
 

 i

 
HISTORY OF THE NANOTUBE CONFERENCE SERIES 

 
Since their conception in 1999, the Nanotube Conferences attempt to provide an informal setting to 
exchange the most current information in the rapidly evolving Nanotube research field.  
 
During the initial years, the number of registered participants exceeded the planned capacity by a 
factor of two. This was manageable at NT'99 in East Lansing, with 120 instead of the planned 60 
participants. The following conference, NT'01, was planned to accommodate 140 participants at a 
beautiful location in Potsdam. The large number of applications, close to 300, turned from a 
blessing to a headache for the organizers. Only half of the applicants could be admitted due to the 
hard limit, imposed by the hotel capacity at the somewhat remote location. The strong interest in the 
topic and the conference format held on at NT'02 at Boston College. Since then, the number of 
participants has increased gradually, strongly exceeding 500 at NT'06 in Nagano.  
 
To reflect the international nature of the research field, the NT'03 conference was held at Seoul 
National University in Korea. By that time, the Asia-Europe-Americas "continent swapping mode" 
emerged as a pattern. The NT'04 conference was held in San Luis Potosi, Mexico. The NT'05 
conference has been brought back to Europe. NT'06 took place in Japan.  
 
Common to all conferences is a venue located close to a strong center of Nanotube research activity, 
and a local organization team active in Nanotube research. Contributions, presented in oral 
"Poster+" and Poster sessions, have traditionally been treated with a high priority, taking up about 
half of the total conference time, with no parallel sessions. Other features common to the 
conferences include an emphasis on quality, originality, and informality. Many of these desirable 
commonalities have been captured in the "Charta of the Nanotube Conference Series". 

 
Locations of Previous Nanotube Conferences: 
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 Potsdam, Germany 

  
Boston College, USA 

 
Seoul, Korea  

 
San Luis Potosi, Mexico 

 
Göteborg, Sweden 
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CHARTA OF THE NANOTUBE CONFERENCE SERIES 

 
1. Purpose 

The purpose of the NT conference series is to promote scientific progress, to stimulate free 
exchange of ideas, and to publicize progress in nanotube sciences.  

 

2. Target attendance  

2.1  NT conferences are open to all interested and active in nanotube research.  

2.2 The number of attendees may be limited to maintain the informal spirit of 
communication. Young researchers are treated with higher priority.  

 

3. Format  

3.1 The organizers will assist in maximizing opportunities for sharing knowledge in an 
informal atmosphere.  

3.2 NT conferences are held in one single plenary session. Parallel sessions are to be 
avoided.  

3.3 Presentations of problems and needs is encouraged as much as presentation of 
solutions.  

3.4 Contributions play a key role at NT conferences. At least half the conference time shall 
be devoted to contributed presentations.  

 

4. Contributed presentations  

4.1 To provide maximum exposure to contributed results, contributors are invited to 
summarize their findings in a Poster format. The main purpose of Poster presentations 
is to facilitate asynchronous scientific discussions related to each specific contribution.  

4.2 The organizers secure adequate time and space for poster sessions. Creative ways to 
enhance communications, including refreshments, are encouraged.  

4.3 Poster sessions, consisting of brief 2 minute/2 viewgraph summaries of contributions, 
may precede Poster sessions, to enhance the exchange of information in a balanced 
manner. All contributors are encouraged to expose their findings to everyone in this 
way if Poster sessions are offered.  

4.4 At large conferences, Poster presentations may be substituted by a brief overview of 
the topic of a focussed poster session, presented by an expert in the field at the 
beginning of the session. Referring to specific contributions in the session, the Poster 
Chair should summarize the major progress, the major obstacles, and desirable future 
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directions in the field. Ideally, this should occur in a democratic manner, representing 
all/most contributions. All contributors are encouraged to communicate their findings 
to their assigned Poster Chair for presentation well ahead of the conference.  

 

5. Invited presentations 

5.1 Invited presentations are selected in a democratic way by members of the advisory 
board. Presentation of invited talks is reserved for leading, active researchers, not their 
substitutes. The selection of topics and speakers should reflect the most significant 
progress and cover the entire active nanotube field. The advisors will resist pressure to 
select invited talks on other grounds than scientific merit.  

5.2 NT conference organizers should generally avoid inviting the same presenter at two 
consecutive conferences. To avoid conflicts of interest, the organizers should generally 
avoid inviting contributions of organizers and advisory board members.  

 

6. Venue 

6.1 To pay respect to the international character of nanotube research, two consecutive 
meetings should not be held on the same continent.  

6.2 The conference should preferentially be held a location associated with or close to an 
institution active in nanotube research.  

6.3 Convenience of the conference facilities is preferred to luxury. Modest conference 
accommodations are to be preferred to reduce the conference expenses of participants 
and to encourage attendance.  

 

7. Financial matters 

7.1 NT conferences are organized in a non-profit way. The organizers undertake any 
reasonable efforts to secure external sponsorship covering local and travel expenses of 
invited speakers, support student attendance, and reduce the conference fee. Any excess 
revenue is passed on to organizers of the sequel conference.  

 

8. Miscellaneous  

8.1 NT organizers promote the spirit of informal communication also by providing name 
badges to participants. Both first and family names should be spelled out and printed in an 
easily legible, large font. Academic titles should be avoided 
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TIME Sun 24 Mon 25 Tue 26 Wed 27 Thu 28 Fri 29 Sat 30 

08:45 – 09:00 Announcements     

09:00 - 09:45 
P. AJAYAN 
Keynote 1 

A. PÉNICAUD 
Keynote 2 

F. BANHART 
Keynote 3 

A. LOISEAU 
Keynote 4 

M. FREITAG 
Keynote 5 

 

09:45 - 10:15 D. M. GULDI 
Invited 1 

Y. ACHIBA 
Invited 2 

M.I. ROMERO-ORTEGA
Invited 3  

K. KOSTARELOS 
Invited 6 

10:15 - 10:45 Introduction to 
Posters A 

Introduction to  
Posters C 

J-C. CHARLIER  
Invited 4 

Introduction to 
Posters E 

E19 – J.-C. Coiffic 
E31 – K. Jensen 
E39 – P. Legagneux 

10:45 - 11:15 Coffee-break  Coffee-break

11:15 - 11:45 Y.-W. SON 
Invited 5 

11:45 - 12:30 

 
10:00 

Registered 

Posters A 
with  

refreshments 

Posters C 
 with  

refreshments F40 – A. H. Windle  
F50 – A. C. Ferrari 

Posters E 
with  

refreshments 
E54 – M. Steiner 
F01 – S. Berber 
F04 – R. Krupke 

12:30 - 14:00  Lunch Lunch Lunch Lunch Lunch 

P. JARILLO-HERRERO 
Invited 7 14:00 - 15:00 

Satellite report 
   1 – CCTN07 
   2 – MSIN07 

B10 – M. Terrones 
B17 – T. Michel 
B31 – L. Novotny 

C31 – T. Pichler  
C37 – S. Giordani 
C62 – H. M. Cheng 

15:00 - 15:30 Introduction to 
Posters B 

Introduction to  
Posters D 

Introduction to 
Posters F 

F13 – Y.-S. Min 
D37 – D. A. Heller 
D46 – M. Zhang 

Conference Summary 
M. S. Dresselhaus 

16:00 – 16:30 
Concluding Remarks 

15:30 - 17:30 
Posters B 

with  
refreshments 

Posters D 
with  

refreshments 

Posters F 
with 

refreshments 

17:30 - 18:30 
A07 - Y. Yao 
A23 - G. Eres 
A55 - S. Maruyama 

C10 - G. Seifert 
C19 - B. Simard 
C28 - A.G. Souza Filho

 
 

14:00 
 

GUIDED  
VISIT 
TO  

OURO PRETO 

D08 – Y. A. Kim 
D30 – R. G. Lacerda
D35 – G. Scalia 

 

TUTORIALS 

14:00 
A. H. Windle 

15:00  
M. S. Dresselhaus 

16:00 
D. Tomanek 

 
 
 
 
 

19:00 
Opening Ceremony

and  
Welcome reception 

19:00 
Carnival show 

 
Minas Baroque Concert

 
 

19:00 
São João Party 
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Tutorials 

 

• Alan H. Windle: “Synthesis of nanotubes and related materials” 

• Mildred S. Dresselhaus: “Why carbon materials are so special: from graphene to 

nanotubes” 

• David Tomanek: “From understanding to utilizing the amazing properties of 

nanotubes” 

 

Poster Chairs 
 
• Posters A: Annick Loiseau, ONERA-CNRS, France 

• Posters B:  Riichiro Saito, Tohoku University, Japan 

• Posters C: Esko Kauppinen, Helsinki University of Technology, Finland 

• Posters D: Jean-Louis Sauvajol, LCVN - University Montpellier II, France 

• Posters E: Eleanor Campbell, Gothenburg University, Sweden 

• Posters F: Stephan Roche, Commissariat à l'Energie Atomique, France 
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KEYNOTE LECTURES 
 
K01 - Engineering of Carbon Nanotube Based Structures ................................................................1 

Pulickel M. Ajayan 

K02 - Mild dissolution of carbon nanotubes......................................................................................2 
Alain Pénicaud 

K03 - The processing of carbon nanotubes with energetic electron beams .......................................3 
Florian Banhart 

K04 - Luminescence properties of Boron Nitride Nanotubes............................................................4 
Annick Loiseau, Perine Jaffrennou, Julien Barjon, Samuel Sonderreger, Jean-Sebastien 
Lauret, Jean-Daniel Ganière, Brigitte Attal-Trétout, François Ducastelle 

K05 - Carbon Nanotube Optoelectronics...........................................................................................5 
Marcus Freitag 

 
 
INVITED TALKS 
 
I01 - Carbon Nanotube Nanoconjugates and Nanohybrids – Electron Donor Acceptor 

Interactions .............................................................................................................................6 
Dirk M. Guldi 

I02 - Toward the production of SWNTs with a single chiral distribution .........................................7 
Yohji Achiba 

I03 - Carbon Nanotube Biology: Cell Growth and Neurointerfacing................................................8 
Mario I. Romero-Ortega 

I04 - Quantum Transport in Carbon Nanotubes.................................................................................9 
Jean-Christophe Charlier 

I05 - Electric field effects on spin transport in graphene nanoribbons and metallic carbon 
nanotubes................................................................................................................................10 
Young-Woo Son 

I06 - The emerging field of carbon nanotube pharmacology...........................................................11 
Kostas Kostarelos 

I07 - Superconducting junctions in carbon electronics ....................................................................12 
Pablo Jarillo-Herrero 
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Keynote lecture - Monday, June 25 

K01 - Engineering of Carbon Nanotube Based Structures 

Pulickel M. Ajayan, 

Rensselaer Polytechnic Institute 

The talk will focus on the recent developments in our laboratory on the fabrication of carbon nanotube 
based architectures tailored for various applications. Various organized architectures of multiwalled, 
singlewalled carbon nanotubes and nanotube-nanowire structures can be fabricated using relatively 
simple synthetic approaches. The work in attaining control on the directed assembly of nanotubes on 
various platforms will be highlighted. Our efforts on the strategies of growth and manipulation of 
nanotube-based structures and in controllably fabricating hierarchically branched nanotube and nanotube-
hybrid structures will be discussed. We have pursued several novel applications for these structures, for 
example, as nanostructured electrodes for sensors, electrical interconnects, unique filters for separation 
technologies, thermal management systems, multifunctional brushes, and polymer infiltrated thin film 
and bulk composites. A perspective of the field based on the work done in the author's laboratory will be 
presented here with with focus on future applications of this material. 
 

Contact e-mail: ajayan@rpi.edu 
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Keynote lecture- Tuesday, June 26 

K02 - Mild dissolution of carbon nanotubes 

Alain Pénicaud 

University of Bordeaux 

In order to take advantage in a macroscopic form, of carbon nanotubes extra-ordinary properties at the 
molecular level, a strong effort has been directed worldwide for quite some time at processing carbon 
nanotubes. One of the main problem to overcome, be it to obtain dispersions, films, composites, etc..., is 
to efficiently disperse carbon nanotubes. Two main routes have been followed, namely covalent 
functionnalization and non-covalent wrapping of nanotubes with surfactants, polymers, π-stacking 
molecules, etc.... aided with sonication at generally rather high power. Although highly efficient, there 
are a number of problems associated with theses methods, the main one being cutting or increasing of the 
defect density through fonctionnalization and / or sonication of the nanotubes.  
We have recently developped a non damaging route to true thermodynamic solutions of single wall 
carbon nanotubes [1] that we describe as “mild dissolution”. This mild dissolution avoids any source of 
mechanical energy such as sonication; indeed, we discovered that alkali metal salts of carbon nanotubes 
are spontaneously soluble in polar organic solvents with no external energy needed. The solutions thus 
obtained, air sensitive, are made of undamaged and uncut carbon nanotubes allowing full benefit of the 
length-over-diameter ratio of carbon nanotubes. We will present a full description of the dissolution 
method and characterization of the solutions.  
Discussion about exfoliation of carbon nanotubes bundles in these solutions will be presented as well as 
exploitation of these solutions.  
 
[1] Spontaneous Dissolution of a Single Wall Carbon Nanotube Salt, A. Pénicaud, P. Poulin, A. Derré, E. 
Anglaret, P. Petit, J. Am. Chem. Soc., 2005, 127,8-9; Salting in nanotubes, Editor's choice, Science, 
2004, 306, 2165. 

Contact e-mail: penicaud@crpp-bordeaux.cnrs.fr 
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Keynote lecture  - Wednesday, June 27 

K03 - The processing of carbon nanotubes with energetic electron beams 

Florian Banhart 

University of Mainz 

Carbon nanotubes exhibit unique properties when irradiated with energetic electrons. The high mobility 
of irradiation-induced defects such as interstitials and vacancies and the ability of the graphitic lattice to 
reconstruct after atom displacements enable us to create new and unique morphologies of nanotubes by 
applying electron beams. The controlled formation of point defects is the key to 'nanoengineering' of 
nanotubes or related graphitic structures. Irradiation experiments can be carried out in electron 
microscopes that permit in-situ observation of the transformations on an atomic scale.  
Several alterations of the structure and morphology of carbon nanotubes were achieved. Examples are the 
merging of parallel or crossing single-wall tubes. Multi-wall tubes can be tailored under the electron 
beam by bending or collapsing the tubes. Bundles of single-wall tubes can be transformed into multi-wall 
tubes and vice-versa. Furthermore, carbon atoms can be injected into the inner hollows of tubes by 
applying an electron beam. Because of the high mobility of carbon atoms inside multi-wall tubes, the 
tubes can act as pipelines for atom transport. When the tubes are filled with transition metal rods, the 
irradiation-induced injection of carbon atoms into the metals leads to the growth of new nanotubes that 
can be observed in-situ at high resolution.  
The removal of carbon atoms from the layers leads to a self-compression of carbon nanotubes. Interesting 
effects are observed when the tubes are filled with metallic nanocrystals. Under electron irradiation, the 
collapsing graphitic shells exert pressure onto the encapsulated crystals which are then subjected to 
elastic or plastic deformation. On the one hand, information about the compressive stress or pressure 
inside onions or tubes can be gained by observing the behaviour of the encapsulated crystals. On the 
other hand, such nanoencapsulates enable us to study, with high spatial resolution, deformation or phase 
transformations in individual nanocrystallites.  
 

Contact e-mail: Banhart@uni-mainz.de 
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Keynote lecture  - Thursday, June 28 

K04 - Luminescence properties of Boron Nitride Nanotubes 

Annick Loiseau 1, Perine Jaffrennou 2, Julien Barjon 3, Samuel Sonderreger 4, Jean-Sebastien Lauret 5, 
Jean-Daniel Ganière 4, Brigitte Attal-Trétout 6, François Ducastelle 2 

1 ONERA-CNRS,  2 LEM, ONERA-CNRS, BP72, 92322 Châtillon Cedex, France,  
3 GEMC, Université Versailles-ST Quentin, Meudon, France, 4 IPEQ, EPFL, Lausanne, 
Switzerland, 5 LPQM, ENS Cachan, Cachan, France, 6 ONERA, Chemin de la Hunière, 

91761 Palaiseau Cedex, France 

Boron nitride nanotubes (BNNT) are, as their related bulk material, h-BN, wide band gap semiconductors 
and are expected to strongly emit in the UV range. Recent theoretical calculations show, that, as it has 
been experimentally demonstrated for h-BN, strong excitonic effects should occur in BNNT, with 
localized excitons of very large binding energy (quasi-Frenkel excitons).  
Until recently, the lack of BNNT samples has prevented one to experimentally identify such effects. 
Thanks to the vaporization laser route to BN SWNT, developed at Onera [1], we have performed the very 
first absorption measurements on assemblies of single wall BNNT, which revealed the existence of three 
bands centred at 4.45, 5.5 and 6.15 eV [2].  
In order to finely analyse the nature of these bands, we have undertaken two kinds of optical 
measurements on isolated BNNTs. First the dielectric response in low energy loss spectroscopy has been 
recorded in a STEM on individual SWNT. It provided the first measure of the optical gap found to be 
close to 5.8 eV [3].  
The second approach consists in coupling cathodoluminescence spectroscopy and imaging of individual 
BNNT [4]. Spectra reveal that the luminescence is composed of two emission bands in 3 to 6.2 eV range. 
Both bands are also measured in h-BN single crystallites [5,6] but with a blue shift of 0.5 eV [5]. The 
first band is centered at 5.2 eV and is attributed to quasi-Frenkel excitons related to the optical gap at 5.7 
eV. The second band is centered at 3.8 eV and has been shown to be due to impurities or defect centers. 
Finally time-resolved cathodoluminescence in the picosecond range confirms this interpretation.  
 
[1] R. S. Lee et al, Phys. Rev. B Rapid Comm. 64, 121405 (2001).  
[2] J. S. Lauret, et al Phys. Rev. Lett. 94, 037405 (2005).  
[3] R. Arenal, et al, Phys. Rev. Lett. 95, 127601 (2005).  
[4] P. Jaffrennou et al, submitted to Chem. Phys. Letters (2007).  
[5] K. Watanabe et al, Nature Materials 3, 404 (2004).  
[6] M. Silly et al, Phys. Rev B, PRB, 75, 085205 (2007). 

Contact e-mail: loiseau@onera.fr 
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Keynote lecture - Friday, June 29 

K05 - Carbon Nanotube Optoelectronics 

Marcus Freitag 

IBM Watson Research Center 

Semiconducting carbon nanotubes incorporated between two electrical contacts and in close proximity to 
a third (gate) electrode can be switched on and off by applying voltages at the gate. Their small size, 
cylindrical shape, mechanical integrity, and high carrier mobility make them candidates for the ultimate 
transistor. Recent optical measurements have solved many open questions that are relevant for nanotube 
electronics: For example the exciton nature of optical transitions has been established. The giant exciton 
binding energies around 0.5eV have important implications for the electrical bandgap, which is usually 
inferred from the optical gap.  
In many respects it is advantageous to combine electronics and optics and study the electro-optical 
properties of carbon nanotubes. This will be the focus of this talk. For example, by passing high currents 
in certain nanotube transistors, it is possible to impact-excite excitons and achieve higher exciton 
densities than what could be done optically. Preparing ambipolar nanotube transistors allows building a 
fascinating new type of light emitter with a mobile emission spot. Shining light onto nanotube transistors 
produces wavelength and polarization-sensitive nano light detectors, which facilitate spectroscopy on 
single nanotubes. Point defects emit light under unipolar currents and also separate photo-generated 
electron-hole pairs. The latter effect can be used to image them by scanning a laser spot across the device. 
This work was done in collaboration with James Tsang, Vasili Perebeinos, Jia Chen, and Phaedon 
Avouris.  

Contact e-mail: mfreitag@us.ibm.com 
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Invited talk - Monday, June 25 

I01 - Carbon Nanotube Nanoconjugates and Nanohybrids – Electron Donor 
Acceptor Interactions 

Dirk M. Guldi 

University of Erlangen 

Carbon-based nanomaterials are currently under active investigations for producing innovative materials, 
composites, and electronic devices of greatly reduced size. Among the wide variety of carbon materials 
(i.e. fullerene, single and multi wall carbon nanotubes, carbon fibers, carbon nanoonions, and single wall 
carbon nanohorns), single wall carbon nanotubes (SWNT) and single wall carbon nanohorns (SWNH) 
are of particular interest.  
The structure of SWNT is conceptualized by wrapping a one-atom-thick layer of a graphene sheet, that is, 
an interlinked hexagonal lattice of carbon atoms, into a seamless cylinder. The diameter of most SWNT 
is close to 1 nm, with a tube length that might be many thousands of times larger. Importantly, based on 
different arrangements, SWNT possess different electrical properties (i.e., semiconductor or metallic), 
which are the result of the electrons moving differently in the tube depending on the SWNT arrangement.  
SWNH, on the other hand, are typically constituted by tubes of about 2-5 nm of diameter and 30 to 50 
nm long, which associate with each other to give rise to round-shaped aggregates of 100 nm of diameter. 
SWNH are easily produced in large-scale quantities (i.e., up to 50 g/h) with an extraordinary purity 
(>90%) and, most importantly, are free of metal residue, since they are produced in the absence of any 
metal catalysts. Their large surface areas (1006-1464 m2g-1) and inner nanospaces (0.47-1.05 mL/g) are 
of great importance, since they ensure a great affinity with organic electron donors and make them 
promising candidates for electrical and chemical solar energy conversion.  
In this respect, I will highlight the opportunities that rest on carbon nanostructures – much beyond the 
well-studied fullerenes – within the context of electron transfer reactions in novel chemical and light 
driven systems. In particular, I will survey our approaches to design, characterize, and examine the 
potential for practical applications of super- and supramolecular association of carbon-based 
nanomaterials with electron donors towards stable donor-acceptor nanohybrids and nanoconjugates 
within the context of light induced charge separation and solar energy conversion. Important are the 
impact, the benefits and some of the promises that evolve from electron transfer reactions with carbon 
nanostructures on i) the stabilization of radical ion pair states, ii) multi electron catalytic reactions and iii) 
photoelectrochemical / photovoltaic solar energy conversion. 

Contact e-mail: guldi@chemie.uni-erlangen.de 
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Invited talk - Tuesday, June 26 

I02 - Toward the production of SWNTs with a single chiral distribution 

Yohji Achiba 

Tokyo Metropolitan University 

Controlling chiral distributiions of single wall carbon nanotubes (SWNTs) is definitely one of the most 
important issue for further development in science and technology of carbon nanotubes. In this paper, we 
will demonstrate the production of SWNTs with a very narrow diameter distributions and/or with almost 
a single chiral distribution. The method for the production of the SWNTs was a conventional laser 
vaporization-furnace apparatus, and Rh/Pd metal catalyst was used combined with several different 
foreign gas. By controlling several different experimental parameters such as gas pressure, gas flow rate 
and furnace temperature, it was found that the production of the semiconducting SWNT with (7,6) chiral 
index is very much enhanced in yield in comparison with the tubes with similar diameter distributions. It 
was also found that by further refining the condition, the sample consisting of almost a single chiral 
SWNTs with the (6,5) chiral index was produced. The purity of the chiral distribution of the samples was 
examined by Raman spectroscopy, luminescence measurements as well as optical absorption method. On 
the basis of the present experimental results, we will also present the growth model of SWNTs, 
particularly placing emphasis on how the furnace temperature and/or metal catalyst does work on the 
formation of SWNTs with a single chiral distribution.  

Contact e-mail: achiba-yohji@tmu.ac.jp 
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Invited talk - Wednesday, June 27 

I03 - Carbon Nanotube Biology: Cell Growth and Neurointerfacing 

Mario I. Romero-Ortega 

Univ. Texas Southwestern Medical Ctr. 

The extremely high thermal and electrical conductivity, tunable optical emissions and superior 
mechanical stiffness of carbon nanotubes has enable a variety of novel uses and the creation of new and 
more potent devices. Such unique characteristics also make nanocarbon an optimal tool for a plethora of 
biomedical applications such as: hypersensible electrochemical biosensing, controlled drug release, 
intracellular protein and/or gene delivery and tissue engineering. Here we report on the use of carbon 
nanotube sheets and yarns as viable substrates for long-term cell culture. This study provides support on 
the biocompatible nature of nanocarbon for several cell types, including fibroblasts and primary central 
and peripheral neurons, uncovering unique effects of this material in directing cell growth. Evidence will 
be presented on the use of CNT sheets as a more robust cell-electrode interface, and their particular 
application as enhanced neurointerface material for the neural control of advanced robotic prosthetics. 
This work adds support to the potential beneficial application of carbon nanotubes in biomedicine. 

Contact e-mail: mario.romero-ortega@utsouthwestern.edu 
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Invited talk - Wednesday, June 27 

I04 - Quantum Transport in Carbon Nanotubes 

Jean-Christophe Charlier 

University of Louvain 

Their unusual electronic and structural physical properties promote carbon nanotubes as promising 
candidates for a wide range of nanoscience and nanotechnology applications. Not only can nanotubes be 
metallic, but they are mechanically very stable and strong, and their carrier mobility is equivalent to that 
of good metals, suggesting that they would make ideal interconnects in nanosized devices. Further, the 
intrinsic semiconducting character of other tubes, as controlled by their topology, allows us to build logic 
devices at the nanometer scale, as already demonstrated in many laboratories.  
The tremendous importance of the transport properties of nanotubes, both from a fundamental and 
technological point of view, justifies wealth of work and theories developed to deal with 1D systems 
involving a confined electron gas. The purpose of the present talk is to define the electronic and transport 
properties of nanotubes in relation with their atomic structures. Since quantum effects are prominent in 
nanotube physics, the electronic quantum transport has been investigated using both the Landauer-
Buttiker and the Kubo-Greenwood formalisms, allowing to extract generic properties such as quantum 
conductance, conduction mechanisms, mean-free-paths... Within both frameworks, the well-known 
ballistic properties of armchair metallic nanotubes have been reproduced. However, defects, doping and 
chemical functionalisation can alter this ideal situation. For example, even a small amount of boron or 
nitrogen dopants can drastically modify the electronic transport properties of the tube, which is certainly 
a key effect for future nanoelectronics. The chemical sensitivity of the electronic transport in carbon 
nanotubes under the physisorption of molecular species or covalent functionalisation is also an important 
issue as for example in sensing applications.  
Like in most materials, the presence of defects in carbon nanotube has been demonstrated experimentally. 
These defects may take different forms : vacancy, bi-vacancy, “Stone-Wales” defect, 5/7 pair, atom in 
substitution, … and are known to modify the electronic properties of carbon nanotubes. It is crucial to 
understand the properties of these defects in order to conquer their detrimental effects, but also because 
controlled defect introduction may be used to tune nanotube properties in a desired direction. 
Consequently, the modifications induced by those defects in the electronic properties of the carbon 
hexagonal network have been investigated using first-principles calculations. Computed constant-current 
STM images of these defects have been calculated within a tight-binding approach in order to facilitate 
the interpretation of STM images of defected carbon nanostructures. At last, as these defects should also 
play a key role in the chemical reactivity of carbon nanotubes, the study of the modulation of the 
conductance due to specific molecules adsorbed at the defected nanotube surface will be presented. 

Contact e-mail: charlier@pcpm.ucl.ac.be 
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Invited talk - Wednesday, June 27 

I05 - Electric field effects on spin transport in graphene nanoribbons and 
metallic carbon nanotubes 

Young-Woo Son 

Department of Physics, Konkuk University 

Based on first-principles calculations, we investigate the effects of electric fields on the magnetic 
properties of graphene nanoribbons (GNRs) [1] and defective metallic single-wall carbon nanotubes 
(SWNTs) [2]. First, a half-metallicity is predicted in GNRs if the in-plane homogeneous electric fields 
are applied across the zigzag shaped edges of the systems [3]. Such asymmetric electronic structures for 
each spin originate from the fact that the spatially separated spin polarized states with opposite spin 
orientations in the semiconducting GNRs are shifted oppositely in energy by the applied fields. This 
closed the gap associated with one spin orientation and widens the other. Second, we show that vacancies 
or carbon adatoms in (10,10) SWNTs play a role of quasi-localized magnetic impurities and their relative 
energy levels with respect to the Fermi energy are changed by the applied transverse electric fields [2,4]. 
So, the resulting spin-polarized conductances in the systems are shown to be tunable. For some 
impurities, the orientation of the majority spin electrons in conducting channels at the Fermi energy can 
be switched to the opposite spin by an experimentally attainable electric field. Our results suggest that 
pure organic nanomagnets or perfect spin polarizations could be realized in carbon nanostructures and 
their spin transport properties are controllable by transverse electric fields.  
 
[1] Y.-W. Son, M. L. Cohen, and S. G. Louie, Phys. Rev. Lett. 97, 216803 (2006). 
[2] Y.-W. Son, M. L. Cohen, and S. G. Louie, submitted.  
[3] Y.-W. Son, M. L. Cohen, and S. G. Louie, Nature, 444, 347 (2006).  
[4] Y.-W. Son, J. Ihm, M. L. Cohen, S. G. Louie, and H. J. Choi, Phys. Rev. Lett. 95, 216602 (2005). 

Contact e-mail: youngwoo@konkuk.ac.kr 
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Invited talk - Thursday, June 28 

I06 - The emerging field of carbon nanotube pharmacology 

Kostas Kostarelos 

Nanomedicine Lab, Centre for Drug Delivery Research, The School of Pharmacy, 
University of London 

The use of nanomaterials in medicine is growing at an unprecedented rate for a variety of therapeutic, 
diagnostic or combinatory applications. Carbon nanotubes possess properties that make them attractive 
materials for biomedical applications, however, their impact on the physiology of live organisms is still 
largely unexplored. What is becoming apparent today is that non-functionalised, purified carbon 
nanotubes pose some toxicological and adverse reaction risks following administration or implantation. 
On the other hand, we and others have elucidated through systematic investigation of functionalized 
carbon nanotubes that most such problems can be alleviated. This lecture will illustrate that water-
soluble, individualised carbon nanotubes exhibit very interesting behaviour on interaction with biological 
matter in cell cultures (in vitro) and in tissues of living animals (in vivo) that allows their further 
development towards the clinic. Administration of carbon nanotubes for therapeutic or diagnostic 
applications requires determination of various fundamental in vivo pharmacological parameters such as 
blood circulation half-life, tissue biodistribution, excretion rates, which constitute the emerging field of 
carbon nanotube pharmacology. 

Contact e-mail: kostas.kostarelos@pharmacy.ac.uk 
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Invited talk - Friday, June 28 

I07 - Superconducting junctions in carbon electronics 

Pablo Jarillo-Herrero 

Columbia University 

In the past few years a novel class of carbon materials, namely carbon nanotubes and graphene, has 
enabled the realization of new types of Josephson junctions. In this talk I will review two recent 
experiments where we developed quantum supercurrent transistors based on carbon nanotubes and 
bipolar supercurrent transistors based on graphene. These studies clarify the role of size quantization and 
time reversal symmetry, respectively, in the induced superconducting properties of these materials.  

Contact e-mail: pjherh@gmail.com 
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Contributed presentations - Monday, June 25 

A01 - CVD growth of carbon nanotube films with Ti-based catalysts 

Leonid Grigorian, Robert Gump, Steve Colbern, Alex Moser, Sean Brahim, Daniel Niebauer 

YTC America Inc. 

Growth of CNT typically requires use of catalysts based on transition metal, such as Ni, Co, Fe. To the 
best of our knowledge, Ti was not shown previously to catalyze CNT growth on its own. In this work, we 
report CVD growth of CNT films on Si substrates using Ti-based catalysts free of other metals. We have 
optimized the CVD growth conditions and explored effect of addition of other metals such as Co, Fe, Mo 
and their combinations on the grown CNT films. Our CNT films were found to exhibit strong adhesion to 
Si substrates and may become a bridge to Si-compatible CNT electronics. Characterization with Raman 
spectroscopy, HRTEM, SEM, SAED, and other techniques, as well as potential applications are 
discussed.  

Contact e-mail: lgrigorian@ytca.com 
 

A02 - Simple Catalytic CNT Growth Method in Air 

Simas Rackauskas 

Lithuanian Energy Institute 

In this work, arrays of carbon nanotubes have been grown normal to the surface of electrically 
conducting supports by the simplified method of catalytic CVD. Catalytic sites were formed due to 
surface break-up during oxidation of the support in laboratory air. The drop of liquid carbon source was 
deposited on the heated catalytic support to produce the carbon vapor atmosphere at the surface. The only 
conducting support was heated by electric current during the carbon nanotubes growth process. It allows 
easily to control and change the temperature during the process. Ethanol was used as a source of carbon 
by decomposition at high temperature near the surface of support. The process conditions were an open 
air laboratory atmosphere and no chamber or inert gas ambient was used. The nichrom wire (80% Ni, 
20% Cr) was used as a catalyst and support. The process temperature was in the range of 1030 – 1070oC. 
The produced straight carbon nanotubes, which diameter vary in the range of 50 to 80 nm and the length 
up to 0.1 mm. The length of hundred microns was obtained during the minutes from the ethanol source. 
The diameter and surface density of nanotubes produced is controlled by the method of catalyst 
preparation and by the process parameters. The sharp decrease and again increase in the process 
temperature by 400 oC, produce change in the nanotube diameter twofold on the same tube.  
Observations by TEM proved the tubular structure of these nanotubes. Now the work is oriented towards 
the growth of dense layer of vertically aligned carbon nanotubes by CVD. Preparation of catalyst by wet 
chemistry methods and inert ambient is used.  

Contact e-mail: simas@mail.lei.lt 
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Contributed presentations - Monday, June 25 

A03 - New aspects about the growth of metal filled carbon nanotubes on 
structured substrates and the tuning of their magnetic properties 

Christian Mueller 1, Albrecht Leonhardt 1, Dieter Elefant 1, Margitta Uhlemann 1, Christine Taeschner 1, 
Helfried Reuther 2, Bernd Buechner 1 

1 IFW Dresden, 2 Forschungszentrum Rossendorf 

Nanostructured magnetic materials such as arrays of nanowires and filled nanotubes exhibit unique and 
tuneable magnetic properties e.g. the anomalous high coercivity, which make them favourable for 
applications in high density magnetic recording media.  
We show effective CVD-routes for the defined growth of ensembles as well as individuals of metall-
filled carbon nanotubes (Fe, Co, Ni) on structured silicon substrates and alumina substrates. The filled 
nanotubes were obtained due to continuous decomposition (thermic or plasma) of metal-containing 
precursors or hydrocarbons at 750-850°C. The nanotube dimensions can be controlled by the size of the 
catalyst on the substrate and with the reaction conditions. Further we report about a homogeneous 
embedding procedure of the CNT ensembles in a solid matrix. After the mechanical treatment the 
remaining nanotube stubs are analyzed with the magnetometer. In addition detailed investigations with 
transmission electron microscopy (TEM), atomic force microscopy (AFM) and Moessbauer spectroscopy 
give new insightes in the growth of filled carbon nanotubes. 

Contact e-mail: christian.mueller@ifw-dresden.de 
 

A04 - Carbon Nanotube Fabrication Using Functionalized Ferrocene 
Floating Catalyst Chemical Vapor Deposition Technique 

Mohammed A. Bahattab 1, Ibrahium M. AlNajjar 2, Abdulaziz A. Bagabas 2, Mishal M. Aldossary 2, 
Mohammed Q. Alfifi 2 

1 Petroleum & Petrochemicals Res Inst, King Abdulaziz City For Science & Technology, 
2 Petroleum & Petrochemicals Res. Inst., KACST 

Floating Catalyst Chemical Vapor Deposition (FC-CVD) method was designed to fabricate carbon 
nanotube using benzene as a source of hydrocarbon, hydrogen gas as reacting gas flow rate ranging from 
50 to 400 ml/min., temperature ranging from 700 to 900 oC and functionlized ferrocene as catalyst. This 
work will discuss the effect of reaction temperature, flow rate of hydrogen gas and type of catalyst on 
morphology and yield. Ferrocene derivative catalyst will be vaporized at 100-140 oC in the first hot area. 
This will reach second hot area 700-900 oC. Decomposed carbons will adsorb and diffuse to catalytic 
metal particles and synthesized as carbon nanotubes. Moreover, fine powder of MgO and NiO were 
located in the second hot area and carbon nanotube grows on its surface. Substrate catalyst of metal oxide 
position in second hot area is effecting on yield of carbon nanotube. 

Contact e-mail: bahattab@kacst.edu.sa 
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Contributed presentations - Monday, June 25 

A05 - Novel On-Chip Growth of Carbon Nanotubes using High Temperature 
Microheaters 

MD. Samiul Haque 1, Syed Zeeshan Ali 1, Nalin Rupensinghe 1, Ibraheem Haneef 1, Prasanta Guha 1, 
Florin Udrea 1, William I. Milne 1, Jonghyurk Park 2, Sunglyul Maeng 2 

1 Cambridge University Engineering Department, 2 Electronics and Telecommunications 
Research Institute, Daejeon, Korea 

This paper reports the direct integration of Carbon Nanotubes (CNTs) on ultra thin fully CMOS gas 
sensors. This novel technique was used to grow CNTs locally on Silicon Nitride membranes and tungsten 
electrodes using high temperature low power micro heaters. It has been seen generally that the bulk 
heating of the device substrates for growth of CNTs can cause significant damage to the devices and its 
interconnects, but using this novel technique the Carbon Nanotubes are localised to the sensing region 
only and isolated from the region outside the membranes. The technique was optimised for thermal CVD 
using Fe catalysts and CNTs were analysed using SEM and electrical characterisation. 

Contact e-mail: msh42@cam.ac.uk 
 

A06 - CVD Growth of Single-Walled Carbon Nanotubes on Substrates 

Yan Li, Weiwei Zhou, Zhong Jin, Yan Zhang 

Peking University 

Single-walled carbon nanotubes (SWNTs) are attracting enormous attention because of their unique 
properties, especially their electronic behavior depending on the diameter and chirality. In order to build 
various nanodevices based on SWNTs, growing SWNTs on surfaces is of special interest. Till now, 
chemical vapor deposition (CVD) is the only technique by which SWNTs can be grown on substrates in a 
well-controlled way. In this presentation, the various issues involved in the CVD process will be 
discussed, including the size control and patterning of catalyst particles, the interaction of SWNTs with 
substrate, and the alignment of the SWNTs. By carefully managing these parameters, SWNTs with 
desired size, location and orientation could be obtained. The using of non VIII-group metals as catalyst 
will be also discussed. Metallic copper, which is normally considered as a contaminant in the growth of 
SWNTs, was found to be an efficient catalyst to grow SWNTs under suitable conditions. It showed very 
high catalytic activity for the growth of both random SWNT networks and horizontally aligned SWNT 
arrays. Especially, high quality SWNT arrays were obtained when monodispersed copper nanoparticles 
were used. The weaker interaction between copper and silica surface plays an important role in the 
growth of high quality horizontally aligned SWNT arrays. This new synthesis process of SWNTs with a 
non-ferromagnetic catalyst brings more convenience to the study of magnetic properties of SWNTs and 
gives more insight in structure-controlled synthesis of SWNTs. 

Contact e-mail: yanli@pku.edu.cn 
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Contributed presentations - Monday, June 25 

A07 - Temperature Mediated Growth of Single-walled Carbon Nanotube 
Intramolecular Junctions 

Yagang Yao, Jin Zhang, Ran Liu, Liying Jiao, Zhongfan Liu 

Peking University 

Single-walled carbon nanotubes (SWNTs) possess superior electronic and physical properties that make 
them an ideal candidate for making the next generation electronic circuits that break the size limitation in 
the current silicon-based technology. The first critical step in making full SWNT electronic circuit is to 
make SWNT intramolecular junctions in a controlled manner. Unfortunately, although SWNT 
intramolecular junctions have been reported grown via several methods [1-3], they only grew 
inadvertently in most cases. Here we have developed an efficient method, i.e. temperature oscillated 
chemical vapor deposition, to grow SWNTs with controllable intramolecular junctions [4]. Under desired 
growth condition, a temperature oscillation either from high to low or from low to high may lead to the 
formation of flared or tapered structure of SWNTs. With this growth feature, we are able to provide the 
direct evidence to prove that higher temperatures favor the growth of thinner nanotubes and lower 
temperatures for thicker nanotubes for a given catalyst particle. Multi-oscillation of temperatures may 
generate SWNTs with multiply intramolecular junctions. Basically, by temperature oscillation, 
semiconductive nanotubes seem to favor the later growth of semiconductive ones, and metallic nanotubes 
like to junction with metallic. These findings provide a potential approach to grow SWNT intramolecular 
junctions at desired locations, sizes and orientations, which are important for making SWNT electronic 
circuits.  
 
References  
[1] G. W. Ho, A. T. S. Wee, and J. Lin, Appl. Phys. Lett. 79, 260 (2001).  
[2] M. Yudasaka, T. Ichihashi, D. Kasuya, H. Kataura, and S. Iijima, Carbon 41, 1273 (2003).  
[3] S. K. Doorn, et al., Phys. Rev. Lett. 94, 016802 (2005).  
[4] Y. G. Yao, Q.W. Li, J. Zhang, R. Liu, L. Y. Jiao, Y. T. Zhu and Z. F. Liu, Nat. Mater 6, 283 (2007). 

Contact e-mail: yaoyg@cnst.pku.edu.cn 

mailto:yaoyg@cnst.pku.edu.cn
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Contributed presentations - Monday, June 25 

A08 - Multi-walled Carbon Nanotubes Grown on Carbon Fiber Produced 
from Different Heat Treatment Temperature 

Anderson Lobo1, Erica Freire Antunes 2, Erica Cristina Almeida 2, Neidenei Gomes Ferreira 2, Vladimir 
Jesus Trava-Airoldi 2, Evaldo Jose Corat 2 

1 Instituto Tecnológico de Aeronáutica (ITA) / Instituto Nacional de Pesquisas Espaciais 
(INPE), 2 Instituto Nacional de Pesquisas Espaciais (INPE) 

The influence on the morphology of multi-walled carbon nanotubes (MWCNT) is investigated using 
carbon fiber (CF) substrate obtained at different heat treatment temperature (HTT). CF samples were 
produced from polyacrylonitrile (PAN) precursor HTT of 1000, 1500 and 2000 oC at temperature steps of 
330 K/h, under inert atmosphere with nitrogen flow of 1 L.h-1. The samples were kept at the maximum 
temperature during 30 min and then cooled down to room temperature. To induce the MWCNT growth 
the samples were immersed in a Fe(NO3)3.9H2O ethanolic solution (“dip coating” technique) with 
concentrations of 37 mmol/l and 110 mmol/l, respectively . The MWCNT were produced using the CVD 
process in a microwave plasma chamber at 2.45 GHz. The nanoclusters formation was carried out during 
5 min in N2/H2 plasma, at a substrate temperature around 760oC. The MWCNT growth was performed by 
adding CH4 carbon source to the gas mixture during 2, 5 and 10min depositions, at a substrate 
temperature of 780oC. The reactor was kept at a pressure of 30 Torr during the whole process. 
Homogeneous and uniform MWCNT were observed covering even deep CF planes. Microstructural 
properties of PAN-based CF are strongly affected by HTT and influence the carbon nanotubes growth. 

Contact e-mail: anderson@las.inpe.br 
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Contributed presentations - Monday, June 25 

A09 - Influence of growth parameters on the carbon nanostructures 
formation 

Carla Verissimo, Marina R. de Aguiar, Stanislav A. Moshkalev, Jacobus W. Swart 

Universidade Estadual de Campinas - UNICAMP 

Multi-walled carbon nanotubes (MWCNTs) have been grown using catalytic thermal chemical vapor 
deposition (CVD), on a horizontal tubular quartz furnace at atmospheric pressure. The influence of 
different mixtures of gases (methane, acetylene, ammonium, hydrogen and nitrogen) on the MWCNTs 
growth process has been studied as well as the effect of the growth time (1-30 minutes) and process 
temperature (800-950 oC). Catalytic capability of different metals (Ni, Fe, Cu, Ni/Fe, Ni/Cu, etc.) has 
been compared. The effect of substrates has also been studied and differences  in nanostructured carbon 
growth have been observed. For this study, two different substrates were used: (i) silicon oxide layers 
thermally grown over silicon wafers (SiO2/Si substrate) and (ii) thin alumina films prepared by DC 
magnetron sputtering over silicon wafers (Al2O3/Si substrate). For characterization of the samples, high-
resolution scanning and transmission electron microscopy (SEM and TEM, respectively), atomic force 
microscopy (AFM) and Raman spectroscopy were employed. AFM results showed the Al2O3 substrate 
roughness two orders of magnitude higher than that for SiO2, whereas SEM inspection showed much 
higher density of CNTs growth for Ni deposited over Al2O3 compared with that for SiO2. Mechanisms 
that may be responsible for this effect are discussed. Using different metals as catalysts, formation of 
different carbon nanostructures was observed. Based on the results obtained, the mechanisms of 
nanotubes/nanofibers nucleation and growth are analyzed. A new model explaining the nanotube 
nucleation as a specific instability occurring on the surface of a catalyst particle supersaturated with 
carbon is presented. 

Contact e-mail: carla@iqm.unicamp.br 
 

A10 - Effect of Catalyst on Carbon Nanofiber and Nanotube Properties 

Ahu Gumrah Dumanli, Yuda Yürüm 

Sabanci University 

Carbon nanostructures take the interest of many researchers all over the world because of their interesting 
structural, electronic and mechanical properties. Chemical vapor deposition (CVD) method was chosen 
for synthesis the carbon nanostructures in this study, since controlling the metal catalyst properties allows 
controlling the properties of the CNF formed. Our goal in synthesizing carbon nanostructures was to 
correlate the morphology of the carbon nanostructure that is formed to the catalyst properties. In order to 
achieve such conclusion, a detailed research for the catalyst and carbon nanostructures has to be done; 
such as, the activity of the catalysts, surface and thermal properties as well as the morphological and 
structural characterization of cabon nanostructures. In this study, transition metal-organic acid based 
catalyst precursors were synthesized. The structural, surface and chemical properties, thermal stability of 
the catalysts and carbon nanostructures have been investigated using XRD, SEM-EDS, FTIR, BET, solid 
state 13C-NMR and TGA methods. 

Contact e-mail: dumanli@su.sabanciuniv.edu 
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Contributed presentations - Monday, June 25 

A11 - The determining factors to grow defect-free Carbon Nanotubes 

Santiago Esconjauregui 1, Caroline M. Whelan 2, Karen Maex 3 

1 IMEC – Katholieke Universiteit Leuven, 2 IMEC, 3 IMEC - Katholieke Universiteit 
Leuven 

To synthesize Carbon Nanotubes (CNTs) with predetermined properties a complete understanding of the 
growth mechanism is necessary. Common observations illustrate that the type of carbon nanostructure 
grown is significantly modified by each condition involved in the synthesis. However, the exact influence 
of each parameter and the details of the interplay between them remain largely unknown.  
In this communication, we report on the decomposition of ethylene over Ni, Pt, and Pd nanoparticles 
deposited on SiO2 substrates. The influence of temperature, pressure, gas flow ratios, and crystalline 
structure of the catalyst was systematically explored for each metal in a Chemical Vapour Deposition 
(CVD) chamber. Analyses were performed using a combination of high resolution microscopy, X-ray 
diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and high resolution transmission electron 
microscopy (HRTEM).  
Our results show a size-dependant reshaping of the nanoparticles due to self diffusion of metal atoms at 
the edges of the catalyst surface. Specifically, self-diffusivity is controlled by the initial quantity of 
carbon supplied to the nanoparticle during the nucleation stage. In addition, size and shape of the catalyst 
control carbon segregation, thus dictating the morphology of the grown nanostructure. We also show that 
there is an associated set of growth conditions to each nanoparticle size to grow a defect-free tube. 
Finally, the reasons why a carbon nanostructure shows different morphologies are widely discussed. 
Altogether, represents a step forward into the understanding of the growth mechanism and the synthesis 
of CNTs with controllable properties. 

Contact e-mail: esconjau@imec.be 
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Contributed presentations - Monday, June 25 

A12 - Carbon nanotubes-Fe/Al2O3 nanocomposites: formation of CNTs from 
γ -(Al1-xFex)2O3 solid solution using methane as carbon source 

Valdirene Gonzaga de Resende 1, Anne Cordier 2, Eddy De Grave 1, Christophe Laurent 2, Alain Peigney2 

1 Department of Subatomic and Radiation Physics, University of Ghent, 2 CIRIMAT 
UMR CNRS 5085 / LCMIE, Centre Interuniversitaire de Recherche et d´Ingénierie des 

Matériaux, Université Paul-Sabatier  

It is well-known that the metal particles that are active for the catalytic decomposition of hydrocarbon are 
exclusively those located at the surface of the matrix grains. Then, it is expected that the quantity of 
active particles can be increased using powders with high accessible specific surface area. Thus, with the 
aim to improve the quantity and the quality of the CNTs, experiments have been performed using  
γ-[(Al1-xFex)2O3] powders with high specific surface area (~206 m2/g). γ-alumina-based solid solutions 
were prepared by an alternative route, i.e., combustion of oxinates. The so-obtained solid solutions 
contain different amounts of Fe. The CNTs syntheses were performed by CCVD method using a mixture 
of H2/CH4 at 1000°C. Analysis of X-ray diffraction patterns of the obtained CNTs-nanocomposite 
products revealed the presence of α-Fe and cementite in addition to γ-alumina. In order to examine more 
specifically the various Fe phases present in the nanocomposite powders, Mössbauer spectroscopy 
analyses were performed at room temperature (RT) and at 15 K. In general, three components were found 
to be required to obtain adequate fits for the Mössbauer spectra (MS): (i) an outer sextet obviously due to 
α-Fe; (ii) an inner asymmetrical six-line pattern that is ascribed to Fe3C; and (iii) a singlet due to γ-Fe 
probably alloying to carbon. For the sample with low iron content in the precursor (x = 0.02), clearly an 
additional, but very weak (~5 % of total absorption area) and rather ill-defined sextet appears in the MS. 
It is suggested that this additional sextet is due to an Fe-C component (δ ~ 0.11 mm/s and Hhf ~ 276 kOe 
at RT). Additionally, a weak doublet (~ 6 % of the total area) with ∆EQ ~ 0.66 mm/s is present in the MS 
at RT. SEM images of the nanocomposites revealed the presence of long, flexible filaments which could 
be distributed as isolated nanotubes or in CNT bundles. An overview of the nanocomposite powder 
(TEM images) showed that, indeed, there are CNT bundles and isolated CNTs, in agreement with SEM 
observations. Furthermore, the presence of many metallic particles is observed besides rounded 
agglomerates which could consist of the matrix grain with metallic particles at the surface and carbon 
deposited. The presence of thicker, short filaments is observed as well. These filaments (about 15 nm in 
diameter) are attributed to fibers generated from large catalytic particles. 

Contact e-mail: valdirene.gonzaga@ugent.be 
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Contributed presentations - Monday, June 25 

A13 - Growth of vertically aligned carbon nanofibers above copper at 560°C 
using RF-PECVD: on the choice of a suitable metallic barrier. 

Hélène Le Poche, Cyril Cayron, Eric De Vito, Lionel Fourdrinier, Jean Dijon 

CEA Grenoble - LITEN 

Growth trials of vertically field aligned carbon nanofibers (CNFs) are reported on copper (Cu) based 
substrates, using thin nickel (Ni) film as catalyst and an innovative radio-frequency (RF) plasma 
enhanced chemical vapor deposition (CVD) system. Due to CNF expected good electrical and 
mechanical properties combined with reduced dimensions, these experiments are the first steps to 
potentially address some applications in the field of microelectronics, such as, for instance, CNF-based 
nano electro-mechanical systems, electrically driven by Cu interconnects, or next generation 
interconnects, where more and more reduced vertical via openings above Cu lines could be filled with 
CNFs.The growth mode consists of an annealing treatment performed at 560°C leading to Ni nano-
particles growth germs and a consecutive growth step achieved at the same temperature by igniting a RF 
glow discharge from a pure H2 atmosphere. The process, in line with CNF in-situ growth on future 
electronic devices above potential silicon integrated circuits, ensures: (i) highly selective growth mode 
with no parasitic non catalytic carbon layer formation, responsible for electrical short-circuits, by 
resorting to a graphite sample holder as single carbon supply; (ii) high plasma stability, preventing 
electric arcing detrimental for the substrates. Concerning the CNF growth above a Cu layer, the 
intercalation of a suitable metallic barrier between the Ni film and the Cu layer is required, in order to 
avoid the Ni diffusion into Cu and in the same time ensure an electrical contact between the CNFs and 
the underlayers. TiN layers performed using two different deposition processes were investigated as a 
diffusion barrier material: a 50nm CVD-grown TiN layer and a 45nm TiN layer deposited by a physical 
vapor deposition technique. Scanning electron microscopy evidenced the growth inhibition from the Ni 
nano-particles for the CVD TiN, whereas the growth occurred for the PVD TiN. We will endeavor to 
understand these different outcomes by means of transmission electron microscopy and X-ray 
photoelectron spectroscopy analyses. Cu-Ni interplay phenomena will be underlined and the assumption 
of Ni particle poisoning by Cu above a critical concentration will be pointed out for this growth mode. 
A promising and original material stack was finally developed to prevent the Cu-Ni interplay by using a 
highly thin metallic barrier, which could be easily integrated in future devices: a 10nm aluminium (Al) 
layer, deposited by e-beam evaporation between the Cu and the Ni layers allows the CNF growth. The 
key role played by Al is under investigation. 

Contact e-mail: helene.lepoche@cea.fr 
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Contributed presentations - Monday, June 25 

A14 - Modelling gas-phase carbon nanotube synthesis on iron nanoparticles 
from carbon monoxide 

Anna M Moisala 1, Matthew Celnik 2, Richard West 2, Neal Morgan 2, Markus Kraft 2, William H. 
Green3, Henning Richter 3, John Z. Wen 3 

1 University of Cambridge, Department of Materials Science, 2 University of Cambridge, 
Department of Chemical Engineering, 3 Massachusetts Institute of Technology, 

Department of Chemical Engineering 

The underlying models of gas-phase CVD synthesis of carbon nanotubes are poorly understood. Only 
recently has progress been made in modelling early nanotube formation using molecular dynamics, 
which is very computationally expensive and cannot capture entire systems. In this work an operator 
splitting method has been used to couple a stochastic particle solver to the gas-phase chemistry equations, 
allowing these systems to be fully modelled.The model is compared to experimental data, in which a hot-
wire generator (HWG) was used to produce nanoparticulate iron which was then mixed with a CO stream 
and fed to a CVD flow reactor where the nanotube growth took place [1].  
The model includes a description of CNT and graphitic layer formation on particles, and rules for 
particle-particle interactions. CO disproportionation and hydrogenation were the only processes 
contributing to carbon addition to nanoparticles. A carbon atom can either diffuse into the particle or add 
to a graphitic layer or to a CNT. The rate of carbon dissociation at the surface is assumed to be the rate 
limiting step. Carbon is assumed to dissolve in a particle until a saturation condition is reached. 
Thereafter, carbon adds equally to a graphitic layer or CNT. The competition between carbon layer and 
CNT growth was used to dictate the time at which a CNT would form. Particles were modelled to 
deactivate, when the graphitic layer completely covered the particle surface. Nanoparticle diameter, CNT 
diameter and CNT length were chosen to characterise the simulations as all three were available from the 
experimental data. Parameter studies of carbon addition rate constant and fraction of carbon forming 
CNTs were performed, and demonstrated that CNT diameter was insensitive to these parameters. 
Comparison to experimental data showed that the model does not capture all aspects of the data well, 
however it did predict well CNT length, and should form a basis for future, more comprehensive models. 
 
[1] Nasibulin, A. G.; Queipo, P.; Shandakov S. D.; Brown, D. P.; Jiang, H.; Pikhitsa, P. V.; Tolochko, O. 
V. and Xu, L. J. Nanosci. Nanotech., 2006, 6, 1-14.  
[2] Wen, J. Z.; Goldsmith, C. F.; Ashcraft, R. W. and Green, W. H. Preprint, MIT, 2006. 

Contact e-mail: amm202@cam.ac.uk 
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A15 - Stress induced synchronous growth behavior of carbon nanotube 
forest 

Fei Wei, Qiang Zhang, Weiping Zhou, Jiaqi Huang, Rong Xiang, Weizhong Qian, Dezheng Wang 

Beijing Key Laboratory of Green Reaction Engineering and Technology, Tsinghua 
University, Beijing, 100084, P.R. China 

Carbon nanotubes (CNTs) in CNT forests possess unique mechanical, electrical and thermal properties as 
macroscopic nanomaterials. During the synthesis of a CNT forest, a basic problem that remains is that the 
synchronous growth is still not understood and predictable. Until now, research on the CNT growth 
mechanism has been mainly on the atomic scale, and the vapor-liquid-solid (VLS) model has been 
developed. Recently, on the single CNT scale in the floating catalyst method, the active growth location 
of the forest was indicated as at the bottom of the forest, which was confirmed by catalyst labeling or 
multilayer growth. The CNT forest always shows luxuriant synchronous growth. 
By experimental control of its multilayer growth with precursor stopping methods in the floating catalyst 
methods, the morphologies of the bottom, top and cross-sections at various heights of CNT forest were 
determined. Based on the VSL model and bottom up growth for single CNTs, a stress induced 
synchronous growth for CNT forest formation due to the interactions among the CNTs in the floating 
catalyst methods was proposed. The stress was developed gradually due to the formation of a weave 
structure on the surface in the initial two minutes and the presence of the active site at the bottom. The 
stress was confirmed by the G peak shift in the Raman spectra. The stress induced the CNT forest to 
grow synchronously. In agreement with most reports on CNT forest obtained by the floating catalyst 
method, two kinds of CNTs - with curve and straight morphologies - were found. We found the 
transitions for the curved CNTs from the randomly distributed structure to the order structures occurs in 
the length of 30-40 micrometers for CNTs. For long time growth, the curvature degrees of CNT forest 
were increasing gradually. The stress induced synchronous growth provides a way to understand the 
luxuriant forest growth based on the interactions of CNTs. Further work was needed to explain the 
synchronous growth behavior quantitively. It may be possible to more precisely control CNT forest to 
have various morphologies in the future, which were full potential application in various applications, 
such as CNTs yarn formation, filter, display. 

Contact e-mail: weifei@flotu.org 
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A16 - Large Scale Growth of Aligned CNT Arrays on Spheres: Towards the 
Mass and Continuous Production 

Fei Wei 1, Rong Xiang 1, Guohua Luo 1, Qiang Zhang 1, Weizhong Qian 1, Yao Wang 1, Qi Li 2 

1 Beijing Key Laboratory of Green Reaction Engineering and Technology, Tsinghua 
University, Beijing, 100084, P.R. China, 2 Cnano Group Limited, Hong Kong, China. 

The mass and continuous production of mm scale aligned carbon nanotube (CNT) arrays was 
successfully achieved in a lab-scale reactor by introducing large amounts of small spherical oxide 
particles as large-area growth substrates into floating catalysis chemical vapor deposition. The main 
differences and advantages of spheres were described as: first, the available growth surface that spheres 
provided was much larger, equaling to 10000 pieces of 2-inch wafer in our experiment, than conventional 
flat wafers; second, even the spheres after the CNT growth kept the perfect spherical morphology and 
thus excellent fluidity, allowing possible transport of as-grown product out and re-supply of new spheres 
for nonstop operation. The successful simultaneous large-area growth of CNT arrays on all spheres was 
attributed to the easy feedstock diffusion through stacked particles and the high strength of CNT arrays. 
Formation mechanism and potential large-scale application in composite material of these long and 
aligned CNTs are also discussed. 

Contact e-mail: weifei@flotu.org 
 

A17 - Growth temperature-induced critical behavior of SiO2 thickness for 
carbon nanotube synthesis on Si substrates by pyrolysis of iron 

phthalocyanine 

Xinhe Zheng 1, Ricardo Ávila 2, Rodrigo Segura 1, Patricio Häberle 1 

1 Universidad Técnica Federico Santa María, 2 Comisión Chilena de Energía Nuclear, 
Chile 

The synthesis of carbon nanotubes (CNTs) has been investigated in detail on native oxide and thermally 
grown SiO2 layer with a distinct thickness on (111)-oriented Si substrates using iron phthalocyanine 
(FePc) by chemical vapor deposition (CVD). We have examined the effect of growth temperature on 
carbon nanotubes (CNTs) synthesis on thin SiO2 diffusion barrier of Si substrates. Scanning electron 
microscopy (SEM) images indicate that CNTs can grow on 5.3-nm-thick SiO2 layers at 1000°C, while 
not at 900 °C. No observable growth is induced on the SiO2 with a thickness of less 5.3-nm irrespective 
of the synthesis temperature. A possible reason is proposed that explain the behavior. These findings 
confirm that a minimum (threshold) thickness of the underlying SiO2 layer is required for efficient CNTs 
formation. Additionally, it is interesting to note that most active catalysts are observed to diffuse into the 
SiO2 layers to a depth of around 100 nanometer when oxide layers with several hundred nanometer are 
utilized. This result could be of great use for optimizing CNT growth to be used in conjunction with Si 
technology. 

Contact e-mail: xinhe.zheng@usm.cl 
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A18 - Synthesis and characterization of carbon nanotube grown by alcohol 
gas source in high vacuum 

Kenji Tanioku, Takahiro Maruyama, Shigeya Naritsuka 

Dept. of Materials Science & Engineering, Meijo University 

Because of their unique electronic properties, carbon nanotubes (CNTs) have been expected for 
application as electronic device, such as field effect transistor (FET), electron emitters and wiring for 
LSI. However, growth mechanism of CNT has still not been evident, and control of CNT chirality has 
not been realized yet. For clarification of growth mechanism, CNT growth in a high vacuum is essential 
to realize in-situ observation, such as scanning electron microscopy (SEM). In this study, we attempted to 
grow CNTs using gas source technique in a high vacuum. SiO2 (100 nm)/Si substrates were introduced 
into an ultra-high vacuum (UHV) chamber and Co catalyst of 1 nm was deposited on it by electron beam 
(EB) evaporation. To prevent oxidation of the catalyst, 1 x 10-3 Pa of H2 gas was flowed during the 
increase of the substrate temperature. Then, ethanol gas was supplied onto the substrate surface to grow 
CNTs, through a stainless steel nozzle for 5 hours. The growth temperature was set between 350 and 
900oC, monitored by a pyrometer. The supply of ethanol gas was controlled by monitoring an ambient 
pressure, which was varied from 1 x 10-1 to 1 x 10-5 Pa. The grown CNTs were characterized by SEM 
observation and Raman spectroscopy (excitation at 514.5 and 632.8 nm). When CNTs were grown under 
1 x 10-1 Pa, the density of CNTs reached its maximum at 700oC and web-like CNTs were observed all 
over the surface. From the RBM peaks in the Raman measurements, the CNT diameters were estimated 
about 0.9 to 1.7nm, and the CNTs of 1.2 ~1.4 nm in diameter were dominant at this pressure. As the 
growth pressure decreased, the optimum growth temperature became lower, and the ratio of G band peak 
to Si peak (520 cm-1) reached its maximum at 400oC under 1 x 10-4 Pa. In addition, thinner CNTs 
(diameters were below 1.0 nm) were increased with the reduction of the pressure. The G/D ratio was 
about 12 for CNTs grown at 400oC and 1 x 10-4 Pa. From these results, CNTs with a good crystalline can 
be grown even in a high vacuum by gas source technique. This technique can be applied to in-situ 
observation and also may be useful for low temperature growth of CNTs, which opens a new possibility 
for the fabrication of CNT based nanodevices, such as wiring for LSI. 

Contact e-mail: m0634030@ccmailg.meijo-u.ac.jp 
 

A19 - The Effect of Process Variables on the Characteristics of Carbon 
Nanotubes Obtained by Spray Pyrolysis 

Mariane C. Schnitzler, Aldo J. G. Zarbin 

Universidade Federal do Paraná 

This work reports the use of a novel and simple spray pyrolysis apparatus to multi-walled carbon 
nanotubes growth, starting from a ferrocene solution as precursor. Several experimental variables were 
studied, as the solvent (benzene or xilene), the growth temperature, the position of the aerosol generator 
and position in which the sample was formed. Samples were characterized using TEM, SEM, XRD and 
Raman spectroscopy and results showed a strong influence of these variables on the graphitization 
degree, homogeneity, diameter and alignment of the obtained carbon nanotubes. Vertically aligned 
MWNT array with high density were obtained in large areas (10 x 10 mm2), with high yield  
(2.1 mg.cm-2) and at a growth rate at 2.86 µm/min, by a suitable adjust of the experimental conditions. 

Contact e-mail: marics@quimica.ufpr.br 
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A20 - Catalyst particle engineering for carbon nanotube synthesis 

Franziska Schaeffel, Christian Kramberger, Mark H. Rümmeli, Daniel Grimm, Thomas Gemming, 
Thomas Pichler, Bernd Büchner, Bernd Rellinghaus, Ludwig Schultz 

IFW Dresden 

We present a flexible and versatile route to prepare individual nano-sized particles by an inert-gas 
condensation method using DC-sputtering at pressures in the mbar range. The route offers advantages in 
that the preparation of the catalyst particles is accomplished in a single step [1]. This allows a higher 
degree of purity to be achieved as compared to processes where the preparation of catalyst particles 
requires a series of chemical procedures (see, e.g. [2]). With the approach of separate catalyst preparation 
and CNT synthesis we are able to control the size and density and characterize the starting material which 
cannot be so readily achieved using more conventional CVD processes where the catalyst particles are 
formed in situ. Further, the detailed information on the catalyst particles prior to the CVD reaction itself 
combined with post reaction studies provide superior insight into the growth processes of CNT as a 
whole.  
[1] F. Schäffel et al., Phys. Stat. Sol. (2007), accepted.  
[2] R. D. Bennett et al., Adv. Mater. 18, 2274 (2006). 

Contact e-mail: f.schaeffel@ifw-dresden.de 
 

A21 - The Viability of Growing Small Diameter Single-Walled Carbon 
Nanotubes by the Catalytic Method. 

Oleg A. Kuznetsov, Elena Mora, Toshio Tokune, Avetik R. Harutyunyan 

Honda Research Institute USA, Inc. 

We investigated the viability of forming very small diameter freestanding single walled carbon nanotubes 
(SWNTs) by the chemical vapor deposition (CVD) method [1,2]. Alumina aerogels impregnated with 
ironmolybdenum (Me= Fe:Mo= 1:0.2) catalyst nanoparticles were prepared by the sol-gel method with 
molar ratios Al2O3 : Me ranging from 4 to 2500 (BET surface area ca. ~400 m2/g). Higher Al2O3: Me 
ratio is presumed to lead to smaller average diameter of the catalyst clusters [3]. We found that the 
decrease of catalyst particle size required for nucleation of small diameter tubes, results in a significant 
increase of the catalytic decomposition temperature of methane (by >150 oC), and the temperature 
required for nucleation and growth of nanotubes. On the other hand, high temperature endorses their 
agglomeration, as well as leads to deactivation of catalyst by interaction with the support material as 
revealed by magnetic and in-situ mass-spectrometer measurements, respectively. Raman spectroscopy 
(532 & 785 nm) and fluorimetry (658 & 783 nm) studies showed a wide range of SWCNT diameters 
(~0.7 to 1.32 nm), regardless of the initial particle size. The smallest tube found had a diameter of 0.669 
nm and chirality (8,1). Our results suggest existence of a lower limit of the free standing SWCNT 
diameter which can be produced by the CVD method due to the peculiarities of very small catalyst 
particles, their evolution during nanotube growth and the required synthesis conditions. 
 
1. L-C. Qin, X. Zhao, K. Hirahara, Y. Miyamoto, Y. Ando, S. Iijima. Nature 408, 50, 2000. 
2. N. Wang, Z. K. Tang, G. D. Li, J. S. Chen. Nature 408, 51, 2000. 
3. A. R. Harutyunyan, T. Tokune, E. Mora, J-W. Yoo, A. J. Epstein. J. Appl. Phys. 100, 044321, 2006. 

Contact e-mail: OKuznetsov@oh.hra.com 
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A22 - Measurement of catalyst lifetime favorable for SWCNTs growth: 
effect of composition and synthesis parameters 

Elena Pigos, Oleg Kuznetsov, Toshio Tokune, Avetik R. Harutyunyan 

Honda Research Institute USA Inc. 

Catalyst features are of central importance for the growth of carbon single-walled nanotubes (SWCNTs), 
with the lifetime being a key characteristic. The only approach described in the literature for estimation 
of the catalyst lifetime, is based on complicated measurement of nanotubes length evolution with time. 
Here, a special chemical vapor deposition set-up enhanced by an attached mass spectrometer, for in-situ 
parametrical studies, allows us to evaluate the catalyst activity during the growth of SWCNTs. 
Furthermore, to validate the period of catalytic activity and its relationship with nanotube growth, 
hydrocarbon gases with 12C and 13C isotopes are sequentially introduced at different stages of the growth. 
Analysis of the Raman spectra of the different samples thus obtained, allows us to adequately determine 
the lifetime of the catalyst. The dependence of the catalyst lifetime on its composition and synthesis 
parameters is also discussed. 

Contact e-mail: EPigos@honda-ri.com 
 

A23 - The Origin of Autocatalytic Kinetics in the Growth of Ultra Long 
Vertically Aligned Nanotube Arrays 

Gyula Eres, C. M. Rouleau, A. A. Puretzky, D. B. Geohegan 

Oak Ridge National Laboratory 

Kinetic studies of vertically aligned nanotube array (VANTA) growth using acetylene chemical vapor 
deposition reveal new reaction pathways for synthesis of carbon nanotubes. Real-time measurements of 
VANTA growth show characteristic features of autocatalytic kinetics in the form of autoacceleration at 
the onset of growth and an S-shaped time-dependent height curve. The autocatalytic behavior in VANTA 
growth is attributed to radical chain polymerization in pyrolysis of acetylene. The key factors that affect 
VANTA growth suggest that polymerization is a general reaction pathway in VANTA growth by 
pyrolysis of unsaturated hydrocarbons. In particular, we show that ferrocene–a prototype metallocene 
catalyst–plays an active role in sustaining the pyrolysis of acetylene resulting in growth of VANTA taller 
than 10 mm. The concept of polymerization for nanotube synthesis is significant because it offers the 
possibility of using molecular catalysts combined with stereospecific polymerization to address chirality 
control in large scale production. 

Contact e-mail: eresg@ornl.gov 
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A24 - Investigation of incubation time for carbon nanotube growth by 
CH4/H2 plasma-enhanced chemical vapor deposition 

Atsushi Okita 1, Yoshiyuki Suda1, Akinori Oda2, Junji Nakamura3, Hirotake Sugawara1, Yosuke Sakai1 

1 Hokkaido University, 2 Institute of Nagoya Technology, 3 University of Tsukuba 

In this work, we focused on the incubation time (= time interval before starting CNT growth) and 
duration time of CNT growth with respect to the gas flow ratio in CH4/H2 plasma. Analyzing the 
incubation time of CNTs growth and the catalyst state is crucial for revealing the mechanisms of CNT 
growth. We observed the catalysts morphology before CNTs start to grow and CNTs using scanning 
electron microscopy and transmission electron microscopy. First, we investigated the effect of CH4/H2 
gas flow ratio and process time on CNT growth [1]. At CH4/H2 = 30/0 sccm, CNT growth rate was fast 
(0.8 µm/min) but CNT growth was saturated for 30 min. At CH4/H2 = 27/3 sccm, CNT growth rate was 
decreased (0.3 µm/min), while CNTs continued to grow for 90 min. At CH4/H2 = 9/21 sccm, CNT 
growth stopped before the process time reached 10 min. These results clearly show that variations in 
CH4/H2 gas flow ratio affect CNT growth. In this case, the growth rate and duration time of CNTs were 
changed. Possible explanation is that an addition of H2 of an optimal amount realizes a longer duration 
time of CNTs by keeping the catalyst size small and active during incubation time and excess supply of 
hydrogen makes the duration time short. We consider that the CH4/H2 plasmas changed the morphology 
and chemical composition of catalysts during the incubation time. To confirm how the CH4/H2 gas flow 
ratio affects catalyst activity during incubation time, we varied the gas flow ratio during CNT growth: 
CNT firstly grew at CH4/H2 = 9/21 sccm for 10 min, and after then, we set the gas flow ratio at CH4/H2 = 
27/3 sccm. This process did not promote any further CNT growth after CNT growth at CH4/H2 = 9/21 
sccm for 10 min. This result also support an idea of CH4/H2 gas flow ratio affects the catalyst particles 
during incubation time. [1] A. Okita, et al., Carbon (2007) in press. 

Contact e-mail: okita@mars-ei.eng.hokudai.ac.jp 
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A25 - Synthesis of Carbon Nanotubes on Lanthanide-series element by 
Thermal Chemical Vapor Deposition Method 

Do Yoon Kim 1, H.C. Lee 1, J.H. Lee 1, J.H. Park 1, P. S. Alegaonkar 1, J.B. Yoo 1, I.T. Han 2, H.J. Kim 2, 
Y.W. Jin 2, J.M. Kim 2 

1 Center for Nanotubes and Nanostructured Composites, Sungkyunkwan University,                 
2 Samsung Advanced Institute of Technology 

We studied the growth characteristics of carbon nanotubes (CNTs) which were directly grown from the 
lanthanide-series element prepared from cerium nitrate solution using spin coating method without any 
transition elements (catalyst; iron, nickel and cobalt).  
As the first preparation step of forming cerium nitrate solution, we admixed cerium nitrate powder with 
water. Water has a good solubility for cerium nitrate at a room temperature. A cerium nitrate-
hexahydrate, 0.5g, were dissolved in 50 mL of distilled water, 18 Megaohm-cm, (23.02 mM). The 
mixture, an aqueous solution containing 0.02 mol/L cerium nitrate, was stirred for 5 min. The cerium-
nitrate solution was coated on molybdenum/glass-substrate by spin coating method. After spin coating 
and drying process, we confirmed the existence of cerium element by analysis the surface of the sample 
by Energy Dispersive Spectroscopy (EDS). And then, the substrate was loaded in vacuum chamber and 
annealed at 350-400oC in nitrogen ambient to decompose the nitrate compound. Decomposition 
conditions were investigated with thermal gravimetric analysis (TGA). In most drying-process cases, the 
surface oxidation of the substrate is a common occurrence because a cerium is an easily oxidizable 
element. For this reason of oxidation, we had to add reduction process by hydrogen gas for reducing the 
oxide form to metal state at 650-700 oC. And then, the substrate was transferred into the growth chamber 
and was consecutively heated around at 650 oC and sustained for 10 min in C2H2 and Ar ambient.  
The substrate and as-grown CNTs were analyzed by the field emission scanning electron microscopy 
(FESEM, A0344, Philips) and the filed emission transmission electron microscope (FE-TEM, Tecnai 
F30). 

Contact e-mail: leouni@skku.edu 
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A26 - Utilization of commercial iron foam as catalyst to multi-walled carbon 
nanotubes growth 

Humberto K. Borges, Marcela M. Oliveira, Aldo J. G. Zarbin 

Universidade Federal do Paraná 

This work reports the utilization of cheap commercial iron foam as catalyst to MWCNTs growth in a 
CCVD process. The catalyst is easily available in Brazilian supermarkets at coast of US$ 0.50 for each 
60 grams, and it has almost metallic iron in its composition. The MWCNTs syntheses were carried out 
adding a small amount of catalyst (approximately 0.2 g) inside a quartz tube that was inserted in a tubular 
furnace. The system was heated under argon atmosphere and a gaseous carbon source was subsequently 
supplied. Several experimental variables were studied as kind of carbon precursor (benzene, xilene, 
toluene, ethanol), temperature of the furnace (700, 900 and 1100 oC) and position of the catalyst related 
to the furnace entrance. The black product obtained on the catalyst surface was isolated and characterized 
by XRD, Raman, TEM and SEM. Results indicate that large amount of MWCNT were obtained. Based 
on the experimental data, a mechanism growth to the carbon nanotubes was proposed. 

Contact e-mail: humbertokb@quimica.ufpr.br 
 

A27 - A DFT study of C atom diffusion in the process of nanofibers and 
nanotubes catalytic growth 

Iann Gerber, Arkady V. Krasheninnikov, Adam S. Foster, Risto M. Nieminen 

Laboratory of Physics, Helsinki University of Technology 

When considering the growth of carbon nanofibers or even nanotubes helped with catalytic nanoparticles, 
it has been, until very recently, assumed that (1) the reactant molecules containing the C atoms adsorb on 
the metallic nano-cluster surface, (2) the C atoms dissolve into the nanoparticle bulk, (3) they diffuse and 
(4) start to accumulate before a nucleation process starts, which gives birth to a graphene plan or a 
nanotube cap if the nanoparticle is small enough. In this model, the C diffusion is governed mostly by the 
concentration gradient between the metal-gas interface and the metal-graphene one.  
However, recent theoretical studies, cf. Ref. [1], tend to suggest that the role of the metallic cluster 
surface is fundamental in the diffusion process. In their case, by not taking into account the fact the 
distance between the graphene sheet and the metallic surface can be very short [2], a surface diffusion 
appears to be the most favorable path. On the contrary, by setting the distance closer to the experimental 
one [3], our results favor sub-surface diffusion, in good agreement with a recent tight-binding 
calculations combined with Monte-Carlo simulations [4] and also a recent experimental study [5]. 
 
[1] F. Abild-Petersen et al., Phys. Rev. B, 2006, 73, 11519. 
[2] G. Bertoni et al., Phys. Rev. B, 2005, 71, 075402. 
[3] Y. Gamo et al., Surf. Sci., 1997, 374, 61. 
[4] H. Hamara et al., Phys. Rev. B, 2006, 73, 113404. 
[5] F. Banhart et al., Nature Nanotechnology, 2007, in press. 

Contact e-mail: igb@fyslab.hut.fi 
 



 

 31

Contributed presentations - Monday, June 25 

A28 - The Interfacial Interaction Between Nanocatalysts and Various Oxide 
Substrates 

Gamini U. Sumanasekera 1, Kapila Hewaparakrama 1, Kim Bolton 2, Stefano Curtarolo 3, Avetik R. 
Harutyunyan 4 

1 University of Louisville, 2 Göteborg University, Göteborg, Sweden, 3 Duke University, 
Durham, USA, 4 Honda Research Institute USA Inc., Columbus, OH, USA 

A clear understanding of the interaction between the catalyst and the substrate is essential for controlled 
growth of Single Walled Carbon Nanotubes (SWCNTs). We have investigated the interaction of 
transition metal (Fe, Ni, Co) catalyst particles with various substrates (SiO2, Al2O3, MgO, ZrO2) by 
studying the variation of the particle size and the particle density at varying temperatures. The substrate 
with dispersed particles was carefully studied by AFM, heated to a pre-determined temperature suitable 
for SWCNTs growth under flowing H2/Ar or H2/He gases, and cooled down to the room temperature. 
Then sample was again studied carefully using AFM. This was repeated for a series of temperatures with 
gradual increments until clear evidence for agglomeration (resulting larger particles and low density) was 
observed. The temperature at which the onset of agglomeration occurred was used to estimate the 
activation energy of the catalyst for the respective substrate. The experimentally estimated activation 
energies of the Fe particle for Al2O3, SiO2, and ZrO2 are 0.12, 0.10, and 0.09 eV respectively. To develop 
the interaction between catalyst clusters and substrate surfaces, we also performed density functional 
theory ab initio calculations. The theoretical results are corroborated reasonably well with the 
experimental values and reveal the influence of interfacial interaction on thermodynamic properties of 
clusters by comparison of “free” and “supported” clusters characteristics. Some discrepancy in the results 
for SiO2 is also discussed. 

