalination 

reverse osmosis systems. 

ii. High surface area nanofibers for the de-

contamination of water polluted with 

toxic and heavy metals and the recovery 

of valuable metals.  

iii. Nanostructured materials for oil spill 

remediation. 

iv. Microbial electrochemical cells as 

emerging technology for low-energy 

desalination and simultaneous 

wastewater treatment. 

 

Figure 1: Representative SEM image of 

nanostructured membranes. 

 

 

 

Keywords: Nanotechnology, Nanomaterials, 

Water Treatment, Desalination, Nanofibers, 

Membranes, Drinking water.  
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Abstract: 

There is a wide variety of techniques for the re-

moval of heavy metals from wastewater. These 

techniques are useful but some of them are not 

economically available. Herein, we have synthe-

sized a diatomite earth and graphene compound 

material. This material was obtained by continu-

ous stirring of diatomite earth in a suspended 

graphene solution. Diatomite earth was taken 

from Piura locality (Peru) and graphene was syn-

thesized in a lab from Merck graphite. In this 

research, we carried out a comparative study 

about the relationship of the diatomite distribu-

tion size used, stirring time required to produce 

the material and graphene concentration of the 

solution. Finally we study the behavior of this 

compound material to decontamination of heavy 

metals in wastewater. 

Keywords: diatomite, graphene, heavy metals, 

water decontamination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Figure illustrating the possible bending 

betwen diatomites and graphene. The synthetized 

graphene covers the diatomites surface. 

(Gr=graphene, Di=diatomites) 
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Functionalization of glassy carbon electrode by amines electro-
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Abstract: 

 Good chemical status of European water is de-

fined in terms of compliance with all the quality 

standards established for chemical substances at 

European level in the European Water Frame-

work Directives (WFD) 1. Implementation of the 

WFD needs the monitoring of 45 micro-

pollutants belonging to several chemical groups 

such as metal, HAP, pesticide, hormone...For 

now, all the controls need on site sampling then 

analysis in laboratory that require costly appa-

ratus. Consequently, the spatial and temporal 

cover of the monitoring plan remains inade-

quate. The improvement of water quality in-

volves the implementation of self-powered on-

site devices of analysis with remote data collec-

tion. Electrochemical sensors are good candi-date 

to meet these specifications. However the im-

provement of the sensibility, the robustness and 

the selectivity of the electrode is essential to al-

low the development and the validation of the 

electrochemical sensors as standard tools for wa-

ter monitoring. Within this context, our works 

deal with the development of functionalized car-

bon elec-trodes for micro-pollutants detection in 

aqueous media. Especially we have shown that 

electro-grafted carboxy-carbon electrode via re-

duction of diazonium are able to detect metallic 

micro-pollutants such as Cu(II), Pb(II), U(VI) or 

Cd(II) at ppb levels2. In this presentation, the 

electro-oxidation of several amines is explored as 

functionalization way to improved selectivity and 

sensibility of glassy carbon electrode used for 

lead detection. Since 1990, electro-oxidation of 

primary and aromatic amines is known to be able 

to grafted organic layer on carbon, noble metal 

and semi-conductor. Less used as surface modi-

fication method than the electro-reduction of dia-

zonium salt, this way allows grafting of covalent 

layer and is an powerful alternative to function-

alize carbon surface by aliphatic or aromatic 

groups. In the present work, we functionalized 

glassy carbon electrode by carboxyl groups via 

oxida-tion of the corresponding amines and we 

will show their potential application to trace lead 

detection. Evidence of the grafted layer at the 

electrode surface was investigated via electro-

chemical signal study of the ferri cyanide probe. 

XPS and FTIR characterization are used to show 

the presence of the carboxyl function on the 

glassy carbon grafted surface. The rough-ness 

and the homogeneity of the grafted layer are ex-

plored by AFM. Analytical performances of the 

carboxy grafted glassy carbon electrode will be 

established for the analysis of lead aqueous solu-

tion. Finally a comparison will be proposed be-

tween the performances of the grafted electrode 

obtained via electro-oxidation of amines and 

electro-reduction of the corre-sponding diazoni-

um salts. 

Keywords: amine electrooxidation, lead detec-

tion, micropollutant, diazonium electroreduction 

-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3

0

2

4

6

8

10

b

 

 

I/
µ

A

E/V vs.SCE

 Blank

 GC/4-ABA ox

 GC/4-ABA red

[Pb
2+

] = 10
-5
M

a

 
Figure 1: Square wave Adsorptive stripping volt-

ammetry in Pb(II) trace solution glassy carbon elec-

trode functionalized a) via 4-aminobenzoic acid 

electro-oxidation b) 4-aminobenzoic acid diazoni-

um electro-reduction 
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Abstract: 

Membrane processes are widely accepted as 

more economic, environmental-friendly and 

sustainable alternatives to several industrial 

processes. Although these technologies offer 

several advantages, both in terms of costs 

and of reduced environmental impact, and 

are in perfect agreement with the philosophy 

of process intensification [1], fouling and, 

above all, biofouling, still represents one of 

the main drawback in water membrane ap-

plications. Fouling negatively affects the 

plant productivity and offering additional 

resistance to transport. Consequently, opera-

tional costs increase; while, membrane life-

time reduces. Moreover, fouling makes nec-

essary the use of chemical agents for clean-

ing; hence, one of the main advantages of 

any membrane process, i.e. the un-necessity 

of additional chemicals, is lost. Therefore, 

different strategies have been developed for 

overcoming this problem, such as physical 

and chemical cleaning (i.e. back flushing, or 

treatment with sodium hypochlorite, en-

zymes etc.), improvement of the system flu-

id-dynamic conditions and/or membrane 

modification. In particular, the membrane 

modification is part of the present work, 

polyvinylidene fluoride (PVDF) hollow-fiber 

membranes loaded with TiO2 have been pro-

duced and tested for water treatment. As 

already largely discussed in literature, the 

immobilization of TiO2 photocatalyst in a 

polymeric membrane represents an interest-

ing and viable approach for reducing fouling 

in membranes. In this work, different TiO2 

concentrations were homogeneously dis-

persed into the polymeric matrix to evaluate 

the influence of the amount of TiO2 on the 

membrane characteristics. Different PVDF 

concentrations and pore forming additives 

have been added to modulate the membrane 

morphology and properties. The produced 

membranes have been, then, characterised 

and fouling tests by using UV light have 

been also performed. The results demon-

strated the stability of the membrane pro-

duced and potentiality of this approach as 

antifouling approach. 

Keywords: Membrane preparation, hollow-fiber, 

TiO2 nanoparticles, fouling, desalination 

 

Figure 1: Figure illustrating the PVDF hollow-

fiber membranes loaded TiO2. 
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Abstract: 

Owing to their superior characteristics, porous 

ceramic membranes have been used for water 

filtration for decades. The objective of this re-

search is to develop porous alumina-carbon 

nanotubes composite membranes for sustainable 

water purification, via the removal of heavy met-

al ions from polluted water through adsorption. 

In the present study, porous alumina-carbon 

nanotubes composite membranes, containing dif-

ferent amount of carbon nanotubes (CNTs), are 

synthesized by spark plasma sintering (SPS) 

technique through controlled process parameters 

including compaction pressure, sintering temper-

ature and time. Because of CNTs inertness and 

relatively high specific surface area for physical 

adsorption, they are selected as adsorbent mate-

rial, in addition to alumina, for heavy metal ions. 

For membrane preparation, CNTs are first dis-

persed in a mixture of Arabic gum and sodium 

dodecyl sulfate (SDS) dissolved in water fol-

lowed by sonication. Then, alumina powder is 

added to this solution to obtain a homogeneous 

physical mixture of alumina and CNTs powders, 

which is then dried and sintered using SPS. For 

comparison, alumina is also sintered without 

the addition of CNTs. The effects of SPS param-

eters, including sintering temperature; holding 

time and pressure, on the developed microstruc-

ture of the composite membranes and porosity 

are studied. The porous membranes are charac-

terized using x-ray diffraction, scanning electron 

microscopy, contact angle and porosity meas-

urement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dispersion of CNTs in alumina matrix, and 

the membrane pore size are evaluated. The pre-

pared membranes are tested for pure water flux 

transport as well as for their capacity to adsorb 

heavy metal ions. The membrane characteristics 

are also correlated with the SPS parameters and 

amount of CNTs. The results of this study indi-

cate that these membranes offer excellent poten-

tial for the removal of heavy metals from water.  

Keywords: carbon nanotubes, alumina, porous 

membranes, composite membranes, spark plas-

ma sintering, heavy metal removal, water purifi-

cation applications. 
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Abstract: 
The discovery of efficient self-cleaning oil-

water separation membrane has been in urge 

demand due to the daily production of oily 
wastewater[1]. Currently, the available options 

for oil-water separation are not sustainable and 

are prone to fouling. TiO2 material has been 

realised for its intrinsic superhydrophilic and 
underwater superoleophobic properties. Howev-

er, its self-cleaning property and efficiency in 

separating oil from water have been restricted 
by its large band gap and the nanostructures 

formation respectively. Thus, this study intro-

duces a hierarchical TiO2/Fe2O3 nano-fabric 

constructed membrane, which possess with a 
high oil-water separation ability coupled with 

self-cleaning phenomenon. The analytical re-

sults showed that the TiO2/Fe2O3 membrane 
portrayed excellent oil-water separation capabil-

ity owing to its interconnected delicate 

network[2]. Furthermore, its enlarged specific 
surface area promotes the formation of  more-

water layers represented by its high water cap-

ture percentage (WCP), which improve the un-

derwater superoleopbobic interface. As com-
pared to the primary TiO2 nanowire membrane, 

this novel membrane illustrated a better self-

cleaning ability, in which it is able to remove 
the oleic acid accumulated on its surface, and 

concurrently regaining its superhydrophilic 

property in a shorter period of time under UV 
light irradiation. This superior photodegradation 

property can be attributed to two main charac-

teristics possessed by the TiO2/Fe2O3 mem-

brane: 1) the high light harvesting capability 
contributed by the multiple reflections of inci-

dent light; and 2) superior photo-generated elec-

tron collection feature resulted from the hierar-
chical formation of TiO2/Fe2O3 nano-fabric 

structure[3]. Moreover, the mechanical flexible 

characteristic of this novel membrane endows 

its opportunity to be employed in wider indus-
trial employments.  

 

 
 

 

 

Keywords: TiO2/Fe2O3 nano-fabric; flexible oil-
water separation membrane; self-cleaning prop-

erties; superhydrophilic and underwater super-

oleophobic interface; photodegradation 

 

 
Figure 1: (a) FESEM image of TiO2/Fe2O3 

nano-fabric (b) Video snapshots of the water 

contact measurement (right) before UV irradia-
tion and (left) after UV irradiation indicating 

recovery cycle of the contaminated TiO2/Fe2O3 

membrane 
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Abstract: 

This paper describes the preparation and perfor-

mance of banana peels nanosorbent for the re-

moval of actinides from mine water. The sorbent 

before and after adsorption samples were charac-

terised by X-ray diffraction (XRD), Fourier 

transform infra-red (FTIR), Scanning electron 

microscopy (SEM) while the amount of actinides 

adsorbed was determined by inductively coupled 

plasma optical emission spectroscopy. Results 

revealed the appearance of fibres in before and 

after adsorption sorbent samples. The functional 

groups responsible for the banana peels capabil-

ity to coordinate and remove metal ions, such as 

the carboxylic and amine groups, were identified 

at absorption bands of 1730 and 889 cm-1, re-

spectively, via FTIR analysis. Adsorption iso-

therm results demonstrated that the adsorption 

process was endothermic in both uranium and 

thorium. The Langmuir maximum adsorption 

capacity was 30.8 mg g-1 for uranium and 45.6 

mg g-1 for thorium. The results obtained indicate 

that nanostructured banana peel is a potential 

adsorbent for radioactive removal from mine 

water.  However, the choice of this sorbent mate-

rial for any application will depend on the water 

matrix to be treated and therefore more research 

must be done. 

Keywords banana peels, mechanical milling, 

nanostructure, adsorption, actinides 

 
 

Figure 1: Figure illustrating the base material we 

are tempting to create novel media from to solve 

problem involving waste water problem: A cer-

tain functional group was targetted from this 

agricultural waste which responsible for its abil-

ity to coordinate metal ions 
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Fabrication of hematite photoanode for solar water splitting by 

using pulsed laser deposition 
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Abstract:
Solar hydrogen production is promising as a 

clean and sustainable energy source. An ideal 

material for solar water splitting should have 

the properties such as proper band edge 
positions, small band gap for good light 

harvesting, good electron and hole transport 

characteristics, high electrochemical charge-
transfer rate, and high chemical stability. For 

hematite, however, the low electron mobility, 

short hole diffusion length, and the sluggish 

oxygen evolution reaction pose severe 
limitation on its application, although it 

possesses a suitable band gap and good 

chemical stability. These shortcomings could 
be overcome by (1) employing of n-type 

doping to increase electron conductivity and to 

create a depletion region for effective 
separation of electrons and holes (Cao et al., 

2010 and Lee et al., 2014) and (2) fabrication 

of a nano-porous structure in the hematite film 

to increase its electrochemically active surface 
area. (Lee et al., 2014) 

In this work, we used pulsed laser deposition 

in an atmosphere consisting of nitrogen and 
oxygen gases to prepare Ti-doped α-Fe2O3 

(hematite) thin films composed of an array of 

nanorods formed by stacking of nanoparticles 
on FTO substrates. The films were annealed in 

situ during and after deposition at 500 oC for 4 

hours in total. The target-to-substrate distance, 

nitrogen gas pressure, and oxygen gas pressure 
were optimized to maximize simultaneously 

the specific surface area and electron-doping 

concentration of the hematite film, leading to a 
high photocurrent density. The dependences of 

the film characteristics on these control 

parameters could be explained by cooperative 

control over nanoparticle formation and 
oxygen dissipation in the ablation plume to 

attain the desire mesoscopic morphology and 

defect identity. 
Key words: solar water splitting, hematite 

photoanode, pulsed laser deposition, defect 

chemistry 
 

 

 

 

 

 

 
Figure 1: J-V curves of the hematite 

photoanodes deposited in an atmosphere of 30 

mtorr oxygen at various target-to-substrate 

distances. The photoanode deposited at a 
target-to-substrate distance of 14 cm exhibits 

the lowest onset potential and highest 

photocurrent. 
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Abstract: 

Nanotechnology holds great potential in advanc-

ing water and wastewater treatment to improve 

treatment efficiency as well as to augment water 

supply through safe use of unconventional water 

sources. Various types of nanomaterials, such as 

nanoadsorbents, nanometals, nanomembranes, 

and photocatalysts, have been utilized in water 

treatment applications. However, the prediction 

of the fluid mass flow rate and heat transfer in 

nanoscale systems presents a major barrier to 

their design. The existence of non-continuum 

effects, such as molecular layering and velocity 

slip near to liquid–solid interfaces, seemingly 

precludes efficient continuum computational flu-

id dynamics (CFD). On the other hand, more 

accurate molecular dynamics (MD) simulations 

can be extremely costly in terms of the computa-

tional resources they require. In this paper we 

used the molecular dynamics-continuum hybrid 

simulation to investigate the water transport 

through carbon nanotube (CNT) membranes 

(Figure 1). We present a procedure for using 

molecular dynamics (MD) simulations to provide 

essential fluid and interface properties for subse-

quent use in computational fluid dynamics 

(CFD) calculations of nanoscale fluid flows.  

Comparison with full-scale MD simulations 

demonstrate that these enhanced CFD simula-

tions providing good flow field results in a range 

of complex geometries at the nanoscale. 

Keywords: computational fluid dynamics, mo-

lecular dynamics, hybrid methods, carbon nano-

tube membranes, non-continuum effects, molecu-

lar layer, slip flow. 
 

Figure 1: Carbon nanotube membranes (CNT). 
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Abstract: 

Sustainable pollutant destruction and energy 

production are two of the areas in which intense 

research is being carried out. Photocatalysis can 

be defined as a catalytic reaction involving the 

production of a catalyst by absorption of light. 

Semiconductor-mediated photocatalysis is a 

well-established technique for pollutant degrada-

tion and hydrogen production by water splitting. 

Nano-structured titanium dioxide (TiO2) is a 

multifunctional semiconductor photocatalyst that 

can be an energy catalyst (in water splitting to 

produce hydrogen fuel), an environmental cata-

lyst (in water and air purification), or an electron 

transport medium in dye-sensitized solar cells. 

Photocatalytic water and air purification using 

nano-structured TiO2 is a predominant advanced 

oxidation process because of its efficiency and 

eco-friendliness. Recently, dyes and poisonous 

metals are extremely used in the textiles indus-

tries. Unfortunately, they are stable to light and 

are non-biodegradable. In order to reduce the risk 

of environmental pollution from such waste, it is 

necessary to treat them before discharging to the 

environment. Today, more than 10,000 dyes 

have been incorporated in the color index. The 

removal of hazardous materials, e.g. dyes, poi-

sonous metals, and toxic organic and inorganic 

substances from wastewater is very difficult. 

There are various methods for removal of organ-

ic and inorganic compounds from the 

wastewater, such as filtration, electrolysis, pre-

cipitation, ion exchange, and adsorption process. 

Among the above-mentioned methods, photoca-

talysis is highly effective and cheap process than 

the other methods. In this work, TiO2-based 

nanocatalysts were synthesized from Thai natu-

ral sources, i.e. TiO2 nanostructures from natural 

minerals and hydroxyapatite-supported TiO2 cat-

alysts from chicken bones. For TiO2 nanostruc-

tures from natural minerals, the minerals were 

washed by 10 M NaOH aqueous solution (5 

times) before synthesis. For hydroxyapatite-

supported TiO2 catalysts, chicken bones were 

boiled at 100 °C, dried, and grinded prior to mix-

ing with TiO2 precursors. The prepared samples 

were characterized by X-ray fluorescence 

(XRF), X-ray diffraction, scanning electron mi-

croscopy (SEM), transmission electron micros-

copy (TEM), and nitrogen adsorption (for 

Brunauer-Emmett-Teller (BET) specific surface 

area). Photocatalytic degradation of a model dye, 

i.e. methylene blue, in water by synthesized 

TiO2-based catalysts was studied. It was found 

that nanofibers fabricated from leucoxene miner-

als showed the highest photocatalytic activity, 

indicating the high surface area and good crystal-

linity of the fibers, while the synthesized hydrox-

yapatite-supported TiO2 catalysts showed com-

parable photocatalytic activity with commercial 

hydroxyapatite-supported ones. 

 

Keywords: dye wastewater, wastewater treat-

ment, photocatalysis, titanium dioxide, natural 

mineral, hydroxyapatite 
 

 
 

Figure 1: SEM images of natural mineral (leu-

coxene, left) and nanofibers fabricated from leu-

coxene (right). 
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Magnetic Nanoparticles Stabilized by Lignocellulosic Waste as 

Green Adsorbent For Cr(VI) Removal from Waste Water 
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Abstract: 

The application of nanotechnology in water and 

wastewater treatment has been a topic of interest 

the past few years. Nanoparticles especially iron 

oxide magnetic nanoparticles have certain ad-

vantages over conventional adsorbents which 

include large surface area to volume ratio, high 

reactivity, ability to be functionalized, low diffu-

sion resistance when applied in a packed column 

and the ability to be separated from treated water 

by applying a magnetic field (Peng et al., 2014). 

Nanoparticles have sizes in the nanometer scale 

and are highly charged leading to agglomeration 

(size increase) and ultimately loss of desired sur-

face properties. Therefore, to keep them as stable 

dispersions, avoid agglomeration and loss of sur-

face properties, capping agents need to be added 

to nanoparticle surfaces (Cheraghipour et al., 

2013). Various capping agents have been applied 

to stabilize nanoparticles in aqueous solution and 

these includes silica, ligands of nitrogen contain-

ing organic chemicals, and polyfuntional organic 

acids. In this work, pine cone powder obtained 

from biocompatible agricultural waste materials 

was used to stabilize iron oxide magnetic nano-

particles to form a nanocomposite which was 

used for adsorption of Cr(IV) from water. The 

powder was pre-treated with Fenton’s reagent to 

oxidise some of the surface groups and provide 

more binding sites for iron oxide while also elim-

inating soluble organic components which may 

lead to contamination of the treated water (Argun 

et al., 2008). Iron oxide magnetic nanoparticles 

were prepared via the co-precipitation method 

and the nanocomposite was prepared by precipi-

tation of iron oxide in the presence of pine cone 

powder. The prepared nanoparticles and nano-

composite were characterized using FTIR, XRD, 

SEM, TEM and TGA. The amount of Cr(IV) in 

solution was determined using UV-Vis spectros-

copy. It was observed that stabilizing the nano-

particles with pine cone powder improved the 

chromium uptake by up to 32% and allowed 

them to be more stable and minimize agglomera-

tion. 
 

Keywords: adsorption, nanoparticles, nanocom-

posite, co-precipitation. 
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Supramolecular approaches to 2-D materials: from complex struc-

tures to sophisticated functions 
 

Paolo Samorì 
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Abstract: 

Supramolecularly engineered hybrid materials 

containing graphene are key multifunctional sys-

tems for applications in (opto)electronics and 

energy. The tuning of their dynamic physical and 

chemical properties can be achieved via tailored 

covalent or non-covalent interactions with ad-hoc 

macromolecules.[1] My lecture will review our 

recent findings on:  

(i) The harnessing of the yield of exfoliation of 

graphene in liquid media by mastering the su-

pramolecular approach via the combination with 

suitably designed functional molecules pos-

sessing high affinity for the graphene surface, 

leading ultimately to the bottom-up formation of 

optically responsive graphene based nanocompo-

sites for electronics. [2] 

(ii) The tuning of the graphene properties by 

combining them with organic semiconductors as 

a strategy both to promote hole mobility in an 

otherwise electron transporting material and to 

exploit the tunable ionization energy of thermally 

annealed liquid phase exfoliated graphene to 

modulate the transport regime as well as to fab-

ricate new memory devices.[3] 

(iii) The bottom-up formation of graphene based 

3D covalent frameworks with tunable intersheet 

distance, exhibiting large specific surface areas 

which determine extremely high performance in 

supercapacitors.[4] 

(iv) The local thermal reduction of graphene ox-

ide using a laser writer in order to develop very 

smooth, ultra thin, highly transparent and ex-

tremely conducting reduced graphene oxide pat-

terns that can operate as highly sensitive ozone 

sensor. 

Our approaches provide a glimpse on the chem-

ist’s toolbox to generate multifunctional gra-

phene based nanocomposites with ad-hoc proper-

ties to address societal needs in electronics and 

energy applications. 

Keywords: graphene, supramolecular chemistry, 

switches, memories, multifunctional devices. 
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Water-based 2D-crystal Inks: from Production to Devices 
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Abstract: 

The isolation of various two-dimensional (2D) 

materials allows for the possibility to combine 

them into heterostructures.  Such a concept can 

be used to study particular phenomena such as 

the metal-insulator transition [1], Coulomb drag 

[2], Hofstadter’s butterfly [3 ], or to make func-

tional devices such as tunnel diodes [4], tunnel-

ling transistors [5,6], photodetectors [7] and light 

emitters [8].  