Contact e-mail: gusuma01@gwise.louisville.edu 
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A29 - CNT growth from selectively electrodeposited catalyst nanoparticles 

Ainhoa Romo Negreira 1, Philippe M. Vereecken 1, Daire Cott 2, Guido Groeseneken 2, Karen Maex 2 

1 IMEC, 2 IMEC, Katholieke Universiteit Leuven 

In recent years carbon nanotubes (CNTs) have stimulated extensive research within the field of 
semiconductor device fabrication. In particular, CNT-based devices promise enhanced electronic 
properties including high current capacity, excellent thermal conductivity, and length independent 
resistance at the nanoscale. In the specific case of interconnect application for integrated circuit (IC) 
technology, CNTs could replace copper because they have lower resistivity and delay, lower dynamic 
power and better thermal behaviour in vias than copper. 
Crucial factor to reach high quality growth and sufficient packing density is a suitable placement of 
catalyst species on the surface. Until now, physical vapor deposited (PVD) metal films and metal particle 
impregnated supports have been used for CNT growth. But they lack control over size, density and 
location. To address these challenges, we are investigating electrodeposition as an alternative technique 
for catalyst preparation, since it offers control over size, density and a high degree of selectivity, which is 
essential for IC integration. With this technique, monodispersed sub-nm to nm particles at a predefined 
location of patterned structures can be achieved. It also offers the possibility of preparing bicatalysts 
through the alloying of different metals. In this work, Ni and Co were compared using different 
electrolytes on a semiconductor surface and a metallike layer, (100) n-type silicon wafer and titanium 
nitride (TiN) respectively. The electrolyte composition and deposition parameters (potential, time) 
dependence were studied. The resulting nanoparticles were evaluated in terms of catalyst distribution and 
reactivity. Some of electrodeposited nanoparticles were very successful for CNT straight high density 
growth. Furthermore, nanoparticles were selectively electrodeposited at the bottom of 150 to 300 nm 
diameter via structures patterned in a SiO2 layer resulting in the selective growth of CNTs within the vias. 
The nanoparticle sizes and densities were characterized by SEM, TXRF and the CNTs morphology by 
SEM, TEM and RAMAN spectroscopy. 

Contact e-mail: negreira@imec.be 
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A30 - Effect of CO2 addition on carbon nanotube growth by CVD using CH4 

Yoshiyuki Suda 1, Takeshi Saito 1, Atsushi Okita 1, Atsushi Ozeki 1, Junji Nakamura 2, Yosuke Sakai 1, 
Hirotake Sugawara 1 

1 Hokkaido University, 2 University of Tsukuba 

We report the effect of CO2 addition on CNT growth by CVD using CH4 gas. The CVD chamber is 
evacuated by a turbo-molecular pump followed by a rotary pump in order to eliminate the effect of H2O 
and O2 molecules. We used Mo(0:025)/Fe(0:05)/MgO(0:925) or Mo(0:025)/Ni(0:05)/MgO(0:925) as a 
catalyst, H2 gas as a reductant and CH4 gas as a feedstock [1]. CO2 gas was introduced during the CNT 
growth at a temperature of 800oC and its concentration with respect to CH4 was varied from 0.0037% (37 
ppm) to 50%. The other experimental parameters are as follows: H2 gas pressure = 100 Torr and flow rate 
= 100 sccm for reduction; CO2/CH4 gas pressure = 100 Torr and flow rate = 76 sccm for growth. The 
yield and the G/D ratio in the Raman spectra of CNTs grown in 10%- CO2/CH4 were slightly higher than 
those of CNTs grown in CH4 only. However, scanning electron microscopy observation showed that 
CNTs were hardly grown when the CO2 concentration was more than 10%. Single-walled CNTs 
(SWCNTs) grew when the CO2 concentration was 37 ppm, and the yield for 60 min was 1.5 times higher 
than the 10-min growth. This suggests that SWCNT growth in a CO2/CH4 gas mixture was continued for 
60 min. The CO2 concentration of 37 ppm is smaller than the results by Nasibulin, et al, who confirmed 
the elongation of SWCNTs by introducing CO2 with a concentration of 1000 ppm (0.1%) in CO 
disproportionation reaction [2]. The radial breathing modes (RBM) of the SWCNTs obtained by a 632.8 
nm excitation shows that SWCNTs with a diameter range of 0.9 - 1.3 nm were grown and a few metallic 
SWCNTs were eliminated but most of semiconducting SWCNTs remained. 
 
[1] L.-P. Zhou, et. al, J. Phys. Chem. B, 109 (2005) 4439-4447. 
[2] A. G. Nasibulin, et al, Chem. Phys. Lett., 417 (2006) 179-184. 

Contact e-mail: suda@ist.hokudai.ac.jp 
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A31 - Controlled in-situ pre-treatment to improve carbon nanotube growth 
by chemical vapor deposition 

Hongsik Yoon, Sunwoo Lee, Seongho Moon, Xiaofeng Wang, Subramanya Mayya, Dong 
Woo Kim, In-Seok Yeo, Sung-Tae Kim, Woosung Han 

Samsung Electronics Co. 

Carbon nanotubes (CNTs) are touted as prospective candidates to overcome the scaling limit of 
conventional semiconductor technology due to their novel properties such as high conductivity, 
mechanical stability, thermal conductivity, and etc. Via interconnects (ICs) are expected to be one of the 
most important application of CNTs in the future integrated circuits. For CNTs to be integrated as via ICs 
in devices, on-chip growth of CNTs on catalyst film by chemical vapor deposition (CVD) is the most 
compatible growth technique currently available in the conventional semiconductor Fab. For via IC 
applications, maximizing the density of CNTs in the via holes is a prerequisite. In this report, we 
introduce an in-situ pre-treatment process composed of sequential gas treatments and plasma treatments 
at elevated temperature, to increase the density and to decrease diameters of grown CNTs. Using these 
pretreatments, the density of CNTs increases by an order of magnitude, whilst allowing reduction in the 
growth temperature to about 300oC. These results and probable CNT growth mechanism will be 
discussed. 

Contact e-mail: hongsik.yoon@samsung.com 
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A32 - Modeling size- and thermodynamic stability- effects on Fe-C and Fe-
Mo-C nanocatalysts 

Stefano Curtarolo 1, Neha Awasthi 2, Aiqin Jiang 2, Aleksey Kolmogorov 2, Wahyu Setyawan 2, Kim 
Bolton 3, Toshio Tokune 4, Elena Mora 4, Avetik R. Harutyunyan 4 

1 Duke University, 2 Duke University, USA, 3 Goteborg University, Sweden, 4 Honda 
Research Institute, USA 

Catalytic Chemical Vapor deposition (CVD) method is widely used to produce carbon nanotubes. To 
improve our understanding of the CVD growth mechanism, we focus on the thermodynamics and the 
phase stability of catalyst Fe-C and Fe-Mo-C nanoparticles. Using a combination of ab initio methods 
and model thermodynamics [1,2], we investigate 1) the diffusion and solubility of carbon atoms in 
nanoparticles by calculating the distribution of carbon atoms inside the clusters, 2) the formation and 
stability of binary and ternary nano carbides 3) the effect of substrates on such structures, 4) the size-
dependent interplay between iron rich phases and competing ordered carbide phases, and 5) the possible 
stabilization effects of C in alloys immiscible at the macro-scale and found to be active on CNT growth 
[3]. We address the implications of these results on NT growth, and give possible strategies to mitigate 
the problems. Research sponsored by Honda Research Institute Inc., USA. 
 
[1] A. Jiang, N. Awasthi, A. N. Kolmogorov, W. Setyawan, A. Börjesson, K. Bolton, A. R. Harutyunyan, 
and S. Curtarolo, Theoretical study of thermal behavior of free and alumina-supported Fe-C 
nanoparticles, in press, Phys. Rev. B (2007). 
[2] A. R. Harutyunyan, E. Mora, T. Tokune, A. Epstein, K. Bolton, A. Jiang, N. Awasthi, and S. 
Curtarolo, Exposing the Hidden Features of the Catalyst for the Growth of Single-Walled Carbon 
Nanotubes, in press Applied Physics Letters (2007). 
[3] D. Takagi et al., Single-Walled Carbon Nanotube Growth from Highly Activated Metal 
Nanoparticles, Nanoletters 6, 2642 (2006). 

Contact e-mail: stefano@duke.edu 
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A33 - Synthesis of carbon nanotubes by spray pyrolysis of conventional and 
unconventional precursors 

Pradip Ghosh, Tetsuo Soga, Rakesh A. Afre, Takashi Jimbo 

Nagoya Institute of Technology 

There are only few reports about the synthesis of carbon nanotubes by spray pyrolysis method. Here we 
reported the synthesis of SWNTs by catalytic decomposition of conventional (ethanol) and 
unconventional precursors (turpentine oil and eucalyptus oil) on high-silica zeolite, impregnated with 
Fe/Co at 850oC with reaction time 25 minutes at atmospheric pressure by simple spray pyrolysis method. 
Raman spectroscopy reveals that ethanol grown SWNTs are more pure and well graphitized than natural 
precursor s grown CNTs. It has been suggested in some other reports that oxygen atom in the carbon 
containing precursors increase the quality of the as-grown CNTs. But in our case no such improvement 
has been observed. The Id/Ig ratio for ethanol, turpentine oil and eucalyptus oil are 0.20, 0.26 and 0.31 
respectively. Although eucalyptus oil contains one oxygen atom per molecule but Id/Ig ratio for 
eucalyptus oil is higher than turpentine oil (containing no oxygen atom per molecule). That means the 
oxygen atom in the carbon containing sources does not significantly improve the quality of the as-grown 
CNTs Not only single-walled but also single and double-walled CNTs have been synthesized on 
supported material by this simple and inexpensive technique. The as-prepared sample are well 
graphitized confirmed by SEM, TEM and Raman spectroscopy. 

Contact e-mail: pradip19802000@yahoo.co.in 
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A34 - Ion Implantation of Catalysts by Focused-Ion-Beam for Vertically 
Aligned Carbon Nanotube Growth 

Takayuki Iwasaki, Soichi Mejima, Takashi Koide, Ryota Morikane, Hideki Nakayama, Takahiro 
Shinada, Iwao Ohdomari, Hiroshi Kawarada 

Waseda University 

Ion implantation is a very interesting method for catalyst preparation of carbon nanotube (CNT) growth 
for formation of FET channels and interconnects because the method can be applied in LSI process and 
catalysts can be implanted at desirable places such as the bottom of via holes. However, vertically 
aligned CNTs have not been achieved from catalysts prepared using ion implantation. For vertical 
alignment, dense catalytic particles must be formed on a substrate surface. In this study, we succeeded in 
growth of vertically aligned CNTs from Ni catalysts implanted using focused ion beam (FIB).  
First, we separated Ni ions from Ni-P-Pt liquid metal ion source (LMIS) using a mass separator, and then 
Ni ions (Ni+ or Ni2+) were implanted into a 500 nm-thick SiO2 layer on a Si substrate at an acceleration 
voltage of 30 kV with doses of 5.0 x 1016-5.0 x 1017 ions/cm2 using FIB. The implanted Ni was analyzed 
using EDX, SIMS and cross-sectional TEM measurements. After Ni implantation, the substrate was 
annealed at 450-700 °C in H2 gas to form Ni particles. The substrates were introduced in a radical CVD 
apparatus [1] for CNT growth. CNTs were grown at 600 °C in a mixture of H2 and CH4 for 2h.  
Interestingly, Ni particles were formed on the substrate surface after ion implantation without any 
treatment, probably caused by irradiation-induced diffusion of implanted Ni atoms. We investigated 
density and diameter distribution of Ni catalysts implanted with a dose of 5.0 x 1017 ions/cm2 before and 
after the annealing at various temperatures. Over 600 °C annealing, the catalyst particles became larger 
and larger, resulting in a lower density. Although particles with a high density of 9.2 x 1011 /cm2 were 
obtained after 460 °C annealing, vertically aligned CNTs were synthesized from catalysts annealed at 
700°C. For the present CVD and substrate conditions, CNTs are preferably grown from large particles 
more than 10 nm. We can expect that optimization of the conditions would result in growth of much 
denser CNTs. 
 
[1] T. Iwasaki, et al., J. Phys. Chem. B 109, 19556 (2005). 

Contact e-mail: iwasaki@kaw.comm.waseda.ac.jp 
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A35 - Synthesis of Single-Wall Carbon Nanotubes in Micro-, or Meso-
porous Materials by Catalyst-Supported Chemical Vapor Deposition 

Keita Kobayashi 1, Ryo Kitaura2, Toshiki Sugai2, Youko Kumai3, Yasutomo Goto4, Shinji Inagaki4, 
Hisanori Shinohara5 

1 Nagoya University, 2 Department of Chemistry, Nagoya University, 3 Toyota Central 
R&D Labs., Inc., 4 Toyota Central R&D Labs., Inc, 5 Department of Chemistry, Nagoya 
University and Institute for Advanced Research, Nagoya University, and CREST/JST 

The catalyst-supported chemical vapor deposition (CCVD) is one of the most promising methods to 
realize large-scale production of carbon nanotubes. Especially, CCVD using porous support materials 
possessing well regulated nano-space, such as microporous zeolites and mesoporous silicas, is an 
excellent candidate to realize selective synthesis of carbon nanotubes; these micro- or mesoporous 
materials provide us suitable ordered space to prepare regulated nano-sized metal particles. However, 
previously reported carbon nanotubes produced by CCVD using micro- or mesoporous materials have a 
large diameter distribution because of a large size distribution of metal nanoparticles which stems from 
nanoparticles deposited on outer surface of the support materials.  
Here, we report the growth of single walled carbon nanotubes (SWNTs) by CCVD using size-controlled 
Fe, Co, Rh, Pd catalysts and their alloys particles supported into channels of the micro- and mesoporous 
materials. A solution of Fe, Co, Rh or Pd salts was used as a source of catalyst metals, which were mixed 
with a powder of Y-type zeolite [1] and FSM16 [2]. The metal salts except for an Fe salt, which are 
incorporated in micro- and mesoporous, were reduced by a high temperature H2 reaction or UV 
irradiation in an H2O/EtOH atmosphere, and Fe salts were pyrolytically decomposed at 1073 K. Prior to 
CCVD, the metal particles were treated at 573 K in air to enhance the catalytic activity [3]. CCVD 
experiments were carried out at 973-1173 K under an Ar gas flow for 30 min by using ethanol as carbon 
source. SWNTs so-obtained were characterized by TEM observations and Raman spectroscopy.  
We will discuss the correlation between the diameter distribution of prepared SWNTs with pore sizes of 
the micro- and meso-porous materials and metal species of catalysts.  
 
[1] K. Mukhopadhyay et al., Chem. Phys. Lett., 303, 117 (1999). 
[2] T. Yanagisawa et al., Bull. Chem. Soc. Jpn., 63, 988 (1990)., S. Inagaki et al., Chem. Commun., 680 
(1993). 
[3] D. Takagi et al., Nano Lett., 6, 2642 (2006). 

Contact e-mail: kobayashi@nano.chem.nagoya-u.ac.jp 
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A36 - Nanotube Epitaxy  

Ernesto Joselevich 1, Ariel Ismach 1, David Kantorovich 1, Jonathan Berson 1, Noam Geblinger 1, Lior 
Segev 1, Ellen Wachtel 1, Ado Jorio 2, Hyungbin Son 3, Mildred S. Dresselhaus 3, Gene Dresselhaus 3 

1 Weizmann Institute of Science, Israel, 2 UFMG, Brazil, 3 MIT, USA 

The organization of carbon nanotube arrays on surfaces is a critical prerequisite for their large-scale 
integration into nanocircuits. We have recently elaborated a series of substrate-directed mechanisms of 
carbon nanotube growth, which can be classified as different modes of ‘nanotube epitaxy’. These 
epitaxial modes of carbon nanotube growth include ‘lattice-directed epitaxy’ (by atomic rows), ‘ledge-
directed epitaxy’ (by atomic steps) [1], and ‘graphoepitaxy’ (by nanofacets) [2]. Some of these epitaxial 
modes can be simultaneously combined with electric-field directed growth [3] for the orthogonal self-
assembly of carbon nanotube crossbar architectures [4]. Nanotube epitaxy with different crystal surfaces 
yields unprecedented carbon nanotube array morphologies, including highly straight, kinked, wavy, 
crossbar, serpentine [5], and more. 
[1] Ismach, et al., Angew. Chem. Int. Ed. 2004 , 43 , 6140. 
[2] Ismach at al. J. Am. Chem. Soc. 2005 , 127 , 11554. 
[3] Joselevich et al., Nano Lett. 2002 , 2 , 1137. 
[4] Ismach et al. Nano. Lett. 2006 , 6 , 1706. 
[5] Ismach et al., in preparation. 
Contact e-mail: ernesto.joselevich@weizmann.ac.il 

 
A37 - Synthesis of Carbon Nanotubes using Natural Gas as a Carbon Source 

Vladimir Lavayen, T. P. Figueiredo, Sergio Oliveira, A. S. Ferlauto, M. Pimenta, L. O. Ladeira,  
R. G. Lacerda 

Departamento de Física, Universidade Federal de Minas Gerais, Avenida Antonio Carlos, 
6627, 30123-970, Belo Horizonte, MG, Brazil 

The study of carbon nanotubes (CNTs) have been one of the hottest fields of research lately. However, 
the presence of CNTs due to the hydrothermal process in nature has been observed in graphitic mineral 
rocks (Y. Gogotsy. JMR., 2000). Also L.E. Murr (J. Nanosci. Nanotechnol., 2004) observed the presence 
of CNTs, and related fullerene crystals in exhaust streams from kitchen stove-top propane, natural gas 
(NG) burners, and liquid propane fueled vehicles, among others gas exhaust pipelines. In this sense, the 
use of NG as a natural source for the low cost, high-scale production is a new issue of study in the 
production of carbon nanotubes. Moreover, the NG contains up to 90 % of methane gas, with a presence 
of different kind of hydrocarbon-like impurities, which would provide difficulties on the formation of 
CNTs with high quality. Recently C. P. Bergmann (J. Mater. Sci. 2006) reported the formation of 
MWCNTs and SWCNTs using Fe/Mo/MgO catalysts by chemical vapour deposition (CVD) for 
temperatures higher than 900ºC. In this work, we describe the production of single-wall carbon nanotubes 
using natural gas as carbon source, and ferrocene, acetates of metal transition as catalysts. Raman 
technique, and scanning electron microscopy were the mainly techniques used to characterized the 
products. SWCNTs were obtained in a temperature range between 700 and 900ºC. A small reduction in 
the nanotubes diameter was observed as the deposition temperature increases. Presence of double-wall 
carbon nanotubes were also detected in some cases. A more detailed description of the nanotubes 
produced, and the growth mechanism will be also presented. Acknowledgements: This work was 
supported by Rede Nacional de Pesquisa em Nanotubos de Carbono (CNPQ Brazil). 

Contact e-mail: vlavayen@gmail.com 
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A38 - Construction of highly defined carbon nanotube architectures by 
atmospheric thermal CVD 

Goo-Hwan Jeong, Niklas Olofsson, Eleanor E. B. Campbell 

Göteborg University 

Recently, there has been considerable concentration on the development of CNT-based composites or 
nano-electro-mechanical-systems. However, it is still required to precisely grow CNT with designed 
structures and performances. We present systematic study of vertical growth of CNT arrays with well 
defined structures in a large scale. We employed atmospheric thermal CVD, which can independently 
control the process parameters, so that we can investigate the effect of various experimental parameters 
on the final CNT morphology and Raman spectra. We used acetylene or ethylene as a carbon feedstock 
and argon and hydrogen as carrier gases. Highly selective patterned CNT architectures were fabricated 
using electron beam lithography. Interesting effects concerning the influence of array pattern size on 
alignment will be presented, as will developments toward some practical applications. 

Contact e-mail: goo-hwan.jeong@physics.gu.se 
 

A39 - Controlled growth of SWNTs on various structured substrates for 
diameter and chirality control 

Goo-Hwan Jeong, Niklas Olofsson, Eleanor E. B. Campbell 

Göteborg University 

We present synthesis of SWNTs using various structured substrates to facilitate direct characterization of 
as grown tubes. For high controllability of the growth process, we used thermal CVD with methane and 
hydrogen gases. EB-patterned thin film catalyst and ferritin-derived nanoparticles were used as catalysts. 
Sizes of catalysts and grown SWNTs were estimated using AFM results. In addition to the plane 
substrates, multi-dimensional patterned substrates were fabricated to suspend SWNTs, which allow direct 
characterization of intrinsic properties of as grown SWNTs using TEM and Raman. We also grew 
SWNTs on silicon nitride membranes to investigate the size relationship between catalytic nanoparticle 
and resultant nanotube. Our results will be developed towards SWNTs’ diameter and chirality control by 
optimizing the combination of controlled growth and characterization. 

Contact e-mail: goo-hwan.jeong@physics.gu.se 
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A40 - Carbon Source and Byproduct Diffusion Limit in the CVD Growth of 
Aligned Carbon Nanotube Arrays 

Xiang Rong, Masayuki Kadowaki, Jyun Ookawa, Shigeo Maruyama 

Department of Mechanical Engineering, The University of Tokyo 

In the root growth of vertically aligned carbon nanotube (CNT) arrays, where carbon source has to 
diffuse through the thick forest to contribute to the CNT formation, a new kind of diffusion limit arises 
and becomes a unique mechanism for the growth deceleration. In the present work, a simple approach 
was proposed to distinguish diffusion-controlled process from kinetic-controlled one. It was possible to 
evaluate the diffusion limit in different chemical vapor deposition (CVD) systems via the same non-
dimensional factor. The results, which agreed well with experiments, suggested that mm scale SWNT 
arrays were usually suffering from strong feedstock diffusion limit while the growth of MWNT arrays 
were free of diffusion difficulties. For the 30 micron SWNT in alcohol CCVD, the result revealed that 
hundreds of ppm water was generated by the ethanol decomposition at the root of the array during the 
growth, which might be fatal for the catalyst lifetime. 

Contact e-mail: xiangrong@photon.t.u-tokyo.ac.jp 
 

A41 - High density aligned CNT Arrays - A possible alternative to Cu 
interconnects 

Daire J. Cott 1, Phillipe M. Vereecken 1, A. Romo Negreira 1, H. Griffiths 2, G. Groeseneken 1 

1 IMEC, 2 Oxford Instruments Plasma Technology, North End, Yatton, Bristol, UK 

The concept that Carbon nanotubes (CNTs) may be a future alternative to Cu interconnects in integrated 
circuit (IC) technology is one current pursuit of semiconductor device research. To out perform current 
Cu interconnects a number of key challenges must be met, on-chip, high density, size controlled, aligned 
CNT arrays are an essential requirement. We have successfully fabricated aligned high density CNT 
arrays using a combination of Plasma Enhanced (PE) and CCVD. During this investigation we have 
elucidated some critical CNT synthesis parameters to achieve high density whilst also maintaining 
alignment. In addition, the formation of an effective substrate-CNT contact is essential in characterizing 
the electrical properties of these CNT arrays. Consequently, our research efforts have focused on 
developing effective catalyst systems such as an Fe/Ti bilayer and Fe on TiN, and determining their 
influence on the type and morphology of the resultant CNTs. Such insights are essential if the full 
potential of CNTs as future interconnect materials are to be realized. 

Contact e-mail: cottd@imec.be 
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A42 - Regeneration of catalyst particles in single-walled carbon nanotubes 
growth by CVD 

Vincent J. Jourdain 1, Matthieu Picher 1, Eric Anglaret 1, Marie-Faith Fiawoo 2, Annick Loiseau 2 

1 LCVN, UMR 5587 CNRS-UM2, Université Montpellier 2, 2 LEM, UMR 104 CNRS-
ONERA 

Single-walled carbon nanotubes (SWCNTs) are commonly synthesized by Catalytic Chemical Vapor 
Deposition (CCVD) using supported metal nanoparticles. A major issue in the CCVD elaboration of 
SWCNTs is the catalyst deactivation which limits the reaction yield and rate and prevents growing 
nanotubes of arbitrary length. Encapsulation of the particles by unreactive carbon is often considered as 
the main origin of catalyst deactivation. Catalyst-substrate interactions are also major causes of 
deactivation as highlighted by the growth of ultralong SWCNTs in the tip-growth mode [1].  
Different oxidative treatments have been shown to improve or preserve the catalyst reactivity. The 
addition of water vapor dramatically reduces the catalyst deactivation and enables to grow densely-
packed, millimeters-long SWCNTs with high growth rates (microns per second) for several minutes [2]. 
Zhang et al. [3] reported that the addition of oxygen during the growth promoted the growth of long and 
dense arrays of SWCNTs. Takagi et al. [4] reported that combining a pretreatment under air made a 
variety of metal nanoparticles (Au, Cu, Ag, ...) active for the growth of SWCNTs. 
Here, we report on the regeneration of catalyst particles in SWCNTs growth from ethanol after 
successive oxygen treatments. To distinguish between the origins of catalyst deactivation, we combined 
Raman spectroscopy and high-resolution transmission electron microscopy (HRTEM) to study the 
catalyst activity and structure at the different regeneration steps. SWCNTs can be regrown after 
regeneration by oxygen, demonstrating that the particle encapsulation by carbonaceous species is one 
cause of deactivation. However, the catalyst activity generally decreases after several growth-
regeneration cycles, which reveals a second and irreversible cause of deactivation. HRTEM studies 
showed that this deactivation was correlated with an important diffusion/reaction of the catalyst particles 
into/with the silicon oxide substrate from the very first growth, even at moderate temperatures. 
Interestingly, the catalyst deactivation by diffusion into the substrate was strongly dependent on the gas 
phase composition. 
 
1. Huang et al., Nano Letters, 2004. 4: p. 1025-1028. 
2. Hata et al., Science, 2004. 306: p. 1362. 
3. Zhang et al., PNAS, 2005. 102: p. 16141-16145. 
4. Takagi et al., Nano Letters, 2006. 6: p. 2642-2645. 

Contact e-mail: jourdain@lcvn.univ-montp2.fr 
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A43 - Carbon nanotubes growth in 3D substrates 

Erica F. Antunes 1, Anderson O. Lobo 2, Evaldo J. Corat 3, Vladimir J. Trava-Airoldi 4, Marcos Massi 5 

1 Instituto Tecnológico de Aeronáutica (ITA)/ Instituto Nacional de Pesquisas Espaciais 
(INPE), 2 Instituto Tecnológico de Aeronáutica (ITA), Instituto Nacional de Pesquisas 

Espaciais(INPE), 3 Instituto Nacional de Pesquisas Espaciais (INPE) 4 Instituto Nacional 
de Pesquisas Espaciais, 5 Instituto Tecnológico de Aeronáutica  

Electrochemical deposition had been used to prepare Ni, Fe and Co nanoparticles with different 
nucleation and different particle diameters for multi-walled carbon nanotubes (MWCNT) growth. The 
main advantage of electrodeposition related to other methods more commonly used for catalyst 
deposition, such as dip-coating, spin coating or e-beam evaporator is the 3D character, which allows the 
MWCNT growth on the whole surface, such as in glassy carbon or carbon felt structures.  
In this work we report the preparation of Ni catalyst films for growth of multiwalled carbon nanotubes. 
We have used an electrolytic solution of 0.01M NiSO4.6H2O and 0.01M H3BO3 in water. The 
electrochemical deposition was carried out on a two-electrode cell with a DC power supply. Carbon felt 
and glassy carbon were used as substrates for MWCNT growth. The Ni electrodeposition system was 
mounted with the substrate as working electrode and platinum as counter electrode. A distance of 1cm 
and a current density of 2mA/cm2 were established as standard.  
The samples were washed by distilled water, dried at room temperature (22oC), and then loaded into a 
microwave plasma chamber for MWCNTs deposition. The process consists in two steps: 1) nanoclusters 
formation, which was carried out during 5 min in N2/H2 plasma, at a substrate temperature around 760oC; 
and 2) MWCNT formation, which was performed by adding CH4 carbon source to the gas mixture during 
2 min, at a substrate temperature of 780oC. The reactor was kept at a pressure of 30 Torr during the whole 
process and the microwave power was 800 W. The results showed very good efficiency and homogeneity 
of MWCNT nucleation on the Ni nanoparticles, as verified by high resolution electron microscopy. 

Contact e-mail: ericafa@las.inpe.br 
 

A44 - Role of catalyst particles during CNT growth 

Albert G. Nasibulin 1, Sergey D. Shandakov 1, Anton S. Anisimov 1, David P. Brown 1, Hua Jiang 2, Peter 
V. Pikhitsa 3, Esko I. Kauppinen 1 

1 Helsinki Univeristy of Technology, 2 VTT, 3 Seoul National University 

Mechanism of the single-walled carbon nanotube (CNT) formation is studied in the aerosol (catalyst 
floating) synthesis method. On the basis of in situ sampling experiments the role of catalyst particles is 
investigated. An essential role of CO2 and H2O vapor in the formation of single-walled CNTs is 
proposed. The detailed mechanism of graphene sheet transformation during the CNT growth is discussed. 

Contact e-mail: albert.nasibulin@hut.fi 
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A45 - Growth of single-wall carbon nanotubes on substrates using Al/Fe and 
Fe thin films catalysts by CVD 

Rodrigo G. Lacerda, Blanda Donanzam, Andre S. Ferlauto, Sergio Oliveira, Braulio S. Archanjo, Luiz O. 
Ladeira 

Universidade Federal de Minas Gerais 

Single-wall wall carbon carbon nanotubes (SWCNTs) were grown on silicon substrates by thermal 
chemical vapour deposition (CVD). Iron (Fe) was chosen as the catalyst metal to promote CNT growth. 
Two different configurations were used to obtain a high yield of SWCNT. Firstly, Fe thin film (~1 nm) is 
deposited directly on the SiO2/Si substrate. Secondly, the same Fe film is deposited on Al(10nm)/SiO2/Si 
substrate.With this configuration we can analyze systematically the effect of the Al underlayer on the 
formation and yield of SWCNTs. Initially, the oxidized silicon substrates with both catalyst 
configurations were heated to 900oC in argon atmosphere. The sample was maintained at 900 oC for 10 
min with a flow mixture of methane, ethylene and hydrogen. By analyzing the results, we could observe 
that the growth performed using the Al/Fe catalyst generate a high yield of high quality single wall 
carbon nanotubes, while the CNT growth obtained by the Fe catalyst provided a low yield of a mixture of 
single wall and multiwall carbon nanotubes. In agreement with Lacerda (JAP 2004), the Al layer was 
transformed during the annealing into a nanoporous aluminum oxide layer. The Al underlayer plays an 
important role as a matrix for the adsorption of the Fe nanosized particles, avoiding the formation of 
large Fe clusters providing the suitable conditions for a high yield of SWCNT growth. 
Contact e-mail: rlacerda@fisica.ufmg.br 
 

A46 - Development of large scale production of single and double walled 
carbon nanotubes using fluidized bed reactor 

Marcio Dias Lima 1, Monica J. de Andrade 2, Carlos P. Bergmann 2, Siegmar Roth 1 

1 Max Planck Institute for Solid State Research, 2 Federal University of Rio Grande do Sul 

Great attention has been focused on Thermal Chemical Vapour Deposition (TCVD) due to its great 
potential for scale-up the synthesis of carbon nanotubes (CNTs) with powder catalysts. The main purpose 
of this work is to optimize the production of Fe-Mo/MgO Single Walled Carbon Nanotubes (SWNTs) 
and Double Walled Carbon Nanotubes (DWCNT) through TCVD. In order to that, the composition of the 
catalyst (Fe:Mo precursos ratio), the catalyst preparation route and synthesis conditions were evaluated 
(temperature, time and carbon source). Ethanol and Hexane were tested as carbon sources. Catalysts were 
produced through a Solution Combustion Synthesis technique, which allows a fast preparation of single 
or several oxides. The catalysts were tested in a convention horizontal CVD reactor and also in a large 
capacity fluidized bed CVD reactor. Iron and molybdenum oxides dispersed in magnesium oxide (MgO) 
matrix form an inexpensive CNT catalyst and the easily dissolution of the MgO in mild acids facilitates 
the purification process. In situ characterization by electrical conductivity of the catalysts were also used 
to evaluated the effect of several synthesis parameters. The diameter of the nanotubes were not 
significantly affected by the carbon source. Higher yields of SWCTs were obtained using hexane but also 
more deposition of amorphous carbon was observed. It was found that molybdenum addition in small 
amount (Fe:Mo;20) causes an increasing in the G/D ratio and yields SWCNTs, but higher amount causes 
an increase in the number of walls of CNTs and also the production of undesirable carbon nanostructures 
(nanofibers and carbon onions). 
Contact e-mail: marciodiaslima@yahoo.com.br 
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A47 - Catalyst particle and CNT size and charge distribution in CO-
ferrocene reactor 

Sergey D. Shandakov 1, Anton S. Anisimov 1, Albert G. Nasibulin 1, David Gonzalez 1, Paula Queipo 1, 
Hua Jiang 2, Esko I. Kauppinen 1 

1 Helsinki University of Technology, 2 VTT Processes 

We investigated the evolution of aerosol catalyst particle and carbon nanotube (CNT) sizes and charges 
during ferrocene vapour decomposition in an inert nitrogen and carbon monoxide atmospheres at 
different temperatures [1]. It was found the phenomenon of spontaneous charging of CNT bundles. On 
the basis of transmission electron microscopy observations and differential mobility analyser 
measurements mechanisms of catalyst particle and CNT charging is discussed.  
 
[1] Moisala, A., Nasibulin, A. G., Brown, D. P., Jiang, H., Khriachtchev, L. and Kauppinen, E. I., (2006) 
Singlewalled carbon nanotube synthesis using ferrocene and iron pentacarbonyl in a laminar flow reactor. 
Chemical Engineering Science, 61, 4393-4402. 

Contact e-mail: Sergey.Shandakov@hut.fi 
 

A48 - Synthesis and characterization of phosphorus and nitrogen doped 
multiwall carbon nanotubes 

Eduardo Cruz-Silva 1, David A. Cullen 2, Lin Gu 2, Jose Romo-Herrera 1, Emilio Munoz-
Sandoval 1, Florentino Lopez-Urias 1, David J. Smith 2, Humberto Terrones 1, Mauricio 

Terrones 1 

1 Advanced Materials Department, IPICyT, 2 School of Materials and Department of 
Physics, Arizona State University 

Carbon Nanotubes have attracted great attention of the scientific community due to their unique 
electronic and mechanical properties. Inclusion of non-carbon atoms into the graphite network, also 
known as doping, leads to different electronic and chemical properties due to variations in their electronic 
structure. In this work, multi-wall carbon nanotubes arrays were synthesized using a solution of ferrocene 
and triphenyl-phosphine on benzylamine as carbon source in a spray pyrolysis experiment. Iron 
phosphide (Fe3P) nanoparticles acted as catalyst for MWCNT growth, leading to the formation of PN-
doped Multiwall Carbon Nanotubes. Comprehensive characterization by SEM, HRTEM and STEM will 
be shown, as well as analytical information on the composition and stochiometry of the catalytic particles 
by EELS and EDX spectroscopy. Also, chemical stability is explored by means of thermogravimetric 
analysis in the presence of oxygen. 

Contact e-mail: ecruz@ipicyt.edu.mx 
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A49 - Gas sensing devices based on aligned carbon nanotubes grown by 
plasma CVD and spray pyrolysis 

Fernando L. Freire Jr., Cristiano S. Camacho, Renato B. Oliveira 

PUC-Rio 

In this work, we report an investigation on the response of a simple two-terminal gas-sensor based on 
multiwalled nitrogen doped carbon nanotubes (MWNT) grown by plasma assisted chemical vapor 
deposition (PACVD) and spray-pyrolysis. Vertically aligned MWNT were grown by dc-PACVD using as 
precursor atmosphere a mixture of ammonia and acetylene. The catalysts were nickel nanoparticle grown 
from the annealing of a nickel film deposited onto the SiO2/Si substrate. After the deposition, the films 
samples were treated by ammonia plasma before the plasma MWNT growth. Pure multi-walled CNTs 
and N-doped multi-walled CNTs were synthesized by the spray pyrolysis method. In our experiments, 
Ferrocene was dissolved in Toluene or Benzylamine. These two solutions were then pyrolyzed at around 
800oC in order to obtain two different types of tubes. The samples were characterized by transmission 
and scanning electron microscopy and Raman scattering. The detection is done by measuring changes in 
conductance response upon exposure to the gases. In this work, gasoline, carbon dioxide and ammonia 
were employed and the results show a slight dependence of the changes in the response within the 
nanotube growth method. 

Contact e-mail: lazaro@vdg.fis.puc-rio.br 
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A50 - Parametric study on the growth of carbon nanotubes and related 
nanostructures over palladium based catalysts 

Rodrigo Segura del Río, Alejandra Tello, Patricio Häberle 

Universidad Técnica Federico Santa María, Valparaíso, Chile 

The discovery of new catalysts and improved production methods remains as a current and growing field 
of carbon nanotube research. Only a few studies related to the formation of carbon nanostructures using 
Pd as catalyst have been reported. In this contribution we want to show an extensive study on 
experimental conditions in the CVD growth of carbon nanostructures using alumina-supported palladium 
as catalyst. 
Palladium nanoparticles [1] supported on alumina were prepared by the Solvated Metal Atom Dispersion 
technique (SMAD). The decomposition of acetylene was carried out in a Chemical Vapor Deposition 
apparatus (CVD) composed of a horizontal tube furnace and a set gas flow lines [2]. The catalyst, 
Pd(1%)/γ-Al2O3, was placed in a quartz boat inside the tube reactor, heated up to 800 oC and annealed in 
a Ar/H2 stream. Acetylene (40 ml/min) was then decomposed over the catalyst for 30 min. The above 
synthesis parameters are the optimum for the production of pure multiwall carbon nanotubes [3].  
In this work we will present a parametric study of experimental conditions such as ramping rate, the 
influence of hydrogen pre-treatment, the use of methane as a carbon source and varying annealing times 
of catalyst. Depending of the experimental condition carbon nanotubes, nanofibers, encapsulated 
nanoparticles or microspheres were obtained. The effects of these conditions on the morphology of final 
carbon products were mainly analyzed by Transmission Electron Microscopy.  
 
Partial funding for this work has been provided by the grant PBCT PSD-31, Chile. 
 
[1] G. Cárdenas, R. A. Segura, J. Reyes, Colloid Polym. Sci. 282 (2004) 1206. 
[2] R. A. Segura, W. Ibáñez, R. Soto, S. Hevia, P. Häberle, J. Nanosc. Nanotech. 6 (2006) 1945. 
[3] R. A. Segura, A. Tello, G. Cardenas, P. Häberle, Phys. Stat. Sol. (a) 204 (2007) 513. 
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A51 - Controlling the dimensions and cristallinity of multiwalled carbon 
nanotubes using low ethanol concentrations 

Jessica Rosaura Campos Delgado 1, Andrés R. Botello Méndez 1, Aarón Morelos Gómez 1, J. M. Romo-
Herrera 1, Ángel G. Rodríguez 2, Hugo Navarro 2, Miguel A. Vidal Borbolla 2, Humberto Terrones 1, 

Mauricio Terrones 1 

1 Instituto Potosino de Investigación Científica y Tecnológica, 2 IICO, UASLP 

Since the discovery of carbon nanotubes, a lot of research has been carried out regarding their synthesis, 
leading to the development of different techniques of production. Among these methods, the chemical 
vapor deposition (CVD) method, based on the pyrolysis of hydrocarbons over metal catalysts, is widely 
used due to its practicality and low cost.  
Common hydrocarbons used in this process are toluene, ethylene, xylene, methane, among others. So far, 
ethanol has been used in the synthesis of SWNTs [1]-[2] but its effect on the production of multiwalled 
carbon nanotubes (MWNTs) has never been studied. Important efforts have been directed to control 
nanotube dimensions and quality, previous works have been carried out to control the nanotube diameter 
by varying the catalyst quantities [3], and to improve purity of singlewalled carbon nanotubes (SWNTs) 
by adding small concentrations of water to the CVD ethylene solution [4].  
In this work, we show a systematic study of the role of ethanol during the synthesis of MWNTs using the 
spray catalytic pyrolysis of toluene and ferrocene solutions. An extensive set of experiments, in which the 
amount of ferrocene and ethanol is varied, illustrates the effects of ethanol in the synthesis of MWNTs. 
For low concentrations of ethanol (0.5 - 2.5 % by wt.) the length and diameter of the tubes change 
depending on the quantity added to the solution; while the most crystalline tubes are synthetized when 
adding 1 % by wt. EtOH to the CVD solution. It is also important to point out that for higher 
concentrations of ethanol (5 - 7.5 % by wt.) the growth of nanotubes is inhibited, enhancing the 
production of iron carbides. 
MWNTs carpets grown over quartz plates are studied by SEM, these images are used to analyze the 
statistical distribution of lengths and diameters of the produced samples. The soot material collected from 
the middle furnace section is analyzed with XRD, Raman spectroscopy and TGA. This powder is also 
used to test the dispersion of the produced MWNTs in isopropyl alcohol, being the easiest dispersed 
samples the ones with the lowest concentration of ethanol (0.5 - 1 % by wt.), suggesting the introduction 
of carboxylic groups on the nanotubes during synthesis. The present study reveals an easy way to tune 
the length and diameter of multiwalled carbon nanotubes and to improve the quality of the samples in a 
single step process without further treatments. 
 
[1] S. Maruyama, R. Kojima, Y. Miyauchi, S. Chiashi, K. Masamichi. Chem. Phys. Lett., 2002, 360, 229-
234. 
[2] F. Lupo, J.A. Rodríguez-Manzo, A. Zamudio, A.L. Elias, Y.A. Kim, T. Hayashi, M. Muramatsu, R. 
Kamalakaran, H. Terrones, M. Endo, M. Rühle, M. Terrones. Chem. Phys. Lett. 2005, 410 384-390.  
[3] T. Yamada, T. Namai, K. Hata, D.N. Futaba, K. Mizuno, J. Fan, M. Yudasaka, M. Yumura, S. Iijima. 
Nature Nanotechnology, 2006, Vol. 1, 131-136. 
[4] K. Hata, D. N. Futaba, K. Mizuno, T. Namai, M. Yumura, S. Iijima. Science, 2004, 306, 1362-1364. 
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A52 - Efficient growth of single-wall carbon nanotubes by arc discharge 

Sergio Oliveira, Jordana G. Rodrigues, Andre S. Ferlauto, Leonardo C. Campos, Rodrigo G. Lacerda, 
Luiz O. Ladeira 

Universidade Federal de Minas Gerais 

In this work we will present our efforts towards a large scale production of carbon nanotubes (CNTs) by 
arc discharge. Usually SWCNTs are grown by this method using Ni/Y as a catalyst in a He atmosphere. 
However, in spite of the great success of growing CNTs by this technique, the material obtained from arc 
discharge deposition contains a large quantity of spurious forms of carbon (~ 30%) and metal particles 
(30%) that do not participate directly on the CNT growth process. This means that the as-grow material 
has to go through a hard process of purification that sometimes can not be efficient enough to remove all 
the metal particles, especially carbides. In this sense, we have improved the growth efficient of our arc-
discharge system. By using Co/Ni catalyst we were able to reduce by 30% the amount of metal catalyst. 
That is a significant reduction which provides an as-grown arc-discharge material with small amounts of 
metal particles enabling an easier purification process. Additionally, by tuning the growth conditions we 
were able to obtain up to ~ 4g of material per deposition providing an efficient route to grow large 
amounts of CNTs by arc discharge with low concentration of metal impurities. 

Contact e-mail: sergio@fisica.ufmg.br 
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A53 - Production and Characterization of CNx/C Coaxial Nanotube 
Junctions and Networks 

Xavier N. Lepro-Chavez 1, Yadira I. Vega-Cantu 1, Fernando J. Rodriguez-Macias 1, D. Golberg 2,  
Y. Bando 2, Mauricio Terrones1 

1 IPICyT, 2 NIMS 

We describe a two-step process for the generation of coaxial nanotube heterocables consisting of nitrogen 
doped carbon nanotubes (MWNTs-CNx) encapsulated inside carbon nanotubes (MWCNT). We refer to 
these structures as CNx@CNT. The first step in the process involves the deposition of iron nanoparticles 
on MWNTs-CNx using potassium hexacyanoferrate(III), K3[Fe(CN)6] in an acidic medium. In the second 
step, toluene is pyrolyzed over these Fe coated tubes in a furnace. 
The materials obtained by this procedure were after characterized by SEM, and new carbon structures 
junctions alike were found. A further HRTEM observation shown that the nanotubes forming these 
structures were different from their MWNTs-CNx precursors: they were composed of a core done of N-
doped multiwalled carbon nanotubes wrapped by an outer shell of MWCNTs. 
Coaxial nanotubes in this arrangement were found in some cases, while in the others bundles of 
MWNTs-CNx wrapped by a MWCNT were identified, just in a similar way to cables. 
Thermogravimetric (TGA) analysis shown also two decomposition temperatures which ensure a 
composite structure achieved. To our knowledge, this is the first time that a similar structure to 
heterocables of the kind CNx@CNT is reported. 

Contact e-mail: xavier@ipicyt.edu.mx 
 

A54 – Predicting carbon nanotube growth parameters using continuum and 
atomistic approaches 

Elif Ertekin, Jeffrey C. Grossman 

UC Berkeley 

In catalyst-assisted chemical vapor deposition, carbon nanotubes are formed when a curved graphene 
island lifts off the surface of the catalyst particle on which it is growing. While this growth technique 
offers effective control over patterning and alignment, control over nanotube radius and chirality will 
remain elusive until one can better control the point at which lift-off occurs. In this contribution, we use 
continuum and atomistic approaches to model the lift-off process via the interplay between the excess 
energy required to grow a curved (and thus, necessarily defected) graphene island and the interaction 
energy between the growing island and the underlying catalyst. Lift-off of the growing island, and hence 
initiation of nanotube growth, is favored when the interactions with the catalyst can no longer offset the 
energy to grow a curved graphene island. The continuum model describes the critical island size for lift-
off as a function of the size of the underlying catalyst. The atomistic approach is a hybrid technique 
implementing quantum and classical methods to develop Monte Carlo and Kinetic Monte Carlo models 
of island formation, growth, and lift-off. 

Contact e-mail: elif@berkeley.edu 
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A55 - Growth mechanism of vertically aligned single-walled carbon 
nanotubes 

Shigeo Maruyama 

Dept. Mech. Eng., The University of Tokyo 

Following the first realization of VA-SWNTs [1] by alcohol catalytic CVD (ACCVD) method, various 
techniques are reported for the vertical aligned growth such as control of water, point-arc microwave 
plasma CVD, molecular-beam CVD, hot-filament control of atomic hydrogen, hydrogen/oxygen ratio 
control by oxygen-assisted CVD. Recently, it was revealed that VA-SWNTs by ACCVD method is 
composed of high-purity SWNTs with small bundles about 5 nanotubes through the cross-sectional TEM 
scan. The small-bundle morphology and nearly isolated electronic properties [2] of each nanotube is 
suited for various applications of VA-SWNTs. In this study, the growth mechanism of VA-SWNTs film 
is studied through the in-situ measurement of film thickness by laser absorbance [3]. The measured 
growth curves for various CVD temperature, ethanol pressure and ethanol flow rate in the alcohol CCVD 
technique are all described by a simple function with the exponential decay of growth rate, where initial 
growth rate and decay life time are parameters. The decay of growth rate was almost linearly proportional 
to the film thickness. This result implies that the catalyst metal is over-coated by carbon as the CVD 
reaction proceeds. Because the initial growth rate was almost proportional to ethanol pressure, the first 
order reaction can be assumed for the growth process. As the ethanol pressure increase, the decay time 
suddenly decreased. This phenomenon is explained by the excess rate of decomposition of ethanol 
beyond the possible over-all growth rate of the tangled film. 
 
[1] Y. Murakami et al., Chem. Phys. Lett. 385 (2004) 298. 
[2] E. Einarsson et al., submitted to J. Phys. Chem. B, (cond-mat/0702630). 
[3] S. Maruyama et al., Chem. Phys. Lett. 403 (2005) 320. 

Contact e-mail: maruyama@photon.t.u-tokyo.ac.jp 
 

A56 - Growth optimization of multiwalled carbon nanotubes forests over 
Mg-Fe thin films 

Marcio Dias Lima 1, Monica J. de Andrade 2, Siegmar Roth 3 

1 Max Planck Institute for Solid State Research, 2 Federal University of Rio Grande do 
Sul, 3 Max Planck Institute of Solid State Research 

Vertically aligned carbon nanotubes present interesting applications, such as field-emission devices, 
composites, vacuum microwave amplifiers and optoeletronics. Multiwalled carbon nanotubes were 
growth with a low-cost thermal CVD apparatus using ethylene as carbon source at atmospheric pressure. 
Evaporated thin films of Mg and Fe over silicon wafers were used as catalyst. Several parameters as pre-
reduction condition, synthesis atmosphere and substrate composition were investigated. Forests with 
height superior to 100 micrometres were produced in 20 min of synthesis. Uniform heights were 
achieved over substrate with several square centimetres. 

Contact e-mail: marciodiaslima@yahoo.com.br 
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A57 - Effects of Plasma Ion Dose and Energy on the Nanotube Growth in 
the Electron Cyclotron Resonance Plasma 

Sung-Ryul Huh, Jung-Hyun Cho, Gon-Ho Kim 

Seoul National University 

Plasma-assisted carbon nanotube (CNT) growth is favorable because of its low temperature process, 
however, the role of ion energy and dose on the growth may not be clearly understood. Energetic ions 
with a proper density contribute to the migration of carbon atoms to assemble CNT structures, achieving 
the low temperature growing process. Also it may cause the damage on the bonding of CNTs and the 
deformation of the CNTs when ion dose and energy are larger than the critical values. Consequently the 
plasma ions play an important role in the CNT growth rate and structure of CNTs. In this study, CNT 
growth experiments were carried out in the electron cyclotron resonance (ECR) plasma source and the 
substrate temperate was fixed at 600. Process gas ratio (CH4/H2) was also fixed with ratio of 1:4 and the 
total pressure was about 1 Torr. Ion dose and energy in plasma were controlled with varying the ECR 
zone and bias voltage. And then plasma properties related with ion dose and energy were observed by a 
Langmiur probe. Resonated electrons in ECR zone have more energy than the other plasmas such as DC 
or any other RF plasmas, being employed to make high density plasma. Processes with high density 
plasma, namely, processes with high ion dose caused a rapid CNT growth rate due to the increase in 
number of ions participated in the growth process as well. However amorphous carbons instead of CNTs 
were observed when dose of ions exceeded a critical value. On the other hand, the substrate bias is more 
effective to control the incident ion energy on the target so that the dose and ion energy can be controlled 
separately. It was studied that the ion bombardment related with the ion energy on the substrate 
contributed to the size of catalyst particles and deformations of grown CNTs. After considering effects of 
the plasma ion dose and energy, it was investigated what the optimal ion dose and energy are for the 
maximum growth rate without the formation of amorphous carbons and severe deformations of CNTs. 

Contact e-mail: huhryul7@snu.ac.kr 
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A58 - SabreTube: A Flexible, Low-Cost Desktop System for Chemical 
Vapor Deposition 

Anastasios John Hart, David S. Kuhn, Lucas Van Laake, Alexander H. Slocum 

Massachusetts Institute of Technology 

Growth of CNTs within laboratory-scale tube furnace has shown great promise in the production of 
CNTs. However, existing tube furnace designs limit the researcher’s ability to fully separate critical 
reaction parameters such as temperature and flow profiles, particularly where the reactant mixture 
thermally decomposes before reaching the catalyst and/or growth substrate. Additionally, the use of 
heating elements external to the reactor zone necessitates the heating of a large thermal mass, precluding 
the ability to rapidly vary the reaction temperature. Conventional tube furnace designs also preclude 
mechanical and optical access to the reactor region and the growth sites, limiting the ability to observe 
and measure the reaction in situ. 
We present our desktop CVD system, the “SabreTube”, which features resistive heating of a suspended 
platform and thereby achieves heating and cooling rates of ~100 C/s [1] with non-contact measurement 
of temperature. Further, thermal pre-treatment of the reactant mixture is decoupled from heating of the 
substrate, as the gas is passed through a heated pipe where it is rapidly treated to 1000 C or above. By 
decoupling this thermal path, we achieve a 15-fold increase in CNT growth rate, while imaging the film 
thickness and topography in situ [2]. Modular fixturing of the SabreTube, using standard optomechanical 
parts, allows the user to reconfigure the setup and place sensors in close proximity to the reaction tube; 
for example, a commercial laser displacement sensor is placed above the suspended tube and measures 
film thickness in real time with micron precision. 
 
[1] L.C. van Laake, A.J. Hart, A.H. Slocum. A Suspended Heated Silicon Platform for Rapid Thermal 
Control of Surface Reactions with Application to Carbon Nanotube Synthesis, submitted to Review of 
Scientific Instruments, 2007. 
[2] A.J. Hart, L.C. van Laake, A.H. Slocum. Desktop Growth of Carbon Nanotube Monoliths with In Situ 
Optical Imaging, Small, in press, 2007, http://dx.doi.org/10.1002/smll.200600716. 

Contact e-mail: ajhart@mit.edu 
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A59 - Tuning the diameter and areal density of aligned CNTs by engineered 
pre-treatment of the catalyst film 

Anastasios John Hart, Gilbert D. Nessim, Donato Acquaviva, Jihun Oh, Jin Kim, Carl V. Thompson 

Massachusetts Institute of Technology 

Aligned architectures of carbon nanotubes (CNTs) are sought for applications such as microelectronic 
interconnects, heat sinks, and reinforced composites. These applications will require precise control of 
the diameter, wall structure, and areal density of CNTs on substrates. Further, CNT growth by CVD from 
thin films of metal catalyst offers potential for manufacturing scalability. 
Here we demonstrate control of the diameter and areal density of vertically-aligned CNTs in a “forest”, 
simply by controlling the pre-treatment of an Al2O3-supported Fe catalyst film in atmospheric-pressure 
flows of H2 and C2H4. Starting in each case with a 1 nm Fe film, we tune the diameters of CNTs by a 
factor of two, from 14 nm (6-8 walls) to 7 nm (2-4 walls); and we tune the areal densities by more than 
an order of magnitude, from 3 x 109 to 5 x 1010 CNTs/cm2. Relationships between catalyst particle size, 
particle density, and initial growth rate are governed by the oxidation state of the catalyst and the 
reductive nature of the pre-treatment and growth atmospheres. Initial heating of the catalyst in an inert 
ambient followed by pre-treatment in C2H4 without added H2 results in accelerated and very rapid growth 
when H2 is later introduced, and we achieve a maximum forest growth rate of 400 microns per minute. 

Contact e-mail: ajhart@mit.edu 
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A60 - GIGAS GROWTH of carbon nanotubes 

Mukul Kumar, Naoto Okazaki, Takahiro Maruyama, Yoshinori Ando 

Meijo University 

Camphor (C10H16O) is shown to have an amazing efficiency of producing carbon nanotubes (CNTs) by a 
technique greatly complying with the principles of Green Chemistry. Right from the first report of CNTs 
from camphor [1], Kumar and Ando remained involved with this environment-friendly precursor and 
established the conditions of growing single-wall & multiwall nanotubes (SWNTs & MWNTs) [2], and 
vertically aligned MWNTs [3] by a simple and inexpensive CVD technique. Recently, using a zeolite 
powder as the catalyst support, we succeeded in growing MWNTs at a temperature as low as 550°C, 
whereas SWNTs could be grown at relatively high temperature [4]. Using the same materials but 
different processing, we have discovered the experimental conditions to achieve an exceptionally high 
growth of MWNTs at 650°C at atmospheric pressure. In a common academic laboratory set-up, simple 
30-min CVD of 12g camphor over Fe-Co-impregnated zeolite powder at 650°C yields 6g MWNTs of 
diameter 10 nm with an as-grown purity of 88%. Owing to the enormous CNT growth, the zeolite bed 
inflates by 1000 wt% and 5000 vol%. Camphor-to-CNT production efficiency is 50% and source carbon-
to-CNT conversion efficiency is 61%. These figures are incomparably higher than that of any CNT 
precursor by any method. Hence we call it gigas growth. It may be debatable whether the key of gigas 
growth lies in the source material -- camphor, or in the optimization of control parameters, or in both (as 
we believe); however, there is no doubt that this is a breakthrough in the utmost utilization of a carbon 
source for CNT growth.  
 
[1] M. Kumar, X. Zhao, Y. Ando, International Symposium on Nanocarbons, Nagano, Japan (2001) 
Extended Abstract 244-245.  
[2] M. Kumar, Y. Ando, Diamond and Related Materials 12 (2003) 1845-1850.  
[3] M. Kumar, Y. Ando, Chemical Physics Letters 374 (2003) 521-526.  
[4] M. Kumar, Y. Ando, Carbon 43 (2005) 533-540. 

Contact e-mail: mukul@ccmfs.meijo-u.ac.jp 



 

 56

Contributed presentations - Monday, June 25 

A61 - In situ optical characterisation of PECVD nanotube and nanofibre 
growth 

Eleanor E.B. Campbell, Martin Jönsson, Oleg A. Nerushev 

Gothenburg University 

Dc plasma-enhanced CVD growth of nanotubes and nanofibres is studied as a function of plasma power 
(3-40 W). The dependence of the nanotube/nanofibre morphology for growth on thin iron films and 
lithographically prepared individual nickel dots is investigated. In both cases, large differences in the 
morphology of the carbon nanostructures are observed as the plasma power is changed. In situ optical 
emission spectroscopy is used to obtain insight into the important parameters affecting the growth [1]. 
For Fe catalysed growth there is a crossover from aligned multiwalled nanotube growth at low plasma 
power (< 20 W) to individual carbon nanofibres at higher power. This can be related to the relative 
amount of hydrogen atoms in the plasma. 
In addition we report the results of in situ laser reflectivity measurements used to monitor the growth of 
multiwalled carbon nanotube films grown by dc PECVD from an iron catalyst film. The initial growth 
rate is high (as much as 10 µm per minute) and then drops off rapidly to reach a steady level (2 µm per 
minute) for times beyond 1 minute. We show that a limiting factor for growing thick films of MWNT 
using PECVD can be the formation of a thin amorphous carbon layer at the top of the growing nanotubes. 
In situ reflectivity measurements provide a convenient technique for detecting the onset of the growth of 
this layer. 
 
[1] M. Jonsson, O.A. Nerushev, E.E.B. Campbell, Appl. Phys. A, in press 
[2] M. Jonsson, O.A: Nerushev, E.E.B. Campbell, submitted 

Contact e-mail: eleanor.campbell@physics.gu.se 
 

A62 - Laser direct writing carbon nanotube arrays on transparent substrates 

Zhuo Chen, Yang Wei, Chunxiang Luo, Kaili Jiang, Jiancun Gao, Lina Zhang, Qunqing Li, Shoushan 
Fan 

Tsinghua University 

The authors report the synthesis of multiwalled carbon nanotubes on transparent substrates by utilizing a 
diode laser to locally heat the catalysts to high temperature instead of a huge chemical vapor deposition 
furnace. Wellaligned bamboo-shaped multiwalled carbon nanotubes can be synthesized on glass substrate 
covered with a carbon black layer. If the carbon black was substituted by the commercial graphite inner 
coating, randomly oriented but high quality multiwalled carbon nanotubes were obtained with excellent 
field emission performance. This laser direct writing approach enables the direct position-controlled 
synthesis of carbon nanotubes on low melting point transparent substrates, which facilitate the fabrication 
of carbon nanotube field emitters for flat panel displays without limitations on the geometry size and 
temperature requirement of the substrate. 

Contact e-mail: chen-z04@mails.tsinghua.edu.cn 
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A63 - CNT production by use of high temperature thermal plasma 

Bodil E. Monsen 1, Roar Jensen 2, Eli Ringdalen 2, Ola Raaness 2, Andreas Westermoen 2,  
Jon Arne Bakken 3 

1 SINTEF Materials and Chemistry, 2 SINTEF, 3 NTNU 

SINTEF has designed and built a high temperature plasma reactor for the production of CNT (Carbon 
nanotubes) on a pilot scale, the PPM-reactor. The method and reactor is patented. This method is 
believed to be efficient for production of straight CNT at a high production rate and with a low density of 
defects. 
In the PPM-reactor the vertical distance between the cathode and the hollow anode can be varied 0 – 25 
cm in the present setup, typically 10 cm. The arc burning between these electrodes is rotated by the 
externally applied magnetic field controlled by magnet coils. Rotation of the arc provides a voluminous 
thermal plasma. Carbon feedstock, plasma gas, as well as catalysts can be introduced through lances at 
the top of the reactor. The anode is provided with holes allowing recirculation of the plasma gas, giving 
carbon particles or gaseous carbon compounds a second chance to pass through the plasma region, and 
thus give a more complete evaporation or dissociation of the carbon containing feedstock. On the way out 
of the reactor the gas passes a cooler and a filter. 
Experiments have been carried out typically at a pressure of 0.6 bara using He as plasma gas and with 
methane CH4 as carbon feedstock. The arc current have been varied 300-900 A, and the power 65-155 
kW. In most of these experiments the temperature on the reactor walls was around 2000 oC. In the 
voluminous thermal plasma region the temperature is estimated to be around 5000-20000 oC. At once 
methane is introduced into the reactor it cracks to carbon and hydrogen. The carbon containing gas 
recirculates in the reactor and the carbon condenses on the “cold” anode walls as multiple wall nanotubes 
(MWNT) in variable amounts, depending on the process conditions. These are scraped off the anode 
inside. Carbon collected in the filter has a high concentration of CNT, with typically average diameter in 
the range 12-16 nm. When catalyst is added, single wall nanotubes (SWNT) are also produced. 
The CNT produced are straight with an apparently low density of defects. Several of the desired 
attractive properties gained by using CNT are dependant on CNT quality and CNT structures in possess 
of a low density of defects on an atomic level are in demand. The developed technique and equipment for 
CNT production are promising, and the work to develop the process further will continue. 

Contact e-mail: bodil.monsen@sintef.no 
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A64 - Selective area growth of carbon nanotube on SiC(000-1) using Ti 
mask pattern 

Yoko Hozumi 1, Yo Yamamoto 2, Midori Mori 1, Takahiro Maruyama 1, Shigeya Naritsuka 1, Michiko 
Kusunoki 3 

1 Dept. of Materials Science & Engineering, Meijo Univ., 2 Meijo Univ. 21st CENTURY 
COE program “Nano Factory”, 3 Japan Fine Ceramics Center 

It has been reported that zigzag type of Carbon Nanotubes (CNTs) selectively grow up after annealing 
6HSiC(000-1) substrate in a vacuum [1]. In this growth technique, carbon nanocaps are formed on the 
SiC surface at first [2], then CNTs gradually grow into SiC substrate during annealing. Therefore, CNT 
position can be controlled using mask patterning technique. However, in this CNT growth, the growth 
temperature is too high (>1300 oC) to apply conventional mask materials, such as SiO2 or SiN, so it has 
been difficult to realize selective area growth of CNTs. To avoid this problem, we have been applying Ti, 
high melting point metal, for a mask material [3]. In this study, we carried out selective area growth of 
CNT using Ti mask by optimizing the mask and growth conditions. 
After fabrication of Ti mask pattern (100 nm in thickness) with equal line/space (20 mm period) on 
6HSiC(000-1) substrates by a conventional lift-off technique, the substrates were annealed at 1500 oC for 
30 min in a vacuum electric furnace. Then, the samples were characterized by scanning electron 
miscroscopy (SEM), X-ray photoelectron spectroscopy (XPS), micro-Raman spectroscopy and 
transmission electron microscopy (TEM). 
SEM observation showed that Ti mask pattern was maintained even after annealing, although the surface 
roughness of the mask was rather increased. XPS spectra also showed that most of Ti mask remained on 
the substrate surface after annealing. These showed that Ti mask can withstand annealing up to 1500 oC 
within 30 min. After annealing, G band appeared on the open area among the Ti mask by the Raman 
measurement and the growth of CNTs of 50 nm in length was confirmed by TEM observation. In 
addition, no decomposition of SiC was observed in the underlayer of Ti mask from TEM images, 
indicating that Ti mask can suppress CNT growth. These results show that Ti mask is useful to realize 
selective-area growth of CNTs. 
 
[1] M. Kusunoki et al., Appl. Phys. Lett. 77 (2000) 531. 
[2] T. Maruyama et al., Chem. Phys. Lett. 423 (2006) 317. 
[3] Y. Hozumi et al., NT06, B006, Nagano, Japan (2006). 

Contact e-mail: m0634042@ccmailg.meijo-u.ac.jp 



 

 59

Contributed presentations - Monday, June 25 

A65 - Synthesis of Carbon Nanotubes by Laser ablation 

Alexandre Lago 1, Roberto Marchiori 1, Leonardo A. Biasi , Roberto Binder 1 2, Aloisio N. Klein 1 

1 Universidade Federal de Santa Catarina, 2 EMBRACO 

We report the synthesis of Carbon Nanotubes by laser ablation of a graphite target, in a 1300K oven. In 
our experiment, we have synthesized carbon nanotubes by ablating a graphitic target that contains few 
percent of Ni and Co particles. We ablate the target with a 200 us Nd:YAG laser pulse, focused at the 
target surface. The first part of the laser pulse induces the vaporization of the target, generating carbon 
atoms, clusters and very small particles of graphite, together with the metal vapor. The second part of the 
pulse is absorbed by the generated plume increasing the amount of carbon atoms by dissociating the 
graphite particles and carbon clusters. 
As the plasma jet expands and travels inside the oven, it condenses and carbon nanotubes are synthesized 
by a self assembly process. After traveling about 50cm inside the oven, the carbon nanotubes condensates 
at the refrigerated Si collector, and at other cold parts of the system. 
Raman spectroscopy showed that a very large fraction of this deposit consists of semiconductor, single 
wall carbon nanotubes, with diameter of about 1.35 nm. 

Contact e-mail: a.lago@emc.ufsc.br 
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A66 - A novel apprpach towards purity control of arc generated carbon 
nanotubes 

Soumen Karmakar 1, Naveen V. Kulkarni 2, Vasant G. Sathe 3, Arvind K. Srivastava 3, Manish Shinde 4, 
Sudha V. Bhoraskar 5, Asoka K. Das 6 

1 Department of Physics, University of Pune, Pune 411007, India, 2 UGC-DAE 
Corsortium for Scientific Research, University Campus, Khandwa Road, Indore 452017, 

India, 3 Cynchrotron utilization Division, Centre for Advanced Technology, Indore 
452013, India, 4 Centre for Materials for Electronics Technology, Pune 411008, India,  

5 Laser & Plasma Technology Division, Bhabha Atomic Research Centre, Mumbai 
400085, India 

An attempt is made to understand the focusing electric field induced changes in the composition of arc-
generated cathode-deposit, often called as the storehouse of carbon nanotubes (CNTs). Using mass-
measurement, Raman spectroscopy and transmission electron microscopy, we show that relative purity 
and quantity of carbon nanotubes within the cathode deposit is tunable by controlling the focusing 
electric field. It is inferred that such a modified reactor at the optimized conditions achieves bulk-
productivity of highly pure CNTs extirpating the process inherited loss of feedstock material that diffuses 
out of the plasma zone and deposits on the reactor chamber wall in the form of amorphous carbon and/ 
fullerenes. We observe that a focusing voltage of 400V for the used electrodes configuration creates an 
environment conducive to optimized purity and yield of the as-synthesized nanotubes. We conclude that 
guding the positively charged carbon precursors towards the cathode with the help of an appropriate 
external electric field, a stuation can be arrived, at which both the purity and yield of as synthesized 
CNTs are maximized. 

Contact e-mail: soumen@physics.unipune.ernet.in 
 
 



 

 

 

 

 

 

 

CONTRIBUTED ABSTRACTS 
 

POSTER SESSION  B 
 

JUNE 25 (Monday) 
 

 

 

 

 

 

 

 

 

 

 





 

 61

Contributed presentations - Monday, June 25 

B01 - High Catalytic Activity of Multi-Walled Carbon Nanotubes 
Incorporated in Layer-by-layer films 

José R. Siqueira Jr., Valtencir Zucolotto, Frank N. Crespilho, Osvaldo N. Oliveira Jr. 

Instituto de Física de São Carlos, Universidade de São Paulo, Brazil 

Carbon nanotubes incorporated in polymeric matrices have been widely exploited in nanostructured films 
to exploit their unique electrical and electrochemical properties. A limitation to be overcome in this 
approach, though, is that the film preparation requires surface treatment of the nanotubes that may have 
their electrochemical and electrical properties affected. In this context, the layer-by-layer (LbL) technique 
has been an ideal choice to prepare films with architecture-controlled multilayers. The main advantage is 
the synergy between composite components due to the intimate contact within the multilayers. In this 
study we describe the fabrication and electrochemical characterization of LbL films combining layers of 
nickel tetrasulfonated metallophthalocyanine (NiTsPc) and polyamidoamine-PAMAM-incorporating 
multi-walled carbon nanotubes (PAMAM-NT). The assembly of the PAMAM/NiTsPc and PAMAM-
NT/NiTsPc LbL films was monitored via UV-vis spectroscopy and with atomic force microscopy (AFM) 
images. Infrared spectroscopy pointed to a strong interaction between - NH3+ terminal groups from 
PAMAM and -SO3- from NiTsPc. Cyclic voltammograms showed a well-defined electroactivity (redox 
pair at 0.84 V and 0.87 V), reversibility, charge-transfer controlled process, high stability and a high 
sensitivity and electrocatalytic activity toward dopamine (DA), ranging from 1.0 x 10-5 mol L-1 to 4.0 x 
10-5 mol L-1, for both LbL films. Furthermore, the presence of carbon nanotubes (PAMAM-NT/NiTsPc 
film) caused a significant change in DA detection, in comparison to PAMAM/NiTsPc films, as the 
oxidation potential for DA was reduced from 0.72 V to 0.65 V. In other words, the composite carbon 
nanotube-NiTsPc immobilized in multilayers enhanced the catalytic activity for DA. 

Contact e-mail: junior@ifsc.usp.br 
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B02 - A Versatile Plasma Tool for the Synthesis of Carbon Nanotubes and 
Few-Layer Graphene Sheets 

Alexander Malesevic 1, Annick Vanhulsel 1, Chris Van Haesendonck 2 

1 VITO Materials, Flemish Institute of Technological Research, 2 Laboratory of Solid-
State Physics and Magnetism, Katholieke Universiteit Leuven 

Microwave plasma-enhanced chemical vapor deposition (PECVD) is a versatile tool for the synthesis of 
carbon nanotubes (CNTs) and few-layer graphene sheets. Nickel particles, deposited on silicon oxide 
substrates, catalyze the growth of CNTs according to the tip growth mechanism. When the catalyst gets 
saturated by abundant carbon, the growth of CNTs stops and the remaining carbon radicals are inserted at 
the sidewalls and tips of the CNTs, forming graphene sheets, implying the catalyst condition induces a 
switch from growth of CNTs to growth of graphene. The graphene sheets are stacked together forming 
thin graphite flakes, only a few atomic layers thick but up to several micrometers wide. The important 
role of the catalyst in determining the geometry of the as grown carbon nanostructures, either tubular 
CNTs or plain graphene sheets, during experiments with identical process parameters, is demonstrated by 
the synthesis of few-layer graphene sheets on various substrates without the presence of a metallic 
catalyst. The formation of freestanding few-layer graphene sheets is monitored by in situ optical emission 
spectroscopy and related to an extensive analysis study by Raman spectroscopy, electron microscopy, x-
ray diffraction and x-ray photoelectron spectroscopy. Individual few-layer graphene sheets were 
ultrasonically dispersed in ethanol and imaged with scanning tunneling microscopy. Field emission 
experiments of few-layer graphene sheets grown directly on titanium substrates show low turn-on 
voltages which are promising results for potential applications. 

Contact e-mail: alexander.malesevic@vito.be 
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B03 - Imogolite Nanotubes 

Hélio A. Duarte 1, Luciana Guimarães 2, Andrey N. Enyashin 3, Thomas Heine 4, Gotthard Seifert 4 

1 Universidade Federal de Minas Gerais, 2 Departamento de Química - UFMG, Brazil,  
3 Institute of Solid State chemistry, Ekaterinburg, Russia and Technische Universität - 

Dresden, Germany, 4 Technische Universität - Dresden, Germany 

The aluminosilicate mineral imogolite is composed of nanotubes, naturally occurring in soils of volcanic 
origin with a stoichiometry of (HO)3Al2O3SiOH. The main feature of these tubes is their 
monodispersiveness, which makes them unique compared to all other presently known types of 
nanotubes and attractive for the design of nanomaterials with well-defined physicochemical properties. 
Internal and external hydroxy groups offer interesting applications as proton conductors or catalysts. 
We calculated structure, stability, electronic and mechanical properties of imogolite nanotubes using the 
density-functional based tight-binding method (DFTB). Zigzag (8,0)...(25,0) and armchair (5,5)...(14,14) 
imogolite tubes with diameters ranging from 14 to 40 Å have been studied. The highest stability of all 
studied imogolite tubes has (12,0) chirality, in contrast to conventional nanotubes the stability decreases 
for larger radii. This is in full agreement with experimental data, as shown by comparison with the 
simulated XRD spectrum. The Young’s moduli of imogolite nanotubes are about 240 GPa, similar to 
those of other inorganic nanotubes (MoS2, GaS, chrysotile). An analysis of the electronic densities of 
states shows that all imogolite tubes, independent on their chirality and size, are insulators with a band 
gap of ~ 10 eV. 
Acknowledgement: PROBRAL (CAPES/DAAD) 

Contact e-mail: duarteh@ufmg.br 
 

B04 - Efficient Formation of Carbon Nanowalls Using Helicon Wave 
Plasmas 

Toshiro Kaneko, Tetsuharu Morio, Toshiaki Kato, Rikizo Hatakeyama 

Department of Electronic Engineering, Tohoku University 

The efficient formation of carbon nanowalls is investigated using helicon-wave plasmas [1,2]. The 
highest growth speed (250 ~ 300 nm/min) of the carbon nanowalls is realized owing to distinct qualities 
of the heliconwave plasmas, such as a high density and high degree of disassociation even in the range of 
low gas-pressure. Furthermore, the correlation between the formation of the carbon nanowalls and the ion 
flux irradiated to a growth substrate is clarified through the experiment in the plasma production region, 
and as a result of the ion-flux control, the carbon nanowalls are successfully formed at the lowest 
substrate temperature of about 400 oC. On the other hand, effects of ion-energy and -flux on the growth 
of the carbon nanowalls are studied with the precisely controlled helicon-wave plasmas in the plasma 
diffusion region. A clear threshold of ion-energy for the growth of the carbon nanowalls is found to exist 
around 80 eV. Interestingly, an obvious formation transition from the carbon nanowalls to carbon 
nanotubes is also observed with an increase in the energy of ions coming into the substrate. 
 
[1] G. Sato, W. Oohara, and R. Hatakeyama: Appl. Phys. Lett. 85 (2005) 4007. 
[2] G. Sato, T. Morio, T. Kato, and R. Hatakeyama: Jpn. J. Appl. Phys. 45 (2006) 5210. 

Contact e-mail: kaneko@ecei.tohoku.ac.jp 
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B05 - Optically Active Single-Walled Carbon Nanotubes 

Naoki Komatsu 1, Xiaobin Peng 1, Sumanta Bhattacharya 1, Takanori Shimawaki 1, Shuji Aonuma 2, 
Takahide Kimura 1, Atsuhiro Osuka 3 

1 Shiga University of Medical Science, 2 Osaka Electro-Communication University, 
3Kyoto University 

The optical, electrical and mechanical properties of single-walled carbon nanotubes (SWNTs) are largely 
determined by their structures, and the bulk availability of uniform materials is vital for extending their 
technological applications. Since they were first prepared, much effort has been directed toward selective 
synthesis and separation of SWNTs with specific structures such as diameter, length and chirality. Little 
attention, however, has been paid to another important feature, namely the optical isomers that arise from 
the spiral alignment (either left- or right-handed) of the hexagonal carbon rings along the nanotube axis 
in chiral SWNTs. Although their optical properties have been predicted theoretically, optical activity 
originating solely from carbon nanotubes has not been reported so far. 
Here, we report, for the first time, the preparation of optically active SWNTs that show a pair of opposite 
and symmetrical CD spectra, which is intrinsic to the SWNTs. In this process, ‘chiral nano-tweezers’ 
comprising meta-phenylene-bridged zinc(II) diporphyrins are used to extract and enrich nanotubes of a 
single mirror image form for each chiral index. In the extraction, the ‘chiral nano-tweezers’ recognize the 
helical (left- and righthanded) structures of SWNTs to form complex with either one of the helicities 
preferentially and dissolve it into liquid phase. A remarkable advantage of the present method is the easy 
and complete removal of the tweezers from the complexes, enabling recovery of pristine SWNTs free 
from the dispersing material. Other methods that use molecules such as DNA or other surfactants tend to 
have difficulties in this removal phase. 

Contact e-mail: nkomatsu@belle.shiga-med.ac.jp 
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B06 - Growth of Novel Architectures with Aligned Nanotubes using 
Controlled Micro-patterning of Si Substrates by Electrochemical Methods 

Emilio Muñoz-Sandoval 1 Emilio Muñoz-Sandoval 2,Vivechana Agarwal 3, José Escorcia-García 3, 
Daniel Ramirez-Gonzalez 2, María M. Martinez-Mondragon 2, Eduardo Cruz-Silva 2, David Meneses-

Rodríguez 2, Julio A. Rodríguez-Manzo 2, Humberto Terrones 2, Mauricio Terrones 2 

1 Advenced Materials Department IPICYT, 2 Advanced Materials Department, IPICyT,  
3 Centro de Investigación en Ingeniería y Ciencias Aplicadas. UAEM 

The fabrication and characterization of different micro-morphologies of aligned multi-walled nitrogen 
doped carbon nanotubes is described. These micro-morphologies grown on self-assembled micro-islands, 
pre-patterned on porous silicon substrates using electrochemical etching. This etching method results in 
the formation of different types of uniform ring-shaped SiOx micro-patterns on the PS substrates, which 
are formed by the action of hydrogen bubbles on the PS during the electrochemical process. After 
thermolyzing benzylamine/toluene/ferrocene solutions at 800°C in an Argon atmosphere over these 
etched substrates, we obtained different microstructures resembling: flowers, volcanoes, cactuses and 
cakes; all consisting of aligned carbon nanotubes grown on the PS substrate. We obtained different 
nanotube arrays using specific etching conditions of the PS substrates. Based on our observations, we 
propose a possible growth scenario for these fascinating nanotube architectures. 

Contact e-mail: ems@titan.ipicyt.edu.mx 
 

B07 - Synthesis of carbon “nano” filaments using CuNi as a catalyst. 
Influence of the support on their morphology and characteristics 

Matthieu Houlle, Julien Amadou, Adrien Deneuve, Dominique Begin, Cuong Pham-Huu 

LMSPC - UMR 7515 CNRS/ULP - Strasbourg - France 

Since their discovery in the last century, 1D carbon nanomaterials have received great interest because of 
their high aspect ratio and their unique physicochemical properties. Their synthesis via catalyzed 
chemical vapor deposition is more and more studied and it has been settled that the nature of the 
nanofilament is closely linked to the metal catalyst. Both nanotubes and nanofibers thank to their peculiar 
morphologies and characteristics possess various applications (such as nanomaterials for reinforcement, 
catalysts or supports for catalysis and nanoreactor). 
Here, we report the influence of a Cu-Ni catalyst on the morphology and characteristics of the as-
synthesized carbon nanofibers. The different carbon nanofilaments were synthesized using a well-known 
CVD technique, by decomposition of ethane on a Cu-Ni catalyst supported on graphite felt, Yttrium 
Stabilized Zirconia (YSZ) plate or Si wafer. The Cu and Ni phases were deposited on the support using 
an incipient wetness impregnation method. After calcination and reduction of the catalyst, the synthesis 
was performed at 700°C in a mixture of ethane and hydrogen. Yields, morphologies and intrinsic 
characteristics of the as-synthesized carbon nanofilaments have been investigated using TEM, SEM, 
BET, and TPO. The synthesized carbon nanofilaments diameter ranged from 10 nm to up to 1 µm, with 
specific surface area up to 400 m2/g, which is one of the highest specific surface area for 1D materials 
with diameter up to micro meter. 

Contact e-mail: matthieu.houlle@ulp.u-strasbg.fr 
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B08 - Pyrolysis of thiophene and nickelocene as a Y-junctions synthesis 
method: temperature gradients, thiophene amount and nickel effect. 

Jose M. Romo-Herrera 1, D. Cullen 2, E. Cruz 1, H. Terrones 1, D. Smith 2, M. Terrones 1 

1 IPICyT, 2 ASU 

Since CNTs Y-junctions were theoretically proposed [1], there have been reported different synthesis 
methods to produce them, motivated by their potential electronic properties as nanodevices. Nevertheless, 
each method yield totally different structure of the Y-junctions obtained. Outstanding, due to their 
reported higher yield of such nanostructures, are the pyrolysis of methane over cobalt supported on 
magnesium oxide [2] and the pyrolysis of nickelocene along with thiophene [3]. 
The present work has taken the pyrolysis of nickelocene with thiophene method [3] and systematically 
analysed the different type of products obtained along the different temperature conditions included at 
different zones of the experimental device. We have also modified the amount of thiophene in the 
reaction, obtaining drastic changes in the morphology of the products obtained. Even more, we explored 
the difference of using ferrocene instead of nickelocene in the experiment. 
Along with the different type of nanostructures obtained at different temperature regions, it is remarkable 
the obtention of five different types of covalent Y-junctions when different experimental conditions are 
applied (amount of thiophene or type of catalyst), from Y-junctions with arms of micrometers in 
diameter, Y-junctions of cone-stacked carbon cylinders to perfect multi-walled CNTs Y-junctions. 
 
[1] Scuceria G.E. CPL, 195: 534-536 (1992). Chernozatonskii L. Phys.Lett. A 172: 177-176 (1992). 
[2] Li W.Z., et.al. APL, 79 (12): 1879-1881 (2001). 
[3] Satishkumar B.C., et.al. APL, 77 (16): 2530-2532 (2000). Deepak F.L., et.al. CPL, 345: 5-10 (2001). 

Contact e-mail: jmanuel@ipicyt.edu.mx 
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B09 - SWCNT interference devices: Synthesis and electronic properties of 
Y-junction rings and heterojunctions 

Daniel Grimm 1, Andrea Latge 2, Pedro Venezuela 2, Mauricio Terrones 3 

1 IFW Dresden, 2 Instituto de Física, Universidade Federal Fluminense, 24210-340, 
Niterói-RJ, Brazil, 3 Advanced Materials Department, IPICYT, Camino a la Presa San 

José 2055, 78216 San Luis Potosí, SLP, México 

Molecular nanostructures such as single wall carbon nanotubes (SWCNT) are a promise candidate for 
prospective nano-scale electronic devices. A variety of geometrical shapes, like junctions, quantum dots 
and crossing objects are needed for a successful incorporation into the devices. Recently we reported on 
the realization of double-slit interferometers made purely of single walled carbon nanotubes [1]. We state 
the first time observation of such a ring-like structure naturally connected to nanotube leads using 
transmission electron microscopy. An in situ investigation of a merging process of the asymmetric ring 
into a symmetric one is presented, employing electron beam irradiation at high-temperatures of 800°C. 
The electronic properties of the systems are studied using Monte Carlo simulations and environment 
dependent tight binding calculations adopting real-space Greens function formalisms. We address the 
possibility of formation and dispersion of standing waves inside the ring and define the associated wave 
numbers. We compare these results with the properties of heterojunctions, a similar 1-D structure. In both 
systems, we are able to define a quantum dot behaviour with subsequent quadratic dispersion of the 
standing waves. The dispersion properties are remarkably independent of the junction area atomic 
geometry and are basically identical for both systems. This raises the possibility of using both systems as 
nanoscale tuneable electronic switching devices. 
However, we observe only in the Y-junction ring region localized density of states peaks near the Fermi 
level, which are identified as interference effects of the ring like interferometer. Moreover, we could 
distinguish the aperture of conductance channels by defect induced tunnelling and the usual transport 
reduction as well as suppression due to quantum interference processes of counter-propagating electron 
waves. 
 
[1] “Tailor-made Single Wall Carbon Nanotube Double-Slit Interferometers”, D. Grimm, P. Venezuela, 
F. Banhart, N. Grobert, H. Terrones, P. M. Ajayan, M. Terrones, and A. Latge, submitted to Small 

Contact e-mail: internet@ticoloco.de 
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B10 - In-situ growth of single- and multi-walled carbon nanotubes under 
high resolution transmission electron microscopy 

Mauricio Terrones 1, Julio Alejandro Rodriguez-Manzo 1, Humberto Terrones 1, Litao Sun 2, Harold W. 
Kroto 3, Florian Banhart 2 

1 IPICyT, 2 Univeristy of Mainz, 3 Univeristy of Florida 

The growth of carbon nanotubes with desired chiralities and diameters is the most important challenge in 
nanotube science. We report the formation of carbon nanotubes in an entirely condensed phase process 
which allows us, for the first time, to monitor the nucleation of a nanotube on the spherical surface of a 
metal particle. When multi-wall carbon nanotubes containing metal particle cores are electron irradiated, 
carbon from graphitic shells surrounding the metal particles is ingested into the body of the particle and 
subsequently emerges as single- or multi-wall nanotubes inside the host nanotubes. These observations at 
atomic resolution in an electron microscope show conclusively nanotube formation involving bulk 
diffusion of carbon through the body of catalytic particles. 
 
Reference 
1. J. A. Rodríguez-Manzo, M. Terrones, H. Terrones, H.W. Kroto, L. Sun, F. Banhart. Nature 
Nanotechnology (2007), in press. 

Contact e-mail: mterrones@ipicyt.edu.mx 
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B11 - In vitro Photo-Dynamic Therapy study of a new 
C60/polyvinylpyrrolidone photosensitizer against Leishmania sp 

Renata C. C. de Souza, Gilvana G. G. de Souza, Lucas A. M. Ferreira, Ana Paula S. M. Fernandes, Luiz 
O. Ladeira, Klaus Krambrock, Maurício V. B. Pinheiro 

Universidade Federal de Minas Gerais 

Due to their unique photo-physical and photochemical properties [1], the fullerenes are excellent 
candidates for photosensitizers in Photo-Dynamic Therapy (PDT). However, because of their low 
solubility in water, the fullerenes must be modified for this purpose. Several methods for obtaining 
fullerene derivatives that are soluble in water have being intensively investigated, mainly because their 
vast range of potential biomedical applications [2]. One of the simplest method to obtain aqueous 
solutions with fullerenes is by non-covalent binding with polymers like the polyvinylpyrrolidone (PVP) 
[3]. In this work we studied the photodynamic lethality of a fullerene (C60), solubilized in water with PVP 
and under UVA illumination, in cultures of Leishmania sp., the microorganism responsible for the 
cutaneous and visceral tropical disease known as leishmaniosis. The fullerenes used in this study were 
synthetized by the arc discharge technique and soxhlet extracted from the soot [3]. The complex 
fullerene/PVP was obtained after a modification of the method reported in [4]. To evaluate the anti-
leishmanial activity of fullerene, 106 promastigotes of different Leishmania species were cultivated in 24 
wells plates in Schneider medium supplemented with calf serum. After 24h of growth, a fullerene/PVP 
solution was added to cultures in different concentrations. The cultures were then exposed to UV light 
(366 nm) for 10 min. and incubated for additional 24hs or 48hs, when parasites were quantified to 
determinate the percentage of growth inhibition. Preliminary results demonstrated that the fullerene/PVP 
solution is highly active against all the Leishmania species tested, which are etiological agents of 
cutaneous leishmaniasis. Although further studies are required, these results suggest that Fullerene may 
be a simple and low cost alternative treatment for this illness. 
 
[1] Arbogast J.W.; Darmanyan A.P.; Foote C.S.; Rubin Y.; Diederich F.N.; Alvarez M.M.; Anz S.J. and 
Whetten R.L., J. Phys. Chem. 1991, 95, 11-12. 
[2] Nakamura E. and Isobe H., Accounts of Chemical Research., 2003, 36, 807-815. 
[3] Alves G.C.; Ladeira L.O.; Righi A.; Krambrock K.; Calado H.D.; Gil R.P. de F. and Pinheiro M.V.B., 
J. Braz. Chem. Soc., 2006, 17, 1187-1191. 
[4] Yamakoshi Y.; Umezawa N.; Ryu A., Arakane K.; Miyata N.; Goda Y.; Masumizu T.; Nagano T. J., 
Am. Chem. Soc. 2003, 125, 12803-12809. 

Contact e-mail: renataceli@hotmail.com 
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B12 - “Single-beam pumped” Coherent anti-Stokes Raman Scattering 

Serge R. Lefrant 

University of Nantes 

Giant optical fields locally generated in nanoscale metal structures through the local excitation of surface 
plasmons underlie a variety of nonlinear optical processes. Metallic particles of 5-100 nm size as well as 
metallic film with a roughness type structure in the range of 10-100 nm are convenient supports to 
confine the electromagnetic energy in subwavelength-sized regions. Using silver and gold, reproducible 
enhancements of the Raman signal of the order of 102 - 104 on various polymeric and semiconducting 
materials including carbon nanotubes, have been demonstrated. 
An abnormal anti-Stokes Raman emission, reminiscent of Coherent anti-Stokes Raman Scattering 
(CARS), is accurately observed on nanometric thin film on different materials such as copper 
phthalocyanine, poly(bithiophene), carbon nanotubes, etc. Restricting our attention to the single-walled 
and double -walled carbon nanotubes, we demonstrate that under a tight-focusing of the excitation light, a 
CARS emission, resulting from a wave mixing process between the incident laser light (ωl) and Stokes 
Raman light (ωs) generated by a Surface Enhanced Raman Scattering (SERS) mechanism, is produced. 
The results which corroborate the CARS emission are the following: i) a square relation between the 
CARS signal intensity and the film thickness; ii) a square relationship between the CARS signal intensity 
and the exciting laser intensity; iii) a dependence of the CARS intensity on the numerical aperture (NA) 
of the microscope objective used for the detection of the anti-Stokes emission; iv) a polarization ratio in 
the anti-Stokes side always greater in comparison with that measured for a spontaneous Stokes Raman 
emission. 
Contact e-mail: serge.lefrant@cnrs-imn.fr 
 

B13 - Kohn anomalies and non-adiabaticities in doped carbon nanotubes 

A. Marco Saitta, Nicolas Caudal, Michele Lazzeri, Francesco Mauri 

Université Pierre et Marie Curie-Paris 6 

The high-frequency Raman-active phonon modes of metallic single-walled carbon nanotubes (SWNTs) 
are thought to be characterized by Kohn anomalies (KAs), which are expected to be modified by the 
doping-induced tuning of the Fermi energy level εF, obtained through the intercalation of SWNTs with 
alkali atoms or by the application of a gate potential.We present a Density-Functional Theory (DFT) 
study of the phonon properties of a (9,9) metallic SWNT as a function of electronic doping. For such 
study, we use, as in standard DFT calculations of vibrational properties, the Born-Oppenheimer (BO) 
approximation. We also develop an analytical model capable of reproducing and interpreting our DFT 
results. Both DFT calculations and this model predict, for increasing doping levels, a series of EPC-
induced KAs in the vibrational mode parallel to the tube axis at the Γ point of the Brillouin zone, usually 
indicated in Raman spectroscopy as the G- peak. Such KAs would arise each time a new conduction band 
is populated. However, we show that they are an artifact of the BO approximation. The inclusion of non-
adiabatic (NA) effects dramatically affects the results, predicting KAs at Γ only when εF is close to a 
band crossing EX. For each band crossing a double KA occurs for εF = EX hbar\omega2, where ~! is the 
phonon energy. In particular, for a 1.2 nm metallic nanotube, we predict a KA to occur in the so-called G- 
peak at a doping level of about N_{el}/C=\pm 0.0015 atom (εF  ~0:1 eV). Furthermore, we predict that 
the Raman linewidth of the G- peak significantly decreases for εF |geq \hbar\omega/2. 
Contact e-mail: marco.saitta@impmc.jussieu.fr 
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B14 - Optical properties and Resonant Raman response of SWNTs : Non-
Orthogonal Tight Binding Model and isolated identified tubes. 

Luc Henrard 1, Thierry Michel 2, Matthieu Paillet 2, J. Meyer 3, Valentin N. Popov 1, Jean-Louis Sauvajol2 

1 University of Namur, 2 University of Montpellier, 3 Max Planck Institute for Solid State Research, 
Stuttgart 

The optical properties and the electronic structures of SWNTs have been studied by different techniques 
in the last years: Resonant Raman Spectroscopy, Photoluminescence, Scanning Tunnelling Spectroscopy. 
It is now well understood that the excitonic effects play a major role in the interpretation of the 
experimental data. However, a precise description of the excitonic (and other correlation) effects is still 
under investigation. In this communication, we compare our Non Orthogonal Tight Binding simulations 
for the electronic transitions energies to the available experimental data. In particular, we focus on the 
Resonant Raman Scattering obtained on SWNT identified by Electron Diffraction .We show that the first 
and second transition for semiconducting tube can be explain if an 1/R excitonic binding energy is 
considered. But the third and fourth transitions are interpreted in absence of excitonic contributions. 
Ref : T. Michel, M. Paillet, J.C. Meyer, V. N. Popov, L. Henrard, J-L. Sauvajol. PRB Accepted. 
M. Paillet, T. Michel, J. Meyer, V.N. Popov, L. Henrard, S. Roth, and J.-L. Sauvajol. PRL 96 (2006) 
257401 

Contact e-mail: luc.henrard@fundp.ac.be 
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B15 - Deformed Single-Walled Carbon Nanotubes and Resonance Raman 
Spectroscopy 

Jin Zhang 

Peking University 

Strain plays an important role in tuning material properties. In single-walled carbon nanotubes (SWNTs), 
it can act as an important factor for modulating the band structure and properties. The electronic band 
structures of carbon nanotubes can be modulated under these different strains. Theoretical calculations 
show that the effects of strains, including uniaxial strain and torsional strain, on electronic structures are 
related to q = (n-m) mod 3. Resonant Raman spectroscopy (RRS) have been used to measure the 
electronic band structures of SWNTs. We present herein a systematically investigation of resonant 
Raman spectroscopy of individual strained ultra-long single-walled carbon nanotubes (SWNTs). When a 
SWNT is manipulated by atomic force microscopy (AFM) tip, the torsional and uniaxial strain can be 
introduced into SWNT. These two kinds of strain exhibit different effects on Raman spectra of SWNTs. 
The torsional strain can make frequency of radial breath mode (RBM) upshift while uniaxial strain has no 
effect on that. The uniaxial strain causes some G modes downshift and others remain no shift which is 
different from previous results. The electronic transition energy Eii variation along SWNTs by torsional 
strain follows a family pattern based on q = (n-m) mod 3: for semiconducting SWNTs, E33S increases 
for q = +1, E33S decreases and E22S increases for q = -1, and for metallic SWNTs, E11M always 
increases. 
 
[1] Johnson, H. T.; Freund, L. B. Int. J. Solids Struct. 2001, 38, 1045. 
[2] Yang, L.; Han, J. Phys. Rev. Lett. 2000, 85, 154. 
[3] Cronin, S. B.; Swan, A. K.; Unlu, M. S.; Goldberg, B. B.; Dresselhaus, M. S.; Tinkham, M. Phys. 
Rev. Lett. 2004, 93, 167401. 
[4] B Gao, XJ Duan, J Zhang, TJ Wu, H Son, J Kong, ZF Liu, Nanoletters, 2007, 7, 750-753. 
[5] YY Zhang, J Zhang, Hyungbin Son, J Kong, and F Liu, J. Am. Chem. Soc., 2005, 127, 17156-17157. 

Contact e-mail: jinzhang@pku.edu.cn 
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B16 - The in situ Raman spectroelectrochemistry of carbon nanostructures 
using isotope engineering 

Martin Kalbac 1, Ladislav Kavan 1, Marketa Zukalova 1, Lothar Dunsch 2 

1 J. Heyrovský Institute of Physical Chemistry, v.v.i., 2 Institute of Solid State and 
Materials Research, Dresden, Germany 

The isotope engineering is a frequently applied method. In the present study we combined the isotope 
engineering with in situ Raman spectroelectrochemistry to study carbon nanostructures. The materials 
under study have been the C60 fullerene peapods and double walled carbon nanotubes (DWCNTs) 
containing highly 13C enriched C60 and inner tubes. Raman spectroscopy is a convenient spectroscopic 
method for carbon nanotubes due to a strong resonance enhancement. The radial breathing mode (RBM) 
of carbon nanotubes is significantly dependent on the tube diameter and thus the DWCNTs exhibit 
distinct RBM bands for inner and outer tubes, respectively. On the other hand the TG, D and G’ modes 
exhibit only weak diameter dependence. Thus it is not possible to distinguish the bands of inner tubes and 
outer tubes in DWCNTs from each other. Nevertheless these modes can be “deconvoluted” using 
spectroelectrochemistry. This strategy is based on the fact that the position and intensity of the TG, D and 
G’ modes change with the applied electrochemical potential in a different way for the outer and inner 
tubes. This is because the inner tubes are influenced only by the electrostatic potential of the outer tubes. 
On the other hand, the outer tubes behave similarly to SWCNTs, i.e. the double layer charging of 
DWCNTs causes the corresponding spectroelectrochemical feedback of the outer tube only. Therefore at 
high electrode potentials applied the frequency shifts of the TG, D and G’ differ significantly for inner 
and outer tubes and they can be clearly distinguished. 
This study applies C60 fullerene peapods and DWCNTs containing highly 13C enriched C60 and inner 
tubes, respectively. The Raman spectroscopy and in-situ Raman spectroelectrochemistry has been 
employed in order to follow the influence of 13C enrichment on vibrational pattern of these carbon 
nanostructures. The Raman response of 13C60 after encapsulation in fullerene peapods differs from that 
of isotope-natural species, NatC60. The Raman Ag(2) mode of encapsulated 13C60 is upshifted compared 
to that in NatC60 peapods with the same filling factor. The chemical doping of 13C60 peapods with K-
vapor leads to the downshift of Ag(2) mode similarly as in case of NatC60 peapods. The 13C60 peapods 
were successfully transformed into DWCNTs, which confirms high filling of SWCNT with 13C60. The 
DWCNTs exhibited distinctly downshifted TG and D Raman modes for inner tubes, which confirms that 
only inner tubes were enriched by 13C. The Raman spectroelectrochemistry of NatC60 exhibits strong 
anodic enhancement, while this enhancement is weak for 13C60 peapods. On the other hand, the 
electrochemical charging of the inner-tube labeled double walled carbon nanotubes 13Ci-DWCNTs 
followed the behavior of ordinary NatCi-DWCNTs as indicated by in situ Raman spectroscopy. In 
addition we follow the spectroelectrochemical behavior of the TG mode of inner tubes in 13Ci-DWCNTs 
from the start of the doping, which was not possible for NatCi-DWCNTs. 

Contact e-mail: mkalbac@volny.cz 



 

 74

Contributed presentations - Monday, June 25 

B17 - Raman spectroscopy of well-identified individual semiconducting 
single-walled carbon nanotubes 

Jean-Louis M. Sauvajol 1, Thierry Michel 2, Matthieu Paillet 3, Jannik Meyer 4, Philippe Poncharal 2, 
Valentin Popov 5, Luc Henrard 6 

1 Laboratoire des Colloides, Verres et Nanomateriaux, 2 LCVN, University, Montpellier 
II, France, 3 University of Montreal, Canada, 4 Max Planck Institute, Stuttgart, Germany,  

5 University of Sofia, Bulgaria, 6 University of Namur, Belgium 

Raman spectra are measured on freestanding single-walled carbon nanotubes identified by electron 
diffraction . The radial breathing mode frequency vs diameter relationship is derived for tube in the  
1.4-3 nm diameter range without any modelization of nanotube electronic or mechanical properties [1]. 
The role of the environmental conditions on the radial breathing mode frequency is discussed. The 
dependence of the frequency of the tangential modes (LO and TO) with the diameter of semiconducting 
tubes is found and compared with the predictions of different models [2]. The comparison between 
incident excitation energies, for which an intense Raman signal was observed, and the calculated 
transition energies allowed us to determine the values of the optical transition energies ES33 and ES44 
for SWNTs in the 1.4-2.4 nm diameter range [2]. These latter results question the origin of the correction, 
usually considered as related to the electron-electron correlation and exciton binding energy. For 
semiconducting tubes, our experimental findings suggest that the exciton binding is very small or missing 
for the higher transitions ES33 and ES44, contrary to the lower transitions ES11 and ES22 [3]. 
 
[1] J.C. Meyer et al., Phys. Rev. Lett. 95, 217401 (2005) 
[2] M. Paillet, et al., Phys. Rev. Lett. 96, 257401 (2006) 
[3] T. Michel, Phys. Rev. B (2007, in press) 

Contact e-mail: sauva@lcvn.univ-montp2.fr 



 

 75

Contributed presentations - Monday, June 25 

B18 - Raman studies of individual and isolated metallic single-walled carbon 
nanotubes 

Thierry Michel 1, Matthieu Paillet 2, Jannik C. Meyer 3, Christophe Chaubet 4, Philippe Poncharal 5, 
Vincent Jourdain 5, Ahmed Zahab 5, Jean-Louis Sauvajol 5 

1 University of Montpellier 2, 2 Present address: Regroupement Québéquois sur les 
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University Montpellier II - Montpellier, France, 5 Laboratoire des Colloïdes, Verres et 

Nanomatériaux - University Montpellier II - Montpellier, France 

In this communication, Raman spectroscopy experiments performed on individual metallic single-walled 
nanotubes are presented. In a first part, we discuss results obtained by combining electron diffraction  and 
Raman experiments on freestanding SWNTs [1]. Among these results, we focus on the profile of the G-
modes of index identified metallic SWNTs.We also discuss the EM11 transition energy derived from 
Raman experiments [2], and compare our data with others available in the literature. In a second part, we 
report Raman spectra obtained on isolated SWNTs lying on a substrate and connected by metal 
electrodes. This experimental configuration allows investigating the same SWNT by AFM, transport 
measurements and Raman spectroscopy. Preliminary results concerning the Raman active phonon 
frequencies and line shape of such SWNTs are presented. The Raman signal of an individual SWNT, 
unambiguously identified as metallic from its I(V) features, is reported [3]. The comparison of both set of 
results question the Raman response of the G-modes of isolated SWNTs with respect to the tube 
environment. 
 
[1] J.C. Meyer et al., Phys. Rev. Lett. 95, 217401 (2005) 
[2] T. Michel, Phys. Rev. B (2007, in press) 
[3] T. Michel et al., (in preparation) 
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B19 - D Band Intensity Calculation for Graphene and SWNTs 

Eduardo B. Barros 1, Georgy G. Samsonidze 2, Kentaro Sato 1, Riichiro Saito 1 

1 Tohoku University, 2 University of California at Berkeley 

The D band Raman peak in graphene and single wall carbon nanotubes (SWNTs) has been widely used 
to characterize the studied samples regarding the presence of structural defects.[1] It has been shown 
lately that the D band intensity depends both on the crystallite sizes and on the laser excitation energy. To 
better understand the role of the defect on the D band intensity within the double resonance Raman 
scattering, it is necessary to calculate the elastic scattering amplitude between electronic states of 
different eigenvectors. The elastic scattering amplitude can be calculated using the T-matrix formalism. 
The T-matrix is usually obtained in an approximated way in terms of the eigenfunctions of the 
unperturbed system. However, the knowledge of the eigenfunctions of the perturbed system allows for a 
full calculation of the T-matrix, which is independent of any approximation. Recently, the D band 
intensity dependence on excitation energy and crystallite size was calculated in the Born approximation 
and considering nearest-neighbors only for armchair edged graphene ribbons.[2] Although this 
approximative approach can give insight to the overall properties of the D band Raman peak, a more 
detailed analysis is necessary in order to well characterize the graphene and SWNT samples with respect 
to their crystallinity. In this work we perform a full calculation of the T matrix in terms of the overlap 
between the eigenvectors of the full Hamiltonian and that of the unperturbed system. The real part of the 
self energy is obtained in terms of the eigenenergies of the perturbed system while the imaginary part is 
calculated self-consistently. The elastic scattering amplitude is then calculated for different systems such 
as graphene ribbons, graphene flakes, and small size nanotubes. In the case of the graphene flake the 
hamiltonian of a Lx times Ly graphene system is diagonalized without any periodic boundary conditions. 
In the case of graphene ribbons and SWNTs, the periodic boundary condition is assumed in one of the 
directions. The crystallite size is varied by changing Lx or Ly. The D band intensity dependence on 
crystallite size and laser excitation energy is compared to recent experimental results in nanographite[3] 
and small length carbon nanotubes[4]. 
 
[1] M. A. Pimenta, et. al., Phys. Chem. Chem. Phys., 9, 1276, (2007). 
[2] K. Sato, et. al., Chem. Phys. Lett. 427,117 (2006). 
[3] L. G. Cançado, et. al., Appl. Phys. Lett. 88, 163106 (2006). 
[4] S. G. Chou, et. al., unpublished. 
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B20 - DFT phonon dispersion of SWCNTs 

Jenö Kürti 1, János Koltai 1, Viktor Zólyomi 2 
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Solid State Physics and Optics of the Hungarian Academy of Science, Budapest 

Accurate knowledge of the phonon dispersion of single walled carbon nanotubes (SWCNTs) is crucial 
for the correct interpretation of their Raman spectra. Calculations on the density functional theory (DFT) 
level are sparse in the literature, and is mostly restricted to achiral tubes. The reason for that is the large 
number of carbon atoms in the unit cell of chiral tubes. We have carried out first principles DFT 
calculations for the phonon dispersions of many SWCNTs, achiral and chiral as well.We have made use 
of the helical symmetry of the tubes, thus decreasing the computational demands significantly. Special 
care was taken in the case of the RBM and other Gamma point modes, as well as the D and D* bands. 
Also, the appearing of Kohn-anomaly has been investigated on the DFTlevel, without applying 
perturbation theory. 

Contact e-mail: kurti@virag.elte.hu 
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B21 - Raman Effect by Length Control of the Single Wall Carbon Nanotube 

Jin Sung Park 1, Riichiro Saito 1, Kentaro Sato 1, Jie Jiang 2, Gene Dresselhaus 3, Mildred S. Dresselhaus 4 

1 Department of Physics, Tohoku University and CREST JST, Sendai 980-8578, Japan, 
2Department of Physics, North Carolina State University, USA, 3Francis Bitter Magnet 

Laboratory, Massachusetts Institute of Technology, 4 Department of Electrical 
Engineering and Computer Science, Department of Physics, Massachusetts Institute of 

Technology 

Since excitonic effects are important in the optical properties of the single wall carbon nanotubes 
(SWNTs), we should consider an exciton picture to study Raman scattering.We have developed an 
exciton model by solving the Bethe-Salpeter equation in the SWNTs within tight binding model [1]. 
Unlike single particle picture, the excitonphoton matrix elements [2], as important factor to calculate the 
Raman intensity, strongly depend on the diameter but no tube type and chiral angle dependence. 
Especially, the exciton-photon matrix element has larger value for long SWNT, because the exciton wave 
function coefficient depends on tube length related to number of wave number k. For the first resonance 
Raman scattering such like RBM and G-band, the Raman intensity in the range of tube length more than 
100 nm does not hardly depend on tube length due to length normalization. However, for very short 
SWNT, i.e. 20 nm, the Raman intensity considerably becomes weaker relative to tube length more than 
100 nm. The reason is that the exciton wave function coefficient to be included in exciton-phonon matrix 
term quickly decreases with reducing tube length rather than tube length normalization in the Raman 
intensity formula. We will also compare our calculated results with experiment [3] for double resonance 
Raman scattering. 
 
1) J. Jiang, R. Saito, Ge. G. Samsonidze, A. Jorio, S. G. Chou, G. Dresselhaus, and M. S. Dresselhaus, 
Phys. Rev. B. 75, 035407, (2007). 
2) J. Jiang, R. Saito, K. Sato, J. S. Park, Ge. G. Samsonidze, A. Jorio, G. Dresselhaus, and M. S. 
Dresselhaus, Phys. Rev. B, 75, 035405, (2007). 
3) S. G. Chou, H. Son, A. Jorio, R. Saito, M. Zheng, G. Dresselhaus, and M. S. Dresselhaus, Appl. Phys. 
Lett., 90, 131109, (2007). 
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B22 - Exciton properties for Raman spectra of single wall carbon nanotubes 

Riichiro Saito 1, Kentaro Sato 1, Jin Sung Park 1, Yuhei Miyauchi 2, Jie Jiang 3, Gene Dresselhaus 4, 
Mildred S. Dresselhaus 4 

1 Tohoku University, 2 Tokyo University, 3 North Calorina State University, 4 MIT 

The first-order and the second-order Raman intensities as a function of (n,m) are given theoretically with 
using the exciton wavefunctions, which are compared with single nanotube spectroscopy [1]. The exciton 
wavefunction is calculated by solving the Bethe-Salpeter equation within the extended tight binding 
method [2]. The excitonphoton and exciton-phonon interaction can be calculated by taking an average of 
electron-photon and electronphonon interactiones over the k region of the exciton wavefunction [3]. The 
Eii optical transition [4], metallicity [5], type, chirality, and environment effect [6] to Raman intensity of 
RBM, G, and G’-band will be discussed with use of the exciton wavefunctions.  
Many body correction will be modified by those effect which is systematically understood by effective 
mass of an electronand a hole in the energy subbands, curvature effect and trigonal warping effect. 
Especially for smaller nanotubes and zigzag nanotubes with medius diameters, we found that a simple 
rule of cutting line does not work well. We will discuss how to observe this phenomena by experiment. 
 
[1] R. Saito, C. Fantini, J. Jiang, in press, Springer (2007). 
[1] J. Jiang et al., Phys. Rev. B 75, 035407 (2007). 
[2] J. Jiang et al„ Phys. Rev. B 75, 035405 (2007). 
[3] K. Sato et al., submitted. 
[4] K. K. Kim et al., submitted. 
[5] Y. Miyauchi et al., submitted. 
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B23 - In-situ Raman measurements of suspended individual single-walled 
carbon nanotubes under strain 

SangWook Lee, Goo-Hwan Jeong, Eleanor E. B. Campbell 

Göteborg University 

We present a technique for In-situ Raman measurements of suspended individual single wall carbon 
nanotube (SWNT) under strain. The measurements were carried out using a combined micro-
Raman/AFM system. Micro mechanical Si cantilever structure was fabricated to apply a strain force to 
the suspended SWNT by AFM tip manipulation. We observed a strong decrease in the radial breathing 
mode intensity and for strain greater than ca. 3% there is a clear up-shift in the G-mode frequencies 
accompanied by an increase in intensity of a broad peak at a position associated with the D-mode. For 
lower strain, the G-mode peaks (A1, E1 and E2) do not change in position but change in relative intensity. 

Contact e-mail: sangwook.lee@physics.gu.se 
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B24 - Effects of boron doping on the optical transition energies and diameter 
distribution of single-wall carbon nanotubes 

Indhira O. Maciel 1, Marcos A. Pimenta 1, Apparao M. Rao 2, Rodrigo B. Capaz 3, Ado Jorio 1 
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Brasil, 2 Department of Physics and Astronomy, and Center for Applied Energy Research, 
University of Kentucky, Lexington, Kentucky, 40506, 3 Instituto de Física, Departamento 
de Física dos Sólidos, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil. 

In this work we use resonance Raman spectroscopy with sixty-six excitation energies between 1.61 eV 
and 2.71 eV to study boron-doped single walled carbon nanotubes (SWNTs) made by pulsed laser 
vaporization technique. The samples were prepared with different quantities of boron on the graphite 
targets, i.e., non doped sample, 1.5 at.% and 3.0 at.% in mass. Our study shows significant changes in the 
profile of the radial breathing mode band of the boron doped samples (B-SWNTs) compared to pristine 
SWNTs. The change of diameter distribution with doping is quantitatively studied, showing smaller tubes 
with the increasing of doping. A blueshift of the Eii resonance energies of the doped nanotubes is 
observed and analyzed. 
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B25 - Strain and friction induced by van der Waals interaction in individual 
single-walled carbon nanotubes 

Jing Kong 1, Hyungbin Son 2, Georgii G. Samsonidze 3, Yingying Zhang 4, Xiaojie Duan 4, Jin Zhang 4, 
Zhongfan Liu 4, Mildred S. Dresselhaus 5, Jing Kong 6 
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Axial strain is introduced into individual single wall carbon nanotubes (SWNTs) suspended from a 
trenchcontaining Si/SiO2 substrate by employing the van der Waals interaction between the SWNT and 
the substrate. Resonance Raman spectroscopy is used to characterize the strain, and up to 3% axial strain 
is observed. It is also found that a significant friction between the SWNT and the substrate, on the order 
of 10pN/nm, governs the localization and propagation of the strain in the SWNTs sitting on the substrate. 
This method can be applied to introducing strain into materials sitting on a substrate, such as a graphene 
sheet. 
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B26 - The effect of Cerium addition to catalysts in the diameter distribution 
of single-wall carbon nanotubes 

Jose A. Lima Jr. 1, V. Lemos 1, P.T.C. Freire 1, A.G. Souza Filho 1, J. Mendes Filho 1, E. Y. Matsubara 2, 
L.A. Montoro 2, J.M. Rosolen 2 

1 Universidade Federal do Ceará, 2 Universidade de São Paulo 

Controlling the growth of carbon nanotubes has been a great expectation in tailoring their structural and 
electronic properties. Raman spectra of single-wall carbon nanotubes, SWNTs, prepared by the arc 
discharge technique using different compound catalysts were obtained. Two pairs of samples were 
selected differing in the catalysts by the addition of cerium to one of the compounds. The pairs were: 
MnNiCo mixture, Ce(MnNiCo)5 alloy, and FeNiCo powder mixture, Ce(FeNiCo)5 alloy. The radial 
breathing modes region of the spectrum, excited with the 514.5 nm laser line, differs appreciably for the 
two samples of each pair. The differences consist of a remarkable narrowing of the Raman profile, 
peaking preferentially at higher wave numbers when Ce-contained catalysts were employed. The same 
effect was observed for both pairs. For Ce(MnNiCo)5/SWNTs 10 lines are needed to fit the radial 
breathing modes feature while for MnNiCo/ SWNTs just 6 lines are sufficient. Analysis of the radial 
breathing modes features using Kataura-type plots [1] allowed identifying the most of these lines as E33 
optical transition energies from semiconducting SWNTs. The data indicates that some tubes are present 
in both samples but with different population. The peaks appearing at higher wave number are the same 
for both samples but at lower wave numbers a surplus of lines is obtained for MnNiCo/ SWNTs. The 
differences are greater for the pair FeNiCo/SWNTs, Ce(FeNiCo)5/SWNTs, for which not only the lowest 
wave number lines of the first are lacking in the second sample spectrum, but also two additional lines 
appear at the opposite side. An increase of intensity of the lines was also observed for the highest wave 
numbers. The results may be interpreted as a narrowi ng of the diameter distribution around the lowest 
diameters by addition of cerium to the three-metallic catalyst, for the sub-set probed with the 2.41 eV 
resonance. 
 
[1] Ge.G. Samsonidze, R. Saito, N. Kobayashi, A. Grüneis, J. Jiang, A. Jorio, S.G. Chou, G. Dresselhaus, 
and M.D. Dresselhaus, Appl. Phys. Lett. 85, 5703 (2004). 
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B27 - Third and Fourth Optical Transitions in Semiconducting Carbon 
Nanotubes 
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USA, 4 Department of Mechanical Engineering, The University of Tokyo, Tokyo 113-
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We have studied the optical transition energies of single-wall carbon nanotubes over broad diameter (0.7 
to 2.3 nm) and energy (1.26 to 2.71 eV) ranges, using their radial breathing mode Raman spectra. We 
establish the diameter and chiral angle dependence of the poorly studied third and fourth optical 
transitions in semiconducting tubes. Comparative analysis between the higher lying transitions and the 
first and second transitions show two different diameter scalings. Quantum mechanical calculations 
explain the result showing strongly bound excitons in the first and second transitions and a delocalized 
electron wave function in the third transition. 

Contact e-mail: pfisica@gmail.com 
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B28 - Debundling Effects on the Tangential Raman Modes of Carbon 
Nanotubes 

Ana Paula Gomes 1, Valdirene S. T. Peressinotto 2, Adelina P. Santos 2, Ado Jorio 3, Marcos A. Pimenta 3 
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We have used resonant Raman spectroscopy to study the effects of debundling on the tangential Raman 
modes of carbon nanotubes. Most of the methods of producing carbon nanotubes yield thick bundles of 
tubes having distinct chiralities, the tubes in the bundle being held by the van der Waals interactions. 
These interactions are known to have a strong influence on both their vibrational and electronic 
properties, and thus a method for separate these bundles is made necessary for the study of the properties 
of isolated carbon nanotubes. We have measured the Raman spectra of different samples having different 
diameter distributions, both in bundles and dispersed in water with two different surfactants (SDS and 
cholate). We observed that the ratio between the intensities of the G+ and G-components of the G-band 
of semiconducting carbon nanotubes is higher for the dispersed nanotubes than for the bundled ones, the 
G- intensity being very sensitive to the degree of debundling achieved with the dispersion process. This 
result challenges the well accepted idea that these two components are associated with the intrinsic 
vibration (transverse or longitudinal) of a single nanotube. The results presented in this work suggest that 
the intensity of the G- component may be somewhat related to the intertube interaction when the tubes 
are in bundles. In the case of metallic carbon nanotubes, the characteristic BWF feature was observed 
even for the most dispersed sample, contradicting the assumption that it is related to bundling effects. 
The intensity of the BWF was found to dependent significantly on the surfactant used in the dispersion, 
indicating that this feature is actually sensitive to charge transfer effects. 
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B29 - Raman intensity analysis of the Radial Breathing Mode in a Single 
Wall Carbon Nanotube sample with diameters ranging from 0.7nm to 3.0nm 
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In this work, we measure the Raman spectra of a SWNT sample in the energy range from 1.26 eV to 2.71 
eV. Using the RBM spectra we assign (n,m) indices to 84 different SWNTs with diameters ranging from 
0.7nm to 3.0nm. We analyze the intensities of the features associated with each carbon nanotube present 
in the sample in regard to its diameter, chirality and the observed optical transition, as well as the kind of 
nanotube (metallic, semiconductor type I or type II). Finally, we show an empirical equation dependent 
on (n,m) and the optical transition that fits the experimental intensity data. 
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in the Raman spectra of nanotubes. 
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Raman spectroscopy is a powerful non-destructive technique for the characterization of carbon materials, 
and is widely used for the study of carbon. The shape and position of the G-band in metallic single 
walled carbon nanotubes (SWNT) strongly depends on the effects of the electron-phonon coupling 
(EPC). Indeed, the EPC (i) is responsible for the onset of Kohn anomalies, which affects the position of 
the G-band, (ii) determines the phonon life-time and the Raman peaks line-width, and finally (iii) limits 
the ballistic transport in carbon nanotubes [1-3].  
Here we show that the effects of the EPC in SWNTs cannot be correctly described by lattice dynamics 
theories based on the adiabatic Born-Oppenheimer approximation. In fact, even if in almost all cases the 
lattice dynamics of metals is well described within the adiabatic Born-Oppenheimer framework, the 
coupling between ionic and electronic degrees of freedom cannot be excluded a priori in materials where 
the electronic gap is of the same order or smaller than the phonons energy [4]. In particular, we show that 
the temperature dependence of the G-band in SWNTs can be explained only by including contributions 
that account for the dynamic, time dependent nature of phonons [4,5]. 
The inclusion of the so-called dynamic effects results in an excellent agreement between theory and 
experiments, consistent with the assignment of the Raman G+ and G- peaks of metallic SWNTs to TO 
(circumferential) and LO (axial) modes, the opposite of semiconducting SWNTs [2]. Finally, by 
comparing the experimental measurements with the theoretical computation of the dynamic effects, it is 
possible to experimentally evaluate the anharmonic contribution to the phonon frequency temperature 
dependence [6]. This parallels what observed in doped and undoped graphene at room temperature and as 
a function of temperature [6]. 
 
1. S. Piscanec et al., Phys. Rev. Lett. 93, 185503 (2004). 
2. S. Piscanec et al., Phys. Rev. B, 75 035427 (2007). 
3. M. Lazzeri et al. Phys. Rev. Lett. 95, 336802 (2005). 
4. G. V. Chester, Advances in Physics, 10, 357 (1961). 
5. M. Born and K. Huang, Dynamical theory of Crystal Lattices (Oxford: Clarendon Press) 1954. 
6. V. Scardaci et al. submitted (2007). 

Contact e-mail: sp344@cam.ac.uk 
 



 

 87

Contributed presentations - Monday, June 25 

B31 - Nanotube and Graphene Defects Studied with Local Raman 
Spectroscopy 

Lukas Novotny, Gustavo L. Cancado, Neil Anderson 
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Defects and dopants in graphene and carbon nanotubes are of high technological interest because they 
allow materials to be locally engineered, similar to semiconductor integrated circuits. Using near-field 
Raman spectroscopy we show that defects in single-walled carbon nanotubes lead to localization of the 
photoluminescence signal and of the disorder-induced Raman D band. We are able to resolve individual 
tube-tube junctions with a spatial resolution of 20nm and determine that the phonon transition region is 
on the order of 40-100nm.  
A model system for understanding the role of defects in nanotubes is the graphene edge. We used 
confocal Raman spectroscopy in combination with atomic force microscopy to determine the spatial 
localization of the disorder-induced D band near the graphene edge as well as the transition lengths for 
the G and G’ bands. These measurements provide an estimate for the electron mean-free path and the 
electron-phonon scattering length. 

Contact e-mail: novotny@optics.rochester.edu 
 

B32 - Dependence of the G’-band intensity in Raman spectra on the 
metallicity of single wall carbon nanotubes 

Ki Kang Kim 1, Jin Sung Park 2, Sung Jin Kim 3, Hong Zhang Geng 3, Kay Hyeok An 4,  
Cheol-Min Yang 3, Kentaro Sato 2, Riichiro Saito 2, Young Hee Lee 3 

1 Department of Physics, Center for Nanotubes and Nanostructured Composites, Institute 
of Basic Sciences, Sungkyunkwan University, 2 Department of Physics, Tohoku 

University and CREST, Sendai, 980-8578, Japan, 3 Department of Physics, Center for 
Nanotubes and Nanostructured Composites, Institute of Basic Sciences, Sungkyunkwan 

University, Suwon 440-746, Republic of Korea,  
4 R&D Department, Jeonju Machinery Research Center, Republic of Korea 

We report a peculiar behavior of the G’-band intensity in Raman spectroscopy that shows a strong 
dependence on the metallicity of single wall carbon nanotubes (SWCNTs). The G’-band intensity is 
enhanced in metallic SWCNTs, whereas the peak intensity is significantly reduced in semiconducting 
SWCNTs. This phenomenon is further confirmed by our samples with abundant semiconducting 
SWCNTs that are selectively separated SWCNTs by several methods such as nitronium ions and 
hydrogen peroxide. This metallicity dependence is explained in terms of electron-phonon interaction 
calculated by the extended tight-binding calculations. The calculated results show that G’-band intensity 
for metallic SWCNT is relatively stronger than that for semiconducting E22 resonance with the laser 
energies ELaser: 2.41 eV, 1.96 eV, and 1.58 eV. 

Contact e-mail: w012230@skku.edu 
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B33 - Determination of the concentration of a SWCNT-suspension 

Torsten Koker, Zoé Peña, Stefan Heißler, Werner Faubel, Georg Bretthauer 

Forschungszentrum Karlsruhe GmbH 

SWCNTs possess outstanding properties which can lead to innovative products with extraordinary or 
improved properties and functionalities. For realisation and commercialisation of such SWCNT-based 
products process chains for fabrication with industrial potential are necessary.Within these process chains 
it is important to monitor and control specific parameters of the used materials to ensure a high quality 
fabrication and to optimise the processes. One of these parameters is the SWCNT-concentration of the 
processed suspensions. SWCNT concentration control requires concentration determination.  
This can be done very precisely using FT-Raman spectroscopy. In our presentation we report on 
calibration of a Raman spectrometer to perform such measurements. Using different internal standards 
and different methods for determination of the intensity of characteristic peaks in the Raman spectrum, a 
set of calibration curves is calculated. Furthermore a ranking of the calibration curves is presented and 
the error for concentration determination of SWCNT-suspensions is quantified. 

Contact e-mail: torsten.koker@iai.fzk.de 
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B34 - High pressure study of C70 peapods: probing the stability of nanotubes 
from inside 

Alfonso San-Miguel 1, Ch. Caillier 1, D. Machon 1, M. Kalbac 2, M. Zukalova 2, L. Kavan 2 

1 University Lyon 1 and CNRS, Lyon, France, 2 Acad Sci Czech Republ, J Heyrovsky 
Inst Phys Chem, Dolejskova 3, Prague, 18223 8 Czech Republic 

The Raman signature of fullerene and nanotubes in carbon nanotubes peapods have well differentiated 
features. We have used this fact to explore the high pressure properties of peapods and nanotubes. We 
consider that our results allow to establish unambigously the relation between pressure induced 
modifications in carbon nanotubes and characteristic Raman signatures. These results are particularly 
important in view of the confrontation of experimental results and theoretical calculations. For that we 
have investigated the high pressure behaviour of bundled 1.35 ± 0.1 nm diameter single wall carbon 
nanotubes filled with C70 fullerenes using Raman spectroscopy and compared the obtained results with 
the behaviour of the empty closed C-SWNT. The fullerene C70 molecules appear to be an excellent probe 
to determine the onset of nanotube and fullerene interactions. In fact, contrarily to C60 peapods, we have 
not observed any sign of fullerene polymerization. This allows for a proper monitoring of the only 
fullerene-nanotube interaction. This fact is well explained by the zig-zag alignement needed for 
polymerization in C70. We have then exploited this to show that: i) the onset of the widening of the 
nanotube Raman radial breathing modes signal is a signature of the onset of the modification of the 
nanotube cross section. ii) this transition is followed at higher pressures by the collapse of the tubes 
which is associated with a frequency drop in the nanotube Raman tangential modes. The two transitions 
are observed at 2.5 ± 0.5 and 11 ± 2 GPa respectively for the C70 peapods and 2.0 ± 0.5 and 14 ± 1 GPa 
for the empty tubes. In the case of peapods they are concomitant respectively with a change in the 
pressure evolution of the fullerene modes (cross section-change) and with the disappearance of most of 
the fullerene modes (collapse). 
The differences in transition pressures between both systems are discussed on the base of structural 
differences  with respect to high pressure application. Our results are also discussed in view of previous 
high pressure investigations. 

Contact e-mail: sanmigue@lpmcn.univ-lyon1.fr 
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B35 - Carbon nanotube fiber microelectrodes and actuators 

Lucie Viry 1, Alain Derre 1, Patrick Garrigue 2, Neso Sojic 2, Philippe Poulin 1, Alexander Kuhn 2 

1 CRPP-CNRS, 2 ISM-Groupe Nanosystemes Analytiques 

Because of their high specific area, high electrical conductivity and good chemical stability carbon 
nanotubes [1] (CNT) have gained considerable attention in recent years. In particular, the ability to 
promote electron – transfer reactions make them particularly attractive for a wide range of sensing 
applications [2]. Here, in a first part we report on the preparation and promising electrochemical 
behaviour of CNT fiber [3] microelectrodes. By combining the advantages of CNT with those of fiber 
electrodes, this type of microelectrode differs from CNT modified or CNT containing composite 
electrodes, because it’s made of only CNT without any other component like additives or binders. 
Performances of these electrodes have been characterized with respect to the electrocatalytic oxidation of 
analytes via deshydrogenase mediated reactions. They have been tested by modifying the surface of the 
CNT electrodes [4], leading finally to a miniaturized biosensor with promising properties. In particular 
we show that CNT fiber microelectrodes can be superior to conventional carbon fiber microelectrodes 
that are already used and commercialized for bio-sensing applications.  
In a second part of this presentation, we investigate the electromechanical properties of CNT fibers. 
Besides their significant mechanical strength, CNT can directly convert electrical energy into mechanical 
energy due to the combination of quantum and double layer electrostatic effects under physiological 
conditions and low voltage. This feature makes them highly attractive for a number of electromechanical 
applications. Since 1999[5], only few studies have been reported. Only macroscopic assemblies and 
sheets of CNT were only concerned. We present here characterizations of electrochemical CNT fiber 
actuators. We show that the stress generated by CNT fibers upon electrical stimulation is greater than that 
of previous CNT actuators made with CNT sheets. We believe that the enhancement of the 
electrochemical properties is due to the alignment of the CNT inside the fibers. Several kinds of further 
optimizations will be discussed. 
 
1 : G. Dresselhaus, M.S. Dresselhaus. Academic Press. San Diego, 1996. 
2 : B.S.Sherigara et al. Electroanalysis, 2003, 15, 9: 753. 
3 : B.Vigolo et al., Science, 2000, 290: 1331. 
4 : N.Mano, A.Kuhn. J.Electroanal.Chem.,1999, 477: 79. 
5 : R.Baughman et al. Science, 1999, 284: 1340. 

Contact e-mail: viry@crpp-bordeaux.cnrs.fr 
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B36 - Electricals Properties of Carbon Nanotubes by EFM 

Ana Paula M. Barboza, Blanda Donanzam, Débora P. Pinto, André S. Ferlauto, Rodrigo G. Lacerda, 
Bernardo R. A. Neves 

UFMG 

The understanding of the electronic behavior of charged carbon nanotubes is of a crucial importance in 
electronic applications such as field-effect transistors or CNT-based nanoelectromechanical devices. 
Electrostatic properties of single-walled carbon nanotubes have been investigated by charge injection and 
electric force microscopy - EFM experiments. Tests have been performed using doped silicon substrates 
covered with a 100 nm thermally grown insulating SiO2 layer. The samples consist of single-wall carbon 
nanotubes (functionalized and nonfunctionalized), multi-wall carbon nanotubes and fullerenes. Electric 
force microscopy appears as a tool to map and study the spatial distribution of electric field and charges 
at the nanometer scale, but up to now only few studies have applied this technique to carbon nanotubes. 
Charge injection is achieved by touching a given nanotube with the EFM tip biased with respect to the 
silicon substrate. The resulting transfer of charges along the nanotubes is then characterized by EFM, in 
which electric force gradients acting on the tip shift the EFM cantilever frequency of oscillation. Charge 
injection and EFM experiments were performed at room temperature under a controlled atmosphere. The 
influence of the tip-sample contact time, types of tips, ambient humidity, scanning speed and tip bias was 
analyzed. In a second step, this technique is employed for charging different nanotubes and analyzing 
their respective Raman spectra. 

Contact e-mail: anapaula@fisica.ufmg.br 
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B37 - Effect of catalyst on the state of nitrogen incorporated into CNx 
nanotubes 

Lyubov G. Bulusheva, Alexey G. Kudashov, Valeriy V. Belavin 

Nikolaev Institute of Inorganic Chemistry SB RAS 

Multiwall CNx nanotubes have been synthesized by chemical vapor deposition (CVD) method using 
acetonitrile contained carbon and nitrogen atoms. Two kinds of catalyst source have been probed: (1) 
bimaleates of Ni, Co, and Fe and their mutual solid solutions and (2) ferrocene. Bimaleate powder has 
been put into heating zone of the reactor, decomposed with formation of metal nanoparticles, and then, 
acetonitrile vapor was introduced. In the second case, ferrocene has been dissolved in acetonitrile and the 
mixture was injected into reactor volume. Decomposition of acetonitrile over pre-formed metal 
nanoparticles produced random nanotubes, while the aerosol-assisted CVD method yielded arrays of the 
aligned nanotubes. Electronic state of nitrogen in CNx nanotubes was examined by means of X-ray 
photoelectron spectroscopy (XPS) and X-ray absorption spectroscopy (XAS) near the K-edge of 
nitrogen. XPS data revealed a presence of pyridinic and three-coordinated nitrogen in the random CNx 
nanotubes and dependence of ratio of these forms on catalyst composition. The largest proportion of 
pyridinic nitrogen was achieved when catalyst contained equal quantities of Ni and Co. The aligned CNx 
nanotubes were found to contain molecular nitrogen additionally. Angle-resolved XAS spectra detected 
orientation of N2 molecules along tube axis. 

Contact e-mail: bul@che.nsk.su 
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B38 - Modelling of Nanotube Based Actuators and Experimental Validation 

Johannes Riemenschneider 1, Steffen Opitz 2, Michael Sinapius 2, Hans Peter Monner 2 

1 German Aerospace Center (DLR), 2 DLR 

Actuators that convert electrical energy into mechanical energy find applications in different fields of 
engineering. There is a need for improved actuators generating high forces at low voltages. In order to 
introduce such devices into light weight structures it is desirable to use low density bulk material.  
Carbon nanotubes have the potential to generate high forces at very low voltages. The density of the bulk 
material is just 1.3 g/cm3, which makes them well suitable for lightweight applications. Moreover, active 
strains of up to 1% can be achieved - due to the CNTs dimensional changes on charge injection. The 
effect has been shown in different experimental studies up to now. 
In the present study a new aproach to model the actuating behavior based on irreversible thermodynamics 
is developed. The model contains only few mechanical and electrical degrees of freedom. The overall 
static and dynamic behavior of the actuator system can be described by the model. A large variety of 
experiments was carried out to extract the parameters. It could be shown, that one set of parameters 
describes the behavior in static conditions as well as in different dynamic and transient dynamic 
processes. This modell will be a milestone on the way towards the application of such actuators, since it 
is possible to derive rules for the optimisation of such systems directly from a theory based model. 

Contact e-mail: Johannes.Riemenschneider@dlr.de 
 

B39 - Molar Absorbance Coefficients of Carbon Nanotubes in π-plasmon 
Region 

Shota Kuwahara, Toshiki Sugai, Hisanori Shinohara 

Department of Chemistry, Nagoya University 

Realizing carbon nanotubes (CNT) as an individual “molecules” is the key process for studying optical 
properties and chemical reactivity of CNT, which also leads to a systematic evaluation of CNT. In this 
study, we have succeeded in determining the number density of CNT in dispersion and the molar 
absorbance coefficient with a new spray technique followed by AFM observations. Single-walled carbon 
nanotubes (SWNT) of purified HiPco were dispersed in 1 wt% aqueous sodium dodecyl sulfate (SDS) 
surfactant by ultrasonication and were centrifuged at 197,000 g for 1 hour. The resultant dispersion was 
characterized by absorption spectroscopy (JASCO V-570) and photoluminescence (SHIMADZU NIR-
PL). The solutions were sprayed onto SiO2 substrates by the spray method we developed without any 
perturbation. The samples were observed by AFM (Veeco Digital Instruments Nanoscope IV). The 
number density of SWNT in the dispersion sample should be proportional to the absorbance at 280 nm 
(π-plasmon). The molarity of CNT dispersion can be estimated by this method, so that we have 
succeeded in calculating the molar absorbance coefficient of SWNT. The molar absorbance coefficient 
and its coefficient per a carbon atom of SWNT are estimated to be 1.86 x 107 [L mol-1 cm-1] and 8.78 x 
10-22 [L nc-1 cm-1], respectively. These coefficients enable us to treat SWNT as individual “molecules”. 
This also can provide a fair comparison of the molar coefficient of SWNT with that of other π-conjugate 
compounds such as benzene and C60 molecules. The obtained molar coefficient of CNT is only 100 times 
larger than that of C60, even though the number of carbon atoms in a CNT is 1000 times as large as that of 
C60. Therefore the coefficient per carbon atom is 10 times as small as that of C60. 

Contact e-mail: kuwahara@nano.chem.nagoya-u.ac.jp 
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B40 - Electric Field Induced Deformations of Carbon Nanotubes 

Zhao Wang 1, Michel Devel 1, Rachel Langlet 2, Bernard Dulmet 3 

1 University of Franche-Comté, 2 FUNDP, Belgium, 3 ENSMM, France 

Carbon Nanotubes (CNTs) can be used as key elements in nanoelectromechanical systems (NEMS) such 
as nanorelays, nanoswitches, nanotweezers and feedback device which are designed for memory, sensing 
or actuation uses.[1] Their electric field induced deformation is a key character for these promising 
applications, as well as for their fabrication, separation and electromanipulation. How carbon nanotubes 
behave in an external electric field? What will be the influence of field intensity and direction on the tube 
deformation? What are the tube geometry effects on it? What are the defect effects? To answer these 
questions, we have computed the deformations of semiconducting[2] and metallic[3] CNTs induced by 
uniform electrostatic fields, by minimizing total potential energy calculated using a monopole-dipole-
interaction model combined with an empirical many-body potential (AIREBO). The effects of field 
strength, field direction tube geometries and defects on the electrostatic deformation are investigated for 
both single- and double-walled CNTs. The electrostrictive deformation of single-walled CNTs is found to 
be proportional to the square of field strength. These results could apply to recently designed devices 
based on cantilevered carbon nanotubes. Moreover, we wish that they could help to design some new 
nanoelectromechanical devices. 
[1] C.-H. Ke and H. Espinosa, Handbook of Theoretical and Computational Nanotechnology (APS, CA, 
2006), chap. 121. 
[2] Z. Wang, M. Devel, R. Langlet, and B. Dulmet, Phys. Rev. B 75(16), in press (2007). 
[3] Z. Wang, M. Devel, unpublished. 

Contact e-mail: zhao.wang@univ-fcomte.fr 
 

B41 - Fabrication of hybrid sensor using microcantilever combined with 
SWNT devices 

Byoung-Kye Kim 1, Eun-Kyoung Jeon 1, Hye-Mi So 2, Ki-Jeong Kong 2, Hyunju Chang 2, Gyoug-Ho 
Buh 2, Kwang-Cheol Lee 3, Jeong-a Lee 3, Min-Seok Kim 3, Ju-Jin Kim 1, Jeong-O Lee 2 

1 Department of physics, Chonbuk National university, 2 NBALinK, Korea Research 
Institute of Chemical Technology, 3 Korea Research Institute of Standards and science 

In recent years, highly sensitive and selective detection of biomolecules (e.g. virus, bacteria, DNA and 
proteins) by MEMS/NEMS (Micro-/Nano Electro-Mechanical-System) structures have attracted 
extensive attention for its importance in clinical diagnostics. Many of the cantilever based sensors use 
optical techniques to measure deflection coming from the binding of biomolecules. Recently, Shekhawat 
et al. showed that CMOS transistor combined cantilever can be used as a sensitive biosensor, where 
deflection of cantilever can be transduced as na electrical conductance from the transistor. We fabricated 
single-walled carbon nanotube (SWNT) devices on microcantilever to interpret the deflection of 
cantilever by measuring the electrical conductance from SWNT device. Preliminary measurement shows 
that the deflection of microcantilever can be scaled with the electrical conductance of SWNT device. 
Detailed mechanisms of the signal transduction and possible applications for biosensors will be 
discussed. 

Contact e-mail: adonis@mail.chonbuk.ac.kr 

mailto:adonis@mail.chonbuk.ac.kr
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B42 - Structural properties of intercalated carbon nanotubes studied by X-ray 
absorption spectrocopy 

Laurent Alvarez 1, Jean-Louis Bantignies 1, Thierry Michel 1, Raymond Aznar 1, Robert Almairac 1, 
Laurent Duclaux 2, Francoise Vilain 3, Olivier Mathon 4, Jean-Louis Sauvajol 1 

1 Laboratoire des Colloides, Verres et Nanomateriaux, UMR 5587, Montpellier, France,  
2 Laboratoire de Chimie Moléculaire et Environnement (LCME),Polytech Savoie, 

Université de Savoie,france, 3 Laboratoire de Chimie Inorganique et Matériaux 
Moléculaires - UMR 7071,Université Pierre et Marie Curie -Paris 6, France, 4 ESRF, 

Grenoble, France 

SingleWalled Carbon Nanotubes (SWNT) have been shown to be amphoteric in character. The local 
structure of intercalated SWNT is probed by X-ray absorption spectroscopy (EXAFS). These carbon 
nanostructures are doped with either alkali metals (such as rubidium atoms) or halogen compounds (such 
as iodine atoms). In the first case, we show that the environment around the Rb atom is getting more and 
more ordered with the doping time. At the saturation stage, Rb ions are facing an hexagon. The 
interstitial site (between three tubes) is ruled out by our results. Rb atoms are localized either outside the 
bundles or within the tubes.  
The intercalation compound Ix-SWCNT is obtained by immersing the SWCNT powder in molten iodine 
at 140°C for several days. EXAFS investigation performed at ESRF provides new information on the 
local structure of iodine.We found out that the first carbon shell around iodine contains 2.2 atoms, a 
number which is in agreement with the inner volume filling and which excludes definitively the 
triangular sites as the mainly occupied site. In addition, unlike previous works, our EXAFS results 
suggest that iodine species are actually disordered I5- chains (two adjacent I2 molecules surrounding a 
central I- ion). 

Contact e-mail: alvarez@lcvn.univ-montp2.fr 
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B43 - The Federal University of Minas Gerais Center of Microscopy 

Karla Balzuweit, Andre S. Ferlauto, Rodrigo G. Lacerda, Luiz O. Ladeira, Elizabeth R. da Silva, Gregory 
T. Kitten, Nelcy D. S. Mohallem, Virgínia T. S. Ciminelli, Wagner N. Rodrigues 

Federal University of Minas Gerais 

Electron microscopy and Raman spectroscopy are nowadays the two basic main techniques used in 
nanotubes and nanoparticles characterization. Recently the Federal University of Minas Gerais started a 
process of improving high-end research infrastructure in the state of Minas Gerais creating a Center of 
Microscopy. Discussions to create a Materials and Molecules Characterization Center are underway.  
The Federal University of Minas Gerais is one of the largest and most respected in Brasil. Around 35.000 
regular students are spread over 20 Academic Units, which host about 48 undergraduate courses and 61 
“stricto sensu“ graduate courses. Also about 20.000 students attend yearly around 500 not regular 
courses, from computer science to languages, open to the general community. Strong scientific research 
groups are also spread over different areas and subjects.  
The Center of Microscopy was created to meet an increasing demand, in between others, from strong 
research groups at biology, chemistry, engineering, pharmacy and physics departments involved in 
research of nanoscale materials. The chemistry and physics departments work heavily on nanotubes and 
nanoparticle synthesis with na increasing interface on the application of those materials with several 
biology, engineering, pharmacy researcgroups.  
A 1060m2 complete new building with special environmental characteristics required for high resolution 
electron microscopy was inaugurated at the end of last year. The building comprises rooms to host the 
lower resolution microscopes that already existed throughout the Engineering School, the Institute of 
Biological Sciences and the Institutes of Geosciences and Exact Sciences and also six special rooms for 
higher resolution microscopes. Also several sample preparation and data treatment laboratories and 
administrative rooms are available. A TecnaiG2-20 and TecnaiG2-spirit transmission electron 
microscopes and one Quanta 200-FEG-scanning electron microscope, from FEI are being installed and 
tested. A Focused Ion Beam microscope has recently been acquired and will be installed at the end of the 
year. Sample preparation laboratories for several areas are also in process of being installed. Finally we 
expect to submit the acquisition of sub-angstron microscopes and high resolution analytical microscopes 
soon.  
The availability of this ensemble of microscopes and advanced analysis programs in a multi-user facility 
is generating cross-talk between researchers with strengths in different areas. Such interactions are 
allowing us to better investigate the interfaces between physics, materials science and biology in 
emerging areas such as bioengineering.  
We will present this new facility, which will be fully available to the whole scientific, state and private 
enterprise communities shortly. 

Contact e-mail: karlaweit@gmail.com 
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B44 - Preparation and Electrochemicacharacterization of Multi-Walled 
Carbon Nanotube Electrodes 

Edson Nossol, Mariane C. Schnitzler, Aldo J. G. Zarbin 

Universidade Federal do Paraná 

Carbon paste electrodes have been widely used in electrochemistry and electroanalysis because their low 
background current, high surface activity, wide potential window and chemical inertness. The use of 
carbon nanotubes as active material in carbon paste electrodes has been reported during the last few 
years, showing good performance when compared with similar electrodes built from graphite or glassy 
carbon. This work reports the construction of carbon paste electrodes using iron and iron oxide-filled 
multiwalled carbon nanotube (MWCNTs), mixed with mineral oil (Nujol). The MWCNTs were prepared 
trough the ferrocene pyrolysis1. The electrochemical behavior of electrodes prepared with different 
MWCNT/Nujol proportions was studied in a solution of potassium ferricyanide using cyclic 
voltammetry, and compared with that of paste electrodes prepared with commercial graphite and glassy 
carbon. The results showed high redox peak currents, well defined quasi-reversible voltammograms for 
redox of iron couple, good stability upon continuous cycling potentials and analysis of the current as a 
function of the scan rate resulted in a linear ip vs. v1/2 relationship. 

Contact e-mail: edsonnossol@quimica.ufpr.br 
 

B45 - Closing Rates of Holes in Single-Wall Carbon Nanohorns 

Jing Fan 1, Masako Yudasaka 2, Jin Miyawaki 1, Ryota Yuge 3, Takazumi Kawai 3, Sumio Iijima 4 

1 Japan Science and Technology Agency, 2 NEC Corporation, Japan Science and 
Technology Agency, 3 NEC Corporation, 4 Meijo University, NEC Corporation, Japan 

Science and Technology Agency 

A previous report showed that holes in single-wall carbon nanohorns (SWNHs) can be closed by heat 
treatments of 1200oC in Ar, which were evidenced by the N2 adsorption measurement [1]. Experimental 
results and theoretical calculations indicated that only the holes at the tips of nanohorns can be closed but 
not those in the sidewalls. In this study, we investigated the effect of heating temperatures  
(600 ~ 1200 oC) on hole closing. To open the holes, SWNHs were oxidized in flowing air by slow 
combustion method [2] with target temperatures, (Tox) of 400, 450, 500, or 550 oC (NHox). For closing 
the holes, NHox was heat-treated (HT) at 600, 800, 1000, or 1200 oC in Ar for 3 h. The hole closing was 
examined by measuring xylene-adsorption quantity (Q) using thermogravimetric equipment. The Q value 
decreased with the HT temperature, which exhibited the numbers of closed holes increased with the HT 
temperature. When Tox was higher than 500 oC, the hole closing mainly occurred at HT 1200 oC. To 
analyze the hole closing rate, we heat-treated NHox (Tox of 300, 350, 400, 450 or 500 oC) at 1200 oC for 
different periods. As a result, we found that the holes show the tendency of closing with HT duration 
period. However, we also noticed that the closed holes were once again opened during HT, which will be 
explained in the presentation. 
 
[1] J. Miyawaki et al., J. Phys. Chem.C 111 (2007) 1553-5. 
[2] J. Fan et al., J. Phys. Chem. B 110 (2006) 1587-91. 

Contact e-mail: fan@frl.cl.nec.co.jp 
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B46 - Study on the growth of vertically aligned carbo nanotubes by 
Mössbauer Spectroscopy 

Daniel Bretas Roa 1, Ingrid D. Barcelos 1, Blanda Donanzam 1, André S. Ferlauto 1, Sérgio de Oliveira 1, 
Luiz O. Ladeira 1, Rodrigo G. Lacerda 1, Maximiliano D. Martins 2, José D. Ardisson 2,  

Waldemar A. A. Macedo 2 

1 Laboratório de Nanomateriais, Departamento de Física, ICEX, UFMG, Belo Horizonte 
– MG, 2 Laboratório de Física Aplicada, CDTN/CNEN, Belo Horizonte - MG 

Nanostructured materials are the focus of great interest in science and technology. In particular, carbon 
nanotube (CNT) is one of the most studied materials and the achievement of controlled growth is 
essential for technological applications. Plasma enhanced chemical vapor deposition (PECVD) method 
can be a powerful tool for nanodevices fabrication in association with optical and electron bean 
lithography. Additionally, it is also well known that metallic magnetic nanoparticles (Ni, Fe, Co) are 
widely used for CNT growth. Thus, a better understanding of the final encapsulated catalyst within the 
CNT is fundamental not only to have insights on growth mechanism but also for possible new 
applications. In this work we produced vertically aligned multiwall CNT’s growth by PECVD method 
using a thin layer of 57Fe as catalyst. Mössbauer technique was performed to probe the final phase of the 
Fe metal particle. This technique was used due its sensibility making possible to get unique information 
about the different Fe phases that exists after growth. This knowledge can provide important indications 
about growth mechanisms of CNTs using PECVD. SiO2 film of 60 nm was deposited by sputtering over 
a Si substrate. After that, a 57Fe film of 7nm was deposited by Molecular Beam Epitaxy (MBE). The 
growth temperature was about 700oC in the presence of ammonia to prevent amorphous carbon formation 
and acetylene. A DC voltage of - 600 V was applied to generate the plasma. Micrographs of the sample 
were obtained using a Scanning Electron Microscopy (SEM). Mössbauer Spectroscopy showed the 
presence of two Fe phases: iron carbide (Fe3C - Cementite) and a metallic iron phase with diluted carbon 
(Austenite). It was interesting not to find pure iron phase (Ferrite) or iron oxide. Based on these data we 
will propose a growth model of CNTs using PECVD method and iron as catalyst.  
 
Acknowledgements: This work was supported by Rede Nacional de Pesquisa em Nanotubos de Carbono 
(CNPQ Brazil). 

Contact e-mail: bretasroa@yahoo.com.br 
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B47 - Electronic structure of MgO-coated carbon nanotube by X-ray-
absorption spectroscopy* 

Chia-Hong Li 

Department of Electrophysics, National Chiao Tung University 

In this study, the MgO-caoted carbon nanotubes-fabricated by thermal chemical vapor deposition 
process-was carried out to study the electronic structures by x-ray absorption near edge structure 
(XANES). The intensities of both π*- and σ*-band C 1s K-edge XANES feature [1] are found to be 
significantly reduced in MgO-coated CNTs, and the intensity of two peak between π*-and σ*-band C K-
edge XANES feature [2] are enhanced and shifted several eV. Results indicate that the influence of 
different transition and electronic structure for CNTs is attributed by MgO coating.  
 
Keywords: Carbon nanotube, Electronic structure, X-ray-absorption spectroscopy  
 
[1] Zhongrui Li, Liang Zhang, Daniel E. Resasco, Bongjin Simon Mun, Felix G. Requejo, Applied 
Physics Letters 90 (2007) 103115. 
[2] Anya Kuznetsova, Irene Popova, John T. Yates, Jr., Michael J. Bronikowski, Chad B. Hu_man, Jie 
Liu, Richard E. Smalley, Henry H. Hwu, and Jingguang G. Chen, J. Am. Chem. Sci. 123 (2001) 10699-
10704. 
* Research is financially supported by the National Science Council of Taiwan under grant no. NSC94-
2112- M-009-007 
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B48 - DEVELOPMENT OF CARBON NANOTUBES ELECTRODES 
FOR ELECTROCHEMICAL APPLICATIONS 

Rodrigo de Oliveira Silva Guimaraes 1, Luiz O. Ladeira 2, Rodrigo G. Lacerda 2, Andre S. Ferlauto 2, 
Sérgio Oliveira 2, Jose Marcos A. Figueiredo 2, Edelma E. Silva 2 

1 UFMG (Universidade Federal de Minas Gerais), 2 UFMG 

Carbon nanotubes (CNTs), due to their nanometer size and unique properties, such as high specific 
surface area, good electrical conductivity and high stability, have been the object of great interest for 
many applications like batteries, flat panel displays, chemical sensors, fuel cells among others. Our work 
consists in developing electrodes using carbon nanotubes with different architectures to study its 
electrochemical properties for future applications in fuel cells. Different methods were used to build the 
CNT electrodes. One of them was fabricated by growing directly on inox-steel and silicon substrates 
vertically aligned carbon nanotubes by DC-PECVD. Another approach was to prepare a CNT paste 
electrode using mineral oil as binder. By using a spray technique different CNT´s solutions were sprayed 
on different substrates (glass, silicon, inox-steel). The electrodes were electrochemically characterized by 
linear sweep voltammetry. Good electrochemical response in aqueous ferrocyanide system suggests that 
carbon nanotubes have promising potential to be used as an electrode for fuel cell applications. 

Contact e-mail: loiatan@gmail.com 
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B49 - Nanoscale optical characterization of single carbon nanotubes 

Huihong Qian 1, Tobias Gokus 1, Carsten Georgi 1, Neil Anderson 2, Lukas Novotny 2, Achim Hartschuh1 

1 Department Chemie, Ludwig-Maximilians-Universitaet Muenchen and CeNS,  
2 The Institute of Optics, University of Rochester, Rochester NY 

Near-field photoluminescence (PL) and Raman spectroscopy were used to study the electronic and 
vibrational properties of semiconducting single-walled carbon nanotubes (SWCNTs). We present both 
PL and Raman scattering of SWCNTs obtained simultaneously with nanoscale resolution down to 10 nm. 
The technique we used is based on the local field enhancement effect at a laser-illuminated metal tip [1]. 
High-resolution images reveal that Raman scattering and PL vary not only from nanotube to nanotube, 
but also within the same nanotube. We observed localization of PL and variations of emission energies 
along nanotubes on a length scale of about 30 nm [2]. We attribute such variations to fluctuations of the 
dielectric function of the surrounding media. In addition, we investigated the dependence of the signal 
enhancement on the tip-sample distance. Simultaneous detection of Raman scattering and PL allows us to 
distinguish different contributions and to extract the effect of PL quenching. This technique is ideally 
suited to study hybrid nanoscale systems such as DNA-wrapped SWCNTs and QD-SWCNTs. We report 
on our first result on these systems. 
[1] A. Hartschuh et al., Phys. Rev. Lett. 90, 095503 (2003). 
[2] A. Hartschuh et al., Nano Lett. 5, 2310 (2005). 
Contact e-mail: huihong.qian@cup.uni-muenchen.de 
 

B50 - Electro-optical properties of polymers and carbon nanotubes for 
application in devices 

Sandra Lucia Nogueira 1, Danillo Fernandes Lopes 1, Luís Alexandre Guilherme 1, Clascídia Aparecida 
Furtado 2, Alexandre Marletta 1, Raigna Augusta Silva 1 

1 Universidade Federal de Uberlândia, 2 Universidade Federal de Minas Gerais 

In this work we perform studies on electrical and optical properties of conjugated copolymers, carbon 
nanotubes and ionic conductor polymers (polymer electrolytes) with the purpose of developing electro-
optic devices. The chosen materials consist of conjugated copolymers (semiconductors), their 
correspondent oligomers (thiophene-phenylene) and single-Walled carbon nanotubes (SWNT), 
synthesized by arc voltaic technique. After purification, the SWNT sample reached 90% of purity degree, 
measured by thermogravimetry. For improvement of the SWNT solubility in organic solvents, the tube 
ropes were opened by previously dispersing the purified SWNT in aqueous solution containing surfactant 
(SDS-sodium dodecyl sulfate) and re-precipitating in acetone. The employed electrolytes were composed 
by dissolving LiClO4 salt in poly(ethylene) – block – poly (ethylene oxide) (PE-POE, Mw=900 daltons) 
at concentrations of 0, 1, 5, 7,5, 10 and 15% w/w. According to our previous studies, the carbon 
nanotubes absorb in the ultraviolet region and emit in the visible region of the spectra, the same is true 
for conjugated polymers. Based on impedance studies and thermal and structural analyses of electrolytes, 
we conclude that the concentration of 10% w/w optimizes the electric and structural correlated properties. 
Supported by these results we consider two types of electro-optic devices: the first one would be an 
electrochemical cell of light emission (LEC), formed by an electrolyte and a conjugated material blended; 
and the second one is a photovoltaic cell, formed by the composite conjugated material and carbon 
nanotube. 
Contact e-mail: sandralucianogueira@gmail.com 
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B51 - Initial Friction Coefficient Studies On PDMS with MWCNT 

Polyana A Alves Radi 1, Érica Freire Antunes 2, Anderson Oliveira Lobo 3, Vladimir J. Trava-Airoldi 4, 
Evaldo J. Corat 4, Lúcia Vieria Santos 4 

1 INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS, 2 Inpe - INSTITUTO 
NACIONAL DE PESQUISAS ESPACIAIS / ITA - INSTITUTO TECNOLÓGICO, 

AEROESPACIAL, 3 Inpe - INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS/ 
ITA - INSTITUTO TECNOLÓGICO AEROESPACIAL, 4 Inpe - INSTITUTO 

NACIONAL DE PESQUISAS ESPACIAIS 

Poly(dimethyl siloxane) (PDMS) and derivatives are from a class of hybrid organic/inorganic polymers. 
This class is called silicone, it been extensively studied and commercialized. They are water repellent, 
heat stable, highly chemical resistant, and are electrically insulating. Due to these special properties, they 
are finding diverse industries applications as cosmetics, drug delivery, fabric care and paints and inks [1]. 
Because they can be operated at high and low temperature, they are also commonly used as oils, rubbers, 
hydraulic fluids, electrical insulation and moisture proofing agents. Multi Wall Carbon Nanotubes 
(MWCNT) has been attracted great attention because of their unique properties such as high mechanical 
strength and light weight, good heat conductance, and large surface area. A large number of papers have 
been reported that the nanoparticles addition on lubricant is effective in reducing wear and friction. The 
friction and wear decrease is dependent on nanoparticles characteristics, such as size, shape, and 
concentration [2]. In this paper we presented friction coefficient results of pure PDMS and PMDS with 
different concentrations of MWCNT. The MWCNT were dispersed in the PMDS by using ultrasonic 
bath. The tests were performed using a CETR ball-on-plat tribometer. The nanotubes were synthesized 
by plasma microwave in H2/N2/CH4 environments, on titanium substrates covered by nickel particles as 
catalyst. 
 