The range of functionalities and performance are 

likely to be further improved by increasing the 

number of components in the heterostructure and 

by improving their electronic quality. Such com-

plex heterostructures are currently fabricated by 

using mechanically exfoliated 2D crystals. 

Therefore, alternative low cost and mass-scalable 

methods should be utilized to bring the attractive 

qualities of 2D crystal based heterostructures 

into real-life applications.   

I will show that the ink-based technology is suit-

able for fabrication of low cost and flexible de-

vices based on heterostructures of arbitrary 

complexity [9]. The success of this technology 

does not only depend on the performance of the 

devices, but also on the nature of the ink. Cur-

rently, 2D crystal inks are mostly based on or-

ganic solvents [10], which are toxic, expensive 

and have high boiling point, which affects post-

processing.  Water is very attractive as solvent, 

but it is not able to exfoliate graphite and it is 

also not suitable for inkjet printing, which is a 

very attractive technique for flexible electronics.  

We recently developed a method to produce high-

ly concentrated and oxygen-free graphene disper-

sions in water [11]. Furthermore, by modifying 

the exfoliation process, we have been able to 

produce water-based inks compatible with ink-jet 

printing technology. The method can be extended 

to make 2D crystal inks of any layered material 

(hBN, MoS2, WS2, etc [12]), making possible to 

build a whole heterostructure by inkjet printing 

different water-based 2D crystal inks [13].  

Keywords: graphene, 2D materials, inks, ink-jet 

printing, heterostructures, photodetectors, flexi-

ble electronics. 
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Abstract: 

Encapsulated or suspended graphene offers a 

promising platform for electron optical devices 
due the ballistic nature of electron transport. In 

graphene gapless pn interfaces can be formed 

by electrostatic gating, showing intriguing ef-

fects like a negative index of refraction and 
tunneling with perfect transmission (Klein tun-

neling). We have developed a versatile technol-

ogy that allows to suspend graphene and com-
plement it with arbitrary bottom and top-gate 

structures. Using current annealing we demon-

strate exceptional high nobilities in monolayer 
graphene approaching 102 m2/Vs. These sus-

pended devices are ballistic over micrometer 

length scales and display intriguing interference 

patterns in the electrical conductance when dif-
ferent gate potentials and magnetic fields are 

applied. Specifically, ballistic electric graphene 

pn-devices, both suspended and encapsulatedm 
will be discussed, in which one can study elec-

tric analogs of a mirror, a guiding fiber, and 

Fabry-Perot resonators, well known in optics. 

There are great similarities between the propa-
gation of light in a dielectric and electrons in 

graphene, but also differences. In particular, a 

negative refractive index is straightforward to 
realize in graphene, but hard in optics. If time 

permits, we will discuss recent results on mi-

crowave absorbtion in suspended bilayer gra-
phene sheding light on thermelectrics, as well as 

GHz mechanical resonances in suspended pn 

devices. 

Keywords: graphene, ballistic transport, elec-
tronic properties, felxible electronics and me-

chanics, electron optics, nanoelectronics, quan-

tum electronics, spintronics 

 

Figure 1: Illustration of electron guiding along 

a pn junction in graphene in a small magnetic 
field. 
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Abstract: 

 

Carbon element has a great number of allotropes, 

covering the traditional three dimensional (3-D) 

diamond and graphite, 2-D graphene, 1-D carbon 

nanotubes and 0-D fullerenes. Recently, 

graphyne, a new 2-D carbon allotrope family 

formed by sp and sp2 hybridization carbon atoms 

also comes into the stage. Theoretical calcula-

tions further indicate that there may exist a pen-

ta-graphene, formed by a huge number of carbon 

pentagons in a 2-D fashion instead of the hexa-

gon structure of graphene. Therefore, 2-D 

nanocarbons including graphene, graphyne, etc 

have created a new category of carbon allotropes 

which attract increasing attentions. We have 

been working on the controlled synthesis of 2-D 

nanocarbons for many years. Systematic studies 

have been done on the chemical vapor deposition 

(CVD) of high quality graphene on various solid 

substrates ranging from metals (Cu, Ni, Cu-Ni 

alloy, Pt, Ru, Rh, Ir, Pd), groups IV-VI early 

transition metal carbides, to dielectric substrates 

(h-BN, STO, glass, NaCl).  

 

We also made a great effort for the controlled 

synthesis of graphdiyne, a representative member 

of the graphyne family. A brief overview will be 

made in the talk following a general concept of 

CVD process engineering by highlighting the 

catalyst design, super graphene glass and scala-

ble production techniques of graphene and vari-

ous applications as well as the Glaser-Hay cou-

pling synthesis of graphdiyne nanowalls on Cu 

foils and foams. 

 

 

 

 

 

 

 

 

 

 

Keywords: graphene, graphyne, chemical vapor 

deposition (CVD), super graphene glass, scalable 

production techniques 
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Abstract: 

Currently, the improvement of the thermal and elec-

trical conductivity of polymers for advanced engi-

neering applications involves the incorporation of 

particles based on carbon allotropes, including car-

bon nanotubes, graphite, graphene and its deriva-

tives1. Graphite nanoplates (GnP), a 2-dimensional 

hexagonal structure of sp2 hybridized carbon atoms 

with open edges, obtained by intercalation and ex-

foliation of natural flake graphite, is a promising 

low cost alternative to carbon-based reinforcements. 

In practice, the dispersion of GnP in polymer media 

has proven to be difficult, due to their strong π-π 

interactions and/or lack of functionalities at the sur-

face2. When nanocomposites are prepared by melt 

mixing - a technique that is readily scalable to in-

dustrial production, a number of process and mate-

rial (polymer and filler) parameters influence the 

outcome. In the case of GnP, surface modification, 

aspect ratio (L/D), agglomerate density and 

strength, are particularly important3. Moreover, the 

stability of the dispersion level depends on the prevail-

ing thermomechanical stresses2. 

Therefore, the present work investigates the effects of 

morphology and surface chemistry of graphite nano-

plates on their dispersion behavior and network in PP 

melts. For this purpose, three commercial GnP grades 

were chemically modified via 1,3 dipolar cycloaddition 

of azomethine ylides and further covalent bonded to 

polypropylene-graft-maleic anhydride (PP-g-MA), in 

order to enhance interfacial bonding with the matrix. 

Nanocomposites were prepared in a prototype small-

scale extensional mixer, under pre-defined temperature 

and flow rate. The mixer consists of a first sequence of 

convergent/divergent flow sections inducing a strong 

extensional component, followed by a chamber with 

constant cross-section (where relaxation can develop) 

and a second series of convergent/divergent channels. 

Samples can be collected along the axis for subsequent 

characterization (optical microscopy and dielectric 

spectroscopy). Figure 1 shows the typical evolution of 

dispersion (in terms of the area Ratio) along the axis 

of the mixer for the three GnP tested. Dispersion, re-

agglomeration and dispersion (with a distinct rate) are 

clearly visible. 

 

 
Figure 1: Evolution of dispersion (area ratio) along 

the axis of the mixer of PP nanocomposites with 2 wt. 

% of as-received GnP.  

 

Keywords: nanocomposites, melt mixing, dispersion, 

electrical conductivity. 
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Abstract: 

Graphene shows promising potential in optics 

and optoelectronics. Among the many novel 

properties, its plasmonic characteristics are par-

ticularly attractive. The low-loss intrinsic plas-

mons in graphene exhibit strong spatial confine-

ment and remarkable enhancement of local elec-

tromagnetic fields. Moreover, the Fermi energy 

and optical conductivity of graphene can be 

tuned via chemical or electrostatic doping and 

this type of tunability can be rarely achieved in 

traditional plasmonic materials such as gold and 

silver. Thus graphene plasmons may be explored 

for a variety of tunable and compact infrared and 

THz optical devices. Here two potential applica-

tions are introduced. 

Figure 1(a) shows the simulated optical spectra 

of an array of doped graphene nanodisks. In the 

spectral range, a plasmonic dipole resonance is 

excited and a large proportion of incident light is 

trapped in the vicinity of the graphene nanodisks 

which leads to strong field enhancements. Figure 

1 (b) is the schematic of a proposed photodetec-

tor using graphene plasmonics for light trapping, 

where tunable absorption enhancement up to tens 

of times can be realized in the surrounding ab-

sorptive layer of graphene nanostructures at the 

plasmonic resonances. Polarization control and 

related functionalities will also be studied. This 

may lead to a new generation of photodetectors 

with high efficiency and tunable spectral selectiv-

ity in the mid-infrared and THz ranges. Fig. 1(c) 

shows the schematic of optical trapping of nano-

particles with graphene plasmonics. Due to the 

large field gradients of graphene plasmons, giant 

optical forces will be exerted on nanoparticles in 

the near proximity of graphene nanostructures 

under the illumination of infrared light. The ad-

vantages and challenges of using graphene plas-

monics for optical nanotweezers will be dis-

cussed. 

 

Keywords: graphene plasmonics, light trapping, 

absorption enhancement, optical forces. 

 

Figure 1: Strong light-matter interactions with 

graphene plasmonics and the applications. (a) 

Optical spectra of graphene nanodisks and and 

field distributions at the plasmonic resonance; (b) 

Tunable absorption enhancement; (c) Giant op-

tical forces exerted on a nanoparticle; 
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Abstract: 

Industrial application of Graphene and Few Layer 

Graphene (FLG) requires inexpensive, green and 

scalable production methods. Stirred media Graph-

ite delamination is a simple and well-scalable liq-

uid-phase exfoliation method and does not require 

expensive or dangerous feed materials (Nacken et 

al.; 2015; Damm et al.; 2015). The Graphite exfo-

liation is achieved by interaction of the Graphite 

particles with ZrO2 beads acting as delamination 

media (Figure 1). We report the influence of dif-

ferent process parameters (size of ZrO2 beads, 

stirrer rotation speed, feed Graphite concentration) 

on the yield, degree of delamination and quality of 

the formed product based on the statistical Raman-

spectroscopic characterization of the processed 

materials. The size of the ZrO2 beads and therefore 

the kinetic energy transferred to the Graphite par-

ticles during collision as well as the solvent viscos-

ity have major impact on defect generation. For 

bead sizes < 50 µm and/or increased solvent vis-

cosity exfoliation dominates over lateral particle 

fracture (Figure 1) and therefore FLG (of typically 

2-4 layers) with low defect concentration is ob-

tained. A FLG production rate up to  0.3 g/h was 

achieved for a 200 mL batch. The scalability of 

stirred media delamination is demonstrated by in-

creasing the batch size by the factor of 10. 

Moreover, we show that shear-induced Graphite 

exfoliation as demonstrated for low-viscous 

Graphite suspensions by Paton et al.; 2014 and 

Liu et al.; 2014, is also useful for highly viscous 

Graphite master batches. We will show how to 

achieve highly efficient Graphite exfoliation with-

out any product contamination. Product suspen-

sions with FLG concentrations up to 5 g/L were 

obtained from the processed master batches corre-

sponding to a production rate up to 1.2 g/h for a 

500 mL batch.    

 

Keywords: Liquid-phase Graphite exfoliation, 

Few Layer Graphene, Stirred media mill, Statisti-

cal Raman-spectroscopy. 

 
Figure 1: General scheme of stirred media Graph-

ite delamination due to collision with ZrO2 beads 

(Nacken et al.; 2015). Large beads (50 µm or 

larger) transfer a too high amount of kinetic ener-

gy to the Graphite particles leading to lateral frac-

ture and defect formation (left side). For bead siz-

es < 50 µm and/or increased solvent viscosity the 

kinetic energy is below the critical value for defect 

generation. In this case exfoliation dominates over 

lateral fracture and FLG of high quality is ob-

tained (right side). 
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Abstract: 
Because of the unique two-dimensional (2D) 

nature, molybdenum disulfide (MoS2) has at-

tracted extensive attention for a variety of next 
generation electrical and optoelectronic device 

applications. This material has a crystalline 

structure consisting of covalently bonded layers 

weakly coupled to each other by weak van der 
Waals forces in the bulk form. By scotch tape 

or liquid-phase exfoliation monolayer MoS2 can 

be easily obtained. Using mechanical exfolia-
tion from bulk samples, versatile devices were 

demonstrated on 2D MoS2 crystals. However, 

exfoliation is not scalable for large-scale device 

fabrication resulting from the absence of con-
trollable thickness, size and uniformity of the 

2D film. Up to date, chemical vapor deposition 

(CVD) is the most promising method to synthe-
size monolayer MoS2 from triangular islands up 

to hundreds of micrometers in size to a large 

film scale. We report on the growth of MoS2 
using H2S as a gas-phase sulfur precursor. De-

pending on the H2S:H2 ratio in the reaction gas 

mixture and temperature at which they are in-

troduced during growth, it allows controlling 
the domain growth direction of domains in both 

vertical (perpendicular to the substrate plane) 

and horizontal (within the substrate plane). 
Different characterization techniques such as 

optical and atomic force microscopy, scanning 

transmission electron microscopy, Raman and 
photoluminescence spectroscopy demonstrate 

the formation of monolayer triangular-shape 

domains with a regular atomic structure of a 

hexagonal symmetry. Field-effect transistors 
fabricated on MoS2 domains show mobility 

similar to previously reported exfoliated and 

CVD-grown materials. 
 

Keywords: MoS2, monolayer, CVD. 

 
 

Figure 1: Optical microscopy image of the 
sample showing incomplete coverage area with 

isolated MoS2 islands. Scale bar length is 10 

µm. Original optical images were converted to 
greyscale. Inset (a): Atomic force microscope 

image showing a monolayer MoS2 island. Scale 

bar length is 2 µm. Inset (b): Scanning trans-

mission electron microscopy image of mono-
layer MoS2 lattice with structural model over-

laid. Scale bar length is 500 pm. 
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Abstract:Molybdenum trioxide nanosheets 

(MoO3), recently isolated by mechanical exfolia-

tion of bulk α-MoO3 layered crystals, is a rela-

tively low-bandgap oxide (>2.7 eV) making it 

very attractive for applications requiring a trans-

parent material in the visible part of the spectrum 

(Kalantar-zadeh et al., 2010), and for devices 

such as field effect transistors and photodetectors 

(Balendhran et al., 2013). However, a method for 

the large scale synthesis of this novel 2D materi-

al is still not well stablished. We report on the 

large-scale synthesis of highly oriented ultrathin 

MoO3 layers using an atmospheric pressure, van 

der Waals epitaxy growth on muscovitemica 

substrates (Wang et al, 2014), with thicknesses 

ranging from 1.4 nm (two layers) up to a few 

nanometers. The crystals can be easily trans-

ferred to an arbitrary substrate (such as SiO2) 

by a deterministic transfer method and extensive-

ly characterized to demonstrate the high quality 

of the resulting crystal. We also study the elec-

tronic band structure of the material by density 

functional theory calculations demonstrating that 

bulk MoO3 has a rather weak electronic inter-

layer interaction and thus it presents a monolay-

er-like band structure. Finally, we fabricate 

large-area field-effect devices (10 µm by 110 µm 

in lateral dimensions), finding responsivities of 

30 mA·W-1 for a laser power density of 13 

mW·cm-2 in the UV region of the spectrum 

Keywords: two-dimensional materials · molyb-

denum oxide · van der Waals epitaxy ·  UV pho-

todetector 

 

Figure 1: MoO3 extended layer (a) as-grown on 

mica (inset: drawing of the growth process) and 

(b) transferred to a SiO2 (inset: drawing of the 

transfer method). (c) Source-drain current for a 

fixed Vb as a function of the back-gate voltage  

(inset: drawing of a MoO3 UV-photodetector) 
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Abstract: 

This work presents the synthesis of graphene 

by plasma-assisted chemical vapour deposi-

tion on polycrystalline nickel foils. It is initi-

ated by the comparison of the mechanisms in 

CVD and plasma-assisted CVD on a nickel 

substrate and focusses on the development 

of a growth model for both sides of the sub-

strate within the experimental results. In de-

tail, the differences in graphene growth at 

the front and at the back side of the substrate 

are investigated and correlated to specific 

influence factors. It is shown that growth 

mode as well as expansion and quality of 

graphene sheets can be adjusted by process 

temperature and time respectively since car-

bon solubility and diffusion in nickel both 

hold strong temperature and time dependen-

cies. The strong time dependence of gra-

phene growth is further indicative of a re-

constructional nature of graphene formation, 

which is further discussed in the developed 

growth model. In addition the influence of 

the substrate is investigated by comparing 

results from graphene growth on polycrys-

talline nickel foils and nickel single crys-

tal(111) substrates, as well as graphene on 

nickel (synthesized graphene) and silicon 

dioxide substrates (transfered graphene). 

Raman mappings are demonstrated to con-

firm the quality of the synthesized graphene. 

Keywords: graphene growth, PECVD, growth 

mechanisms, carbon diffusion and solubility in 

nickel, graphene growth model, temperature de-

pendence, Raman mapping, surface plasma, 

nickel substrates 
 

 

 

 

 

 

Figure 1: Schematic summary of the most im-

portant mechanisms and influence factors in 

PACVD growth of graphene concerning the 

front and the back side of the substrate respec-

tively. All of the depicted direction arrows refer 

to the movement of carbon species. 
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The Effect Of Charged Impurities 
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Abstract: 

We have developed a simple, two-step lithogra-

phy process to fabricate CVD graphene devices 

in a manner that is compatible with wafer-scale 

CMOS. Record-breaking electron and hole mo-

bilities of 25,600 and 23,700 cm2/Vs, respective-

ly, are achieved with high symmetry and low 

intrinsic doping. To the best of our knowledge, 

the highest reported mobility for CVD-grown 

graphene has been 11,000 cm2/V.s [1]. Figure 1a 

summarizes the fabrication process of the CVD 

graphene devices. The first step is patterning the 

graphene sheet into 30 m  10 m rectangles 

using electron beam lithography with 2% HSQ 

as an etch mask. The channel length was inten-

tionally made much larger than the typical mean 

free path of graphene to account for scattering 

and demonstrate the high quality of the fabricat-

ed devices.  Next, the metal contacts are pat-

terned using the positive-tone resist ZEP520.  

Prior to deposition of the metal, a BOE etch is 

used to clear the HSQ and allow contact with the 

graphene.  Finally, Ti/Au with a 20/80 nm thick-

ness is deposited by e-beam evaporation and a 

standard liftoff. We believe that the improvement 

in the charge carrier mobility is largely due to 

using HSQ as a top dielectric layer for several 

reasons. Firstly, using a high-k medium was 

shown to fix the Dirac point at zero Vg, where Vg 

is the back gate voltage, and lead to a sharp R-Vg 

curve; hence improving mobility[2]. This is due 

to the dielectric screening of charged impurities 

by the high-k material. The Fourier transform of 

the potential of a charged impurity is giv-

en by [3]: 

Vi
0 (q) =

2pe2

kq
 

wherek is proportional to the screening (dielec-

tric) constant, which is the average dielectric 

constant of the material below and above the 

graphene sheet. In the absence of HSQ, the aver-

age dielectric constant is given by averaging the 

dielectric constant of SiO2 (kSiO2
=3.9) and that 

of air (kair=1); that is kavg=(3.9+1)/22.5. 

Adding HSQ (kHSQ
=4) increases the average 

dielectric constant to  4. From equation (1), the 

potential created by the charged impurities is 

reduced and hence the force felt by an electron 

moving from the source to the drain of the gra-

phene transistor is reduced, which in turn mini-

mizes scattering. Furthermore, we believe that 

HSQ helps pin down the graphene to SiO2 and 

hence minimizes the charged impurities (mainly 

O2 and H2O) trapped between graphene and 

SiO2; thus reduces scattering and improves mo-

bility. Figure 1b shows the transfer characteris-

tics of a typical device measured at room tem-

perature. 
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Figure 1: (a) The general process flow for a dielectrically 

pinned CVD graphene.  First, the starting material is 

CVD graphene on SiO2.  Next, EBL is used to pattern the 

graphene with HSQ.  Next, the HSQ pattern is transferred 

into the graphene via a plasma etch.  Next, a second EBL 

layer with ZEP is used to pattern via and contact pads.  

Next, the vias are opened by clearing the HSQ using a 

wet etch.  Next, contact metal is deposited using E-Beam.  

Finally, the excess metal is removed using a standard 

liftoff procedure, (b) Transfer characteristics from four-

point measurements on a typical pinned CVD graphene 

device.  An optical image of the device is shown in the 

inset.  Four-point testing is performed by passing an exci-

tation current around the outer pads and measuring the 

voltage drop across the inner pads. 

(b) 

(1), 
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Abstract: 
Efforts to obtain high-quality graphene film over a large 
area have been hampered by the lack of quantitative 
understanding of the gas phase chemistry as well as the 
nucleation and growth mechanisms at the scale and quality 
required for applications. To date, among graphene 
synthesis methods, only chemical vapor deposition (CVD) 
method has shown the capability for growing high-quality 
graphene film [1]. The quality and continuity of the 
graphene being affected by numerous process parameters 
such as growth temperature, hydrocarbon concentration, 
pressure and cooling rate. Also, the graphene growth 
mechanism is significantly affected by catalyst type, 
structure, quality, and carbon solubility. However, 
synthesizing a single-layer graphene and controlling the 
quality of the graphene film are very challenging due to the 
multiplicity of the growth conditions. Complementary in-
situ metrology approach including XPS, XRD, Raman and 
ESEM have been proposed to study Graphene-catalyst 
interactions during the synthesis [1]. Computer modeling 
could be supportive in understanding CVD graphene 
growth mechanism. In this article, we report on some of 
the fundamental chemical and physical processes 
responsible for the deposition of graphene by plasma 
enhanced chemical vapor deposition (PECVD). In order to 
investigate the effect of the process parameters on the 
graphene growth, graphene were grown by plasma 
decomposition of a mixture of methane and hydrogen over 
different catalysts (Co, Ni and Cu). During cooling from 
high temperature, carbon atoms segregate to the catalyst 
surface, causing graphene islands to nucleate. Using a 
thermochemical mathematical model, we calculate the 
local concentration of carbon precursors on the surface 
resulting from the reactions taking place inside the plasma. 
The model includes species and energy equations for 
analyzing specific conditions for graphene growth in a 
micowave plasma reactor by extending classical chemistry 
formulation to non-equilibrium plasma reactors that 
include (H2 / CH4) gas-phase reactions, surface-
recombination and detailed power deposition with inelastic 
and elastic collision losses [2]. To understand the effect of 
the macroscopic process parameters on graphene growth, a 
two dimension (2D) model with reduced kinetics has been 
also developed and implemented in the commercial 
computational fluid dynamics (CFD) software ANSYS 
Fluent [3]. Simulations were performed to determine the 
gas phase fields for temperature and species concentration 
(Figure 1-a) as well as the surface-species coverage. 
Hydrocarbon species such as C2H2, CH3 are likely to be 
key deposition species influencing graphene growth on the 
substrate.  If the amount of bulk carbon is sufficiently high, 
a single layer of graphene can nucleate and grow from 
carbon segregating on metals during cooling. At higher 
bulk concentrations, multilayers of graphen can precipitate. 

A model representing CVD graphene growth on cobalt thin 
films by dissolution-precipitation mechanism will be 
presented. Our results indicates that subrate temperature as 
well as hydrocarbon injection time affects spatially and 
time resolved diffusion of carbon in bulk cobalt  
thereby controling graphene nucleation and growth (Figure 
1-b).  
 
Keywords: Graphene - PECVD - Modeling - Plasma 
- Kinetics -  

 

 
                    (a) 

               
                  (b) 

Figure 1: (a) Calculated contours of temperature 
during PECVD graphene deposition. (b) Spatiall y 
and time resolved dif fusion of carbon in Cobalt. 
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Abstract: 
The reduced thermal load and the possibility to 

industrially scale-up the plasma-enhanced CVD 

(PECVD) process makes it a very attractive 
alternative to the thermal CVD process with 

respect to future’s graphene production. How-

ever, PECVD graphene, in general, displays 

significant D-band, thus with quality still not 
equivalent to exfoliated or thermal CVD gra-

phene. In addition, the process space for gra-

phene-PECVD growth is usually complex, very 
wide and depends on many factors, from sub-

strate choice, to specific growth conditions, as 

well as variables not under direct control. Many 
experiments need to be performed for reaching 

at the optimum conditions. Here, we report the 

optimization of PECVD process for the synthe-

sis of graphene films by cobalt-catalyzed de-
composition of methane. In order to find the 

most appropriate experimental conditions for the 

realization of thin, high-grade films, eight ex-
periments suitably designed and performed us-

ing Taguchi experimental design technique. The 

influence of temperature (700–890 °C), synthe-

sis duration (30–90 sec), methane flow (1–10 
sccm) and microwave power (300-400 watt) on 

the number of graphene layers and defect densi-

ty in the graphitic lattice was ranked by moni-
toring the intensity of the 2D and D-bands rela-

tive to the G-band in the Raman spectra. After 

critical examination and adjusting of the condi-
tions predicted to give optimal results, a contin-

uous film of monolayer graphene was obtained, 

as characterized by Raman spectroscopy (Figure 

1a). The optimal setting allows us to realize 
graphene deposition up to 2 inch surface cover-

age. Graphene samples were further character-

ized with STM and HRTEM (Figure 1b and c) 
after their transfer on the TEM grid and 

gold/mica substrates respectively, using bub-

bling transfer approach. Analysis of PECVD 
process optimization with Taguchi software 

‘Qualitek-4’ coupled to theoretical modeling of 

plasma chemistry will also be discussed. 

 
Keywords: Plasma-enhanced-CVD, Taguchi 

experimental design, Qualitek-4 software, Bub-

bling transfer of graphene, Raman spectroscopy, 
Transport properties of graphene, Theoretical 

modeling. 
 

 
Figure 1: (a) Raman spectrum of the films de-

posited with optimal PECVD process conditons 
displaying characteristic Raman of SLG with 

the I2D/IG ~5; (b) HRTEM image confirming 

deposition of SLG; (c) STM image at 4K dis-
playing well-defined rotational grain boundaries 

and (d) photograph of the Bell Jar type PECVD 

reactor used in this study. 
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Abstract: 

N-containing reduced graphene oxide (RGO) 

samples have been prepared by ammonolysis of 

GO.1 The nitrogen content (up to 14.7 wt. %), as 

well as the level of reduction have been tailored 

by tuning the annealing conditions of the reac-

tion. The employed methodology allows expand-

ing the capabilities of the synthetic approach to 

afford not only N-doping (at high temperature) 

but also to introduce amine and amide moieties 

at 100 ºC (Figure 1). The presence of N within 

the structure of RGO confers the material inter-

esting properties including a much greater ther-

mal stability against oxidation by air2 and a 

higher dispersability in aqueous media than GO.3 

The observed thermal stability is closely related 

to the temperature of synthesis and the nitrogen 

content. The combustion reaction of N-doped 

RGO with nitrogen atoms occupying different 

coordination environments (pyridinic, pyrrolic, 

and graphitic) is analyzed against a graphene 

fragment (undoped) from a thermodynamic point 

of view. In agreement with the experimental ob-

servations, the combustion of undoped graphene 

turns out to be more spontaneous than when ni-

trogen atoms are present.  Employing several 

complementary techniques it is possible to 

properly assess the nature of the nitrogen atoms 

present in the sample. The presented characteri-

zation protocol benefits from the physical and 

chemical properties of the nitrogen bearing RGO 

to unambiguously discern between N-bearing 

aliphatic functionalities and N-doping.[3]  

This work opens up new possibilities for tailor-

ing the properties of graphene and related sys-

tems, further expanding their range of applica-

tion. 

Keywords: Graphene oxide, functionalization, 

nitrogen doping, ammonolysis, reduction, ther-

mal stability, dispersability. 

 

Figure 1: The nature of the N atoms within the 

RGO structure as well as the level of reduction 

is tailored by ammonolysis of GO at different 

temperatures. 
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Abstract: 

Anodic exfoliation of graphite in water under 

anodic potential is an attractive and cost-

effective method for the mass production of. 

However, it also suffers from several drawbacks, 

including the oxidation and structural degrada-

tion of the graphene flakes that is usually associ-

ated to this electrochemical approach. To over-

come these limitations, especially selected multi-

functional electrolytes are used here for the anod-

ic preparation of graphene flakes.Suche electro-

lytes are anions with an amphiphilic character 

(mostly aromatic hydrocarbons functionalized 

with sulfonate groups) and are shown to play 

various relevant roles. Thus, in addition to acting 

as intercalating electrolyte that triggers the exfo-

liation of graphite into graphene flakes, they are 

simultaneously used as a surfactant to  colloidal-

ly stabilize the exfoliated flakes in aqueous and 

as a sacrificial agent that is able to prevent to a 

large extentthe oxidation of the graphene flakes 

during exfoliation and. Importantly, , this strate-

gy even affords anodically exfoliated graphenes 

of a quality comparable to that of flakes pro-

duced by direct, ultrasound- or shear-induced 

exfoliation of graphite in the liquid phase (i.e., 

flakes that are almost oxide- and defect-free).  

Furthermore, these multifunctional electrolytes 

are employed as linkers to favour the anchoring 

of platinum nanoparticles on the  flakes, yielding 

functional hybrids with good calalytic activity 

towars the reduction of nitroarenes. A rationale 

that accounts for the multifunctional nature of 

these electrolytes (i.e., their ability as intercalat-

ing species, colloidal dispersant and sacrificial 

agent) is provided as well. Taken together, the 

present results open the prospect of anodic exfo-

liation as a competitive method for the produc-

tion of very high quality graphene flakes. 

 

Keywords: graphene, graphene production, Pt 

nanoparticles, catalysis, aromatic sulfonate. 

 

 

Figure 1: Representative AFM images of 

graphene flakes prepared with 0.1 M sodium sulfate 

(a), 0.01 M 

sodium pirene tetrasulfonate (b), 0.05 M sodium 

benzene disulfonate (c) and 0.2 M sodium naphtha-

lene disulfonate (d ). A typical line profile taken 

along the marked white line is shown superimposed 

on each image. 
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Abstract: 

Graphene oxide, obtained by oxidation of graph-

ite contains oxygen  functional groups (-COOH, 

-OH, -O-O-, -CHO), after reduction of which 

reduced graphene oxide (rGO) is received, in 

which C:O ratio increases due to partial removal 

oxygen atoms (deoxygenation). Many organic 

and inorganic compounds are used  as reducers. 

As a result of reduction oxygen containing gra-

phene functional groups OH groups  are formed. 

Thus structure of rGO is defective due to exist-

ence of sp3 carbon atoms.  Transition of sp3 state 

in  sp2 might conduct  in a result of treatment of 

rGO by metal amides, hydride and  metal-

organic compounds. Using of soluble 

metalorganic compounds (RMgCl, AlR3, ClAlR2 

etc.) in aprotic  solvents   is more perspective. In 

a result of treatment (2–24 hrs, 50–90OC, Ar) of 

graphene oxide suspension in aprotic solvents by 

metal-organic compounds,  hydrocarbonyls RH 

is excreted   and graphene oxide, funtionalized 

by alumoorganic compounds have been received, 

which contains -Al-O-C (sp3) bonds. Such kinds 

of compounds after heating (>500OC) in inert 

environment or in vacuum are  decomposed,  this 

means that oxygen atoms existed in graphene 

transform in Al2O3  phase, thus deoxygenation  of 

graphene oxide takes place. Similarly interact  

calcium organic compounds.  By variation of 

matal-organic compounds it is possible to 

include any metal-oxide or metalorganic 

fragments in structure of graphene oxide 

(functionalization). Purposed method is a 

possibility of increasing C:O ratio in graphene 

oxide. It is possible to obtain multi-functional 

graphene structure containing powdary 

composites by the developed method.  

 

By using this method, we have obtained graphene 

structure containing pressing powdery 

composites [graphene]-O-AlR-O-[Al2O3], where 

graphene oxide and alumina were connected  by 

alumoorganic compounds. Powder composites 

consolidation has been conducted by SPS method 

(at 1450-1700⁰C) for 5-10 minutes. 

 
During the work the following devices have been 

used: SPS synthesis device, Glow box, 

Electronic scanning microscopes Nikon 

ECLIPSE LV 150, Analysette 12 Dyna sizer, 

planetary mill Pulverisette 7 premium line, 

SHIMADZU Dynamic Ultra Micro Hardness 

Tester DUH-211S. 

 

Keywords: graphene oxide, deoxygenation, 

functionalization,  alumoorganic compounds. 
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Abstract: 

Functionalization of TRGO is a well-known 

strategy to increase its processability and to con-

struct 2D surfaces with novel properties [1-3]. 

Among various methods for covalent functionali-

zation of TRGO, nitrene [2+1] cycloaddition 

reaction is one of the most useful approaches to 

conjugate a variety of functional groups onto its 

surface [4-7]. However, this approach required 

temperatures as high as 160 ⁰C, due to the low 

chemical reactivity of TRGO, and control over 

the functionality and surface structure of the ob-

tained 2D nanomaterials is challenging [4, 8]. 

In this work, we report for the first time on a 

gram-scale, controlled, and reproducible method 

for asymmetric functionalization of graphene by 

one-pot nitrene [2+1] cycloaddition reaction at 

ambient conditions. Taking advantages of this 

methods, construction of graphene based 2D sur-

faces with preserved physicochemical properties 

and well-defined structure for advanced applica-

tions is possible (Figure 1).  

 

Keywords: Graphene, Functionalization, con-

trolled post-functionalization.  
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Controlled post-functionalization of 

graphene to obtain well-defined 2D nanomateri-

als.  
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Abstract: 

Graphene has become a prime target for use as a 

filler material in the development of multifunc-

tional composites due to its excellent mechanical, 

thermal, electrical and optical properties. How-

ever, challenges still remain in obtaining a good 

dispersion of the filler material and good interfa-

cial properties between graphene and the matrix 

polymer. These problems arise from the inert 

nature of graphene. Previous research has fo-

cused on using graphene oxide (GO) reduced 

externally, either by using hazardous chemical 

reagents such as hydrazine or via thermal or 

electrochemical reduction strategies, for synthe-

sizing graphene/epoxy nanocomposites. In the 

present work, use is made of (a) the increased 

interplanar spacing between the sheets which 

make up a GO nanoplatelet (i.e. 0.6 – 1.1 nm, 

compared to the spacing in graphite nanoplatelets 

(GNPs) of 0.34 nm), and (b) the enhanced com-

patibility between the oxygen-containing func-

tional groups (OCFGs) present on the GO sur-

face and the matrix epoxy, to achieve a good 

dispersion of reduced graphene oxide (rGO) in 

the composite via in-situ processing. In-situ pro-

cessing, followed by in-situ thermal reduction of 

the GO to rGO while the epoxy is simultaneously 

cured, can indeed remove most of the OCFGs 

(although some such groups, which are attached 

to the edges of the GO require higher tempera-

tures to thermally dissociate). An examination of 

the morphology of such rGO/epoxy nanocompo-

sites via electron microscopy reveals a good dis-

persion of rGO may be achieved throughout the 

epoxy polymer matrix.  

Although reductions in the glass transition tem-

perature were recorded, good improvements in 

the storage moduli of the composites were ob-

served. Good improvements in the tensile  

moduli were also observed, even though this was 

accompanied by a decrease in the tensile  

fracture strength of the epoxy nanocomposites. 

The observed decrease in the glass transition 

temperature and the tensile strength were at-

tributed to the decrease in crosslink density and 

defects present in the polymer nanocomposites. 

The thermal instability of the composites was 

also found to increase with increasing rGO con-

tent, owing to the undissociated OCFGs present 

in the partially-reduced graphene oxide. A 

marked increase in the thermal conductivity was 

however observed in the nanocomposites due to 

the excellent thermal conductivity and dispersion 

of the rGO in the epoxy matrix. The results ob-

tained show that it is possible to tune the proper-

ties of an epoxy polymer with a simple and via-

ble method of GO addition. 
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Abstract: 

In this paper was proposed an original route to 

synthesize new benzoxazine –  functionalized 

graphene oxide monomers (GO-BZ).  The new 

method consists in the growth of the ben-

zoxazine rings directly on the graphene ox-

ide (GO) surface. In order to obtain the GO-

BZ monomers the chlorination method using 

SOCl2 was employed. Firstly, the carboxylic 

groups from graphene oxide surface are acylated 

and then treated with a hydroxyamine (TYR) in 

order to synthesize the  hydroxilic groups on 

graphene oxide (Figure 1). These groups react 

further on with amine and formaldehyde to give 

the benzoxazine rings (Figure 2) which are pol-

ymerized in order to produce the polybenzoxa-

zine matrix which will include the graphene ox-

ide`s exfoliated layers within the polymer. Final-

ly a nano structure with strong bonds between 

the graphene sheets and the polybenzoxazine 

chains is achieved. The formation of multi-

benzoxazine functionalized graphene oxide was 

checked by FT-IR, 1H-NMR, TGA, Raman 

spectrometry, XRD, HR-TEM and XPS 

analysis. 

Keywords: graphene oxide, benzoxazine, 

covalent functionalization, ring opening 

polymerization, graphene sheets exfoliation. 

 

 
 

Figure 1: Figure illustrating the synthesis route of 

OH-functionalized graphene oxide 

Figure 2: Figure illustrating the synthesis of multi-

benzoxazine functionalized graphene oxide proper 

chemically modified. The benzoxazine rings previ-

ously obtained will be subsequently polymerized to 

produce the polybenzoxazine structure including the 

graphene oxide sheets exfoliated within the polymer 

mass. The benzoxazine polymerization may take 

place either between the rings of the same GO layer 

(“in-graphene” polymerization) or between the rings 

of two neighbors of GO layers (“out-graphene” 

polymerization), in the end obtaining a nanostruc-

ture with strong bonds between the graphene sheets 

and the polybenzoxazine chains.  

 

References:  

 

Zu, Y., Murali, S., Cai, W., Ruoff, R. S. et al.  

(2010), Graphene and Graphene Oxide: Synthe-

sis, Properties and Applications: Advanced Ma-

terials, Vol. 22, pp. 3906-3924 (1-19).   

 

Arza, C. R., Ishida, H., Maurer, F. H. 

(2014), Quantifying Dispersion in Graphene 

Oxide/Reactive Benzoxazine Monomer 

Nanocomposites: Macromolecules, Vol. 47, 

pp. 3685-3692. 

264



Electrodeposition process of graphene nano-plates on open-cells 

aluminum foams – a critical review 
 

A. Simoncini1,*, V. Tagliaferri1, N. Ucciardello1 
 

1 University of Rome “Tor Vergata”, Dipartimento di Ingegneria dell’Impresa “Mario Lucertini”, Via 

del Politecnico 1, Rome 00133, Italy 

 

Abstract: 

Thanks to its particular planar structure, gra-

phene is characterized by unique properties, such 

as excellent chemical inactivity, high electrical 

and thermal conductivity, high optical transpar-

ency, extraordinary flexibility and high mechani-

cal resistance, which make it suitable in a very 

wide range of applications. This review details 

the state of the art in graphene coating and sur-

face modification technologies, applied to alumi-

num open-cells foams for the improvement of 

their thermal, mechanical and chemical behavior 

(Figure 1). Metallic foams are highly porous ma-

terials, which present complex structure of three-

dimensional open cells. The experimental find-

ings revealed that the metal foams, electroplated 

with graphene, were characterized by a higher 

mechanical resistance and thermal conductivity 

and low process costs, making these materials 

very promising in many technological fields (A. 

Antenucci et al.; 2013, 2015). The topics cov-

ered include surface modification, electrochemi-

cal plating, galvanic measures, thermo-graphic 

and mechanical analysis 

Keywords: Graphene electro-deposition; Open-

cells aluminum foams; Thermal and mechanical 

characterization; Galvanic measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: SEM image of the combined electro-

deposition process of copper and graphene nano-

plates on aluminum foam substrate. 
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Abstract: Multifunctional nano-composites 

(NCs) are ad-vanced polymers that, by addition 

of fillers, gain specific property enhancements. 

Unique properties, such as electrical conductance 

or swelling reduction, that do not exist in the 

base polymers can be introduced (Oskouyi & 

Mertiny 2011; Kraus 1964). Hence, the range of 

usage can be expanded for the already much di-

versified application of polymers. The fabrica-

tion process of NCs is generally not a trivial 

“mix-and-stir” approach; additional processes 

must be implemented to aid the dispersion and 

distribution of agglomerated particles in a vis-

cous environment. In-situ polymerization is an 

effective method where the polymer resin and 

nano-filler are dispersed in a solvent, mixed, and 

then re-solidified, while concurrently removing 

the solvent (Ishida et al., 2000). Two critical pa-

rameter to this process are solution viscosity 

(Ahammed et al., 2015) and nano-filler disper-

sion (Hernandez et al., 2008). In addition, me-

chanical properties, such as the NC modulus of 

elasticity, are also of significance to the final 

material functionality (Van et al., 2001). There-

fore, the creation of a NC will need to consider 

three major aspects: the specific property en-

hancement of the NC, the parameters of in-situ 

polymerization, and the mechanical properties 

toward functionality. An initial optimization 

framework is proposed herein to advance and 

guide the creation process of multifunctional 

NCs via in-situ polymerization. This study aims 

to determine the optimal filler fraction of gra-

phene-nano-plalete in a NC that satisfies all the 

mechanical and manufacturing constraints while 

maximizing or minimizing an objective function 

representing a specific enhanced property. Solu-

tion viscosity, the nano-filler dispersion and the 

material elastic modulus will constitute the set of 

constraints that will be assessed using analytical 

descriptions. The optimization objectives will be 

on maximizing both electrical conductivity (Os-

kouyi & Mertiny 2011) and swelling reduction 

(Kraus 1964). In addition, the shadow price per 

constraint – the amount by which the objective 

function will vary per unit change in the parame-

ter’s upper or lower limit – will be studied. More 

specifically, the range of constraint restrictions 

that will promote the largest change for the ob-

jective function per unit change in constraint will 

be determined. The optimization framework will 

initially be completed by a linear programming, 

shown in Figure 1, followed by a comparison 

towards non-linear optimization for accuracy and 

ease of use.  

Keywords: Optimization, shadow price, nano-

composite, graphene nano-platelets, in-situ 

polymerization, swelling reduction, electric con-

ductivity. 
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Figure 1: Process diagram for initial linear optimization 

framework for in-situ polymerization. 
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Abstract: 

Natural polymers are adequate for biomedical 

applications due to their optimal biocompatibility 

and biodegradability. The applications are often 

limited by their low mechanical performance, 

and solutions to this problem include the produc-

tion of composites with a reinforcing phase. Re-

cently, the incorporation of graphene-based ma-

terials is showing high potential due to the out-

standing mechanical and electrical properties of 

these materials. Typical graphene-based materi-

als used are obtained by exfoliation of graphite 

using covalent or a non-covalent methods. The 

covalent approach is based on the extensive oxi-

dation of graphite followed by exfoliation of the 

graphene oxide (GO) formed. GO has lower me-

chanical performance than graphene, and is not 

electrically conductive, but these properties may 

be partially recovered by reduction of GO (rGO). 

The non-covalent approach is based on stabi-

lizer-assisted liquid phase exfoliation, by physi-

cal adsorption of suitable molecules on the gra-

phene surface, such as surfactants or biomole-

cules, through van der Waals forces, electrostatic 

interactions or π-π stacking. This approach may 

lead to the formation of few-layer (FLG) or mul-

ty-layer graphene (MLG), leaving intact the elec-

trical and mechanical properties of the material.  

The work presented here reports the production 

of GO, FLG and MLG in aqueous suspension, 

and their characterization by STEM, Raman and 

UV-visible spectroscopies, and zeta potential 

measurement. GO was produced using the modi-

fied Hummers method, while FLG and MLG 

were produced by liquid-phase exfoliation with 

an aqueous solution of chemically modified py-

rene. Pyrene was functionalized in our lab to in-

troduce a moiety containing carboxylic acid, 

making it water-soluble and stabilizing the aque-

ous suspension of FLG and MLG. A strategy 

was established to produce layer-by-layer (LbL) 

membranes based on the graphene derivative 

suspensions produced and polyanion or poly-

cation forms of water soluble natural polymers, 

namely alginate (ALG) and chitosan (CHI) (Fig-

ure 1). The mechanical and electrical properties 

of the free-standing membranes produced by 

LbL were characterized. The graphene distribu-

tion across the membrane area was mapped by 

Raman microscopy. The biocompatibility and 

biodegradability of the developed membranes 

were tested.. The results obtained show great 

promise forbiomedical applications, including 

wound healing, cardiac and bone tissue engineer-

ing. 

 

 
Keywords: graphene oxide, few-layer graphene, 

layer-by-layer film forming, Raman spectrosco-

py, biomedical applications. 

Figure 1: Figure illustrating the layer-by-layer 

technique (A and B), the stable suspensions of GO 

(C) and the free-standing membranes obtained (D). 
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Abstract: 

There is a widespread interest in incorporating na-

nomaterials in polymer matrices to produce biocom-

patible polymers with antimicrobial properties for 
applications in water treatment, food packaging, and 

biomedical devices.1,2 The incorporation of nano-

materials into polymer matrices has been shown to 

generate novel properties to the individual polymer 

components. Therein lies the special interest to study 

the biocompatibility of reduced graphene oxide 

(RGO) in polysulfones (PSUs). 

PSUs are high-temperature thermoplastic polymers 

that exhibit great chemical inertness, enhanced oxi-

dative resistence, thermal and hydrolytic stability, as 

well as high mechanical strength. Additionally, PSUs 
might be easily processed as a film and thus, they are 

good candidates for different applications, such as 

gas separation, hemodialysis, nano/ultra-filtration, 

adhesives for metal to metal bonds, membranes for 

fuel cells, drug delivery, or matrices for fiber rein-

forced composites.3,4 

Recently, different studies have confirmed that re-

duced graphene oxide (RGO) and its nanocomposites 

are good candidates for biomedical and enviromental 

applications,5,6 even so they need to present both low 

cytotoxicity to human cells and suitable antimicrobi-

al properties. To the best of our knowledge, biocom-
patibility studies with RGO modified with polymer 

brushes have not been reported so far. 

In this work, we describe the preparation and charac-

terization of nanocomposites made of modified RGO 

with polysulfone brushes7 of two different sizes of 

the polymer chain dispersed in a polysulfone matrix. 

Cytotoxicity and antimicrobial properties of the 

nanocomposites were investigated in order to deter-

mine its suitability as an antimicrobial agent in bio-

medical and industrial settings (Figure 1). Further-

more, degradability assays of the samples in 
wastewater were carried out.  