[1] P. Somasundaran, Somil C. Mehta, Parag Purohit. Silicone emulsions. Advances in Colloid and 
Interface Science 128-130 (2006) 103-109.  
[2] Y.Y. Wu, W.C. Tsui, T.C. Liu. Experimental Analysis of Tribological Properties of Lubricating Oils 
with Nanoparticle Additives. Wear 262 (2007) 819-825. 
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B52 - Effect of synthesis conditions of N-doped multiwalled carbon 
nanotubes (CNx) on X-Ray Diffraction  Patterns 

Grisel Ramírez-Manzanares, Daniel Ramirez-González, Ana Laura Elias, Adalberto Zamudio, Julio A. 
Rodríguez, Filiberto Orona, Luis Ballesteros, Humberto Terrones, Mauricio Terrones 

IPICyT 

In these work, a series of Nitrogen-doped multiwalled carbon nanotubes (CNx) synthesized under 
different conditions by CVD process, were analyzed in terms of crystallinity using powder X-Ray 
diffraction. Results obtained suggest an inverse relation between d-spacing for signal of the (002) plane 
of graphite and synthesis temperature. This behavior has been verified for CNx obtained from different 
precursors (i.e. Fe-catalyst and Nhydrocarbon source) ratios. It also seems that when synthesis is 
performed with increasing amounts of Fe-catalyst, smaller d-pacing in G(002) peak is detected. XRD 
patterns for CNx samples synthesized around 700°C and for those synthesized around 900°C exhibit a 
poorly-defined graphite peak. SEM observations for these samples reveal reduced amounts of CNx and 
an important presence of amorphous carbon.On the contrary, nanotubes samples obtained between 800-
850°C, present sharper graphite peaks indicating more crystalline character. Iron carbide “cementite” 
phase (Fe3C), which is present in all cases, becomes considerable in samples produced at low 
temperatures (700-750°C). Thermogravimetric (TGA) analyses were also conducted with the aim of 
complete phase identification. Results exhibit a reduction in thermal stability as synthesis temperature 
decreases. 

Contact e-mail: griselrm@ipicyt.edu.mx 
 

B53 - The internal structure of vertically aligned single-walled carbon 
nanotube films 

Erik Einarsson 1, Takahisa Yamamoto 2, Yuichi Ikuhara 3, Shigeo Maruyama 1 

1 Dept. of Mechanical Engineering, The University of Tokyo, 2 Dept. of Advanced 
Materials Science, The University of Tokyo, 3 Inst. of Engineering Innovation, The 

University of Tokyo 

In this study, we investigated the internal structure of ‘as-grown’ vertically aligned single-walled carbon 
nanotube (VA-SWNT) films by cross-sectional transmission electron microscopy (TEM). The VA-
SWNTs were produced by the alcohol catalytic CVD method [1, 2], and transferred onto a TEM grid 
using a hot water technique [3]. The resulting freestanding VA-SWNT film was observed along the 
alignment direction, revealing cross-sections of the interior of the film. Cross-sections at various depths 
into the film were obtained by changing the focal plane. Due to the alignment of the SWNTs, many 
bundle cross-sections were observable, revealing the film consists of very small bundles, typically 
containing 3-10 SWNTs per bundle [4]. 
 
[1] S. Maruyama et al., Chem. Phys. Lett. 360 (2002) 229. 
[2] Y. Murakami et al., Chem. Phys. Lett. 385 (2004) 298. 
[3] Y. Murakami and S. Maruyama, Chem. Phys. Lett. 422 (2006) 575. 
[4] E. Einarsson et al., submitted; E. Einarsson et al., cond-mat/0702630. 

Contact e-mail: erik@photon.t.u-tokyo.ac.jp 
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B54 - Composition, structure and heat capacity of a double-walled carbon 
nanotube commercial sample 

Glaura G. Silva 1, Anthony W. Musumeci 2, Jiang-Wen Liu 3, Hong-Wei Liu 3, Eric R. Waclawik 3, 
Graeme A. George 3, Ray L. Frost 3 

1 Universidade Federal de Minas Gerais, 2 University of Queensland – Australia,  
3 Queensland University of Technology 

Double-walled carbon nanotube (DWNT) samples were characterized by transmission electron 
microscopy (TEM), thermogravimetry (TG) and Raman Spectroscopy. The DWNT average outer and 
inner tube diameters were ~3 nm and ~ 2 nm respectively. The main thermooxidation characterized by 
TG occurs at 474oC with the loss of 90 wt% of the sample and a residue of 3.6 wt% of metal oxide was 
determined in triplicate. Thermooxidation of the DWNTs was also investigated by high resolution 
thermogravimetry, which allowed the determination of the amount of amorphous and graphitic 
carbonaceous material in the sample. A fraction of 5 wt% of the material was stable in air up to 800 oC 
and TEM images revealed the presence of a large content of nanotubes in this fraction. The heat capacity 
of the DWNT sample was determined in the range of temperature between -50 and 290 oC. The values of 
Cp for the DWNTs were compared to the Cp values of a SWNT sample of average diameter close to the 
inner layer of the DWNT 

Contact e-mail: glaura@qui.ufmg.br 
 

B55 - Solid State Double Layer Capacitor Prepared with Polymer Electrolyte 
and Carbon Nanotube/Carbon Black Based Electrode Composite 

Glaura G. Silva 1, João Paulo C. Trigueiro 2, Rodrigo L. Lavall 2, Raquel S. Borges 2, Hallen D.R. 
Calado2, Jacques Rieumont 3 

1 Universidade Federal de Minas Gerais, 2 Departamento de Química - UFMG – Brazil,  
3 Facultad de Química - Universidad de La Habana - Cuba 

Multi-walled carbon nanotube (MWNT) and carbon black (CB) with high surface area (1500 m2/g) were 
used as a mixture of carbonaceous materials to prepare an electrode composite in a polymer matrix. Solid 
double layer micrometric capacitors were assembled by using a thermoplastic polyurethane (TPU) and 
LiClO4 as polymer electrolyte films and TPU/MWNT-CB/LiClO4 electrode films. Electrolyte and 
electrode films in various concentrations were studied by differential scanning calorimetry, microscopy 
and impedance spectroscopy. The double layer capacitors were investigated by impedance spectroscopy, 
cyclic voltametry and cronocoulometry. The device with 4 wt% MWNT and 8 wt% CB was designed 
with final thickness of approximately 100 µm and delivered a capacitance of 5 F/g with a cyclability of 
more than 1000 cycles at room temperature. 

Contact e-mail: glaura@qui.ufmg.br 
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B56 - Elucidating and mapping morphological variations in CNT films by 
small-angle X-ray scattering 

Anastasios John Hart, Benjamin Wang, Eric Verploegen, Ryan D. Bennett, Robert E. Cohen 

Massachusetts Institute of Technology 

The thickness of dense aligned films of carbon nanotubes (CNTs) grown from thermal CVD can reach 
several millimeters [1], suggesting manufacturing feasibility for prospective applications including 
thermal and electrical interface layers and reinforced composite materials. Traditionally, characterization 
of the orientation and CNT diameter within these films has been performed using scanning and 
transmission electron microscopy (SEM and TEM). However, the requirement of removing CNTs from 
the substrate and the restricted field of view in TEM make it challenging to elucidate spatial variations in 
film morphology. Furthermore it is difficult to obtain quantitative measurements of orientation using 
SEM. Here, we demonstrate how small-angle X-ray scattering (SAXS) can provide locally averaged, 
non-destructive, quantitative measurements of these parameters [2]. By obtaining SAXS data from 
different regions of a film, we elucidate and map the native variation of morphological properties in 
asgrown films and in films which are deformed and/or densified by direct mechanical or capillary-
induced action [3]. Our investigations demonstrate that typical CNT films exhibit maximal alignment in 
the center region, that CNT diameter decreases slightly as film growth proceeds and may correspond to 
evolution of the substrate-bound catalyst particles, and that scattering in the low-q regime can be 
correlated to the spatial density of CNTs within a film. 
 
[1] Hart, A.J. and A.H. Slocum, Rapid growth and flow-mediated nucleation of millimeter-scale aligned 
carbon nanotube structures from a thin-film catalyst. Journal of Physical Chemistry B, 2006. 110: p. 
8250-8257. 
[2]Wang, B.N., et al., Quantitative characterization of the morphology of multi-wall carbon nanotube 
films by small-angle x-ray scattering. Journal of Physical Chemistry C, in press, 2007. 
[3] Wang, B.N., et al., Characterizing the morphologies of mechanically manipulated multi-wall carbon 
nanotube films by small-angle X-ray scattering. Journal of Physical Chemistry C, submitted, 2007. 
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B57 - Annealing effects on the electrical properties of carbon nanotubes 

Mônica Jung de Andrade 1, Viera Skakalova 2, Márcio Dias Lima 1, Carlos Pérez Bergmann 3, Siegmar 
Roth 2 

1 Max-Planck Institute for Solid State Research (MPI) and Universidade Federal do Rio 
Grande do Sul (UFRGS), 2 Max-Planck Institute for Solid State Research (MPI),  

3 Universidade Federal do Rio Grande do Sul (UFRGS) 

In order to better understand the properties of composites it is important to know the specific behaviour 
of each component of the composite. Therefore, self standing papers of carbon nanotubes were submitted 
to different thermal treatments in inert atmosphere in the range of 675C-1425C for one hour. Electrical 
conductivity measurements and Raman spectroscopy were used to characterize these samples. 

Contact e-mail: monica_lacer@yahoo.com.br 
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B58 - Carbon Nanotube interactions with Biological Systems 

Ana Laura Elias Arriaga 1, Julio Cesar Carrero Sanchez 2, Gerardo Arrellin 2, Raul Mancilla 2, Morinobu 
Endo 1, Humberto Terrones 3, Juan Pedro Laclette 2, Mauricio Terrones 3 

1 Shinshu University, 2 UNAM, 3 IPICyT 

We compared the toxicological effects between pure carbon multi-walled nanotubes (MWNTs) and N-
doped multi-walled carbon (CNx) nanotubes. For this matter, we used two different approaches. In the 
first one, different doses of nanotubes were administered in various ways to mice: nasal, oral, 
intratracheal and intra-peritoneal. In the second one, a comparative cell viability study of Entamoeba 
histolytica in the presence of the two different types of carbon nanotubes was performed; HM1:IMSS 
trophozoites were incubated in vitro with MWNTs and CNx MWNTs, at different doses (from 0.1 to 100 
µg/105 cells). We have found that when MWNTs were injected into the mice’s trachea, the mice could 
die by dyspnea depending on the MWNTs doses. However, CNx nanotubes never caused the death of any 
mice. We always found that CNx nanotubes were far more tolerated by the mice when compared to 
MWNTs. Extremely high concentrations of CNx nanotubes administrated directly into the mice’s trachea 
only induced granulomatous inflammatory responses. Importantly, all other routes of administration did 
not induce signs of distress or tissue changes on any treated mice. On the other hand, it was demonstrated 
that CNx MWNTs are innocuous to the proliferation of the trophozoites, whereas MWNTs became lethal. 
Moreover, CNx MWNTs were actively phagocyted by trophozoites with no evidence of cellular damage 
or distress, in contrast to MWNTs that induced cellular lysis. These results encourage further studies 
testing CNx nanotubes in biological systems to define their potential for drug delivery and cell targeting. 
We conclude that CNx nanotubes are less harmful than MWNTs or SWNTs and might be more 
advantageous for bioapplications. 

Contact e-mail: alaura@ipicyt.edu.mx 
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B59 - Tilt Effects in Electron Diffraction Analysis of SWCNTs 

Hua Jiang 1, Delphine Chassaing 2, Albert G. Nasibulin 2, Esko I. Kauppinen 2 

1 VTT Technical Research Center of Finland, 2 NanoMaterials Group, Laboratory of 
Physics and Centre for New Materials, Helsinki University of Technology, P.O. Box 

1000, FIN-02044 VTT, Finland 

Electron diffraction  technique has proven to be a direct, fast and trustful method for (n,m) determination 
of single-walled carbon nanotubes (SWCNT)1. An important issue in electron diffraction  analysis of 
nanotube is that the tilt of the tube with respect to the incident electron beam in a transmission electron 
microscope (TEM) has a serious influence on the accuracy of the determination1,2. Unfortunately, the tilt 
angle of the nanotube is usually unknown, and is practically hard to quantify. In this contribution, we 
evaluate the tilt effects on structural analysis of SWCNTs by various electron diffraction  techniques. An 
experimental procedure is proposed for confident evaluation of the tilt angle of the nanotube with respect 
to the electron beam.  
 
References 
1. Hua Jiang, Albert G. Nasibulin, David P. Brown and Esko I. Kauppinen: Carbon 45 (2007), 662- 667. 
2. Hua Jiang, David P. Brown, Albert G. Nasibulin and Esko I. Kauppinen: Phys. Rev. B 74 (2006), 
035427. 
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B60 - Neutron activation study of gold-decorated single-wall carbon 
nanotubes 

Rafael G. F. Gonçalves, Arno H. Oliveira, Rodrigo G. Lacerda, Luiz O. Ladeira, Sergio de Oliveira, 
Andrea V. Ferreira, Mauricio V. B. Pinheiro 

UFMG 

The study of carbon nanostructures (CN) encloses several areas of knowledge like chemistry, physics and 
materials science. Among the CN applications, those within the biological and health sciences are, by far, 
the most investigated due to the greater potential. Recent proof-of-concept works indicate that CN can be 
used, for example, as DNA and protein biosensors, drugs carriers, and scaffolds for tissue growing. 
However, very few studies focused their tissue biodistribution, absorption and clearance rates [1, 2]. Such 
studies are of extreme importance for the developing real CN-based biomedical applications. The 
motivation of this work is therefore to understand the biodistribution in mice and rats, of a novel single-
wall CN decorated with gold nanoparticles. The first step of this work comprised a novel route for the 
preparation of these nanotubes. First, they were synthetized by arc discharge technique of doped graphite 
electrodes, purificated burning the amorphous carbon and removing the metals with hydrochloric acid, 
and funcionalizated with carboxyl groups (-COOH) by nitric acid reflux. Finally they were decorated 
with gold reducing choroauric acid (HAuCl4) with nitric acid, UV and hydrazine (N2H4) routes. The 
former process already reported in the literature [3] and the later is a novel route of decoration SWNT 
with nanoparticles of gold developed in the Laboratory of Nanomateriais of the Department of Physics of 
the UFMG. Atomic Force Microscope (AFM) images confirmed the decoration. Gold-decorated CN 
samples were then neutron irradiated at the TRIGA MARK 1 IPR-R1 Reactor of the CDTN facility, and 
the 197Au isotope was transmuted in 198Au, which decayed in 198Hg emitting a characteristic gamma 
of 411KeV. Through the gamma spectrometry it was possible to quantify the amount gold present in the 
nanotubes and show that these gold-decorated CN can be used later as probes for the biodistribution of 
the nanotubes in tissues, organs and fluids of mice and rats. 

Contact e-mail: rgfurst@yahoo.com.br 
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C01 - Targeted Removal of Bioavailable Metal as a Nanotube Detoxification 
Strategy 

Robert H Hurt, Daniel Morris, Xinyuan Liu, Lin Guo, David Murray, Agnes Kane 

Brown University 

The carbon nanotube community has a window of opportunity to understand and manage nanotube health 
risks before manufacturing becomes truly widespread. Ultrafine transition metal particles pose 
documented health risks upon inhalation, but their contribution to nanotube toxicity has been unclear due 
to their apparent encapsulation by carbon shells. The degree of encapsulation is a key toxicity variable 
because the major biomolecular pathways of metal toxicity involve soluble ions, which must first be 
“mobilized” from metal nanoparticles, or made “bioavailable“ by reactive dissolution processes that 
require fluid access.  
Recently we developed quantitative assays for the bioavailability of Ni, Fe, and Y in carbon nanotubes, 
and applied them to study the effects of nanotube source, physiological fluid properties, and common 
nanomaterial stresses (sonication, oxidation) on metal bioavailability. We found that from 0.5% to 10% 
of the total metal is typically bioavailable, and the corresponding release can lead to toxicologically 
significant metal concentrations in either extracellular or intracellular spaces.  
Here we explore the potential for reducing nanotube health risks by selectively removing the small 
fraction of the total metal that is found to be bioavailable. This talk presents results of nanotube treatment 
with non-oxidizing acids and chelating agents, and examines the effects of pH, time, wash protocol, and 
re-deposition of metal on nanotube outer surfaces by ion exchange. By targeting the bioavailable rather 
than the total metal, it is possible to identify simple purification protocols that may reduce nanotube 
health risks without causing tube damage. 

Contact e-mail: Robert_Hurt@brown.edu 
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C02 - Debundling of Single Walls Carbon Nanotubes in Peptide-based 
Dispersions 

Valeria Nicolosi 1, Helen Cathcart 1, Gregg R. Dieckmann 2, Alan B. Dalton 3, Jonathan N. Coleman 1 

1 Trinity College Dublin, 2 University of Texas Dallas, 3 University of Surrey Guildford 

In the last few years carbon nanotubes have attracted a great deal of attention because of various 
interesting properties correlating their characteristic chemical properties with their small dimensions, 
high anisotropy and tube-like structures. The utilization of carbon nanotubes in various applications has 
although been hampered by the fact that they are difficult to solubilise and tend to aggregate into large 
bundles extremely difficult to separate. In the present work an amphiphilic -helical peptide (NANO-1) 
has been used to disperse single-walled carbon nanotubes (SWNTs) in water. Large scale debundling of 
single-walled nanotubes has been demonstrated by dilution of the nanotubes/peptide dispersions. Atomic 
force microscopy (AFM) shows a decrease of the mean bundle diameter with decreasing concentration. 
Infrared photoluminescence spectroscopy has been used to confirm the AFM results, showing evident 
increase pf the detected intensity with decreasing concentration; hence indicating effective debundling. 
Number and mass fractions of individual nanotubes also increase with decreasing concentration. Detailed 
analysis of both miscroscopical and spectroscopical data suggests the presence of an equilibrium bundle 
number density. The dilution process has also been compared with the effects of ultracentrifugation, 
showing the dilution method to be a viable and effective alternative. 

Contact e-mail: nicolov@tcd.ie 
 

C03 - Gas-phase experiments with carbon nanotubes 

Hendrik Ulbricht 1, Nikolaus Gotsche 1, Markus Marksteiner 1, Martin Berninger 2, Sarayut 
Deachapunya1, Andre Stefanov 1, Markus Arndt 1 

1 University of Vienna, Faculty of Physics, Quantum Optics, Quantum Nanophysics and 
Quantum Information, 2 Institut für Experimentalphysik, 

We present experimental results regarding the realization of beams of single-wall carbon nanotubes 
(SWNT’s) under high vacuum conditions. The free flying tubes are adsorbed on a substrate and 
characterized both by Raman spectroscopy and transmission electron microscopy (Thanks to the 
workgroups of Prof. Kuzmany and Prof. Karnthaler (both University of Vienna)).  
We discuss the application of such a nanotube beam and we propose a gas-phase sorting scheme to 
separate metallic from semiconducting SWNT’s in a three grating deflectometer. The idea of the sorting 
setup is demonstrated with fullerenes in a near field matter wave interferometer and we describe how an 
optimized version of this experiment, operating in the classical Moiré mode, may be successful in 
achieving a partial enrichment of more than 60% for the metallic nanotubes.  
We argue that a clean nanotube beam will have many advantages for the preparation of single tube and 
bulk devices and we discuss ideas how to achieve orientation alignment for free-flying nanotubes, which 
may be an important prerequisite for the structured and oriented deposition of isolated carbon nanotubes. 

Contact e-mail: hendrik.ulbricht@univie.ac.at 
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C04 - Design of a Dispersant for Carbon Nanotubes in Organic Solvent 

Seong Jae Choi 1, Seon-Mi Yoon 1, Hyeon-Jin Shin 1, Jae-Young Choi 1, Ki Kang Kim 2, Kay Hyeok An2, 
Young Hee Lee 2, Jin-Hyon Lee 3, Ungyu Paik 3 

1 Samsung Advanced Institute of Technology, 2 Carbon Nanotube Research Laboratory, 
Department of Physics, SungKyunKwan University, 3 Nano Device Processing Lab, 

Department of Ceramic Engineering, Hanyang University 

The effect of dispersant structures to dispersing singlewalled carbon nanotubes (SWCNTs) was 
investigated. The 3-hexylthiophene was used as a starting material to design a dispersant for dispersion of 
SWCNTs in organic solvent by varying number of head groups (thiophene), regio-regularity of head 
groups, and head to tail ratios (hexyl group). The SWCNT solutions were characterized with UV-Vis-
NIR spectroscopy and transmission electron microscopy. An increase in the number of head groups made 
SWCNTs highly dispersed and a regio-regular structure of head groups, rather than a regio-random 
structure, and played an important role in dispersing SWCNTs. Furthermore, Raman spectroscopy and X-
ray photoelectron spectroscopy showed that sulfur atoms in the head group of thiophene enhanced 
interactions between thiophenes and the SWCNT walls. Our analysis demonstrated that the designed 
thiophene (H12,RR) could provide the well-dispersed SWCNTs solution with long-term dispersion 
stability even under an extremely low dispersant concentration for dispersion of SWCNTs (weight ratio 
of CNTs/dispersant = 1, dispersant concentration = 0.1 g/L). 

Contact e-mail: seongj.choi@samsung.com 
 

C05 - Highly stable dispersions of SWNTs in some organic solvents  

Zhenyu Sun 1, Shane Bergin 2, Valeria Nicolosi 2, Jonathan Coleman 2 

1 Trinity College, 2 Trinity College, Ireland 

Stable dispersions of purified single-walled nanotubes (HiPCO) have been demonstrated in six common 
solvents at the initial concentration of 1 mg/ml without the need for any other dispersants. While some 
large nanotube aggregates form, these can be removed by mild centrifugation. By measurement of the 
absorbance before and after centrifugation as a function of concentration, the concentration of the 
dispersed nanotube phase could be estimated. After centrifugation, the dispersions are stable against 
sedimentation for at least several weeks. These stable dispersions were characterized by atomic force 
microscopy (AFM), UV-vis-NIR and near-infrared photoluminescence (IRPL) spectroscopy. The bundle 
diameter distributions of SWNTs dispersed in each solvent were measured by AFM. From this, we could 
calculate the mean bundle diameter which was typically in the range of 5-10nm and the fraction of 
individual nanotubes, typically les than 20%. However on dilution of all samples by a factor of ~10, in all 
cases the mean bundle diameter fell dramatically to as low as <2nm, while the fraction of individual 
nanotubes increased to >50% in a number of cases. The latter measurement could be confirmed by 
measurements of the nanotube IRPL before and after dilution. In addition, in some solvents IRPL peaks 
for certain nanotube types increased more on dilution compared to other nanotube types. These 
experiments can be used to rank solvents for nanotubes in terms of both dispersibility and ability to 
exfoliate. 

Contact e-mail: sunz@tcd.ie 
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C06 - Debundling and Cutting of Single-Wall Carbon Nanotubes Solubilized 
in Aqueous Solution during Cup-Horn Ultrasonication 

Tadahiro Ishii, Catalin Romeo Luclescu, Yoshie Suzuki, Hirofumi Yajima 

Tokyo University of Science 

The process of debundling of single-walled nanotubes (SWCNTs) is based on powerful cavitation effect 
and subsequent substitution of powerful nanotube-nanotube Van der Waals forces by surfactant micelles 
or polymer wrapping. The colloidal aqueous dispersions of strongly hydrophobic SWCNTs are usually 
obtained by powerful ultrasonication. At present, two types of ultrasonicators are commercially available: 
horn (or tip) and cup-horn ultrasonicators. A horn ultrasonicator is inserted directly to a vessel, and the 
ultrasonication power is transferred at high local intensity to samples. A cup-horn ultrasonication gives 
rather the small input power to the samples because the input power is transferred through a water bath 
but it will assure a relatively homogeneous sound intensity in the sample volume. 
 In order to understand the debundling and the cutting of carbon nanotubes in aqueous Sodium Dodecyl 
Sulfate (SDS) solutions, we investigated the effect of ultrasonication on SWCNTs by using a commercial 
cup-horn type ultrasonicator (Nanoruptor, TOSHO DENKI Co. Ltd., 350W, 20 kHz) working in on-off 
cycles (60 seconds on and 30 seconds off). The cup-horn ultrasonication experiments were conducted for 
sealed sample vials inserted in the temperature controlled water bath (4 oC). The samples’ pH and 
temperature were monitored during ultrasonication. All ultrasonicated samples were investigated by 
absorption, dynamic light scattering, and Raman spectroscopy.  
The pH of the nanotubes dispersed solution decreases strongly with the ultrasonication time following an 
exponential law. The reason for the pH decrease is thought to be the generation of HNO3 and HNO2 
through a couple of reactions induced by powerful cavitation. In order to avoid pH effects, all 
spectroscopic measurements were conducted after buffering the samples toward the neutral pH with a 
mixed buffer solution of standard potassium phosphate monobasic buffer solution and sodium phosphate 
dibasic buffer solution (pH 6.86) at 4:1 ratios. Results of dynamic light scattering, and Raman 
spectroscopic measurements revealed that the debundling and the cutting of single-walled nanotubes 
were occurred with the increase of the sonication time. The cup-horn sonication did not give so large 
damages to SWCNTs in spite of the long time sonication. The characteristic differences between the horn 
type sonication and the cup-horn ultrasonication will be discussed. 

Contact e-mail: taishii@rs.kagu.tus.ac.jp 
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C07 - Purification and opening of carbon nanotubes using steam 

Gerard Tobias, Lidong Shao, Christoph G. Salzmann, Yoon Huh, Malcolm L. H. Green 

Inorganic Chemistry Laboratory, University of Oxford 

A vast amount of research has been focused on the preparation of high purity carbon nanotube samples, 
either during their synthesis or in a post-growth purification process. Typically amorphous carbon, 
graphitic particles and metal particles (catalyst) are the main impurities in as-made carbon nanotubes. 
Although several procedures have been used to purify as-made SWNTs, nitric acid has become the 
standard reagent for purification of carbon nanotubes and constitutes one of the steps in many different 
purification schemes. Recent studies have shown that acid purification leads to partial oxidation of 
SWNTs themselves and sometimes to an extensive disruption of the tubular structure. We have explored 
the use of steam which allows a better control of the opening and removal of the carbonaceous fragments, 
neither functionalizing the SWNTs nor damaging their tubular structure. Addition of an aqueous solution 
of uranyl acetate to the purified SWNTs gives uranyl acetate@SWNTs (HRTEM), which provides direct 
evidence of the opening of the SWNTs. IR and Raman spectra of the purified samples are also presented. 
 
[1] G. Tobias, L. Shao, C.G. Salzmann, Y. Huh, M.L. H. Green. J. Phys. Chem. B 110, 22318 (2006). 

Contact e-mail: gerard.tobias@chem.ox.ac.uk 
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C08 - Study of the dispersion process of carbon nanotubes in aqueous 
solution by using UV-vis spectroscopy 

Gabriella Faiella 1, Michele Giordano 2, Vincenza Antonucci 2, Antonietta Buosciolo 3 

1 Institute for Composite and Biomedical Materials (IMCB) - National Research Center 
(Italy), 2 Institute for Composite and Biomedical Materials (IMCB) - National Research 

Center (CNR)-Italy, 3 University of Naples Federico II 

The current bottleneck to carbon nanotubes (CNT) application in composite materials field consists in the 
difficulty of dispersing them in solvents. As a result of strong van der Waals interactions, as produced 
CNTs are tightly bundled in ropes of several tubes, rendering the carbon-powder insoluble in aqueous 
and organic liquids, and thus unprocessable [1].  
The insolubility of CNTs has prompted research efforts focused on nanotube functionalization combined 
with dissolution in organic solvents and water. Functionalization by acid attack allows the dispersion of 
CNTs in various organic solvents, but introduces a significant number of defects in raw material, 
damaging CNTs’ properties [2]. Moreover, the interest in applications that require water-soluble CNTs is 
growing and many attention is being directed to the study of surfactant aqueous solutions, in which 
surfactants can successfully suspend carbon nanotubes. In a typical dispersion procedure, after the 
surfactant has been adsorbed on the nanotube surface, ultrasonication helps surfactants debundling and 
exfoliating nanotubes, providing a mechanical energy able to overcome van derWaals interactions in 
CNT bundles. The electrostatic repulsion between surfactant polar heads that remain in solution allows 
the colloidal stability. 
In this study the dispersibility of HiPco single walled carbon nanotubes (SWNT) in water has been 
evaluated by using UV-vis spectroscopy analysis. All kinds of CNTs are active in UV-vis region and 
exhibit characteristic bands depending on diameters and chiral vectors. Therefore, it is possible to detect 
individual CNTs via spectroscopic technique: there is a relationship between individually suspended 
CNTs in solution and the intensity of absorption spectrum at a determined wavelength [3]. This 
characteristic allows a dispersion analysis based on the study of the modification of CNTs spectral 
features with different parameters, such as solution sonication time, surfactant nature and concentration: 
an increase of exfoliated CNTs in the solution results in an increase of the absorbance value [4].  
In this study, aqueous solutions of SWNTs have been prepared by using three types of surfactants, 
anionic, cationic and nonionic, in order to evaluate their dispersion abilities and to optimize dispersion 
process in terms of sonication time and surfactant concentration. Solutions at different surfactant 
concentrations have been analyzed after various sonication periods, enabling the classification of 
dispersion ability of these surfactants depending on surfactant chemistry, such as molecular formula, 
critical micelles concentration and polarity. A microscopical characterization by using Atomic Force 
Microscopy has been conducted in order to evaluate SWNTs dispersion and surfactant organization 
around nanotubes structures. 
 
[1] Thostenson E.T., ren Z, Chou T.W. - Composites Science and Technology 2001; 61:1899-1912 176 
[2] Szleifer I. Yerushalmi-Rozen R. - Polymer 2005; 46:7803-7818 
[3] Tan Y., Resasco D.E. - Journal of Physical Chemistry B 2005; 109:14454-14460 
[4] Grossiord N., Regev O., Loos J., Meuldijk J., Koning C.E. - Analytical Chemistry 2005; 77:5135-
5139 

Contact e-mail: gabriella.faiella@imcb.cnr.it 
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C09 - Separation of single-walled carbon nanotubes using a microfluidic 
chip 

Dong Hun Shin, Jin-Won Song, Chang-Soo Han 

Korea Institute of Machinery and Materials 

Using dielectrophoresis in a micro-fluidic channel, we developed the separation technique collecting both 
of Metallic-SWNTs (M-SWNTs) and Semiconducing-SWNTs (S-SWNTs). Combination of an H-filter 
and electrodes which generating the non-uniform electric field was used to extraction of two types of 
SWNTs concurrently and continuously. The SWNTs suspension and the buffer solution in the H-filter 
device flowed along with their own path without mixing each other due to laminar flow. By applying 
non-uniform electric field, M-SWNTs were driven into the buffer solution by the strong dielectrophoretic 
force, while S-SWNTs followed the stream of SWNTs suspension due to the weak dielectrophoretic 
force. The successful separation of SWNTs was demonstrated based on the optical absorption and the 
resonant Raman spectroscopy. 

Contact e-mail: shindh17@kimm.re.kr 
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C10 - Carbon nanotubes wrapped by DNA molecules 

Gotthard Seifert 1, Andrey N. Enyashin 2, Sibylle Gemming 3, Sebastian Taeger 4, Nitesh Ranjan 4, 
Michael Mertig 4 

1 Technische Universitaet Dresden, 2 Technische Universität Dresden, Germany,  
3 Forschungszentrum Dresden-Rossendorf, Germany, 4 Technische Universität Dresden, 

Germany 

Complexes of carbon nanotubes (CNTs) and nucleic acids allow to fully exploit the potential of the 
CNTs in nanoelectronic devices, both by a size-specific matching of the two components and by the 
possibility to anchor also non-polar CNTs on the polar substrates such as oxides. The wrapping CNTs by 
the nucleic acid molecules allow also a transfer of CNTs into water solutions and a performance for their 
radii and lengths separation.  
In the present work for the first time the stability and electronic properties of the associates of the single-
walled carbon nanotubes wrapped by homopolymeric single-stranded DNA molecules (CNT@DNA) are 
studied using a dispersion corrected modification of quantum mechanical density-functional tight-binding 
method (DFTB). A phenomenological model of the CNT@DNA formation energy depending on the 
nanotube radii is developed, which shows that the decoration of a CNT by a few DNA chains leads to a 
high water solubility of CNT@DNA. Pyrimidine-based DNAs are found to be more effective to wrap the 
CNTs than other DNAs. The densities-ofstates of the CNT@DNA complexes are close to the 
superposition of those of the “free” components with some additional states below Fermi level. The band 
gap in a hybrid CNT@DNA system is determined by the competition between the Fermi levels of the 
“free” DNA and CNT. In a few specific cases (complexes of polyC-DNA and a chiral metallic CNT) a 
considerable charge transfer from the DNA to the CNT was observed, combined with an additional gain 
in the CNT@DNA formation energy. Experimental results were found to be in good agreement with the 
calculations. DNA molecules arequite effective in dispersing CNT bundles into single-walled nanotubes 
in aqueous solution. Experiments done with different oligonucleotides showed that poly-T DNA 
(pyrimidine-based oligonucleotide) was giving more efficient suspension than its counterparts. 
Interestingly, RNAs were also giving sufficiently good suspension. AFM images showed that about 20% 
surface coverage was sufficient for suspension and full surface coverage was not observed. The dispersed 
CNT solutions were stable for more than one year, thus proving that the interactive forces are very stable 
in time. It was observed that functional field-effect transistors can be build from DNA-suspended CNTs, 
thus showing that the inherent characteristics of semiconductig CNTs were preserved in the hybrid 
structures (CNT@DNA). In agreement with the results from the calculations only very little covalent 
interaction does exist between CNTs and DNA. 

Contact e-mail: Gotthard.Seifert@chemie.tu-dresden.de 
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C11 - Dipersion of carbon nanotubes into copolymers matrix 

Rafaella O. Nascimento 1, Nádia F. Andrade 2, Johnny P. M. Feitosa 3, Júlio C. M. Ximenes 4, Glauber C. 
Melo 5, Nágila M. P. S. Ricardo 6, Vânia M. M. Melo 7, Solange B. Fagan 8, Antônio G. Souza Filho 2, 

Josué Mendes Filho 2 

1 UNIFRA, 2 Universidade Federal do Ceará- Departamento de Física,  
3 Universidade Federal do Ceará- Departamento de Química Orgânica e Inorgânica,  

4 Universidade Federal do Ceará- Departamento de Microbilogia, 5 Universidade Federal 
do Ceará- Departamento de Microbiologia, 6 Universidade Federal do Ceará - 

Departamento de Química Orgânica e Inorgânica, 7 Universidade Federal do Ceará - 
Departamento de Microbiologia, 8 Centro Universitário Franciscano-UNIFRA 

The dispersion of carbon nanotubes into different polymeric matrix is considered decisive for eliminating 
the interaction between the nanotubes (bundling effects) and lead to composites with improved optical 
and mechanical properties. The use of polymers and copolymers for dispersing carbon nanotubes has 
been efficiently demonstrated. In this work we report the encapsulation of carbon nanotubes into 
polymeric systems that are alternative for the traditional SDS and P123, and they are known as good 
systems for drug delivery. We used individual copolymers as F127, F127, E116B52E116, E60B60E60, 
F87, F88, E50P50, on the concentration of 1%w/w the 1:1 proportion, obtained through anionic 
copolymerization. The obtained solutions are analyzed by resonance Raman spectroscopy which shows G 
band linewidths typical of individually dispersed nanotubes. 

Contact e-mail: rafa_oliveira@walla.com 
 

C12 - Dielectrophoresis of well-dispersed single-walled carbon nanotubes 

Akichika Kumatani, Christopher A. Howard, Steven Firth, Paul A. Warburton 

University College London 

The use of alternating current dielectrophoresis (a.c.-DEP) for the precise placement of nanoparticles on 
the predefined circuit structures is widely reported. In this research, we are aiming to fabricate an 
individual singlewalled carbon nanotube (SWNT) between pre-patterned electrodes by a.c.-DEP. 
Potential future applications of this work are a separation of metallic SWNTs and controlled fabrication 
of two-dimensional planar nanotube circuit structures such as an SWNT field effect transistor. For an 
electrolyte of DEP, SWNTs wrapped by several surfactants are prepared. Control of the dielectrophoretic 
force on the individual SWNT is shown to facilitate the fine dispersion of the SWNTs. This allows the 
dispersed SWNTs to be examined by UV-vis-NIR spectroscopy. After a.c.-DEP, between gold electrodes 
the SWNT is first rinsed to remove the surfactants from SWNTs and then observed by scanning electron 
microscopy. The electric properties of assembled carbon nanotubes are characterised by Raman 
spectroscopy with different wavelengths. 

Contact e-mail: a.kumatani@ee.ucl.ac.uk 
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C13 - Simple purification process for CVD SWCNT-DWCNT without use 
of acid reagents. 

Marcio Dias Lima 1, Monica J. de Andrade 2, Carlos P. Bergmann 2, Siegmar Roth 1 

1 Max Planck Institute for Solid State Research, 2Federal University of Rio Grande do Sul 

A purification process based on centrifugation was applied to SWCNT/DWCNT produced by CVD 
process. The as produced carbon nanotubes, the catalyst and the catalyst support were dispersed in water 
by ultrasonic sonication and a surfactant. The centrifugation process allows the effective separation of the 
encapsulated metal particles, carbon shells and catalyst particles. No acid treatment was employed in any 
part of the process, which minimizes de damage to the carbon nanotubes and the emission of hazardous 
effluents. The purification process greatly improved the electrical and optical properties of the produced 
material. 

Contact e-mail: marciodiaslima@yahoo.com.br 
 

C14 - Removal of metal catalyst from carbon nanotube samples 

Belen Ballesteros Perez 1, Gerard Tobias 2, Lidong Shao 2, Malcolm L.H. Green 2 

1 University of Oxford, 2 Inorganic Chemistry Laboratory, University of Oxford 

The purification of single-walled carbon nanotube (SWNT) samples without damaging their tubular 
structure is a challenging problem. The amount of impurities present in the SWNT sample depends on the 
synthesis method used (CVD, arc-discharge, laser ablation), but mainly consists on amorphous carbon, 
graphitic particles and metal catalysts. The removal of the latter is typically done by an acid wash. 
However, these metal catalysts are often coated by graphitic shells which prevent them to be attacked by 
the acid.  
Here we report on a novel method to eliminate the graphitic shells coating the catalyst without altering 
the carbon nanotube structure, as suggested by Raman spectroscopy. By HRTEM studies we provide 
direct evidence of the removal of the graphitic layers around the metal. Moreover, thermogravimetric 
analyses (TGA) confirm the elimination of the metal catalyst from the SWNT samples. 

Contact e-mail: belen.ballesteros@chem.ox.ac.uk 
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C15 - Effects of H2O2 oxidation on the surfactant-assisted dispersion of 
carbon nanotubes 

Adelina P. Santos 1, Helio Ribeiro 2, Daniel M. Andrada 2, Jose Cassimiro 2, Clascídia A. Furtado 2 

1 Centro de Desenvolvimento da Tecnologia Nuclear - CDTN/CNEN, 2 CDTN/CNEN 

Hydrogen peroxide has been widely employed as an oxidant agent in purification routes of carbon 
nanotubes. Although several oxygen-containing functional groups can be added to the ends and surfaces 
of nanotubes, recent studies have showed that hydroxyl (-OH) groups are preferentially formed. In this 
work, we studied the effects of hydroxyl groups introduced by H2O2 oxidation on the solubility and 
surfactant-assisted aqueous dispersion process of carbon nanotubes. Multi- and single-wall carbon 
nanotubes were oxidized by refluxing in 30 vol % of H2O2 in H2O under different experimental 
conditions. Fourier transform infrared spectroscopy (FT-IR), X ray photoelectron spectroscopy (XPS) 
and acid-base potentiometric titration analyses were carried out to characterize the changes in the 
chemical environment on the carbon nanotube surface after H2O2 treatments. The surfactantassisted 
dispersions of oxidized nanotubes were characterized by optical absorption and Raman spectroscopies 
and atomic force microscopy (AFM). The oxidized nanotubes showed improved solubility in polar 
solvents, such as water, ethanol, nitrophenol and dimethylformamide. The ability of surfactants to 
suspend the modified nanotubes is dependent of the extension of the chemical modification. 

Contact e-mail: adelina@cdtn.br 
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C16 - Influence of Structural and Dielectric Anisotropy on the 
Dielectrophoresis of Single-Walled Carbon Nanotubes 

Sabine Blatt, Frank Hennrich, Aravind Vijayaraghavan, Ralph Krupke 

Forschungszentrum Karlsruhe, Germany 

We report on a carbon nanotube network composed of aligned metallic and randomly oriented 
semiconducting single walled carbon nanotubes. The material is formed by using a novel radio-frequency 
dielectrophoresis setup, which generates very large dielectrophoretic force fields and efficiently 
suppresses electrothermal motion and thus allows for dielectrophoretic assembling of nanotube films up 
to 100 nm thickness. Polarization dependent absorption measurements provide experimental evidence for 
the electronic type specific alignment behavior.  
The experimental results cannot be explained in the framework of the model of nanotube 
dielectrophoresis, which has been used so far and is based on a scalar dependence of the polarizability of 
the external field, neglecting the strong structural and dielectric anisotropy of carbon nanotubes. Within 
an advanced model that also incorporates contributions from the polarizability orthogonal to the nanotube 
axis, we predict a strikingly different alignment behavior of metallic and semiconducting nanotubes 
under the influence of an electric field. Also, due to the orthogonal polarizability a deposition of 
semiconducting nanotubes for frequencies above the crossover frequencies defined before is expected for 
very large electric fields.  
Our polarization dependent measurements of the optical absorption on films of dielectrophoretically 
deposited carbon nanotubes give clear evidence for the high degree of alignment of the metallic 
nanotubes and a random orientation of the semiconducting nanotubes, as predicted. Additionally, we 
illustrate the decisive influence of the orthogonal polarizability onto the dielectric force acting on 
semiconducting nanotubes by means of finite element simulations and show that semiconducting 
nanotubes deposit under very large fields due to their transversal polarizability even for high field 
frequencies.  
M. Pimenta and L. M. Malard are greatly acknowledged for performing Raman measurements on the 
nanotube networks. The results nicely agree with the absorption spectroscopy data. 

Contact e-mail: blatt@int.fzk.de 
 



 

 120

Contributed presentations - Tuesday, June 26 

C17 - Separation Techniques for Single-Walled Carbon Nanotubes 

Frank Hennrich 1, Ralph Krupke 2, Manfred M. Kappes 3 

1 Institut für Nanotechnologie, Forschungszentrum Karlsruhe, 2 Forschungszentrum 
Karlsruhe, Institut für Nanotechnologie, D-76021 Karlsruhe, Germany, 3 Institut für 

Physikalische Chemie, Universität Karlsruhe, D-76128 Karlsruhe, Germany 

Separation techniques for single walled carbon nanotubes (SWCNTs) have become an important research 
field within the last few years, mainly for the reason that the synthesis of carbon nanotubes does not 
allow to grow nanotubes with 100% purity, well defined length, diameter and chirality. Hope exists that 
by controlling the catalyst and growth conditions (n,m)-specific growth could be achieved in the future. 
Until then separation techniques are inevitable whenever application or fundamental research require 
nanotubes with well defined properties.  
A successful separation depends on the intrinsic capability of the chosen technique, but also on many 
other parameters. For example the separation efficiency strongly depends on the degree of 
individualization and up to date no technique exists which individualizes SWCNT samples by 100%. 
Besides that no integral measurement is available today to quantitatively determine the bundle content in 
a nanotube dispersion. Only AFM allows distinguishing unambiguously a single nanotube from a 
nanotube bundle. For that purpose dispersions are spin casted onto a surface and height profiles are 
measured on a large number of tubes or bundles to determine the fraction of bundles. Since this is a 
rather time consuming procedure many researchers rely solely on the detection of fluorescence or sharp 
absorption peaks as indicators for individually dispersed tubes and thereby do not determine the residual 
bundle content.  
Individualizing SWCNTs often needs several processing steps (purification, sonication, acid treating, 
functionalizing) and during every step the properties of the tubes might be altered which often influences 
the results of the chosen separation techniques or even inhibits separation. Also because different 
researchers use tubes from different source (Laser ablation, Arc discharge, CVD) made by a different 
synthesis method the SWCNTs require a different treatment. In any dispersing step sonication is always 
required to overcome van der Waals forces between the walls of neighbouring tubes. Unfortunately 
sonication introduces defects and causes rupture of the tubes.  
My contribution aims at giving an overview over separation techniques we are currently using for 
SWNTs and the characteristics of separated nanotube material. I will discuss (i) how one can achieve 
separation due to different electronic properties (metallic, semiconducting), length, diameter and chirality 
via size exclusion chromatography, electrophoresis, dielectrophoresis and density gradient centrifugation, 
(ii) how those separation methods work for different SWNT materials (HiPco, Laser ablation, CoMoCat) 
and (iii) how different pre-treatments and surfactants influence the separation efficiency. 

Contact e-mail: frank.hennrich@int.fzk.de 
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C18 - Purification of Carbon Nanotubes Obtained by Chemical Vapor 
Deposition using Ethylene and Fe-Mo/MgO and Fe-Mo/Al2O3 Catalysts 

Ana Paula C. Teixeira 1, José D. Ardisson 1, Edelma E. Silva 2, André S. Ferlauto 2, Rodrigo G. Lacerda 2, 
Waldemar Augusto A. Macedo 1, Clascídia A. Furtado 1, Luiz O. Ladeira 2, Adelina P. Santos 1 

1 Centro de Desenvolvimento da Tecnologia Nuclear, 2 Universidade Federal de Minas 
Gerais 

The methods of carbon nanotubes synthesis in large escale produce samples that are not pure. Residual 
growth catalyst, amorphous carbon and ceramic matrices are the most common impurities, being the real 
composition of the final samples dependent on the synthesis and purification routes. Several purification 
protocols are found popular in the literature, but studies that better characterize the impurities and enable 
to understand their limited chemical reactivity to common purification methods are missing. In this work, 
we report a carefully study on purification of carbon nanotubes which were synthesized in our laboratory 
by CVD using ethylene as carbon source and Fe and Fe-Mo supported in MgO and Al2O3 as catalysts. 
The samples were purified by refluxing in 6M aqueous HCl for 24 hours. The catalyst and nanotubes 
were characterized using X-ray diffraction (XRD), thermal analysis, Mossbauer spectroscopy, scanning 
electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS). Mossbauer spectroscopy 
and XRD identified the complete elimination of MgO and Al2O3 supports and Fe(1-x)Ox phases after acid 
treatment. However, impurities containing carbide phases of Fe and Mo are still remained. Although the 
EDS analysis determined the completely removal of Mg and Al in nanotubes after the purification 
process, traces of Mg- and Al- containing phases were detect by DRX and Mossbauer spectroscopy, 
suggesting that these phases remaining encapsulated inside the carbon nanotubes. 

Contact e-mail: anapaula_cta@yahoo.com.br 
 



 

 122

Contributed presentations - Tuesday, June 26 

C19 - Chemistry: The solution for making high performance SWNT-based 
materials 

Benoit Simard, Jingwen Guan, Yadienka Martinez-Rubi 

National Research Council of Canada 

Single-walled carbon nanotubes (SWNT) exhibit the best mechanical, thermal and electrical properties of 
any known material. Combined with their very high aspect ratios that can reach well over 1000, SWNT is 
the dreamed material for the fabrication of composites with ultimate performance. Unfortunately, despite 
the wide availability of SWNT and despite of many attempts, all SWNT-based composites reported to 
date showed rather poor performance, often worse than those of the pure matrices. The main reasons for 
this are 1) highly variable purity and quality of the SWNT samples used, 2) poor dispersion/exfoliation 
and, 3) poor interface compatibility with the matrix. The second and third reasons are related to the 
intrinsic strong van der Waals interactions among the SWNT which lead to the formation of large 
bundles and to the intrinsic chemical stability of SWNT which makes binding to matrices rather di_cult. 
It is now widely accepted that chemistry is central to the development of high performance materials 
based on SWNT. Chemistry can solve the problems associated with bundles and the lack of binding with 
the matrices. In the past 5 years, side-walled covalent functionalization on neutral SWNT has received 
considerable attention. Strategies to anchor all the practical functionalities have been developed. One 
draw back is that completion of the reaction at the single tube level requires substantial amount of time 
because the SWNT are inherently un-reactive and importantly they are bundled. Reaction completion 
takes several hours, even days. Recently, Penicaud et al., showed that SWNT can be readily ex-foliated in 
standard solvents by reduction with alkali metal though electron transfer mediated by alkali-naphthalene-
THF complexes. As the SWNT get charged negatively, they ex-foliate as a result of electrostatic 
repulsion. This is an important practical advance because it readily allows chemistry at the single tube, 
thus saving considerable amount of time. As chemical processing is the major cost associated with the 
integration of SWNT in advanced materials, any reduction in processing cost makes industrial utilization 
of SWNT more plausible. In addition, reduced tubes acquire higher nucleophilic character thus allowing 
new chemistry. Here, we explore such chemistry and demonstrate that reduced SWNT reacts with a 
variety of electrophilic reagents or radical donor/acceptors. In particular, we have developed a patent 
pending rapid functionalization procedure that takes only minutes rather than hours to effect side-walled 
functionalization. We have integrated these functionalized SWNT into thermoset resins of various grades 
and obtained significant improvements in mechanical properties. Each of these subjects will be discussed 
and supported with data. This presentation will emphasize that the quality of SWNT and chemistry are 
central into the development of high performance SWNT-based materials. 

Contact e-mail: Benoit.Simard@nrc-cnrc.gc.ca 
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C20 - Biocompatibility studies of chemically modified carbon nanotubes 

Carolina Salvador-Morales 1, Elena V. Basiuk 2, Vladimir A. Basiuk 3, Malcolm L. H. Green 4, Robert B. 
Sim 5 
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The interaction of chemically modified carbon nanotubes with the immune system proteins is a topic that 
is important for assessing the biocompatibility and potential toxicity of carbon nanotubes. The 
complement system is considered as the chief recognition and effector component of innate immunity; it 
is involved in inflammation and the adaptive immune response. The complement system can be activated 
via three different pathways termed the classical, alternative and lectin pathways. Here we report 
decreased activation of the human serum complement system and decreased human plasma absorption 
after chemical modification of Multi- walled carbon nanotubes (MWNTs). Four different types of 
chemically-modified samples were tested for complement activation via the classical and the alternative 
complement pathways using haemolytic assays. Covalent functionalisation of MWNTs altered the level 
of activation of the complement system via both the classical and the alternative pathways. Binding of 
human plasma and serum proteins to chemically modified carbon nanotubes was highly selective. 
Fibrinogen and High Density Lipoprotein were the major binding species. 

Contact e-mail: carolina.salvadormorales@chem.ox.ac.uk 
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C21 - Transversal electron field effects on functionalized carbon nanotubes 

Leandro B. da Silva 1, Solange B. Fagan 2, Ronaldo Mota 3 

1 Universidade Federal de Santa Maria, 2 Centro Universitário Franciscano, 3 International 
Centre of Condensed Matter Physics, Universidade de Brasília 

Carbon nanotubes have been exhaustively investigated in the last 15 years due to their promising physical 
and chemical properties, what make them main candidates to a new array on technology and science 
development for the XXI century. Since their discovery, lot of attention has been attracted on the 
possibility of modify such properties in order to make them even more versatile. This have been done 
mainly by chemical attachment of molecules and chemical groups on the surface, such as NO2, O2, 
CONH2 and COOH. However, physical agents may also alter the electronic structure of carbon 
nanotubes. Both, experiments and computational simulations, show that vacancies and Stone-Wales 
defects are able to deeply modify the electronic structure of such materials, leading to completely new 
devices. The presence of structural defects on the nanotube surface induces alterations in the intrinsic 
electronic structure of the nanotubes by modifying the orbital geometries and electronic population. Such 
effects can be enhanced by adding a new element - a transverse external electric field. The external 
electric field leads to a subsequent rearrangement of the orbital and the respective electrons, leading to a 
further functionalization. In the this work, density functional calculations are presented on pristine and 
functionalized carbon nanotubes by a COOH group under transversal external electric fields. We observe 
that the applied external electric field induces relevant modifications on the structural and electronic 
properties, leading to new compounds in a chemical point of view. The influences of the strength and 
orientation of the electron field are investigated and the resulting structures are shown and discussed. 

Contact e-mail: lb.silva@mail.ufsm.br 
 

C22 - Adsorption of Benzonitrile on Pristine and Fe-doped Carbon 
Nanotubes 

Acrisio L. Aguiar 1, Solange B. Fagan 2, Josué M. Filho 3, Antonio G. Souza Filho 3, Odair P. Ferreira 4, 
Oswaldo L. Alves 4 

1 Universidade Federal do Ceará, 2 Centro Universitário Franciscano (UNIFRA),  
3 Universidade Federal do Ceará (UFC), 4 LQES - Instituto de Química - UNICAMP 

Carbon nanotube bundles have become promising materials for adsorption of toxic compounds aiming its 
large specific surface area. In this work, we have investigated the interaction of benzonitrile molecule 
C7H5N with the (8,0) and (5,5) pristine SWNTs using ab initio methods. Firstly, we studied the molecule 
in several configurations on the perfect nanotube surface in order to find the most stable configuration 
whose the higher binding energy was calculated as 0.3 eV. We also have analyzed the effect of 
introducing a vacancy on the tube in the interaction with the benzonitrile molecule. Since benzonitrile is 
suitable for forming complex with transitions metals, we introduced an Fe atom between the tube surface 
and the benzonitrile molecule aiming to improve the molecule adsorption. The charge transfer and 
electronic band structure of the modified systems are discussed. 

Contact e-mail: acrisio@fisica.ufc.br 
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C23 - Trihalomethanes adsorption on carbon nanotubes 

Eduardo C. Girão 1, Solange B. Fagan 2, Rafaella O. Nascimento 2, Johnny P. M. Feitosa 1, Júlio C 
Ximenes 1, N. M. P. S. Ricardo 1, Josué Mendes Filho 1, Antônio G. Sousa Filho 1 

1 Universidade Federal do Ceará, 2 Centro Universitário Franciscano (UNIFRA) 

Carbon nanotubes are good candidates for several potential applications such as sorbent materials for 
toxic chemicals. The possibility of trihalomethanes (THMs) adsorption on carbon nanotubes bundles was 
recently pointed out in the literature. THMs like CHCl3, CHBrCl2, CHBr2Cl and CHBr3 are sub-products 
in water treatment processes and its managing is very important for environmental related applications. In 
this work we investigate the interaction between THMs (CHCl3 in particular) and carbon nanotubes using 
ab initio Density Functional Theory based calculations and resonant Raman spectroscopy. Theoretically, 
we study the interaction of CHCl3 with the pristine (5, 5) and (8, 0), vacant and carboxylated nanotubes. 
Modifications on the electronic structure in different geometric configurations are discussed in order to 
evaluate the tube-THM stability aiming to understand the adsorption process. Experimentally, we 
performed the interaction of carbon nanotubes in aqueous solution of CHCl3 at different concentrations. 
The samples were analyzed by Resonant Raman Spectroscopy (RRS). The calculations suggested a weak 
interaction which agrees with Raman spectroscopy data. 

Contact e-mail: edu@fisica.ufc.br 
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C24 - Self-Assembly of Nanocrystals and Quantum Dots at the Surface of 
Functionalized Boron Nitride Nanotubes 

Toby Sainsbury, Takashi Ikuno, David Okawa, Daniela Pacile, Jean Frechet, Alex Zettl 

University of California, Berkeley 

Carbon Nanotubes (CNTs) and Boron Nitride Nanotubes (BNNTs) have generated considerable interest 
due to their remarkable intrinsic properties and their use in a range of technological applications. A key 
feature which has enabled many of the developments concerning carbon nanotubes (CNTs) has been the 
ability for the surface of the nanotubes to be chemically modified or functionalized. In particular the 
surface functionalization of these materials has been used as a means by which their assembly may be 
controlled in solution and at substrates. The controlled assembly of such materials is seen as a 
fundamental step towards utilization of their novel intrinsic properties for a range of electronic, catalytic, 
sensing and materials science applications. While there have been significant developments concerning 
CNTs, there has been comparatively little progress concerning boron nitride nanotubes (BNNTs) and 
their integration with nanoscale materials. Several reports in recent years have described the surface 
modification of BNNTs as a means by which BNNTs may be solubilized, their electronic properties 
modified, and also to template the immobilization of materials from solution. Although these reports 
describe the utilization of BNNTs to integrate with materials such as polymers and bio-molecules, the 
density of functional groups which facilitate such interactions at the surface of the BNNTs is believed to 
be low in comparison with the modification of CNTs or the surface modification of conventional 
condensed phase materials such as nanoparticles or nanorods. In this context, the modification of BNNTs 
which results in the generation of high densities of functional groups at the surface of BNNTs is believed 
to have much potential for the utilization of these materials as nanoscale templates and for the integration 
with host materials to form composites.  
Boron nitride nanotubes (BNNTs) have been functionalized for the first time by the generation of amine 
groups at their surface following an ammonia plasma irradiation treatment. The amine-functionalized 
BNNTs were covalently modified by the coupling of a series of organic molecules terminated with 
functional groups. The modification of the BNNTs was characterized using FT-IR, NMR, XPS, EELS, 
EDS. Functionalized BNNTs were used to template the assembly of nanoparticles and quantum dots in 
solution. The resulting assemblies were characterized by TEM, SEM, and EELS. This approach 
constitutes a basis for the preparation of highly functionalized BNNTs and for their utilization as 
nanoscale templates for the assembly and integration with other nanoscale materials. 

Contact e-mail: tsainsbury@lbl.gov 
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C25 - Fluorination specificity of double-wall carbon nanotubes 

Alexander V. Okotrub 1, Nikolay F. Yudanov 1, Emmanuel Flahaut 2, Antonio Fonseca 3 

1 Nikolaev Institute of Inorganic Chemistry SB RAS, 2 CIRIMAT/LCMIE, 3 Laboratoire 
de Résonance Magnétique Nucléaire, Facultes Universitaires Notre-Dame de la Paix 

We compared reactivity of double- and single-wall carbon nanotubes relative to fluorination. Fluorination 
of samples has been performed using a mixture of BrF3 and Br2 at room temperature. Transmission 
electron microscopy showed retention of tubular structures under these conditions. Composition of 
samples obtained from analysis of X-ray photoelectron data was found to depend on number of tube 
shells and tube length. Raman and X-ray absorption spectroscopy revealed fluorination of the outer tubes 
in double-wall structures. Fluorination of double-wall nanotubes resolved the features of optical 
absorption spectrum allowing the observation of the configuration of the inner shells. The fluorinated 
double-wall carbon nanotubes has been annealed in vacuum at the fixed temperatures and X-ray 
photoelectron spectroscopy showed almost no fluorine in the sample heated to 300 oC. 

Contact e-mail: spectrum@che.nsk.su 
 

C26 - Improved Biodistribution and Toxicity Profiles of Functionalised 
Carbon Nanotubes 

Lara C. A. Lacerda 1, Maurizio Prato 2, Alberto Bianco 3, Kostas Kostarelos 1 

1 Nanomedicine Laboratory, Centre for Drug Delivery Research, The School of 
Pharmacy, University of London, 29-39 Brunswick Square, London WC1N 1AX, United 

Kingdom, 2 Dipartimento di Scienze Farmaceutiche, Università di Trieste, Piazzale 
Europa 1, 34127, Trieste, Italy, 3 CNRS, Institut de Biologie Moléculaire et Cellulaire, 

Laboratoire d’Immunologie et Chimie Thérapeutiques, 67000 Strasbourg, France 

Carbon nanotube (CNT) development for biomedical applications is in the nascent stages, however is 
thought to lead to novel types of diagnostic, therapeutic and regenerative nanomedicines. The 
construction of CNT-based delivery systems able to traffick intracellularly and deliver drug molecules 
including nucleic acids requires engineering such nanotube features as the efficiency in delivering the 
therapeutic molecules at the target sites and cellular compartments, and optimization of their 
pharmacological and toxicological profile, by maintaining therapeutic efficacy. In this communication we 
will be discussing the critical in vivo parameters, namely the toxicological and pharmacological profiles 
of CNT. Therapeutically-relevant doses of serum protein-coated purified CNT (pCNT) and 
functionalised CNT (f-CNT) were administered intravenously in rodent species. Striking differences  
were found between the liver and lung tissues of animals injected with nanotubes. Pcnt exhibited 
significant accumulation in both tissues 24 h post-administration. f -CNT circulated in systemic blood 
circulation for 5 min, accumulated in the renal cortex and rapidly trespassed the glomerular filtering 
system excreted in urine in the absence of any tissue accumulation or damage. The biocompatibility and 
biodistribution of CNT appears to be dramatically dependent on the surface functionalisation of these 
nanostructures, making f -CNT viable material for a variety of biomedical applications. 

Contact e-mail: lara.lacerda@pharmacy.ac.uk 
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C27 - A Structure-Reactivity Relationship for Single Walled Carbon 
Nanotubes Reacting with 4-Hydroxybenzene Diazonium Salt 

Nitish Nair 1, Woo-Jae Kim 2, Monica L. Usrey 2, Michael S. Strano 2 

1 University of Illinois at Urbana-Champaign, 2 University of Illinois 

The goal of this work is to obtain the relationship between the electronic band structures of individual 
single walled carbon nanotubes (SWNT) and their reactivities with 4-hydroxybenzene diazonium salt as a 
model electron acceptor. This necessitated the deconvolution of the UV-vis-nIR absorption spectra of 
SWNT, recorded after the reactions. Our deconvolution algorithm simplifies this non-trivial problem by 
grouping nanotubes with similar transition energies and assigning weights to their spectral contributions, 
which were approximated by Voigt lineshapes. Linewidths for the metallic and semiconducting regions 
were obtained from the absorption spectra of DNA-wrapped SWNT fractionated by ion-exchange 
chromatography. Rate equations based on an adsorptionreaction scheme have been used to model the 
surface coverage plots that were obtained after the deconvolution of the reaction spectra. The rate 
constants of representative nanotubes were related to their band structures through the use of Marcus 
theory and Gerischer-Marcus theory, both of which concern electron transfer reactions. 

Contact e-mail: nnair2@uiuc.edu 
 

C28 - Electronic properties of exohedrally doped double wall carbon 
nanotubes 

Antonio G. Souza Filho 1, Vincent Meunier 2, Mauricio Terrones 3, Bobby G. Sumpter 2, Eduardo B. 
Barros 4, Frederico Villalpando-Paez 5, Y. A. Kim 6, H. Muramatsu 6, T. Hayashi 6, Morinobu Endo 6, 

Mildred S. Dresselhaus 7 

1 Universidade Federal do Ceara, 2 ORNL – USA, 3 IPICyT - San Luis de Potosi, Mexico, 
4 Tohoku University – Japan, 5 MIT – USA, 6 Shinshu University – Japan, 7 MIT 

The electronic properties of exohedrally doped DWNTs with acceptor molecules are investigated through 
ab initio calculations and resonant Raman scattering.We find that the charge localization on the inner and 
outer tubes is different and strongly depends on the configuration of the co-axial arrangement of 
semiconducting and metallic tubes. It is predicted that the metallic tubule is very sensitive to doping 
effects even when it is enclosed inside a semiconducting shell. Conversely, when the outer shell is 
metallic, the external electrostatic field is screened by the metallic tube and the inner semiconducting 
tube is only weakly affected by the chemical doping. Our results indicate that it is possible to modify the 
transport properties of the outer shell while preserving the optical properties of inner tube, thereby 
creating systems with non-uniform doping characters. The theoretical findings are supported by resonant 
Raman scattering data on DWNTs exohedrally doped with acceptor (Br2 and H2SO4) species. The Raman 
studies confirm univocally the theoretical conclusions and point out a general trend independent on the 
electronegativity of the doping species. 

Contact e-mail: agsf@fisica.ufc.br 
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C29 - Heck reaction on the single-walled carbon nanotube surface 

Fernando Langa 1, María J. Gómez-Escalonilla 1, Hermenegildo García 2, Pedro Atienzar 2 

1 Universidad de Castilla-La Mancha, 2 Universidad Politécnica de Valencia 

Few materials have attracted the fancy of many scientists around the world as Carbon Nanotubes (CNs) 
since their discovery due to their unique mechanical, electronic and optical properties [1], which make 
them excellent candidates for optoelectronic applications [2]. Nevertheless, over the past few years, 
researchers have begun to focus their interest on the chemical properties of CNs and how these properties 
can be modulated through functionalization. Covalent chemical functionalization promises extensive 
diversity in nanotube modification, allowing the coupling of various molecular structures to the nanotube 
surface [3] and we have described some new reactions on the CN surface [4].  
Here, we describe by the first time the Heck reaction to synthesize novel single-walled carbon nanotube 
(SWNT) derivatives starting from p-iodophenyl-functionalized SWNT [5].This material reacts with a 
variety of acrylates affording cross-coupled SWNT products. Reaction products were characterized by 
several techniques. 
 
[1]. a) Dresselhaus MS, Dresselhaus G and Avouris P. Carbon Nanotubes: Synthesis, Structure, 
Properties, and Applications. Springer: Berlin, 2001; b) Reich S, Thomsen C and Maultzsch J. Carbon 
Nanotubes: Basic Concepts and Physical Properties; VCH: Weinheim, 2004. 
[2]. Wu W, Wieckowski S, Pastorin G, Benincasa M, Klumpp C, Briand JP, Gennaro R, Prato M and 
Bianco A. Angew. Chem., Int. Ed. 2005; 44: 6358. 
[3]. a) Tasis D, Tagmatarchis N, Bianco A and Prato M. Chem. Rev. 2006; 106: 1105; b) Guldi DM, 
Rahman GMA, Sgobba V and Ehli C. Chem. Soc. Rev. 2006; 35: 471. 
[4]. a) Alvaro M, Atienzar P, de la Cruz P, Delgado JL, Troiani V, Garcia H, Langa F, Palkar A and 
Echegoyen L. J. Am. Chem. Soc. 2006; 128: 6626; b) Delgado JL, de la Cruz P, Langa F, urbina A., 
Casado J and López Navarrete JT. Chem. Commun. 2004: 1734. 
[5]. Cheng F. and Adronov A., Chem. Mater. 2006, 18: 5389. 

Contact e-mail: Fernando.Lpuente@uclm.es 
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C30 - Chemical Modification of CNT/PEG Based Novel Bio-Nanosensor by 
Plasma-Activation Method 

Takamichi Hirata 1, Shoji Amiya 1, Masahiro Akiya 1, Osamu Takei 2, Takafumi Sakai 3, Rikizo 
Hatakeyama 4 

1 Department of Biomedical Engineering, Musashi Institute of Technology, Tokyo 158-
8557, Japan, 2 Rational Evolutionary Design of Advanced Biomolecules (REDS) Group 

/Japan Science and Technology Agency (JST), Saitama Small Enterprise Promotion 
Corporation, Kawaguchi 333-0844, Japan, 3 Department of Regulation Biology, Faculty 

of Science, Saitama University, Saitama 338-8570, Japan, 4 Department of Electronic 
Engineering, Tohoku University, Sendai 980-8579, Japan 

In order to chemically modify single-walled carbon nanotubes (SWNTs), plasma ion irradiation (plasma 
activation) is demonstrated on a bio-nanosensor based on poly[ethylene glycol] (PEG)-grafted SWNTs 
(PEGSWNTs). According to X-ray photoelectron spectroscopy (XPS) analysis, peaks which correspond 
to COOH radicals are observed. In addition, evaluation of the bio-nanosensor for characteristic response 
to beef serum albumin (BSA) and anti-BSA is revealed an increase in impedance due to an antigen-
antibody reaction when anti-BSA is injected. In these results, it was found that this bio-nanosensor reacts 
with a quick response time (60 s). 

Contact e-mail: hirata@dev.ec.musashi-tech.ac.jp 
 

C31 - Catalytic reaction inside a metallocene filled single wall carbon 
nanotube nanoreactor 

Thomas Pichler 1, Hidetsugu Shiozawa 1, Rudolf Pfeiffer 2, Christian Kramberger 1, Hans Kuzmany 2, 
Hiromichi Kataura 3 

1 IFW-Dresden, 2 Vienna University, 3 AIST, Tsukuba 

We present a novel route to explore chemistry within the one dimensional confinement inside a 
metallocene filled single wall carbon nanotube (SWCNT) [1]. A thermally activated chemical reaction 
inside this nanoreactor allows producing double wall carbon nanotubes (DWCNT) with a defined doping. 
The evolution of intermediate reaction products and the formation of differently functionalized inner 
tubes were traced by photoemission and TEM. A detailed study of the Raman pattern of the inner tubes 
was utilized to elucidate different growth mechanisms (i.e. catalytic or non-catalytic and with or without 
predefined caps) of inner nanotubes inside a DWCNT synthesized from different precursors. In addition, 
the application of different metallocene precursors and different reaction times allows to accurately tune 
the doping level and magnetic properties of the filled SWCNT and DWCNT. Given the large amount of 
organometallic precursors, this process paves the way to engineer purpose built nanoscale devices for 
spintronics and nanoelectronics and to study the chemistry inside functionalized SWCNT. 
 
Work supported by FWF, DFG and DAAD 
 
[1] H. Shiozawa et al. Submitted 

Contact e-mail: pichler@biela.ifw-dresden.de 
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C32 - The Synthesis of SWNT based One-Dimensional (1D) Nanoscale 
Heterojunctions 

Gamini U. Sumanasekera 1, Kapila Hewaparakrama 1, Romaneh Jalilian 1, Aneta Mieszawska 1, Francis 
Zamborini 1, Avetik R. Harutyunyan 2 

1 University of Louisville, 2 Honda Research Institute USA Inc., Columbus, OH, USA 

In this presentation we describe the results on the formation of heterojunctions between single-wall 
carbon nanotubes (SWNTs) and one-dimensional (1D) gold nanorods (AuNRs) assembled directly on 
surfaces. Au NRs are grown directly and selectively on surface-attached SWNTs by depositing 
hexanethiolate-terminated Au monolayer protected clusters (MPCs) on the SWCNTs and growing Au 
MPCs into NRs by seed-mediated growth, involving reduction of AuCL4- onto Au MPCs in the presence 
of cetyltrimethylammonium bromide (CTAB). UV-vis, AFM, and SEM show highly selective growth of 
Au on SWNTs only. Different combinations of junctions are possible, including AuNRs connecting two 
or more SWNTs or several AuNRs attached to one SWNT. We also observe Surface-Enhanced Raman 
Scattering (SERS) of SWNTs in these structures. Several NRs and SWNTs integrated into a connected 
assembly were studied.We also synthesized branched SWNT-GaAs nanowire heterostructures using 
pulsed laser vaporization where Au nanorods attached to the SWNTs serve as the catalyst particles. 
These heterostructures consisting of metallic SWNTs can be useful as interconnects for assembly of 
nanostructure networks. 

Contact e-mail: gusuma01@gwise.louisville.edu 
 

C33 - Impact of Functionalized Carbon Nanomaterials on the 
Immunocompetent Cells 

Alberto Bianco 1, Hélene Dumortier 1, Stéphanie Lacotte 1, Giorgia Pastorin 1, Wei Wu 1, Marion 
Decossas 1, Riccardo Marega 2, Davide Bonifazi 2, Jean-Paul Briand 1, Sylviane Muller 1, Maurizio Prato2 

1 CNRS, Immunologie et Chimie Thérapeutiques, Strasbourg, France, 2 Dipartimento di 
Science Farmaceutiche, Università di Trieste, Trieste, Italy 

The biomedical applications of carbon nanotubes (CNT), particularly in the delivery of therapeutic 
molecules, are intensifying [A. Bianco, et al. Chem. Commun. 2005, 571]. This is certainly related to the 
capacity of this type of material to penetrate into the cells. The demonstration of CNT cell uptake has 
opened the way to their exploration as novel carrier systems for different types of biomolecules, 
including peptides, proteins, nucleic acids and small drugs [W. Wu, et al. Angew. Chem., Int. Ed. 2005, 
44, 6358]. This allows envisaging the development of new vaccine formulations or targeted therapies. In 
this context, it is necessary to carefully evaluate the impact of CNT at the cellular, tissue and organ level. 
In this poster, we will present the interaction between functionalized carbon nanotubes and the cell 
responsible of the control of the immune system. Cell membrane binding and internalization mechanisms 
will be described. In addition, we will present data concerning the impact of CNT on viability and 
functionality of these primary immune cells [H. Dumortier, et al. Nano Lett. 2006, 6, 1522] 

Contact e-mail: a.bianco@ibmc.u-strasbg.fr 
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C34 - Bromine-doped Single-Walled Carbon Nanotubes via HBr Solution 
Based Protocols 

Gabriela O. Magalhães, Ênio J. L. Lana, Sirlaine D. F. Brandão, Adelina P. Santos, Clascídia A. Furtado 

CDTN/CNEN 

The charge transfer in bromine–doped carbon nanotubes has been amply discussed, motivated mainly by 
the possibility of sorting the nanotube molecules by type. The adsorption of both atomic and molecular 
bromine species has showed to be preferential on metallic nanotubes compared to semiconductor tubes 
[1]. However, most of the investigations relies on the interaction between elemental bromine liquid and 
the carbon-based materials. Br2 molecules can intercalate into graphite layers forming C8Br [2] or 
accumulate on carbon nanotubes as carbon–Br2 complex [3]. Only recently, the modification of single-
walled carbon nanotubes induced by a HBr solution at room temperature has been considered [4]. The 
method allows the interaction with Br atoms and bromine derivatives present in the solution and may 
lead to structural changes without cutting of the nanotubes, preserving the high aspect ratio of these 
systems. In this work, we explore the reaction between purified SWNT and HBr solution in different 
chemical environments, by using active solvents or oxidizing species for “in situ” generation of bromine 
species. The use of milder and more selective reagents eliminates the need to handle the highly toxic and 
corrosive elemental bromine and may lead to a better control on the bromination reactions and the further 
chemical treatments that can be easily performed from halogenated SWNTs. All SWNT-Br derivatives 
have been characterized by thermogravimetry (TG), fourier transform infrared spectroscopy (FTIR), X 
ray photoelectron spectroscopy (XPS), energy dispersive X ray spectroscopy (EDS), scanning electron 
microscopy (SEM) and Raman scattering. The generated Br species and their interaction with SWNT are 
discussed.  
 
References:  
[1] Chen, Z.H.; Du, X.; Du, M.H.; Rancken, C.D.; Cheng, H.P., Rinzler, A.G. Bulk separative 
enrichment in metalic or semiconducting singlewalled carbon nanotubes. Nanolett . 2003. 9, 1245-9.  
[2] Heald, S.M.; Stern, E.A. Extended-X-ray-absorption-fine-structure study of the Br2-graphite system. 
Phys. Rev. B 1978, 17, 4069–81.  
[3] Rao, A.M.; Eklund, P.C.; Bandow, S.; Thess, A.; Smalley, R.E. Evidence for charge transfer in doped 
carbon nanotube bundles form Raman scattering. Nature 1997, c, 257–9.  
[4] Zhong, J.; Song, L.; Zi-Yu, Wu, Si-Shen Xie, Abbas, M.; Ibrahim, K.; Qian, H.X-ray absorption near-
edge structure and photoelectron spectroscopy of single-walled carbon nanotubes modified by a HBr 
solution. Carbon 2006, 44, 866-872. 

Contact e-mail: gabysoliveira@yahoo.com.br 
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C35 – Ab initio study of substitutionally Ni-doped single-wall carbon 
nanotubes: structural and electronic properties. 

Elton Jose G. Santos 1, A. Ayuela 2, Solange B. Fagan 3, J. Mendes Filho 4, D. L. Azevedo 5, A. G. Souza 
Filho 4, D. Sánchez Portal 2 

1 UPV/CSIC, 2 Donostia International Physics Center (DIPC), Paseo Manuel de 
Lardizabal 4, 20018 San Sebastián, Spain, Centro de Física de Materiales, Centro Mixto 
CSIC-UPV/EHU, Apdo 1072, 20080 San Sebastían, 3 Ciências Naturais e Tecnológicas, 

Centro Universitário Franciscano, Santa Maria-RS, 97010-032, Brazil, 4 Departamento de 
Física, Universidade Federal do Ceará, Fortaleza-CE, 60455-760, Brazil, 5 Universidade 

Federal do Maranhão, Sao Luis-MA, 65080-040, Brazil. 

SWNT’s are unique prototype materials for modeling one-dimensional systems[1]. They are remarkable 
nanomaterials that can present either semiconducting or metallic behavior depending on their 
geometry[2]. In this work we report the structural and electronic properties of substitutionally Ni-doped, 
either metallic (5,5) or semiconductor (8,0), single-wall carbon nanotube (SWNT) by using spin-
polarized total-energy ab initio calculations. We find two stable geometries for these systems with Ni 
atom in an outward or inward local distortion relative to the tube surface. These structures agree with the 
previous experimental results by Ushiro et al. using extended x-ray absorption fine structure (EXAFS) 
and x-ray absorption near edge structure (XANES) techniques [Phys. Rev. B 73, 144103 (2006)]. The 
outward configurations are always more stable that the inward ones. We explore also the change on the 
electronic properties after Ni doped SWNT’s. The, initially metallic, (5,5) SWNT becomes 
semiconducting, with an energy gap of 0.33 eV for the outward geometry and 0.14 eV for the inward 
one. For the (8,0) SWNT a reduction of the gap is observed from 0.80 eV to 0.39 eV for the outward 
geometry and 0.37 eV for the inward one. A zero spin polarization is obtained for all the systems which 
may be understood as a consequence of the strong hybridization between the neighboring carbon atoms 
and the metal states [2]. 