Nanocomposites with different concentrations of 

RGO modified with polysulfone brushes of different 

sizes were tested to determine the most toxic concen-

trations to both, Gram-positive and Gram-negative 
microorganisms. The preliminary results with B. 

subtillus show microbial inactivation of nearly 90% 

after exposure to the polymer modified nanosheets 

for three hours (Figure 2). Nanocomposites 

(RGO/PSU) with 3 wt% RGO also showed a de-

crease in bacterial growth and in the biofilm for-

mation.  
Nanocomposites immersed and exposed to raw 

wastewater did not degrade after 1 month, which 

suggests that this material is resistant to biodeteriora-

tion and can be useful for applications in food pack-

aging.  

 
Keywords: nanocomposites, graphene oxide, poly-

sulfones, antimicrobial properties. 

 
 

Figure 1: a) squematic representation of the RGO modified 

with polysulfone brushes in contact with microorganisms, b) 
representation of dead bacteria (red color) after three hours of 
exposure to the nanocomposite. 
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Figure 2: Percentage inactivatiation of B. subtilus  after 3 
h of exposure to nanomaterials with differents concentra-
tions. 
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Abstract: 

Recently magnetoresistance (MR), the change in 

electrical resistance upon application of magnetic 

fields, in graphene has attracted a lot of attention 

both theoretically and experimentally [1, 2]. A 

large value of MR at room temperature is neces-

sary for practical applications. A positive MR up 

to 120% is observed in multilayer epitaxial gra-

phene [3], and a MR up to 100% is obtained 

from sandwiched chemical vapor deposition gra-

phene samples [4]. A linear and quadratic MR of 

60%, at 300 K and a magnetic field of 14 T, are 

reported in chemical vapour deposition grown 

few-layer graphene with the current perpendicu-

lar to the film plane [5]. 

In this work graphene was grown by the CVD 

method with a short-time acetylene inflow [6] on 

Fe films deposited by laser ablation. Two-

terminal structures with Pt electrodes were fabri-

cated from the graphene. Two types of structures 

were used for MR measurements. First is a quasi 

suspended graphene fabricated by etching of Fe 

film and second is graphene transferred on an 

oxidized silicon substrate. After fabrication gra-

phene structures were exposed in Fe(NO3)39 

H2O aqueous solution up to 6 days.  

MR in graphene was experimentally investigated 

by varying magnetic-field strength from 0 to 0.45 

T.  

MR was defined as ([R(B)-R(0)]/R(0))×100%. A 

maximum value of observed magnetoresistance 

was about 70% in a normal magnetic field of 

0.45 T. Measured magnetoresistance was posi-

tive with a quadratic magnetic-field (B) depend-

ence in fields up to 0.08 T and about linear de-

pendence in fields up to 0.45 T. 

 

Keywords: graphene, chemical vapor deposition, 

magnetoresistance. 

 
Figure 1: MR of the graphene structure measured 

at room temperature with perpendicular magnetic 

field.  
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Abstract: 

The reactivity of graphene surface and its homo-

geneity are expected to be strongly dependent on 

the chemical and structural defects that, as re-

ported in literature, can be induced by various 

treatments, including irradiation 

[Teweldebrhan2009, Kotakoski2011, Giannaz-

zo2011]. 

The nature and thermal stability of chemical and 

structural changes induced by light and electron 

irradiation are investigated in single layers of 

graphene deposited on metallic substrates. The 

present work is focused on surface changes and 

heterogeneity appearance induced by irradiation 

and revealed in Raman and photoluminescence 

spectra at the micro-scale. The aim is to investi-

gate more specifically the evolution of the Ra-

man and Photoluminescence spectra before, dur-

ing and after the different types of irradiation and 

their correlation. Irradiation tests are performed 

both in dry and wet conditions. 

As illustrated in Fig.1 for UV irradiation, the 

evolution of the Raman spectra reveals a strong 

dependency on the irradiation conditions (light 

wavelength, electron energy, flux, irradiation 

dose). Similar behavior was found by other au-

thors [Pimenta2007, Teweldebrhan2009] using 

different irradiation conditions. Moreover, as 

illustrated in Fig.2, the Raman and the photolu-

minescence spectra vary independently. The ef-

fect of graphene substrates evolution is also dis-

cussed in comparison with HOPG behavior.    

Keywords: graphene, irradiation, UV, Raman 

spectroscopy, photoluminescence 
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Figure 1: Raman and Photoluminescence spectra 

(spot 2µm, laser wavelength 488nm, intensity 

45mW) in single layer Graphene/Ni before and after 

1 hour of ultra-violet (200nm) irradiation at low and 

high flux 
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Figure 2: Raman and PL spectra (spot 2µm, laser 

wavelength 488nm, intensity 45mW) after normali-

zation to reference spectra in single layer Gra-

phene/Ni: effect of the flux of ultra-violet (200nm) 

irradiation 
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Abstract: 

The interest on microwave absorbing and shielding 

materials is ever-increasing  because of the growing 

environmental pollution from electromagnetic radia-

tion due to the rapid development of communication 

technology.  
 

Graphene sheets are reported as high-performance 

absorbing materials because of their much better 

intrinsic properties compared with traditional mate-

rials [1].Graphene is an ideal substrate for dispers-

ing nanoparticles due to its large surface-area ratio 

per unit mass and its high temperature stability [2]. 

The functionalization of graphene with Fe3O4 nano-

particles can improve the electromagnetic wave ab-

sorption property  increasing the complex permea-

bility values due to the large saturation magnetiza-

tion of  Fe3O4 [3] . 

In this work, we have prepared and characterized  

reduced Graphene oxide (rGO)  and rGO/Fe3O4 po-

rous scaffolds. A simple modified hydrothermal 

treatment has been used for the preparation of the 

macroporous scaffolds. This method involves pre-

paring an stable aqueous emulsion of graphene ox-

ide (GO) containing hexane droplets. This is possi-

ble due to GO amphiphilicity, which can act as 

emulsion stabilizer. For this reason, during hydro-

thermal process, GO sheets are reduced and assem-

bled around hexane droplets to form a 3D network. 

The surface of graphene sheets has been decorated 

with magnetite nanoparticles using a microwave 

based method 

An exhaustive structural characterization (Figure 1) 

of rGo and rGO/Fe3O4 scaffolds was carried out. 

SEM images show that the macropororus (≥200 µm) 

morphology remains unaltered after modification 

with Fe3O4 . TEM images show an homogeneus 

growth of the nanoparticles over the graphene sheet 

with an average diameter of 4.68 ± 1.07 nm. DC 

conductivity measurements show that magnetite 

increases the conductivity of the scaffolds . These 

results agree with the electromagnetic characteriza-

tion:  rGO scaffold shows a higher absorption power 

than rGO/Fe3O4 scaffold. However, the shielding 

efficiency due to absorption is better for rGO/Fe3O4 

scaffold. 

Keywords: Graphene, Magnetite, Macroporosity,  

Dielectric Properties, Electromagnetic Character-

izaion, Shielding effectivenness, Epoxy Resin, 

Nanocomposites. 

 
Figure 1: SEM images of: (a) rGO scaffold and (b) 

rGO/Fe3O4 scaffold. (c) FE-SEM image of a decorated 

Graphene sheet (c). (d) TEM image of a decorated gra-

phene sheet with magnetite nanoparticles; insert:particle 

size distribution. 

 
Figure 2: (a) Absorption, SEA and reflection, SER coef-

ficcients for both scaffolds. (b) Total electromagnetic 

shielding efficiency, SET  for composites. 

References:  

[1]  Lee, S. H., Lee, D. H., Lee, W. J., Kim, S.O. (2011) 

Tailored Assembly of Carbon Nanotubes and Graphene, 

Adv. Funct. Mater., 21, 1338. 

[2] Saha, S. K., Chandrakanth R. C., Krishnamurthy H. 

R., Waghmare U. V. (2009) Mechanisms of molecular 

doping of graphene: A first-principles study. Phys. Rev. 

B Condens. Matter., 80, 6, 155414-155419. 

[3] Sun, G., Dong, B., Cao, M., Wei, B., Hu, C. (2011) . 

Hierarchical Dendrite-Like Magnetic Materials of 

Fe3O4,γ-Fe2O3, and Fe with High Performance of Mi-

crowave Absorption. Chem. Mater. 23, 1587−1593. 

(a) (b) 

(c) (d) 

(a) (a) 

271



Effect of Post-Exfoliation Annealing and Ultrasonic Treatments 

on Mechanically Exfoliated MoS2 

 
P. Budania,1,* N. Mitchell,1 D. McNeill1 

1School of Electronics, Electrical Engineering and Computer Science, Queen’s University, Belfast, UK 
 

Abstract: 

A study is presented on post-exfoliation thermal 

annealing in air and ultrasonic treatments per-

formed on mechanically exfoliated MoS2 flakes 

on oxidised silicon substrates. Post-exfoliation 

treatments on mechanically exfoliated graphene 

have been previously reported to enable for-

mation of large area single-layer nanosheets of 

graphene (Pang et al., 2010).  

Ultra-sonication of MoS2 flakes on SiO2 without 

prior annealing resulted in almost complete re-

moval of flakes, indicating weak bonding at the 

MoS2/SiO2 interface Figure 1(a).  Thermal an-

nealing at 270 ℃ prior to ultrasonic treatment 

was found to significantly increase the interface 

adhesion and prevent removal of MoS2 flakes. 

We consider that the improved adhesion is due to 

effusion of water vapour and other impurities 

from the interface resulting in greater contact 

area. Samples were also annealed in the range of 

75 ℃ to 175 ℃ followed by ultrasonic treatment. 

This resulted in small residual MoS2 fragments 

due to breakage and/or partial removal of overly-

ing MoS2 flakes. Increase in annealing tempera-

ture to 460 ℃, resulted in decomposition of 

MoS2 (Lu et al., 2013). 

Contrary to post-exfoliation experiments on gra-

phene, we observed that whilst the adhesion of 

MoS2 is considerably enhanced upon annealing, 

no single-layer MoS2 flakes resulted. Although 

the two materials have very similar interlayer 

van der Waals interaction, the corrugation upon 

annealing on oxide substrates is not identical. 

We believe that the dissimilarity in corrugation 

due to structural difference in the materials. In-

terplanar interaction between out of plane Mo 

and S atoms gives MoS2 a higher bending rigidi-

ty (Jiang et al., 2013) in comparison to graphene 

which is a single layer of carbon atoms. The 

adhesion of a thick MoS2 flake to the oxide sub-

strate is illustrated in Figure 1(b). Adhesion is 

reduced due to low contact area. Therefore, ul-

trasonic treatment without prior annealing of the 

sample results in removal of all top layers of the 

flake but sometimes a few bottom layers remain 

adhered to the substrate only at places where it 

was in contact prior to sonication. This results in 

non-uniform and discontinuous fragments on the 

substrate. 

 

Keywords: mechanical exfoliation, MoS2, post-

exfoliation, thermal annealing, ultrasonic clean-

ing, interface adhesion. 

 

 

 

Figure 1: (a) AFM image of region where a 

MoS2 flake has come off the substrate leaving 

non-continuous fragments of MoS2. (b) repre-

sentation of a thick MoS2 flake on oxide sub-

strate. 
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Abstract: 

Over the last five years the physics of two-

dimensional (2D) materials and heterostructures 

based on such crystals has been developing ex-

tremely fast. From one hand, with new 2D mate-

rials, more and more truly 2D physics started to 

appear (Kosterlitz-Thouless (KT) behaviour, 2D 

excitons, commensurate-incommensurate transi-

tion, etc). From another - we see the appearance 

of novel heterostructure devices - tunnelling 

transistors, resonant tunnelling diodes, light 

emitting diodes, etc.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Composed from individual 2D crystals, such 

devices utilise the unique properties of those 

crystals to create functionalities which were not 

accessible to us in other heterostructures. In this 

talk I will review the properties of novel 2D 

crystals and how those properties are used in 

new heterostructure devices 
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Abstract: 

There is an increasing demand for biosensing 
systems based on simple electrical/optical trans-

ducing schemes able to achieve cost efficient 

detection. Among the various biosensing system 

performance requirements the high sensitivity 
and selectivity of the response are crucial for 

applications in diagnostics. Due to the fact that 

the analytes to be detected in clinical, environ-
mental or food sample are present in very low 

concentrations the need for biosensing systems 

that can detect with high sensitivity and selectiv-
ity that include very low detection limits along 

with high reproducibility is an important chal-

lenge. To overcome the difficulties in accom-

plishing all these requirements the main efforts 
are driven toward signal amplification and noise 

reduction of biosensing systems by the incorpo-

ration of nanomaterials. Since graphene exhibits 
innovative mechanical, electrical, thermal and 

optical properties this two-dimensional material 

is increasingly attracting attention and it is under 

active research. Graphene-based materials 
(GBMs) display advantageous characteristics to 

be used in biosensing platforms due to their 

interesting properties such as excellent capabili-
ties for direct wiring with biomolecules, hetero-

geneous chemical and electronic structure, the 

possibility to be processed in solution and the 
availability to be tuned as insulator, semicon-

ductor or semi-metal. Moreover, GBMs such as 

graphene oxide (GO) bears the photolumines-

cence property with energy transfer do-
nor/acceptor molecules exposed in a planar sur-

face and even can be proposed as a universal 

highly efficient long-range quencher, which is 
opening the way to several unprecedented bio-

sensing strategies. The rational behind the use of 

GO and GBMs in optical and electrochemical 
biosensing is being studied and explored. We 

are developing simple, sensitive, selective and 

rapid biosensing platforms based on the advan-

tageous properties of GBMs while used as elec-
trochemical transducers or revealing agents in a 

variety of biosensing systems. Examples related 

to diagnostics applications including bacteria 
and other analytes (ex. contaminants) detection 

will be shown. The developed devices and strat-

egies are intended to be of low cost while offer-
ing high analytical performance in screening 

scenarios beside other applications. Special 

emphasis will be given to (nano)paper/plastic-

based platforms that operate in microarray or 
lateral flow formats with interest for various 

detections.  

Keywords: graphene, graphene oxide, biosen-
sors, diagnostics 
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Abstract: To design novel molecules and materials, 

it is of importance to understand inherent molecular 

properties, intermolecular interactions, and dynam-

ic/transport properties of molecular systems [1,2]. 

Here, I describe how we have designed functional 

nanomaterials and nanodevices using graphene and 

organic molecules. These include intriguing recep-

tors/sensors [3], selective fluorescence sensing for 

RNA over DNA [4], gate-controlled gas storage [5], 

large-scale graphene [6], and graphene functionali-

zation towards energy storage, water remediation 

[7], and fuel cell catalysts [8]. I discuss novel as-

sembling phenomena of diverse nanostructures of 

conjugated organic molecules and the utilization of 

the resulting unusual functional characteristics as 

devices. Novel nano-optics phenomena are present-

ed based on self-assembled nano-scale lenses which 

show near-field focusing and magnification beyond 

the diffraction limit [9]. Some ballistic electron/spin 

transport phenomena in molecular electron-

ic/spintronic devices and graphene nanoribbon spin 

valves are discussed based on non-equilibrium 

Green function theory [10]. By utilizing Fano-

resonance driven 2D molecular electronics spec-

troscopy using graphene nanoribbon, the quantum 

conductance spectra of a graphene nanoribbon 

placed across a fluidic nanochannel can lead to fast 

DNA sequencing including cancerous methylated 

nucleobases detection [11,12]. 

Keywords: molecular interactions, sensing, nano-

lens, graphene, supermagnetoresitance, gas storage, 

fuel cell, DNA sequencing, spintronics, 2D molecu-

lar electronics spectroscopy. 

 

Figure 1: DNA sequencing and cancerous DNA 

recognition with a graphene-based nanochannel device 

based on Fano resonance driven Two Dimensional 

Molecular Electronics Spectroscopy (2D MES) for 

molecular fingerprinting. 
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Figure 2: Supermagneto-resistance of spin-valve 

device using graphene nanoribbon. 
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Abstract: 

The raise of nanoscience and nanotechnology and 

necessity to characterize the structure of individ-

ual objects consisting of a countable number of 

atoms determined the shift of structure character-

ization paradigm from bulk methods like X-ray 

diffractometry to local high resolution methods 

like electron microscopy. The similar shift in 

paradigm is urging now in chemistry – chemical 

processes defining structure and properties of 

nanoscale and low dimensional objects often 

constitute a negligible part of the total volume of 

the material, and thus their assessment by exper-

imental bulk chemical methods if often impossi-

ble. The new concept is provided by the time 

resolved electron microscopy allowing for direct 

observation of atomic rearrangements. 

We are developing the methodology [1] to apply 

the formalism and approaches of the classical 

chemical kinetics for the quantitative description 

of atomistic processes observable in the micro-

scope. We show that a proper statistical treat-

ment of the data obtained in a range of experi-

mental conditions allows determining the thresh-

old energies for radiation induced reactions. But 

not only that: we show that true activation ener-

gies for thermally activated reaction pathways 

for individual defects can be estimated as well. 

We apply this methodology for reactions of point 

defects in graphene. The cross-sections and 

threshold energies of irreversible (atom emission) 

and reversible (bond rotation, see Figure 1) pro-

cesses are measured. Observation of statistically 

significant number of events at variable experi-

mental conditions allows decoupling of radiation 

induced and thermal reaction pathways and ob-

taining independent estimations of cross-sections 

and activation energies for direct and backwards 

rotations. The cross-sections of direct rotation 

were found to be in a decent agreement with the-

oretical estimations. Interestingly the backwards 

rotation is characterized by very high cross-

section exceeding theoretical values by 3-4 or-

ders of magnitude. The values obtained rule out 

electron-nucleus collision as the main mechanism 

of energy transfer from electron beam to the 

sample. We speculate that the energy is trans-

ferred through electron-electron interactions via 

strong coupling of excited electron states with 

the phonon modes localized around the defect. 

 
Figure 1: Sequence of electron microscopy im-

ages showing the bond rotation reaction in gra-

phene. The upper row – unprocessed images of 

the graphene lattice separated by time slices of 

1s. The lower row – the same images filtered in 

order to remove the pattern of the lattice. 

Keywords: graphene, Stone-Wales transfor-

mation, reaction kinetics, electron microscopy, 

atomistic chemistry. 
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Abstract: 

The stunning success of metal-based plasmonics 

for manipulating light at the nanoscale has been 

empowered by imaginative designs and advanced 

nano-fabrication. However, the fundamental op-

tical and electronic properties of elemental met-

als, the prevailing plasmonic media, are difficult 

to alter using external stimuli. This limitation is 

particularly restrictive in applications that re-

quire ultrafast modification of the plasmonic re-

sponse at sub-picosecond time scales. This hand-

icap has prompted the search for alternative 

plasmonic media, with graphene emerging as one 

of the most capable candidates. We resolved, 

visualized and elucidated the properties of non-

equilibrium photo-induced plasmons in a high 

mobility graphene monolayer. We succeeded in 

switching on plasmons on demand with femto-

second optical pulses in a specimen of graphene 

that does not show plasmonic response at equi-

librium.  

We examined the real space aspects of plasmon 

polariton generation and propagation under 

femtosecond photo-excitation using a novel ultra-

fast nano-infrared technique that fuses direct 

plasmon imaging with spectroscopy. Pump-

probe nano-spectroscopy data in infrared fre-

quencies, in combination with static nano-

imaging results on plasmon propagation, reveal 

novel aspects of carrier relaxation in heterostruc-

tures based on high purity graphene.  

Keywords: graphene, nano-optics, plasmonics, 

pump-probe, nano-imaging.  
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Abstract: 

The detection of protein biomarkers secreted by 

tumors at early stages for preventive cancer med-

icine is of vital relevance but their extremely low 

concentration in blood and the presence of mix-

tures of proteins makes difficult their detection. 

Raman spectroscopy meets the required speci-

ficity criterion since the vibrational spectrum of 

every component of a biological specimen is a 

specific signature that can be used for its identi-

fication. Moreover, compared to magnetic reso-

nance imaging, Raman micro-spectroscopy has 

the ability of visualizing morphological details in 

cells and tissues on a much higher spatial resolu-

tion. Also, no external markers are required, it 

has a sub-micron resolution and quite good pene-

tration depth. Nevertheless, Raman spectroscopy 

is strongly limited by its sensitivity. For the last 

years, a great effort is underway to increase Ra-

man intensity mainly by enhancing the Raman 

signal by localized surface plasmon resonances 

from metal nanoparticles (NPs), but these SERS 

platforms deals with problems such as the NPs 

stability, their interaction with the analyte and 

the adsorption, distribution and arrangement of 

the probed molecules on the substrate. Another 

enhancement process is the use of excitation 

wavelengths in resonant conditions for the sensed 

molecule, in general using ultra-violet lasers. 

Recently, the Raman signal of graphene has been 

shown to increase significantly due to the con-

structive interference processes in gra-

phene/SiO2/Si. Graphene has several roles to 

play in optical sensing since it provides a bio-

compatible surface adequate for many organic 

and bio materials and also a protection of the 

metal NPs increasing the stability of the system.  

 

Our aim is the fabrication of different architec-

tures of SERS substrates that combine different 

enhancement processes of Raman signal in one 

multilayered hybrid system based on graphene. 

We will present our approaches to the different 

Raman enhancement processes. In particular we 

will show the formation of graphene protected 

ruthenium ultrathin films with controlled size and 

shape of the particles with different characteris-

tics of the Ru plasmon resonance adequate for 

UV-SERS. The structure, determined by syn-

chrotron radiation diffraction, and the preferen-

tial orientation of Ru nanostructured films de-

pend on the substrate, thermal history as well as 

on the synthesis of the graphene toplayer. 

We have explored the limit of ultrasmall Ag na-

noparticles (4 nm) to study their interaction with 

graphene and the SERS amplification capabili-

ties. The Ag nanoparticles are very efficiently 

doping graphene with electrons and inducing 

strain in the graphene lattice.  

We will also demonstrate that long term oxida-

tion of the copper foil used as catalyst for gra-

phene synthesis by chemical vapor deposition 

leads to the formation of Cu/air/graphene bub-

bles. The bubbles produces an enhancement of 

the graphene Raman signal up to 70. Moreover, 

the transfer matrix method used to simulate the 

multi-reflection processes predicts amplification 

factors up to 11000 for graphene/air/aluminum 

systems. The results of these approaches pave 

the way to the design and fabrication of extreme-

ly sensitive graphene based bio-compatible plat-

forms by combining the different Raman en-

hancement processes.  

 

Keywords: Raman spectroscopy, graphene, 

plasmons, interference processes, SERS, optical 

sensing, metallic nanoparticles, AFM 
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Abstract: 

Single-layer materials like graphene, boron-

nitride or transition-metal dichalcogenides are of 

rising interest for novel plasmonic and opto-

electronic applications due to their unique char-

acteristics and their broad application range. Be-

ing highly sensitive to the local environment, 

their properties can, however, strongly vary on 

the nanometer length scale, severely limiting the 

macroscopic performance of such novel devices. 

The desire to understand and resolve existing 

limitations calls for analysis tools, which are ca-

pable of measuring the optical and electronic 

properties on the 10-nanometer length scale.  

This talk introduces the latest achievements of 

our neaSNOM microscope, combining the spa-

tial resolution of scattering-type scanning near-

field optical microscopy (s-SNOM) with the ana-

lytical power of infrared spectroscopy. This 

technique has already proven itself vital for mod-

ern nanoscopy and has been used in applications 

such as chemical identification [1], free-carrier 

profiling [2], or the direct mapping of propagat-

ing graphene plasmons [3,4] and phonon polari-

tons in boron nitride [5-8]. The neaSNOM mi-

croscope has been used to directly trace the opti-

cal properties of e.g. single layer materials within 

the entire mid-infrared spectral range with un-

precedented spatial resolution. Key information 

like the local conductivity, intrinsic electron-

doping, absorption or the complex-valued refrac-

tive index can now routinely be extracted using 

this technology. 

Additionally, the highly flexible design of the 

neaSNOM microscope enables a complete new 

level of correlation microscopy: near-field mi-

croscopy in combination with time-resolved 

measurements [9,10] or photocurrent nanoscopy 

[11] are just two prime examples.  

 

Keywords: Graphene, near-field microscope, s-

SNOM, nanoscale, time-resolved photocurrent 

nanoscopy, spectroscopy, nano-FTIR. 
 

 

 

Application: a, Topography of a 55-nm-thick 

gold film on a 135-nm-thick hexagonal boron-

nitride slab on a SiO2 substrate. b, Infrared near-

field image of the electric field at a frequency of 

1563 cm-1, revealing hyperbolic phonon polari-

tons launched at the gold edge, as well as hyper-

bolic phonon polaritons launched by the tip of 

the near-field microscope and reflected by the 

hexagonal boron-nitride edge. Figures taken from 

[5]. 
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Abstract: 

As the exploitation  of graphene in materials for 

large scale application is still very much limited 

by the amount and quality of graphenes availa-

ble, for large scale bulk applications in polymer 

nanocomposites, multilayer graphenes or gra-

phene nanoplatelets (GNP) are currently the 

most interesting graphene-based materials. 

Thermal conductivities for graphenes were re-

ported in the wide range of about 1500 to 6000 

W/mK; however, thermal properties of graphene-

based materials may decrease dramatically as a 

function of the number of layers, the density of 

topological defects, re-hybridization defects as 

well as on the presence of impurities.  

In this paper, different types of GNPs were thor-

oughly characterized both in terms of chemi-

cal/physical properties and in terms of thermal 

properties of individual flakes. Two selected 

GNPs were annealed at  1700°C in vacuum for 1 

h to reduce defectivity of the graphenic structure, 

evidencing that thermal annealing can considera-

bly reduce the amount of defects, as consistently 

proven by Raman measurements, X-ray photoe-

lectron spectroscopy, X-ray diffraction and 

thermogravimetry. Thermal conductivity im-

provement of individual GNP upon annealing 

was confirmed by scanning thermal microscopy, 

a scanning probe technique which allows to 

measure thermal properties at the nanoscale and 

at the same time achieving information on the 

morphology, with a spatial resolution of a few 

tens of nanometers, simultaneously with the to-

pography and lateral force maps, thus combining 

in a single measurement, properties that cannot 

be observed at the same time with other tech-

niques.  

Both pristine and annealed GNPs were used to 

prepare polymer nanocomposites, via a melt re-

active extrusion process. In particular, GNPs 

were pre-dispersed in cyclic oligomers of poly-

butylene terephthalate (CBT) followed by cata-

lyzed ring-opening polymerization of CBT in 

extrusion. This technique allowed to obtain sig-

nificantly improved dispersion of GNP compared 

to conventional melt processing methods, thanks 

to facile distribution of GNP in CBT and further 

dispersion as a result of high shear applied once 

viscosity increase during polymerization. Ther-

mal conductivity results showed significant vari-

ability as a function of GNP properties, particu-

larly in terms of defectivity, surface area and 

lateral dimensions (Figure 1). Furthermore, a 

dramatic two- to three-fold increase in the ther-

mal conductivity of the nanocomposite was ob-

served in the presence of annealed GNP com-

pared to pristine ones (Figure 1), evidencing the 

importance of using low defectivity nanoflakes. 

Thermal conductivity of about 1.7 W/mK, i.e. 

one order of magnitude higher than for pristine 

polymer, was obtained with 10%wt of annealed 

GNPs, which is in line with state of the art nano-

composites prepared by more complex and less 

upscalable in situ polymerization processes. 
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Figure 1: Thermal conductivity values for polymer 

nanocomposites embedding different types of GNPs 

or high temperature-annealed GNPs, as a function 

of % loadings 

 

Keywords: thermally conductive polymer nano-

composites, graphene nanoplates, scanning  

thermal microscopy 
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Abstract: 

Graphene-based nanomaterials have been widely 

studied as high-performance matrices for enzyme 

immobilization and in the development of biosen-

sors. Surface O-functionalities of graphene in-

duce changes in chemical reactivity and electron-

ic conductivity of nanomaterials and may inter-

fere with enzymatic processes; however, the 

mechanisms are not fully understood. Here, we 

compare the effects of three commercially avail-

able graphene-based nanomaterials, namely a 

graphene, a graphene oxide, and a reduced gra-

phene oxide, on the activity/stability of horserad-

ish peroxidase. Both graphene and graphene ox-

ide significantly reduced enzyme stability by al-

tering enzyme conformation, which was evidence 

by circular dichroism spectroscopy. However, 

reduced graphene oxide improved stability up to 

7-fold. This increased stability was attributed to 

the capability of reduced graphene oxide to 

quench superoxide anion radical, which was 

primarily responsible for the enzyme deactivation. 

The basal plane of reduced graphene oxide, 

mainly through the quinone moieties, may act as 

a redox mediator to facilitate enzymatic turnover. 

These results indicate that graphene-based na-

nomaterials, when appropriately functionalized, 

have great potential to enhance enzyme engineer-

ing and enzyme-based biosensing. 

 

Keywords: Reduced graphene oxide, horserad-

ish peroxidase, radical scavenger, redox meditor. 

 

 

 

 

 

 

 

Figure 1 Effects of graphene-based 

nanomaterials on HRP activity and related 

machnisms. 
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Abstract: 

Many-body calculations based on the GW ap-

proximation to the electron self-energy and the 

Bethe-Salpeter equation (BSE) for the density 

response function are powerful methods for pre-

dicting band structures and optical excitations in 

real materials from first principles. We illustrate 

the high accuracy obtained by these methods 

through examples from our computational 2D 

materials database [1]. In 2D materials electron-

electron interaction effects are particularly im-

portant because of the weak dielectric screening 

resulting in large self-energy corrections to band 

energies and strong excitonic effects. We show 

that the exciton binding energy can be approxi-

mated by a simple 2D Hydrogenic model taking 

an effective 2D dielectric constant and the exci-

ton mass as input. Remarkably, the exciton bind-

ing energy depends only weakly on the exciton 

mass, and consequently the binding energy is 

found to scale directly with the size of the band 

gap – an effect unique to 2D excitons [2]. The 

simple Hydrogenic model also allows us to ob-

tain the field-induced dissociation rates of 2D 

excitons by the technique of complex scaling to 

compute resonance life times. We show that the 

dissociation rates can be tuned significantly by 

embedding the active 2D material in a van der 

Waals heterostructures [3]. In general, periodic 

ab-initio calculations for van der Waals hetero-

structures are complicated by the incommen-

surable nature of the interfaces.  

We show that by neglecting the effect of hybridi-

zation and thus assuming a purely electrostatic 

coupling between the layers, it is possible to 

compute the dielectric properties of large in-

commensurable van der Waals heterostructures 

from the dielectric function of the individual lay-

ers [4]. The latter can be calculated once and for 

all and stored in a database. We illustrate how 

the Quantum Electrostatic Heterostructure 

(QEH) model can be used as a tool for modeling 

excitons, plasmons, and optical properties of van 

der Waals heterostructures [5].     

 
 

 

 

 
Figure: Top: The QEH model calculates the dielectric 

function of a vdWH from the dielectric functions of the 

individual 2D crystals assuming a pure Coulombic inter-

action between the layers. Middle: Static dielectric func-

tion of 50 semiconducting TMDs. bottom: Exciton binding 

energy in MoS2 slabs of varying thickness. The exciton is 

calculated using a (quasi-)2D Hydrogen model with 

screened electron-hole interaction obtained from the QEH 

model. The results are seen to converge towards the bulk 

result showing the importance of dielectric screening rela-

tive to quantum confinement (not taken into account). 
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Abstract: 

Graphene has been emerging as an attractive 

reinforcement for composites due to its unique 

mechanical and electrical properties as well as its 

two-dimensional structure. It is a great challenge 

to efficiently combine the graphene with metal 

matrix for achiving excellet mechanical and 

physical performance of the metal matrix com-

posite. In this work, we propose an easy and 

scalable strategy to in situ synthesizing the high-

quality and well dispersed three-dimensional 

network graphene  (3DNG) in copper matrix by 

chemical vapour deposition (CVD) method. The 

typical process involves using a water-soluble 

NaCl as the template, Cu(NO3)2·3H2O as metal 

source and glucose (C6H12O6) as solid carbon 

source, and the procedure of freeze drying was 

employed to get the homogeneous distributed 

mixtures of Cu(NO3)2 and C6H12O6 on the flat 

surface of the intervals inside NaCl self-

assembly. During the CVD process, the 3DNG 

with ultrathin thickness was in situ grown on the 

surface of NaCl self-assembly, followed by wa-

ter washing for NaCl removal. The adjustable 

and dramatically enhanced mechanical properties 

of 3DNG/Cu composites have been obtained by 

varying the volume fraction of the reinforcement 

through an impregnation-annealing-hot pressing 

strategy. The  in-situ CVD method for producing 

3DNG/Cu composites exhibits a promising strat-

egy for developing its structural and functional 

applications. 

 

Keywords: three-dimensional network graphene, 

copper, metal matrix composites, toughness, 

chemical vapour deposition 

 
 

Figure 1: Schematic illustration of the synthe-

sizing process for 3DNG/Cu bulk composites. 

(a) Cu(NO3)2-C6H12O6-coated NaCl particles. 

(b) Cu(NO3)2-C6H12O6-coated NaCl self-

assembly. (c) Cu NPs-3DNG coated NaCl self-

assembly. (d) 3DNG decorated with Cu NPs. (e) 

Cu particles wrapped 3DNG powders. (f) 

3DNG/Cu bulk composites. 
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Abstract: 
The extraordinary properties of graphene have 

made graphene-based fillers extremely popular 

for inclusion in composite materials.1 In this 

work we have demonstrated a novel and effi-
cient route to synthesize “next-generation gra-

phene composite” materials without the need of 

polymeric matrices. Robust and hydrophobic 
matrix-free composites of grafted graphene ox-

ide (GO), with well-dispersed flakes in isotropic 

and nematic states, are hereby characterized. 
The matrix-free GO-composites demonstrated 

superior thermal properties and new optical and 

barrier effects. This is the first instance a cation-

ic macroinitiator (MI) has been immobilized on 
anionic GO and subsequently grafted with hy-

drophobic polymer grafts. Densely grafted 

brushes of PBA, PBMA and PMMA with a 
wide range of average graft molar masses (Mn: 1 

– 440 kDa) were polymerized by a surface-

initiated controlled radical precipitation 
polymerization technique from the statistically 

composed MI.  

Transparent and translucent matrix-free GO-

composites were melt processed directly from 
polymer-grafted GO. After processing, birefrin-

gence was observed, attributed to the nematic 

alignment of grafted GO. Permeability models 
for composites were developed which predicted 

the isotropic or nematic states of GO from the 

experimental oxygen permeability data. The 

storage modulus of the matrix-free GO-
composites increased with GO-content, while 

the significant increases in the thermal stability 

and the glass transition temperature were de-
pendent on graft length. 

These robust and tunable matrix-free GO-

composites are promising candidates for a range 
of applications, such as selective membranes 

and sensors.2, 3 

 

Keywords: Matrix-free graphene oxide compo-
sites; surface-initiated controlled radical 

polymerization; isotropic and nematic state; 

giant Maltese cross; oxygen permeability mod-
el; tunable thermomechanical properties. 

 

 
 

Figure 1: A) Illustrations of the surface-modified GOs 

which isotropically assemble in organic solvents, and B) 
form solid matrix-free GO-composites, with random 

orientation of flakes, when dried. The densely grafted 

polymer brushes provide low-friction flow during melt-

processing while preventing the GOs to aggregate. In 

C), the majority of modified GOs have aligned in the 

direction of the flow after processing of flexible or stiff 

films. The alignment could be observed between 

crossed polarizers as a single giant Maltese cross cover-

ing the entire film (3.4 cm in diameter). 
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Abstract: 

The controlled opening of band gaps in bilayer 

graphene through application of external electric 

field has brought into focus this material for its 

possible application to spintronics.[1]. Atoms 

adsorbed on bilayer graphene have garnered 

interest as the influence of an electric field 

modifies the electronic states of the bilayer 

graphene as well as shifts the adatom energy 

states relative to that of the graphene energy 

states.  Employing first principle calculations, we 

study the effect of external electric field on three 

different adatoms Na, Cu and Fe. For the case of  

Na and Cu adatoms it was observed that 

application of electric field, lead to formation of 

local magnetic moment in the latter case (Cu) 

and destruction of magnetic moment in the 

former case (Na). This indicates to the possibility 

of switching on or off of local magnetic moments 

of single adatoms placed on bilayer graphene via 

an external electric field applied perpendicular 

graphene[2]. A similar calculation was done for 

Fe adatom and Fe dimer on bilayer graphene. We 

show that application of external electric field is 

able to modulate the charge and spin states of Fe 

adatom. States ranging from 3d
6

, S=2 to 3d
10

, 

S=0 have been observed for Fe adatom as shown 

in figure, which are inaccessible under normal 

condition. In the case of Fe dimer, the ground 

state was found to be ferromagnetically coupled. 

However, a ferrimagnetically coupled state 

driven  by structural changes was found to 

stabilize ~ 0.25 eV higher than the ferromagnetic 

ground state. We show that by applying a small 

external electric field it was possible to switch 

the magnetic coupling from ferromagnetic to 

ferrimagnetic.[3] 

 

 

 

 

 

 

 

Figure: Left panel: The non spin polarized LDA 

density of states for single Fe adatom 

onBLG/SiO2 projected onto Fe-E2 (light shad-

ed), Fe-E1 (dark shaded) and Fe-A1(unshaded) 

states, corresponding to different applied electric 

field. The zero of the energy is set at Fermi en-

ergy in each panel. The corresponding nominal 

occupancies of Fe d states are shown by side 

which determine the charge and spin state of Fe. 

Right panel: The energy positions of E2, E1 and 

A1 states measured with respect to the position 

of E1 at zero electric field. 
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Abstract: 

Graphene is a monolayer material without bandgap 

and with linear symmetrical energy-momentum dis-

persion relationship. The absorbance of light by gra-

phene related with the unique electrical properties 

has been well studied and graphene shows a broad-

band linear absorbance of 2.3%, which is related to 

the fine structure constant.  Here we show the re-

verse process, broadband photon emission from gra-

phene, which has been seldom studied. The ultrafast 

hot carrier relaxation and lack of bandgap lead to a 

very low emission efficiency of graphene. But we 

achieve bright multicolored frequency-upconverted 

photoluminescence (Figure. 1) and THz emission 

from graphene by femtosecond laser injection. The 

results can be explained by linear carrier collision 

mechanism in graphene and reveals strong hot car-

rier multiplication and hot carrier scattering in gra-

phene, and could also help to study the population 

inversion of graphene so that graphene can be used 

as a on-chip broadband lasing material.  

Graphene has an ultra-large Kerr coefficient which 

is 6 orders larger than that of silicon and 8 orders 

larger than that of silica. We report the ultrafast 

pulse propagation in a hybrid graphene/silicon ridge 

waveguide. With only one layer of graphene trans-

ferred on the silicon ridge waveguide, the effective 

Kerr coefficient of the hybrid waveguide could be 

enhanced several times. After propagation in the 

hybrid waveguide, great spectral broadening was 

observed due to self-phase modulation (Figure. 2). 

The results demonstrate the ultra-large Kerr coeffi-

cient of graphene, and provide a new method to en-

hance the nonlinear coefficient to design CMOS-

compatible nonlinear devices. 

Keywords: graphene, photoluminescence, THz 

emission,  linear carrier collision, carrier multi-

plication, ultra-large Kerr coefficient, ultrafast 

pulse propagation, hybrid graphene/silicon ridge 

waveguide. 
 

 

 

 

Figure 1: SEM image of the  graphene/silicon hy-

brid waveguide (left) and the photoluminescence 

image capatured by CCD (rignt). The figure shows 

broadband photon emission from graphene.  
 

 
 

Figure 2:Experimentally measured and numeri-

cally calculated spectra of ultrafast pulses prop-

agation along silicon ridge waveguide (left) and 

graphene/silicon hybrid waveguide (right). The 

figure shows the hybrid structure has an en-

hanced Kerr coefficient. 
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Abstract: 

Graphynes, 2D carbon allotropes containing sp2 

and sp bonds, have lately driven much attention 

because of the versatility in manipulating their 

physicochemical properties according to the 

sp2/sp ratio and the particular periodic arrange-

ment, and also because they display anisotropic 

Dirac cones (Figure), charge carrier mobility in 

principle better than graphene, and, depending on 

the graphyne, even self-doping [1].  

Graphene and graphyne are considered as a sup-

ports for transition metals, for instance, in catal-

ysis. Here we present a systematic Density Func-

tional Theory (DFT) study, including dispersive 

forces, on the interaction of all Transition Metals 

(TMs) on graphene and graphyne, with the ac-

cent put on the trends of interaction, structural 

aspects, as well as electronic properties [2]. TMs 

are found to strongly attach on graphene, except 

d5 and d10 ones (Figure). Diffusion is found to be 

easy on graphene, despite some exceptions. TMs 

magnetic moment is decimated, yet still prevails 

in many TMs. On graphene TMs aggregation is 

possible, yet hindered since adsorbed TM are 

normally charged, and so coulombic repulsion 

prevents so. 

On -graphyne TMs attach with a much more 

stronger strength compared to graphene. Moreo-

ver, the interaction with d5 metals is not negligi-

ble, and only d10 TMs can be considered phy-

sisorbed. Apart from that, TMs prefer to reside 

over or inside the larger cavitites. Indeed, in 

some cases the metal atom prefers to be inserted 

in the cavity becoming a part of the 2D structure. 

Aside from that, and similarly to graphene, TMs 

n-dope -graphyne, and the magnetic moment is 

reduced but kept in many cases. Note that diffu-

sion does not seems to be prevented in these cas-

es, and, especially on small TMs, the -graphyne 

can allow its trespassing, while this step is pro-

hibited for larger metal atoms, thus, acting as an 

atomic sieve.  

For some metals (Sc, Y, La, Co, Ni, Cu), the 

adsorption energy of their isolated atoms on -

graphyne is larger than on the corresponding 

bulk, at low coverage (medium in some metals). 

This points for -graphyne to be a metal adatom 

scatter, allowing to have isolated metal atom, in 

particular position, with a peculiar electronic 

state (in the case of Co even having a given mag-

netic moment). These systems are of high interest 

for spintronics, having a particular pattern of 

magnets, or even as an excellent support for the 

so-called single-atom catalysts [4]. 

  

Keywords: Graphene · Graphyne · Dirac Cones 

· Transition Metal Atoms · Electronic Structure. 

 

 
Figure: Graphyne bandstructure showing the Dirac 

cones at K (left), and d series trends of adsorption 

and diffusion energies of transition metal atoms on 

graphene (right) 
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Abstract: 

With the continuous development of the electron-

ic devices field, research on 2D nanomaterials 

has developed remarkably in the past few years. 

Especially, widespread interest in graphene has 

been driven by its excellent capacity for charge 

transport within the atomic plane.1 However, the 

promising future development of practical gra-

phene devices seems therefore strongly linked to 

the nature of the substrate. One of the most suit-

able substrates appears to be the hexagonal vari-

ety of boron nitride (h-BN, also called “white 

graphite”), which is isostructural and isoelectron-

ic 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 sci-

entific issue. This presentation proposes a prom-

ising approach to synthesize pure and well-

crystallized h-BN flakes, which can be easily 

exfoliated into BN nanosheets. This new accessi-

ble production process represents a relevant al-

ternative source of supply in response to the in-

creasing need of high quality BNNSs. The syn-

thesis strategy to prepare pure h-BN is based on 

a unique combination of the Polymer Derived 

Ceramics2 (PDCs) route from the polyborazylène 

precurcor, with the Spark Plasma Sintering 

(SPS) process3. Through a multi-scale chemical 

and structural investigation (XRD, SEM, TEM, 

EELS, Raman), it isclearly shown that obtained 

flakes are large (fig. 1), defect-free and well-

crystallized, which are key-characteristics for a 

subsequent exfoliation into relevant BNNSs. 

    

Figure 1: TEM bright field micrograph attesting 

the large dimension of h-BN flake resulting from the 

PDCs/SPS dual process 
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Abstract: Graphene has emerged as a potential 

material for various applications including 
integrated electronics and photonics [1]. 

Plasmonics response of graphene can be promising 

in realizing nano photonic devices [2]. Hybrid 

Plasmonic (HP) waveguide is advantageous in 
optical confinement beyond diffraction limit with 

larger propagation length [3]. The propagation loss 

of Plasmonics waveguide can be reduced by 
introducing a high index layer below the 

confinement layer [4]. Unique properties of 

graphene can be utilized to further improve the 
performance of HP waveguide for large scale 

photonic integration [5]. In this paper, a novel 

design of Graphene based on Electrically Tunable 

HP waveguide for low-loss and nano-scale optical 
confinement is proposed. On the application of 

electric field on graphene, contribution of metallic 

loss in HP waveguide decreases because of the 
coupling of SPP and optical mode through 

graphene.  The effective refractive index of hybrid 

mode is tuned electrically. The proposed design is 
shown in Fig.1 which consists of Graphene layer 

between gold and dielectric layer followed by high 

index layer of silicon. Few layers of Graphene are 

taken with thickness of 1-nm [5]. Thickness of 
silicon layer, SiO2 and gold layer is 100-nm, 10-nm 

and 200-nm respectively. Width of silicon and 

dielectric layer is 200-nm. Fig.2 (a) shows the 
effect of change in applied field on propagation 

length. SPP and optical modes get decoupled when 

applied voltage is below 1.5 volt. On application of 

electric field Fermi-level of graphene shifts which 
causes a change in dielectric constant of graphene 

leading to a change in effective index of the guided 

HP mode [5]. In conclusion the presence of 
graphene provides a way to tune the effective 

refractive index of proposed waveguide device. 

The presence of graphene also reduces metallic 
losses and hence a large propagation length of 11-

mm and low loss of 0.36 dB/mm is reported. The 

proposed design can be potential candidate in 

realizing nanophotonic devices for applications in 
optical communication and cell-level sensing. 

Keywords: hybrid plasmonic waveguide, 

Graphene, nano-scale optical confinement. 

 
Fig.1 Schematic of the proposed design. Inset 

shows confinement of light through the graphene 

in dielectric. 

 
Fig.2 (a) Effect of change in applied voltage on propagation length 

when voltage is applied to graphene. (b) Effect of change in 

wavelength on propagation length when 5 volts is applied to 

graphene. 