Contact e-mail: eltonjose_gomes@ehu.es 
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C36 - Selenium functionalized carbon nanotubes 

Oscar Endrigo Dorneles Rodrigues 1, Solange Binotto Fagan 1, Rafaella Oliveira do Nascimento 1, 
Helmoz R. Appelt 1, Antonio G. Souza Filho 2, Gilberto D. Saraiva 2, Josue Mendes Filho 2,  

Luis O. Ladeira 3 

1 Centro Universitário Franciscano, 2 Universidade Federal do Ceará, 3 Universidade 
Federal de Minas Gerais 

The modified carbon nanotubes systems are very promising for applications because these hybrid 
structures have improved chemical properties relative to pristine counterparts. In this work we report an 
study of Se functionalized carbon nanotubes. In particular, the combination of Se and nanotubes is 
interesting because it can be further exploited to convert the Se in other functional materials such as ZnSe 
and CdSe decorating the carbon nanotubes. The hybrid samples were prepared employing anionic 
SWCNT species, formed by treatment of this with organolithium compounds. Afterwards, it was 
performed the treatment of anionic species with elemental selenium, followed by oxidation, leading to Se 
and carbon nanotubes hybrid systems. The samples were analyzed using resonant Raman spectroscopy. It 
was observed a surpression of the radial breathing mode and the appearance of very sharp mode at 237 
cm-1 which was attributed to Se-Se stretching mode. The suppression of the RBM along with the 
observation of Se-Se stretching is interpreted as being the Se dimmers/chains welding the carbon 
nanotubes. 

Contact e-mail: oscar@unifra.br 
 

C37 - Functionalisation of Carbon Nanotubes 

Silvia Giordani 1, Fabrizio Cattaruzza 1, Davide Bonifazi 2, Jean-Francois Colomer 3, Moreno 
Meneghetti4, Maurizio Prato 1 

1 University of Trieste, 2 University of Namur (FUNDP) and University of Trieste,  
3 University of Namur (FUNDP), 4 University of Padova 

CNTs display a range of unique properties and, as a result, a variety of applications of these architectures 
can be envisioned in both the physical and life sciences. However, pristine, isolated CNT are rarely 
available in sufficient quantities, which presents a major problem. Due to their great flexibility and high 
surface energy, they tend to aggregate into bundles and superstructures of bundles with still a higher 
degree of entanglement (ropes, mats). The solubilisation of CNTs can be achieved following two major 
pathways: 1) covalent functionalization, 2) non-covalent supramolecular modifications. Covalent 
functionalization of CNTs has been shown to be an efficient method for increasing their solubility and 
processability, and they include i) esterification or amidation of oxidized nanotubes, ii) side-wall covalent 
attachment of functional groups. Here, we present the latest developments realized in our group on 
covalent functionalization of carbon nanotube derivatives. 

Contact e-mail: sgiordani@units.it 
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C38 - Covalent functionalization of single wall carbon nanotubes using 
organic dye molecules 

Paola Corio 1, Rafael C. de Oliveira 2, Gustavo M. Nascimento 2, Marcia L. A. Temperini 2, Paolo di 
Mascio 2, Glaucia R. Martinez 3 

1 University of São Paulo, 2 Instituto de Química - Universidade de São Paulo,  
3 Departamento de Bioquímica e Biologia Molecular - Universidade Federal do Paraná. 

Increasing interest is being focused on the rational functionalization of both single and multiwall carbon 
nanotubes to fabricate functional nanostructures with novel properties. In this work we investigated 
methodologies for the covalent functionalization of single wall carbon nanotubes (SWNTs) with organic 
dye molecules. Three different dyes were employed: phenosafranin (3,7-diamino-5-phenylphenazinium 
chloride), Nile blue (5-amino- 9-(diethylamino) benzo(a) phenoxazin-7-ium sulfate) and azure C (3-
amino-7-methylaminophenothiazin-5-ium chloride). The interest in these dyes resides in the fact that 
such molecules can act as photosensitizers in energy and electron transfer reactions.  
Chemical modification of carbon nanotubes was made by reaction of oxidized SWNT and the amine 
functionalities of the organic molecules. SWNTs were oxidized in aqueous H2SO4:HNO3 (3:1) 30 % 
solution under magnetic stirring for 6 h at ambient temperature (ca. 25 oC), to produce SWNTs 
terminated with COOH groups. After this reaction, nanotubes were separated by centrifugation and 
washed with deionized water until neutral pH. For the synthesis of the composites, 0.01 g of oxidated 
SWNT was added to 50 mL of a 2.10-4 mol.L-1 dye solution in acetonitrile in the presence of  
2.10-3 mol.L-1 dicyclohexylcarbodiimide, as a condensation agent. The system was kept in under stirring 
in the dark for 24 h. Dye-modified nanotubes were then separated by centrifugation and washed with 
deionized water and ethanol.  
Hybrid SWNT-dye nanocomposites were characterized using spectroscopic techniques. Changes in 
characteristic Raman vibrational features of the dyes suggest covalent modification of nanotubes with the 
organic molecules. Specifically, the vibrational modes assigned to the NH2 moieties of the dyes are seen 
to disappear in the SWNTdye nanocomposites, corroborating the bond formation between amine groups 
in the dyes and carboxyl groups in the oxidated nanotubes. In addition, changes in fluorescent emission 
spectrum of the organic molecules bonded to carbon nanotubes revealed an electronic interaction 
between both moieties in the nanocomposites. In the case of phenosafranin, a significant redshift of the 
dye fluorescent emission upon chemical interaction with the nanotube was observed. Such bathocromic 
effect can be assigned to a decrease in the HOMO-LUMO gap due to electron transfer process in the 
composite. 
 
Acknowledgments: CNPq, FAPESP, CNPq - Instituto do Milênio: Redoxoma. 
 
Y. Yan, M. Zhang, K. Gong, L. Su, Z. Guo, L. Mao, Chem. Mater. 17 (2005) 3457. 
S. A. Curran, A. V. Ellis, A. Vijayaraghavan, P. M. Ajayan, J. Chem. Phys. 120 (2004) 4886. 
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feedstocks 

Paola Ayala 1, Mark H Rümmeli 2, Lin Gu 3, Fernando L. Freire Jr. 1, Thomas Pichler 2 
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It is well known that one method of tailoring the electronic properties of single wall carbon nanotubes 
could be the chemical modification through incorporation of heteroatoms within the tube walls. 
Experimental studies on the synthesis of boron (B) doped carbon nanotubes (CNTs) have been 
successfully carried out with methods such as substitution reactions, arc discharge and laser ablation. 
However, a chemical vapor deposition (CVD) approach has still a number of interdependent parameters 
to overcome to make possible such synthesis. In this work, we report the feasibility to synthesize B-
doped SWNTs of high quality produced from a pure liquid B/C containing feedstock by high vacuum 
CVD. From Raman and TEM we observe a very low defect concentration concomitant with small 
nanotube bundles containing 5-8 tubes with a narrow diameter distribution. The actual Boron content was 
probed by XPS and does not exceed 4%. 

Contact e-mail: paola@vdg.fis.puc-rio.br 
 

C40 - Sidewall Covalent Functionalization of Fluorinated Single Wall 
Carbon Nanotubes Using with Urea and Related Structures for Radiation and 

Composite Applications 

Merlyn X. Pulikkathara 1, Valery N. Khabashesku 2 

1 Rice Quantum Institute, Rice University, 2 Smalley Institute for Nanoscale Science and 
Technology and Department of Chemistry, Rice University 

Sidewall covalent functionalization of carbon nanotubes is necessary to achieve smaller bundles, link to 
other functional moieties, and aid in better dispersion in composites. In the present study, we present a 
one step functionalization using fluorinated single wall carbon nanotubes (F-SWNTs) as precursors, 
which were then further derivatized using urea, guanidine and thiourea. These bi-functionalized 
nanotubes were characterized by Raman spectroscopy, Fourier Transform infrared (FTIR), thermo 
gravimetric analysis (TGA), scanning electron microscopy (SEM), x-ray photoelectron spectroscopy 
(XPS), transmission electron microscopy (TEM) and atomic force microscopy (AFM). Compared to 
fluorinated tubes, Urea-F-SWNTs among the three derivatives have shown the highest stability in DMF 
and the sidewalls are densely functionalized as evidenced by TEM. Guanidine-F-SWNT had the least 
amount of residual fluorine on the sidewall as determined by XPS. Along with the development of Urea-
F-SWNT, we also present Alkylated-Fluorinated-SWNT (A-F-SWNT) which had been previously 
developed by our group, in a radiation study with 40 MeV Protons. These functionalized nanotubes all 
had shown some interesting shifts in Raman spectra, and these will be shown. The derivatives have 
potential in creating an interface between the nanotubes and polymers resulting in strong composites and 
some preliminary composite work, such as DSC, Tensile test, and TGA will also be shown. The three 
urea derivatives are quick and simple to synthesize and this method can be easily upscaled for 
applications such as creating an integrated polymer network for stronger composites, coatings, and 
biomedical applications. 

Contact e-mail: merlyn@rice.edu 



 

 137

Contributed presentations - Tuesday, June 26 

C41 - Raman spectroscopy study of single-walled carbon nanotubes treated 
with sulfuric acid 

Gilberto D.S. Dantas Saraiva 1, Rafaella O. Nascimento 2, Josue Mendes Filho 3, Johnny M. P. Feitosa 3, 
Antonio G. Souza Filho 3 

1 Universidade Federal do Ceará, 2 UNIFRA - RS – Brazil, 3 UFC - Fortaleza Brazil 

In this work we have studied the effect of sulfuric acid (H2SO4) treatment on the single-walled carbon 
nanotubes (SWNTs) produced by the HiPCO process. The effect of the exposure of the nanotubes to 
H2SO4 was investigated. We observed changes in the Raman bands associated to radial and tangential 
vibration modes for treated samples compared with the pristine counterpart. The changes in the electronic 
structure and vibrational properties were observed through an up shift of the G band frequencies and loss 
of the Breit-Wigner-Fano tail in the spectra of metallic tubes which is attributed to a charge transfer from 
the nanotube π states to the sulfuric acid. The average diameter of the SWNTs used in this work is similar 
to the inner tubes of DWNTs.We discuss the effect of H2SO4 intercalation on the SWNTs in comparison 
with DWNTs in order to establish doping differences between these two systems. 

Contact e-mail: gilberto@fisica.ufc.br 
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Odair Pastor Ferreira 1, Larissa Otubo 2, Acrisio L Aguiar 3, Josué Mendes Filho 3, Antonio G. Souza 
Filho 3, Solange Fagan 4, Oswaldo Luiz Alves 5 
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In this work we studied the interaction of a Lewis base (benzonitrile) and SWNT (Carbolex, Inc.). As-
received and purified carbon nanotubes (5 mg) were added to 5 mL and 50 mL of pure benzonitrile. The 
resulting suspensions and solids samples were characterized by TEM, SEM, EDS, Raman, ATR-FTIR, 
UV-Vis and photoluminescence. The suspensions obtained with as-received SWNT (hereafter SUS-AS-
SWNT), in all cases, showed light orange/gray color and were stable over long periods of time. On the 
other hand, the suspensions obtained with purified SWNT were colorless. This observation suggests that 
benzonitrile can interact more strongly with amorphous carbon and carbon nanoparticles than with 
carbon nanotubes. TEM images of SUS-AS-SWNT indicated the presence only of amorphous carbon and 
carbon nanoparticles in the suspension. In addition, UV-Vis spectra of SUS-AS-SWNT showed an 
absorption band at 450 nm and the photoluminescence spectra showed a red-shift of 30 nm in the 
emission band if compared to pure benzonitrile. However, no significant shifts were observed in the 
radial mode, disorder induced D-band and the tangential mode G-band in Raman spectra of SWNT when 
these nanoparticles (as-received and purified) were submitted to interaction with benzonitrile. This result 
tells us that the benzonitrile-SWNT interaction is very weak. Then, probably, the benzonitrile did not 
interact with nanotubes through free electron pair of nitrile groups but through of a π-orbital interaction 
between the benzonitrile aromatic rings and C-ring of the SWNT. This interpretation is also in agreement 
with our results of the ATRFTIR spectra of the solid samples in which showed that nitrile band was only 
slight change (from 2228 cm-1 to 2226 cm-1) after the interaction. In conclusion our results suggested that 
the interaction of benzonitrile with carbon nanotubes was weak probably involving a π-orbital interaction 
between the benzonitrile aromatic rings and C-ring of the SWNT. However, the benzonitrile interacts 
strongly with carbon nanoparticles and amorphous carbon suggesting that this step could be useful for 
purification methods. 

Contact e-mail: odair@iqm.unicamp.br 
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From the structural point view carbon nanotubes could be originate from graphite layers (graphene). 
Considering this approach a lot of effort has been devoted to prepare nanotubes from other layered 
materials. The first studied inorganic nanotubes were WS2, MoS2, BN and NbS2. The preparation of these 
nanotubes from layered materials leads to the thought that is possible to prepare nanotubes from all 
materials whose bulk counterpart is a layered compound. Nowadays, a considerable list of inorganic 
nanotubes is known and it is increasing at an amazing rate. Among the inorganic nanotubes, titanium 
oxide nanotubes are very attractive because these nanostructures are promising for applications as 
photocatalysts, UV absorbers, dye-sensitizing solar cells, self-cleaning devices, and catalyst supports. In 
this work we discuss the chemical composition, structure, properties and cytotoxicity of titanium oxide 
nanotubes obtained by hydrothermal treatment of TiO2 and NaOH in different conditions of time and 
temperature. Based on ion exchange reactions and the thermal decomposition of titanium oxide 
nanotubes we propose a new composition for the as-prepared nanotubes as being Na2Ti3O7.nH2O 
(titanate). Our results also suggest that nanotube walls have structure similar to those of the layer of the 
bulk Na2Ti3O7. Depending on how the washing process is performed on the nanotubes (water or acid 
solutions) the Na+ content can be modified via the exchange reaction of Na+ by H+. Thus, a general 
chemical formula was also proposed: Na2-xHxTi3O7.nH2O (0< x <2), x being dependent on the washing 
process. In addition, we evaluated the use of titanate nanotubes as catalyst in heterogeneous 
photocatalysis for degradation of textile dyes (reactive blue 19). The efficiency of color removal as 
function of time was measured by absorption spectroscopy. We observed that titanate nanotubes were 
more efficient than anatase TiO2 in the color removal. Experiments to evaluate the cytotoxicity of the 
titanate nanotubes were carried out using cultured hamster V79 fibroblasts and the results were discussed. 
Two endpoints were measured in V79 cells: 3-(4,5-dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium 
bromide (MTT) reduction and neutral red uptake (NRU). In conclusion, our results suggested that 
titanium oxide nanotubes obtained by hydrothermal treatment of TiO2 and NaOH have structure similar 
to those observed in the layered bulk Na2Ti3O7 titanate and composition equal to Na2-xHxTi3O7.nH2O. If 
nanotubes are washing with acid solution, the Na+ can be exchanged by H+. The nanotubes can be used as 
a catalyst in heterogeneous photocatalysis and showed low cytotoxicity. 

Contact e-mail: odair@iqm.unicamp.br 
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Débora Pereira Pinto, Edelma Eleto Silva, Sérgio Oliveira, André S. Ferlauto, Rodrigo G. Lacerda, Luiz 
Orlando Ladeira  
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6627, 30123-970, Belo Horizonte, MG, Brasil 

In this work, we propose two methods of CNT functionalization aiming biological applications. The first 
is a one-step, soft method for the dispersion of CNTs in water by using ammonium hydroxide (NH4OH). 
The second one is a method for functionalization with lalanine, which is a first step to achieve the 
binding of peptides to CNTs. The starting material was purified (95%) single wall carbon nanotubes 
(SWNT), prepared by conventional arc discharge technique in our laboratory. The one-step procedure for 
the NH4OH functionalization is very simple: the purified CNT powder is dispersed in a NH4OH solution 
in an ultra-sound bath for 2-3 minutes. After that, the solution is dried. The functionalized SWNT powder 
can be dissolved again in water, and form a solution that is stable for more than six months without 
significant material precipitation. The method for the functionalization with l-alanine is more complex. In 
short, it consists of a reflux in nitric acid solution, in order to attach carboxyl groups to the CNTs, 
followed by a reflux in dimethylformamide and l-alanine. The materials at different stages were 
characterized by several techniques including atomic force microscopy (AFM), Raman spectroscopy, 
infrared spectroscopy (IR), and thermogravimetric analysis. Finally, although for both cases the precise 
mechanisms of functional group attachment to the SWNT walls are not completely understood, it is clear 
that that presence of such groups at the nanotube walls inhibits their re-bundling and thus permits their 
relatively large dissolution in water. 

Contact e-mail: debpp.fisica@gmail.com 
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Matthieu Houlle 1, Julien Amadou 1, Izabela Janowska 1, Jean-Philippe Tessonnier 2, Dominique Begin 1, 
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Carbon nanotubes have received an increasing scientific and industrial interest because of their unique 
physicochemical properties. It was expected that the tubular morphology and the high aspect ratio of 
these carbon nanotubes could induce peculiar properties of materials trapped inside their channel. In the 
wake of their discovery, several attempts have been focused on the introduction of foreign elements 
inside their empty tubule with a hope of generating new composite materials with unusual properties. 
Magnetic nanoparticles have potential applications in various areas such as magnetic recording, magnetic 
data storage devices, and magnetic resonance imaging, etc. However, until now the selective filling of the 
carbon nanotube channel with magnetic nanoparticles by a simple method still remains a challenge, 
especially on the control of the nanoparticle location with respect to the nanotube surface. The most 
interesting range of magnetic nanoparticle for the applications cited above is centered between 20 to 80 
nm with a large emphasize on the range of 40 nm which could find a specific application as magnetic 
composite in magnetic resonance imaging system. The attractiveness of the Fe3O4 nanoparticles/CNT 
system in the enhancement of the magnetic resonance imaging system has been reported recently by 
Miyawaki et al. [1]. Carbon nanotubes loaded with magnetic particles could find also attractive 
applications as nanodevices for drug delivery in a precise locations in the body using an externally 
applied magnetic field for targeting and heating.  
Here, we report the exclusive filling of carbon nanotubes channel by iron oxide and/or metal 
nanoparticles (10-40 nm) by modification of their surface properties. Commercial multi-walled carbon 
nanotubes from Applied Science Pyrograf were pretreated by acidic functionalization followed by a heat 
treatment at high temperature (800°C) under inert gas in order to remove the oxygenate functional 
groups. These pretreated nanotubes were then selectively infiltrated by different solutions of iron salts 
through an incipient wetness impregnation method. Such magnetic nanomaterials could find applications 
in the field of high density data storage or in the magnetic resonance imaging [2,3]. The relative 
simplicity of the filling method allows one to prepare magnetic filled commercial carbon nanotubes with 
low cost and an easily scale-up. 
 
[1] J. Miyawaki, M. Yudasaka, H. Imai, H. Yorimistu, H. Isobe, E. Nakamura, S. Iijima, Adv. Mater. 
2006, 18, 1010 
[2] A. Ito, M. Shinkai, H. Honda, T. Kobayashi. J. Biosci. Bioeng. 2005, 100, 1, 11 214 
[3] M. Shinkai. J. Biosci. Bioeng. 2002, 94, 6, 606 215 
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Cristiano Fantini 1, Michael S. Strano 2 
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Carbon nanotube samples functionalized with diazonium groups were studied by resonant Raman, 
photoluminescence and optical absorption spectroscopies. Samples with different degrees of 
functionalization were used in the experiments. The interaction of functional groups with the nanotube 
causes modifications in the electronic and phonon structure, whose understanding is important for the 
development of nanotube-based sensors. Suppression of the optical absorption and photoluminescence 
spectra as well as of the radial breathing mode spectra has been observed when the nanotubes are hardly 
functionalized. The effects of the functional groups on the electronic and phonon structures were 
addressed by a resonant Raman investigation using several different laser excitation energies. A 
dependence of the optical excitation energies on the nanotube functionalization is reported. A shift in the 
optical transition energies as well as a broadening in the resonance Raman profiles are observed for the 
functionalized samples, caused by the charge transfer between the nanotube and the functional group. 
Comparison between Raman and optical absorption results reveals a dependence of the functionalization 
with the nanotube diameter. An excitation energy dependence of the ratio between the dispersive D-band 
and G-band intensities, a metric commonly used to benchmark functionalization in these systems, is 
reported, allowing an estimation of the amount of functionalization by a comparison between the ratios 
measured at different wavelengths. The influence of the chemical modifications in some two-phonons 
Raman modes is also presented. 

Contact e-mail: cfantini@uiuc.edu 
 

C47 - Covalent functionalization of single walled carbon nanotubes with N- 
and S-containing groups 

Daniel Andrada 1, Henriete Silva Vieira 2, Roberto Luiz Moreira 2, Adelina Pinheiro Santos 1, Sirlaine 
Diniz Brandão 1, Clascidia Aparecida Furtado 1 

1 CDTN, 2 UFMG 

Classical protocols used in Organic Chemistry has been successfully applied in this work for the 
derivatization of carboxylic groups to rend N-alkyl and S-alkyl SWNT derivatives.We started from the 
well known activation of the acid-terminated purified SWNT with thionyl chloride to generate acyl 
chloride groups, which further reacted to form amide and thioester. The derivatization was still extended 
to amine and thioether formation. The use of reactants with long alkyl chains lead to improved 
solubilization of the derivatives in organic solvents. FTIR, XPS and acid-base potentiometric titration 
analyses were carried out to characterize quali and quantitatively the changes in the chemical 
environment on the SWNT surface in each step of the functionalization route. The purity and structural 
quality of the SWNT samples were evaluated by TG, SEM and Raman spectroscopy. Besides anchoring 
nanoparticles, quantum dots, catalytic sites and biological entities, N- and S-containing groups SWNT 
derivatives could be also explored in chirality-based bulk separation of carbon nanoutbes. 

Contact e-mail: dam@cdtn.br 
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Julien Amadou, Matthieu Houlle, Dominique Begin, Cuong Pham-Huu 
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Since decades carbon nanotubes have been studied for their unique properties in many fields, and this 
should grant them a key role in forthcoming industrial applications in various domains. For some fields, 
like catalysis or drug delivery, the functionnalisation of the carbon nanotube surface with chemical 
groups is needed. Recently, Ismagilov et al. [1] have demonstrated that adding nitrogen during the 
MWNT synthesis allow to replace some carbon atoms by nitrogen ones. The presence of these nitrogen 
atoms leads to a better dispersion of the metal particles deposited by an incipient wetness impregnation 
through novel metal/support interactions. The improvement of the metal dispersion can be explained by 
the presence of a free electron pair from the nitrogen atoms that enhance the affinity between the metal 
and the support. In the same time, Terrones et al. [2] have shown that Ndoped CNTs are far much more 
tolerated by mice than usual CNTs which pointed out the benefit effect of nitrogen doping. Here, we 
report the direct CVD synthesis of N-doped carbon nanotubes by decomposition of C2H6 on a catalyst in 
presence of NH3 gas. The yield, morphology and composition of the as-synthesized carbon nanotubes 
were extensively investigated. 
 
[1] Nitrogen doped carbon nanofibers. Keynote Lecture 2, CarboCat-II , 2006 
[2] J. C. Carrero-Sánchez, A. L. Elías, R. Mancilla, G. Arrellín, H. Terrones, J. P. Laclette, and M. 
Terrones, Nano Letters 2006, 6, 8, 1609-1616 
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The oxidation process has had a great importance for carbon nanotubes applications, since it is necessary 
for their purification and functionalization. However, in functionalization process the oxidation causes 
chemical and structural changes on carbon nanotubes, which modify their properties. For this reason is 
important to know the relationship between different kinds of oxidation and the alterations caused on 
carbon nanotubes in order to can choose the oxidation method more appropriated for each application. 
Thus, in this work was carried out a study about the effects of two oxidation methods on morphologies 
and chemical structure of multiwalled carbon nanotubes (MWCNT). The first oxidation method occurred 
by reaction of MWCNT with hydrogen peroxide (H2O2) 33 wt%, in periods of 1, 2, 3, 4 and 5 days. The 
second method used nitric acid (HNO3) 3 molL-1 and the reaction was maintained under reflux for 12 
hours. The effects of oxidation methods on MWCNT morphology and thermal stability were evaluated 
by Atomic Force Microscopy (AFM) and Scanning Electron Microscopy (SEM), and by 
thermogravimetric analysis (TGA), respectively. The functional groups formed in surface of carbon 
nanotubes were identified by Fourier transform infrared spectroscopy (FTIR). The results showed a 
reduction in the diameter and length of the carbon nanotubes in both methods, however, this reduction 
was more intense for HNO3 oxidation. Although the both oxidation methods result in the formation of 
several functional groups on MWCNT surfaces, such as carboxylic (-COOH), carbonyl (-C=O), and 
hydroxy (-OH) groups, it was observed that hydroxyl groups were preferentially formed during the 
oxidation with hydrogen peroxide. 
 
Acknowledgment: CNPq/MCT and Instituto do Milênio. 
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Carbon nanotubes (CNTs) are materials of high functional versatility, among their diverse functions, the 
biological and medical ones are quite interesting. In this sense, carbon nanotubes can be used as 
biosensors, drug deliver agents, scaffold for cellular growth, etc. However, for the development of such 
technologies, the CNTs must be functionalized, leading to hybrids materials. In this work we present the 
results of theoretical investigation, by Density Functional Theory, of the single wall carbon nanotubes 
(SWNTs) funcionalization by alanine molecules.  
Alanine (C9H11NO3) is an amino acid produced in vivo and is a component of proteins presents in alive 
organisms. Alanine is also produced artificially, for industrial use or scientific research, being synthetized 
from propanoic acid, Gabriel synthesis or Strecker synthesis. This work consists in the investigation of 
several possible alanine attachments to the CNTs, considering both chemical and physical adsorption, 
directly on CNTs external surface or indirectly, through carboxylic acid, in both cases, different 
functionalization sites are tested. At last, the new hybrid material electronic properties are studied. 

Contact e-mail: carneiro@if.uff.br 
 

C51 - Theoretical study of polyynes encapsulated in carbon nanotubes 

Marciano Alves Carneiro 1, Pedro Venezuela 1, Roberto B. Muniz 1, Rodrigo B. Capaz 2 

1 Universidade Federal Fluminense, 2 Universidade Federal do Rio de Janeiro 

Carbon nanotubes can encapsulate molecular species into their one-dimensional cavity, such as 
fullerenes, water molecules, organic compounds, etc. The existence of a new hybrid material, 
C10H2@SWNTs (single walls carbon nanotubes encapsulating C10H2 molecules, namely pollynes) was 
already reported (1). Polyynes (C2nH2, n 2) are linear carbon-rich molecules. They constitute a linear 
array of even sp-carbon atoms with alternating single and triple bonds and two capping hydrogen atoms 
at both ends. In this work we present an ab initio Density Functional Theory study concerning C2n 
H2@SWNTs (with n from 6 to 10). At first, the electronic, structural and vibrational properties of isolated 
polyynes and metallic and semiconductor nanotubes were calculated. Then, the same properties were 
calculated for polyynes encapsulated inside the nanotubes. Several physical quantities as such, geometry 
variations, electronic charge transfers, formation energies, electronic band structures and vibrational 
spectra are then obtained. Our results lead to interesting insights concerning the present subject and in 
particular the vibrational spectra we have calculated can be helpful for a better understanding of Raman 
spectroscopy data. 
 
1- D. Nishide et al, Chem. Phys. Lett. 428 (2006) 356. 
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Carbon nanotubes (CNT) dispersed into a matrix is a very promising system for high performance 
composites, whose properties are dependent on the linkage between carbon nanotubes and the matrix. It 
has been demonstrated that variations in the silane precursors and in the CNT content leads to composites 
materials with a range of capacitance, electron-transfer rates, and potential to control the selectivity of 
some molecules. In this work, we report an ab initio study based on density functional calculations of 
several silanols radicals interacting with single-wall carbon nanotubes. We found that the adsorption of 
the silanol radical in geminal form behaves similar to the adsorption of COOH and OH groups, where the 
modifications of the band structures of the SWNTs are caused by sp3 hybridization of the C atom that 
makes a bond with the silanol radical. This sp3 hybridization results in impurity levels across the Fermi 
energy that can be used/manipulated to control the electronic properties of CNTs, what is interesting for 
possible applications as electronic devices. 

Contact e-mail: solange.fagan@gmail.com 
 

C53 - ZnO Nanoparticles on Single-walled Carbon Nanotubes 
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ZnO nanoparticles were grown on single-walled carbon nanotubes (SWNTs) by atomic layer deposition 
using diethylzinc (DEZ) and water. We discuss that, because of chemical inertness of nanotubes to DEZ 
and water molecules, such nanoparticles are not likely to grow on the wall of clean and perfect 
nanotubes. Rather, the growth of ZnO nanoparticles should be attributed to imperfection of nanotubes, 
such as defects and carbonaceous impurities. Lifetime of field emission from SWNTs with the ZnO 
nanoparticles is 2.5 times longer than that from the as-grown nanotubes. It is thought that the protection 
of the defects or impurities by ZnO nanoparticles mainly contributed to the improvement of the field 
emission lifetime from SWNTs. 

Contact e-mail: ysmin@sait.samsung.co.kr 
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C54 - Variable charge density in doped single wall carbon nanotubes 

Leonid Grigorian 1, Steve Colbern 1, Ado Jorio 2, Indhira O. Maciel 2, Flavio Plentz 2,  
Marcos A. Pimenta2 

1 YTC America Inc., 2 Universidade Federal de Minas Gerais 

Control over the electronic band structure, e.g., ability to tune the Fermi level, is very important for 
various potential applications of SWNTs. The SWNT band structure can be modified by doping with 
various molecular and atomic species such as halogens, alkali metals, metal halides, oxides, etc. In this 
work, we demonstrate experimentally that distribution of dopant-transferred charge among doped 
nanotubes may be significantly uneven and offer a procedure to separate doped SWNTs into fractions 
with homogeneous charge density. Implications of variable charge density for band structure and 
electronic properties of doped SWNTs are discussed. 

Contact e-mail: lgrigorian@ytca.com 
 

C55 - QM and MM simulations of the growth process and the material 
properties of inorganic nanotubes and nanotube composites 

Jan Hamaekers, Michael Griebel 

University of Bonn 

Nanotubes and similar nanostructures composed of materials other than carbon represent an interesting 
field of research with many opportunities yet to come. We present our recent research results on the 
application of our numerical methods to simulate and proliferate understanding of the growth processes 
of inorganic nanotubes, of the synthesis of nanotube/matrix composites and of the characteristic material 
properties.  
Here, we focus on on the mechanical properties of BN nanotube/Si-B-N ceramics composites, on the 
synthesis of BN nanotube/Si-O composites and on the template growth of amorphous silicon oxide 
nanotubes.  
To treat reaction mechanisms realistically and avoid finite size effects and to reach thermodynamical 
limits, we apply our developed quantum mechanical parallel software package ESPACK and our 
molecular mechanical parallel software packages TREMOLO. 

Contact e-mail: hamaekers@ins.uni-bonn.de 
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C56 - Stability and electronic properties of vacancies and antisites in BC2N 
nanotubes 

Jussane R. Rossato 1, Rogerio J. Baierle 1, Walter Orellana 2 

1 Universidade Federal de Santa Maria, 2 Universidad de Chile 

The equilibrium geometry, energetic and eletronic properties of antisites and vacancies in BC2N 
nanotubes are studied by spin density functional calculations using generalized gradient approximation 
(GGA) to the exchangecorrelation functional. We investigate these defects in both the zigzag (4,0) and 
the armchair (3,3) nanotubes, which have 6.54 and 8.34 Å in diameter, respectivelly. We find that boron 
and nitrogen occupying nonequivalent carbon sites (BCII and NCI ) in both tubes have lowest formation 
energies, showing that they are energetically favorable to form under B-rich and N-rich growth 
conditions. They also exhibit acceptor and donor properties, suggesting the formation of defect-induced 
p-type and n-type BC2N nanotubes. In addition, carbon at boron and nitrogen sites (CB and CN) also 
exhibit p-type and n-type properties, respectively, as well as low formation energies. However, BCI , 
NCII , BN and NB have higher formation energies, rising deep levels in the band gap. Vacancies are less 
favorable defects with high formation energies as compared to the most stable antisites. Once a vacancy 
is formed, a strong reconstruction occurs, resulting in an undercoordinated atom which typically gives 
rise to deep levels in the band gap, changing the eletronic properties of the nanotube. Our results suggest 
that with suitable growth conditions, it would be possible to synthesize BC2N nanotubes with intrinsic 
donor and acceptor character by inducing selective antisites defects. 

Contact e-mail: jussaner@gmail.com 
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C57 - Comparative Structural Study of Titanium Oxide Nanotubes Obtained 
by Chemical Treatments 

Vladimir Lavayen, E. S. Avila, S. de Oliveira, A. S. Ferlauto, L. O. Ladeira, M. A. Pimenta ,  
R. G. Lacerda 

Departamento de Física, Universidade Federal de Minas Gerais. Avenida Antonio Carlos, 
6627, 30123-970 Belo Horizonte, MG, Brazil 

Titanium oxide is a well known multifunctional material for its attractive physical, chemical, and optical 
properties. In the past few years, there have been several reports on the formation of titanium oxide 
nanotubes (TiO2-NT) using different methods. One of them, the hydrothermal treatment (HT) shows the 
formation of trititanate oxide nanotubes; however our measurements using HR-TEM, and high resolution 
XRD performed in the Brazilian Light Synchrotron Laboratories corroborate that, and showed the 
presence of few quantity of TiO2 amorphous phase as well. The electron microscope image of the 
products after the HT shows a tubular structure with a presence among 3-5 layers in the multi-wall tube, 
with an interlayer distance in the range of 0.88-0.68 nm, and diameter of approximately 8 nm.  
The reflux method (RM) was a second method chosen by our group to obtain titanium oxide nanotubes, 
which show the presence of lepidocrocite titanium phase mainly. Indeed the nanotubes method showed 
an interlamellar distance of 0.78 nm, and the presence of 1-3 layers rolled up. Raman spectra of the RM 
method showed a presence of vibrational modes associate to the Eg, and B1g of the anatase, however the 
Raman spectra of the HT show different kind of signal.  
The first attempts of titanium oxide-carbon nanotubes heterostructure were measured by Raman, where a 
presence of vibrational modes of the trititanate oxide was detected. So this work presents a detailed 
description, and discussion of the different phases present in both methods using XRD, and HR-TEM, 
and Raman techniques. 
 
Acknowledgements: This work was supported by Rede Nacional de Pesquisa em Nanotubos de Carbono 
(CNPQ Brazil). 

Contact e-mail: vlavayen@gmail.com 
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C58 - Comparative Study of Nanorods, Nanotubes, and NanoUrchin of 
Vanadium Oxide 

Vladimir Lavayen 1, V. Lavayen 2, C. O’Dwyer 2, S. B. Newcomb 3, E. Benavente 4, M. A. Santa Ana 5, 
G. González 5, C. M. Sotomayor Torres 2 

1 Departamento de Física, Universidade Federal de Minas Gerais. Av. Antonio Carlos, 
6627, 30123-970 Belo Horizonte, MG, Brazil, 2 Tyndall National Institute, University 
College Cork, Cork, Ireland, 3 Glebe Scientific Ltd., Newport, Co. Tipperary, Ireland,  
4 Department of Chemistry, Universidad Tecnológica Metropolitana, Santiago, Chile,  
5 Department of Chemistry, Faculty of Science, Universidad de Chile, Santiago, Chile 

The first report on inorganic nanotubes in 1992 [1] has been largely unnoticed due to the overwhelming 
volume of research into carbonaceous nanostructures during last decade. Metal oxide nanostructures are 
now receiving a revived interest for their potential application in battery technologies, intercalation 
chemistry, and for their ability to be readily functionalized both structurally, and photonically. Since the 
initial report of vanadium oxide nanotubes [2] using a self-assembly approach followed by hydrothermal 
treatment, a plethora of inorganic oxide nanostructures with varied properties have been discovered. The 
valence of the vanadium in the nanotubes, however, is not uniquely (5+); valences of (4+) with a 
percentage V5+/V4+ratio of 55%/45% have been observed, and recent studies evidence vanadium oxide 
nanotubes with trivalent vanadium (3+) specie [3]. This improves the versatility of this material for 
structural applications. Thus, the use of various surfactants together with defined hydrothermal treatment 
conditions can produce variations in the V5+/V4+ratio. As a result, the formation of inorganic vanadate 
nanostructures with markedly different structures can be achieved [4-6]. This work presents a structural 
description, relation, and discussion of various nanostructures like tubes, rods, and urchin, and their 
relation to the V5+/V4+ratio.  
 
The work is supported by the Science Foundation Ireland (SFI), FONDECYT, and the EC-funded 
Network of Excellence PhOREMOST. 

Contact e-mail: vlavayen@gmail.com 
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C59 - Synthesis of TiO2 Nanotubes and applications 

Marcos H. D. Guimarães, Além-Mar B. Gonçalves, Leonardo C. Campos, Sérgio de Oliveira, Luiz O. 
Ladeira, Rodrigo G. Lacerda 

Laboratório de Nanomateriais, Departamento de Física, Universidade Federal de Minas 
Gerais 

Nanotubular materials have been intensively studied since the discovery of carbon nanotubes. Noncarbon 
nanotubes, in special titanium dioxide (TiO2) nanotubes, gained special interest for their relatively easy 
synthesis and their several applications in photocatalysis, hydrogen sensing, storage and separation, and 
biological applications.  
In the present work, we report the synthesis of a TiO2 nanotube film grown by anodic oxidation of a pure 
Ti sheet (99,99% pure) in electrolytes of aqueous HF (0.5%wt) and NH4F (0.5%wt in glycerol) at room 
temperature. The optimum voltage was found to be 20 V. The sheet was exposed for 20 minutes in the 
HF electrolyte and for 13 hours in the NH4F electrolyte. A graphite electrode was used as the inert 
cathode.  
By Scanning Electron Microscopy (SEM) we can confirm that the nanotubes are well aligned in the 
direction of the electric field between the electrodes in a dense and self-assembled matrix. One end of the 
tubes was always open while the other end, which is in contact with the titanium sheet, was always 
closed. After anodization in the HF electrolyte, the nanotubes present medium inner diameter of 80 nm 
and are about 500 nm long whereas with NH4F electrolyte, the nanotubes were found to have medium 
inner diameter of 35 nm and are in average 2 µm long.  
The two electrolytes have different growth dynamics. For the HF electrolyte, the nanotubes appear to 
grow close together, sharing their walls, and in the NH4F electrolyte we can observe isolated tubes. The 
fact that the topology of the tubes depends on the electrolyte is interesting, since we can study different 
properties of TiO2 nanotubes, such as gas sensing with HF-prepared tubes and the conductivity of a 
single tube with the material prepared with NH4F.  
We present a preliminary study of the application of the film synthesized with the HF electrolyte in a 
hydrogen sensor at atmospheric pressure. The film was annealed at 500oC for 6 hours in O2 rich 
atmosphere and Pd contact pads were evaporated to be used as the electrodes. The sensibility appears to 
be dependent on the temperature and several temperature-dependent measurements were made and will 
be presented. 

Contact e-mail: mhdg@fisica.ufmg.br 
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C60 - Alanine adsorption on carbon nanotubes: vibrational spectroscopy and 
molecular dynamics 

Edelma E. Silva 1, Rodrigo G. Lacerda 1, Luiz O. Ladeira 1, Ariete Righi 1, Débora P. Pinto 1, Marcos A 
Pimenta 1, Sérgio G. Santos 2, Valder N. Freire 2, Vólia Lemos 2 

1 Universidade Federal de Minas Gerais, 2 Universidade Federal do Ceará 

The modification of the surface of carbon nanotubes (CNTs) is a key aspect prior to their use in any 
biologyrelatedapplication can be envisaged. CNTs functionalization may be achieved through different 
processes as adsorption, electrostatic interaction, covalent and non-covalent bonding of different 
molecules. Chemical treatments may render them more hydrophilic, improving their water solubility and 
transforming completely their biocompatibility profile. Efficient solubility of CNTs has been 
demonstrated by using covalent and non-covalent adsorption of surfactants, polymers, and biomolecules. 
In this work, we demonstrate l-alanine adsorption on single wall carbon nanotubes (SWNTs) through 
non-covalent bonding, which confers high water solubility opening new possibilities for biological 
applications. A vibrational spectroscopic study of the l-alanine functionalized nanotubes was performed 
using the Ar-ion laser green line (514.5 nm) as excitation. The spectra of pristine and l-alanine 
functionalized tubes are seen to differ particularly in the D-band region: a single band is observed for the 
pristine tube against two bands in the case of the l-alanine-adsorbed tube. As this is the typical region for 
disorder of the carbon network, the additional band may be interpreted as disorder effects due to the 
presence of the amino acid. The results are compared with Fourier transform infrared spectroscopy data. 
Molecular dynamics simulations were performed, and the results suggest a non-covalent interaction 
between the l-alanine and the SWNT. 

Contact e-mail: edelma@fisica.ufmg.br 
 

C61 - Large area growth of aligned sub-30 nm individual ZnO nanowires 

Daniel Lorscheitter Baptista 1, Sharvari H. Dalal 2, Ricardo M. Papaleo 3, Paulo F. P. Fichtner 1, Kenneth 
B. K. Teo 2, William I. Milne 2, Fernando C. Zawislak 1 

1 Instituto de Física, UFRGS, Porto Alegre, Brazil, 2 Engineering Department, University 
of Cambridge, Cambridge, UK, 3 Faculdade de Física, PUCRS, Porto Alegre, Brazil 

Single-ion nanolithography is presented as a novel and faster alternative to e-beam and FIB lithographs 
for patterning large areas with catalytic metal islands to grow semiconductor nanowires. An array of 
vertically aligned ZnO nanowires of 25 nm diameters was grown selectively using single-ion 
nanolithography and physical vapor deposition. The Zn  nanowires are grown in a tube furnace by 
evaporation of a ZnO:graphite mixture onto sapphire substrates patterned with Au catalyst. The substrate 
patterning was performed using random ion beam irradiation with Au ions at 20 MeV with a fluence 
range from 109 to 1010 cm-1. A thin PMMA film of 50 nm was spin coated on the sapphire substrates and 
then subjected to the ion irradiation. Each ion interacts individually with the PMMA film forming a 
cylindrical path of latent chemical damage, which is then developed using MBIK:IPA solution. The 
density of wires is controlled independently of the wire diameter by the irradiation fluence and the 
lithography exposure is performed over cm2 areas in a single step of ~2 s. The ZnO arrays are single 
crystals as verified by x-ray diffraction  and high resolution transmission electron microscopy. 

Contact e-mail: dbaptista@gmail.com 
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C62 - Controlled synthesis of quasi-one dimensional boron nitride 
nanostructures 

Huiming Cheng 1, Dai-Ming Tang 2, Chang Liu 2, Hui-Ming Cheng 2 

1 Institute of Metal Research, Chinese Academy of Sciences, 2 Shenyang National 
Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of 

Sciences, 72 Wenhua Road, Shenyang 110016, China 

A floating catalyst chemical vapor deposition (FCCVD) method is developed for the synthesis of quasi-
one dimensional (1-D) boron nitride (BN) nanostructures. By carefully tuning the experimental 
parameters such as growth temperature, floating catalyst concentration, and boron precursor, high quality 
1-D BN nanostructures including nanotubes, nanobamboos, and nanowires were produced selectively. 
The microstructures of the obtained 1-D BN nanomaterials were characterized; and it was found that the 
nanostructures are composed of hexagonal BN phase with (002) planes stacking in different manners. A 
growth mechanism of the BN nanostructures was proposed based on the analysis of their structural 
characteristics and growth conditions. 

Contact e-mail: cheng@imr.ac.cn 
 



 

 154

Contributed presentations - Tuesday, June 26 

C63 - Carbon nanotubes as sacrificial templates for rutile nanotubes 

Dominik Eder 1, Ian A Kinloch 2, Alan H Windle 1 

1 University of Cambridge, 2 University of Manchester 

Titanium dioxide (TiO2) is among the most important oxide based materials with applications in 
photochemical, catalytic and electrochemical technologies. Of the two important phases of TiO2, anatase 
is kinetically favoured over rutile, which is thermodynamically stable. There is strong evidence that rutile 
would be favoured over other types of titania in terms: e.g. of selectivity and improved kinetics in 
photochemical reactions [1]. There have been some attempts to produce anatase and tri-titanate nanotubes 
[2-3]; hitherto there are no reports on the successful synthesis of titania nanotubes with rutile phase. Here 
we report the first pure rutile nanotubes produced by a modified sol-gel route using sacrificial carbon 
nanotubes as templates, with subsequent heat treatment to convert the templated anatase to rutile [4]. The 
applied characterisation tools include SEM, (HR)TEM, XRD, FTIR/Raman spectroscopy and thermal 
analysis (TGA/DSC).  
We used tetrabutyloxytitanate (TBOT) as titanium precursor, ethanol/benzylalcohol as solvents and water 
as gelator. The carbon nanotubes were prepared by chemical vapour deposition (CVD) using ferrocene as 
catalyst precursor and toluene as feedstock. After coating with amorphous titania and crystallisation at 
400 °C the carbonaceous template was thermally removed to leave pure anatase nanotubes (diameters 
between 70 and 350 nm, dcrys ~18 nm). Alternatively, the anatase coating was heated in nitrogen at 
elevated temperatures to induce phase transformation to rutile with subsequent removal of the template to 
produce pure rutile nanotubes (diameters between 50 and 400 nm, dcrys~20 nm).  
A key aspect of this method is that the carbon nanotubes support the structure during the reconstructive 
phase transformation, preventing break up due to the transformation stresses involved as well as crystal 
growth, thus leading to high surface area rutile materials. A further advantage of this method is that the 
templates can be used to control the internal diameter of the rutile nanotubes, while synthesis conditions 
control the wall thickness. The initial thickness of the titania coating furthermore determines the final 
morphology of the rutile tubes. Thick coatings lead to rough tubes (dcrys~50 nm, SS~10 m2/g), while 
thin coatings result in smooth tubes (dcrys~10 nm, SS~80 m2/g). 
 
1) O. Carp, C.L. Huisman, A. Reller, Prog. Solid State Chem. 32, 33-177 (2004) 
2) T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. Niihara, Adv. Mater. 11 (15), 1307-1311 (1999) 
3) O.K. Varghese, D. Gong, M. Paulose, K.G. Ong, E.C. Dickey, C.A. Grimes, Adv. Mater. 15 (7-8), 624 
(2003) 
4) D. Eder, I.A. Kinloch, A.H. Windle, Chem. Commun.13, 1448-1450 (2006) 

Contact e-mail: de235@cam.ac.uk 
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D01 - Synthesis and Thermophysical Properties of Vertically Aligned 
SWNT-PMMA 

Hai M. Duong 1, Yoshifumi Mori 2, Yuji Nagasaka 2, Shigeo Maruyama 1 

1 Department of Mechanical Engineering, The University of Tokyo, 2 Department of 
System Design Engineering, Keio University 

SWNT-composites have not been fully exploited and may offer exciting opportunities for new 
composites because of unique properties of SWNTs. We present the simple experimental method of 
synthesizing uniformlydistributed and vertically-aligned SWNTs (VA-SWNTs) -polymethyl 
methacrylate (PMMA) composite. This simple synthesis may be applied with other polymers. VA-
SWNTs were grown on quartz substrates using the alcohol catalytic CVD process. VA-SWNT-PMMA 
film was synthesized by polymerizing PMMA-sonicated toluene in which aligned SWNTs were 
immersed. Conventional SWNT-PMMA films were processed using polymerizing monomer MMA in 
which SWNTs were infiltrated.  
The weight fraction of SWNT-composites was estimated to be 0.5%. The kinetics of oxidative thermal 
degradation of PMMA from composites were delayed by SWNTs. The thermal degradation of 
composites having different degrees of nanotube dispersion was also compared. PMMA and poorly 
aligned SWNT-PMMA showed the lower thermal stability than PMMA from VA-SWNT-PMMA 
because well dispersed SWNTs into PMMA have larger surface areas. Thermal conductivities of PMMA 
and VA-SWNT-PMMA samples coated with Au were measured by photothermal radiometry. The 
estimated thermal conductivity of the pure PMMA sample fitted well with simulation results. However, 
the photothermal behavior of the SWNT-PMMA sample is quite unique suggesting that the anisotropy of 
thermal conductivity due to aligned SWNTs in PMMA. 

Contact e-mail: haiduong@photon.t.u-tokyo.ac.jp 
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D02 - Computational Study of the Percolation Threshold in a Polymer-
Nanotube Composite with a long range interaction 

Cleber F. Nascimento, Marlus Koehler 

Universidade Federal do Paraná 

Nanocomposites produced by doping of conjugated polymers with carbon nanotubes (CNTs) can have 
many applications in electronic devices. They can be applied, for instance, as electromagnetic 
shielding/absorbing or as electrostatic dissipative layer to prevent interference with and from other 
devices. The introduction of cabon nanotubes in the polymer increases the electrical conductivity of the 
resulting composite but also increases signi- ficanly its weight, reducing the surface quality and 
manufacturability of the material. To avoid those problems it is important to use carbon nanotubes with 
very high length-to-diameter aspect ratio which decreases the critical concentration of CNTs required to a 
significant increase of the conductivity (percolation threshold). In this work we study the percolation 
threshold in conjugated polymer/CNTs composites assumig the presence of a dipole-like interaction 
between the CNTs imersed in the polymeric matrix. Such interactions were observed in composites of 
polymers and fullerene. Modelling the carbon nanotubes as one dimension sticks, the energy of 
interaction between two CNTs was calculated analytically. We then perform numerical simulations using 
a two dimensional system of many sticks with the orientation distributed according to the cumulative 
distribution function derived from the interaction energy. For weak potentials the alignment degree of the 
CNTs tends to be random but we found that a preferential orientation of the CNTs is obtained as the 
interaction between the sticks becomes stronger. This effect enhances the system anisotropy which 
increases the percolation threshold compared to a system where the sticks orientation is random. 

Contact e-mail: cfn06@fisica.ufpr.br 
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D03 - Application of carbon nanotube-metallic nanoparticle composites for 
fuel cells 

Nail M. Suleimanov 1, Eugene F. Kukovitsky 2, Sergei M. Khantimerov 2 

1 E.K. Zavoisky Physical-Technical Institute of Russian Academy of Sciences, 2 E.K. 
Zavoisky Physical-Technical Institute of Russian Academy of Sciences, 420029 Kazan, 

Sibirsky Trakt 10/7, Russian Federation 

The operation and main components of fuel cells are considered from point of view of the carbon 
nanostructured materials application. One of the main properties of the carbon nanomaterials, which 
attracts the developers of fuel cells, is their high effective surface. At the same time, these materials are 
characterized by the high mechanical strength, electrical conductivity and chemical resistance that is the 
necessary condition in order to be used in fuel cells. One of the possible applications of carbon nanotubes 
in fuel cells is the use as the support for catalytic nanoparticles for the electrodes of fuel cells. In this 
report the approach is presented in accordance with which the carbon nanotubes are grown directly on 
pressed pellets of the nickel powder. Such pellets simultaneously serve as the gas diffusion layer and 
current collector. Carbon nanotubes were grown at temperature of 420-4500 C in helium atmosphere by 
chemical vapor deposition (CVD) method. The commercially available granular polyethylene was 
employed as the precursor. As the substrate the above mentioned pellets were used. The morphology and 
content of the carbon nanotubes received were investigated by transmission electron microscopy (TEM) 
and x-ray diffraction . It was found that nanoparticles of nickel are formed on the tips of carbon 
nanotubes in the process of growth with dimensions that match the diameter of nanotubes. As the result 
the composites containing of carbon nanotubes and nanoparticles of nickel (CNT/Ni) are formed. 
Electrocatalytic properties of composites obtained were investigated by linear sweep voltammetry in 
aqueous and alcohol solutions of alkaline, and in aqueous solution of sulfuric acid respectively: 0.1 M 
KOH, 0.1 M KOH + 0.01 M C2H5OH, 0.1 M KOH + 0.02 M C2H5OH, 0.1 M H2SO4. The application of 
carbon-nickel nanocomposites for the technology of fuel cells is discussed. 

Contact e-mail: suleiman@kfti.knc.ru 
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D04 - Electrical percolation in Polymer - Nanotube/Nanodisks composites: 
The effect of the geometry of the filler particles and the solvent choice. 

Yenny R. Hernandez 1, Alex Gryson 2, Fiona M. Blighe 1, Martin Cadek 3, Valeria Nicolosi 1, Werner 
Blau 1, Yurii K Gun’ko 4, Jonathan N. Coleman 1 

1 School of Physics, Trinity College Dublin, Dublin 2, Ireland., 2 School of Physics, 
Trinity College Dublin, Dublin 2, Ireland, 3 2SGL Carbon Group, Werner-von-Siemens 

Str. 18, 86405 Meitingen, Germany, 4 School of Chemistry, Trinity College Dublin, 
Dublin 2, Ireland. 

Solution processed composites, based on polyvinylalcohol have been fabricated with either multiwall-
nanotubes or carbon-nanodisks as fillers, for a range of volume-fractions using three solvents; water, 
NMP and DMSO. Electrical tests were made for each composite, demonstrating that the electrical 
properties depend not only on the geometry of the fillers but also on the solvent used. A low percolation-
threshold of 10-3 was observed for the DMSO and NMP-based composites while a maximum 
conductivity of ~1S/m was attained for the NMP-based composites. The water based composites 
displayed percolation thresholds of 0.4vol% for nanotubes compared to 2.1vol% for the nanodisks. For 
these composites the nanotube threshold is broadly in line with theory, the disk value is not as low as 
expected. The effects seen in the polymer-nanotube composites are attributed to the formation of solvent 
dependent polymer coatings around the fillers, which act as tunnelling-barriers thus limiting the 
conductivity. 

Contact e-mail: hernandy@tcd.ie 
 

D05 - Effect of single-walled carbon nanotube purity on the thermal 
conductivity of carbon nanotube-based composites 

Mikhail E. Itkis, Aiping Yu, Elena Bekyarova, Robert C. Haddon 

University of California, Riverside 

Raw (AP) and purified single-walled carbon nanotubes (SWNTs) were utilized for the preparation of 
SWNTepoxy composites.[1] Purified functionalized SWNTs provide a significantly greater enhancement 
of the thermal conductivity, whereas AP-SWNTs allow the best electrical properties because of their 
ability to form efficient percolating network. A series of SWNT samples of varying purity but identical 
chemical functionality were prepared to delineate the effect of SWNT purity on the thermal conductivity 
of SWNT-epoxy composites. We found that purified SWNTs provide ~5 times greater enhancement of 
the thermal conductivity than the impure SWNT fraction demonstrating the significance of SWNTs 
quality for thermal management. 
 
1. A. Yu, M.E. Itkis, E. Bekyarova and R.C. Haddon, Appl. Phys. Lett. 89, 133102 (2006) 

Contact e-mail: mitkis@engr.ucr.edu 
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D06 - Physisorption of DNA and RNA Nucleobases on Carbon Nanotubes in 
the Low- and High-Curvature Limit: A First-Principles Quantum Mechanical 

Study 

Ralph H Scheicher 1, S. Gowtham 1, Rajeev Ahuja 2, Ravi Pandey 1, Shashi P. Karna 3 

1 Michigan Technological University, 2 Uppsala University, Sweden; Royal Institute of 
Technology (KTH), Sweden, 3 US Army Research Laboratory 

We report the results of our first-principles investigation on the interaction of the nucleobases adenine 
(A), cytosine (C), guanine (G), thymine (T), and uracil (U) with both graphene and with a (5,0) zigzag 
carbon nanotube (CNT). Graphene is used in our study as a model system for the low-curvature limit of 
CNTs with very large diameter, while the (5,0) tube with a diameter of merely 0.392 nm is representing 
the high-curvature limit. In the present study, we employed density functional theory (DFT) within the 
local density approximation (LDA) and for comparison also Hartree-Fock plus second-order Moller-
Plesset perturbation theory (HF+MP2). We find that LDA is suitable to determine the equilibrium 
geometry in this van der Waals bound system. However, compared to HF+MP2, the binding energy may 
be underestimated by 40-60%. Our results show that the nucleobases can exhibit significantly different 
interaction strengths when physisorbed either on graphene or on the surface of a (5,0) CNT. The 
calculated binding energies of the nucleobases follow the hierarchy: G > A > T > C > U. The stabilizing 
factor in the interaction is clearly dominated by the molecular polarizability of the nucleobases which 
gives rise to a weakly attractive dispersion force. Regarding the equilibrium geometry, we find that the 
high curvature of the (5,0) CNT allows the base molecules to bind at a smaller vertical distance from the 
surface than it is the case for graphene. The present study is part of a larger project which aims towards a 
first-principles understanding of how the base sequence of DNA affects its interaction with CNTs, as 
observed experimentally. 
 
This work is partially supported by DARPA. 

Contact e-mail: rhs@mtu.edu 
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D07 - Surface composition of carbon nanotubes-Fe-alumina nanocomposite 
powders: an integral low-energy electron Mössbauer spectroscopy 

(ILEEMS) study 

Eddy De Grave 1, Valdirene Gonzaga de Resende 1, Alain Peigney 2, Christophe Laurent 2 

1 Department of Subatomic and Radiation Physics, University of Ghent, 2 CIRIMAT 
UMR CNRS 5085 / LCMIE, Centre Interuniversitaire de Recherche et d´Ingénierie des 

Matériaux, Université Paul-Sabatier 

The surface state of CNTs-Fe/Fe3C-Al2O3 nanocomposite powders was studied by transmission 
Mössbauer spectroscopy (TMS) and by integral low-energy electron Mössbauer spectroscopy (ILEEMS). 
Several samples, prepared by reduction of the α-Al1:8Fe0.2O3 precursor in a H2/CH4 atmosphere applying 
the same heating and cooling rate and changing only the maximum temperature (800 - 1070 °C), were 
investigated. The TMS spectra are superpositions of four components: (i) an outer sextet with hyperfine 
parameters characteristic of ferromagnetic α-Fe, (ii) an inner sextet that could be attributed to 
ferromagnetic Fe3C, (iii) an Fe3+ doublet due to iron species present in the α-alumina structure, and (iv) a 
singlet that corresponds to a non-magnetic iron phase that may be alloyed with carbon (γ-Fe-C). On the 
other hand, the ILEEMS spectra of samples reduced at 800, 850 and 910 °C do not show any contribution 
of α-Fe and Fe3C components. Only the presence of the Fe3+ doublet and the (γ-Fe-C) central line is 
observed in these spectra. The contribution of the γ-Fe-C is the same for transmission and emission 
spectra. The absence of α-Fe and Fe3C components in the emission spectra is fully accounted for by an 
increased spectral area (i.e., contribution to the total spectrum) of the Fe3+ component. The ILEEMS 
spectra of samples reduced at 990 and 1070 °C show all four iron phases with slight changes in the 
relative areas as compared to the transmission spectra. The nature of the iron species (Fe3+, Fe3C, α-Fe,  
γ-Fe-C) is correlated to their location in the composite material. At low reduction temperatures (800, 850 
and 910 °C), Fe3+ ions located on the inner grains are reduced giving rise to cementite and α-Fe particles, 
which consequently are located on the inner grain boundaries within the matrix, thus explaining why 
Fe3C and α-Fe do not shown up in the ILEEMS spectra. On the other hand, at higher temperatures (990 
and 1070 °C) surface and bulk of the nanocomposite powders have similar compositions as far as the 
various Fe phases is concerned. It is further found that for all applied final temperatures the γ-Fe-C 
particles are present on the surface of the matrix grains in the same proportion as in the bulk. 

Contact e-mail: eddy.degrave@ugent.be 
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D08 - Enhanced thermal conductivity of carbon fiber/phenolic resin 
composites by the introduction of carbon nanotubes 

Yoong Ahm Kim 1, Takuya Hayashi 2, Morinobu Endo 2, Mauricio Terrones 3, Mildred S. Dresselhaus 4 

1 Shinshu Univeristy, 2 Shinshu University, 3 IPICYT, 4 MIT 

The development of light-weight and non-metallic composites, exhibiting high thermal conductivity and 
a low coefficient of thermal expansion, have been critically needed for achieving an effective heat 
conduction that could be used in numerous industrial processes. We report a significant enhancement in 
the thermal conductivity of a conventional carbon fiber/phenolic resin composite system by introducing 
highly crystalline multi-walled carbon nanotubes [1]. We demonstrate that 7 wt% of carbon nanotubes 
dispersed homogeneously in a phenolic resin acted as an effective thermal bridge between adjacent 
carbon fibers and resulted in an enhancement of the thermal conductivity (e.g. from 250 to 393 W/m-K). 
These results indicate that highly crystalline carbon nanotubes can be used as a multifunctional filler to 
enhance simultaneously the mechanical and thermal properties of the carbon fiber/phenolic resin 
composites. 
 
1. Y.A. Kim et al., Appl. Phys. Lett. 90, 093125 (2007). 

Contact e-mail: yak@endomoribu.shinshu-u.ac.jp 
 

D09 - Characteristics of Plasma Modified Multi-Walled Carbon Nanotubes 
Derivatives and Their Composites with Polyolefins 

Jong Il Lee 1, Ki-young Kwon 2, Sang-Cheon Youn 2, Seung-Bo Yang 2, Hee-Tae Jung 2 

1 Honam Petrochemical Corp., 2 Department of Chemical & Biomolecular Engineering, 
KAIST, Korea 

Covalent sidewall functionalization of multi-walled carbon nanotubes (MWNTs) has been accomplished 
by reaction of fluorinated MWNTs (F-MWNTs) obtained by CF4 plasma treatment with aliphatic amines. 
X-ray photoelectron spectroscopy (XPS) and Fourier transform infrared (FTIR) spectroscopy results 
provide evidence of functional groups attached to the surfaces of MWNTs. Subsequently, the modified 
MWNTs were mixed with polyolefins by melt blend at different concentration of modified MWNTs. The 
composites show significant increase in electrical conductivity in comparison with pristine MWNTs/ 
polyolefins composites. The characteristics and properties of the composites will be presented. 

Contact e-mail: jilee@hpc.co.kr 
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D10 - Decoration of carbon nanotubes with gold nanoparticles and 
polythiophene 

Marcela M. Oliveira, Mariane C. Schnitzler, Lucimara S. Roman, Aldo J. G. Zarbin 

Universidade Federal do Paraná 

Since their discovery, carbon nanotubes (CNTs) have attracted extensive attention owing to their exciting 
potential applications in sensors, molecular devices, nanocomposites or advanced materials with new 
electronic and optical properties. Many efforts have been made on the surface modification of CNTs 
mainly to enhance their solubility and processability. In particular, the deposition of metal nanoparticles 
(NPs) on the CNTs surface yields novel and fascinating materials with tunable electrical, magnetic and 
optical properties arising from the nanoscale coupling. Methods developed to decorate nanotubes with 
NPs typically involve harsh oxidative pretreatment and/or modification with surfactants, making them 
less useful for potential applications. This work reports the preparation and characterization of a novel 
material formed by gold nanoparticles homogeneously deposited on the surface of multi-walled carbon 
nanotubes and recovered by a thin layer of polythiophene. The material was prepared with no previous 
CNTs surface functionalization, based on an in situ thiophene polymerization and gold nanoparticles 
synthesis in a CNT containing media. Characterization of the resulted materials was carried out by XRD, 
Raman Spectroscopy and TEM. XRD data shows peaks related with fcc metallic gold. Raman spectra of 
the material show the characteristic polythiophene bands. The TEM images show NTCs with the external 
surface covered with a thin polymer layer and homogeneously dispersed gold NPs, with diameter varying 
from 3 to 10 nm. 

Contact e-mail: marcela@quimica.ufpr.br 
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D11 - Fiber composites reinforced by aligned carbon nanotubes 

Enrique J. Garcia, A. John Hart, Brian L. Wardle, Alexander H. Slocum 

Massachusetts Institute of Technology 

While CNT-polymer composites are widely used as conductive plastics, mixing and dispersion-based 
techniques typically prevent incorporation of CNTs at concentrations beyond a few wt% and make it 
difficult to align CNTs within matrix materials. These hindrances have prevented CNT-based composites 
from achieving signifi- cant enhancements in mechanical properties, which are vital for structural 
applications. We present a platform for large-scale integration of aligned CNTs into existing advanced 
aligned and woven fiber composites, where locally high weight fractions of aligned CNTs significantly 
enhance mechanical and multifunctional characteristics, by reinforcing matrix-dominated interfaces 
between adjacent fibers and fiber layers (plies).  
Rapid wetting of long aligned carbon nanotube (CNT) forests [1] with off-the-shelf (no solvent added) 
commercial thermoset polymers is demonstrated experimentally and a technique for creating vertically 
aligned CNT composite microstructures of various shapes is presented [1]. Direct characterization of the 
mechanical properties of the nanocomposites structures reveals a 220% increase of the Young´s modulus 
at 2% volume loading [3], supporting the feasibility of using these CNT forests in large-scale hybrid 
advanced composite architectures reinforced with aligned CNTs. A hybrid composite architecture 
consisting of aligned carbon nanotubes (CNTs), woven ceramic fiber cloth, and a thermoset epoxy, is 
described, fabricated, and tested [4]. Fabrication begins with growth of aligned CNTs on the surface of 
fibers in a ceramic fiber cloth using a thermal chemical vapor deposition process and a liquid-based 
catalyst, and nano-engineered laminates are constructed using conventional hand layup techniques. The 
strength of the interlaminar reinforcement is investigated experimentally, and initial results give 70% 
higher shear strength, 160% higher interlaminar toughness, and 107 increase in electrical conductivity 
compared to an unreinforced laminate. Ongoing work focuses on extending this model architecture to 
carbon fiber based advanced composites. 
 
[1] A. J. Hart, A. H. Slocum, J. Phys. Chem. B 2006, 110, 8250 
[2] E. J. García, A. J. Hart, B. L. Wardle, A. H. Slocum, Nanotechnology 2007, 18, 165602. 
[3] E. J. García, A. J. Hart, B. L. Wardle, A. H. Slocum, Adv. Mat. 2007, in press. 
[4] E. J. García, A. J. Hart, B. L. Wardle, A. H. Slocum, Proceedings of 48th 
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Honolulu, 
HI (2007). 

Contact e-mail: ejgarcia@mit.edu 
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D12 - Exploring potential applications of conductive Titania/Multi-walled 
carbon nanotube nanocomposites 

Mayra R. S. Castro, Michael Veith, Peter W. Oliveira 

Leibniz Institute for New Materials GmbH (INM) 

Multi-walled carbon nanotubes from Nanocyl S.A. have been added to a Titania-based sol in different 
concentrations and a stable dispersion was achieved by using a microfluidizer processor. Films from this 
sol were produced by spin-coating onto borofloat substrate. Different parameters as the photocurrent, 
contact angle, electrical and optical properties have been measured. When subbmited to CO  laser beam, 
the electrical properties of the coating have been changed. Based on the results obtained, we discuss the 
possible applications of the nanocomposites. 

2

Contact e-mail: Mayra.Castro@inm-gmbh.de 
 

D13 - Preparation of Homogeneously Dispersed Multi-walled Carbon 
Nanotube/Sulfonated Polyaniline Composites and Their Electrical Properties 

Feng LI, Jinhong Du, Songfeng Pei, Huiming Cheng 

Institute of Metal Research, Chinese Academy of Sciences 

Sulfonated polyaniline (SPAN), ramification of polyaniline (PANI), is a water-soluble conducting 
polymer and has potential applications in electronic devices. However, its conductivity is much lower 
than that of PANI in many cases. In this paper, multi-walled carbon nanotubes (MWNTs) were used to 
improve the conductivity of SPAN. Firstly, MWNTs were wrapped with SPAN by in situ polymerization 
of aniline followed by sulfonation with chlorosulfonic acid in an inert solvent and by hydrolysis in water. 
Subsequently, well-dispersed MWNT/SPAN composite film was prepared by mixing SPAN-wrapped 
MWNTs with pristine SPAN in water solution and then evaporating the water. The structure and 
electrical properties of the MWNT/SPAN composite film were investigated in detail. It was found that 
the composite fabricated via this route exhibits low electrical conductivity due to the uniform dispersion 
of MWNTs in the composites. �-� interaction between the MWNTs and SPAN were found to play an 
important role in the better interfacial bonding between them and homogeneous dispersion of MWNTs 
within the SPAN. 

Contact e-mail: fli@imr.ac.cn 
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D14 - Preparation and Properties of Carbon Nanotube-Reinforced 
Hydroxyapatite Composites 

Ashley A. White 1, Alan H. Windle 1, Ian A. Kinloch 2, Serena M. Best 1 

1 University of Cambridge,  University of Manchester 2

Hydroxyapatite (HA) has been used for more than 25 years in surgery to replace bone. While HA 
promotes bone growth along its surface, its mechanical properties are insufficient for major load-bearing 
medical devices [1]. Carbon nanotubes (CNTs), due to their high strength and stiffness combined with 
their nanoscale topology [2], have the potential to reinforce HA without significantly reducing its 
bioactivity [3]. We have therefore studied the production, microstructure and mechanical properties of 
HA-CNT composites for major load-bearing orthopaedic devices. We have focused on methods to 
achieve a good dispersion of nanotubes in the HA matrix, choosing sintering parameters and an 
atmosphere that will yield a high-density material with minimal burnout of the CNTs, and correlating the 
process conditions to the resultant microstructure and properties. HA was synthesised by a wet chemical 
method using Ca(OH)2 and H3PO4. Multiwalled CNTs were grown by chemical vapour deposition, with 
some of the nanotubes then being surface treated by chemical oxidation to improve their dispersion and 
interaction with the HA matrix. The composites were made by either mechanically mixing the two 
materials or by in-situ formation of HA in the presence of CNTs. The resulting HA-CNT powders were 
pressed and sintered at temperatures up to 1200oC. The raw materials, composite microstructure, and 
HA-CNT interface were investigated using SEM, TEM, XRD, FTIR, TGA, and BET surface area. 
Additionally, the mechanical properties of the composites have been evaluated by diametral compression 
tests. The effects of nanotube type (pristine vs. oxidised), loading, and sintering parameters have been 
investigated. It was found that oxidising the CNTs greatly improved their dispersion, and thus the overall 
homogeneity of the composite. TGA studies showed wet Ar to be the best sintering atmosphere to retain 
both the CNTs and the hydroxyl groups of the HA. However, density and BET measurements showed 
CNTs hold the structure of the composite open during pressureless sintering, preventing full densification 
of the material. Some improvement was found in the mechanical properties of the composites when 
compared to pure HA. A detailed study of mechanical properties is currently underway. 
 
[1] L.L. Hench (1991) J. Amer. Ceram. Soc. 74:1487-510.  
[2] M.F. Yu, O. Lourie, M.J. Dyer, et al. (2000) Science 287:637-40. 
[3] A.A. White, I.A. Kinloch, S.M. Best (2007) Intl. J. App. Ceram. Technol. 4:1-13. 

Contact e-mail: aaw29@cam.ac.uk 
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D15 - Conducting composites based on multi-wall carbon nanotubes and 
polystyrene-polybutadiene-polystyrene block copolymers 

Lucas G. P. Pedroni, Ana Flávia Nogueira, Maria Isabel Felisberti 

IQ - UNICAMP 

Polymeric nanocomposites based on carbon nanotubes (CNT) are of increasing academic and 
technological interest due their ability to combine the remarkable properties of CNT (i.e. extremely high 
electrical and thermal conductivity, low density, high tensile strength, Young’s modulus, etc.) with the 
versatility, processability and mechanical properties of polymers. Because nanocomposites are 
multiphase systems, their properties can be tailored by the modification of their components’ratio, 
allowing the customization of these materials to suit the desired applications. The employment of 
elastomers in the fabrication of electroconductive materials allows the production of flexible materials 
with outstanding mechanical and electrical properties. These materials can be applied in electrostatic 
charge dissipation (ESD), electromagnetic interference (EMI) shielding, artificial muscles, 
electromechanical actuators, touch control switches, shape-memory polymers (SMP), etc. In this work, 
nanocomposites of multi-wall carbon nanotubes (MWCNT) and polystyrene-polybutadienepolystyrene 
(SBS) block copolymer were investigated. The samples were prepared by solution casting method, 
mixing a solution of the polymer matrix in toluene with a sonicated dispersion of MWCNT in xylene. 
The dynamic mechanical properties and DC conductivity of the films were also evaluated.  
In general, the mechanical strength of the composites was increased after the addition of the MWCNT. It 
was observed that MWCNT interact with both phases, but their interaction is stronger with the 
polystyrene blocks, probably due the presence of the aromatic rings. The polymeric dispersant agent 
employed acts as a plasticizer to the polystyrene blocks, increasing their flexibility, although it decreases 
the stiffness of the composites. Therefore, there is a competition between the effects of these two 
components. The DC conductivity was drastically increased even at low loadings of MWCNT. A value 
of ~10-4 S/cm has been obtained for the sample containing 1wt.% of MWCNT, and the percolation 
threshold achieved for these systems lies in the range of 0.25wt.% - 0.50wt.%. These results imply that 
these materials have great potential as charge dissipaters in electronic equipment and EMI shielding. 

Contact e-mail: lucaspedroni@yahoo.com.br 
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D16 - Electrical and Optical Properties of Carbon Nanotubes/Polymer 
Nanocomposites 

Carla D. Canestraro 1, Mariane C. Schnitzler 2, Marcela M. M. Oliveira 3, Aldo J. G. Zarbin 2, Marlus 
Koehler 3, Marcos G. E. da Luz 3, Natasha A. D. Yamamoto 3, Lucimara S. Roman 3 

1 Universidade Federal do Paraná, 2 Universidade Federal do Paraná - Depto de Química, 
3 Universidade Federal do Paraná - Depto de Física 

We have measured the optical and electrical properties of nanocomposites thin films made of poly-3-
hexilthiophene (P3HT) and multi-walled carbon nanotubes (MWNT) filled with iron/iron-oxide, as well 
as the performance of photovoltaic devices built with such films.We found that the conversion efficiency 
of the devices presented a maximum for a certain MWNT concentration and that the electrical behavior is 
mainly dependent on the charge transport properties of the MWNT. To compare, we used poly[2-
methoxi-5-(2’-ethilhexiloxi)-1,4-phenilenevinelene (MEH PPV) and amount of carbon nanotubes as 
active layer in a photovoltaic device. The percentage of nanotubes witch the efficiency is higher is 
different compared with P3HT devices. By varying the nanotubes concentration we develop a model 
based on drift-diffusion with space-charge effects to understand the electrical results. We found different 
behaviors associated to different microscopic mechanisms: a drastic increase for the injection current due 
to drain channels provided by the nanotubes, a percolation transition at a critical concentration, and a 
fractal-like structure for transport after the percolation threshold. Also we present a novel porous bilayer 
structure that has been constructed to improve the photocurrent where the carbon nanotubes are 
perpendicular to the substrate and to the polymer, the second layer. 

Contact e-mail: canestraro@ufpr.br 
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D17 - New Methods for Preparing Transparent, Electrically Conductive 
Films of Carbon Nanotubes 

Ronald H. Schmidt, Marcelo Motta, Alan H. Windle 

University of Cambridge 

Transparent electrically conductive films are a critical component of most modern display technologies, 
including liquid crystal, electroluminescent, and touch-sensitive screens. Currently, indium tin oxide 
(ITO) is the transparent conductor of choice due to its low sheet resistance and excellent optical clarity 
(~10 ohms/square at 90-95% transmittance). However, achieving these properties requires expensive and 
cumbersome vacuum deposition techniques, which are not practical for preparing very large quantities of 
material for lower end applications such as transparent anti-static packaging materials. Furthermore, ITO 
films are brittle and easily damaged by bending or folding the substrate. This presentation will introduce 
new techniques for preparing transparent conductors from carbon nanotubes. In one approach, MWNT 
are dispersed in a poly(methyl methacrylate) (PMMA) matrix. The use of a low volatility solvent enabled 
long spin times (up to 42 min) without significant evaporation, leading to thin films that are optically 
transparent. However, with these long spin times, the phenomenon of shear-induced aggregation becomes 
an important issue, especially in regards to how the resulting microstructure affects the conductivity of 
the film. Alternatively, the nanotubes may be grown continuously using a CVD process, and following 
synthesis, they are immediately transferred to a polymer substrate at a rate of ~10 meters/minute, 
allowing us in our current capacity to prepare kilometers of material per day. The very low areal 
concentration of nanotubes facilitates good optical transmittance (~95%), while the ability to collapse the 
material into a 2D network leads to low sheet resistance values (1-3 kiloOhms/square). These properties 
approach those of colloidal dispersions of ITO, which are easily deposited but require a high temperature 
(typically 600 oC) to reach comparable specifications. Furthermore, the mechanical properties of the 
CNT-polymer composite films that we prepare are dominated by the substrate, so that the conductive 
layer is not susceptible to cracking or delamination when the material is bent or folded. 

Contact e-mail: rhs41@cam.ac.uk 
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D18 - Benzyl Alcohol and the TiO2-CNT Interface  

Dominik Eder, Alan H. Windle 

University of Cambridge 

Recently, we reported the synthesis of pure rutile nanotubes produced by a modified sol-gel route using 
sacri- ficial carbon nanotubes as templates, with subsequent heat treatment to convert the templated 
anatase to rutile [D. Eder, I.A. Kinloch, A.H. Windle, Chem. Commun. 13, 1448-1450 (2006)]. A key 
aspect of this method is that the carbon nanotubes support the structure during the reconstructive phase 
transformation, preventing break up due to the transformation stresses involved as well as crystal growth, 
thus leading to high surface area rutile materials.  
Here we describe the role of benzyl alcohol (BA) as a surfactant and complexing agent in the coating 
process with carbon nanotubes as well as its influence on the crystallisation of TiO2 and the phase 
transformation from anatase to rutile. We used tetrabutyloxytitanate (TBOT) as titanium precursor, 
ethanol as solvent, and water as gelator. The carbon nanotubes were prepared by chemical vapour 
deposition (CVD) using ferrocene as catalyst precursor and toluene as feedstock. The applied 
characterisation tools include SEM, (HR)TEM, XRD, FTIR/Raman spectroscopy and thermal analysis 
(TGA/DSC).  
Thermal analysis and FTIR spectroscopy suggest that the formation of a Ti-O-Ti network is significantly 
decreased with increasing benzyl alcohol content, enabling the titania sol to form an interaction with the 
carbon nanotubes with the aid of the aryl group of benzyl alcohol. The coating of carbon nanotubes with 
amorphous titania was most uniform and homogeneous at a BA:Ti ratio of 4-5. Benzyl alcohol also 
prevents grain growth and retains the phase transformation from anatase to rutile, as observed after heat 
treatment in argon at 600 °C. Again, the optimum BA:Ti ratio was found to be 4-5, at which the crystal 
sizes of both anatase and rutile were considerably decreased (from 30/45 nm at BA:Ti = 0 to 8/15 nm at 
BA:Ti = 5, for anatase and rutile crystals resp.), while still enabling a nearly complete phase 
transformation (R:A > 85%). At higher concentrations, the phase transformation is strongly impeded (e.g. 
R:A < 35% at BA:Ti = 40) without further effect on the crystal sizes. 