Fig.2 (b) shows wavelength dependence of propagation length when 

electric field is applied on the graphene. Wideband property of 

graphene is observed. Acceptable propagation length is seen between 

wavelength range from 1450-nm to 1650-nm. The propagation-loss at 

1450-nm is reported to be 0.36 dB/mm when 5 volts is applied.  
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Abstract: 

One of the main issues that currently slows down 

the commercialization of Organic Photovoltaics 

and Organic Light Emitting diodes is the high 

cost-efficiency ratio, related to the product and 

the fabrication processes. In particular, the costs 

associated with the fabrication conditions of In-

dium Tin Oxide (ITO) electrodes, the scarcity of 

indium and the lack of flexibility of ITO has 

stimulated intensive research in recent years to 

replace ITO by cost-effective solution-processed 

transparent conductive electrodes (TCE).  

Graphene represents, in that framework, a valu-

able alternative to ITO due to its excellent intrin-

sic electrical conductivity, optical transparency, 

thermal and mechanical stability and flexibility.  

Its production by intercalation/exfoliation meth-

ods is therefore extensively studied. In this work, 

we present an efficient method based on electro-

chemical exfoliation of Highly Oriented Pyrolytic 

Graphite (HOPG) to produce stable dispersions 

of few layers graphene.  

In our setup, HOPG is used as the anode and 

platinum as the cathode and the electrochemical 

reactions take place in concentrated or diluted 

acid electrolytes. Depending on the used electro-

lytes, the chemical reactions allow to end in vari-

ous levels of intercalation. In certain conditions, 

water oxidation allows to separate the graphene 

layers. The graphite is first intercalated and is 

finally exfoliated.  

In this work, we study the morphology and the 

chemical composition of thin films produced 

from dispersions of electrochemically produced 

few layers graphene. We show that the method 

can produce until ~1nm-thick graphene layers 

with micrometric lateral dimensions with high 

yields.  

For a better understanding of the sp³ defects aris-

ing from this electrochemical method, we also 

study the intercalation and the exfoliation pro-

cesses by in situ Raman spectroscopy in order to 

discrimate beteween the two processes and to 

allow, at the end, a better control of the exfolia-

tion process.  

 

 
Figure 1: 10x10 μm² Tapping mode AFM 

(TMAFM) imaging of a spray coated film ob-

tained from a graphene dispersion in DMF after 

electrochemical intercalation/exfoliation. The 

images highlight micrometer-sized sheets with a 

1 nm average thickness. 

 

From a statistical analysis of the Raman spec-

troscopy results on exfoliated sheets we demon-

strate exfoliation conditions that significantly 

lowers the sp³ defects on the exfoliated sheets. 

 

Keywords: Graphene, graphite exfoliation, Ra-
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transparent conductive coating. 
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Abstract: 

The application of graphene in sensors for the 

detection of toxic gases has been widely explored 

due to its unique structure and electronic proper-

ties. To improve the gas sensing characteristics 

of pristine graphene, e.g. sensitivity and selectivi-

ty, latest research focuses on defective and func-

tionalized graphene materials for sensor devices 

(Randeniya et al., 2013). We introduce a modi-

fied transfer technique of graphene grown by 

chemical vapor deposition (CVD), which allows 

tearing of a single, continuous graphene layer 

into discontinuous but closely spaced graphene 

flakes. Applying the modified etching process, 

discontinuous bilayer graphene chemiresistors 

are fabricated by selective deposition of two gra-

phene layers, which is the minimum number re-

quired to span the sensor’s electrodes (Figure 1). 

The gas sensing characteristics of the as-

fabricated chemiresistors towards nitrogen diox-

ide, ammonia and sulfur dioxide were analyzed 

in the temperature range of 30 to 200 °C. An 

increased sensitivity compared to pristine gra-

phene and defective graphene confirms their high 

level of structural defects without additional 

post-processing (Paul et al., 2012). As the num-

ber of interacting layers can be controlled pre-

cisely by the modified transfer process, the sen-

sor’s response is highly reproducible for different 

devices. Additionally, we analyzed the effects of 

further functionalization on the gas sensing char-

acteristics of the discontinuous bilayer graphene 

chemiresistors by carbon dioxide plasma and the 

deposition of iron oxide nanoparticles (Babu et 

al., 2014).     

 

Keywords: modified transfer technique, discon-

tinuous bilayer graphene, chemiresistors, toxic 

gases, carbon dioxide plasma, iron oxide nano-

particles. 

 

Figure 1: Schematic setup of discontinuous bi-

layer graphene chemiresistors. A modified trans-

fer technique of CVD graphene by chemical 

etching allows the deposition of discontinuous 

but closely spaced graphene flakes from a single, 

continuous graphene layer. The chemiresistors 

gas sensing characteristics were analyzed to-

wards NO2, NH3 and SO2.  
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Abstract: 

Noise measurements on graphene can provide 

more understanding of electron as well as spin 

dynamics compared to the usual charge and spin 

transport measurements. In order to study the 

noise associated with the spin transport in gra-

phene, we measure the fluctuations of the non-

local spin signal with the ferromagnetic contacts, 

which are aused to inject and detect a non-

equilibrium spin-accumulation. We observe that 

the noise associated with the non-local signal has 

1/f shape at low frequencies( 0.01-10 Hz). The 

noise magnitude changes on modifying the spin 

accumulation underneath the detector contacts in 

both spin-valve and Hanle configuration, which 

indicates that the noise is produced by the spin 

accumulation. Further, we successfully demon-

strate the use of spatial crosscorrelation method 

to separate out the spin accumulation/ injection 

noise from the polarization noise at the detector 

electrodes. The observed changes are only visible 

at very low frequencies, alluding to slow fluctua-

tions in the contact polarization and possibly in 

the spin scattering cross-section of graphene lat-

tice, which result in 1/f type of noise in the spin 

current. We also confirm our results by simulat-

ing the same noise level from a PSpice based 2-

channel resistor model representing the spin 

transport properties of our actual device. This 

model also helps us to conclude that the Hooge 

parameter (γH) for the charge and spin transport 

are different by orders 

of magnitude and indicate that different pro-

cesses governing the spin and charge 

transport.  
Keywords: Spintronics, Graphene, electronic 

noise, magnetic noise, spin noise, Hanle analysis 
 

 

 
Figure 1: Figure illustrating the auto correlation 

and the cross correlation measurement scheme for 

measuring the noise associated with spin transport 

in graphene. Below the diagram the spin accumula-

tion profile is demonstrated for the parallel and the 

anti-parallel magnetizati directions of the injector 

electrodes.  
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Graphene oxide framework membranes: Control the 2D in-
terspacing toward strict molecular sieving 

Gaofeng Zeng, * Guihua Li, Benyu Qi, Xiaofan He, Yanfeng Zhang, Yuhan Sun 
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search Institute, Chinese Academy of Sciences,  Shanghai 201210, China 

Abstract: Graphene oxide (GO) has generated a signif-

icant interest for water separation due to its hydro-
philicity and regular interspacing [2]. However, the 

poor mechanical strength of GO membranes poses a 

critical challenge for any practical application. Gra-
phene oxide frameworks (GOFs) [3], prepared by ex-

panding the GO sheets with various linear pillaring 

units, are well meeting the requirements of stocking 
GO in short-range order because the interlamellar spac-

ing of GO is well defined by the linking units. The 

chemical bonding between the GOF offers great me-

chanical stability compared with GO. In this work, we 
prepared ceramic supported 1, 4-phenyldiboronic acid 

(14PDBA) linked GOF/ polyvinyl alcohol (PVA) hy-

brid membranes by simple dip-coating method for the 
first time. The resulting membranes were characterized 

in detail. Excellent separation performance of selectivi-

ty and lifetime were achieved in the pervaporation of 
C3-C4 alcohols dehydration. 

 
Fig. 1 (a) TEM cross-section view of GOF (inset d-value of 

GOF); (b) XRD patterns of GO and GOF in air and solvents; 

(c) SEM top view and (d) cross-section view of GOF/PVA 

membrane. 

The cross-sectional view of mono-dispersed GOF de-

lineates that the highly ordered and well packed GO 

precursors built the GOF mono-sheet with 6.5-9.1 nm 
thickness (Fig. 1a), which suggested that multilayer GO 

precursors were regularly fixed by 14PDBA linker. In 

XRD results (Fig. 1b), the dried GO exhibited a d-value 
of 6.8 Å. However, the d-value of GOF was increased 

to 8.4 Å, which is resulted in the insert of 14PDBA. 

The XRD determined interspace of GOF was 4.9 Å 
(=8.4 -3.5 Å), which is well agree with the carbon lay-

ers gap in GOF i.e ca. 5.1 Å measured by TEM (Fig. 1a, 

inset). The effects of water and alcohols on the GOF 

structure were evaluated by XRD (Fig. 2b). It indicated 
that small molecules can intercalated into the bulk of 

GOF since water (0.28 nm), methanol (0.36 nm) and 

ethanol (0.43 nm) are smaller than the interspace of 
GOF. While the propanols (ca. 0.47 nm) and butanol 

isomers (ca. 0.51 nm) cannot intercalate the GOF due 

to the bulky size. The surface of GOF /PVA membrane 

exhibited dense coverage and no visible defects were 
observed (Fig. 1c). The cross-section of the GOF mem-

brane shows a uniform thickness i.e. 590 nm with high-

ly ordered and well-packed 2D lamellar structure (Fig. 
1d).  

 
Fig. 2 Comparison of the separation performance of PVA, 

GO / PVA and GOF/PVA composite membranes for C1-C4 

alcohol/ 10% water mixtures at 70 oC. a) separation factor 

(SF); b) flux. 

The separation of the C1-C4 alcohols - 10 wt.% H2O 
mixtures over GOF/PVA membrane was conducted at 

70oC. The GOF/PVA membrane showed great perfor-

mance for the dehydration of organic solvents. It exhib-

ited a sharp molecular sieving effect with the cut-off 
diameter ca. 0.47 nm. The molecules larger than the 

cut-off point were sieved out e.g. C3 and C4 alcohols in 

this work, from which 11,300 - 89,000 separation fac-
tors were achieved. The separation factor of the 

GOF/PVA membrane for IPA and butanol isomers 

were much higher than that of literature results includ-

ing polymeric membranes, inorganic membranes as 
well as GO based membranes. It demonstrates that 

GOF/PVA membrane has extraordinary separation 

properties even comparable with inorganic membranes, 
like zeolite membranes and silica membranes. On the 

other hand, choosing polymers with high capacity of 

water permeability as the blend phase is promising to 
improve the total flux of GOF based membranes. 

Keywords: graphene oxide framework membrane; 

hybrid membrane; azeotropes sepration; pervarporation 
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Abstract: 

The structural stability and thermal transport 

properties of penta-silicene monolayer was sys-

tematically investigated using first principles 

calculations, which are the Si analogues of re-

cently proposed penta-graphene [1]. We find that 

the pristine penta-silicene sheet was unstable 

because of the stronger sp3 bonds between Si-Si 

than that for C-C bonds. However, the dynamic 

stability can be improved by hydrogen decora-

tion, as well as the mechanical and thermal sta-

bility. The thermal conductivity of penta-SiH 

with increased biaxial strains was calculated to 

investigate its thermal behavior.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Unlike the graphene and penta-graphene, penta-

SiH has a much lower thermal conductivity, 

which makes it promising for many potential 

applications in electronic nano-devices in future, 

such as thermoelectrics for energy conversion. 

 

Keywords: thermal conductivity, penta-silicene, 

strain, first principles. 
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Enhancing the performance of dye-sensitized solar cells by 
incorporating various ratios of platinum and reduced gra-

phene oxide thin film as a counter electrode 
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rahim1, S. Sepeai1,K. Sopian1,  H. Arakawa2 
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Abstract: 

Counter electrode serve critical role to catalyst 

the reduction of redox process in dye sensitized 

solar cell (DSSC). Counter electrode collect the 

electron from external circuit and transfer into 

electrolyte. The redox process will occur in elec-

trolyte where triiodide ion will reduce to iodide 

ion.Therefore, high catalytic activity of counter 

electrode results in high efficiency of DSSC. 

Platinum is conventional material for counter 

electrode thin film and have good catalytic activi-

ty. However, the problem occur when the DSSC 

are to be commercialized because the platinum is 

not cheap. Another promising material is gra-

phene that has large surface area, low cost and 

good electrical conductivity.  The consumption 

of platinum can be minimising by doping the 

graphene with platinum.  A platinum/reduced 

graphene oxide (Pt-rGO) thin film was prepared 

and deposited on a fluorine-doped tin oxide 

(FTO) substrate using the doctor blade method 

and was annealed at 450 °C for 30 minutes. Thin 

films were used as counter electrode in a dye-

sensitized solar cell (DSSC) with Pt-rGO ratios 

of 1:1, 1:2, and 2:1. Cyclic voltammetry showed 

that the Pt-rGO thin film with a ratio of 1:1 ex-

hibits better electrocatalytic activity for I3
-/I- re-

dox reaction. The current-voltage curve (I-V) 

revealed that DSSC using the Pt-rGO CE thin 

film with a ratio of 1:1 has a power conversion 

efficiency (PCE) of 6.3% under AM 1.5 illumi-

nation of 100 mW cm−2 and this is higher than Pt 

(6.1%). The current density (Jsc) is 14.3 

mA/cm−2, open circuit voltage (Voc) is 0.75 V, 

and fill factor (FF) is 58.98 

Keywords: reduced graphene oxide, platinum, 

counter electrode, dye-sensitized solar cell 

 
Figure 1: Figure illustrating the structure question 

that we are tempting to prepared experimentally:  

What is the optimum ratio of graphene doped 

with platinum that help increase electrocatalytic 

activity of the counter electrode that lead to high-

er efficiency of the dye sensitized solar cell 
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Platinum-Gold Alloy Nanoparticles Decorated Crumpled  
Graphene for Electrocatalyst  
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Abstract: 

Enhanced performance of electrocatalysts for 

direct methanol fuel cells was developed by 

crumpled graphene (CGR) decorated with plati-

num (Pt)-gold (Au) alloy nanoparticles 

(CGR/PtAu). The CGR/PtAu composite looked  

like a crumpled paper ball was synthesized from 

a colloidal mixture of GR and Pt-Au alloy nano-

particles with aerosol spray drying. The 

CGR/PtAu had a high specific surface area and 

electrochemical surface area of up to 238 and 

325 m2/g (Pt), respectively. The electrocatalytic 

applications of the CGR/PtAu were examined 

through methanol oxidation reactions. The 

CGR/PtAu prepared with a concentration of 0.1 

wt% graphene oxide and a Pt/Au weight ratio of 

3 had the highest electrocatalytic activity for 

methanol oxidation reactions compared with 

commercial Pt-carbon black and Pt-GR (Figure 

1). The CGR/PtAu was also highly sensitive 

electrocatalytic activity in the methanol oxidation 

reaction compared with the flat-GR/Pt-Au. Fur-

thermore, the electrocatalytic activity of the 

CGR/PtAu had the highest performance among 

the catalysts containing Pt, Au, and GR for the 

methanol oxidation reactions. The increased elec-

trocatalytic activity is attributed to the high spe-

cific surface area of the CGR formation and the 

effective surface structure of the Pt-Au alloy na-

noparticles. Thus, it is noted that the as-prepared 

3D-GR/PtAu is a promising material for DMFC 

catalysts.  

Keywords: electrocatalyst, crumpled graphene, 

platinum-gold alloy nanoparticles, direct metha-

nol fuel cell, aerosol process.. 
 

 

 
 

Figure 1: Figure illustrating cyclic voltammograms 

for methanol oxidation reaction catalyzed by 

CGR/PtAu and CGR/Pt/Au in the mixture solution 

of 0.05 M H2SO4 + 1 M CH3OH within the poten-

tial range of 0 - 1.0 V. 
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Abstract: 

By using the well-known charge transport phe-

nomena of monolayer graphene in the field-effect 

transistor configuraion, we have investigated the 

properties of various gate-oxide layers in contact 

with graphene, which include a defective silicon 

oxide, a ferroelectric single-crystal, and an ultra-

high-k epitaxial thin-film.  

For the graphene on a defective silicon oxide lay-

er, two-terminal quantum Hall conductance and 

charge-trap memory behaviors were combined 

together without degrading each phenomena, re-

sulting in the hysteretic quantum Hall conduct-

ance. In the case of [Pb(Mg1/3Nb2/3)O3]1-x-

[PbTiO3]x (PMN-PT) ferroelectric single-crystal, 

the direct variation of graphene’s carrier density 

at the ferroelectric switching point, the systemat-

ic change from normal hysteresis to antihystere-

sis depending on the gate-voltage sweep range, 

and the polarization-induced charge-trapping 

behavior were simultaneously monitored from 

the graphene’s conductance change. For the 

SrTiO3 (STO) epitaxial-thin-film, the voltage-

scaling due to its ultra-high-k properties was 

clearly observed in the graphene transistor, and 

the non-hysteretic quantum Hall transport phe-

nomena enabled the estimation of STO’s effec-

tive dielectric constant at low-temperatures. 

From these results, we proved that the graphene 

transistor can be used as a good probe monitor-

ing the properties of functional oxides.  

 

Keywords: graphene transistor, ferroelectric 

single-crystal, PMN-PT, ultra-high-k, epitaxial 

thin-film, SrTiO3, quantum Hall conductance 

 

 

 

Figure 1: (Top) Illustration showing the shape 

of device, graphene/hexagonal-BN/ferroelectric 

single-crystal (PMN-PT)  field-effect transistor. 

(Bottom) Schematic cross-sectional view and the 

corresponding symbolic expression including the 

interfacial trap layer and the sole PMN-PT ca-

pacitor region.  
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graphene and hexagonal boron nitride 
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Abstract: Graphene and hexagonal boron nitride 

(hBN) are both two-dimensional crystals with hex-

agonal lattice structure. Their lattice constants are 

very closely matched, so that when graphene is 
placed on top of hBN, a moiré pattern can form if the 

relative rotation angle between the two layers is 

small. An example of this is shown in Fig. 1. The 

moiré pattern can be described by an effective theory 

[1], but this theory contains parameters which are 

unknown a priori. We propose that optical absorp-

tion spectroscopy may be used as an experimental 

technique to determine the value of these parameters, 

and thus distinguish between various theoretical 

proposals that exist in the literature. 

We compute the absorption spectra and describe the 

general features which are induced by the moiré 
potential [2]. Then, we show the dependence of the 

spectra on the doping for an almost completely full 

first valence miniband and extract meaningful infor-

mation about the moiré characteristics which differ-

entiates between the theoretical proposals [3]. An 

example is shown in Fig 2, where two different mod-

els produce qualitatively different behavior as the 

hole density is swept through n0, the density of a 

filled first hole band. Finally, we show that for bi-

layer graphene on hBN, comparing spectra for oppo-

site signs of electric-field-induced interlayer asym-
metry may provide additional information about the 

moiré parameters. 

Keywords: Graphene, boron nitride, vertical hetero-

structures, optical spectroscopy, theory. 
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Figure 1: Example moiré pattern of grapheme on top of 

hexagonal boron nitride. The yellow rhombus shows the 

moiré unit cell. 

 
Figure 2: Absorption spectra for monolayer gra-

phene on top of hexagonal boron nitride as a func-

tion of incident photon energy as the hole density in 

the grapheme is swept through the first miniband. 

Two different models from the literature are com-

pared. 
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Anisotropy of Unstrained Pristine Graphene 
 

G. Shpenkov 
 

Abstract: 

In result of a profound analysis of the three-

dimensional particular solutions of the general 
(“classical”) wave equation in spherical polar 

coordinates it was found that they contain 

information about the structure of matter and 

about such regularities in nature which were 
unknown earlier. In particular, from the 

solutions it follows that atoms are the wave 

formations. They have a quasi-spherical shell-
nodal structure coincident with the nodal 

structure of standing waves formed in local 

volumes of the three-dimensional wave space-

field. Each atom with Z ≥ 2 represents one of 
the elementary molecules of the hydrogen 

atoms, to which we refer proton, neutron and 

protium (1H). The wave shell-nodal atomic 
structure was verified by different ways. All 

they completely confirmed the reality of the 

found structure. Graphene gave us a unique 
possibility for the direct verification of the 

discovery. According to the modern data, the 

hexagonal lattice of graphene, a two-

dimensional crystal (a giant macromolecule), 
has a six-fold axis of symmetry. Hence, the 

physical properties of graphene, in particular, 

electrical conductivity, must be isotropic in a 
plane perpendicular to this axis, in full 

agreement with the basic symmetry theory. It 

is considered as taken for granted. However, in 
accord with the shell-nodal structure, graphene 

is an anisotropic crystal having a two-fold axis 

of symmetry. Along the major axis of 

anisotropy there are empty polar nodes, which 
form the specific channel responsible for the 

so-called “ballistic” motion of charges. In this 

direction, graphene behaves like a metal; in the 
perpendicular direction graphene exhibits 

semiconducting properties. The fact that we do 

not see empty polar nodes (on electron 

microscope images) forming the ballistic 
channel does not quite mean that these nodes 

do not exist. Modern technological means are 

too imperfect at present to observe all 
peculiarities of the shell-nodal structure of 

atoms.  

 
 

 

 

 
 

 

Laboratory tests have confirmed our 

prediction. The polar diagrams of conductivity 

of one-atom thick graphene layers, measured 
along a plane in all directions (Figures 1, 2), 

have the characteristic elliptical form, at all 

test samples that is inherent in anisotropic 

materials. 
Keywords: wave equation solutions, atomic 

structure, graphene structure, conductivity 

anisotropy, bonds nature, ballistic channel. 

 
Figure 1: (a) A measurement scheme of one-

atom-thick graphene plate of the round form. 
(b) An electron microscope image of one of 

the test samples. 

 
Figure 2: Anisotropy of resistance in a plane 
of unstrained pristine graphene at the two 

temperatures; D=10 m, h=580 nm. 
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sheets: a Molecular Dynamics study 
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Abstract: 

Pristine graphene is known as the strongest ma-

terial in terms of its in-plane tensile strength – a 

property which makes it a candidate for novel 

structural applications on the nano scale. How-

ever defects are unavoidable during the synthesis 

and fabrication of graphene-based devices. In 

this Paper we investigate the effect of defects on 

the temperature-dependent rupture strength of 

graphene sheets, for two different types of de-

fects, namely randomly distributed point defects 

(vacancies) and single extended defects (cracks). 

We first study the effect of different vacancy 

concentrations and crack sizes on the fracture 

strength of graphene sheets at various tempera-

tures and interpret our results with reference to 

continuum fracture mechanics concepts which 

we generalize to account for discreteness of the 

atomic and defect structure. 

 

Keywords: Graphene, Vacancies, Cracks, 

Temperature, Molecular Dynamics, Fracture 
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Figure 1: Crack Propagation of a central crack 

in a graphene sheet under tensile load from Mo-

lecular dynamic simulation. The simulated sys-

tem consists of single layer, monocrystalline 

graphene sheets, composed of a variable number 

N of atoms: N varies from approximately 10 

×103 to 40 ×103 atoms. The sheets have an al-

most square shape lying on the XY coordinate 

plane and the crack length  is one fifth the spec-

imen width. Crack propagates perpendicular to 

loading direction along the crack tip because of 

intensive stress concentration on a nano-size tip. 
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Abstract: 

Graphene is a monolayer of carbon atoms sitting 

in a hexagonal lattice. Owing to the special 

symmetries of the crystalline structure, the band 

structure of graphene differs substantially from 

the other condensed matter systems. The effec-

tive Hamiltonian describes quasirelativistic 

massless Dirac fermions. The Dirac fermions 

introduced by the low energy Hamiltonian are 

dominantly chiral [1]. Moreover, the band struc-

ture of graphene is scale-invariant in the low en-

ergy limit [2]. It has been shown that the chirali-

ty of the charged carrier leads to several uncon-

ventional transport properties such as minimum 

conductiovity, Klein paradox and Zitter-

bewegung [1]. The impact of the chirality on the 

optical response of graphene has not been inves-

tigated so far. 

We have shown that the chiral nature of the 

charged carriers in conjunction with the scale 

invariance of the band structure results in a 

strong nonlinear optical response. The time evo-

lution of the quasiparticles in the presence of the 

electromagnetic field can be decomposed into the 

quasicalssical intraband transport and interband 

time evolu tion. Employing Semiconductor Bloch 

Equations (SBEs) [3] for graphene, we have de-

coupled the qusicalssical and quantum dynamics. 

Based on SBEs, the dynamics is goverend by a 

classical theory with quantum flactuations super-

imposed. The principle advantage of SBEs is 

twofold: first they provide a convenient mathe-

matical scheme leading to analytical expressions 

for arbitrary order of interaction. Secondly, 

SBEs encode the topological properties of band 

structure in an effective dipole appearing in the 

equations. As a matter of fact, the geometrical 

properties of the band structures affect the intra-

band contribution of the optical response and 

interband transitions are influenced by the spe-

cial topological aspects of the band.  

 

 

 

 

 

 

 

 

We exploit the band renormalizations such as 

spin-orbit coupling to calculate the nonlinear 

optical response. We have shown that the nonlin-

ear response function can be expressed as the 

summation three different contributions: pure-

intraband, pure-interband and combination of the 

both. 

It has been demonstrated that the Kerr nonlinearity 

of graphene can be tuned and enhanced by apply-

ing a gate voltage. A strong Kerr nonlinearity 

much higher than the other known semiconduc-

tors can be achieved in monolayer and chiral mul-

tilayer graphene. 

Keywords: graphene, nonlinear optics, Kerr 

nonlinearity, chiral symmetry. 
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Abstract: 

 

Surface Enhanced Raman Scattering (SERS) is a 

technique of high practical relevance for the de-

tection of various molecules in small concentra-

tions. However, our understanding of the under-

lying mechanism is far from complete. Two main 

processes are thought to contribute to the en-

hancement effect, the electromagnetic mechanism 

mediated by surface plasmons, and the chemical 

mechanism enabled by charge transfer. Metallic 

substrates with nanometer scale roughness have 

proven the most efficient SERS surfaces so far, 

mainly attributed to the electromagnetic en-

hancement. However, there are clear advantages 

in using other, more inert substrates, such as 

graphene, to replace the metal nanoparticles that 

display a low biocompatibility and can induce a 

substantial fluorescent background. It has been 

demonstrated earlier1 that graphene can enhance 

the Raman signal of various molecules deposited 

on its surface. However, the enhancement factors 

observed were much lower than typical for rough 

metallic SERS substrates, that limits its applica-

bility. Here we show that by strain engineering 

graphene, one can substantially enhance the effi-

ciency of graphene as SERS substrate, allowing 

the detection of molecules at much lower concen-

trations as compared to as-exfoliated graphene 

flakes. The possible mechanism of the increased 

Raman scattering enhancement will be discussed, 

shedding more light on the origin of graphene-

enhanced Raman scattering process.  

Keywords: graphene, Raman spectroscopy, Sur-

face Enhanced Raman Scattering, strain-

engineering. 
 

 

 

 

 

 
Figure 1: Raman spectra of Rhodamine 6G mole-

cules on as-exfoliated (top) and strained (bottom) 

graphene flakes displaying a substantial enhance-

ment of the SERS efficiency on the strained gra-

phene substrates. 
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Abstract: 

Graphene is one of the most desired materials to 

be taken to mass production in the new century. 

One promising production method is liquid phase 

exfoliation of graphite. Fast and careful product 

characterization methods are necessary for pro-

duction process parameter studies. Well estab-

lished methods for Graphene analytics, e.g. 

transmission electron microscop (TEM), Raman 

spectroscopy, atomic force micrscopy (AFM) 

require deposition of the particles from the sus-

pension to a substrate. Suitable methods for ana-

lyzing delaminated sheets directly in suspension 

are rare. Due to their anisotropic shape standard 

diagnostics as dynamic light scattering yield 

large deviations for lateral diemension and height 

(~40%). (Lotya et al.; 2013) Thus, to gain pre-

cise information on height and diameter of the 

flakes, very time consuming measurements, e.g. 

flakes counting in TEM or AFM is used. Though 

this combination leaves a third critical infor-

mation unaddressed, potential in-plane defects 

that are created while the graphite feed is pro-

cessed. 

Within our work we can demonstrate, how statis-

tical Raman spectroscopy (sRs) in combination 

with AFM is able to address both dimensions of 

the obtained flakes, while giving representative 

information of potential defects. (Nacken et al.; 

2015) Further we report how graphene oxide can 

be used as reference material for individualized 

flakes in suspensions to be quantitatively evalu-

ated for their lateral dimension by Analytical 

Ultracentrifugion (AUC). (Walter et al.; 2015; 

Halbig et al.; 2015) The combination of these 

techniques enables time efficient and/or highly 

accurate feedback cycles to further improve ex-

isting and design new production methods for 

high yield/quality graphene production. 

Keywords: Graphene, Gaphene oxide, statistical 

Raman spectroscopy, Analytical Ultracentrifuga-

tion. 

 
Figure 1: A representative AFM and Raman - 

Colocalization of a delaminated and coated gra-

phene suspension. Upper left AFM image, upper 

right und bottom statistical Raman evaluation of 

the identical position. 
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Abstract: 

Direct methanol fuel cells (DMFCs) have been 

con-sidered as promising power sources for ap-

plications in portable devices. However, several 

challenging issues still prevent the commerciali-

zation of DMFCs such as methanol crossover, 

sluggish reaction kinet-ics and high manufactur-

ing costs (Huang & Wang 2014). At present, 

platinum (Pt) based electrocata-lysts are still the 

most commonly used electrocata-lysts in DMFCs 

with their good catalytic properties. But the high 

cost and easy-poisoning of Pt catalysts limit their 

practical application in DMFCs. The use of sup-

porting materials with high surface area, good 

stability and high electrical conductivity not only 

maximize the catalytic activity but also minimize 

the amount of catalyst (Q. Liu et al. 2014). In 

recent years, graphene has attracted significant 

attention as a catalyst support due to its large 

specific surface area, ultra high electrical con-

ductivity and strong metal    interaction. Howev-

er, graphene nanosheets tend to aggregate be-

cause of the van der Waals force and π−π inter-

actions. Attaching some other support mate-rials 

between the sheets is an approach in order to 

decrease the aggregation of graphene sheets. In 

this context, hybrid support materials are being 

explored as alternative support for catalysts in 

DMFCs (M. Liu et al. 2014). Silicon carbide 

(SiC), a non-carbonaceous material, has been 

studied as an alter-native support material due to 

its good mechanical properties, excellent thermal 

stability, low specific weight and high resistance 

towards oxidation (Jiang et al. 2014). The pre-

sent study aims at the synthesis of Pt catalyst on 

reduced graphene oxide/silicon car-bide 

(rGO/SiC) hybrid support and its application as 

a cathode catalyst in DMFCs. Pt/rGO-SiC cata-

lysts will be prepared by chemical co-reduction 

method and characterized physically using SEM, 

XRD, BET and Raman spectroscopy. The elec-

trochemically ac-tive surface area (ECSA) of the 

catalysts will be characterized by cyclic voltam-

metry (CV) studies.  

 

 

 

 

 

 

The synthesized catalysts will be tested as a 

cathode catalyst in a single DMFC and the effect 

of the hybrid support on the the fuel cell perfor-

mace will be dis-cussed in details. 

 

Keywords: catalyst support, reduced graphene 

oxide, silicon carbide, fuel cell, DMFC, scanning 

electron microscopy (SEM), x-ray diffraction 

(XRD) and Brunauer – Emmett- Teller (BET) 
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Abstract: 

Corrosion has been a perennial issue of concern 

for the industrial sector. Commonly used anti- 

corrosive coatings suffer from high environmen-

tal impact, low availability, low performance or 

cost factors. Graphene, a two-dimensional hex-

agonally arranged array of carbon atoms, has 

been shown to be an effective alternative to 

traditional coating systems [1].  Graphene, with 

its superlative properties, upon functionalisa-

tion, can provide a conductive and near imper-

meable barrier coating. The current bottleneck 

in using graphene is the poor availability of low 

cost high quality graphene and its effective in-

corporation into coating systems. On overcom-

ing these factors, protective coatings can prove 

to be a significant application for graphene in 

terms of volume consumption. 

In this talk, various aspects involved in gra-

phene based coatings for anticorrosion applica-
tions will be discussed. Graphene, produced 

from industrially scalable and cost effective 

routes, is functionalised to make it easily dis-
persible in resin matrixand to form a strong 

three-dimensional coating network with the 

substrate. The performance of functionalized 

graphene, both as a pretreatment primer and as 
an additive in polymer resins is evaluated using 

electrochemical techniques and ASTM  tests. 

Further, studies conducted to establish thecorro-
sion protection mechanism shall also be dis-

cussed. 

Keywords: graphene, corrosion, functionalisa-
tion, electrochemical techniques, mechanistic 

studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References: 

K.S. Aneja, et.al. Graphene based anticorrosive 

coatings for Cr (VI) replacement. Nanoscale, 

2015,7, 17879-17888 

308



Impact of reduction degree of graphene oxide on the photo-
catalytic activity of graphene oxide/TiO2 nanotubes 

 
M. Hamandi1,, G. Berhault2, C. Guillard2, H. Kochkar1,3 

1Université de Tunis El Manar, Faculté des Sciences de Tunis, Laboratoire de Chimie des Matériaux et 

Catalyse, 2092 El Manar Tunisia. 
2Institut de Recherches sur la Catalyse et l’Environnement (IRCELYON) du CNRS- University of 

Lyon, Villeurbanne, 69100, France. 
3Centre National de Recherches en Sciences des Matériaux (CNRSM), Laboratoire de Valorisation des 

Matériaux Utiles, BorjCedriaTechnopark, BP73,  Soliman 8027 Tunisia. 
 

Abstract: 
Reduced graphene oxide–TiO2 nanotubes 

(RGO–TiO2) nanocomposites have been suc-

cessfully synthesized in two steps: (i) TiO2 
nanotubes were obtained through a facile hydro-

thermal reaction with minor modification using 

commercial P25 as starting material, followed 
by calcining temperature at 400 °C for 2 h in air, 

(ii)  GO was introduced onto TiO2 nanotubes by 

wet impregnation. The reduction of  graphene-

TiO2nanotubes was performed under H2 at dif-
ferent temperatures (200 and 300°C).These 

nanocomposites prepared with different ratios of 

graphene oxide (GO) and reduction tempera-
ture,were characterized by means of transmis-

sion electron microscopy, X-ray diffraction 

(XRD), Raman spectroscopy, Fourier transform 
infrared spectroscopy (FTIR), X-ray photoelec-

tron spectroscopy (XPS) and utraviolet photoe-

lectron spectroscopy (UPS). The photocatalytic 

activity of these nanocomposites was investigat-
ed in the photodegradation of formic acid under 

UV/A light irradiation. The influence of two 

importants parameters namely: (i) the percent-
age of GO and (ii )the ratio RGO/Graphene on 

their photoactivity is highlighted. We demon-

strated that the photocatalytic activity increases 

with GO loading with an optimum of 
1wt%.Apartial reduction of  1wt% GO-TiO2 

nanocomposites (200°C) enhances the photo-

catalytic activity.However, a fully reduced GO 
to graphene (300°C) has surprisingly no effect. 

This might be related to the surface properties of 

reduced graphene oxide arising from different 
reduction degree and its interaction with titani-

um dioxide as demonstrated by UPS and XPS 

analysis.Therefore, a higher charge carrier mo-

bility in partially reduced graphene oxide is 
observed with respect to fully reduced one. Dur-

ing the test the RGO acts as an electron trap 

until it is totally reduced into graphene (Fig-
ure1).The photocatalytic activity enhancement 

of RGO-TiO2 nanocompositesis due to the trans-

fer of electron-hole pairs between TiO2 and 

RGO, hence improving their separation and 
inhibiting the electron-hole recombination. 

 

Keywords: graphene oxide, reduction, TiO2 
nanotube, photocatalysis 

 

 
h + RGO-TiO2   e- + h+ 

RGO +   e-    Graphene 

h+ + H2O              2 OH. 

HCOOH + OH.  CO2 + H2O 

 
Figure 1: Figure illustrating the photocatalyt-

icmechanism of degradation of organic pollutants 

by graphene oxide/TiO2 nanotubes under UV 

lightbefore and after reduction of the nanocompo-
site. 
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Abstract: 

Graphene and graphene based materials have 

shown a lot of potential in the field of environ-

mental pollutant remediation application, as they 

exhibit peculier properties such as large surface 

area, high adsorption capacity and excellent elec-

tron transfer rate. Recently, graphene oxide (GO) 

has investigated extensively as it consits of vari-

ous functional groups, which make it highly hy-

drophilic and water soluble. Due to this, GO can 

support or attach metal oxides particles. The 

incorporation of metal oxides on GO improves 

its properties by utilizing the advantage of gra-

phene and it  has also become a proficient way to 

prepare the environment friendly composite. In 

this work, metal oxide (TiO2/Fe3O4) based bina-

ry/ternary composite of GO are synthesized for 

the removal of toxic methylene blue (MB) and 

As(III) from wastewater. The synthesized nano-

composites sustain the properties of each con-

stituent like, TiO2 nanoparticles degrades the 

pollutant, rGO provides the pathway to increase 

the surface area as well as suppress the recombi-

nation of charge carriers in TiO2, and Fe3O4, be-

ing a magnetic material, increases the adsorption 

capabilities of rGO towards the heavy metal im-

purities. In addition incorporation of Fe3O4 also 

helps in magnetic separation of nanocomposite 

after the purification process. Here, a systematic 

study is provided for investagating the photo-

catalytic activity under UV and visible light irra-

diation for MB and adsorption of As(III) metal 

ions by analyzing their adsorption isotherm and 

adsorption kinetics models, respectively.The ob-

served results demonstate that GO based mteal 

oxide nanocomposite can be effecttively used in 

the removal of waterwater treatment.  

Keywords: :, graphene oxide, adsorption, water 

pollution, photocatalysis, nanocomposite,  

 

 
Figure 1: Figure showing the SEM image of ter-

nary nanocomposite (rGO-TiO2-Fe3O4) where the 

graph display the degradation of of methylene blue 

dye under UV. The observed result shows that ter-

nanry nanocomposite exhibites very high degrada-

tion efficiency towards theMB pollutant. 
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Abstract 

In view of the growing interest in using graphene-

based materials (GBMs) in medical applications, it is 

relevant to evaluate their biocompatibility, which 

depends on their intrinsic physical-chemical proper-

ties [1]. This work studies graphene nanoplatelets 

(GNP), which have a reduced cost comparing with 

single layer graphene. Covalent and non-covalent 

surface modification with polymers is a strategy to 

overcome possible toxicity of GBMs. Covalent func-

tionalization often implies using toxic solvents, while 

the procedures for non-covalent surface modification 

are simple and easily up-scalable. This work aims to 

study the effect of GNP non-covalent surface modi-

fication with biocompatible polymers. 

Polymers and GNP-C (XG Sciences) were dispersed 

in water (1:1 ratio) by sonication, then centrifuged 

and supernatant discarded, removing excess poly-

mer. Polymers tested were: PVA (poly(vinyl alco-

hol)), HEC (hydroxyethyl cellulose), PEG 

(poly(ethylene glycol)), PVP (poly(vinyl pirroli-

done)), chondroitin, glucosamine, and hyaluronic 

acid. SEM (Scanning electron microscopy), DLS 

(Dynamic Light Scattering), XPS (X-ray photoelec-

tron spectroscopy), Raman spectroscopy, and TGA 

(Thermogravimetric analysis) were used for physico-

chemical characterization and Hemolysis, Resazurin 

and LIVE/DEAD, TEM, and CM-H2DCFH-DA to 

evaluate biocompatibility. 

All materials were characterized, but results for 

GNP-C modified with PVA and HEC are highlight-

ed, since they unveiled the best hemolysis results. 

DLS shows that surface adsorption of PVA and 

HEC increases GNP-C particle size from 0.5-2 to 25 

and 8 µm, respectively. Agglomeration for GNP-C-

PVA and HEC was observed by SEM (images not 

shown). XPS, Raman and TGA confirm the presence 

of 21 wt.% PVA and 15 wt.% HEC at GNP-C sur-

face. Hemolysis induced by all GNP-polymers is 

below 1.7%, in concentrations up to 500 µg/mL 

(3h). Resazurin assay shows that GNP-C is toxic at 

24 h for concentrations above 20 µg mL-1, however, 

the cell metabolic activity recovers along time until 

72 h. For GNP-C-HEC no improvements in biocom-

patibility are observed comparing to pristine GNP-C. 

GNP-C-PVA is non-toxic up to a concentration of 

100 µg/mL until 72h. LIVE/DEAD assay show that 

at concentrations of 72h, 20 and 50 µg/mL, GNP-C-

PVA induce lower cell death than GNP-C. For GNP-

C-HEC no differences were observed comparing 

with GNP-C. For a concentration of 50 µg/mL, ROS 

production is increased by 4.4 fold when GNP-C 

contacts cells, while only by 3.3 fold for GNP-C-

PVA. For GNP-C-HEC, ROS production is in-

creased by 5.2 fold. TEM images (not shown) show 

that GNP-C was almost completely exfoliated inter-

acting with plasma membrane, being internalized 

without membrane damages, and in some cases is 

found interacting with mitochondria. GNP-C-PVA 

was more agglomerated, being found more often out-

side plasma membrane. Internalized GNP-C-HEC 

particles presented smaller length (0.5 - 1.5 µm) than 

GNP-C-PVA and GNP-C (0.5 - 3 µm), being often 

found spread in cytoplasm. GNP-C-HEC was also 

observed in contact in mitochondria. 

Polymer adsorption decreases hemolysis of GNP-C. 

Small sized GNP-C enter cells inducing ROS pro-

duction, and therefore, toxicity. The best result was 

obtained with PVA encapsulation of GNP-C, which 

increases particle size, decreasing internalization and 

avoiding ROS production. Thus, GNP-C-PVA has 

potential to be used safely for bioapplications at 

concentrations up to 50 µg/mL, while GNP-C can 

only be used at a maximum concentration of 20 

µg/mL. 

Keywords: Graphene; Polymers; Surface modifica-

tion; Biocompatibiltity; Fibroblast. 
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Abstract: 

Graphene extreme sensitivity to electric charges 

and fields in its vicinity, together with its high 

chemical stability, make it a strong candidate for 

biosensing applications. The electrolyte-gated 

field-effect transistor (EGFET) architecture pro-

vides the ideal sensing platform to explore those 

qualities, simultaneously providing the ability for 

integration and upscaling. However, graphene 

high sensitivity and chemical stability comes at 

the cost of a poor analyte selectivity. To overcome 

this drawback graphene needs to be functionalized 

for specific biomarkers. In this work we address 

that issue, using a linker to bind the biospecific 

recognition structure to the graphene surface.  

Stroke is one major cause of death and long term 

disability. Recently a panel of biomarkers have 

been associated to the haemorrhagic transfor-

mation development in thrombolytic treatment. 

Two of those biomarkers are Matrix metallopro-

teinase-9 (MMP-9) and Neuroserpin (NS). In this 

work we study the detection of MMP-9 and NS on 

single layer graphene  (SLG) surfaces ob-tained 

by transferring CVD graphene onto Si/SiO2 sub-

strates as a preliminary step for GFET channel 

functionalization. Our detection strategy, based on 

a sandwich assay, was performed on pyrene-

functionalized graphene surfaces, where specific 

antibodies were immobilized to detect the respec-

tive targets captured by antibody-functionalized 

nanoparticles in solution (Fig.1a)). On the same 

substrate unspecific antibodies were also immobi-

lized and worked as a negative control. Raman 

spectra and optical images were acquired to con-

firm the target binding. The results clearly show 

the difference between positive and negative con-

trol samples. Whereas in the positive sample 

(Fig.1b)) the Raman spectrum shows a double 

peak located at ~2900-3000 cm-1 superimposed to 

the typical SLG spectrum, attributable to the cap-

tured target, the spectrum of the negative control 

sample only displays the SLG Raman spectrum 

(with prominent D, G and 2D peaks). A semi 

quantitative analysis of the optical image allows 

to estimate the surface coverage density over the 

graphene surface: 99.4% of coverage using the 

positive sample against 15.0% when using the 

negative sample (inset images b) and c) respec-

tively).  

Keywords: graphene, field-effect transistor, func-

tionalization, biomarkers, stroke. 

 

 
Figure 1: (a) Scheme of the detection strategy; 

Raman spectra and optical images of (b)  specific 

detection and (c) negative control 
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Abstract: 

Graphene and graphene oxide are opening up 

many new opportunities for biosensing applica-

tions. The hexagonal lattice structure of gra-

phene and its derivatives allows its interaction 

with a wide range of biological substances via 

pi-stacking. In addition, graphene oxide possess-

es different oxygen-containing functional groups 

for the covalent immobilization of biomolecules. 

Moreover, reduction of graphene oxide can finely 

tune chemical, electrical and optical properties of 

carbon material for specific biosensing applica-

tions. The major advantage of graphene and its 

derivatives for biosensing applications is the ex-

tremely high surface area of different structures 

made from these materials, which provides high 

immobilization efficiency for a wide range of 

biologically significant substances such as 

DNAs, RNAs, proteins, including antibodies and 

membrane proteins, viruses, and bacteria. Here, 

we describe a novel type of graphene oxide link-

ing layer for highly sensitive biosensing based on 

surface plasmon resonance (SPR), which has 

become an indispesible tool for scientific re-

search and drug development [1]. During the last 

three decades, researchers have used only two 

technologies of linking layers for SPR biosen-

sors, which are based on self-assembled mono-

layers of thiol molecules and on hydrogel layers. 

Using graphene and its derivatives, we developed 

biosensor chips for existing commercial biosen-

sors, whose sensitivity is higher than for com-

mercial sensor chips available on the market [2] 

(Fig. 1). Modification of carboxyl groups to N-

hydroxysuccinimide esters in the flow cell of 

SPR biosensor demonstrated that the number of 

carboxyl groups, which can be used for molecule 

immobilization, is more than 20 times higher in 

the graphene oxide linking layer than in the link-

ing layer of commercial hydrogel-based sensor 

chip. In addition, the graphene oxide sensor chip 

was demonstrated to be 3 times more sensitive 

comparing to the commercial hydrogel chips 

when using in the standard biosensing protocol 

based on streptavidin-biotin interaction with 

streptavidin immobilized on the GO surface via 

pi-stacking. In conclusion, SPR biosensor chips 

based on graphene and its derivatives have high-

er sensitivity comparing to commercially availa-

ble chips based on hydrogels. This will enable us 

to investigate interactions of protein targets with 

small ligands and will broaden and accelerate 

academic and pharmaceutical research. 