Contact e-mail: de235@cam.ac.uk 
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D19 - Strong AMWNT/PVA Composite Film by Vacuum Filtration 

Fei Wei, Guanghui Xu, Weiping Zhou, Qiang Zhang, Zhou Yang, Guohua Luo 

Beijing Key laboratory of Green Reaction Engineering and Technology, Tsinghua 
University, Beijing, 100084, P.R. China 

Well-aligned multi-walled carbon nanotube(AMWNT) with length up to 2mm have been successfully 
prepared by floating CVD method. After mixed-acid treatment, filtration and compaction, AMWNT 
films can be easily made. But the interaction between CNTs was relatively weak. It is known that there is 
strong interaction between CNT and PVA. Thus PVA can be used to bind CNTs together and fill the 
interstices to strengthen the AMWNT films. In order to intensify the osmosis and diffusion of PVA in the 
AMWNT film and obtain even distribution of PVA in the AWMNT films, vacuum filtration of PVA 
solution was adapted. Strong AMWNT/PVA composite films have been prepared. After preparation, the 
films were characterized by FT-IR, Raman, SEM and the measurements of electrical conductivity and 
mechanical properties.  
During the preparation of AMWNTfilms, different temperatures of mixed-acid treatment had been 
investigated from 90oC to 130oC. 110oC was adapted because carboxy group was introduced to obtain 
monodisperse AMWNT, and the mass loss was not high. The tensile strength is up to 7.5 MPa and the 
tensile modulus is 785 MPa. The volume resistivity is only 1.0 x10-2 Ωcm. When preparing the composite 
films, the filtration time varied from 30min to 24hr. It was found 10 hour is optimal. There could be 
enough amount of PVA diffusing uniformly to the AMWCNT films. With too much PVA concentrating 
on the surface, the electrical conductivity and mechanical properties would be influenced. After 10 hour 
filtration, the combined properties of the composite films were enhanced significantly. The tensile 
strength was 12 times higher than that of AMWNT films, is up to 96.1 MPa.The tensile modulus was 
almost 8 times that of AMWNT films, reaching 6.23 GPa.Meanwhile, the order of magnitude of volume 
resistance of AMWNT /PVA composite films was the same with that of AMWCNT films, remaining  
10-2 Ωcm.  
SEM image shows that CNTs are pulled out before abruption in the fracture surface of AMWNT films. 
In AMWNT/PVA composite films, the interstices are filled and PVA distributes uniformly both on the 
surface and the inner, and CNTs are wrapped by PVA firmly. The modified Halpin-Tsai equation was 
adapted to calculate the tensile modulus of the composite films. And the experimental value was one 
order lower in magnitude than the calculated value. It meant that there was still space for enhancement of 
the mechanical properties of the composite films. 

Contact e-mail: weifei@flotu.org 
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D20 - Mixed Ionic-Electronic Transport in Zirconia/Carbon Nanotube 
Composites 

Andre S. Ferlauto 1, Daniel Z. Florio 2, Fabio C. Fonseca 3 

1 Universidade Federal de Minas Gerais, 2 Centro de Engenharia, Modelagem e Ciências 
Sociais Aplicadas - UFABC – Brazil, 3 Instituto de Pesquisas Energéticas e Nucleares, 

IPEN-CNEN/SP - Brazil 

Composites materials in which carbon nanotubes (CNT) are added to a matrix to improve its mechanical, 
electrical or thermal properties have been widely investigated, especially polymer/CNT composites. The 
addition of CNT to ceramic materials has been also examined, mainly in attempts to improve their 
fracture toughness. More recently studies on the electrical properties of ceramic/CNT composites have 
been reported. In this work, we investigate the electrical properties of zirconia/CNT composites. 
Composites with CNT concentration from 0 to 10 wt.% were prepared by the liquid mixture (in ethanol) 
of commercial yttria-stabilized zirconia (YSZ) and purified single-walled carbon nanotubes (SWNT), 
produced by the arc-discharge technique. The resulting composite powders were pressed and sintered in 
inert (or reducing) atmosphere at 1400 oC. The resulting pellets were characterized by scanning electron 
microscopy, Raman spectroscopy, and impedance spectroscopy in a wide temperature (T) range 
(20<T<800 oC). The electrical properties of the YSZ/SWNT composites present interesting features. At 
room temperature the dependence of the conductivity on the SWNT concentration follows a typical 
insulating/conducting (YSZ/SWNT) percolative behavior. Whereas at high T the ionic transport along the 
YSZ phase starts to dominate. In summary, CNT/YSZ composite can be envisioned as potential 
components of electrochemical devices due to their mixed ionic-electronic transport properties. 

Contact e-mail: aferlauto@gmail.com 
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D21 - High-concentration carbon nanotube composites with spontaneous 
macroscopic-scale uniaxial tube alignment 

Jan P. F. Lagerwall 1, Giusy Scalia 2, Siegmar Roth 2, Frank Giesselmann 1 

1 University of Stuttgart, 2 Max Planck Institute for Solid State Research 

We recently demonstrated [1] that carbon nanotubes (CNTs) can be aligned and at the same time well 
dispersed in lyotropic liquid crystals based on the standard surfactant sodium dodecyl sulfate (SDS). The 
maximum CNT concentration was however moderate (0.01 wt.-%). By instead using sodium dodecyl 
benzene sulfonate (SDBS) for dispersing the nanotubes, and the cationic surfactant cetyl trimethyl 
ammonium bromide (CTAB) for forming the liquid crystal phase, we now succeeded in increasing the 
CNT concentration by a factor 20, without losing the nanotube alignment. Our new composite, 
containing 0.2 wt.-% HiPco single-wall CNTs, now has so high CNT concentration and alignment quality 
that the sample acts as a linear polarizer: the anisotropic nanotube properties are transferred to the 
macroscopic world by the LC. 
 
[1] J.P.F. Lagerwall, G. Scalia, M. Haluska, U. Dettlaff-Weglikowska, S. Roth, and F. Giesselmann, Adv. 
Mater., 19, pp. 359-364 (2007); J.P.F. Lagerwall, G. Scalia, M. Haluska, U. Dettlaff-Weglikowska, S. 
Roth, and F. Giesselmann, Phys. Status Solidi B, 243, pp. 3046-3049 (2006) 

Contact e-mail: jan.lagerwall@ipc.uni-stuttgart.de 
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D22 - Composite of Carbon Nanotube/carbon felt functionalised with 
Ferrocene di-carboxylic acid 

Jose Mauricio Rosolen 1, Elaine Y. Matsubara 2, Leandro F. do Nascimento 2, Marcel S. Marchesin 2, 
Franco Decker 3 

1 University of Sao Paulo, 2 Universidade de São Paulo, 3 Universidade de Roma 

The efficiency of electrodes for microbatteries and microcapacitors are important for their superior 
performance. The performance of a microcapacitor electrode can be improved by applying new materials 
or combining components with unique properties into electrode materials. Individual carbon nanotubes 
exhibit extraordinary mechanical, thermal and electrical properties. Composite materials, using carbon 
nanotubes, are expected to show similar superior properties. This study reports synthesis of carbon 
nanotubes/carbon felt (CNT/felt) composite by chemical vapor deposition and its functionalisation with 
ferrocene di-carboxylic acid (FDCA) aiming capacitor application. Carbon nanotubes were grown on 
each fiber of carbon felt substrates using methanol decomposition at 650oC and CoMn as catalyst. 
Characterization of the CNT/felt was carried out using scanning electronic microscopy, FTIR and cyclic 
voltammetry. It was found CNT covers the felt with surface of each single fiber having an uniform 
coating deposit as cotton-like. TEM reveals that the CNTs of the composite electrode have predominatly 
structure that can be recognized as cup-stacked. The functionalisation of CNTs with FDCA (Ferrocene 
di-carboxylic acid) was performed as follows: first an -OH group in the carboxy molecule was exchanged 
by a –Cl termination using AlCl3 in dichloromethane and irradiated in a 280Wmicrowave oven during  
20 s. The extraction of the Lewis acid was performed by hydrolisis and the product was washed in water 
and then with acetone, filtered and dried. This formed the molecular composite electrode. 
Microcapacitors using this electrode were tested in a conventional three-electrode electrochemical cell 
with a Li counter- and a reference-electrode. The non-aqueous electrolyte was a 1 M LiPF6 in dimethyl 
carbonate-DMC and ethylene carbonate-EC (Selectipur-1:1 w/w). The capacitance was checked by 
multiple CVs (from from 10 to 200 mV/s) in the potential range from -0.4 V to 0.8 V. The 
voltammograms consisted in the usual CV characteristics by the CNT-felt composite with an added 
voltammetric peak located around 0.35 V, consistent with the ferrocene redox potential. The peak current 
grew linearly with the scan rate, indicating that the organic redox couple was firmly attached to the 
carbon felt/CNT composite. A second voltammetric peak, showing a diffusional behavior, appeared at 
the slowest scan rates, suggesting the trapping of some redox species inside the cup-stack CNT structure. 
The charge/discharge cycles were continuosly repeated showing that the new hybrid material has a 
durable electrochemical behaviour. The microcapacitors tested so far showed an integral capacitance of 
the order of 10 F.g-1 in 2.6mA.cm2 of the composite electrode. 

Contact e-mail: rosolen@ffclrp.usp.br 
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D23 - Pt:Ru carbon nanotubes/carbon felt for direct methanol fuel cells 

Jose Mauricio Rosolen 1, Elaine Y. Matsubara 2, Ines R. De Moraies 2 

1 University of Sao Paulo, 2 Universidade de São Paulo 

In this work we have investigated binder-free composite electrodes based on cup-stacked and bamboo-
like carbon nanotubes and carbon felt for direct methanol fuel cells. Pt:Ru particles with an average 
particle size of the electrocatalysts of 3.5 ± 0.8 nm were supported on cup-stacked-type carbon 
nanotubes. Scanning electron microscopy results revealed that Pt-Ru particles were well dispersed on the 
carbon felt support. The electrocatalytic properties of the Pt-Ru/fiber catalysts toward methanol oxidation 
revealed that the catalytic activity of the electrodes is better to 5% Pt-Ru/carbon nanotube/carbon felt 
composite than 10% of Pt-Ru (weight proportion between Pt-Ru and carbon nanotube/carbon felt). The 
results shown that the studied composite has potential to be used in direct methanol fuel cells. 

Contact e-mail: rosolen@ffclrp.usp.br 
 

D24 - SUPERCAPACITORS OF CNTs/Carbon felt 

Jose Mauricio Rosolen 1, Marcel S. Marchesin 2, Elaine Y. Matsubara 2, Franco Decker 3 

1 University of Sao Paulo, 2 Universidade de Sao Paulo, 3 Universidade de Roma 

Supercapacitors made of CNTs are now well-known electrochemical devices. In this presentation we 
shall examine the capacitance of CNTs of different shapes and loadings on top of carbon-felt substrates. 
Several drops of the catalytic mixture were added in controlled amount over C-felt substrates, and after a 
drying process was fired at 650 oC for 10 min in nitrogen atmosphere saturated with an methanol or 
acetone (for the growth of cup-stack and multiwall structures, respectively). Residual traces of the 
catalytic mixture were removed in concentrated HCl during 10 min at room T, and washed in distilled 
water. SEM pictures have shown that CNTs were obtained with different morphology and that the HCl 
treatment is effective in removing the excess of metallic particles used as catalizator of the CNT growth. 
In order to perform the electrochemical characterizations, the carbon-felt/CNT composites were attached 
to a Au wire in a standard three-electrode cell, using a Pt gauze as counter-, and a hydrogen reference-
electrode. Sulphuric acid (1 M), deaireted by nitrogen bubbling, was used as the cell electrolyte. The 
electrode capacity was evaluated mainly by CV, although other techniques (i.e. chronopotentiometry and 
impedance spectroscopy) have been used as well. The CV results indicate that highest capacitances have 
been obtained with cup-stack CNT-felt composites, where a CNT loading of 41% in weight (with respect 
to the total composite mass) is present. The current density to charge this capacitor is up to 7 A/g of total 
composite weight with capacitance of 14 F/g. The multiwall structures, on the contrary, showed only 
1/10th of this capacitance and charging currents less than 1 A/g. 

Contact e-mail: rosolen@ffclrp.usp.br 
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D25 - New technique for production of transparent and conductive networks 
using carbon nanotubes 

Marcio Dias Lima 1, Monica Jung de Andrade 2, Siegmar Roth 3, Carlos Pérez Bergmann 4 

1 Max Planck Institute for Solid State Research, 2 Federal University of Rio Grande do 
Sul, 3 Max Planck Institute of Solid State Research, 4 Federal Universty of Rio Grande do 

Sul 

A new method for deposition of transparent carbon nanotubes networks (CNTNs) was developed. This 
method allows the deposition of functionalized or surfactant stabilized carbon nanotubes dispersed in 
water. The nanotubes films can be applied over complex geometries, on non-conductive rigid or flexible 
substrates and over large areas in a continuous way. The carbon nanotubes films are made by 
electrophoretic deposition (EPD) using a thin film layer of a conductive metal as Aluminium or 
Titanium. The carbon nanotubes films can be easily patterned using this technique. 

Contact e-mail: marciodiaslima@yahoo.com.br 
 

D26 - Novel technique for selecting Carbon Nanotubes 

Marcio Dias Lima 1, Monica J. de Andrade 2, Viera Skakalová 3, Carlos P. Bergmann 4, Siegmar Roth 1 

1 Max Planck Institute for Solid State Research, 2 Federal University of Rio Grande do 
Sul, 3 Max Planck Institute of Solid State Research, 4 Federal Universty of Rio Grande do 

Sul 

In this work we present a novel, simple, inexpensive and fast technique that allows characterizing 
samples of carbon nanotubes (CNTs) and their ability to form electrically conductive percolating 
networks. This technique is based on measuring the electrical conductivity of the tested material 
suspended in electrically insulating liquid. The concentration dependence of conductivity shows a 
percolation behaviour similar to that observed in electrical composites with an insulating matrix. The 
value of the critical percolation concentration is strongly determined by the aspect ratio of the particles 
forming the network through a dynamic percolation.We characterized several single- and multi-wall 
carbon nanotubes materials by the newly proposed method and received a good correlation with the 
results obtained by methods commonly used for CNTs characterization (Raman spectroscopy, 
transmission electron microscopy and electrical conductivity of self standing papers). This method can 
yield important information for CNTs producers and for the selection of electrically conducting structures 
for composites applications. 

Contact e-mail: marciodiaslima@yahoo.com.br 
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D27 - Improvement of ceramic matrix composites with boron oxide 
modified CNTs 

Mônica Jung de Andrade 1, Márcio Dias Lima 1, Carlos Pérez Bergmann 2, Siegmar Roth 3 

1 Max-Planck Institute for Solid State Research (MPI) and Universidade Federal do Rio 
Grande do Sul (UFRGS), 2 Universidade Federal do Rio Grande do Sul (UFRGS), 3 Max-

Planck Institute for Solid State Research (MPI) 

Carbon nanotubes (CNTs) offer scope for the development of fundamentally new composite materials 
with several applications in different areas. However, less than 4% of the reports on CNT composites are 
concerned on CNTs ceramic matrices composites (CMC). Great part of this lack is mainly due to the 
poor interaction between CNTs and the ceramic matrix achieved and to the difficulty of densification of 
the final composites. The main focus in this work was to improve the interaction between the ceramic 
matrices and CNTs. It is already known that boron and carbon could react substitutionally and form 
stable covalent bonds. A study of the modification of CNTs using boron oxide to achieve a better 
interaction between filler and matrix will be presented. Several compositions of inorganic glasses and 
boron oxide modified CNTs were studied. Scanning electron microscopy, Raman spectroscopy, EELS 
and XPS were used to evaluate the compatibility. Boron oxide modified CNTs CMC demonstrated not 
only improvement on the electrical properties, but also a better thermal stability. Some potential 
applications were envisioned for the next generation of CMC boron oxide modified CNTs.   

Contact e-mail: monica_lacer@yahoo.com.br 
 

D28 - Comparison of transparent carbon nanotubes networks prepared 
through different post-growth Techniques 

Mônica Jung de Andrade 1, Viera Skakalova 2, Márcio Dias Lima 3, Carlos Pérez Bergmann 4,  
Siegmar Roth 2 

1 Max-Planck Institute for Solid State Research (MPI) and Universidade Federal do Rio 
Grande do Sul (UFRGS), 2 Max-Planck Institute for Solid State Research (MPI), 3 Max-
Planck Institute for Solid State Research (MPI) e UFRGS, 4 Universidade Federal do Rio 

Grande do Sul (UFRGS) 

Ultra-thin, transparent, optically homogeneous, electrically conducting films of pure carbon nanotubes 
(CNTs) give rises for broad applications for electrical coupling in photonic devices. In the present work 
we studied and compared different post-growth techniques for the production of these networks: dip-
coating, filtration method and spray-coating using SWCNTs produced by HiPCo method.We also studied 
how the opto-electrical properties of the networks changed using different CNTs prepared through CVD 
method: SWCNTs, DWCNTs and MWCNTs. These materials were characterized by transmission 
electron microscopy, Raman spectra and conductivity in liquid. Morphology and roughness of the 
prepared networks were also evaluated using scanning electron microscopy and atomic force microscopy. 
A study of the electrical properties versus transparency will be presented and correlated to the 
morphology of the nanotubes and their networks. 

Contact e-mail: monica_lacer@yahoo.com.br 
 



 

 177

Contributed presentations - Tuesday, June 26 

D29 - Single Walled Carbon Nanotubes Silica composites through an 
Inorganic Sol-gel route 

Mônica Jung de Andrade 1, Márcio Dias Lima 1, Siegmar Roth 2, Carlos Pérez Bergmann 3 

1 Max-Planck Institute for Solid State Research (MPI) and Universidade Federal do Rio 
Grande do Sul (UFRGS), 2 Max-Planck Institute for Solid State Research (MPI),  

3 Universidade Federal do Rio Grande do Sul (UFRGS) 

One promising approach for the preparation of the organosilica hybrid materials is sol-gel process; which 
normally consists of two steps: hydrolysis of alkoxysilane and then polycondensation of the hydrolysis 
products. Nevertheless, there still remain some drawbacks of the conventional sol-gel process such as 
using expensive alkoxysilane precursors that demands extreme pH conditions for gelification. In the 
present work, we present a convenient and economic sol-gel route for the preparation of carbon 
nanotubes composite materials using silicic acid, which is extracted from water glass, an abundant and 
more affordable silica precursor. For the first time, it is reported the successful incorporation of single 
walled carbon nanotubes (SWCNTs) into a silica matrix prepared through an inorganic sol-gel method. In 
this sol-gel route the network former (silicic acid) is water soluble and do not interfere in the dispersion 
of the nanotubes. Therefore, it allows the use of water dispersion of nanotubes assisted with amphilic 
surfactants, instead of chemical functionalization that could damage the structure of CNTs and is time 
demanding. 

Contact e-mail: monica_lacer@yahoo.com.br 
 

D30 - Carbon nanotube biocomposite for tissue engineering 

Edelma E. Silva 1, Debora P. Pinto 1, Sergio Oliveira 2, Andre S. Ferlauto 1, Rodrigo G. Lacerda 1,  
Luiz O. Ladeira 1 

1 Universidade Federal de Minas Gerais, 2 Universidade Federal Minas Gerais 

Recent advances on bone tissue engineering led us to search new materials that are biocompatible, with 
different active bio functions and characteristics which are similar to real growth tissues. Recently, it has 
been demonstrated that new composites with improved mechanical and electrical properties can be 
created by the introduction of small amounts of carbon nanotubes (CNT) into other matrizes (like 
polymers). Based on this characteristic we will present a biomaterial composed by a mixture of collagen 
and carbon nanotubes. This biocomposite is a scaffold that can have important implications in a wide 
range of biotechnology areas with potential to substitute biological structures, to allow a more effective 
tissue regeneration, restitution and physical properties. 

Contact e-mail: edelma@fisica.ufmg.br 
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D31 - Synthesis of gold nanoparticle decorated carbon nanotube hybrids 

Alejandra Tello Zamorano 1, Rodrigo Segura del Río 2, Galo Cárdenas 3, Patricio Häberle 2 

1 Universidad Técnica Federico Santa María and Universidad de Concepción, Chile,  
2 Departamento de Física, Universidad Técnica Federico Santa María, Valparaíso, Chile,  

3 Facultad de Ciencias Químicas, Universidad de Concepción, Concepción, Chile 

Carbon nanotubes are extremely resistant to tension, are highly flexible and can exhibit semiconducting, 
metallic or even superconducting properties. In short, they are the ideal building blocks for molecular 
nanoelectronics and very strong materials. On the other hand, noble metal nanostructures, particularly 
gold nanoparticles, are the focus of many researchers because of their special optical properties, unusual 
electronic properties including conductivity by activated electron hopping, remarkably high catalytic 
activity and so forth. The hybrid nanostructures combining the two kinds of materials, nanotubes and 
nanoparticles, might improve the performances or extend the applications. In this line we present results 
of the synthesis of gold nanoparticle decorated multi-wall carbon nanotube hybrids 
(AuNPs@MWCNTs).  
MWCNTs were synthesized by decomposition of acetylene over Pd/-Al2O3 catalyst [1, 2], in a Chemical 
Vapor Deposition (CVD) system. Raw nanotubes were purified by alkali and acid treatments to eliminate 
alumina and catalytic particles.  
The AuNPs@MWCNTs nanohybrids were prepared by two methodologies: the Solvated Metal Atom 
Dispersion technique (SMAD) and the assembly with bifunctional molecules. In the SMAD procedure 
bulk Gold and organic solvents like 2-propanol or acetone were evaporated and later condensated into a 
frozen matrix at liquid nitrogen temperature. After warming this matrix to room temperature, a colloid 
with very small and highly reactive gold clusters is obtained. These clusters react, in the same reactor, 
with carbon nanotubes, forming anchored gold nucleus. Unlike SMAD method, the assembly with 
bifunctional molecules consists in an ex-situ attachment of AuNPs with CNTs once AuNPs have been 
stabilized. We found that in SMAD method the AuNPs were strongly anchored to CNT walls as 
compared to the bifunctional assembly. Nanohybrids prepared by SMAD method were very stable to heat 
treatment up to 400 oC since a thin layer of graphitic carbon is encapsulating gold nanoparticles. On the 
other hand, thermal treatment in nanohybrids prepared by bifunctional assembly induces AuNPs 
sintering. We will discuss the results mainly as function of TEM, FTIR and TGA characterizations.  
 
Partial funding for this work has been provided by the grant PBCT PSD-31, Chile. 
[1] R. A. Segura, A. Tello, G. Cardenas, P. Häberle, Phys. Stat. Sol. (a) 204 (2007) 513. 
[2] G. Cárdenas, R. A. Segura, J. Reyes, Colloid Polym. Sci. 282 (2004) 1206. 

Contact e-mail: atello@udec.cl 
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D32 - Vertically-aligned multi-walled carbon nanotube - polymer electrolyte 
composites: morphological and electrochemical investigation 

Glaura G. Silva, João Paulo C. Trigueiro, Raquel S. Borges, Daniel B. Roa, Hallen D. R. Calado, 
Rodrigo L. Lavall, Rodrigo G. Lacerda, André S. Ferlauto 

Universidade Federal de Minas Gerais 

Composite films composed of vertically aligned multi-walled carbon nanotube (VAMWNT) impregnated 
with a polymer electrolyte (PE) were investigated as electrodes for electrochemical devices. The 
VAMWNT were formed on stainless steel substrates by plasma enhanced chemical vapor deposition. 
Scanning electron microscopy (SEM) showed that the VAMWNT form uniform arrays with height of  
~1 µm. The polymer electrolyte (PE) was based on thermoplastic polyurethane, copolyether and LiClO4. 
SEM images indicated that the polymer electrolyte impregnated homogenously the nanotubes and no 
excess of polymer is located in the composite surface. A test electrochemical cell was produced by 
assembling two composite films having a layer of pure polymer electrolyte as separator. Cyclic 
voltammetry was applied to study the electrochemical stability of the VAMWNTPE/ PE/VAMWNT-PE 
cell and impedance spectroscopy was performed to access the conductivity behavior of the electrode and 
electrolyte separately. These studies were performed between 25oC and 95oC. The cell presented a large 
window of electrochemical stability (~ 5V). Impedance diagrams show in the low frequency range a 
straight line at 45oC which may be related to a doping effect of the polymer electrolyte on the carbon 
nanotube. 

Contact e-mail: glaura@qui.ufmg.br 
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D33 - Bulk and surface conductivity of poly(3-hexylthiophene)/MWNT 
composites prepared with different methodologies 

Glaura G. Silva 1, Anthony W. Musumeci 2, Hallen D.R. Calado 3, Cesar Welter 3, Jiang-Wen Liu 2, Eric 
R. Waclawik 2 

1 Universidade Federal de Minas Gerais, 2 School of Physical and Chemical Sciences, 
Queensland University of Technology, Brisbane, Queensland 4001, Australia,  

3 Departamento de Química - Universidade Federal de Minas Gerais, Pampulha, 31270 
901, Belo Horizonte, Minas Gerais, Brazil 

Multi-walled carbon nanotubes (MWNT) with ~10 nm thickness and 1 µm length were dispersed in 
chloroform successfully. Poly(3-hexylthiophene)-P3HT/MWNT composites have been prepared in 
chloroform and precipitated in methanol. The bulk conductivity of these films showed percolation at 0.1 
wt% of nanofiller as characterized by impedance spectroscopy measurements. The self-assembly of 
P3HT on the surface of MWNT was observed by transmission electron microscopy and corroborated by 
infra-red spectroscopy which showed increase of polymer conjugation length with the addition of 
nanotubes. The limitation of the bulk conductivity after percolation (at 4 wt% MWNT) to 10-2 S/m is 
assigned to the resistance of the polymer layer in the internanotube connection1. Thin films of 
P3HT/MWNT were also prepared by using different solvents to produce a conjugated polymer 
arrangement of fibrils and favor electronic conductivity. Surface conductivity has been measured by four 
points probe and indicated that by applying potentials beyond a characteristic value the surface 
arrangement allowed high levels of electronic transport. Cyclic voltametry of thin films showed the 
electrochemical behavior typical of the P3HT system. 
 
1 A.W. Musumeci, G.G. Silva, J.-W. Liu, W.N. Martens, E.R. Waclawik, Polymer 48, 1667, 2007. 

Contact e-mail: glaura@qui.ufmg.br 
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D34 - Adhesion, proliferation and viability of human osteoblast-like MG 63 
cells on carbon nanotube-polysulfone composites 

Lubica Grausova 1, Elena Filova 2, Lucie Bacakova 2, Aneta Fraczek 3, Stanislaw Blazewicz 3 

1 Institute of Physiology, Videnska 1083, 142 20 Prague 4-Krc, Czech Republic, 2 Institute 
of Physiology, Acad. Sci. CR, Videnska 1083, 142 20 Prague 4-Krc, Czech Republic,  

3 AGH – University of Science and Technology, Faculty of Materials Science and 
Ceramics, Department of Biomaterials, Krakow, Poland 

Recently, nanostructured artificial materials offer enormous promise for the repair of damaged or lost 
tissues and organs. Most of the components of the natural tissues are in nano-dimensions, thus the 
nanometer scale features (i.e. those from 1 to 100 nm) can control the cell behavior, such as its adhesion, 
morphology, migration, proliferation and differentiation both in vitro and in vivo [1]. Carbon nanotubes 
are perspective for various advanced biomedical technologies, including improved tracking of cells, 
sensing microenvironments or delivery of transfection agents [2]. However, relative little is known on 
their influence on cell-substrate adhesion and their potential use in tissue engineering.Therefore, in this 
study, we investigated the potential use of carbon nanotubes for construction of carbonpolymer 
composites applicable in bone tissue engineering. In our experiments, seven different samples were 
studied: (1) polysulfone (PSU) + 0.5 wt% of single-walled nanohorns (SWNH), (2) PSU + 1 wt% 
SWNH, (3) PSU + 2 wt% SWNH, (4) PSU + 0.5 wt% multi-walled nanotubes (MWNT), (5) PSU + 1 
wt% MWNT, (6) PSU + 2 wt% MWNT. As control materials, pure PSU and standard polystyrene cell 
culture dishes were used.  
The materials in a form of foils were sterilized in H2O2-plasma (Sterrad 120, ASP, Johnson & Johnson), 
inserted into 24-well-multidishes (TPP, well diameter of 15 mm) and seeded with human osteoblast-like 
cells of the line MG 63 (European Collection of Cell Cultures, Salisbury, UK). Each well contained 5 
000 cells and 2 ml of Dulbecco-modified Eagle´s Minimum Essential Medium supplemented with 10% 
of fetal calf serum. On day 1 and 3 after seeding, the cells were fixed with 70% ethanol, stained with 
propidium iodide and counted on digital pictures taken under microscope Olympus IX 50. On day 5 after 
seeding, i.e. when the cells were confluent or 264 even overlapping, the cells were trypsinized and 
counted in ViCell Analyser (Beckman Coulter). For evaluation of cell viability, the cells were stained 
with LIVE/DEAD-Viability/Cytotoxicity Kit (Invitrogen).  
On day 1 after seeding, the number of MG 63 cells initially adhering to all tested composites ranged from 
1668 ± 268 to 2591 ± 430 cells/cm2 and was similar to the values found on the pure PSU as well as 
control polystyrene culture dish. The viability of cells ranged between 89% and 99% in all tested 
materials including the control polystyrene dish. The lowest viability (89.0 ± 2.5 %) was detected on the 
composite containing PSU with 1 wt% of SWNH and the highest viability on pure PSU (99.0 ± 0.9 %).  
On day 3 after seeding, the viability of cells on the composites has not changed or even slightly increased 
from the 1st day after seeding. However, the cell population density was significantly lower on 
composites containing 0.5 wt% of MWNT (4386 ± 1216 cells/cm2), 2 wt% of MWNT (5077 ± 742 
cells/cm2) and 2 wt% of SWNT (5405 ± 910 cells/cm2) in comparison with control polystyrene dish 
(11300 ± 2569 cells/cm2). On the first two composites, also the incorporation of bromodeoxyuridine 
(BrdU) into the newly synthesized DNA (detected in 3-day-old cells by Cell Proliferation ELISA BrdU 
Colorimetric kit, Roche Ltd., Prague, CR) was significantly lower than in cells on the control 
polystyrene. The absorbances obtained on the composites containing 0.5 wt% and 2 wt% of MWNT 
reached only 77.3% ± 1.8 and 60.3 ± 6.3% of the control value obtained on polystyrene, respectively. A 
relatively low absorbance was also obtained on the PSU with 1 wt% of SWNT (66.0 ± 2.1% of the 
control value). Both cell numbers and BrdU incorporation in cells grown on the remaining composites 
were similar to the values obtained on the control polystyrene.  
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On day 5 after seeding, the population densities of cells on all tested composites as well as the pure PSU 
were detected to be significantly lower than on the control polystyrene culture dish. The lowest number 
of cells was found on the composite containing 1 wt% of MWNT (43 029 ± 9746 cells/cm2 compared to 
108421 ± 7801 cells/cm2 on polystyrene, p < 0.001, Student‘s test for unpaired data). Nevertheless, the 
viability of cells on all tested materials still reached high values more than 91%. On composites with 1 
wt% and 2 wt% of MWNT, the viability was 99.8 ± 0.2% and 99.9 ± 0.1%, respectively, which was 
significantly higher than on the control polystyrene (95.6 ± 1.7%).  
The lower proliferation activity of cells on polymer-nanotube composites could be explained by a 
relatively large cell spreading area. This area was significantly larger in cells cultivated on composites 
containing multiwalled nanotubes than on control polystyrene or composites containing single-walled 
nanohorns. The largest cell adhesion area was detected on the PSU containing 2 wt% of MWNT (1774 ± 
94 um2 compared to 1402 ± 113 um2 on the control polystyrene), i.e., on one of the samples with the 
lowest cell numbers and lowest BrdU incorporation. It is known that the proliferation activity is the 
highest at the intermediate adhesion strength. If the cell-material contact area is very large, the cells could 
skip the proliferation and enter the differentiation program [3].The relatively large cell spreading area on 
polymer-nanotube composites was accompanied by well developed filamentous beta-actin cytoskeleton. 
It can be concluded that both SWNT- and MWNT-containing polysulfone are suitable carriers for 
colonization with bone cells and thus applicable for bone tissue engineering. Composites with MWNT 
seem to be more appropriate in situations where the good initial cell adhesion, spreading and formation of 
rich actin cytoskeleton is desirable. 
 
[1] Tan J, Saltzman WM: Biomaterials 25: 3593-3601, 2004 
[2] Harrison BS, Atala A: Biomaterials 28: 344-353, 2007 
[3] Bacakova L, Filova E, Rypacek F, Svorcik V, Stary V: Physiol Res. 53 (Suppl 1): S35-45, 2004. 
Supported by the Grant Agency of the Czech Republic (Grant No. 204/06/0225) and Academy of 
Sciences of the Czech Republic (Grant No. KAN400480701). 

Contact e-mail: grausova@biomed.cas.cz 
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D35 - Carbon nanotubes aligned by liquid crystals and liquid crystals doped 
with carbon nanotubes: functional materials for functional composites 

Giusy Scalia 1, Jan P. F. Lagerwall 2, Frank Giesselmann 2, Siegmar Roth 1 

1 Max Planck Institute for Solid State Research, 2 University of Stuttgart, 70569 Stuttgart, 
Germany 

When carbon nanotubes are mixed with liquid crystals - fluids with a degree of orientational order – 
composites with new and unexpected properties arise. We have shown that single-wall carbon nanotubes 
align along the same direction as the host liquid crystal molecules. As a uniform, unidirectional 
alignment of the liquid crystal can easily be achieved over areas as large as centimetres, the large scale 
alignment can be transferred to the nanotubes as well. Moreover, by applying an electric field the 
orientation of liquid crystal molecules can be changed at will. We have proven that SWCNTs in this way 
can be reoriented following the movements of the molecules of the host phase. Thus, liquid crystals 
appear to be an attractive tool for manipulating CNTs. On the other hand, there are recent reports on the 
effect of CNT doping on the electro-optic properties of liquid crystals in displays. In our work we show, 
however, that the concentration of the CNTs plays a fundamental role for determining if the effects of 
nanotube doping will be beneficial or adverse. The electric field-driven reorientation of the liquid crystal 
molecules (switching) occurs above a threshold voltage. At high CNT concentration this threshold 
increases by the presence of nanotubes but for very low concentration the opposite effect seems to occur. 

Contact e-mail: G.Scalia@fkf.mpg.de 
 

D36 - Tailoring Gas Sensing Properties of Carbon Nanotubes 

Leonid Grigorian, Sean Brahim, Steve Colbern, Robert Gump 

YTC America Inc. 

Owing to their unique mechanical, chemical and electronic properties, carbon nanotubes (CNTs) have 
been widely pursued as building blocks for effective ultrasensitive chemical and biological sensors. 
Nanotube sensors offer significant advantages over other conventional sensor materials such as higher 
sensitivity, lower operating temperature, and faster response times. In spite of these outstanding sensor 
attributes, several key issues remain to be resolved, such as inhomogeneity (mixture of metallic and 
semiconducting nanotubes) of CNT samples, as well as selectivity, reversibility, and reproducibility of 
sensing. These will ultimately determine the usefulness of CNT-based devices in practical sensing 
applications. In this work, we report on the fabrication and performance of novel metal-CNT hybrids as 
gas sensors. The sensing mechanism primarily involves charge transfer between electron 
donating/electron withdrawing gas molecules and CNTs, resulting in changes in the CNT impedance. 
Our strategy is based on tuning the selectivity of CNTs by modifying electronic density of states of CNT 
through forming metal-CNT hybrid materials. Such materials have been found to be capable of detecting 
NO2 down to sub-ppb levels at room temperature. The feasibility of this approach for gas sensing will be 
discussed with respect to (1) diameter and chirality distribution of the starting CNT materials, (2) metal-
CNT hybrid materials, and (3) the selectivity towards gaseous species being detected. The characteristic 
impedimetric behavior of different metal-CNT hybrid sensors in response to various gases will be 
evaluated along with appropriate equivalent circuit modeling and analysis. 

Contact e-mail: lgrigorian@ytca.com 
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D37 - Optical Detection of DNA-Drug Interactions in Live Cells Using 
Single-Walled Carbon Nanotubes 

Daniel A. Heller, Brittany M. Martinez, Dhaval Patel, Hong Jin, Brigid M. Miller, Claudia Höbartner, 
Michael S. Strano 

University of Illinois at Urbana-Champaign 

The intrinsic near-infrared emission of single-walled carbon nanotubes (SWNT) exhibits an 
environmental sensitivity which has been employed for optical detection of important analytes. We used 
this property to develop DNA-nanotube complexes which serve as sensitive molecular beacons for the 
activity of alkylating compounds in biological media. Complexes of oligonucleotides and SWNT exhibit 
a red-shift in emission energy of up to 30 meV upon binding to alkylating agents. Nanotube 
photoluminescence undergoes spectral changes upon DNA-drug interaction via a solvatochromic shift 
mechanism. Nanotube-DNA complexes are colloidally stable and fluoresce from within live cells and 
tissues. Nanotubes are absorbed by mammalian cells via endocytosis without exhibiting cytotoxic effects. 
Within single 3T3 cells, the complexes detect DNA damage and transmit real-time chemotherapeutic 
drug activity information via nearinfrared photoluminescence changes. The complexes will be employed 
to investigate drug degradation and multidrug resistance in cancer therapy, as well as DNA damage via 
endogenous pathways. 

Contact e-mail: dheller1@uiuc.edu 
 

D38 - Appling of carbon nanotube for miniaturized NO2 gas sensor 
development by electrical impedance analysis 

Binwha Chang 1, Richie L. C. Chen 2, David Chan-Hen Chen 3 

1 Department of Healthcare Administration, Hungkung University, 2 Department of Bio-
Industrial Mechatronics Engineering, National Taiwan University, Taipei 106, Taiwan, 

ROC, 3 Institute of Veterinary Microbiology, National Chung-Hsing University, Taichung 
402, Taiwan, ROC 

This study presents an impedance analysis method with carbon nanotube (CNT) application for NO2 gas 
sensor development. We used an interdigitated electrode (IDE) coated with CNT material as a signal 
transducer. With the absorption of different levels of nitrogen dioxide (NO2) in CNT layer, the 
conductance of electrodes was parameter as the index for monitoring and quantifying of NO2. When NO2 

molecules exposed to the test chamber at 25 °C, the conductance response was increased proportionally 
with the concentration of NO2, and the detection limit by our developed system was ppm-level 
approximately. It also was found that sensor using a single-wall CNT coated had higher sensitivity than a 
sensor coated with multi-wall CNT. In addition to gas sensitivity, response time and reproducibility of 
the electrical response resulted to be dependant from the preparation conditions of CNT and IDE gap 
size. In our study, the MWNT based gas sensor showed fast dynamic of the electrical response and high 
reproducibility of the electrical properties. This system also provided the advantages of real time 
monitoring, automatic detection and mini-scale design for on-line gas detection. 

Contact e-mail: bony@sunrise.hk.edu.tw 



 

 185

Contributed presentations - Tuesday, June 26 

D39 - Mechanisms for the Cellular Internalization of Functionalised Carbon 
Nanotubes 

Lara C. A. Lacerda 1, Maurizio Prato 2, Alberto Bianco 3, Kostas Kostarelos 1 

1 Nanomedicine Laboratory, Centre for Drug Delivery Research, The School of 
Pharmacy, University of London, 29-39 Brunswick Square, London WC1N 1AX, United 

Kingdom, 2 Dipartimento di Scienze Farmaceutiche, Università di Trieste, Piazzale 
Europa 1, 34127, Trieste, Italy, 3 CNRS, Institut de Biologie Moléculaire et Cellulaire, 

Laboratoire d’Immunologie et Chimie Thérapeutiques, 67000 Strasbourg, France 

The development of nanomaterials for biomedical and biotechnological applications is an area of 
research that holds great promise and intense interest. Carbon nanotubes (CNT) are thought to lead to 
novel types of nanomedicines. In our laboratories, CNT were made compatible to physiological 
environments after functionalisation by the 1,3-dipolar cycloaddition reaction. This has allowed their 
exploration as a platform to construct delivery systems for drugs and nucleic acids in vitro and in vivo.  
The interaction between cells and CNT is a critical issue that will determine any future biological 
application of such structures. In this communication we present the great potential offered by water-
soluble functionalised CNT (f-CNT) as new vectors for delivery of plasmid DNA to cells and organs. 
Moreover, we will show that various types of f -CNT exhibited a capacity to be uptaken by mammalian 
and prokaryotic cells and can intracellularly traffick through different cellular barriers. The mechanisms 
by which f -CNT are able to cross cell membranes and deliver their cargo will also be discussed. Energy-
independent mechanisms are explained based on the cylindrical shape and high aspect ratio of f -CNT 
that can allow their penetration through the plasma membrane, similar to a ‘nanosyringe’. 

Contact e-mail: lara.lacerda@pharmacy.ac.uk 
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D40 - Functionalization of Carbon Nanotubes With Biological Membranes 

Nashville C. Toledo, Maurits R.R. de Planque, Sonia Antoranz Contera, John F. Ryan 

Bionanotechnology IRC, Physics Department, University of Oxford 

Our group has previously shown that acid-treated multiwall carbon nanotubes (MWNTs) can be coated 
with a bilayer of phospholipids that mimics a biological cell membrane. Following fusion of vesicles 
(liposomes) with fluorescent lipids on the surface of MWNTs, atomic force microscopy reveals a smooth 
coating with occasional transitions to a second bilayer and the coated nanotubes can be observed with 
fluorescence microscopy.  
We have now used different carbon nanotubes, phospholipids, and vesicle preparation methods to 
investigate the mechanism of lipid coating. Bilayer formation depends on the nanotube diameter and the 
vesicle size; nanotubes greater than 40 nm in diameter can be consistently coated when the vesicles are 
smaller than 100 nm. Bilayer coating of MWNTs by vesicle fusion works with charged and uncharged 
liquid-state phospholipids but not with gel-state lipids. By including charged lipids in the vesicles the 
number of bilayers that wrap the nanotube can be modulated. Surprisingly, the lipid bilayers remain 
attached to the MWNTs after removal of water from the MWNT dispersion, and these membrane-
functionalized nanotubes can be stored for several months at room temperature.  
Purified membrane proteins are routinely incorporated in vesicles of synthetic lipids for biophysical 
characterization. We prepared such proteoliposomes with a fluorescently labeled transmembrane peptide, 
and demonstrated that vesicle fusion on the MWNTs leads to the formation of lipid bilayers containing 
this membrane peptide. Significantly, this is the first example of carbon nanotube functionalization with a 
membrane protein segment. Functionalization with larger membrane proteins could enable carbon 
nanotube biosensing with the G-protein coupled receptors that are targeted by pharmacological drugs. 

Contact e-mail: nashville.toledo@bnc.ox.ac.uk 
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D41 - Lipid-Modulated Assembly of Carbon Nanotubes in Millimeter-Scale 
Structures 

Maurits R.R. de Planque 1, Nashville C. Toledo 1, Sonia Antoranz Contera 1, Nicole Grobert 2, John F. 
Ryan 1 

1 Bionanotechnology IRC, Physics Department, University of Oxford, 2 Department of 
Materials, University of Oxford 

Biomolecule-functionalized carbon nanotubes (CNTs) combine the molecular recognition properties of 
biomaterials with the electrical properties of nanoscale solid state transducers, and this hybrid material 
could enable bioelectronic devices with novel functionalities such as biosensing of pharmacological 
drugs. Unfortunately, selfassembly of CNTs into extended networks - a requirement for integration with 
conventional electrical circuitry - presents a technological hurdle, especially in the aqueous environment 
in which biomolecules function.  
In this study, we investigated the CNT structures that are formed by the evaporation of dilute aqueous 
suspensions of iron-filled multi-walled CNTs (Fe-filled MWNTs) that are coated with double-chain 
surfactants (lipids). Unlike single-chain surfactants such as the detergent sodium dodecyl sulfate, lipids 
are biocompatible molecules; lipid bilayers mimic biological cell membranes and can accommodate 
pharmacologically relevant membrane receptor proteins. Controlled evaporation of droplets of lipid-
coated Fe-filled MWNT suspensions in a magnetic field yielded symmetric fractals and linear assemblies 
of end-to-end oriented nanotubes. These CNT networks were only formed in the presence of lipids and 
with magnetized Fe-filled MWNTs, indicating that radial flow forces in the evaporating droplet, inter-
tube van der Waals and electrostatic interactions, and magnetic forces all play a role in the self-assembly 
of the extended networks. Significantly, the linear patterns of Fe-filled MWNTs were up to a millimeter 
long. Such large assemblies of end-to-end oriented lipid-coated CNTs are promising components for 
electronic biosensors. 

Contact e-mail: m.deplanque1@physics.ox.ac.uk 
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D42 - Development of a Novel Taste Sensor Based on a Carbon Nanotube-
Polymer Composite Material 

Takamichi Hirata, Keisuke Takagi, Masahiro Akiya 

Department of Biomedical Engineering, Musashi Institute of Technology, Tokyo 158-
8557, Japan 

With the aim of developing applications for these new nano-devices in the field of biomedical 
engineering, we are investigating the development of bio-nanosensors based on nanocarbon materials 
with novel functions, such as fullerene and carbon nanotubes. Here, we report the basic characteristics of 
a taste sensor based on a composite material made from single walled carbon nanotubes (SWNTs) and 
polyethylene glycol (PEG). The fabricated sensor-chip uses a back-gate type FET with a source-drain 
electrode. The PEG-grafted SWNTs (PEG-SWNTs) network is dropped between the source and drain 
electrodes in the sensor chip. PEG-SWNTs are synthesized by heat treatment of toluene solution 
containing Azo-PEG (macro-azo initiators) with stirring. In the case of saltiness and umami, a clear 
differences  between the same kinds were not observed. In the case of sourness, impedance in the 
solution decreases rapidly when citric acid is used, since its acid-ionization constant (ka) is about half 
that of acetic acid. In addition, the response times for acetic acid and citric acid (t = 35 and 15 s, 
respectively) show a numeric relationship with ka . When sucrose (sweetness) is used, the impedance of 
PEG-SWNTs becomes predominant because sucrose does not ionize, although it diffuses immediately 
due to its high solubility in water. On the other hand, when saccharin sodium, which is a salt, is used, an 
great impedance change due to ionization appears. The results for bitterness are particularly interesting; a 
significant difference in response time of materials is observed. This is thought to be due not only to the 
difference in the solubilities of the solutions (which results in ionization), but also to the effects of 
adsorption to PEG-SWNTs. Moreover, the sensor is able to distinguish most of the experimental taste 
materials with a short response time (~60 s). 

Contact e-mail: hirata@dev.ec.musashi-tech.ac.jp 
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D43 - Enhanced microwave heating effect using carbon nanotubes 

Keith R. Paton, Alan H. Windle 

University of Cambridge 

There is a great demand from the electronics and packaging industries for light-weight, easily formable 
electromagnetic shielding materials. Such demand also exists within the polymer processing industry for 
highly efficient energy absorption from microwave fields, to reduce the loading of absorbing filler 
required. The effectiveness of multi-walled carbon nanotubes (MWCNTs) in fulfilling this role has been 
studied by measurement of the temperature rise of dispersions of MWCNTs in silicone oil. MWCNTs 
were grown by CVD method from a toluene feedstock with ferrocene catalyst. Iron catalyst remaining on 
the surface of the tubes and within the tubes was removed in one of two ways; treatment with 
concentrated acids, or a high temperature anneal in an inert atmosphere. Untreated, acid treated and heat 
treated tubes were dispersed in silicone oil by shear mixing, and the absorbing power compared with 
carbon black (CB). Testing was carried out in a resonant chamber with a magnetron source operating at 
2.45 GHz, with the temperature being measured in situ.With all fillers, the absorbing power increases 
with increasing loading of filler, with CB showing an absorbing power of 4.26 W at a loading of 0.03% 
by weight (c.f. 2.88 W for pure silicone oil). In contrast, untreated MWCNTs showed an absorbing power 
of 54.8 W at the same loading, with heat treated tubes showing 92.1 W. Tubes that had undergone an acid 
treatment however showed an absorbing power of only 6.9 W. The high efficiency of untreated and heat 
treated tubes is likely to be a result of the low percolation threshold (due to the high aspect ratio) 
compared with CB. The surface modification resulting from the acid treatment is also thought to inhibit 
network formation. The absorbing power of the samples has also been compared to their conductivity. 

Contact e-mail: krp28@cam.ac.uk 
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D44 - Sputtering of Single-Walled Carbon Nanotubes Controlled by Ion 
Irradiation Energy Flux 

Jung-Hyun Cho, Sung-Ryul Huh, Gon-Ho Kim 

Seoul National University 

Carbon nanotubes (CNTs) can be sputtered by the ion irradiation which sputtering contributes to 
deformation. The deformation increases linearly with increasing energy and dose of irradiated ions. 
When the ion transferred energy is greater than the bonding energy of carbon atoms, carbon atoms may 
be taken away from the lattice of CNTs. Consequently the total energy transferred from the incident ions 
to CNTs can be considered with the energy flux, ΦE which is consisted of the ion irradiation energy, and 
dose, as ΦE = EiDi. Here E i can be controlled with the sheath potential on the target CNTs, from 20 to 
150 eV. Di is determined by the Bohm velocity of ion u B, the plasma density at the sheath edge n and the 
ion irradiation time t , so that Di = nuBt . The ion energy flux may be varied with bias potential on the 
substrate, plasma density and irradiation time. Even though the Bohm velocity varies with the plasma 
temperature, the temperature is not changed significantly in this plasma source, being considered a 
constant 4 eV. Experiment is carried out with the single-walled carbon nanotubes (SWNTs) bundle 
because the defects are easily observed. The intensity ratio of D to G band of Raman spectra (ID / IG) 
increases linearly with the ion energy flux. It implies the defects on the CNTs are linearly proportion to 
the accumulated energy on CNTs. Irradiation ion energy and ion dose play a different role in the 
deformation of CNTs. For a fixed ion energy flux, the ID / IG have a larger value in the low dose and high 
energy compared to that of high dose and low energy. Energetic ion collision is more effective to sputter 
atom out of the CNT lattice. More results and analyses will be presented. 

Contact e-mail: hyun918@snu.ac.kr 
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D45 - High Energy (> keV) Ion Irradiation on Single-Walled Carbon 
Nanotubes 

Jung-Hyun Cho, Sung-Ryul Huh, Hwa-Dong Jung, Yong-Seok Hwang, Gon-Ho Kim 

Seoul National University 

Deformation of carbon nanotubes (CNTs) has been considered under the low 150 eV of ion irradiation 
energy [1], revealing the sputter-etching and tip opening of CNTs. Especially the etching length of 
MWNTs increases linearly with the irradiation ion energy in the low irradiation energy. The dose of 
irradiated ions may contribute to the milling process on the top of CNTs, resulting in the tip-opened 
MWNTs. For the high irradiation energy up to few keV, the deformation of CNTs may proceed through 
the penetration and welding of nanotubes which was expected theoretically [2]. In this study, the 
irradiation ion energy varied in the range of keV. Argon ion was chosen due to its heavy mass and the 
chemical reaction free with carbon. Using the ion beam accelerator, the ion irradiations were carried out 
to the single-walled carbon nanotubes (SWNTs) bundled sheet on the substrate. Scanning electron 
microscope observation of the few keV ion irradiated SWNTs bundles reveals the serious structural 
deformations. Welding of SWNTs in the bundle and further the cross linkage of bundles were observed, 
resulting in the cone and fence types of structural deformation widely over the SWNTs sheet. Raman 
spectra show that the G- peak, corresponding to the circumferential vibration mode of SWNT character, 
is disappeared and D band intensity increases. It implies that the energetic ion up to keV may penetrate 
into the SWNT bundle and chop the SWNT bundle. Also the accumulated energy on CNTs may 
contribute to welding of CNTs so that the deformed CNTs sheet may lose the SWNT property. More 
results and analyses will be presented. 
 
[1] J. H. Cho and G. H. Kim, Jpn. J. Appl. Phys. 45 , 8317 (2006). 
[2] A. V. Krasheninnikov, K. Nordlund, J. Keinonen and F. Banhart, Phys. Rev. B 66 , 245403 (2002). 

Contact e-mail: hyun918@snu.ac.kr 
 

D46 - Single Wall Carbon Nanohorns Carrying Photosensitizing Drugs for 
Photodynamic Therapy 

Minfang Zhang 1, Masako Yudasaka 2, Kumiko Ajima 1, Alan Maigne 1, Sumio Iijima 3 

1 JST-SORST, 2 JST-SORST, NEC, 3 JST-SORST, NEC, Meijo Univ. 

We present that single-wall carbon nanohorn (SWNH) could be a drug carrier for the photodynamic 
therapy. The photosensitizing drug of zinc phthalocyanine (ZnPc) was loaded on SWNHs by immersing 
the hole-openend SWNHs in ZnPc-saturated solutions. The loaded quantity was about 40 percent. After 
the loading, SWNHs were chemically modified with a protein, bovine serum albumin (BSA), to enhance 
their solubility in aqueous solution. The obtained conjugates of ZnPc-SWNH-BSA with their size 
distribution in a range of 100-150 nm were dispersed almost individually in phosphate buffered saline. 
In-vitro studies showed that ZnPc-SWNH-BSA was taken inside rat cancer cells. After the uptake of 
ZnPc-SWNH-BSA by the cells, the light was irradiated for 5 minutes, and then most of the cells were 
killed. This suggests that ZnPc-SWNH-BSA is potentially useful in the photodynamic therapy. 

Contact e-mail: minfang@frl.cl.nec.co.jp 
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D47 - Wall-Controlled and Pattern Growth of CNTs for X-Ray Electron 
Sources 

Chang-Duk Kim 1, Hyun-Woo Ryu 2, Jun-Tae Kang 2, Young-Jin Kim 2, Eui Wan Lee 2, Hyeong-Rag 
Lee 2 

1 Kyungpook National University, 2 Kyoungpook National University 

In order to utilize carbon nanotubes(CNTs)as field-emission (FE) x-ray sources (XRS), we synthesized 
the CNTs on a stainless plate with a 5 mm diameter and Si wafer. Catalytic Fe nano-particles size was 
controlled in order to control the wall number of the carbon nanotubes. The size and distribution of the Fe 
nano-particles varied according to the growth conditions, heat exposure time and the thickness of the 
catalytic metal layer, resulting in a change in the wall number of the grown CNTs. The performance 
characteristics of the compact FE-XRS system are shown to be promising for non-invasive imaging in 
biomedical research and industrial inspection. A compact XRS was constructed in a triode configuration 
using the CNTs as its cold electron source, showing good potential in high resolution x-ray radiography. 
Some industrial groups are planning to develop non-thermionic XRS, for which the use of a FES is 
indispensable. The present work may pave the way to the next generation of x-ray technology. 

Contact e-mail: duks@nptl.knu.ac.kr 
 

D48 - Processing and Property Investigation of Singleand Multi-walled 
Carbon Nanotube Buckypapers for Composite Application 

Kássio A. Lacerda, Thiago N. Leite, Valdirene S. T. Peressinotto, Hélio Ribeiro, Adelina P Santos, 
Wellington M. Silva, Clascídia A Furtado 

Centro de Desenvolvimento da Tecnologia Nuclear - CDTN/CNEN 

The great challenge to take advantage of the exceptional mechanical, thermophysical and electrical 
properties of carbon nanotubes in high performance composites is to get 1) a homogeneous dispersion of 
tubes throughout the matrix without destroying their integrity; and, 2) a good carbon nanotube-matrix 
interfacial interaction. The second factor is specially critical for reaching better mechanical properties. 
Several chemical processings and different preparation procedures have been extensively proposed, but 
improvements in mainly mechanical behavior and thermal conductivity are still limited. Due to the 
nanoscale dimension and intensive van derWaals interactions of the nanotubes, composites made by 
directly mixing the tubes with polymer matrix have poor tube dispersion and low tube loading. An 
interesting approach that might soon enable the manufacturing of stronger composites in large scale has 
been the development of thin membranes, called buckypapers, to form networks of carbon nanotube 
ropes. Since SWNT and MWNT can form dense networks, a high thermal conductivity is also expected. 
In this work, we prepared a series of buckypapers of SWNT and MWNT using different water-based 
surfactants, such as sodium dodecyl sulphate, sodium dodecylbenzene sulphonate, sodium cholate, Triton 
X-100 and carboxymethylcellulose. Thin membranes up to 50 microns thick were prepared by multiple 
steps of tube dispersion and suspension filtration and systematically characterized by AFM, SEM, EDS, 
FTIR and Raman spectroscopy. The effects of surfactant type, dispersion degree, tube concentration in 
suspension, presence of contaminant and surfactant-tube interaction has been evaluated. Electrical 
conductivity was also measured. 

Contact e-mail: kal@cdtn.br 
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D49 - Carbon Nanotubes: an efficient tool for siRNA delivery into 
mammalian primary cell culture and immortalized cells 

Marina Ladeira, Viviane A Andrade, Carla J. Aguiar, Eder R Moraes, Camila A. Jardim, Debora P. Pinto, 
Edelma E. Silva, Luiz O. Ladeira, Rodrigo G. Lacerda, Maria F. Leite, Silvia C. Guatimosim 

UFMG 

A new and powerful strategy for gene silencing is RNA interference (RNAi), which depends on an 
efficient intracellular delivery of small double stranded RNAs. Mammalian primary cells are often 
desired for such experiments due to the similarity to their in vivo counterparts than immortalized cells. 
This type of cells tends to be more difficult to transfect, which has limited their use for siRNA 
experiments. Therefore, the siRNA delivery is a critical step for its potential application. Several authors 
observed that Carbon Nanotubes (CNT) could penetrate into mammalian cells and further transport 
various cargos, including peptides, proteins, nucleic acids and siRNA (Kam et al, 2005).  
The aim of this work was to verify if CNT could be an alternative for efficient siRNAs delivery into 
hard-totransfect cells, such as cardiomyocytes and Dorsal Root Ganglion (DRG) primary culture. We 
also investigated the siRNA delivery into SkHep-1 cells, an immortalized cell line. In this study we 
showed, by immunofluorescence images, that cutted SWCNT can efficiently delivery siRNA into 
immortalized cell line and also in mammalian primary cell culture, resulting in InsP3R (type I and II) 
silencing. These results suggest that CNT can be a useful tool for siRNA delivery into several cell types. 

Contact e-mail: nemmarina@hotmail.com 
 

D50 - Microwave-promoted Hydrogenation and C-C Coupling with 
Palladium Supported on Multi-walled Carbon Nanotubes 

Julien Amadou 1, Jean-Hubert Olivier 2, Franck Camerel 2, Raymond Ziessel 2, Cuong Pham-Huu 1 

1 LMSPC -UMR 7515 du CNRS - ECPM – ULP, 2 LCM - CNRS - ECPM 

The unique physicochemical properties of carbon nanotubes (CNTs) have stimulated an increasingly 
research for possible applications in different areas of engineering, fuel cells, and catalysis. CNTs have 
exceptional strength and stiffness along with high thermal and electrical conductivity. Various beneficial 
applications, such as field emission displays, nano-scale electronic devices, composite polymers, artificial 
muscles and hydrogen storage have recently been discovered. These unique properties and their low 
density have attracted much attention for the preparation of metal loaded nano-particles of controlled size 
and shapes. In addition, the large surface areas and good conductivity make CNTs ideal supporting 
materials for the transport and vectorisation of microwaves [1]. Here we report the first use of CNTs-
Pd(0) loaded nano-particles assisted by microwave irradiation for: (i) the catalytic hydrogenation of 
dihydrocinnamic esters, a common structural framework in numerous compounds of biological interest, 
and (ii) the C-C cross-coupling (Sonogashira reaction) between alkynyl-derivatives and halogeno 
substrates under eco-friendly experimental conditions. 
 
[1] (a) Tu, W. X.; Lin, H. F. Chem. Mater., 2000, 12, 564. (b) Tsuji, M. Hashimoto, M. ; Nishizawa, Y.; 
Kubokawa, M. Tsuji, T. Chem. Eur. J. 2005, 11, 440. 
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D51 - ELCAT project: Electrocatalytic Gas-Phase Conversion of CO2 in 
Catalysts confined in Carbon Nanotubes 

Julien Amadou 1, Gauthier Wine 1, Jean-Philippe Tessonnier 2, Myriam Gangeri 3, Siglinda Perathoner 3, 
Dominique Begin 1, Dang-Sheng Su 2, Robert Schlögl 2, Gabriele Centi 3, Cuong Pham-Huu 1 

1 LMSPC -UMR 7515 du CNRS - ECPM – ULP, 2 Inorganic Chemistry Department - 
FHI MPG - Berlin – Germany, 3 Department of Industrial Chemistry and Engineering of 

Materials - University of Messina - Italy 

In the presence of an adequate electrocatalyst, carbon dioxide can be reduced to useful hydrocarbons 
(Fischer- Tropsch-like products, C1-C10 hydrocarbons and alcohols). The reaction can take place at room 
temperature and atmospheric pressure with an appreciable hydrocarbon yield. Tessonnier et al. [1] have 
already pointed out the interest for using carbon nanotubes as confined reactor to protect air-sensitive 
materials. Apparently, the morphology of carbon nanotubes seem to have an important influence on the 
reaction taking place inside their tubule because of the confinement effect and to their high aspect ratio. 
Here, we report the first results of the use of the confinement effect of the nanotubes to promote 
unconventional catalytic reactions such as the electrocatalytic gas-phase conversion of CO2 into FT-like 
products. 
 
[1] J.P. Tessonnier, G. Winé, C. Estournès, C. Leuvrey, M.J. Ledoux and C. Pham-Huu, Catalysis Today, 
Volumes 102-103, 15 May 2005, Pages 29-33 
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 195

Contributed presentations - Tuesday, June 26 

D52 - Helical organization of short DNA single-strands upon carbon 
nanotube wrapping 

Valdirene S. T. Peressinotto 1, Indhira O. Maciel 2, Clascídia A. Furtado 1, Antonio C. H. Braga 3, 
Adelina P. Santos 1 

1 Laboratório de Química de Nanoestruturas, CDTN/CNEN,Belo Horizonte, Brasil,  
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It has been demonstrated that certain short single and double strands of synthetic DNA can bind to carbon 
nanotube surface through π-stacking, resulting in a very stable helical wrapping around the tube. This 
strong interaction makes the DNA/CNT hybrids very promising candidates for a new generation of 
nanoelectronic devices and nanoscale sensors and for biomedical applications. Moreover, DNA wrapping 
renders CNTs dispersable in water and allows their separation by type [1]. Carbon nanotube/DNA 
complexes have been use, e.g. in as a sensor in living cells by monitoring the shifts in the near-infrared 
emission spectra of SWNTs and to build self-assembled carbon nanotube field effect transistors. All these 
applications require a fully understanding of DNA-nanotube interaction mechanism which is still lacking.  
We have carried a systematic study on the interaction of DNA with the carbon nanotube surfaces. In this 
work we present our findings on the self-organization of poly d(GT) n (with n= 10, 30 and 45) and 
homopolymers of poly dA, poly dC and poly dT (with 20 bases) around single-wall carbon nanotubes 
(SWNTs). From our circular dichroim (CD) results, we demonstrate for the first time that purified 
SWNTs growth by HiPco and laser ablation techniques induce the transition of GT-DNA 
oligonucleotides upon dispersion from the right-handed B-form to the left-handed Z form, without any 
addition of divalent cations or other chemical species. For homopolymeric single-stranded DNA 
molecules, the CD results also indicate marked changes on the helical organization. In the particular case 
of poly dA (pH=8.0), our result suggest that SWNTs act as a π-stacking anchor, providing an 
improvement of the right-handed helical structure of the molecule. We further demonstrate that the 
conformation assumed by the GT-DNA sequences is dependent on the chemical groups attached to the 
SWNT surfaces and the ionic strength. FT-IR, UV-Vis-NIR absorption and AFM results strongly suggest 
that carboxilic groups drive the poly d(GT) 10 strand to assembly onto the carbon nanotube side-walls 
without wrap around them. For SWNTCOOH/ d(GT)10 solutions the B-Z transition was only observed 
after the addition of HgCl2. We discuss the results in terms of the changes of the first hydration layer 
around the macromolecule. 
 
[1] M. Zheng et al., Science, 302, 1545, 2003. 
[2] D. A. Heller et al., Science, 311, 508, 2006. 
[3] K. Keren et al. Science, 302, 1380, 2003. 
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D53 - Y junctions: the Full detail Branching Mechanism when S is present 

Jose M. Romo-Herrera 1, B.G. Sumpter 2, D. Cullen 3, H. Terrones 1, E. Cruz 1, D. Smith 3, V. Meunier 2, 
M. Terrones 1 

1 IPICyT, 2 ORNL, 3 ASU 

Assemblying nanostructures into ordered micro-networks remains a challenge in modern 
nanotechnology. 2D and 3D Ordered Networks based on Carbon nanotubes (ON-CNTs) have been 
proposed, showing intriguing mechanical and electronic properties of the assembled arrays [1]. In order 
to achieve the challenging task of an experimental network, a first step is to study in full detail the 
obtention of a node (multi-terminal junction of CNTs). CNTs multi-terminal junctions (>2 terminals) 
were first theoretically proposed as a “Y” junction [2], which has obtained special interest motivated by 
its potential electronic properties as nanodevices [3]. Since then experimental advances in their synthesis 
have been reported; outstanding, due to the higher yield of such nanostructures, the CVD process: by 
pyrolysis of methane over cobalt supported on magnesium oxide [4] or by pyrolysis of nickelocene along 
with thiophene [5]. Unfortunately, little is known regarding the Branching Mechanism that produces such 
nanostructures, basic knowledge that is necessary to improve the efficiency and control of their synthesis.  
The present work reproduces the synthesis results reported with thiophene and nickelocene [5] in order to 
perform an exhaustive high resolution characterization of the nanostructures, to understand and elucidate 
the Branching Mechanism that produces such Y junctions during the synthesis. The experimental 
evidence obtained by SEM, STEM, HRTEM and High Resolution EDX measurements together with full 
DFT calculations allowed to understand in full detail the Branching Mechanism, from the Driving Force 
that originates the opening of a branch until the structural detail of the final junction at the graphene 
layers level. The exhaustive High Resolution characterization revealed that the structure of the junctions 
obtained from pyrolysis of nickelocene and thiophene [5] correspond to Y junctions of cone-stacked 
carbon cylinders. 
 
[1] Romo-Herrera J., et.al. Nanoletters, 7 (3): 570-576 (2007). 
[2] Scuceria G.E. CPL, 195: 534-536 (1992). Chernozatonskii L. Phys.Lett. A 172: 177-176 (1992). 
[3] Andriotis A.N., et.al. PRL, 87 (6): 066802 (2001). Meunier V., et.al. APL 81 (27): 5234-5236 (2002). 
[4] Li W.Z., et.al. APL, 79 (12): 1879-1881 (2001). 
[5] Satishkumar B.C., et.al. APL, 77 (16): 2530-2532 (2000).Deepak F.L., et.al. CPL, 345: 5-10 (2001). 
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D54 - Single wall carbon nanotubes adsorbed with oligonucleotides disrupts 
appressorium formation in the fungus Uromyces appendiculatus 

Ary Corrêa 1, Leonardo Rodrigues 2, Edelma E. da Silva 3, Deborah P. Pinto 3, Rodrigo G. Lacerda 3, 
Oscar R. Bruña 2, Rafael E. M. P. Silva 2, Mauro M. Teixeira 2, Luis O. Ladeira 3 

1 Instituto de Ciências Biológicas – UFMG, 2 ICB/UFMG, 3 UFMG 

We describe the adsorption of oligonucleotide sequences to the surface of a single wall carbon nanotube 
by non-covalent interaction, the introduction of the oligonucleotide nanotube complex inside a fungal 
cell, and the disruption of a physiological event of the cell due to the oligonucleotide. Moreover, we 
show by Infrared spectroscopy and Atomic Force microscopy that the oligonucleotide are deposited 
around the nanotube in a ordered fashion. Infrared analyses also show that the nanotubes are able to cross 
the cell wall and cell membrane barrier and accumulate inside U. appendiculatus cells. Fungal cells are 
not phagocitic therefore, the presence of carbon nanotubes inside the cell is probably a passive 
phenomenon. The oligonucleotide sequence used is a portion of the Inf24 gene in an antisense 
configuration. The oligonucleotide sequence in sense has no effect in the cell physiology as describe 
previously (Barja et al., 1998). The treatment of U. appendiculatus cells with nanotube+antisense Inf24 
sequence results in inhibition of cell differentiation (appressorium formation). The sense +nanotubes, 
natotubes alone or oligonucleotides (sense or antisense) sequences by itself did not inhibit appressorium 
formation. The procedure can be used in the future for gene silencing in gene therapy protocols, the study 
of gene function on cells and the development of new disease control protocols. The standard procedure 
for gene disruption in U. appendiculatus is the microinjection of antisense sequences. However, this 
method is laborious and cumbersome. We believe that oligonucleotide adsorbed nanotubes are a far more 
efficient and will replace microinjection in the future as the method of choice. 

Contact e-mail: a_correa@icb.ufmg.br 
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E01 - Non-auxetic to Auxetic Transition in Carbon Nanotube Sheets 

Vitor R. Coluci 1, Lee J. Hall 2, Douglas S. Galvão 3, Mei Zhang 2, Mikhail Kozlov 2, Sócrates O. 
Dantas 4, Ray H. Baughman 2 

1 Applied Physics Department, State University of Campinas, 2 The NanoTech Institute, 
University of Texas at Dallas, Richardson, Texas, 3 Applied Physics Department, State 

University of Campinas, Campinas SP Brazil, 4 Physics Department, Universidade 
Federal de Juiz de Fora, Juiz de Fora MG, Brazil 

We report Poisson’s ratios measurements of carbon nanotubes (CNTs) sheets. The sheets were formed 
from suspensions employing ultra-sonication to disperse the CNTs into a surfactant solution of Triton X-
100 in water. The single-walled nanotubes (SWNTs) used in this study were made by the HiPco process 
while the multi-walled nanotubes (MWNTs) were grown using a CVD growth method employing iron 
catalyst and a feedstock of acetylene diluted in helium. Carbon nanotube sheets comprised of SWNTs, 
MWNTs, and six intermediate mixtures of the two types of nanotubes were formed using identical 
filtration and drying processes. We observed a negative in-plane Poisson’s ratio (a property of auxetic 
materials) of about 0.20 for 100% MWNTs sheets and a transition to positive values when SWNTs are 
mixed in MWNTs sheets. The measured thickness-direction Poisson’s ratios were 0.75 and 0.33 for as-
produced MWNT and SWNT sheets, respectively. As often observed experimentally for quite different 
materials, the negative Poisson’s ratio for the MWNT sheet appears to enable a relatively giant Poisson’s 
ratio for the orthogonal direction. A simple model is presented for the complex structure of the CNTs 
sheets. The model captures basis features of the CNTs sheets by mimicking the fiber arrangements 
through the presence of levers and void spaces as the ones observed in the random in-plane real network 
sheet. The nanotube fibers are represented by struts connected by rigid junctions. Two elastic 
mechanisms were considered: the stretching mode, associated to the elongation of the struts, and the 
hinging mode, due to the movements at the junctions due to angle changes. The analytically derived 
Poisson’s ratios from this strut/junction array qualitatively reproduce the non-auxetic to auxetic 
transition.  

Contact e-mail: coluci@ifi.unicamp.br 
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E02 - Energy barrier for extinction of buckling in carbon nanotubes 

Yoshikazu Nakayama 1, Hiroshi Somada 2, Yuya Yoshikawa 2, Atsuko Nagataki 1, Seiji Akita 2 

1 Osaka University, 2 Osaka Prefecture University 

We have investigated the process disappearing a buckling of carbon nanotubes using the current-induced 
thermal energy. The fullerene-encapsulated single wall nanotubes were used, which enables us to 
estimate an energy barrier of the process from the well-known coalescence reactions. The nanotubes were 
aligned and protruded from the edge of a Pt-coated Si substrate to prepare a nanotube cartridge. The 
nanotube cartridge and a Pt-coated Si tip were set on manipulation stages installed in a transmission 
electron microscope (TEM) with an acceleration voltage of 90 kV. The Si tip was manipulated to contact 
to a free end of a nanotube in the cartridge and push it until a buckling was formed. A voltage was 
applied to flow current through the buckled nanotube.  
The change of the nanotube with fullerenes was observed as a function of the current. The coalescence of 
fullerenes started first at 3 micro-A (for 3-nm diameter of the initial stage of the nanotube) (a) and 
proceeded to form a tube structure with increasing the current to 21 micro-A (b), the coalescence of the 
grown tubes with the original nanotube started (c) and was completed at 25 micro-A (d), the buckling 
disappeared at 23 micro-A (the voltage was same as in (d)) (e), and then the sublimation proceeded to 
reduce the diameter (f) and finally the nanotube was broken (g). In (f) the current continuously decreased 
to 15 micro-A just before the breaking even the voltage was increased.  
This sequential change of the structure is due to the increase of the temperature. From the previous 
works; coalescence of fullerenes at ~1500?K within 24 h [1], coalescence of tubes at ~1800?K within 2 h 
[2] and sublimation of nanotubes at 2500?K within 1 min [3], their barriers can be roughly estimated 
using E=kTln (vt) where v~1012 Hz and k is the Boltzman constant. Those are ~5 eV, ~5.7 eV and  
~6.9 eV, respectively. The order of these values is consistent with the experimental results and suggests 
that the barrier of the extinction of buckling is between 6 eV and 7 eV. 
 
References: 
[1] S. Bandow et al., Chem. Phys. Lett. 337. 48 (2001)  
[2] P. Nikolaev et al. Chem. Phys. Lett. 266. 422 (1997),  
[3] X. Cai et al., Thin Solid Films 464-465. 364 (2004). 
 
Acknowledgement: This work was partially supported by a Grant-in-Aid for Scientific Research from the 
Japan Society for the Promotion of Science. 

Contact e-mail: nakayama@mech.eng.osaka-u.ac.jp 
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E03 - Simultaneous Dielectrophoretic Separation and Assembly of Single-
Walled Carbon Nanotubes on Multi-Gap Nanoelectrodes and Their Thermal 

Sensing Properties 

Zhongyun Wu, Zhuo Chen, Zhongfan Liu 

Peking University 

The unique physical and chemical properties of carbon nanotubes have attracted wide interests. Single-
walled carbon nanotube (SWNT) arrays devices were indicated to potentially serve as novel thermal 
sensors with low power consumption. By using the specifically designed multigap nanoelectrodes, we 
demonstrated an effective approach for the simultaneous dielectrophoretic separation and assembly of 
metallic and semiconducting singlewalled carbon nanotubes (SWNTs). An approximate metallic-
semiconducting-metallic multiarray structure was created by an inward-propagative sequential assembly 
of SWNTs under ac electric field. Such kinds of SWNT multiarray structures exhibited ultra-low-power 
consumption and excellent thermal sensing performances with the sensitivity being dependent on the 
number of gaps: the more gaps, the higher sensitivity. The effective separation of metallic and 
semiconducting tubes in different gaps is believed to be responsible for the improved sensitivity to 
temperature. 

Contact e-mail: wuzy@pku.edu.cn 
 

E04 - Thermal Stability of Peapod-derived Double Walled Carbon 
Nanotubes 

Hiroyuki Muramatsu, Takuya Hayashi, YoongAhm Kim, Morinobu Endo 

Shinshu University 

Recently much attention was paid on double-walled carbon nanotubes (DWNT) because it is proved that 
they exhibit different physicochemical properties compared to single walled carbon nanotubes and multi-
walled carbon nanotubes, due to their coaxial morphology. Up to now, there are three ways of preparing 
DWNTs: catalytic chemical vapor deposition, thermal treatment of nano-peapod, and arc method [1-3]. 
The structural and thermal stabilities of DWNTs strongly depend on their synthetic methods. Therefore, 
it is important to evaluate thermal stabilities of both CCVD-derived and peapod-derived DWNTs 
comparatively. In this study, we investigated structural and thermal stabilities of both DWNT samples in 
detail by using Raman spectroscopy, thermal gravity analysis, scanning field emission microscopy and 
transmission electron microscopy. 
 
References 
1. M. Endo, H. Muramatsu, T. Hayashi, Y.A. Kim, M. Terrones, and M. S. Dressehaus, Nature, 433, 476 
(2005). 
2. 38. S. Bandow, M. Takizawa, K. Hirahara, M. Yudasaka and S. Iijima, Chem. Phys. Lett. 337, 48 
(2001). 
3. J.L. Hutchison, N.A. Kiselev, E.P. Krinichinaya, A.V. Krestinin, R.O. Loutfy, A.P. Morawsky, V.E. 
Muradyan, E.D. Obraztsova, J. Sloan, S.V. Terekhov and D.N. Zakharov, Carbon 39, 761 (2001). 

Contact e-mail: muramatsu@endomoribu.shinshu-u.ac.jp 
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E05 - Carbon and Inorganic Nanotubes under radial compression 

Gotthard Seifert 1, Thomas Heine 2, Milen Stefanov 2, Andrey N. Enyashin 2 

1 Technische Universitaet Dresden, 2 Technische Universität Dresden, Germany 

Theoretical investigations on the mechanical properties of nanotubes are important for their 
understanding and for the development and improvement of nanocomposites and nanodevices. This is 
especially important as there is still a large gap between practical applications, which partially resulted in 
products, and the understanding of the properties which make these nanoparticles unique.  
In the present work we investigate the behaviour of various organic and inorganic nanotubes (carbon, BN 
and MoS2) with different chiralities under uniradial compression. We employ a hybrid method using 
molecular mechanics (MM) and quantum mechanics. Two grips, parallel to the tube axis, provide the 
pressure acting through a Lennard-Jones potential. The tubes are described using approximate density-
functional theory with dispersion correction (DC-DFTB). The results show the different response of the 
nanotubes to the mechanical load, a decrease of their mechanical resistance was observed in the sequence 
C!BN!MoS2. The final structures of the squeezed carbon and BN nanotubes depend on the chirality: for 
armchair tubes the graphite-like and for zigzag tubes haeckilte-like monolayers were obtained, whereas 
MoS2 nanotubes decompose, independent on their chiralities, into two MoS2 nanostripes. 

Contact e-mail: Gotthard.Seifert@chemie.tu-dresden.de 
 

E06 - Effect of the thermal treatment on the oxidative resistance of CNTs 

Julien Amadou, Matthieu Houlle, Dominique Begin, Cuong Pham-Huu 

LMSPC -UMR 7515 du CNRS - ECPM - ULP 

The use of CNTs in various fields such as electronic, optoelectronic, reinforcement materials or catalyst 
support have received a huge scientific interest because of their outstanding physico-chemical properties. 
New developments on the low cost synthesis of these carbon nanomaterials by catalytical route allow the 
significant reduction of the cost and render these materials more accessible. However, the remaining 
problem is the oxidative resistance of these nanomaterials. Most of their foreseen applications require 
them to resist to high temperature in aggressive atmosphere conditions. Our present study reports the 
CVD synthesis of CNTs using a mixture of C2H6 and H2 on iron supported on -Al2O3 as catalyst. The 
reproducibility of the synthesis (in terms of yield, morphology and thermal resistivity) and the influence 
of the most common treatments - acidic treatment, low medium and high thermal treatments under inert 
gas - on their oxidative resistance in air have been investigated. Simultaneously, the amount of non 
carbonaceous impurities (catalyst and support) has also been quantified after each treatment. The present 
work reveals that the oxidative resistance of crude CNTs can be improved by more than 200 °C with a 
significant decrease of non carbonaceous impurities after high thermal treatment under inert gas. 