Keywords: graphene, graphene oxide, biosens-

ing, surface plasmon resonance, biosensor chips. 

 

Figure 1: Biosensor chips based on monolayer 

graphene, graphene oxide, and carboxyl gra-

phene linking layers designed for use with a 

commercial SPR instrument. 
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Abstract: 

Multilayer graphene (MLG) has found numer-

ous applications in different areas, including 

bio-medical technologies and nano-electronics. 
In these applications, individual MLG platelets 

or different kinds of networks or films based on 

MLG can be employed. To monitor activities of 
the human body such as muscle contraction, 

breathing and heart beating, the skin-inspired 

devices based on graphene or graphene like 
materials are increasingly being used [1,2]. 

In this work we demonstrate a new highly sensi-

tive flexible heartbeat sensor based on a specific 

type of MLG – graphene nanobelts (GNBs), 
arranged in a form of thin conductive films. The 

principal difference between conventional MLG 

flakes and GNB is the aspect ratio 
(length/width). In the GNB case it can reach 50, 

whereas for MLG its typical value is 5 -10. 

Nanobelts, obtained from Nacional de Grafite 
Ltd, Brazil, are 3-30nm thick, 1-5μm wide and 

up to 50-100μm long (Fig. 1a). 

GNB-films were fabricated from GNB suspen-

sions in N-methylpyrrolidone using modified 
Langmuir-Blodgett (LB) technique [3]. Pludi-

methylsilaxane (PDMS) with thickness of 250 

μm was used as a flexible substrate for this sen-
sor (with lateral dimensions of 25 mm x 15 

mm). For GNB film deposition the surface of a 

PDMS-substrate was activated by capacitively 

coupled O2-plasma (300W, 50 mTorr, 10 min) 
to make the surface hydrophilic that is required 

for LB-deposition. Further, metallic Ti/Au elec-

trodes (50nm/200nm thick, respectively and 5 
mm wide) were sputter deposited onto the ends 

of the film using a shadow mask. High electrical 

conductivity (down to a ~10/sq.) of the films 
was obtained, due to high degree of percolation 

between nanobelts. Then, the sensitive area of 
GNB-sensor was covered by a top PDMS layer. 

Next, macrocontact wires were fixed on Ti/Au-

electrodes using silver paste. For tests, the fabri-
cated sensors were fixed at different places on 

carotid artery on the neck or wrist. Clearly dis-

tinguishable heartbeat signals were obtained, 

being possible to determine the shape and fre-
quency of the pulses (Fig. 1b). 

 

 
Figure 1: a) SEM image of GNB-film on 

PDMS substrate; b) Response characteristics of 
GNB-heartbeat sensor performed on different 

parts of a human body (top: wrist, bottom: 

neck). 
 

The response of the sensor, determined as 

(ΔI/I0)•100%, where ΔI – the current changes 
due the blood vessel pulsations, I0 – the initial 

current passing through the sensor, is in the 

range of 3-6 %. Low energy consumption of the 

sensor (about 10 μW at 0.5 V operating voltage) 
and good sensitivity makes this sensor very 

promising compared with similar devices based 

on other principles [1,2]. 
Finally, the mechanism responsible for sensing 

of blood pressure variation in the sensor is likely 

to be related to changes in resistance of contacts 

between individual nanobelts in the film during 
bending (or strain) of the sensor substrate as the 

skin surface curvature changes during blood 

vessels pulsation. 
 

Keywords: graphene nanobelts, thin films, 

heartbeat sensor 
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The potential of graphene based active components in silicon photonic systems 
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The on-chip integration of different optical components is expected to become the next 
paradigm shift needed for increasing the performance of optical communication systems. 
As for electronic devices also for photonic devices silicon will be an excellent platform, 
providing well-developed high volume production capabilities. Especially for guiding and 
routing infrared light, silicon is already a perfect material because of its low light 
interaction and high refractive index. However, because of this low light-interaction the 
heterointegration of other materials is needed to realize key active components like 
modulators, phase shifters and photodetectors. Graphene offers high carrier mobility, 
broadband and electrical tune-able light interaction in combination with the possibility to 
transfer graphene on nearly any substrate. This offers an excellent opportunity for 
graphene to enter silicon technology by adding the missing active functionalities on a 
silicon photonic platform.  
In this talk I will discuss our latest results on graphene based photodetectors, electro-
optical modulators and phase shifters integrated on silicon waveguides and I will 
provide an outline on future challenges. The key parameters of these devices will be 
assessed and compared with competing technologies.  
 

 
Figure 1. On-wafer high-frequency electro-optical characterisation of graphene based 
electro-optical devices on a silicon photonic platform. 
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Abstract: 

The high surface-to-volume ratio of graphene 

stimulated its application in high sensitive 

chemical gas sensors. It was demonstrated that 

their sensitivity could be enhanced with 

graphene decorated by metallic nanoparticles, 

e.g. Pd or Pt. In this work we present the NO2 

and H2 gas sensing properties of the few-layer 

graphene (FLG) Langmuir nanofilm decorated 

by Pd nanoparticles. The graphene nanosheets 

were deposited onto SiO2(500 nm)/Si substrates 

by a modified Langmuir-Schaeffer technique 

allowing to cover uniformly large area sub-

strates. A solution of FLG in 1-methyl-2-

pyrrolidone was obtained by a mild sonication 

of the expanded milled graphite followed by 

centrifugation at 104 g. The FLG films were 

characterized by AFM, XRD, and Raman spec-

troscopy. Average FLG nanosheet thickness and 

lateral dimension are 5 nm and 300 nm, respec-

tively. From the intensity of D vs. G Raman 

band relatively low density of defects in our 

samples is assumed. During the subsequent 

vacuum annealing  of the FLG nanofilm the ini-

tial resistance of FLG dropped from 2 M  to 

the final value of 10 kΩ at room temperature. 

Repeated heating cycles of FLG nanofilm re-

vealed its semiconducting character. The FLG 

nanofilm was decorated by colloidal Pd nano-

particles (6–7 nm) by spin-coating. SEM 

analysis confirmed uniform distribution of Pd 

nanoparticles over the FLG nanofilm, the 

nanoparticles are preferentially located at the 

edges of individual nanosheets. The gas sensing 

properties were tested in  the mixtures of dry air 

with 6 ppm NO2, 10000 and 1000 ppm H2 from 

room temperature up to 250 oC. The response of 

FLG with Pd decoration is of p-type for all 

mixtures. The gas response of 22% (ΔR/Ra 

sensor resistance change over resistance in air) 

was observed for the exposition to 6 ppm NO2 

at room temperature (Fig. 1). The Pd decoration 

increased the NO2 sensitivity approximately 

twice. With increasing temperature the 

sensitivity of the gas sensor decreased 

signficiantly. For 10000 ppm and 1000 ppm of 

H2 the gas response at room temperature of 13 

and 10% response was found. The maximum 

sensitivity of 27% was achieved at 70º C. After 

6 months storage of the device in air the best 

response towards NO2 decreased only from 22 

% to 20 %.   

 

The sensing properties of our device are 

comparable with those of other types of 

graphene sensors and nanoparticle based 

sensors of transition metal oxides (Capone et al. 

2014).  

 

Keywords: few-layered graphene, Langmuir-

Schaeffer technique, palladium decoration, NO2 

and H2 gas sensing, long-term stability. 

 

 

Figure 1: Response to NO2 (a)  and H2 (b) gas 

mixture for Pd decorated FLG sensors at room 

temperature and voltage of 2 V. Effect of the 

temperature on the NO2 and H2 sensitivity is 

shown in (c) and (d), respectively. 
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Abstract: 

Radiation therapy is a standard of care for 60-

70% of cancer patients. For the purpose of 

achieving targeted systemic radionuclide delivery 

with minimum handling of radioactive materials, 

we investigated the use of nanocarriers for deliv-

ering radionuclides to targeted tumors. Utilizing 

a neutron-activation strategy, a stable isotope 

(165Ho) was loaded into a nanocarrier and subse-

quently irradiated in a nuclear reactor to produce 

a nanocarrier with a radioactive isotope (166Ho). 

Some limitations of this strategy are that heat is 

generated during the neutron-activation process 

and the most resistant nanocarriers are dense 

materials that negatively impact their biodistribu-

tion. To overcome these issues, we are investi-

gating the use of graphene oxide nanoplatelets 

(GONs) as carriers of neutron-activatable iso-

topes due to their low density, high metal adsorp-

tion capacity, heat resistance and low toxicity 

profile. GONs were successfully synthesized 

from pure graphite which confirmed by AFM 

and FTIR. GONs were PEGylated for improving 

colloidal stability and biocompatibility. The 

PEGylated GONs were 62.09 nm in diameter, 

12.98 nm in thickness and monodisperse. 8.38% 

holmium (w/w) were loaded into GONs by sim-

ple physical adsorption. As a preliminary test of 

stability under the neutron-activation, GONs 

were irradiated for one hour in a nuclear reactor 

(thermal neutron flux: 5.5*1012 neutrons/cm2*s). 

These particles retained their structural integrity 

and did not leach any holmium following neutron 

irradiation. Non-radioactive holmium-loaded 

GONs did not exhibit cytotoxicity in a human 

ovarian cancer cell. 

Keywords: neutron activation, nanocarriers, 

graphine oxide nanoplatelets, systemic radiation 

therapy, holmium 

 

 

 

 

 

 

 
Figure 1: A) Atomic force microscopy (AFM) top-

ological image, B) size distribution and C) thick-

ness measurement of GONs-PEG containing stable 
165Ho. 
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Abstract: 

Hydrogels have attracted great attention as bio-

materials for printing three dimensional scaf-

folds, tissues, or even organs. However the rela-

tions between rheological properties of hydrogels 

and 3D printability have not been systematically 

studied. In this study, alginate-based hydrogels 

were used as a printing material for an extrusion-

based printer and graphene oxide (GO) was add-

ed in order to improve thixotropic properties and 

mechanical strength of the hydrogel. The effect 

of graphene oxide on viscosity, shear thinning, 

viscosity recovery, quality of printing was stud-

ied and discussed. We proposed  the measureable 

parameters that quantify the quality of printing.  

 

As shown in the figure below, the alginate/Ca2+ 

hydrogels exhibited the thixotropic behavor and 

the viscosity could recover upto 75%.  With add-

ing a small amount of GO, viscosity of the hy-

drogel in-creased and could recover more than 

90% after the high shear rate was removed. 

Keywords: hydrogel, printability, rheology, 3D 

printing, graphene oxide, thixotropy 
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Figure 1: Recovery of viscosity for algi-

nate/Ca2+ hydrogels over a range of alginate 

concentrations (2 wt% to 6 wt%). 
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Abstract: 

 It is known that Cu and Ni foils chemical vapor 

deposition (CVD) of graphene. After the deposi-

tion, transfer is needed to obtaion the graphene 

layer on the chosen substrate. Direct deposition 

of graphene on substrates would thus avoid cost-

ly, time consuming and defective transfer tech-

niques. 

 

We used ultrathin films of Ni, with thickness 

ranging from 5 to 50 nm, as a catalytic surface 

on glass to seed and promote CVD of graphene. 

When a critical temperature (>700 ºC) was 

reached, Ni films retracted and holes formed that 

are open to the glass surface, where graphene 

deposited. As the temperature raised, dewetting 

continued leading to formation of metal nanopar-

ticles and large graphene surface coverage. After 

CVD, the residual Ni could be etched away and 

the glass substrate with graphene regained max-

imum transparency (>90%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Such deposition approach is very valuable to 

scale graphene  covered substrates for optoelec-

tronic applications. In the talk we will present 

results on transparent electrodes and photodetec-

tors. More specifically, first we will show how 

graphene can be combined with silver nanowires 

to obtain a transparent electrode which has per-

formances siliar to widely used indium tin oxide 

(ITO). Second, how the combination with mate-

rials possessing spontaneous polarizations can 

lead to a platform for light sensing. 

Keywords: graphene deposition, transparent 

electrodes, optical sensing. 
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Abstract: 

The talk will review the extremes electronic 

properties of graphene (G) encapsulated between 

layers of hexagonal boron nitride (hBN) and de-

vice concepts enabled by the high quality of this 

material. Encapsulation in hBN enables us to 

achieve a micron-length collision-less propaga-

tion of electrons in graphene, whereas technology 

of making low-resistance edge-contacts with 

normal and superconducting opens ways to man-

ufacture ballistic electronic devices: electronic 

lenses and focusing beam splitters, as well as 

superconducting proximity effect transistors and 

interferometers. Moreover, electrostatic gating of 

hBN-G-hBN structures permits to open a large 

and spatially modulated band gap in bilayer gra-

phene, hence offering new routes towards creat-

ing quantum wires, dots, and their various cir-

cuits. We shall discuss vertical tunnelling in 

hBN-G-hBN-G-hBN tunnelling field effect tran-

sistors with highly aligned graphene electrodes, 

where we were able to show resonance tunnelling 

of ballistic electrons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We shall also discuss extreme physics realised in 

the highly aligned G-hBN heterostructures, 

where the long mean free path of carriers enables 

one to observe the formation of minibands due 

moiré superlattice determined by the incommen-

surability of G and hBN crystals, which in strong 

magnetic field takes the extreme form of a fractal 

spectrum of Brown-Zak magnetic minibands (al-

so known as Hofstadter’s butterfly).   
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Optoelectronics with atomically thin materials 
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Abstract: 

Two-dimensional (2D) atomic crystals are cur-

rently receiving a lot of attention for applications 

in (opto-)electronics. In this talk I will review our 

research activities on photovoltaic energy con-

version, photon detection and light emission in 

these materials. In particular, I will present mon-

olayer p-n junctions, formed by electrostatic dop-

ing using a pair of split gate electrodes and 

MoS2/WSe2 van der Waals heterojunctions. Up-

on optical illumination, conversion of light into 

electrical energy occurs in both types of devices.  

 

I will present measurements of the electrical 

characteristics, the photovoltaic properties, and 

ultrafast measurements of the carrier dynamics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In atomically thin field effect transistors, we 

identify photovoltaic and photoconductive ef-

fects, which both show strong photoconductive 

gain. In the second part of my talk, I will discuss 

studies of ultrafast photocurrent generation in 

graphene and applications in optical communica-

tions. We envision that the efficient photon con-

version, combined with the advantages of 2D 

materials, such as flexibility, high mechanical 

stability and low costs of production, could lead 

to new optoelectronic technologies.  

Keywords: graphene, transition metal dichalco-

genides, optoelectronics 
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Abstract:  
The nonlinear electrodynamic and optical proper-

ties of graphene currently attract much attention 

and continuously growing interest. It was theo-

retically predicted [1] that the linear energy dis-

persion of graphene electrons should lead to a 

strongly nonlinear electrodynamic response of this 

material. This prediction was experimentally 

confirmed, both at microwave and optical fre-

quencies. The nonlinear parameters of graphene, 

such as the effective third-order nonlinear sus-

ceptibility χ(3), were found to be orders of magni-

tude larger than in many nonlinear materials.  
In this talk our recent results on the theory of 

nonlinear electrodynamic and optical effects in 

graphene will be presented. Among them:  
1. Development of a quantum theory of the third-

order nonlinear effects in graphene [2]. A third-

order non-linear response of an isolated graphene 

layer to a normally incident electromagnetic ra-

diation with an arbitrary time dependence is con-  
sidered. An analytical solution for the third-order 

conductivity σαβγδ
(3)(ω1,ω2,ω3), as a function of 

the input-wave frequencies, electron density and  
the effective scattering rate is found within the 

third-order perturbation theory. A large number 

of nonlinear physical effects, including harmon-

ics generation, frequency mixing, saturable ab-

sorption, etc., are described by the theory.  
2. Prediction of a giant enhancement of the third 

harmonic in graphene integrated in a layered 

structure [3]. A third harmonic generation from 

graphene laying on a dielectric substrate with a 

metalized back side is investigated. It is shown 

that, properly choosing the dielectric thickness 

one can get more than two orders of magnitude 

larger intensity of the third harmonic as com-

pared to the isolated graphene layer [2]. On the 

other hand, if the dielectric thickness does not 

satisfy the optimal condition, the output third-

harmonic intensity can be suppressed by many 

orders of magnitude. A correct choice of 

parameters is thus shown to be crucially 

important for the design of successfully 

operating graphene-based frequency multipliers.  
3. Experimental discovery and theoretical expla-

nation of a new method of detecting electro-

magnetic radiation [4]. The method makes use of 

the photo-conductance of a MOSFET-type struc- 

 
ture with a quantum point contact (QPC). It is 

shown that replacing a traditional split-gate 

QPC by the invented in this work bridged-gate 

QPC leads to the enhancement of the detector 

photoresponse by about three orders of magni-

tude. The effect was experimentally demonstrat-

ed [4] in a semiconductor quantum-well 

structure at microwave frequencies, but the 

underlying physical mechanism is able to work 

at up to near-infrared frequencies and in 

graphene related materials.  
The work was supported by the European Union 

under the Program Graphene Flagship (No. 

CNECT-ICT-604391) and the FET-open grant  
GOSFEL. 
Keywords: graphene, nonlinear electrodynamics, 

nonlinear optics, frequency multiplication, satu-

rable absorption, Kerr effect, four-wave mixing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure. Theoretically predicted [2] intensity of the 

dc current induced second harmonic from a single 
isolated graphene layer. The resonances 

correspond to the conditions ћω=2EF and EF. 
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Abstract: 

Nano-electromechanical systems (NEMS) make 

use of electrically induced mechanical motion 

and vice versa. Atomically thin membranes are 

ideal building blocks of NEMS because of their 

unique mechanical properties and their low mass. 

It puts them in an unexplored regime of motion 

which approaches the detection limit set by quan-

tum mechanics and which may open the route to 

new applications. 

We make suspended membranes by transferring 

atomically thin layers from materials such as 

graphene or MoS2 on top of silicon oxide sub-

strates prepatterned with (circular) holes, thereby 

forming thin drums with (sub)micron diameters. 

The suspended parts form the membranes that 

are characterized by atomic force microscopy to 

determine their static mechanical properties 

(Young's modulus, pre-stress); the method is au-

tomized as to gain statistics over large areas. 

Complimentary to this scanning force microsco-

py (AFM) technique, we have built a laser inter-

ferometer set-up that gives access to the infor-

mation on the dynamics in the frequency- and 

time-domain. In addition, the interferometer set-

up has also been equipped with a moveable x-y 

stage so that the membrane motion can be visual-

ized with a lateral resolution of 140 nm and a 

displacement resolution of 11 fm/√Hz [1]. We 

observe a distortion of the mode shapes with in-

creasing mode number, which can be attributed 

to structural imperfections in the membrane not 

seen by other imaging methods such as AFM.  

As an application of these thin membranes, we 

have built a graphene-based pressure sensor. 

Most pressure sensors operate by measuring the 

pressure difference. When the absolute pressure 

is measured, for example in a barometer, a her-

metically sealed cavity provides a well-known 

reference pressure. Even though graphene is im-

permeable in theory, typically our graphene 

drums show leakage over the timescale of a cou-

ple of hours, therefore no longer maintaining the 

reference pressure. For industrial applications, 

the timescale of leakage has to be increased con-

siderably. Since at this point it is unclear whether 

long enough timescales can be reached, we ex-

plore other pressure sensing concepts such as the  

 

squeeze-film pressure sensor. Its operating prin-

ciple is based on the pressure dependence of a 

membrane’s resonance frequency, caused by the 

compression of the surrounding gas which 

changes the resonator stiffness. We have demon-

strated the use of a few-layer graphene mem-

brane as a squeeze-film pressure sensor [2]: The 

measured responsivity of the device is 9000 

Hz/mbar, which is a factor 45 higher than state-

of-the-art MEMS-based squeeze-film pressure 

sensors while using a 25 times smaller membrane 

area. 

Keywords: atomically thin membranes, mechan-

ical properties, nanomechanics, graphene-based 

sensors. 
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Abstract: 

The development of future flexible and transpar-

ent electronics relies on novel materials which 

combine high electrical conductivity, transparen-

cy and bendability. Currently, indium tin oxide 

(ITO) is the widest spread transparent conductor 

in consumer electronics. However due to its 

stiffness, this material does not qualify for bend-

able electronic applications. The leading candi-

dates to substitute ITO are graphene based mate-

rials. Monolayer graphene only absorbs 2% of 

visible light and it is highly flexible. However, its 

sheet resistance exceeds 1kΩ/sq, making it un-

suitable for large-area devices. Functionalization 

of graphene offers a simple way to improve the 

electrical properties of these materials. Recently, 

we showed that functionalization with FeCl3 of 

few-layer graphene (FeCl3-FLG) results in the 

best flexible transparent conductor with a sheet 

resistance lower than 10Ω/sq [1,2], highly stable 

against 100% humidity and temperature up to 

150oC [3], and a promising material for work 

function matched transparent electrodes in pho-

tovoltaic and organic light emitting devices [4] 

and transparent photo-detectors [5] 

In this talk we present the use of this recently 

discovered transparent conductor FeCl3-FLG, 

for highly uniform, flexible and foldable alternat-

ing current electroluminescent (ACEL) devices. 

We compare the performance of this emerging 

material against the widely-used conductive pol-

ymer PEDOT:PSS and other graphene electrodes 

such as single-layer graphene (SLG) and FLG. 

Our experimental findings demonstrate that 

FeCl3-FLG-based ACEL devices display up to 

46% higher electroluminescent intensity at low 

operational voltage compared to devices embed-

ding pristine SLG or FLG. Contrary to ACEL 

devices employing alternative electrode materi-

als, the use of FeCl3-FLG transparent electrodes 

does not show any measurable gradient of the 

intensity of the emitted light in flat panels 4cm 

long and 1cm wide, owing to the low sheet re-

sistance of FeCl3-FLG. This finding is in stark 

contrast to the experimentally measured 70% 

reduction in the intensity of the emitted light 

measured in ACEL devices embedding SLG 

electrodes. Finally, we demonstrate the perfor-

mance of this outstanding transparent electrode  

 

in flexible and foldable lighting devices fabricat-

ed on polyethylene terephthalate (PET). These 

flexible ACEL devices are both highly flexible 

and durable, showing no degradation in perfor-

mance under flexural strains beyond the common 

requirements of wearable electronics applications 

and over more than 1000 bending cycles. Our 

results pave the way for the next generation of 

energy efficient, flexible, high performance and 

large-area optoelectronics based on highly trans-

parent and conductive electrodes. 

Keywords: functionalized graphene, transparent 

electrodes, optoelectronics, electroluminescent 

devices, flexible lights, foldable devices 

 

Figure 1: a) schematic of an ACEL device with 

a zoom on the cross section showing a scanning 

electron microscope image of the sequence of 

materials. The atomic structure of the transpar-

ent electrodes based on graphene and FeCl3-

FLG is shown in the inset. b)ACEL device with 

FeCl3-FLG electrode. c) flexible ACEL device 

undergoing increasing bending 
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