Contact e-mail: julien.amadou@ulp.u-strasbg.fr 
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E07 - Evaporation of Various Metals on Vertically-Aligned Single-Walled 
Carbon Nanotubes and Bonding Their Metal Surfaces to Bulk Metals 

Kei Ishikawa, Makoto Watanabe, Hai Duong, Junichiro Shiomi, Shigeo Maruyama 

The Univ. of Tokyo 

For prospective electronics and thermal applications of Vertically-Aligned Single-Walled Carbon 
Nanotube (VASWNT) films, electronic contact resistance and thermal boundary resistance between 
metal and the VASWNT film is extremely important.  
Aiming at obtaining low resistive contact, metal evaporation of different metals (Au, Ti, Al and Pd) onto 
VASWNT films was studied. Observations through Scanning Electron Microscopy (SEM) showed a 
clear metaldependence of the deposition layer structure on the VASWNT film, reflecting the wettability 
and cohesive energy of each metal. These characteristics also influence the structures of the metal 
penetrated through the top surface into the VASWNT film, where metal forms particles inside the 
VASWNT film except for Ti, which wets the SWNT bundles. Furthermore, annealing of the Au-
deposited VASWNT film was performed at different temperatures. As a result, the annealing was found 
to be effective to flatten the metal surface and to reduce the amount of penetrated metal particles. We also 
observed that, under certain conditions, the annealing results in peculiar morphology: rupture of the 
VASWNT films by the deposited metal.  
In addition, we have attempted to bond the Au-deposited VASWNT film to bulk metal. This was done by 
connecting the Au-deposition layer to a metal block with a bonding material in between and annealing 
the whole system in argon gas. A systematic study was carried out for different bulk materials (brass and 
copper), bonding materials (gold foil and silver wax), and annealing temperatures (600-850°C). The 
results show that the sufficiently firm connection can be achieved at around 750°C for most of the tested 
combinations of bulk and bonding materials. The bonding technique opens up the possibility for various 
electronics and thermal device application of the VASWNT film. 

Contact e-mail: kei@photon.t.u-tokyo.ac.jp 
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E08 - Alkali Metal Doping of Carbon Nanotubes in the Low-Concentration 
Regime: Non-Homogeneous Deformations and Defect States 

Luis A. Terrazos Javier 1, Rodrigo B. Capaz 2 

1 Universidade Federal de Campina Grande, 2 Universidade Federal de Rio de Janeiro 

Alkali metal doping of single-wall carbon nanotubes (SWNT) is a topic of strong interest recently. From 
analogies with graphite intercalated compounds, where it is generally assumed that each alkali metal 
atom donates one electron to an extended conduction band state of the SWNT, it is expected that extra 
electrons produce homogeneous lattice expansion and therefore downshifts of phonon frequencies. Chen 
et al. [1] performed Raman scattering studies of K-doped isolated SWNTs that showed a non-monotonic 
frequency shift of the high-frequency tangential (G) band. In this work, we explore the low-concentration 
regime of donor impurities in SWNTs. Our calculations are based in pseudopotential scheme and density 
functional theory within the local-density approximation (LDA), using the SIESTA code. We find that 
charge-induced deformations are non-homegenous and depend on the nanotube chirality.We also find 
that extra electrons are localized around the impurity, giving rise to defect states. 
 
[1] G. Chen et al., Phys. Rev. B 72, 155406 (2005). 

Contact e-mail: lterrazo@ufcg.edu.br 
 

E09 - A critical view on pressure induced phase transformations in carbon 
nanotubes as studied by Raman spectroscopy 

Alfonso San-Miguel 1, R Vienois 1, Ch. Caillier 1, D. Machon 1, Paulo T. C. Freire 2, Josue Mendes 
Filho2, Volia Lemos 2, Antonio G. Souza Filho 2 

1 University Lyon 1 and CNRS, Lyon, France, 2 Departamento de Física, Universidade 
Federal do Ceará, Fortaleza, CE, Brazil 

Recent results on the high pressure Raman scattering of bundled or individualized carbon nanotubes are 
presented. Theoretical results and experiments agree on the existence of pressure induced phase 
transitions based on the evolution of the nanotube cross sections. In particular ovalization has been 
predicted as taking place at pressures range from 1 to 3 GPa for 1.4 nm diameter tubes. Based on our 
recent results on the high pressure studies of individualized nanotubes [1] and on bundles of nanotubes 
and peapods [2] as well as the existing literature, we address a critical overview of the pressure effects on 
single wall carbon nanotubes. Two main aspects are discussed: i) the effect of the pressure transmitting 
medium [1,3] and ii) the evolution of resonant conditions with pressure. 
 
[1] Freire, P. T. C.; Lemos, V.; Lima, J. A.; Saraiva, G. D.; Pizani, P. S.; Nascimento, R. O.; Ricardo, N. 
M. P. S.; Mendes, J. & Souza, A. G., Physica Status Solidi B-basic Solid State Physics 2007, 244, 105-
109 
[2] Ch. Caillier, D. Machon, A. San-Miguel, G. Montagnac, H. Cardon, M. Kalbac, M. Zukalova and L. 
Kavan, Phys. Rev. Lett. (submitted) 
[3] A. San-Miguel, Chem. Society Reviews 2006, 35, 876 

Contact e-mail: sanmigue@lpmcn.univ-lyon1.fr 
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E10 - Structural stabilization of carbon nanostructures through nitrogen and 
boron doping 

Ana Claudia M. Carvalho, Mariza Grassi 

GDENB: Grupo de Desenvolvimento de Estruturas Nanométricas e Materiais 
Biocompatíveis - DFQ - ICE - UNIFEI 

Since their discovery in 1991, the outstanding mechanical and electronic properties of carbon nanotubes 
have been shown by many research groups. It has been theoretically predicted that carbon nanotubes 
properties depend of their diameter and chirality. Depending on the nanotube growing technique, the 
carbon branched structures and topological defects can be observed through the nanotube structure. These 
topological defects can be formed due the inclusion of five-, seven-, or eight-membered rings in the 
hexagonal network of carbon bonds. In this work it was analyzed the role played by the inclusion of 
nitrogen and boron atoms in the structural stabilization of defective regions of junctions and bends. 
Geometry optimizations were carried out through quantum chemistry calculations based on Hartree-Fock 
(AM1 and PM3 semiempirical methods) and Density Functional (B3LYP functional) theories. Results of 
theoretical studies on nitrogen substituted carbon nanojunctions showed that the nitrogen is best 
accommodated in pentagonal sites, resulting in a structural stabilization of defective regions [1-3]. 
Preliminary results on B-N pair substitution in carbon bonds network showed that there is a preferential 
distribution of the B-N pair in the defective regions. This also will result in a structural stabilization of 
BxNyCz nanostructures. 
 
[1] R. Droppa, et al, J. of Non-Cryst. Sol. 299, 874 (2002). 
[2] A.C.M. Carvalho, M. C. dos Santos, AIP Conf. Proceed., 723, 347 (2004). 
[3] A.C.M. Carvalho, M.C. dos Santos, J. Appl. Phys., 100, 084305 (2006). 

Contact e-mail: anaclaudia@unifei.edu.br 
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E11 - Carbon Nanotubes as gas sensors: a first-principles Study  

Angélica M. Oliveira, Helio Chacham, Rodrigo G. Lacerda, Mário S.C. Mazzoni 

Universidade Federal de Minas Gerais 

One promising application of carbon nanotubes is the fabrication of chemistry sensors for gas detection. 
Recently [1] it was experimentally shown that the effect of the interaction between distinct gases and the 
nanotube on the system capacitance is specific and may be used to build a capacitive sensor device. In 
this work we have applied first-principles calculations based on the Density Functional Theory (DFT) in 
order to analyze the interaction of carbon nanotubes with distinct molecules (benzene and oxygen, for 
instance) and determine the effect of the interaction on the nanotube capacitance. For each molecule we 
first determine the equilibrium geometry close to the nanotube wall, then we do calculations in distinct 
charge states to obtain the capacitance. Our results show that there is a definite relationship between the 
change of the density of states (DOS) close to the Fermi level upon interaction of the nanotube with the 
oxygen molecule and the change of the capacitance, which means that the quantum contribution to the 
capacitance may be used to sense oxygen molecules. As for the benzene, the effect on the capacitance is 
null, as well as the change in the DOS close to the Fermi level. We employ the SIESTA [2] 
implementation of the DFT formalism, which makes use of pseudopotentials and a basis set composed of 
pseudo atomic orbitals of finite range. 
 
[1] E. S. Snow et al. Science 307 1942 (2005) 
[2] J. M. Soler et al. Phys. Condens. Matt. 14 2745 (2002) 

Contact e-mail: angelica@fisica.ufmg.br 
 

E12 -  Objective Molecular Dynamics  

Traian Dumitrica, Richard James 

Univ of Minnesota 

We present a generalization of periodic molecular dynamics that we term objective molecular dynamics. 
It is a method of doing molecular dynamics for a restricted set of atoms, nonperiodically mapping the 
time-dependent displacements of this small set of atoms onto the full, typically infinite structure, such 
that the full structure satisfies exactly the full, unconstrained set of equations of molecular dynamics 
subject to certain group-invariant initial conditions. The method is applicable to a wide variety of 
interesting molecular structures including the tails, capsids and other parts of many viruses, carbon 
nanotubes, many of the common proteins, C60 and many other nanostructures now being synthesized, 
especially via the process of self-assembly. Overall, the strength of the proposed symmetry-based 
approach is that (i) it heavily reduces the computational effort through a drastic reduction in the number 
of atoms to be accounted for, (ii) it is compatible with full quantum mechanics, and (iii) the 
implementation can be done in a general framework, allowing for simulations of a larger class of 
structures. In addition (iv) the scheme is ideal for obtaining nanomechanical responses since it allows for 
applying various mechanical deformations. The method is illustrated by simulations of carbon nanotubes. 

Contact e-mail: td@me.umn.edu 
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E13 - DFT study of a possible ferromagnetism in carbon-based 
nanostructures 

Iann Gerber, Arkady V. Krasheninnikov, Adam S. Foster, Risto M. Nieminen 

Laboratory of Physics, Helsinki University of Technology 

Based on first-principles calculations of carbon-based nanostructures, the existence of a possible 
ferromagnetic coupling between magnetic adatoms is shown. Even if experimentally the question of a 
spontaneous magnetism is still under debate [1, 2], various DFT calculations have demonstrated the role 
played by non-magnetic intrinsic defects and impurities in nanotubes and graphene [3]. Recently, 
irradiation experiments have confirmed this possibility [4]. Besides, in the more general context of 
electronic transport, understanding the influence of these defects is of first importance. Here we present 
DFT studies of structural stability, electronic properties and magnetism of carbon adatoms on nanotubes 
and graphene sheets. In particular, it is shown that a ferromagnetic ordering is, in most cases, a stable 
configuration. Depending on the exchange-correlation approximations used, the energy difference 
between antiferro and ferromagnetic states can be largely enhanced. The special case of the hybrid 
functionals [5,6], which are known to provide better magnetic properties than standard functionals do, 
will also be reviewed. 
 
[1] T. L. Makarova et al., Nature, 2001, 413, 716: Retraction 2006 440, 707. 
[2] R. Höhne et P. Esquinazi, Adv. Mat., 2002, 14, 753. 
[3] O. Lehtinen et al., Phys. Rev. B, 2004, 69, 155422. 
[4] P. Esquinazi et al., Phys. Rev. Lett., 2003, 91, 227201. 
[5] J. Heyd et al., J. Chem. Phys., 2003, 118, 8207. 
[6] J. Paier et al., J. Chem. Phys., 2006, 124, 154709. 

Contact e-mail: igb@fyslab.hut.fi 
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E14 - Zero-Temperature and Elastic Weak-Localization Correction to the 
Conductance of Infinite Metallic Single Wall Carbon Nanotubes 

Mehran Bagheri 1, Afshin Namiranian 2 

1 Shahid Beheshti University, Tehran-Iran, 2 Iran University of Science and Technology 

Using a pi-orbital tight-binding (TB) model within a perturbative formalism, the effects of substitutional 
impurities on the conductance of infinite metallic single-wall carbon nanotubes (MSWCNTs) are studied. 
The perturbative scheme is based on the energy dissipation of electrons travelling through the nanotube. 
A general expression for the differential conductance (DC) is presented, and scattering processes are 
investigated. It is demonstrated how the DC depends sensitively on the nature of the electronic band 
structure and velocity of carriers moving in the nanotube.We have shown that the quantum interference 
(QI) of electronic waves scattered by impurities plays a meaningful role. In particular, for the case of a 
couple of impurities the DC exhibits periodic oscillations comprising both positive and negative values. 
The negative differential conductance (NDC) stemming from the QI and rotational symmetry selection 
rule is very sensitive to the relative distance and symmetry of two impurities. This signature is absent for 
the case of a single impurity. In fact, the NDC can be attributed to the zero-temperature/elastic weak-
localization correction to the conductance. As a result, the faster/higher and slower/shorter oscillations 
can then effectively be achieved by metallic zigzag and armchair nanotubes, respectively [1]. 
 
[1] J. Phys.: Condens. Matter 19 (2007) 096207 (19pp) 

Contact e-mail: mh-bagheri@cc.sbu.ac.ir 
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E15 - Aharonov-Bohm conductance modulation in Ballistic Carbon 
Nanotubes 

Jean-Marc Broto 1, Benjamin Lassagne 2, Bertrand Raquet 3, Walter Escoffier 3, Sebastien Nanot 3, Remi 
Avriller 4, Stefan Roche 4, Laszlo Forro 5 

1 University Toulouse 3, 2 CNM-CSIC, 3 LNCMP, 4 DSM/DRFMC/SPSMS/GT, 5 EPFL 

When a magnetic field is applied parallel to the axis of mesoscopic rings or cylinders, the phase of the 
wave functions for each of the ring’s arms are out of phase one to each other which in turns modulates 
the electronic transmission coefficients of the system. This quantum phenomenon, referred as the 
Aharonov-Bohm effect, is responsible for Phi_0=h/e periodic oscillations of the conductance. In this 
context, systems of particular interest are ballistic carbon nanotubes (CNT) since they can be viewed as 
mesoscopic cylinders made from concentric rolled graphene sheets. The so-called Aharonov-Bohm effect 
is expected to drastically alter the allowed k-vectors along the circumference of the nanotubes resulting 
in a periodic energy gap modulation. We report on magnetoconductance experiments in ballistic 
multiwalled carbon nanotubes threaded by magnetic fields as large as 60 Tesla [1]. In the high 
temperature regime (100K), giant quantum flux modulations of the conductance, mediated by 
electrostatic gating, are unveiled. Evidence is given for an unambiguous manifestation of the Aharonov-
Bohm modulation of the electronic band structure. We infer an energy gap opening for the external shell 
from a simple tight binding calculation. A quantitative interpretation of experimental data is achieved by 
computing the electronic transmission properties within the Landauer/Büttiker theoretical framework and 
assuming a field dependent band bending profile at the nonatube/metal interface.  
[1] B. Lassagne & al., accepted for publication in Phys. Rev. Lett. 
Contact e-mail: broto@lncmp.org 
 

E16 - Ultra-Large Scale Directed Assembly of Single-Walled Carbon 
Nanotube Devices 

Aravind Vijayaraghavan, Sabine Blatt, Matti Oron-Car, Frank Hennrich, Horst Hahn, Ralph Krupke 

Forschungszentrum Karlsruhe 

We present the ultra-large scale assembly of individually addressable carbon nanotube devices, by 
dielectrophoretic deposition, where the nanotubes are self-limited to one per device. We establish that the 
accepted mechanism for single-nanotube self-assembly is incorrect due to the unique metal-nanotube 
contact properties. Instead, we propose, using experiments and numerical simulations, an alternate 
mechanism to explain this observed self-limiting behavior. We also demonstrate that using capacitively-
coupled electrodes for dielectrophoretic deposition introduces the element of scalability in our deposition 
scheme, allowing us to increase the electrode array density, while maintaining the ability to electrically 
address each device individually. Combining these two advances, we demonstrate the fabrication and 
characterization of a high-density array of individually-contacted single-walled carbon nanotube devices. 
We achieve densities of more than 1 million devices per cm2, which is at least three orders of magnitude 
higher then what has been possible before with carbon nanotube devices, and comparable to the current 
integration density in microelectronics, namely, ‘ultra-large scale integration’. The results are significant 
in that they provide a one-step process to fabricate a large-density of independent single-nanotube 
electronic devices, which has been one of the biggest hurdles in the advancement of carbonnanotube 
based electronics. 
Contact e-mail: v.aravind@int.fzk.de 
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E17 - Improvement Of Contacts Formed Bewteen Carbon Nanotubes And 
Metal Electrodes By Dielectrophoresis 

Jorge A. León, Mario A.B. Moraes, Alexander Flaker, Alfredo R. Vaz, Carla Veríssimo, Stanislav 
Moshkalev 

Universidade Estadual de Campinas 

Due to exceptional combination of electrical, mechanical, optical and other properties, carbon nanotubes 
(CNTs) are considered as building blocks for future nanoelelctronics and NEMS (nano-electromechanical 
systems) [1]. In order to realize high potential of this nanomaterial in nanodevices, it is necessary to 
develop methods of controlled deposition between pre-fabricated micro- or nanoelectrodes [2]. Here, a 
method of AC dielectrophoresis using aquous solutions of CNTs with SDS as a surfactant was applied to 
align and deposit individual multi-wall nanotubes (or bundles of single-wall nanotubes) between pre-
fabricated metal (Au, Pd) electrodes with a micron scale separation [3]. Due to poor contact quality, the 
two-terminal resistances for as-deposited nanotubes were measured to vary widely, between dozens of 
kΩ to a few M, depending on the metal and the deposition conditions. No clear correlation was observed 
between the nanotube length and the resistance. Poorer contacts were observed for Au electrodes. For 
improvement of nanotube-electrode contacts, metal (Pd and Ni) electroless process was used. Significant 
improvement of 2 terminals resistances was demonstrated, especially after samples annealing at  
150-300 °C. Besides the conventional annealing, dynamic annealing was observed while varying 
potential was applied between electrodes. Under these conditions, linear I-V dependence was measured 
indicating that contact resistance was improving as current through the contact areas was increasing. 
Further, using ion beam deposited Pt contacts, 4 terminals measurements have been performed to 
evaluate precisely the intrinsic nanotube resistances. The values between 30 and 130 kΩ/µm were 
obtained for nanotubes with diameters in the range from 40 to 15 nm, respectively. The contact resistance 
between multi-wall nanotube and metal (Pd, Ni) electrodes were evaluated to be as low as 15-20 kΩ. 
 
[1] P. Avouris, J. Appenzeller, R. Martel, S.J. Wind, Proc. IEEE 91, 1772 (2003). 
[2] R. Krupke and F. Hennrich, Advanced Engineering Materials, 7(3), 111, (2005). 
[3] Z. B. Zhang, X.J. Liu, E.E.B. Campbell, S. Li. Zhang, J. Appl. Phys. 98, 056103 (2005). 

Contact e-mail: jleoner@ifi.unicamp.br 
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E18 - Low frequency 1/f noise of Single Walled Carbon Nanotube network 
transistors. 

Un Jeong Kim 1, Eun Ju Bae 2, Yo-Sep Min 2, Keewon Kim 2, Kang Hyun Kim 3, Kyu Tae Kim 3, Wanjun 
Park 4 

1 Samsung Advanced Institute of Technology, 2Semiconductor Devices & Materials Lab., 
Samsung Advanced Institute of Technology, Yongin 449-712, Sourth Korea,  

3Department of Electrical Engineering, Korea University, South Korea,               
4Department of Electronics and Computer Engineering, Hanyang University, South Korea 

The low frequency 1/f noise is studied with single walled carbon nanotube(SWNT) network field effect 
transistors. In spite of geometrical complexity of nanotube networks in the channel area, large number of 
tube-tube/tubemetal junctions and scattering centers due to adsorbed gases on the tube wall, the noise 
power shows about the same level with the single-SWNT transistors. Detailed analysis is performed in 
the point of number of mobile carriers and mobility by the different environment (i.e. ambient air and 
vacuum) during the measurement. This shows that change in the number of mobile carriers is more 
dominant factor to the 1/f noise level for CNT-network transistors. 

Contact e-mail: ujjane.kim@samsung.com 
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E19 - Nanotube based microelectronics interconnections 

Jean-Christophe Coiffic 1, Murielle Fayolle 2, Helene Le Poche 3, Sylvain Maitrejean 2, Maurice Rivoire4, 
Olivier Louveau 4, Pascal Faucherand 3, Michel Levis 3, Frederic Gaillard 3, Gerard Passemard 4 

1 CEA Grenoble, 2 CEA-LETI, MINATEC, 17 rue des Martyrs, 38054 Grenoble Cedex 9, 
France, 3 CEA-LITEN, 17 rue des Martyrs, 38054 Grenoble Cedex 9, France, 

4STMicroelectronics, 850 rue Jean Monnet, 38926 Crolles Cedex, France 

Many applications are expected to take advantage of the outstanding properties of carbon nanotubes. 
Amongst extreme heat removal efficiency, enhanced composite strength or high surface capacities for 
batteries, carbon nanotubes are increasingly expected to be used in fluidic membranes and even more 
challenging is their applications as electronic transport wires in nanoelectronics industry. Our work is 
focused on integrating carbon nanotubes into microelectronic chips in order to build electronic pathways 
for future technological nodes dictated by the famous Moore’s law. Interconnections are most critical 
features for increasing performance. Smaller vertical interconnects (called vias) to be achieved are about 
30nm wide. In these conditions, carbon nanotubes therefore appear ideal for their high conductivity at 
this range. Our goal is to be industrially compatible meaning that all processes have to be achieved on at 
least 200mm Silicon wafers respecting limited thermal budgets.  
The main issues are catalyst localization at the bottom of the vertical via openings, growth on copper 
lower electrodes, which means engineering steps to find proper diffusion barriers, and global low 
temperature achievement.  
Two new integration schemes that counteract these issues will be presented. In these approaches, the 
catalyst localization is obtained without additional photolithography steps and interaction between 
etching plasma and catalyst. Moreover, the developed processes are compatible with microelectronics 
baseline. CVD growth on copper substrates is studied and a highly conductive Cu diffusion barrier is 
therefore required. We demonstrate an AlNi 10nm stack allowing CVD nanotube growth.  
Finally, 140nm wide nanotube vias interconnects arrays obtained at 520°C using industrial reactors are 
exhibited. Nanotube density in each interconnection is equivalent to 5 x 1010/cm2 with densely packed 
nanotubes around 10nm in diameter. First electrical tests performed on 300nm via holes show resistances 
about 80 Ω. 

Contact e-mail: jean-christophe.coiffic@cea.fr 
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E20 - Diffusion of Fe in aligned multi-walled carbon nanotubes by high-
temperature treatment 

Fei Wei, Yan Ping Liu, Qiang Zhang, Yao Wang 

Beijing Key laboratory of Green Reaction Engineering and Technology,Tsinghua 
University, Beijing, 100084, P.R. China 

Residual catalysts can be effectively removed from the multi-walled carbon nanotubes by high-
temperature treatment. To understand the purification process clearly, aligned multi-walled carbon 
nanotubes (AMWNTs) with different length were heated in vacuum environment, and the escaping rate 
of Fe catalyst was analyzed. The rate of Fe removing in AMWNTs decreases with increasing the length 
of AMWNTs, which indicates that the residual catalyst, mainly Fe, is evaporated and diffused mainly 
along the axial direction. The diffusion coefficient of the Fe calculated from the experimental result is 
5*10-6 cm2/s, which is smaller than that of the theoretical calculation of the single-walled carbon 
nanotubes reported. The main reason of the low value of the diffusion coefficient is due to the presence 
of the curved graphene caps in the channel of AMWNTs.  

Contact e-mail: weifei@flotu.org 
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E21 - Through wafer via filling with carbon nanotubes, integration for 
packaging applications 

Sebastien K. Kouassi 1,3, Emmanuelle Rouvière 2, N. Benchikh 1, M. Roy 3, P. Pantigny 2, C. Boulmer-
Leborgne 1 

1 GREMI Laboratory, Orleans University, France 2 CEA/DRT/LITEN/DTNM/Hybrid 
Components Laboratory, Grenoble, France 3 STMicroelectronics, Tours, France 

Carbon nanotubes promise great applications in many industrial fields including microelectronics, 
especially for thermal management and electrical conduction. It has been shown that Carbon Nanotubes 
are good candidates for device packaging improvement [1]. The aim of this work is to evaluate the 
feasibility of a 50 µm wide and at least 150 µm deep through wafer via filled with long multiwall carbon 
nanotubes. Dissociation of silicon substrate and carbon nanotubes electrical conduction contributions 
need to be achieved. Thus, an isolating barrier layer has to be deposited on the wafer to separate the 
different contributions. In the first part of the project, we studied different possibility to produce this 
barrier (silicon oxide SiO2 or silicon nitride Si3N4 and its impact on carbon nanotubes growth on silicon 
wafers. The second part of the project deals with integration questions and feasibility for the final 
structure; difficulties to overcome will be discussed. This device is devoted to thermal and electrical tests. 
This work is sponsored by the French National Research Agency (ANR). 
 
References  
[1] K. Kordas, G. Toth, P. Moilanen, M. Kumpumaki, J. Vahakangas, A. Uusimaki, R. Vajtai, and P. M. 
Ajayan. Chip cooling with integrated carbon nanotube microfin architectures. Appl. Phys. Lett., 
90(12):123105- 3, March 2007.  

Contact e-mail: sebastien.kouassi@univ-orleans.fr 
 

E22 - Modelling the effect of randomly dispersed doping agents incarbon 
nanotubes 

Claudia G. Rocha 1, Andrew Wall 1, Alex R. Rocha 2, Mauro S. Ferreira 1 

1 Trinity College of Dublin, 2 Universidade de São Paulo 

Theoretical studies of how the electronic properties of carbon nanotubes are affected by one isolated 
doping agent are commonly done by ab-initio electronic structure calculations. Although these 
calculations are essential to understand how the system responds to doping, they are by no means 
sufficient, since, in reality, a large disordered array of doping agents must be considered. It is then 
necessary to combine ab-initio techniques with less-computationally-demanding methods if one wishes to 
describe the real effect of doping on the electronic properties of nanotubes. Here we propose a method 
that makes use of ab-initio results for single impurities as an input to generate the parameters of the less-
demanding tight-binding technique. It is based on suitable sum rules for the Green functions of the 
impurity-free nanotubes and does not rely on band-structure fitting. The resulting parametrization allows 
us to describe disordered systems without missing the important contributions due to charge transfer and 
screening. The method is illustrated with hydrogen atoms adsorbed to a nanotube, for which the transport 
properties are subsequently investigated. 

Contact e-mail: gomesdac@tcd.ie 
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E23 - Torsional Electromechanics of Carbon Nanotubes 

Ernesto Joselevich, Tzahi Cohen-Karni, Lior Segev, Onit Srur-Lavi, Kavoori S. Nagapriya, Sidney 
R. Cohen 

Weizmann Institute of Science, Israel 

Carbon nanotubes are known to be distinctly metallic or semiconducting depending on their diameter and 
chirality. Here we show that continuously varying the chirality by mechanical torsion can induce 
conductance oscillations, which can be attributed to metal-semiconductor periodic transitions. The 
phenomenon is observed in multi-walled carbon nanotubes, where both the torque and the current are 
shown to be carried predominantly by the outermost wall. The oscillation period with torsion is 
consistent with the theoretical shifting of the corners of the first Brillouin zone of graphene across 
different subbands allowed in the nanotube. Beyond a critical torsion, the conductance irreversibly drops 
due to torsional failure, allowing us to determine the torsional strength of carbon nanotubes. Our 
experiments indicate that carbon nanotubes could be used as self-sensing torsional springs for 
nanoelectromechanical systems (NEMS). 
 
[1] T. Cohen-Karni, L. Segev, O. Srur-Lavi, S. R. Cohen, E. Joselevich, ’Torsional electromechanical 
quantum oscillations in carbon nanotubes’, Nature Nanotechnology , 2006 , 1 , 36. 
[2] E. Joselevich, ’Twisting Nanotubes: From Torsion to Chirality’, ChemPhysChem 2006 , 7 , 1405. 

Contact e-mail: ernesto.joselevich@weizmann.ac.il 



 

 215

Contributed presentations - Thursday, June 28 

E24 - Quantum transport in “real“ carbon nanotubes 

Zeila Zanolli, Jean-Christophe Charlier 

Université Catholique de Louvain, Unité PCPM 

Carbon Nanotubes (CNTs) are constantly attracting the interest of researchers because they offer the 
opportunity of investigating fundamental physical properties at the nanoscale and being exploited as 
building blocks for nanoelectronic devices. Among the different possible applications of CNTs, the 
present work focuses on their use as nanosensors for gas detection thanks to the change in conductance of 
the nanodevice in presence of the gas to be detected. To reach this goal, the structural, electronic and 
transport properties of CNTs have been investigated for perfect tubes, tubes containing defects such as 
vacancy, di-vacancy, oxigenated vacancy, and tubes decorated with metal clusters.  
Due to the “nano“ size of the systems under investigation, atomistic simulations become necessary for an 
accurate modelling of their structural, electronic, and transport properties. Indeed, effective bulk 
parameters cannot be used for the description of the electronic states since interfacial properties play a 
crucial role and semiclassical methods for transport calculations are not suitable at the typical scales 
where the device behavior is characterized by coherent tunnelling. Consequently, quantum-mechanical 
computations with atomic resolution can be achieved using localized basis sets for the description of the 
system Hamiltonian and can predict electronic and transport properties of nanostructures.  
In the present work, the structural and electronic properties of CNTs are obtained via the ab initio method 
as implemented in the SIESTA code, i.e. the calculations are based on density functional theory (DFT), 
using norm-conserving pseudopotentials (Troullier-Martin) and atomic orbitals basis set. The quantum 
conductance of the system is achieved from electronic transport calculations performed with the 
SMEAGOL code. The latter is based on the non-equilibrium Green’s function (NEGF) formalism and 
uses the one-particle Hamiltonian obtained from the DFT calculations. Such approach, which combines 
NEGF and DFT, allows us to model real systems constituted by hundreds of atoms to a high degree of 
accuracy. 
 
This work is financially supported by the European Community’s project “Nano2Hybrids“ (EC-STREP-
033311). 
Contact e-mail: zanolli@pcpm.ucl.ac.be 
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E25 - Studies of electronic transport properties in topgated MWNTs 

Jaakko H. Leppäniemi, Asaf Avnon, Andreas Johansson, Markus Ahlskog 

University of Jyväskylä, Nanoscience Center 

There has been a vast amount of studies of electronic properties in single wall carbon nanotubes 
(SWNTs) and also multiwalled carbon nanotubes (MWNTs), but the area between large diameter 
MWNTs and SWNTs is not yet well mapped. Probing electronic properties of thin MWNTs can give 
insight to interesting phenomena like the interlayer conduction in carbon nanotubes. We fabricated 
devices with intermediate size MWNTs on a heavily doped Si-wafer, which was thermally oxidated and 
could then be used as a backgate. Some of the samples were fabricated with an additional local topgate 
which could be tuned separately from the backgate. We studied the effect of having separately adressable 
topgate and backgate on the conductance of the tubes. Measurements were done at temperatures ranging 
from room temperature to liquid helium temperature. Special attention was given to conductance in the 
gap region of the MWNTs. Also we observed a hysteresis in the gate depedence of the conductance at 
room temperature, which was gradually getting smaller with decreasing temperature. The hysteresis 
could be of interest for future memory applications. 
Contact e-mail: jahelepp@cc.jyu.fi 
 

E26 - Transport properties of nanotube-based sensors: a general approach 

Mauro S. Ferreira1, Claudia G. Rocha 2, Andrew Wall 2 

1 School of Physics, 2 School of Physics, Trinity College Dublin, Ireland 

One remarkable characteristic of nanotubes is that their conductance may be strongly affected by the 
interaction with impurities, enabling them to be used as efficient nanoscopic sensors. From the theoretical 
point of view,  the study of how a nanotube responds to the presence of a foreign object is usually carried 
out in two separate stages: one that addresses the conditions under which a single object adheres to the 
nanotube (often by ab-initio techniques), and another that investigates the subsequent effect that this 
interaction brings to the transport properties of the quantum device (usually by semi-empirical methods). 
These two stages are often performed separately, disconnectedly and with a reduced degree of 
transparency due to the heavy numerical calculations involved. Here we make use of a method that 
integrates both stages of the calculation by deriving a simple and transparent way of obtaining the change 
in the electronic density of states due to the interaction between tube and foreign object. This quantity is 
shown to be directly associated with both the binding energy and the charge transfer between the parts, 
establishing a link between these two latter measurable quantities. The method is sufficiently general and 
capable of treating different types of objects. Results are illustrated with atomic impurities adsorbed to 
the walls of a nanotube. We argue that this method can be used to provide general guidelines on the 
absorption process, including the ideal combination of tube and foreign object required to produce 
significant changes in the conductance of a sensor. 

Contact e-mail: ferreirm@tcd.ie 



 

 217

Contributed presentations - Thursday, June 28 

E27 - Electrical characterization of a field-effect transistor based on a 
random network of single-wall carbon nanotubes 

Juliana C. Brant 1, Flávio Plentz 1, Elmo S. Alves 1, Un Jeong Kim 2, Eun Ju Bae 2, Yo-Sep Min 2, 
Wanjun Park 2 

1 Departamento de Física, ICEX, UFMG, Caixa Postal 702, Belo Horizonte, MG, Brazil,  
2 Materials and Devices Research Center, Samsung Advanced Institute of Technology, 

Yongin 449-712, Korea 

In this work, we report on the fabrication and performance of field-effect transistors (FET) based on 
random networks of single-wall carbon nanotubes and their electrical transport properties. The network 
of nanotubes is located on the top of a Si/SiO2 substrate and bridges the gap between two Ti/Au 
electrodes. An electrical contact is made to the doped silicon substrate that acts as a back gate. We have 
measured the current-voltage characteristics and the transconductance of the devices at different 
temperatures and with and applied magnetic field. The behavior of nanotubes network is similar to that of 
a p-type MOSFET. Immediately after biasing the gate, we observe a decrease of the source to drain 
current with time. This is tentatively assigned to a charging effect on the contacts between the metal and 
the bundle of nanotubes. At low temperatures we also observe a change in the drain source current versus 
drain source voltage - Ids x Vds curves - with a large decrease in the conductance at low (< 0.1 V) Vds 
and a turning on effect at larger (> 0.2 V) Vds. This behavior also depends on the gate voltage with a 
large suppression of current for lower gate voltages. 

Contact e-mail: jcbrant@fisica.ufmg.br 
 

E28 - Electronic and transport properties of phosphorus and nitrogen-
phosphorus doped carbon nanotubes 

Eduardo Cruz-Silva 1, Bobby G. Sumpter 2, Florentino Lopez-Urias 1, Humberto Terrones 1, Vincent 
Meunier 2, Mauricio Terrones 1 

1 Advanced Materials Department, IPICyT, 2 ORNL - USA 

Carbon nanotubes have been an important subject of research for several years due to their mechanical 
and electronic properties, which makes them suitable in a wide range of applications, varying from 
reinforcement on composite materials to components in electronic circuits. Recent experimental work has 
shown that during the growth stage, carbon nanotubes can be doped with phosphorus, which can behave 
as an electron donor. In this work, we explore the electronic structure of phosphorus and nitrogen-
phosphorus doped carbon nanotubes using density functional theory within the local spin density 
approximation (DFT-LSDA). The stability of the proposed structures is studied by molecular dynamics 
simulations. The electronic transport properties of these structures are also studied. Phosphorus doped 
nanotubes could lead to new applications as chemical sensors based on the reactivity of the doping atoms. 

Contact e-mail: ecruz@ipicyt.edu.mx 
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E29 - Electronic and Transport Properties of Carbon Nanotube Double 
Quantum Dots 

Luis E. Rosales 1, Claudia G. Rocha 2, Andrea B. Latgé 3, Zdenka Barticevic 1, Monica Pacheco 1 

1 Departamento de Física, Universidad Técnica Federico Santa María, Casilla postal 110 
V, Valparaíso, Chile, 2 Physics Institute, Trinity College, Ireland, 3 Instituto de Física, 

Universidade Federal Fluminense, Niteroí RJ, Brasil 

The electronic and transport properties of carbon nanotube double quantum dots has been studied over 
the last years [1]. Recent experimental studies have shown that it is possible to modify locally a small 
segment of a SWCNT applying a gate voltage over the tube. By placing several of such local gate 
voltages on the SWCNT, a double quantum dot can be constructed which shows a tunable inter-dot 
coupling [2]. From the theoretical point of view, a double quantum dot can be model by joining several 
segment of different SWCNT using pentagonheptagon defects [3] or by simulating the confinement made 
by the gate potentials in specific regions of a pristine SWCNT.  
In this work we show a theoretical study of the electronic and transport properties of carbon nanotube 
double quantum dots formed by zigzag nanotubes with different electronic behavior. The systems are 
described using a single band tight binding Hamiltonian. The electronic conductance and the density of 
states of the systems are calculated within the Green function formalism based in real-space 
renormalization techniques [4, 5]. The current curves are calculated using the Keldysh formalism [6]. 
Symmetry effects and gate voltages applied on the dots are investigated. 
 
[1] M. R. Gräber et al, Phys. Rev. B 74, 075427 (2006); M.R. Gräber et al, cond-mat. 0605220-v1, 
(2006); S. Sapmaz et al, cond-mat 0602424 (2006); H.I Jongensen et al, Appl. Phys. Lett 89, 232113 
(2006) 
[2] N. Manson et al, Science 303, 655 (2004); M.J. Biercuk et al, Nano Lett. 5, 1267 (2005) 
[3] L. Chico, et al Phys. Rev. B 54, 2600 (1996). C. G. Rocha, A. Latgn’e, and L. Chico, Phys. Rev. B 
72, 085419 (2005). 
[4] M. Nardelli, Phys. Rev B 60, 7828 (1999) 
[5] C. G. Rocha, A. Latgé, and L. Chico, Phys. Rev. B 72, 085419 (2005). L. Rosales, C. G. Rocha, A. 
Latgé, Z. Barticevic and M. Pacheco, Phys. Rev. B 75, 165401 (2007). 
[6] L. V. Keldysh, Soviet Physics JETP 20, 1019 (1965). 
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E30 - Quantum Transport in Carbon Nanotubes : Role of Electron-Phonon 
coupling and chemical doping 

Stephan Roche, Rémi Avriller, Luis EF Foa-Torres  

Commissariat à l’Energie Atomique 

In this contribution we analyze the role of (i) chemical doping and (ii) electron-phonon coupling, on 
quantum transport in carbon nanotubes. In the first part, the different quantum transport phenomena in 
chemically doped carbon nanotubes is presented [1], exploring for the first time the transition from weak 
to strong localization regime at a quantitative level. The extraction of transport length scales such as 
elastic mean free path and localization lengths are performed by using both the Kubo and the Landauer-
Buettiker transport formalisms, and the Thouless relationship between both quantity is well satisfied.  
In the second part, we focus on the effects of electron-(optic)phonon interaction on transport through 
carbon nanotubes. A novel inelastic backscattering mechanism which suggests a different scenario in the 
high bias regime is presented. This many-body mechanism [2], which can be seen as the removal of 
degeneracies in the electronphonon Fock space, is fully activated when driving the system out of 
equilibrium, and is theoretically unravelled by means of a theoretical treatment beyond the commonly 
used mean field approach.  
Specifically, we consider the case of a longitudinal optical phonon mode in metallic zig-zag and armchair 
carbon nanotubes. By using a full quantum description of the joined processes of tunneling and phonon-
assisted transport, the interaction between electrons and optical A1(L) phonons is shown to result in 
nonequilibrium energygaps opening at half the phonon energy above (below) the charge neutrality point, 
owing to phonon emission (absorption) [2]. As a result, an onset of current saturation develops as soon as 
incoming electrons in the nanotube gain sufficient kinetic energy to explore the electron-phonon Fock 
space. The case of semiconducting nanotubes is further developed. It is shown that similar inelastic 
backscattering phenomena take place, but become strongly diameter-dependent [3]. 
 
[1] R. Avriller, S. Latil, F. Triozon, X. Blase and S. Roche, Phys. Rev. B 74, 121406R (2006). 
[2] L. E. F. Foa Torres and S. Roche, Phys. Rev. Lett. 97 (2006) 076804; Appl. Phys. A: Mater. Sci. 
Process. 86, 283 (2007); see also S. Roche, J. Jiang, L.E.F. Foa-Torres, R. Saito, J. Phys. Condens. 
Matter 19, 183203 (2007). 
[3] L. E. F. Foa Torres and S. Roche, Phys. Rev. B. 75, 153402 (2007). 
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E31 - Field emission as a sensitive probe of nanotube geometry 

Kenneth Jensen, Alex Zettl 

U.C. Berkeley 

Many potential applications of single, isolated carbon nanotubes depend on a precise knowledge of their 
geometry, such as their length. While such knowledge may be obtained with electron microscopes or 
scanning probe techniques, an all-electrical method would be preferred for applications. Here, we 
demonstrate the use of field emission of electrons from the tip of an individual cantilevered carbon 
nanotube as a sensitive and practical means of measuring various properties of the nanotube’s geometry. 

Contact e-mail: argon@berkeley.edu 
 

E32 - Electron field emission for a cylindrical emitter of single carbon 
nanotube 

Chang-Duk Kim 1, Youn Ju Lee 2, Young-Jin Kim 2, Hyun-Woo Ryu 2, Eui Wan Lee 2, Hyeong-
Rag Lee2 

1 Kyungpook National University, 2 Kyoungpook National University 

We investigated the results of experimental and theoretical methods on the property of the enhancement 
factor from a cylindrical emitting surface. For the calculation of the tunneling probability, we used the 
Simpson integral formula in C programming language. And we get the equation of tunneling current 
density. The graph of I /V2 vs I / V of our result is not linear. These results are nearly coincident with our 
experimental observation. 

Contact e-mail: duks@nptl.knu.ac.kr 
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E33 - Alignment Behavior of Magnetic Particle-SWNT hybrids and Their 
Emission Characteristics 

Sangcheon Youn 1, Jong-il Lee 1, Young Koan Ko 1, Dae-Hwan Jung 1, Hee-Tae Jung 1, Yong Wan Jin 2, 
Jong Min Kim 2 

1 Korea Advanced Institute of Science & Technology, 2 Samsung Advanced Institute of 
Technology 

Carbon nanotubes (CNTs) have attracted considerable attentions to their potential applications in the 
emission materials, because of their high aspect ratio, high emission current density and chemical 
stability. [1] For such applications, it requires that CNTs be aligned over large-scale, and have long-time 
stability. Here, we investigate the effect of alignment and emission properties of a magnetic particle 
attached - CNTs (MP-CNTs), in which the magnetic nanoparticles were constructed via thermal 
decomposition in high boiling solvent by metal chloride and sodium oleate. [2] The nanoparticles were 
attached to the CNT surface during thermal reaction process. We show that the monodisperse magnetic 
particles are successfully attached to the surface of CNTs. Effect of the magnetic fields on the alignment 
of the MP-CNTs was investigated, showing that the MP-CNTs align perpendicular to the device surface. 
However, the magnetic particles on the CNT surfaces do not strongly affect their field emission 
properties. We also discuss the alignment behavior of the MP-CNTs incorporated into amorphous 
polymers. 
 
[1] W. B. Choi et al., Applied physics letters, 75(20), 3129-3131, 1999 [2] J. N. Park et al., Nature 
Materials, 3, 891-895, 2004 

Contact e-mail: sangcheon@kaist.ac.kr 
 

E34 - Electronic Structure and Field Emission Properties of Double-Walled 
Carbon Nanotubes 

Dong Hoon Shin 1, Byeongchul Ha 2, Jeunghee Park3, Cheol Jin Lee 1 

1 School of Electrical Engineering, Korea University, 2 Department of Nano Science, 
Cheongju University, 3 Department of Chemistry, Korea University 

We have synthesized high-purity double-walled carbon nanotubes (DWCNTs) using an arc-discharge 
method in hydrogen ambient. Fe catalyst and FeS promoter were used to synthesize the DWCNTs. It was 
possible to grow SWCNTs or DWCNTs selectively according to concentration of FeS promoter. The FeS 
promoter played a key role for the controlled growth of the DWCNTs. In this work, we studied the 
relationship between the field emission properties and electronic structures of DWCNTs. The DWCNTs 
showed low turn-on voltage of 3.0 V/µm at the current density of 0.1 µA/cm2, and the high emission-
current density of 3.5 mA/cm2 at the applied field of 6.0 V/µm. We observed that DWCNTs have larger 
density of states in the binding energy region between 3.88 and 13.23 eV below Fermi energy, presenting 
that DWCNTs have delocalized graphite σ and σ/π electrons. The high emission current densities of 
DWCNTs are attributed to all the emitted delocalized graphite σ and σ/π state electrons of DWCNTs. 

Contact e-mail: cjlee@korea.ac.kr 
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E35 - Field Emission Characteristics of MWNT tip and FIB modified tip 

Yeo-Hwan Yoon, Jin-Won Song, Chang-Soo Han 

Korea Institute of Machinary and Materials 

Composite AC-DC dielectrophoresis (DEP) is used to assemble arrays of individual multi-walled 
nanotube (MWNT) onto a silicon tip for atomic force microscopy (AFM) and modified for the 
fabrication of the needed experimental device using by focused ion beam (FIB). The tips made by DEP 
as well as modified by FIB are evaluated their emission performance from the field emission experiment 
in high vacuum and compared for each other. Both tips had excellent field emission properties as well as 
large current density compared with previously reported results.We investigated why FIB-modified tip 
had different field emission property. Consequently, it was found that both tip would be applicable as a 
single electron source. 

Contact e-mail: yhyoon@kimm.re.kr 
 

E36 - Synthesis and field emission properties of carbon nanotubes on anodic 
aluminum oxide template 

Yong Sook Shin 1, Woo Seok Song 1, Jun Yong Hong 1, Seung Youb Lee 1, Dong Heon Ryu 1, Min 
Hyung Yum 1, Won Chel Choi 1, Chong-Yun Park 1, Ji Hoon Yang 2, Myeung Hoi Kwon 3 

1 Sungkyunkwan University, 2 Research Institute of Industrial Science & Technology,  
3 University of Incheon 

Well-aligned crystalline carbon nanotubes (CNTs) were synthesized on anodic aluminum oxide (AAO) 
template using thermal chemical vapor deposition (TCVD). The AAO template was fabricated using two-
step anodization process, and catalyst metal was electrochemically deposited inside the vast majority of 
pores on the AAO template. Additional pore widening and catalyst reduction were performed to separate 
the catalytic actions of the pore wall and catalysts. The enhancement of the catalytic reaction between 
C2H2 and the catalyst particles results in CNTs with good crystallinity and a high packing density without 
the deposition of amorphous carbon on the pore surface of the AAO template. The diameter and density 
of the CNTs were approximately 50 nm and 7 x 109 CNTs/cm2 (70 % of pore density), respectively. The 
morphology, crystal structure, and density for the CNTs synthesized on AAO template were 
characterized by FESEM, Raman, and HRTEM. When the threshold voltage of the electron emission was 
measured with a gap of 300 µm, it showed a very low turn-on field of 0.87 V/µm and the field 
enhancement factor of about 5600. 

Contact e-mail: bohr@skku.edu 
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E37 - Combined Transistor and Field Emission Action From Single Walled 
Carbon Nanotubes 

Yang Yang 1, Aun Shih Teh 1, Emrah Unalan 1, Yan Zhang 1, Tim Butler 1, Nalin Rupesinghe 1, David 
Hasko 2, Gehan Amaratunga 1 

1 Electrical Engineering Division, Engineering Department, University of Cambridge, 
2Microelectronics Research Centre, Cavendish Laboratory and Nanoscience Centre, 

University of Cambridge 

Lateral in plane field emission - field effect transistors (FE-FET) using Single walled Carbon Nanotubes 
(SWCNTs) are reported. In-situ growth of single-walled carbon nanotubes oriented in plane from catalyst 
islands defined by e-beam lithography on an SOI substrate form the base structure. Further masking and 
metal contact formation is carried out as for the fabrication of a back gate transistor. However, the drain 
end of the SWCNT FET is suspended over a trench defined in the oxide and substrate. The drain contact 
is physically spaced from the SWCNT and placed on one edge of the trench. The SWCNT channel and 
the drain form a field emission diode. Side gates are located outside the trench to modulate the channel 
conductivity, thus to switch on/off and adjust the supply current to field emission diode at the drain 
through FET action. Several additional contacts are placed along the tube with defined spacings between 
them. These contacts are used as conventional drain contacts in an under gate FET structure to calibrate 
the SWCNT channel current dependency on electric field. The field emission characteristics of individual 
semiconducting SWCNTs are investigated. The device combines a field emitter and FET and has an 
exponential current characteristic with gate control.  

Contact e-mail: yy211@cam.ac.uk 
 

E38 - Field emission of BN-coated CNTs 

SeGi Yu 1, Ji-Beom Yoo 2, Jeonghee Lee 3, Jong M. Kim 3 

1 Hankuk University of Foreign Studies, 2 Sungkyunkwan University, 3 Samsung 
Advanced Institute of Technology 

Field emission characteristics of BN-coated multiwalled carbon nanotubes (CNTs) were investigated by 
measuring energy distribution of emitted electrons. Vertically aligned CNTs were grown on the glass 
substrate using DC plasma enhanced chemical vapor deposition with C2H2 and NH3 gases. A BN film 
was deposited on CNTs by radio-frequency unbalanced magnetron sputtering at room temperature and at 
a vacuum of 10-3 torr with the 400 W RF power. From transmission electron microscopy a partially 
crystallized BN layer coated mainly on tips of CNTs was observed with the thickness of around 10 nm. 
During the measurement of electron emission spectrum, the field emission current was measured at the 
same time. The shpae of field emission energy distribution curves change from one peak to two peaks 
after the buildup process of BN-coated CNT field emitters. Furthermore, the movement of the peaks does 
not agree with previous reports. The possible explanation for this peak movement is proposed here – 
thermal effect due to high emission current during the measurement. Finally, the field emission 
characteristics of BN-coated CNTs were compared with other semiconductor-coated CNTS. 

Contact e-mail: segiyu@hufs.ac.kr 
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E39 - A new concept of carbon nanotube based photocathode 

Pierre Legagneux 1, Ludovic Hudanski 1, Laurent Gangloff 2, Kenneth B.K. Teo 2, William I. Milne 2 

1 THALES R&T, 2 Cambridge University, UK 

We have developed a new concept of photocathode that is based on carbon nanotubes (CNTs) and that 
can operate at various wavelengths. This photocathode is an array of CNTs, each CNT being associated 
to one PIN photodiode. The device is highly efficient as it uses an optically controlled reconfiguration of 
the electric field at CNT location. When a large electric field is applied and for small absorbed optical 
powers, a voltage drop is developed within the PIN diode. This situation that we already observed for 
CNTs exhibiting a bad electrical contact between the substrate and their base leads to a significant 
reduction of the field enhancement at CNT apex and to a dramatic decrease of the emitted current [1]. On 
the opposite, for relatively high absorbed optical powers, the PIN diodes are highly conductive and the 
emitted current follows the Fowler-Nordheim law. The result is the possibility to efficiently modulate the 
emitted current with e.g. a laser diode.  
Using silicon based PIN photodiodes we have demonstrated the first CNT based photocathode. For a 20 
V/µm applied electric field, the emitted current increases from 16 µA to 0.5 mA for an absorbed optical 
(532 nm) power varying from 0 to 11.8mW. The associated quantum efficiency is 10%. The new 
photocathode combines significant current density (0.2 A/cm2), high quantum efficiency (10%), and can 
operate continuously, a combination never before realized. 
This breakthrough opens a new domain for photocathodes, that of microwave amplifier tubes. Their use 
as optically modulated electron sources could be particularly fruitful to design light and compact satellite 
telecommunication tubes. We would use GaInAs PIN photodiodes that can be modulated with large 
bandwidth 1.55 µm lasers already developed for optical fiber telecommunication. 
 
[1] E. Minoux, O. Groening, K. B. K. Teo, S. H. Dalal, L. Gangloff, J.-P. Schnell, L. Hudanski, I. Y. Y. 
Bu, P. Vincent, P. Legagneux, and G. Amaratunga “Achieving High Current Carbon Nanotube Emitter”, 
Nano Letters 5, 2135 (2005). 

Contact e-mail: pierre.legagneux@thalesgroup.com 
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E40 - Enhancement of Field Emission Properties of Multi-Walled Carbon 
Nanotube 

Sun Taek Lim 1, Jung Hyun Cho 1, Sung Ryul Huh 1, Gon Ho Kim 1, Jin Yong Kim 2, Se Gi Yu 2 

1 Seoul National University, 2 Hankuk University of Foreign Studies 

It was considered the effect of plasma ion irradiation on the field emission properties of thermally grown 
multi-walled carbon nanotubes (MWNTs). The irradiation of plasma ions (argon or oxygen) were varied 
with energies, 30, 70, and 150 eV and the dose, 3.8 x 1016, 7.6 x 1016, and 15.2 x 1016 cm-2, respectively. 
Ion energy and dose were precisely controlled by the sheath potential formed near the MWNT target. 
With increasing the irradiation energy and ion dose, the top tangled region of MWNTs could be trimmed 
out easily. The penetrated ions were experienced to sputtering the weak nanotubes and also the delivered 
energy by the irradiated ion did to weld the tips of the protruded MWNTs, remaining a conical shape of 
MWNT bundles. More conical shapes of MWNTs were obtained from the oxygen treatment. The 
deformations of MWNTs, as the spacing the intertube distance and the tip welding, may improve the 
turn-on voltage, the field emission current through the reduction of field screening effect and also the 
stability of field emission, respectively. This process will be applicable to the mass fabrication of MWNT 
field emission tip. The field emission properties were calculated with the hyperboloid model, having a 
good agreement with the measurement. Those results and the details of process procedures will be 
presented. 

Contact e-mail: limgun2@snu.ac.kr 
 

E41 - Photoresponse of Suspended Carbon Nanotube Networks: Single-
Walled Carbon Nanotube Infrared Bolometer 

Mikhail E. Itkis, Ferenc Borondics, Aiping Yu, Robert C. Haddon 

University of California, Riverside 

The photoresponse of ultrathin single-walled carbon nanotube (SWNT) film is enhanced by more than 5 
orders of magnitude when the SWNT film is suspended.[1] We show that the nature of enhanced 
photoresponse is bolometric: electron-phonon interactions lead to ultrafast relaxation of the photoexcited 
carriers and the energy of the incident infrared radiation is efficiently transferred to the crystal lattice. We 
conduct photo and absorption spectroscopy of the SWNT networks and discuss implication of the 
spectroscopic study on differentiation between the free carriers and exciton nature of photoexcitations in 
SWNTs.We suggest that suspended SWNT network can be utilized as the sensitive element of an 
infrared bolometric detector. The bolometer performance can be optimized by modifying the intertube 
junctions to enhance the temperature dependence of electrical conductivity and suppress heat flow along 
the SWNT network. To characterize the heat transport we develop a new bolometric technique for in-situ 
measurement of thermal conductivity of ultra-thin SWNT films in which the IR radiation is used as a heat 
source to generate a triangular temperature profile, and the SWNT film serves as a resistive 
thermometer.[2] The interplay between thermal and electrical transport in SWNT networks is analyzed in 
relation to thetype of intertube junctions and their optimization for application in IR detection. 1. 
M.E.Itkis, F.Borondics, A.Yu, R.C.Haddon, Science 312, 413 (2006) 
2. M.E.Itkis, F.Borondics, A.Yu, R.C.Haddon, Nano Letters 7, (2007) (ASAP) 
F.B. present address: MTA SzFKI, Budapest, H 1525, Hungary 

Contact e-mail: mitkis@engr.ucr.edu 
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E42 - Photoluminescence imaging of freely suspended single SWNTs 

Jacques Lefebvre 1, David G. Austing 1, Paul Finnie 2 

1 National Research Council, 2 National Research Council 

Pristine SWNTs freely suspended in air ambient emit strong near infrared photoluminescence (PL) [1] at 
quantum efficiencies approaching 10% [2]. We have been using PL to spatially and spectrally image 
extended suspended lengths (>10 micron) of single SWNTs with micron scale spatial resolution. Here we 
summarize the results from recent spectroscopy and imaging studies of over 25 different (n,m) species. 
By imaging the nanotube orientation and controlling the polarization of excitation, optical excitation 
spectra are cleanly separated into longitudinal (E11, E22, ...) and transverse (E12, ...) components. 
Several resonances are identified for either polarization and their (n,m) dependence and resulting family 
behavior is determined. The position of the strongest transverse resonance, assigned to E12, cannot be 
explained by simple conduction and valence band pictures, but can be explained by excitonic models. 
The very high signal-to-noise ratio possible by this method of single nanotube imaging spectroscopy 
allows for unambiguous identification of the many weaker satellite peaks. Some of these peaks are 
phonon related, while others are excited or unbound (“continuum”) states of the exciton. From these PL 
experiments alone the SWNT exciton binding energy is estimated and its (n,m) dependence determined. 
In addition to fundamental spectroscopic studies, PL imaging is a valuable tool for nanotube electronics. 
We will demonstrate the use of PL on suspended nanotube field effect transistors (FETs) to detect and 
image single SWNTs in functioning devices. PL data enables diameter and chirality assignment, and 
makes essential contributions to the understanding SWNT FET performance. 
 
[1] J. Lefebvre, Y. Homma, and P. Finnie, Phys. Rev. Lett. 90, 217401 (2003). 
[2] J. Lefebvre, D. G. Austing, J. Bond, and P. Finnie, Nano Lett. 6, 1603 (2006). 

Contact e-mail: jacques.lefebvre@nrc.ca 
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E43 - Anisotropic dielectric response and local field effects in single wall 
carbon nanotubes 

Christian Kramberger 1, Thomas Pichler 2, Martin Knupfer 2, Jörg Fink 2, Bernd Büchner 2, Erik 
Einarsson 3, Shiego Maruyama 3 

1 IFW-Dresden, 2 IFW Dresden, Helmholtzstr. 20, D-01069 Dresden, Germany, 
3Deptartment of Mechanical Engineering, The University of Tokyo, Tokyo 113-8656, 

Japan 

SWCNT are archetypical 1D systems, with peculiar anisotropic electronic properties. The depolarization 
effects concomitant with dielectric screening of electronic transitions are crucial in optical probes like 
Raman, optical absorption and luminescence. Only recently µm thick freestanding films of vertically 
aligned SWCNT became available and were characterized regarding the polarization dependent optical 
response[1]. The plasmon response in electron energy loss spectroscopy is a direct access to the full 
energy and momentum dependent dielectric function. The full plasmon dispersion allows distinguishing 
between the effective dielectric screening and depolarization effects. The sparse morphology of the 
aligned freestanding mats gives rise to a substantial increase in local field corrections as compared to 
earlier studies on bulk aligned SWCNT[2].We find two novel branches in the π and σ plasmon, 
respectively. Varying the effective transverse and parallel momentum transfer conclusively identifies the 
dispersive branches as parallel and non dispersive branches as perpendicular with respect to the SWCNT 
axis. These novel findings provide an unprecedented experimental insight into local field and 
depolarization effects in one dimensional electronic systems. 
 
[1] Y. Murakami et.al. Phys. Rev. Lett. 94, 087402 (2005)  
[2] X. Liu et al. Synth. Met. 121, 1183 (2001) 

Contact e-mail: ck3@biela.ifw-dresden.de 
 

E44 - Simultaneous Spectroscopy of Photoluminescence and Photocurrent of 
Individual Carbon Nanotube Channel in Field-Effect Transistor 

Atsushi Kobayashi 1, Yutaka Ohno 2, Shigeru Kishimoto 1, Takashi Mizutani 1 

1 Dept. of Quantum Eng., Nagoya Univ., 2 Dept. of Quantum Eng., Nagoya Univ., 
PRESTO/Japan Science and Technology Agency 

Photoluminescence (PL) spectroscopy is a useful technique to study not only 1-D exciton physics but 
also carrier transport phenomenon in single-walled carbon nanotubes (SWNTs).[1] In this study, we have 
simultaneously investigated PL and photocurrent (PC) of individual SWNT channel in field-effect 
transistor (FET). The device used in this study is the carbon nanotube FETs with SWNT channel bridging 
over a trench. We obtained good correlation between excitation spectra of the PL and PC of a SWNT at 
low drain bias. With increasing the drain bias, PL intensity collapsed and PC increased. We have 
estimated the optical absorption cross section of a single free-standing SWNT from the PC.  
 
[1] Y. Ohno et al. Nanotechnol. 17, 549 (2006) 

Contact e-mail: a_kobaya@echo.nuee.nagoya-u.ac.jp 
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E45 - Excitons in Carbon Nanotubes: Insights from Model Calculations 

Marcus V.O. Moutinho 1, Rodrigo B. Capaz 2 

1 UFRJ, 2 UFRJ; INMETRO 

Recent experimental determinations of exciton binding energies in carbon nanotubes rely on the energy 
splitting between 1s and 2p exciton states. This splitting can be measured by one-photon and two-photon 
optical absorption. To obtain the exciton binding energy from the splitting, it is often assumed, based on 
model calculations, that this splitting constitutes a substantial fraction (around 75 In order to understand 
this problem in a simple way, we explore effective one dimension hamiltonians that reproduce the first-
principles and/or experimental eigenstates and eigenfunctions for the exciton states in semiconducting 
single wall carbon nanotubes. We focus on the ground state (1s) and first excited state (2p) of the E11 
excitons in (10,0) and (8,0) nanotubes. We show that simple hamiltonians, based on the effective mass 
and a regularized Coulomb potential, can fit either experimental or theoretical results. 

Contact e-mail: moutinho@if.ufrj.br 
 

E46 - Many body effects for E33 and E44 optical transition of single wall 
carbon nanotubes 

Kentaro Sato 1, Riichiro Saito 1, Jie Jiang 2, Jing Sung Park 1, Gene Dresselhaus 3, Mildred S. 
Dresselhaus3 

1 Tohoku University, 2 North Carolina State University, 3 MIT 

We calculate the exciton energy of E 22, E 33 and E 44 of single wall carbon nanotubes. The exciton energy 
is calculated by solving the Bethe-Salpeter equation within the extended tight-binding method [1]. The 
chirality dependence of the binding energy of E11 and E22 is almost canceled by the self-energy. The 
energy correction depends on diameter and follows the scaling low [2]. The 2n +m =const family spread 
of the exciton energy of E11 and E22 mainly comes from the single particle energy. In the case of the 
higher exciton energies of E33 and E44, since the self-energy of E33 and E44 becomes larger than the 
binding energy, the chirality and diameter dependence are appeared in the energy corrections. The family 
spread of the exciton energy of E33 and E44 is mainly found to be from the excitonic effects. The chirality 
dependence of many body effects becomes important to analyze the exciton energies of E33 and E44 [3]. 
 
[1] J. Jiang et al ., Phys. Rev. B 75, 035407 (2007). 
[2] A. Jorio et al ., Phys. Rev. B 71, 075401 (2005). 
[3] K. Sato et al ., submitted. 

Contact e-mail: kentaro@flex.phys.tohoku.ac.jp 
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E47 - Dependence of exciton transition energy of single-walled carbon 
nanotubes on surrounding dielectric materials 

Yuhei Miyauchi 1, Riichiro Saito 2, Kentaro Sato 2, Yutaka Ohno 3, Shinya Iwasaki 3, Takashi Mizutani 3, 
Jie Jiang 4, Shigeo Maruyama 1 

1 Department of Mechanical Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-
ku, Tokyo 113-8656, Japan, 2 Department of Physics, Tohoku University and CREST, 
Sendai 980-8578, Japan, 3 Department of Quantum Engineering, Nagoya University, 

Nagoya 464-8603, Japan, 4 Center for High Performance Simulation and Department of 
Physics, North Carolina State University, Raleigh, North Carolina 27695-7518, USA 

Optical transition energies of single-walled carbon nanotubes (SWNTs) are strongly affected by the 
change of environment around SWNTs [1]. In this report, we theoretically investigate the dependence of 
exciton transition energies on dielectric constant of surrounding materials. We make a simple model for 
the relation between dielectric constant of environment and a static dielectric constant describing the 
effects of electrons in core states, σ bonds and surrounding materials [2]. Although the model is quite 
simple, calculated results well reproduce the feature of experimentally observed transition energy 
dependence on dielectric constant of various surroundingmaterials, and various dt and theta.  
[1] Y. Ohno, S. Iwasaki, Y. Murakami, S. Kishimoto, S. Maruyama, T. Mizutani, arXiv:0704.1018v1 
[cond-mat.mtrl-sci] (2007).  
[2] Y. Miyauchi, R. Saito, K. Sato, Y. Ohno, S. Iwasaki, T. Mizutani, J. Jiang, S. Maruyama, 
arXiv:0704.1380v1 [cond-mat.mtrl-sci] (2007). 

Contact e-mail: miyauchi@photon.t.u-tokyo.ac.jp 
 

E48 - Phonon-Induced Electron Relaxation and Dephasing Dynamics in 
Graphene and Single-Walled Carbon Nanotubes 

Frank Milde, Stefan Butscher, Matthias Hirtschulz, Ermin Malic, Andreas Knorr 

Technical University of Berlin 

We investigate the influence of the electron-phonon coupling (EPC) in graphene and carbon nanotubes 
within the density-matrix formalism. To determine the EPC matrix elements Kohn anomalies in the 
phonon dispersions are used [1]. We study the influence of the EPC on the relaxation dynamics of photo-
excited electrons in graphite. Similar to recent experiments [2], hot phonons lead to a delayed decay of 
the electronic temperature. Our numerical simulations reproduce these observations and give new insight 
into the ultrafast dynamics of the first 500 fs after excitation not yet accessible by the experiment. The 
qualitative agreement of our results with the experiment indicate the right order of magnitude for the EPC 
strength. With the electron-phonon coupling matrix elements [1] we can also microscopically calculate 
dephasing dynamics in carbon nanotubes. Our approach is a first step to determine the line width of free 
particle spectra for arbitrary tubes. The formalism allows a self-consistent inclusion of the electron-
electron interaction and is therefore promising to investigate phonon-induced damping of excitons. 
[1] Piscanec et al., Phys. Rev. Lett. 93, 185503 (2004) 
[2] Kampfrath et al., Phys. Rev. Lett. 95, 187403 (2005) 

Contact e-mail: frank@itp.physik.tu-berlin.de 
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E49 - Dependence of exciton transition energy of single-walled carbon 
nanotube on dielectric constant of surrounding material 

Yutaka Ohno 1, Shinya Iwasaki 2, Yoichi Murakami 3, Shigeru Kishimoto 2, Shigeo Maruyama 3, Takashi 
Mizutani 2 

1 Dept. of Quantum Eng., Nagoya Univ., PRESTO/Japan Science and Technology 
Agency, 2 Dept. of Quantum Eng., Nagoya Univ., 3 Dept. of Mechanical Eng., The Univ. 

of Tokyo 

We have experimentally investigated the dependence of exciton transition energy of single-walled carbon 
nanotubes (SWNTs) on surrounding dielectric material, in the range of dielectric constant (ε) from 1.0 to 
37, by means of photoluminescence spectroscopy [1]. The sample with SWNTs bridging over trenches 
was immersed in various organic solvent with different ε. With increasing _, both E11  and E22 exhibited a 
redshift by several tens meV and a tendency to saturate at ε/sim5 without an indication of significant 
(n,m) dependence. The redshifts can be explained by dielectric screening of the repulsive electron-
electron interaction [2]. We have also measured the time-resolved photoluminescence in air and solvent, 
respectively, by utilizing the excitation intensity correlation technique [3]. When the sample was 
immersed in a solvent, the correlation signal collapsed and decay time decreased drastically.  
 
[1] Y. Ohno, S. Iwasaki, Y. Murakami, S. Kishimoto, S. Maruyama, T. Mizutani, ar-Xiv:0704.1018v1 
[cond-mat.mtrl-sci] (2007).  
[2] Y. Ohno, S. Iwasaki, Y. Murakami, S. Kishimoto, S. Maruyama, and T. Mizutani, Phys. Rev. B 73, 
235427 (2006).  
[3] Y. Ohno, T. Shimada, S. Kishimoto, S. Maruyama, and T. Mizutani, J. Physics: Conf. Series 38, 5 
(2006). 

Contact e-mail: yohno@nuee.nagoya-u.ac.jp 
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E50 - Carbon-Nanotube Bloch Equations: A Many-Body Approach to 
Excitonic Spectra, Optical Gain and the Dynamical Stark Effect 

Matthias Hirtschulz 1, Frank Milde 1, Ermin Malic 1, Stefan Butscher 1, Christian Thomsen 1, Stephanie 
Reich 2, Andreas Knorr 1 

1 Technical University of Berlin, 2 Freie Universität Berlin 

We derive and apply optical Bloch equations for arbitrary carbon nanotubes. Within the density matrix 
formalism, the equations of motion for the coherent interband transitions and electron band occupations 
are obtained. The electron-electron interaction is included within a screened Hartree-Fock approximation. 
Higher correlations and phonons can be included in a self-consistent way. The Carbon-Nanotube Bloch 
Equations are used to model linear (absorption and Rayleigh spectra) as well as ultrafast non-linear 
optical dynamics. Here, the linear absorption spectra are calculated to benchmark the derived equations 
of motion. Within the Carbon-Nanotube Bloch Equations approach, we reproduce the exchange shift 
leading to a renormalized blue-shifted band edge, whereas the excitonic contribution strongly alters both 
peak shape and position. Beyond linear optical properties, the Bloch equations can be used to describe 
ultrafast and non-equilibrium effects. First, for occupation inversion we observe a shift of the lowest 
excitonic resonance (E11), including gain at large electron-hole densities. Second, we discuss the response 
of CNTs to an ultrafast pump pulse, treating the dynamics of the non-equilibrium density matrix. In 
particular, the dynamical Stark effect reveals the importance of ultrafast many-body non-linearities in 
CNTs. 

Contact e-mail: matthias@itp.physik.tu-berlin.de 
 

E51 - Transparent Conducting Carbon Nanotube Thin Films by Spray 
Coating 

Andre S. Ferlauto, Anderson M. Peres, Thiago B. da Silveira, Sergio Oliveira, Rodrigo G. Lacerda,  
Luiz O. Ladeira 

Universidade Federal de Minas Gerais 

Transparent conducting films are essential to several modern technologies such as photovoltaics, light 
emitting diodes, displays, etc. Recent works have shown that thin films of carbon nanotubes (<100nm) 
may present a combination of high electrical conductivity and high transparency which matches the 
performance of commercial transparent conducting oxides. However, the proposed fabrication processes 
for such films are not practical for large area deposition.  
In this work, we have investigated spray coating methods for the formation of carbon nanotubes thin 
films. One of the main challenges in the optimization of such methods is the formation of stable, 
concentrated CNTs suspensions. Different routes for the “solubilization” of CNTs in water have been 
tested. These include noncovalent approaches by using surfactants, arabic gum, or ammonium hydroxide 
as well as covalent approaches (attachment of carboxylic groups). The films were characterized by UV-
VIS and Raman spectroscopy, and 4- probe electrical measurements. The best films present sheet 
resistance of ~ kohms and transparency of ~80%. 

Contact e-mail: aferlauto@gmail.com 
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E52 - Rayleigh Scattering from Single-Walled Carbon Nanotubes 

Ermin Malic 1, Matthias Hirtschulz 1, Frank Milde 1, Janina Maultzsch 2, Stephanie Reich 3, Andreas 
Knorr 1 

1 Technische Universitaet Berlin, 2 Columbia University, 3 Freie Universitaet Berlin 

We study Rayleigh scattering from single-walled carbon nanotubes. Combining density matrix formalism 
and tight-binding band structure calculations, we calculate the Rayleigh scattering cross section σ(ω)for 
arbitrary nanotubes. In contrast to the optical absorption coefficient which is given by the imaginary part 
of the optical susceptibility, σ(ω) is determined by the full dielectric response of the investigated 
nanotube. Metallic tubes exhibit an asymmetric double-peak structure in their Rayleigh spectra, where 
the low-energy peak is always stronger in intensity. This characteristic arises from an interplay of the 
joint density of states and the optical matrix element M(k). We obtain a fully analytical expression for 
M(k) showing that the matrix element has a different behavior along the two high-symmetry lines ΓK 
and KM of graphene. As a result, the low-energy peak stemming from the KM-side has a stronger 
oscillator strength. Furthermore, we show that the lineshape in the Rayleigh spectra exhibits an symmetry 
towards lower energies, which can be explained by the ω-2-dependence of the real part of the dielectric 
function. The latter also accounts for a red-shift of about 10meV in the Rayleigh spectra compared to the 
corresponding peaks in the absorption spectra. Our results are in good agreement with experiment. They 
will be useful for the optical characterization of metallic single-walled carbon nanotubes. 

Contact e-mail: ermin@itp.physik.tu-berlin.de 
 

E53 - Time-resolved photoluminescence from excitons in individual carbon 
nanotubes 

Achim Hartschuh, Tobias Gokus, Hayk Harutyunyan 

Department Chemie, Ludwig-Maximilians-Universitaet Muenchen and CeNS 

The photoluminescence lifetime of individual semiconducting single-walled carbon nanotubes 
(SWCNTs) dispersed on glass substrates has been measured using time correlated single photon counting 
(TCSPC). At room temperature transients show fast decay times in the range of few picoseconds (~10 ps) 
with small variations from nanotube to nanotube of the same chirality (n,m). Convolution of the data with 
the instrument response function (FWHM = 27 ps) confirms the mono-exponential decay behaviour of 
the exciton recombination over several orders of magnitude and does not indicate any long lived 
contribution [1]. In addition, we investigated the effect of the excitation energy and the nanotube 
environment for different nanotube chiralities and sample materials. 
 
[1] A. Hagen et al., Phys. Rev. Lett. 95, 197401 (2005). 

Contact e-mail: achim.hartschuh@cup.uni-muenchen.de 
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E54 - Controlling Non-Equilibrium Phonon Populations in Single-Walled 
Carbon Nanotubes 

Alfred J. Meixner 1, Mathias Steiner 2, Huihong Qian 3, Achim Hartschuh3 

1 Universitaet Tuebingen, Institut fuer Physikalische und Theoretische Chemie, 2 Institut 
fuer Physikalische und Theoretische Chemie, Universitaet Tuebingen, 72076 Tuebingen, 
Germany, 3 Department fuer Chemie und Biochemie and CENS, Ludwig-Maximilians-

Universitaet Muenchen, 81377 Muenchen, Germany 

We studied spatially isolated single-walled carbon nanotubes (SWNT) immobilized in a quasi-planar 
optical λ/2-microresonator using confocal microscopy and spectroscopy. The modified photonic mode 
density within the resonator is used to selectively enhance or inhibit different Raman transitions of 
SWNT. Experimental spectra are presented that exhibit single Raman bands only. Calculations of the 
relative change in the Raman scattering cross sections underline the potential of our microresonator for 
the optical control of non-equilibrium phonon populations in SWNT. 

Contact e-mail: alfred.meixner@uni-tuebingen.de 
 

E55 - Exciton energy transfer in nanotube bundles 

Andrea C. Ferrari, P. H. Tan, A. G. Rozhin, T. Hasan, P. Hu, V. Scardaci, W. I. Milne 

University of Cambridge 

Photoluminescence is commonly used to identify the electronic structure of individual nanotubes. But, 
nanotubes naturally occur in bundles. Thus, we investigate photoluminescence of nanotube bundles [1]. 
We show that their complex spectra are simply explained by exciton energy transfer between adjacent 
tubes, whereby excitation of large gap tubes induces emission from smaller gap ones via Forster 
interaction between excitons. The consequent relaxation rate is faster than non-radiative recombination, 
leading to enhanced photoluminescence of acceptor tubes. This fingerprints bundles with different 
compositions and opens opportunities to optimize them for opto-electronics. 
 
1. P. H. Tan et al. submitted (2007) 

Contact e-mail: acf26@eng.cam.ac.uk 
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E56 - Nanotube Based Polymer Photonics 

Andrea C. Ferrari, A. G. Rozhin, V. Scardaci, F. Wang, I. H. White, W. I. Milne 

University of Cambridge 

Optical nonlinearity can be used for various photonic applications including to switch, route and 
regenerate optical signals, or form ultrashort laser pulses [1]. In any particular material whose output 
characteristics are determined by the intensity of input signal or by a separate control beam it is possible 
to achieve optical switching. Carbon nanotubes (CNTs) exhibit strong saturable absorption nonlinearities, 
i.e. they become transparent under sufficiently intense light [2,3]. The performance of CNTs based 
saturable absorbers strongly depends on concentration, size of CNT bundles, and transparency of the 
matrix [2]. Here, we present the fabrication and characterization of saturable absorber based on CNT - 
polymer optical composites [2,3]. We use strong ultrasonication to obtain CNT solutions. Such solutions 
with different nanotube bundle sizes are then studied by photoluminescence excitation spectroscopy [4]. 
We demonstrate picosecond pulse generation in a nanotube mode-locked waveguide laser [5], as well as 
600 fs generation in an erbium doped fiber laser [6]. The integration of nanotube saturable absorbers into 
high speed data transmission systems will be discussed [7]. 
 
1. O. WADA, New Journal of Physics 6 (2004) 183 
2. A.G. ROZHIN et al., Chem. Phys. Lett. 405 (2005) 288 
3. V. Scardaci et al. Physica E 37 (2007) 115 
4. P. H. TAN et al. submitted (2006) 
5. G. DELLA VALLE et al., Appl. Phys. Lett. 89 (2006) 231115 
6. A.G. ROZHIN et al Phys. Stat. Sol. (b) 243 (2006) 3551 
7 A. G. Rozhin et al. submitted (2007) 

Contact e-mail: acf26@eng.cam.ac.uk 
 



 

 235

Contributed presentations - Thursday, June 28 

E57 - Resonance Raman study of polyynes encapsulated in single wall 
carbon nanotubes 

Leandro M Malard 1, D. Nishide2, A. P. Gomes 1, L. G. Dias 3, R. B. Capaz 4, A. Jorio 1, C. A. Achete 4, 
R. Saito 5, Y. Achiba 6, H. Shinohara 2, M. A. Pimenta 1 

1 Universidade Federal de Minas Gerais, 2 Nagoya University, 3 Inmetro, 4 Universidade 
Federal do Rio de Janeiro, 5 Tohoku University and CREST JST, 6 Tokyo Metropolitan 

University 

In this work we present a resonance Raman study of hidrogen-ended polyynes molecules encapsulated 
inside carbon nanotubes, using many different laser lines in the visible range.We observed that the 
Raman features of the polyynes exhibit a strong resonance behavior around 2.1 eV, and this energy is 
much lower than the first optical transition of the polyynes dispersed in solvents. We interpret our results 
as due to the symmetry lowering of the polyyne when encapsulated inside the carbon nanotube, allowing 
forbidden electronic states to be active. We also present Raman measurements on this sample dispersed 
in water with surfactants. 

Contact e-mail: lmalardm@fisica.ufmg.br 
 

E58 - Strain dependence of photoluminescense of individual carbon 
nanotubes 

Pavel N. Nikolaev 1, Tonya K. Leeuw 2, Dmitri A. Tsyboulski 2, Sergei M. Bachilo 2, Bruce Weisman 2 

1 ERC Inc. / NASA Johnson Space Center, 2 Rice University 

We have investigated strain dependence of photoluminescense (PL) spectra of single wall carbon 
nanotubes (SWNT). Nanotubes were sparsely dispersed in a thin PMMA film applied to acrylic bar, and 
strained in both compression and extension by bending this bar in either direction in a homebuilt four-
point bending rig. The average surface strain was measured with high accuracy by a resistive strain gage 
applied on top of the film. The near - infrared imaging and spectroscopy were performed on the inverted 
microscope equipped with high numerical aperture reflective objective lens and InGaAs CCD cameras. 
PL was excited with a diode laser at either 658, 730 or 785 nm, linearly polarized in the direction of the 
strain. We were able to measure (n,m) types and orientation of individual nanotubes with respect to strain 
direction and strain dependence of their PL maxima. It was found that PL peak shifts with respect to the 
values measured in SDS micelles are a sum of three components. First, a small environmental shift due to 
difference in the dielectric constant of the surrounding media, that is constant and independent of the 
nanotube type. Second, shift due to isotropic compression of the film during drying. Third, shifts 
produced by the uniaxial loading of the film in the experiment. Second and third shifts follow expression 
based on the first-order expansion of the TB hamiltonian. Their magnitude is proportional to the 
nanotube chiral angle and strain, and direction is determined by the nanotube quantum number. PL strain 
dependence measured for a number of various nanotube types allow to estimate TB carbon-carbon 
transfer integral. 

Contact e-mail: pasha.nikolaev-1@nasa.gov 
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E59 - Memory Effects In Carbon Nanotubes 

Andreas Johansson, Marcus Rinkiö, Marina Zavodchikova, Jussi Toppari, Päivi Törmä 

University of Jyväskylä 

We investigate potential solutions for the fabrication of future molecular scale memory elements based 
on single-walled carbon nanotube field-effect transistors (CNT-FETs). CNT-FETs are known to 
sometimes display undesirable hysteresis in their transfer characteristics. For a memory element, this is 
on the contrary a favorable feature that can be utilized. The gate insulator film has here a crucial 
influence on the operation of the CNT-FET. For an effective capacitive coupling between the CNT and 
the gate electrode, a thin and dielectrically strong film is required. On the other hand, in order to achieve 
the desired hysteretic behavior for a non-volatile memory, the gate-nanotube coupling has to include 
mobile charges within the gate insulator or at some interface close to the nanotube.  
The studied devices are all CNT-FETs fabricated from semiconducting single-walled carbon nanotubes 
with a diameter close to 2 nm. Measurements were carried out at various ambient conditions for more 
than 70 CNT-FETs with differing gate insulators. the observed memory effects, and our conclusions 
thereof, will be presented. 

Contact e-mail: andreas.johansson@phys.jyu.fi 
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F01 - Tuning electronic and magnetic properties of multi-layered graphene 
ribbons 

Savas Berber, David Tomanek 

Michigan State University 

We report results of spin density functional calculations for multi-layered graphene ribbons. Each ribbon 
layer consists of a finite width graphite monolayer with well-defined, parallel edges. Monolayer graphene 
ribbons with zigzag edges exhibit a peculiar electronic structure, resulting in spin polarized states at the 
two edges that couple antiferromagnetically. The only way to exploit the magnetization to generate a spin 
polarized current involves breaking the symmetry of the ribbon, such as applying a large electric field 
across the ribbon. Here, we explore an alternative approach to modify the electronic structure of a 
graphene ribbon, namely by forming bi-ribbons containing graphene or BN layers. Our calculations 
suggest that the electronic structure and magnetic ordering in bi-ribbons differ significantly from 
monolayer ribbons. Depending on the stacking geometry, the “flat bands“ underlying the spin polarized 
edge states can be modified in a way to yield net spin polarization of the ribbons, making them attractive 
for spintronics applications.  
 
We acknowledge financial support by the NSF NIRT grant ECS- 0506309, the NSF NSEC grant EEC-
425826, and the Humboldt Foundation. S.B. acknowledges partial financial support by the DFG (SFB 
689). 

Contact e-mail: berber@pa.msu.edu 
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F02 - Fabrication of LSI via interconnect using a bundle of multi-walled 
carbon nanotubes synthesized at a temperature as low as 400 oC 

Tatsuhiro Nozue, Akio Kawabata, Daiyu Kondo, Satoshi Murakami, Takashi Hyakushima, Miho 
Mishima, Shintaro Sato, Mizuhisa Nihei, Yuji Awano 

MIRAI-Selete 

Due to their excellent electrical, mechanical and thermal properties, carbon nanotubes (CNTs) are 
considered to be a promising candidate for interconnect materials of LSIs in the hp32 nm technology 
node and beyond. We have actually been trying to use bundles of multi-walled carbon nanotubes 
(MWNTs) for vertical wiring, namely, vias in LSI, instead of W or Cu. In the previous study [1], we 
developed a method to grow high-density MWNTs using size-controlled catalyst particles. CNT vias 
with a diameter of 2µm made of MWNTs grown at 450 oC had a resistance as low as 0.59Ω, which is of 
the same order as that of W plugs.  
In this work, we have reduced the growth temperature down to 400 oC [2] and fabricated CNT vias with 
diameters as small as 160 nm using a newly-developed via process. Both the growth temperature and the 
process are compatible with the conventional LSI process. The new via process is as follows [3]. First, a 
substrate composed of a Cu interconnect and a SiOC dielectric layer was prepared. Via holes were made 
using conventional photolithography and subsequent dry etching. A TaN/Ta barrier layer and a TiN 
contact layer were deposited using an anisotropic physical vapor deposition (PVD). Size-controlled Co 
particles with an average diameter of about 4 nm were then deposited all over the substrate using a 
catalyst nanoparticle deposition system [1]. Subsequently, MWNTs were grown all over the substrate, in 
contrast to the previous study where MWNTs were grown only in via holes [1]. The synthesis was done 
by thermal chemical vapor deposition using acetylene diluted by Ar as the source gas with a substrate 
temperature of 400 oC. After the CNT growth, chemical mechanical polishing (CMP) process was used to 
eliminate the excess MWNTs and planarize the substrate, leaving MWNTs only in via holes. Finally, the 
Ti top contact layer, Ta barrier layer and Cu wire were connected to CNT vias by PVD without 
subsequent annealing.  
Synthesis of high-quality MWNTs at 400 oC was confirmed by transmission electron microscopy. The 
electrical properties of CNT vias were measured using the Kelvin pattern and via chains. The details of 
the electrical properties will be given in the presentation.  
 
This work was completed as part of the MIRAI Project supported by NEDO. 
 
[1] Sato. S. et al., Proc. IEEE Int. Interconnect Technol. Conf. 2006, 230-232 (2006). 
[2] Nihei. M. et al., Proceedings of Solid-State Devices and Materials 2006 (2006). 
[3]Nihei. M. et al., Proc. IEEE Int. Interconnect Technol. Conf. 2007 (2007). 

Contact e-mail: nozue.tatsuhiro@selete.co.jp 
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F03 - Defects Engineering in Ordered Networks based on CNTs 

Jose M. Romo-Herrera 1, M. Terrones 1, H. Terrones 1, V. Meunier 2 

1 IPICyT, 2 ORNL 

Assemblying nanostructures into ordered micro-networks remains a challenge in modern 
nanotechnology. Carbon nanotubes (CNTs) are excellent candidates as building blocks, due to their 
extremely high Young’s modulus and remarkable flexibility, their ballistic conductor or semiconductor 
behaviour and their high surface area. Recently, there has been proposed 2D and 3D ordered networks 
built from 1D nanostructures, showing intriguing mechanical and electronic properties of the assembled 
array when CNTs are used [1-2]. These type of networks represent excellent candidates for complex 
integrated nanoelectronic circuits. Here we propose to use defect patches (graphene layer pieces 
composed by heptagons, pentagons and hexagon carbon rings; i.e. Haeckelite pieces) in strategic zones of 
an Ordered Network built from CNTs (ON-CNTs) in order to guide the electronic current trough specific 
paths along the network.  
Based on a SuperGraphene ON-CNTs we have incorporated Haeckelite pieces in strategic zones resulting 
in guiding the electronic current through specific paths. To understand in full detail the phenomenon, we 
have incorporated one by one Stone Wales defects until a Haeckelite patch is obtained, to systematically 
investigate the electronic transport properties of the network. These calculations have been carried out in 
the framework of the Landauer-Buttiker formalism and equilibrium Green functions. To take curvature 
into account, we employed a semi-empirical Hamiltonian based on 4 orbitals (s,px,py,pz) per carbon 
atom. Further insight into the transport mechanism was obtained by analyzing the electron pathways from 
a scattering point of view, which allows for a real-space analysis of the wave function corresponding to 
transmitted electrons across the structure. 
 
[1] Romo-Herrera J., et.al. Nanoletters, 7 (3): 570-576 (2007). 
[2] Coluci V.R., et.al. Nanotechnology, 17: 617-621 (2006). 

Contact e-mail: jmanuel@ipicyt.edu.mx 
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F04 - Spectroscopic evidence for hot-phonon generation in single-walled 
carbon nanotubes 

Ralph Krupke, Matti Oron-Carl 

Forschungszentrum Karlsruhe, Germany 

We provide spectroscopic evidence for hot phonon generation in biased single-walled carbon nanotubes 
by simultaneously measuring the Stokes and Antistokes Raman G-mode lines as a function of voltage 
bias. Using the Bose-Einstein statistics we can directly calculate the phonon occupation number from the 
intensity ratio of the Antistokes to Stokes lines and observe an increase of the effective phonon 
temperature with voltage. We do not observe shifts of the G-mode lines and can therefore exclude 
thermal heating of the nanotube [1]. To the best of our knowledge this is the first direct spectroscopic 
evidence for hot phonon generation in singlewalled carbon nanotubes. The data qualitatively confirms 
previous estimates on the effective phonon temperature as derived from modelling of electron transport 
characteristics. The samples were prepared by single-nanotube dielectrophoresis, a method that we have 
recently developed into a scalable technique for making single-nanotube devices with a density beyond 1 
Mio. devices per cm2 [2]. If time allows I will explain the underlying basics and how single-nanotube 
dielectrophoresis is related to dielectrophoretic nanotube separation [3]. 
 
[1] M. Oron-Carl, R. Krupke et al., to be published. 
[2] A. Vijayaraghavan, S. Blatt, D. Weissenberger, M. Oron-Carl, F. Hennrich, D. Gerthen, H. Hahn, R. 
Krupke, “Ultra-large scale directed assembly of single-walled carbon nanotube devices”, Nano Letters. 
2007, In Press. 
[3] S. Blatt, F. Hennrich, H. v. Löhneysen, M. M. Kappes, A. Vijayaraghavan and Ralph Krupke, 
“Influence of Structural and Dielectric Anisotropy on the Dielectrophoresis of Single-Walled Carbon 
Nanotubes”, submitted. 

Contact e-mail: krupke@int.fzk.de 
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F05 - Fabrication of n-type single-walled carbon nanotube field effect 
transistors by Al decoration 

Hyo Suk Kim 1, Byoung-Kye Kim 1, Ju-Jin Kim 1, Jeong-O Lee 2 

1 Department of Physics, Chonbuk National University, 2 Nanomaterials Team, Korea 
Research Institute of Chemical Technology 

We have fabricated single-walled carbon nanotube n-type field effect transistors (FET) by controlled in-
situ Al decoration technique. Three different device configurations were used for Al decoration; contact-
decoration, channel decoration, and open devices. All three types of devices turned into n-type transistors 
after decoration, and goes back to p-transistor again in ambient atmosphere. While contact-decorated 
devices show improved p-type characteristics in air, channel-decorated devices show decreased 
conductance and negative shift of gate threshold voltages. In case of open device or channel-decorated 
devices, doping control was possible by controlling the amount of Al particles. Recovery to the p-type 
FET can be explained by oxidation of Al nanoparticles and subsequent work function increase, and 
improved performance of the channel shielded device can be attributed to the formation of n-p-n junction 
in carbon nanotube. 

Contact e-mail: rotnr79@chonbuk.ac.kr 
 

F06 - Observation of negative differential resistance in superlattice structure 
of C60, C70, and C84 encapsulated double-walled carbon nanotubes 

Yongfeng Li, Toshiro Kaneko, Rikizo Hatakeyama 

Department of Electronic Engineering, Tohoku University 

Fullerene and carbon nanotubes (CNTs) have widely been investigated in nanoelectronics due to their 
remarkable electrical properties. In this study, we demonstrate the observation of negative differential 
resistance (NDR) in nanodevices fabricated with various fullerenes (C60, C70, and C84) encapsulated 
metallic double-walled carbon nanotubes (DWNTs) [1]. It is found that the observed NDR behavior 
keeps stable throughout the ambient condition from 400 K to 10 K. In addition, a very high peak-to-
valley current ratio of 102 ~ 104 is observed for most fabricated devices, which is much higher than those 
reported in previous NDR devices fabricated with conventional semiconducting materials. The type of 
encapsulated fullerenes displays an important effect on the NDR characteristic, and the peak voltages of 
NDR are interestingly found to show a linear downshift with increasing the diameter of fullerenes. More 
importantly, the observed current-voltage curves are proved to be highly reproducible during 
measurements, and fully reversible upon a change in bias sweep direction or rate. 
 
[1] Y.F. Li, R. Hatakeyama, T. Kaneko, T. Okada, and T. Kato, Appl. Phys. Lett. 90, 073106 (2007). 

Contact e-mail: yfli@plasma.ecei.tohoku.ac.jp 
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F07 - Novel properties of magnetic-atom encapsulated single-walled carbon 
nanotubes 

Rikizo Hatakeyama, Yongfeng Li, Toshiro Kaneko, Tomoyuki Ogawa, Migaku Takahashi 

Department of Electronic Engineering, Tohoku University 

Magnetic Fe nanoparticles less than 1 nm have been successfully filled in single walled carbon nanotubes 
(SWNTs) by using ferrocene as a staring material. Samples of both ferrocene-filled SWNTs and Fe-filled 
SWNTs are characterized in detail by a Hitachi HF-2000 transmission electron microscope (TEM) 
operated at 200 kV, equipped with energy dispersive X-ray spectrometry (EDX, Noran Instruments). The 
amount of Fe nanoparticles in SWNTs is analyzed by X-Ray Fluorescence Spectroscopy (XRF, 
RIX2100). Magnetic properties of samples are characterized by using a Quantum Design MPMS-5 
superconducting quantum interference devices (SQUID) magnetometer. Our results indicate that most of 
the encapsulated Fe particles are in the metallic phase, and superparamagnetic behavior is observed due 
to their small size [1]. In addition, electrical transport measurements indicate that Fe-filled SWNTs at 
high filling fractions exhibit high performance n-type semiconducting characteristics at room temperature 
and Coulomb blockade behavior at low temperatures [2]. By comparison, at low filling fractions p-n 
junction diode behavior is significantly observed in many of Fe-filled SWNTs. More importantly, we 
prove that the observed rectifying characteristic of p-n devices maintains high reproducibility even after 
exposure to air [3]. 
[1] ] Y.F. Li, T. Kaneko, T. Ogawa, M. Takahashi, and R. Hatakeyama, Chem. Commun. 254 (2007). 
[2] Y.F. Li, R. Hatakeyama, T. Kaneko, T. Okada, and T. Kato, Appl. Phys. Lett. 89, 083117 (2006). 
[3] Y.F. Li, R. Hatakeyama, J. Shishido, T. Kato, and T. Kaneko, Appl. Phys. Lett. in press (2007). 

Contact e-mail: hatake@ecei.tohoku.ac.jp 
 

F08 - Electronic transport properties of alkali-metal/halogen encapsulated 
single-walled carbon nanotubes formed by plasma ion irradiation method 

Jun Shishido 1, Toshiaki Kato 1, Wataru Oohara 1, Rikizo Hatakeyama 1, Kazuyuki Tohji 2 

1 Department of Electronic Engineering, Tohoku University, 2 Graduate School of 
Environmental Studies, Tohoku University 

Single-walled carbon nanotubes (SWNTs) have a strong potential for fabricating novel nano electronic 
devices in combination with other foreign molecules or atoms, owing to their unique one-dimensional 
structure and electronic properties. Up to now, our group has demonstrated that electrical features of 
SWNTs can drastically be modified by various alkali-metal atoms encapsulation, and hence an air-stable 
n-type semiconducting behavior has been obtained. This result motivates us to develop a nano-pn 
junction diode by encapsulating both electron donor and acceptor in a same individual SWNT. Here, we 
present unique electron transport properties of Cs and I encapsulated SWNT (Cs/I@SWNT), which is 
prepared by a novel alkali-halogen plasma irradiation technique. Transport measurements under a field-
effect transistor (FET) configuration reveal that the Cs/I@SWNTs show a diode like rectification 
behavior due to selective encapsulation of these electron donor and acceptor. In addition to this 
rectification behavior, source-drain current (IDS ) vs gate voltage (VG) characteristics are observed to be 
different from the usual p-type or n-type behavior, which can be explained as a unique feature of the p-n 
junction structure. 

Contact e-mail: shishido@plasma.ecei.tohoku.ac.jp 

mailto:hatake@ecei.tohoku.ac.jp
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F09 - Hetero-Channel CMOS with single-walled CNT and ZnO nanowires 

Georgios Lentaris 1, Yang Yang 2, Emrah Unalan 2, Seung Nam Cha 3, Aun Shih Teh 2, David Hasko 4, 
Gehan Amaratunga 2 

1 University of Cambridge, 2 Electrical Engineering Division, Engineering Department, 
University of Cambridge, 3 Presently with Samsung Advanced Institute of Technology, 
Korea., 4 Micro-Electronics Research and Nanoscience Centre University of Cambridge 

Single-walled carbon nanotubes (SWCNT)Field Effect Transistors (CNTFET), mostly exhibit p-type 
behaviour. Zinc Oxide (ZnO) Nanowires also have promising electrical characteristics which have 
recently been exploited in high performance n-type transistors1. Here we report the integration of 
CNTFET and ZnOFET on the same substrate.We have fabricated the CNTFET with SWNTs that have 
been grown by CVD method with 2-5µm length. The disadvantage of the uncertainty of whether the 
SWNTs are semiconducting or conducting has been addressed by the fabrication of multiple devices. As 
the yield of semiconducting SWNTs is 70%, the CNTFET is realised on a statistical basis. For the 
ZnOFET, we have used ZnO nanowires that have been grown with CVD method with 5-10 µm length 
and has n-type behaviour. This novel approach for combining the ZnOFET and CNTFET is being 
explored as an alternative solution for CMOS technology where both n-channel and p-channel transistors 
are required to define binary logic levels. Although the ZnOFET does not display ballistic electron 
transport, which the CNTFET can, the important parameter is that the total current per channel. Though 
the channel current density in the CNTFET ( 1.4nm diameter) is much higher than that of a ZnOFET  
(60nm diameter), the overall transistor current density is the same. This is because the total area occupied 
by a nanotube/nanowire transistor is not governed by the tube/wire diameter. It is rather the contact 
dimensions, common to both, which determine area. One of the main limitations in scaling CMOS 
Silicon (Si) transistors is that they suffer from short channel effects that diminish the control of the 
channel through the gate and increase the power losses due to excessive leakage current. By having high 
mobility CNT and ZnO tube/wires the channel geometry can be changed to avoid short channel effects, 
effectively by making long channels, while maintaining the overall transistor area and current. 
Experimentally, the SWCNT were grown in situ on an SOI substrate with the ZnO nanowires grown ex-
situ and dispersed subsequently. The positions of the SWNT and ZnO were located using a Scanning 
Electron Microscope (SEM) and combined with an electron beam lithrography tool for device 
fabrication. The source and drain of the CNTFET were formed by sputtered by Palladium (Pd). The 
ZnOFET has a chromium (Cr) with air dielectric. The source-drain has sputtered Niobium (Nb) contacts. 
Electrical characteristics of this new hetero-channel CMOS transistor are presented. 

Contact e-mail: gl272@cam.ac.uk 
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F10 - Gas sensor built with iron oxide-filled multi-walled carbon nanotubes 

Carlos Eduardo Cava 1, Mariane M. Schnitzler 2, Marcela M. Oliveira 3, Aldo J. Zarbin 2, Lucimara S. 
Roman 3 

1 Universidade Federal do Paraná – PiPE, 2 Universidade Federal do Paraná - Dep. 
Química, 3 Universidade Federal do Paraná - Dep. Física 

The development of solid state sensors for several kinds of gases has a great importance for the industry 
in general. As many factors play an important role on the analysis and detection of gases, the search for a 
versatile, cheap and low-sized gas detector has become essential. Recent studies prove that carbon 
nanotubes present variations regarding their electrical resistance when they are in contact with some sorts 
of organic gases; therefore, they can be detected. The possibility of obtaining carbon nanotubes filled 
with other materials allow the addition of new properties to build sensitive sensors either to the gases 
which interact with the carbon nanotubes or with the gases which interact with the filling. That is why it 
is possible to build versatile sensors in solid state, relatively cheap and with a proper size. This study 
presents the results for a gas detector that works the variation of the electric current which passes through 
the iron oxide-filled multi-walled carbon nanotube. We identified conductivity changes when there was 
contact with some organic gases. The results showed that is possible to build a device that works as an 
electric sensor for gases of easy identification which is stable, without presenting any signs of 
degradation or saturation and with a quick response to atmosphere changes. 

Contact e-mail: cava@ufpr.br 
 

F11 - Characteristics of individually suspended single-walled carbon 
nanotube based nanodevices 

I Ju Teng 1, Kai Ling Chen 2, Yu Rung Peng 2, Sheng Rui Jian 3 

1 Dept. of Materials Science and Engineering, National Chiao Tung University,  
2 Department of Materials Science and Engineering, National Chiao Tung University, 

Hsinchu 300, Taiwan, 3 Department of Electrophysics, National Chiao Tung University, 
Hsinchu 300, Taiwan 

Presented in this study are of the morphological, structural, optical, and electrical properties of 
individually suspended single-walled carbon nanotubes (SWCNTs) synthesized by microwave plasma 
chemical vapor deposition (MPCVD) and the characteristics are achieved by means of field-emission 
scanning electron microscopy (FESEM), high-resolution transmission electron microscopy (HRTEM), 
micro-Raman spectroscopy, photoluminescence (PL), and I -V analyzer techniques. The preliminary 
results demonstrate that the laterally suspended SWCNTs could successfully cross several micrometer 
length scales trenches of the patterned Si wafer, which is fabricated by focused ion beam (FIB) 
technique. The results also indicate that several PL-peaks locate at about 1.6-1.8 eV, and the intensity of 
radial breading mode (RBM) peaks of the SWCNTs is varied by temperature from micro-Raman 
observations. In addition, electrical characteristics of the individually suspended SWCNTs are also 
presented in this work. Therefore, this approach is a simple yet valuable method for the fabrication of 
suspended SWCNTs particularly well suited for application in nanodevices. Keyword: suspended 
SWCNT; MPCVD, photoluminescence (PL); focused ion beam (FIB), radial breading mode (RBM). 

Contact e-mail: eru.mse94g@nctu.edu.tw 
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F12 - A new approach for designable carbon nanotube based transistor 

Laurent Gangloff 1, Kenneth B.K. Teo 2, Pierre Legagneux 3, William I. Milne 2, Didier Pribat 4, 
Gowtham Manoharan 4, SeongMin Kim 2, Detlef Friedrich 5, Henning Hanssen 5, Jean Philippe Schnell 3, 

Laurent Eude 4 

1 University of Cambridge,UK, 2 Cambridge University, UK, 3 Thales Research and 
Technology, France, 4 Ecole Polytechnique, France, 5 Fraunhofer ISiT Institute, Germany 

It is generally admitted that the miniaturisation of silicon-based transistors will reach some fundamental 
limit before the end of the decade. This is currently motivating an intense research activity for alternative 
devices and materials. In particular, molecular electronics is an emerging area, where essentially single 
molecules are used for the active part of the devices. Moreover, molecular electronics could bring higher 
device performance than conventional electronics because of possible ballistic transport and better gate 
coupling. Today, the most widely studied molecular systems are single wall carbon nanotubes (SWNTs), 
which exhibit unique electrical properties.  
The integration of such nanostructures in transistors is currently restrained by two crucial issues : i) the 
SWNT manipulation and positioning and ii) the chirality control to obtain same electrical properties for 
each CNT.  
Manipulation and positioning can be settled using a nanometer-sized template whose features will 
determined the carbon nanotubes characteristics (diameter, length, orientation, position ...). For this 
purpose, we have two different approaches : the vertical and the lateral templates. The first one is 
fabricated with a process combining conventional microelectronics methods with dedicated growth 
conditions while the second one uses the well known aluminum anodization method to create nanometer-
sized pores. In the case of lateral templates, the anodization has to be performed parallel to the substrate. 
At this aim, a dedicated process is use leading to a configuration where the electric field is parallel to the 
substrate during anodization and therefore nanopores created are also laterally orientated. This leads to a 
perfect organisation with nanopores perfectly organised in parallel. This configuration is highly desirable 
in order to increase the current delivered by each devices. Process fabrication and growth inside lateral 
and vertical templates will be presented.  
For the second issue, we know that the carbon nanotube growth is essentially a surface-driven process 
and therefore is highly dependent on the catalyst structure. We plan to control the chirality by a perfect 
tailoring of the catalyst particle crystalline structure. This is done by epitaxially depositing the catalyst 
particles and growing the SWNTs at low temperature (i.e. lower than the melting point of the catalyst 
material) to preserve the crystallographic structure. First results performed on different kind of substrates 
and substrate orientations (Si, quartz, sapphire, MgO (100) and (111)) have shown that the SWNT 
chirality/diameter is depending on the choice of the substrate material and/or substrate orientation. This 
has been brought to light by Raman measurements. 

Contact e-mail: lg310@cam.ac.uk 
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F13 - Network Transistors of Carbon Nanotubes Directly Grown on Glass 

Eun Ju Bae 1, Yo-Sep Min1, Un Jeong Kim 1, Wanjun Park 2 

1 Samsung Advanced Institute of Technology, 2 Hanyang University 

Random network tansistors of carbon nanotubes were fabricated on glass. Single-walled carbon 
nanotubes (SWNTs) were directly grown on glass by using a water assisted remote plasma chemical 
vapor deposition (CVD). The carbon nanotube networks acting as the active components of the thin film 
transistor were selectively formed on the transistor channel areas that were previously patterned with 
catalysts. Even though the density of grown nanotubes is much higher than the percolation threshold, it 
shows high on/off ratio of ~104. It is understood that the remote plasma CVD seems to be an effective 
method for a preferential growth of semiconducting SWNTs. This achievement suggests that the 
nanotube active devices may be fitted to thin film applications for future optoelectronics. 

Contact e-mail: eunju.bae@samsung.com 
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F14 - A Novel Mono-layer Shell-Etching Process Using Vacuum-ultraviolet 
Light for Double-walled Carbon Nanotube Transistors 

Koji Asano 1, Taisuke Iwai 2, Ikuo Soga 1, Daiyu Kondo 2, Yuji Awano 2 

1 Fujitsu Laboratories Ltd., 2 Fujitsu Laboratories Ltd., Fujitsu Limited, CREST/JST 

We developed a mono-layer etching process of double-walled carbon nanotubes (DWNTs) using the 
vacuumultraviolet light (VUV) dry reaction system. By utilizing the system, we successfully etched the 
outer-shell of DWNTs remaining the inner-shell.  
Carbon nanotube (CNT) field effect transistors (FETs) are the candidate of post-Si channel for CMOS 
devices because of their high carrier mobility and miniaturization feature. In order to obtain the stable 
operation of such nanotube or nano-wire FETs, the surface passivation technique for the channel is very 
important. We propose a new structure of DWNT-FETs, consisting of the inner semiconductor shell as a 
channel and the outer-shell as a passivation layer. At the gate region, the outer-shell will be removed and 
the inner semiconducting shell will be covered with an insulator and a metal electrode, forming MIS 
structure. In this structure, the ideal passivation by the outer-shell can be expected at the source-gate and 
gate-drain regions.  
To realize them, the mono-layer etching of outer-shell remaining the semiconducting inner-shell is the 
key process. Then, we tried to develop the mono-layer etching process utilizing VUV treatment. First, we 
fabricated back-gate type CNT-FETs with DWNT channel on a SiO2/Si substrate. The diameter of 
DWNTs is about 1 to 3 nm. Then, the FETs were exposed to the VUV (λ= 172nm) in oxygen gas diluted 
by nitrogen [1]. Before and after the VUV treatment, the drain current (Ids) vs. the gate voltage (Vgs)) 
characteristics was measured. The Ids dependence on Vgs, i.e. the transconductance gm was very small 
before the VUV-treatment, which means that the Ids is mainly consisted of the current flowing in the 
metallic outer-shell and the contribution of the current flowing in semiconducting inner-shell was very 
small. However, after the VUV treatment, the gm becomes about twice, which means that the Ids 
attributed to the current flowing in semiconducting inner-shell became two times larger than that before 
the treatment. This indicates the etching of the metallic outer-shell of DWNTs remaining the 
semiconducting inner-shell. We believe that the VUV dry reaction system will be very useful for 
fabricating not only this FET structure but also several DWNT-based novel devices. 
 
[1] K. Asano, et al., Japanese Journal of Applied Physics, Vol.45, No.4B, 2006, 3573-3576. 

Contact e-mail: asano.k@jp.fujitsu.com 
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F15 - Crossed Carbon Nanotube Devices 

Eleanor E.B. Campbell 1, Johannes Svensson 1, DongSu Lee 2, YungWoo Park 2 

1 Gothenburg University, 2 Seoul National University 

Cross junctions of carbon nanotubes (CNTs) separated by thin oxide layers have been fabricated in which 
the top CNT is used as a local gate to control the electron transport through the lower CNT. Coulomb 
oscillation was observed on the lower CNTs at low temperatures. The gating field from the upper CNT is 
seen to modulate the band structure in the lower CNT, producing double quantum dot systems [1]. The 
ability to modulate the electronic structure of CNTs in such a way opens up many possibilities for future 
electronic and logical nanodevices. The oxide deposition step is a crucial one and we illustrate that this is 
best carried out by Atomic Layer Deposition.We will report some new measurements on related systems 
and also illustrate the improvement of carbon nanotube transistor characteristics when using metallic 
nanotubes as the electrical leads instead of larger metallic electrodes. 
 
[1] D.S. Lee, S.J. Park, S.D: Park, Y.W. Park, M. Kemell, M. Ritala, J. Svensson, E.E.B. Campbell, 
Appl. Phys. Lett. 89 (2006) 233107 

Contact e-mail: eleanor.campbell@physics.gu.se 
 

F16 - Dynamic exchange coupling and spin pumping in carbon nanotubes 

Antonio T. Costa 1, Roberto B. Muniz 1, Mauro S. Ferreira 2 

1 Universidade Federal Fluminense, 2 Trinity College Dublin 

Motivated by the growing evidence of spin-dependent interactions in carbon-based structures, we 
investigate the pumping of spin currents into a nanotube and how this may affect the magnetic response 
of these materials. The spin pumping that results from precessing magnetic moments in contact to a 
nanotube is used here to explain (a) the finite lifetime of magnetic excitations on nanotubes even in the 
absence of spin-orbit interaction and (b) the appearence of a dynamic magnetic coupling between 
localized moments in nanotubes. Both features are illustrated by calculations of the spin excitation 
spectra of nanotubes in the presence of magnetic adatoms. In this context, we show that the calculated 
dynamic coupling may be either long- or short-ranged, depending on the geometry of the adatom 
adsorption as well as on the doping level of the nanotube. We argue that changes in the range of this 
dynamic interaction may be externally controlled or carefully selected. Furthermore, we point to the 
dominant role played by the loss of coherence in the magnetic excitations, a.k.a Stoner excitations, and 
how influential this can be in determining the range of the dynamic interaction. Finally we stress the 
fundamental differences  between spin pumping in three-dimensional systems with planar symmetry and 
quasi-one-dimensional materials with broken translational symmetry. 

Contact e-mail: antc@if.uff.br 



 

 249

Contributed presentations - Thursday, June 28 

F17 - Double Wall Carbon Nanotubes filled with α-Fe 

Jose G. Jorge 1, Emmanuel Flahaut 2, Fernando Gonzalez-Jimenez 1, Gema Gonzalez 3, Jesus Gonzalez 4, 
Jean Marc Broto 5 

1 Universidad Central de Venezuela, 2 CIRIMAT - UPS – CNRS, 3 Instituto Venezolano 
de Investigaciones Científicas – IVIC, 4 Universidad de los Andes – ULA, 5 University 

Toulouse 3 

Double Wall Carbon Nanotubes, DWCNT’s, whose preparation has been described elsewhere (E. Flahaut 
et al. Chem. Commun. (2003)1442), by CCVD, were filled with iron using a simple method based in the 
chemical wetting with an FeCl3 oversaturated solution. The pristine CNT’s were constituted of ca. 75% 
DWCNT’s, with 1.5 nm internal diameter and 2.2 nm external diameter. The characterizations made by 
TEM, HRTEM, SAED, Mössbauer spectroscopy (MS) and VSM allow to say: -the observed iron in the 
DWCNT’s is α-Fe (95% according to MS and ~5% a superparamagnetic oxide), with a hyperfine field 
~5% larger than in bulk iron at room temperature. -HRTEM indicate that DWNT’s were partially filled 
(diameter of the wire 1.37 nm), and TEM allow to estimate length in some nanowires ~40 nm. -SAED 
made on a bundle of NTC’s confirm the presence of α-Fe, which due to non continuous rings in the 110 
reflection indicate a clear orientation of the wires. -VSM show a hysteresis cycle with a coercive field 
190 gauss, indicating the clear ferromagnetic behaviour of the sample. It is to be underlined that 
comparing with previous experiments in MWCNT’s, where a mixture of cementite, γ-Fe and α-Fe was 
reported, we almost only find α-Fe. The most striking result is perhaps the increase of the hyperfine field 
certainly due to the confinement of the α-Fe in the interior of the nanotube. 

Contact e-mail: jjorge@fisica.ciens.ucv.ve 
 

F18 - Mössbauer and Raman spectroscopies studies in Double Wall Carbon 
Nanotubes filled with α-Fe. 

Fernando Gonzalez-Jimenez 1, Jose Jorge 1, Edgar Belandria 2, Emmanuel Flahaut 3, Jesus Gonzalez 2, 
Jean Marc Broto4 

1 Universidad Central de Venezuela, 2 Universidad de los Andes – ULA, 3 CIRIMAT-
UPS-CNRS, 4 University Toulouse 3 

Elsewhere in this conference we present the synthesis and characterization of DWCNT’s filled with α-Fe. 
In this complimentary work we study the physical properties by Mössbauer (MS) and Raman 
spectroscopies. The Mossbauer spectra obtained from room temperature (RT) to 26K, indicate increases 
of the hyperfine fields from 341 kG to 353 kG respectively, which with respect to bulk α-Fe are 11 and 
16 kG above. Those values are considerable higher compared with other authors when studying α-Fe in 
MWCNT’s. In addition, the thermal evolution of the resonnant absorptions allowed us to determine the 
Debye temperature equivalent, θD=241 K, which is extremely low compared with bulk iron (467 K). The 
Raman spectra were also particularly rich, indicating the features of the DWCNT’s (tangential and radial 
modes) as well as the appearance, due to the confinement, of characteristic iron modes in the range of 
radial modes of the nanotubes. It is to be underlined that the magnetic enhancement and the mechanical 
softening are new features observed in those systems. 

Contact e-mail: fernandogonzalez41@yahoo.com 
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F19 - Noncollinear coupling between magnetic adatoms in carbon nanotubes 

Mauro S. Ferreira 1, Antonio T. Costa 2, Claudia G. Rocha 3, Mauro S. Ferreira 3 

1 School of Physics, 2 Instituto de Fisica, Universidade Federal Fluminense, Brazil,  
3 School of Physics, Trinity College Dublin, Dublin, Ireland 

The long range character of the exchange coupling between localized magnetic moments indirectly 
mediated by the conduction electrons of metallic hosts often plays a significant role in determining the 
magnetic order of low-dimensional structures. In addition to this indirect coupling, here we show that the 
direct exchange interation that arises when the moments are not too far apart may induce a non-collinear 
magnetic order that cannot be characterized by a Heisenberg-like interaction between the magnetic 
moments. We argue that this effect can be manipulated to control the magnetization alignment of 
magnetic dimers adsorbed to the walls of carbon nanotubes. 

Contact e-mail: ferreirm@tcd.ie 
 

F20 - Transport properties of nanotubes with randomly distributed magnetic 
impurities 

Mauro S. Ferreira 1, David F. Kirwan 2, Claudia G. Rocha 2, Antonio T. Costa 3 

1 School of Physics, 2  School of Physics, Trinity College Dublin, Ireland, 3 Instituto de 
Fisica, Universidade Federal Fluminense, Brazil 

We calculate how the conductance of a carbon nanotube is affected by the dispersion of randomly 
distributed magnetic adatoms. The first stage of the calculation involves obtaining the most favourable 
alignment of the atomic magnetizations both with and without an external magnetic field. Whereas the 
former saturates the overall magnetization by aligning the individual moments, the latter follows from a 
Monte Carlo study showing that the magnetization may depend rather sensitively on the concentration of 
magnetic adatoms. The second stage of the calculation consists of evaluating the quantum conductance 
from which we can extract the values for the magnetoresistance. A systematic study shows the 
concentration dependence of the magnetoresistance. 

Contact e-mail: ferreirm@tcd.ie 
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F21 - First observation of magnetic interaction between metal-filled carbon 
nanotubes 

Yasuhiko Hayashi 1, T. Fujita 2, T. Butler 3, N. L. Rupesinghe 3, K. B. K. Teo 3, E. Simpson 3,  
T. Kasama3, R. E. Dunin-Borkowski 3, G. A. J. Amaratunga 3 

1 Dept. of Environmental Technology & Urban Planning, Nagoya Institute of Technology, 
2 Tohoku University, 3 University of Cambridge 

We present a growth and characterization of self-assembled aligned PdxCo1-x alloy encapsulated into 
multiwalled carbon nanotube (MWCNT) arrays on Pd/Co thin layers coated Si substrate by dc bias-
enhanced plasma chemical vapor deposition method during the growth of MWCNTs with C2H2 and NH3 

as the reaction gasses at various temperatures.  
The magnetic properties of large area PdxCo1-x alloy encapsulated into MWCNTs were investigated by a 
vibrating sample magnetometry (VSM). Off-axis electron holography in the transmission electron 
microscope (TEM) was used to correlate the magnetic microstructure of magnetite PdxCo1-x alloy in 
individual MWCNTs. As the growth temperature increases from 700 oC to 750 oC, both the coercive 
fields and the loop squareness coefficient defined as the remanence-to-saturation magnetization ratio, S, 
based on VSM results increase when the applied fields both in perpendicularly (Coercive fields: from 104 
to 267 Oe, S: from 0.060 to 0.095) and parallelly (Coercive fields: from 177 to 674 Oe, S: from 0.143 to 
0.684) to the metal-filled MWCNTs. This magnetic anisotropy of the metal-filled MWCNTs results from 
the interplay of a series of effective fields, such as crystalline anisotropy energy, shape anisotropy effect 
and demagnetization field. The powerful technique of the electron holography in the TEM enabled us to 
obtain the saturation magnetization of each PdxCo1-x  alloy in the metal-filled MWCNTs and the magnetic 
interaction between metal-filled MWCNTs by calculating the magnetic field lines. We observed an 
interaction between metal-filled MWCNTs, with saturation magnetization of 1.12 T and 0.9 T, which 
were separated by about 340 nm. The external fields among metal-filled MWCNTs were clearly 
observed. Each metal-filled MWCNT was seen to have independently, however there was some transfer 
of magnetic flux between adjacent metal-filled MWCNTs. Although many adjacent magnetic materials 
are oriented magnetically anti-parallel in each other, it is apparent from our results that both the PdxCo1-x 
alloy in each metal-filled MWCNTs are the magnetic particles with parallel local magnetization along the 
MWCNT direction. 
Our results demonstrate significant progress towards the goal of producing spinelectronic devices from 
ferromagnetic PdxCo1-x alloy encapsulated MWCNTs. 

Contact e-mail: hayashi.yasuhiko@nitech.ac.jp 
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F22 - Spin-orbit interaction in carbon nanotubes 

Leonor Chico 1, M. P. López Sancho 2, M. C. Muñoz 2 

1 Universidad de Castilla-La Mancha, 2 ICMM-CSIC 

Transport experiments [1,2] in carbon nanotubes show that spin plays an important role in their transport 
properties, although certain results are in apparent contradiction. We have studied the effect of spin-orbit 
(SO) interactions in carbon nanotubes of different geometries within an empirical tight-binding model. 
We have found that chiral nanotubes present spin splitting, whereas achiral (i.e., zigzag or armchair) 
tubes preserve spin degeneracy. This may yield different spin transport properties depending on chirality. 
This different behavior can be understood by noticing that achiral tubes have inversion symmetry, 
whereas chiral tubes lack an inversion center [3].  
In achiral nanotubes, fourfold degenerate bands can present a partial removal of degeneracy when 
including spin-orbit effects. In particular, this band splitting is present in the valence and conduction 
bands of zigzag nanotubes. Zigzag tubes can be classified into three families, metallic (3N,0) tubes and 
the semiconducting (3N-1,0) and (3N+1,0). We have found a different behavior for the semiconducting 
families: in (3N-1,0) tubes, the band splitting is larger for the valence band than for the conduction band, 
as it happens for metallic (3N,0) tubes. However, in the (3N+1,0) family, the splitting is larger for the 
conduction band [4]. This distinct behavior for the zigzag families has been noticed before with respect to 
other physical properties and can be related to the trigonal warping effect [5].  
We have also explored the role of curvature in spin-orbit interaction: spin-orbit splitting is enhanced with 
curvature, and we have studied its dependence for different chiralities [4]. 
 
REFERENCES 
[1] D. Cobden et al., Phys. Rev. Lett. 81 , 681 (1998); M.R. Buitelaar et al. Phys. Rev. Lett. 88 , 15681 
(2002); D.H. Cobden and J. Nygard, Phys. Rev. Lett 89 , 046803 (2002). 
[2] W. Liang, M. Bockrath, and H. Park, Phys. Rev. Lett. 88 , 126801 (2002). 
[3] L. Chico, M. P. López-Sancho, and M .C. Muñoz, Phys. Rev. Lett. 93 , 1764022 (2004). 
[4] L. Chico, M. P. López-Sancho, and M .C. Muñoz, in preparation. 
[5] R. Saito, G. Dresselhaus, and M. S. Dreselhaus, Phys. Rev. B 61 , 2981 (2000). 

Contact e-mail: leonor.chico@uclm.es 
 

F23 - Magnetism in carbon nanotubes with line defects: first-principles 
calculations 

Simone Silva Alexandre, Mario S. C. Mazzoni, Hélio Chacham 

Departamento de Física-UFMG 

We apply first-principles calculations to investigate the interplay between electronic and magnetic 
properties in carbon nanotubes with line defects.We show that, depending on the diameter, oxygen line 
defects, which could appear as a consequence of a cooperative oxidation process, may lead to flat bands 
close to the Fermi energy with similar characteristics than those at nanoribbon edges.We also show that 
the antiferromagnetic state with a narrow band gap, which is the ground state solution for a specific 
diameter, may undergo a metallic transition upon application of a transverse electric field. The 
dependence of the results with the nanotube diameter and with the nature of the defect is also discussed. 

Contact e-mail: simoni@fisica.ufmg.br 
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F24 - Spin Switching in Carbon Clusters 

Florentino Lopez-Urias, Eduardo Cruz-Silva, Mauricio Terrones,  Humberto Terrones 

Instituto Potosino de Investigacion Cientifica Y Tecnologica, IPICyT, A.C. 

Electronic and magnetic properties of all sp2 carbon clusters with 10-14 atoms and carbon rings are 
investigated using many-body schemes. The correlated pi-electrons are treated by means of the single 
band Hubbard model. The ground-state energy, wave function and the total spin are calculated exactly 
using the Lanczos numerical diagonalization method. The clusters exhibit a spin switching when the 
electron-electron interaction is increased (a transition from singlet to triplet state). Among the clusters 
found with non-null spin, it has observed carbon chain morphologies containing two interconnect clusters 
joined by one or two bonds. Also, one hole or electron doping effect in the magnetic properties of carbon 
clusters is investigated. Finally, armchair and zigzag carbon ribbons results are discussed. 

Contact e-mail: flo@ipicyt.edu.mx 
 

F25 - Magnetic Properties of Carbon Nanostructures 

Florentino Lopez-Urias, Julio-Alejandro Rodriguez-Manzo, Mauricio Terrones, Humberto Terrones 

Instituto Potosino de Investigacion Cientifica Y Tecnologica, IPICyT, A.C. 

We investigate the magnetic response and the ring currents induced by the presence of an external 
magnetic field in different carbon nanostructures using a pi-electron tight binding model in conjunction 
with the London approximation.We consider fullerenes, corrugated and non-corrugated carbon nanotori, 
and finite graphene sheets. For corrugated carbon nanotori, we have constructed the structures in two 
different ways: (1) by joining the ends of carbon nanotubes containing pentagonal, hexagonal and 
heptagonal carbon rings (rectangular and hexagonal Haeckelites), and (2) by coalescing C60 molecules 
along of the three different axes of symmetry (C2, C3 and C5). The non-corrugated carbon nanototori 
have been constructed by joining the ends of standard carbon nanotubes containing hexagonal rings only. 
For the graphene ribbons, we considered those exhibiting armchair or zig-zag edges. Our results reveal 
strong paramagnetic signals in structures containing non-hexagonal carbon rings. For carbon nanotori, 
the presence of strong paramagnetism causes the electrons to flow around the torous. We also observed 
that the ring currents of graphene ribbons are small and localized at the edges. Finally, the magnetic 
moment of nanotori constructed from Haeckelite structures is also described as a function of doping 
(adding additional electrons or holes). 

Contact e-mail: flo@ipicyt.edu.mx 
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F26 - Electron Holography of Ferromagnetic Nanoparticles Encapsulated in 
Three-dimensional Arrays of Aligned Carbon Nanotubes 

Krzysztof K. Koziol 1, Takeshi Kasama 2, Alan H. Windle 2, Rafal Dunin-Borkowski 2 

1 University of Cambridge, 2 Department of Materials Science and Metallurgy, University 
of Cambridge, Cambridge, United Kingdom 

Arrays of closely-spaced ferromagnetic nanoparticles are of interest for applications that include data 
storage, magnetic imaging and drug delivery. Here, we use electron holography and micromagnetic 
simulations to study the magnetic properties and interaction of ferromagnetic metal nanoparticles that are 
encapsulated in threedimensional arrays of closely-spaced carbon nanotubes. The nanotubes are used to 
tailor the shapes, sizes and compositions of the nanoparticles, as well as to protect them from oxidation. 
Magnetic induction maps are recorded from individual nanoparticles that have sizes of between 10 and 
40 nm, the magnetic moments of the nanoparticles are measured, and the strengths of magnetostatic 
interactions between adjacent particles are quantified. 

Contact e-mail: kk292@cam.ac.uk 
 

F27 - Theoretical studies doped double-wall carbon nanotubes 

Silvete C. Guerini, Welber J.L. Mendes, David L. Azevedo 

Universidade Federal do Maranhão 

Carbon nanotubes are promising in a wide variety of electronic applications from nanotransistores to 
sensors. Most studies of carbon nanotubes are realized on single-wall carbon nanotubes (SWCNTs). 
Recently it has been an increasing substantial interest in double-wall carbon nanotubes (DWCNTs). The 
DWCNTs are interesting cause it is an intermediate structure between SWCNTs and multi-wall carbon 
nanotubes (MWCNTs). The control of properties of these nanotubes is a key for their potential 
applications in technology. A way to control is through doping nanotubes with atoms of other chemical 
species. The addition of dopants within the lattice of carbon nanotubes has suggested that application can 
be realized. It has been shown that B-doping of MWCNTs results in the addition of acceptor states near 
the valence band [1]. In this work we have doped the DWCNTs with B and N atoms and observed how 
the electronic properties are changed. 
 
[1] Blasé, X., et. al. Phys. Rev. Lett., 81, 2332 (1998). 

Contact e-mail: silvete@gmail.com 
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F28 - Hydrogen storage in carbon nanoscrolls 

Scheila F. Braga 1, Vitor R. Coluci 1, Ray H. Baughman 2, Douglas S. Galvão 1 

1 Unicamp, 2 University of Texas at Dallas 

Hydrogen (H2) has been recently object of intense research as an energy source. Among the problems 
that have to be solved for the wide use of hydrogen energy, the most important one is how to store H2 

easily and cheaply. The target of the U.S. Department of Energy for hydrogen storage is a gravimetric 
capacity (weight of stored H2/system weight) of 6.5 wt% and a volumetric density of 62 kg H2 m-3. 
Graphite and carbon nanotubes have been both theoretical and experimentally investigated as potential 
adsorbent structures. Recently, a lowtemperature synthesis method was developed to produce a different 
type of carbon nanostructure, the so called carbon nanoscroll (CNS). This structure is formed by wrapped 
graphite sheets.  
In contrast to carbon nanotubes, CNSs provide inter-layer galleries that can be intercalated with different 
agents, and the CNS diameter can expand to accommodate the volume of the intercalant. This feature is 
potentially important for hydrogen storage. In this work we have used molecular dynamics simulations to 
investigate the hydrogen uptake mechanism and the gas sorption/desorption cycle, and grand-canonical 
Monte Carlo simulations to estimate the storage capacity of CNSs. The scroll adsorption capacity was 
explored by changing the space between scroll layers. At equilibrium geometries (interlayer spacing 
about 3.4 angstrom the scroll storage capacity can reach 2.5 wt% which is higher than the values obtained 
for crystallographically packed carbon nanotubes at 150 K and 1 MPa. Higher capacities were reached 
when interlayer spacings were increased. The value of 5.5 wt% hydrogen was obtained when the 
interlayer spacing was 6.4 angstrom. While our Monte Carlo simulations were performed at low pressure 
(1 MPa) and relatively high temperatures (150-350 K), we expect an increase in the storage capacity of 
CNSs for pressures available in experimental setups (~10 MPa). The sorption/desorption in an isolated 
CNS was investigated through a temperature-controlled cycle. After the scroll had been loaded reaching 
about 4 wt%, the desorption process was carried out by heating up the system. During this process, the 
absorbed H2 amount decreased to 1 wt% when almost all the H2 molecules were released. A recharging 
process was then performed through cooling, that can lead to even higher wt% values than the ones 
obtained before the desorption process. Our simulations suggest that CNSs can be promising systems for 
hydrogen storage especially when intercalants are present, and that temperature can be used as a 
charging/releasing variable. 

Contact e-mail: scheila@ifi.unicamp.br 
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F29 - ALKALINE METALS ADSORBED ON GRAPHENE 

Jose J. Alves 1, Ivana Z. Silva 1, Solange B. Fagan2, Josue Mendes Filho1 

1 Universidade Federal do Ceara – UFC, 2 Centro Universitario Franciscano 

Graphene layers have been proposed as alternative materials for replacing carbon nanotubes in some 
applications, due to its easy synthesis and low costs. In case of double layer recent experiments shown 
that is possible to achieve the control of the electronic band gap by adjusting the carrier concentration in 
the layers and controlling the gate potential. In this work we study the interaction between graphene layer 
and alkaline metals aiming to understand the modification on the electronic band structure and how the 
gap can be tuned.We used first principle calculations based on the Density Functional Theory (DFT). We 
have investigated different configurations for the alkaline metals on the layer. Optimized parameters such 
as minimal distances, energy, electronic band structure and charge transference is discussed. 

Contact e-mail: josejunior@fisica.ufc.br 
 

F30 - Electronic and Magnetic Properties of Fe Atomic and Wires Adsorbed 
on Graphene and Nanotube Surfaces 

Ivana Zanella Silva1, Solange Binotto Fagan 2, Ronaldo Mota 3, Josué Mendes Filho 1, Adalberto Fazzio 4 

1 Universidade Federal do Ceará, 2 Centro Universitário Franciscano – UNIFRA,  
3 International Center for Condensed Matter Physics – UNB, 4 Instituto de Física da USP 

Materials based on carbon have found an enormously wide range of potential applications. Although 
buckyballs, nanotubes, and others structures can all be viewed as derivatives of graphene but only 
recently the graphene has been experimentally obtained by micromechanical cleavage of graphite. Many 
reasons make the graphene a promising candidate for potential applications, such as our scalability, 
chemical stability, and ballistic transport at room temperature, among others. Moreover, there is an 
extraordinary interest about the magnetic order in low-dimensional systems that can be used in recording 
media, magnetic inks, and spintronics devices. For such purpose, it is interesting to understand the 
interaction of transition metals with graphene and nanotube surfaces. In this work the structural, 
electronic and magnetic properties of adsorbed Fe atomic and linear chains on graphene surface are 
investigated by using total energy ab initio calculations based on the density functional theory. A 
systematic study of several configurations of a Fe  atomic and wires interacting with graphene surface 
will be presented. The most stable configurations will be compared with previous results obtained for Fe 
atomic and wires interacting with carbon nanotubes. 

Contact e-mail: ivanazanella@gmail.com 
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F31 - Topological defects and grain boundaries in graphene 

Joice Araújo, Ricardo Nunes 

UFMG 

We constructed theoretical models to study the modifications in electronic structure and energetics of 
graphene, introduced by the presence of various topological defects: pentagon-heptagon pairs, Stone-
Wale (SW) defects made of two adjacent heptagon-pentagon pairs, and a grain boundary observed in a 
recent scanning tunneling microscopy study [1]. The grain boundary (GB) geometry is formed by 
pentagon-heptagon pairs extended along the GB line. Theoretical studies indicate that substitution of an 
hexagon by an n-membered ring introduces important modifications in the electronic structure of 
graphene. Pentagon-heptagon pairs and SW defects are commonly present in graphene samples or carbon 
nanotubes because they are stable defects from the energetic viewpoint [2,3]. The presence of pentagon 
or heptagon in graphene without changing the threefold coordination of the carbon atoms induces 
positive and negative curvature, respectively. In presence of a pentagon-heptagon pair,the mean a 
remains zero curvature. Calculations of charge from the local density of states of graphene with single n-
membered ring showed that pentagon is attractive and the heptagon is repulsive to electrons while the 
even - membered rings are neutral [4,5]. 
Using first principles calculations, we find that SW defects, two heptagon-pentagon separate pairs and 
GBs do not introduce resonant states at the Fermi level in graphene. Resonance energies are at least ~0.3 
eV above from the Fermi level. We find also that vacancies in grain boundaries can lead to localized to 
Fermi-level resonances and magnetic moments on graphene. Preliminary results on the interaction 
between impurities (N and B) and topological defects will also be presented. 
 
[1] P. Simonis et al., Surface Science 511, 319-322 (2002). 
2] P. M. Ajayan, V. Ra vikumar, and J. C. Charlier, Phys. Rev. Lett. 81, 1437 - 1440 (1998). 
[3] A. Hashimoto et al., Nature 430, 870 - 873 (2004). 
[4] R. Tamura and M. Tsukada, Phys. Rev. B. 49, 7697 (1994). 
[5] A. Cortijo and M. A. H. Vozmediano, cond-mat/0603717 (February 2007) . 
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F32 - Graphite and Carbon Compounds Nuclear Purity Control by Total 
Neutron Cross-Section Determinations 

Dante Luiz Voi 1, Roberto Stasiulevicius 2 

1 Instituto de Engenharia Nuclear-CNEN-RJ, 2 CNEN-CDTN 

The neutron crystal spectrometer installed at the 1 kW Argonaut research reactor of the Instituto de 
Engenharia Nuclear(IEN)-CNEN-Rio de Janeiro, is used as one of quality control of materials at level of 
nuclear purity, both applied to nuclear and pharmaceutical industries. In order that the property and 
parameters of graphite from several origins could be determined, neutron total cross-sections were 
measured. For the carbon nanotubes fabrication by UFMG/ICEX-Instituto de Física, and its purification 
in the CNEN/Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) - Belo Horizonte, the 
instrument is disposable for measurements to accompany the processes, complemented by chemical 
physics techniques and other methods for control fabrication, characterization and analysis for these 
materials. Joined to neutron transmission and diffraction techniques, the total neutron cross-sections, a 
parameter related to atomic nucleus area, can be determined. By the use of rather sophisticated technique, 
the cross-sections grouping and parceling processes, is possible the neutron cross-section determinations 
for chemical compounds and big molecules. Total neutron cross-sections for graphite samples from 
Brazil, Japan an USA were measured. French graphite samples from Pechiney were used as reference, 
with a value of 4,7 barn for the energy of neutrons of 0,05 eV and recommended in the international 
literature. The results are here discussed with the objective of application in the carbon nanotubes 
technology (CNT). 

Contact e-mail: dante@ien.gov.br 
 

F33 - Electrostatics of individual SWNTs investigated by EFM 

Philippe Poncharal 1, Matthieu Paillet 2, Ahmed Zahab 1 

1Université Montpellier II, 2Université de Montréal 

We report an experimental study of static charge distribution in individual single-walled carbon 
nanotubes grown on Si+115nm SiO2 substrate. From these experiments, we conclude that charges are 
distributed uniformly along the nanotubes. We demonstrate that electrostatic force microscopy can 
accurately measure the amount of charges per unit length. We found that this amount is diameter 
dependent and in the range of 1 electron per nanometer for a 2.5 nm nanotube at a potential of + 3.5V. 

Contact e-mail: poncharal@lcvn.univ-montp2.fr 
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F34 - A Molecular Structural Mechanics Investigation on Single-Walled 
Carbon Nanotubes 

Antonio F. Avila, Guilherme R.S. Lacerda 

Universidade Federal de Minas Gerais 

Since their discovery in the earlies 90’s carbon nanotubes (CNT) have being the center of attention of 
many research groups. CNTs exhibit exceptionally high stiffness, strength and resilience. As the size, 
mechanical strength, and electrical properties of nanotubes are highly dependent on their atomic 
architectures, the traditional “mechanics of materials” has to be expanded to accommodate the atomistic 
formulation. Based of mechanics of materials the finite element method is one of the most used “tools” 
for stress/strain analysis. This paper will focus its attention on numerical simulation of single walled 
carbon nanotubes (SWCNT) based on a three-dimensional finite element analysis associated to molecular 
dynamics (MD). Following Tserpes and Papanikos (2005), three SWCNTs configurations were 
simulated, i.e. armchair, zigzag and chiral. The model development is based on the assumption that 
carbon nanotubes, when subjected to loading, behave like space-frame structures. The bonds between 
carbon atoms are considered as connecting load-carrying members, while the carbon atoms as joints of 
the members. To be able to create the finite element models, nodes are placed at the locations of carbon 
atoms and the bonds between them are modeled using three-dimensional elastic beam elements. The 
elastic moduli of beam elements are determined by using a linkage between molecular and continuum 
mechanics. Compression, tension, torsion and shear are simulated and the SWCNT stress and strain fields 
are obtained. Furthermore, based on the concept of representative volume element developed by Tamma 
and Avila (1999) the SWCNT stiffnesses are obtained and compared against experimental and numerical 
data. The results showed are in good agreement with those published in literature. 

Contact e-mail: aavila@netuno.lcc.ufmg.br 
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F35 - Inner-shell charging of multi-walled carbon nanotubes 

Mariusz Zdrojek 1, Thierry Melin 2 

1 Warsaw University of Technology, Faculty of Physics, 2 IEMN dept. ISEN Lille 

Carbon nanotubes (CNTs) have been studied by Electrostatic Force Microscopy (EFM). Electrostatic 
properties of individually separated single-walled and multi-walled carbon nanotubes deposited on 
insulating layers have been investigated by charge injection and EFM experiments [1,2]. Delocalized 
charge patterns are observed along the CNTs upon local injection from the EFM tip, and correspond to 
charge storage in the nanotubes and to charge trapping in the oxide layer along the nanotubes. Both 
effects are dissociated experimentally. The continuous and abrupt discharge processes of CNTs are 
discussed, as well as the field-enhancement of electron emission patterns at the CNT caps [3]. In the case 
of multi-walled CNTs, quantitatively measured linear charge densities are found to deviate from classical 
electrostatics by more than one order of magnitude. From the analysis of charge densities as a function of 
CNT diameters, we demonstrate that multi-walled carbon nanotubes develop an develop an internal 
response to the biased tip probe, allowing an inner-shell charging as a result of intershell tunnelling 
processes. 
 
References: 
[1] M. Zdrojek et al., Appl. Phys. Lett. 86, 213114 (2005) 
[2] M. Zdrojek et al., Phys. Rev. Lett. 96, 039703 (2006) 
[3] M. Zdrojek et al., J. Appl. Phys., 100, 114326 (2006) 
Contact e-mail: zdrojek@if.pw.edu.pl 
 

F36 - Carbon nanotubes filled with ferrocene: charge transfer, hybridization, 
and possible strong bonding 

Viktor Zólyomi 1, János Koltai 2, Jenö Kürti2, Hidetsogu Shiozawa3, Thomas Pichler3, Christian 
Kramberger3, Alex Grüneis3, Martin Knupfer3, Bernd Büchner3, David Batchelor4, Hiromichi Kataura5 

1 Research Institute for Solid State Physics and Optics of the Hungarian Academy of 
Science 2 Dept. Biol. Phys., ELTE, Hungary, 3 IFW Dresden, Germany,  
4 Univ. Würzburg, Bessy II, Berlin, Germany, 5 AIST, Tsukuba, Jaban 

We present calculations on the inter-molecular interaction between the components of ferrocene filled 
single walled carbon nanotubes. We find that there is charge transfer between the subsystems in 
agreement with photoemission spectroscopy measurements. We consider the possibility of a strong 
binding between the ferrocene and the nanotube in light of the charge transfer data. 

Contact e-mail: zachary@evelyn.elte.hu 
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F37 - Engineering the structure and properties of carbon nanotubes with 
electron and ion beams 

Arkady V. Krasheninnikov 1, Adam S. Foster 2, Antti Tolvanen 1, Kai H. Nordlund 1, Florian Banhart 3, 
Risto M. Nieminen 2 

1 University of Helsinki, 2 Helsinki University of Technology, 3 University of Mainz 

As recent experimental and theoretical studies demonstrate [1], beams of energetic particles such as 
electrons or ions can have beneficial effects on mechanical, electronic and even magnetic properties of 
carbon nanotubes and other nano-structured carbon systems. Self-organization effects in graphitic lattices 
under a particle beam lead to the formation of new nanostructures that cannot be obtained otherwise. This 
is an unusual behaviour that comes from the ability of the graphitic network to reorganize its structure 
and from the inherent nanometer size of the systems which affects the dissipation of the energy brought 
in by the energetic particles. Irradiation can give rise to extreme pressure inside nanotubes [2], so that 
these systems can be used as nanolaboratories for studying pressure-induced transformations at the 
smallest scale. We report on the recent progress [3] in our understanding of ion-irradiation-induced 
phenomena in carbon nanotubes obtained from atomistic computer simulations. The production, 
annealing and further evolution of defects is simulated at various levels of theory ranging from ab initio 
to kinetic Monte-Carlo methods. Our simulations open new avenues for defect and impurity-mediated 
engineering of the atomic and electronic structure of carbon nanotubes. 
 
[1] For a review, see A. V. Krasheninnikov, “Irradiation-induced phenomena in carbon nanotubes“. in 
“Chemistry of Carbon Nanotubes“, edited by V. A. Basiuk and E. V. Basiuk (2007) 
[2] L. Sun, F. Banhart, A.V Krasheninnikov, J.A. Rodriguez-Manzo, M. Terrones, and P.M. Ajayan, 
Science 312 (2006) 1199. 
[3] http://www.acclab.helsinki.fi/~akrashen/publist.html 

Contact e-mail: akrashen@acclab.helsinki.fi 
 

F38 - Interaction of molecular hydrogen with carbon nanomaterials 

Miroslav Rubes, Ota Bludsky 

Institute of Organic Chemistry and Biochemistry 

One of the biggest drawbacks of current density functional theory is its inability to account properly for 
the dispersion interactions. DFT is probably the only ab initio method directly applicable to complex 
molecular systems, and, therefore, there is an ongoing research aimed to include the dispersion 
interaction into the DFT. In this work we employ a novel DFT-D approach based on the Reciprocal 
Power Reproducing Kernel Hilbert Space (RP-RKHS) interpolation (M.Rubeš, P.Soldán, P.Nachtigall, 
and O.Bludský, Phys. Chem. Chem. Phys., submitted) to describe interactions of molecular hydrogen 
with various carbon nanomaterials. The reliability and accuracy of our method is tested on systems where 
high-level ab initio calculations are available. 

Contact e-mail: rubes@uochb.cas.cz 
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F39 - Control of the structure and properties of carbon nanotube fibres 

Alan H. Windle 1, Anna Moisala 1, Marcelo Motta 1, Ian Kinloch 2 

1 University of Cambridge, 2 University of Manchester 

We have previously introduced a continuous single-step gas-phase CVD process for carbon nanotube 
formation and collection in bulk quantities (Li et al. Science 304, 2004, 276-278). The major benefit of 
this process is the ability to collect the nanotubes continuously as pure fibres or films. In this work we 
present the effects of several process parameters on the morphology and properties of the individual 
nanotubes as well as the fibres, which were produced from a feedstock containing ethanol, ferrocene and 
thiophene as the carbon and catalyst sources and the growth modifying additive, respectively. A variety 
of nanotube morphologies, from pure multiwall to double wall nanotubes or mixtures of “thin wall” 
nanotubes (1 to 3 walls) can be selectively produced by controlling the furnace temperature, carrier gas 
(hydrogen) flow rate and relative concentrations of iron, carbon and sulphur in the process. The 
morphology changes have a significant effect on the optical properties of the nanotubes, namely the 
Raman intensity ratio of the D- and G-bands, which ranges from 1 to 0.05. Furthermore, the mechanical 
properties of the nanotube fibres vary, the strength being from 0.1 to more than 2 N/tex, the highest 
performance found with the large diameter double wall tubes. In this paper we aim to present a 
comprehensive study to the factors governing the nanotube properties during their bulk production. 

Contact e-mail: ahw1@cam.ac.uk 
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F40 - Auto-collapse of single, double and triple-walledcarbon nanotubes is 
diameter dependent 

Alan H. Windle, Marcelo Motta, Anna Moisala, James A Elliott 

University of Cambridge 

Large diameters single and double-wall carbon nanotubes are can be continuously produced in the 
process of direct-spinning fibres from the gas-phase in a CVD reactor. The individual tubes are mainly 
double-walled of surprisingly large diameter, in the 4-9 nm range. In line with theoretical predictions, 
these tubes collapse to give a “dog-bone” cross-section. Images from high resolution electron microscopy 
show that all of those with a diameter larger than 5 nm have collapsed, including the single, double and 
triple-walled. Recent results from classical molecular dynamics simulation have shown that single-wall 
carbon nanotubes with diameters larger than 4.16 nm should auto-collapse under atmospheric pressures 
(Elliott et al. Phys Rev Lett 92, 2004). The extra strain energy associated with the higher curvature at the 
dog-bone ends of the collapsed tubes is more than compensated for by the energy of bonding between the 
inner surfaces of the graphene sheets. Both X-ray and electron diffraction also show clear evidence of the 
auto-collapse. In X-ray diffraction, The position of 002 is 26.3° corresponding to 0.340 nm is typical of 
multiwall CNTs and very close to the turbostratic graphene layer spacing of 0.344 nm. However, there is 
a broad smearing of the 002 peak towards lower angles which correlates with the regions of the collapsed 
structure where the walls of adjacent nanotubes are not quite in contact. In electron diffraction, there is 
also significant streaking of the 002 maxima towards the centre of the pattern. The compatibility of the 
diffraction evidence with the high resolution electron microscopy images underlines that the collapse of 
the tubes, was not caused by sample preparation for microscopy. Therefore, the microstructure of the 
direct-spun fibres which show properties in the high-performance range consists of very long bundles of 
collapsed large diameter carbon nanotubes.  

Contact e-mail: ahw1@cam.ac.uk 
 

F41 - Orientation development and liquid-densification of carbon nanotube 
fibres 

Alan H. Windle, Juan Vilatela, Krzysztof Koziol 

University of Cambridge 

Kilometres of fibres with outstanding physical properties can be obtained at a rate of 70 m/min by the 
direct spinning of carbon nanotube aerogels from the CVD reaction zone. Data are reported which show 
that the properties and degree of orientation increase with wind up speed. Induced interaction between 
CNT macro assemblies and suitable liquids results in densified fibres with controlled diameter ranging 
from 100 to 5 mm. The densification by capillary forces and liquid evaporation increases their 
mechanical integrity, tensile strength (e.g 3.4 N/tex), electrical and the thermal conductivity. These 
properties are related to the inter-tube distance and high degree of alignment within the nanotube 
network, as has been observed by Raman spectroscopy and small angle X-ray scattering. 

Contact e-mail: ahw1@cam.ac.uk 
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F42 - Fibres of carbon nanotube systems via a liquid crystalline route 

Alan H. Windle 1, Krzysztov Koziol 1, Shanju Zhang 1, Ian Kinloch 2 

1 University of Cambridge, 2 University of Manchester 

Processing of carbon nanotubes is a significant challenge due to highly hydrophobic character of the 
nanotubes. Stable suspensions of carbon nanotubes in different media have been achieved by surface 
functionalisation, which typically causes changes to the structure of nanotubes, or by appropriate 
surfactants. Furthermore precise control of morphology of the nanotubes and their electronic properties is 
yet to be seen. It has been shown that nanotubes form liquid crystalline phase in aqueous systems where 
the equilibrium behaviour is in accord with the rigid-rod/solvent lyotropic phase diagram first predicted 
by Flory. In this paper we demonstrate that carbon nanotubes form liquid crystalline phases at 
sufficiently high concentration in other non aqueous matrices. The liquid crystalline suspension of 
nanotubes can then be used to continuously spin fibres of carbon nanotubes with desire diameters, aspect 
ratios and morphology. Fibres of single-, multi-walled with cylindrical and herringbone arrangements of 
the graphene layers as well as nitrogen doped isochiral nanotubes were made. The nanotubes were found 
to be very well orientation in the fibres and among the different nanotubes examined, the highly 
crystalline isochiral nanotubes formed fibres with the highest level of orientation and packing density. 
Using the crystalline isochiral nanotubes areas with pure armchair and zigzag nanotubes were found. 
Mechanical and electrical properties of these fibres will be discussed. 

Contact e-mail: ahw1@cam.ac.uk 
 

F43 - Continuous spinning of high performance carbon nanotube fibres: 
structure control and properties 

Alan H. Windle1, Ian A. Kinloch 2, Krzysztof K. Koziol1, Marcelo Motta1, Anna Moisala 1, Juan Vilatela1 

1 University of Cambridge, 2 University of Manchester 

The process of direct spinning of carbon nanotube fibres from the CVD reaction zone (Li et al. Science 
304, 2004, 276-278) is yielding fibres with distinctly encouraging mechanical properties. While the best 
strength (2.2 N/tex) and stiffiness (160 N/tex) promise competition for established carbon fibres, the 
maximum energy absorbed at fracture (46 J/g) is higher than for Kevlar and considerably higher than 
carbon fibres. The paper will briefly review the process and describe the process parameter set for the 
production of continuous lengths of fibre wound up at 20 m per minute. The structure of the nanotubes 
forming these high performance fibres is unique, consisting of double walled tubes of unusually large 
diameter which have autocollapsed to give a ‘dog-bone’ cross section. The collapsed tubes stack in layers 
and maximise their contact areas. The length of the individual nanotubes is at least 10,000 times their 
diameter. The key parameters for the synthesis of such nanotubes and their spinning into continuous fibre 
would appear to be the high temperature of the process and addition of a small amount of sulphur with 
the feedstock. Evidence is presented which shows that the sulphur forms a separate phase on the surface 
of the iron particles and enables the formation of thin walled tubes of relatively large diameter. The 
mechanical properties of the fibres are assessed as a function of wind up speed and condensation process. 
Statistical analysis as a function of gauge length indicate that the strength is defect limited, and that the 
intrinsic strengths can be expected to be at the high end of current carbon fibre technology. The observed 
properties are related to the microstructure, and the prospect for future developments explored. 

Contact e-mail: ahw1@cam.ac.uk 
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F44 - Carbon nanoribbons under electric fields: magnetic and transport 
features 

Andrea Latge 1, Marcus Vinicius Tovar Costa 2, Antonio Tavares Costa 3 

1 UFF, 2 Instituto de Aplicacao, Universidade do Estado do Rio de Janeiro, 3 Instituto de 
Fisica, Universidade Federal Fluminense 

Recent first principle calculations [1] show that zigzag nanoribbons are magnetic and can be tuned to 
produce highly polarized electrical currents under the presence of an electric field. Here we study the 
transverse dynamic spin response of the ribbon within the linear regime, using a tight-binding model to 
describe the electronic structure. Magnetism is driven by an effective intra-atomic Coulomb repulsion 
treated in a self-consistent mean-field approximation. The properties of such excitations allow us to 
investigate the robustness of magnetic order in these systems. An interesting behavior is found for the 
excited mode relation dispersion with the field momentum, mixing ferro and antiferromagnetism 
signatures. We also investigate the ribbon´s transport properties with and without applied transverse 
electric fields using the Landauer formalism.  
 
[1] Young-Woo Son, M. L.Cohen,and S.G. Louis,Nature 444, 347 (2006). 

Contact e-mail: latge@if.uff.br 
 

F45 - Gap modulations in graphene nanoribbons under electric and magnetic 
fields 

Andrea Latge 1, Carlos Ritter 2, Sergio Saul Makler 2 

1 UFF, 2 Instituto de Física, Universidade Federal Fluminense 

We present a theoretical analysis of graphene nanoribbons under the action of a transversal electric field 
and a perpendicular applied magnetic field. A simple one -band tight-binding model is adopted following 
the realspace Green function formalism and the Peirls phase approach. A self consistent treatment is 
performed for the charge occupation in the nanoribbon using the Poisson equation.We have studied the 
gap modulation of armchair, zigzag and chiral nanoribbons due to an transversal electric field and 
determined the induced metal-insulator - like transition. This may be useful for potential applications of 
graphene ribbons in electronic devices. Special attention is devoted to the possible metallicity of zigzag-
edge nanoribbons, depending upon the passivation at the dangling bonds at the ribbons edges. Different 
schemes are proposed, varying the intensity of the coupling between carbon and foreign atoms and the 
nature of them. They are guided by ab initio calculations using density functional theory, trying to obtain 
more realistic models for the ribbons. The ballistic transport behavior has been examined under the 
external perturbations by calculating conductance.We also analyze the transport properties in the non-
equilibrium regime to study the current-voltage characteristics of the ribbons. 

Contact e-mail: latge@if.uff.br 



 

 266

Contributed presentations - Thursday, June 28 

F46 - Disorder and segregation effects on the electronic properties of 
graphene-like BCN layers 

Helio Chacham, Jonathan R. Martins 

Universidade Federal de Minas Gerais 

Materials with sp2 covalent bonds can present distinct electronic structures. For instance, a graphite layer 
(graphene) is a zero-gap semiconductor while an analogous boron nitride (BN) layer is a wide gap 
insulator. Experimentally, it is possible to make partial substitutions of carbon atoms by boron and 
nitrogen leading to the formation of BxCyNz layered compouds of distinct stoichiometries. These 
structures present intermediate electronic properties between those of those of pure carbon or BN 
structures, which could be useful, for instance, in applications that require optical absorption in the 
visible region. In the present work, we investigate electronic and structural properties of BxCyNz layers 
with several configurations and stoichiometries using a combination of first-principles calculations and a 
recently developed firstneighbor valence-bond model. The model is based on the parametrization of 
binding energies obtained from first-principles calculations [Mazzoni, Nunes, Azevedo, and 
Chacham.Phys. Rev. B, 73, 073108 (2006)] and generates results similar to the first-principles ones, with 
a much lower computational cost. We apply this model to obtain the total energies and the lower energy 
conformations of BxCyNz layers, by means of a simulated annealing program. The electronic and 
structural properties of selected structures (generated by the simulated annealing procedure) are also 
investigated by means of first-principle calculations. We find that the annealing procedure leads to the 
segregation of the BxCyNz layers into graphene islands within a BN layer. As the segregation progresses 
during the simulation, we also find that the electronic density of states D(E) evolves from a featureless 
one towards one that has a strong depletion of D(E) near the Fermi energy. This is associated with the 
formation of localized electronic states at the graphene islands. 

Contact e-mail: chacham@fisica.ufmg.br 
 

F47 - First-Principles Calculations of Carbon Nanotube Superlattices 

Andres Ayuela 1, Leonor Chico 2, Wlodek Jaskólski 3 

1 Consejo Superior de Investigaciones Cientificas, 2 Departamento de Física Aplicada, 
Facultad de Ciencias del Medio Ambiente, Universidad de Castilla-La Mancha, 45071 

Toledo, Spain., 3 Instytut Fizyki UMK, Grudziadzka 5, 87-100Torún, Poland. 

We report on first-principle calculations for metallic carbon nanotube superlattices N(12,0)/N(6,6) with 
N=1-4. The calculated band structures show a good overall agreement with the results of the simpler 
tight-binding pi-electron approximation. In particular, some peculiar flat bands, localized in the N(12,0) 
or N(6,6) sections, found previously with the tight-binding model [W. Jaskólski and L. Chico, Phys. Rev. 
B 71, 155405 (2005)] are present also in the ab-initio calculation. However, in contrast to previous 
results, these bands are no longer dispersionlees and are always single-degenerate.We ascribe the 
removal of degeneracy to the electron interaction, which is automatically included in the ab-initio. 

Contact e-mail: swxayfea@sw.ehu.es 
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F48 - Determination of LA and TO Phonon Dispersion of Graphene and 2D 
Disordered Graphite by Double Resonance Raman Spectroscopy 

Daniela Mafra 1, Leandro M. Malard 1, Georgii G. Samsonidze 2, Ado Jorio 1, Marcos A. Pimenta1 

1 Universidade Federal de Minas Gerais, 2 Massachusetts Institute of Technology 

Phonon dispersion relation is a fundamental physical property of a solid. In this work Raman 
spectroscopy was used to determine the dispersion of the longitudinal acoustic (LA) and in-plane 
transversal optic (iTO) branch near the K point in the Brillouin zone (BZ) of a graphene monolayer and 
of a two-dimensional (2D) turbostratic graphite by the analysis of two second-order peaks: the G’ band 
and another band around 2450 cm-1. The G’ peak comes from a double resonance intervalley Raman 
process involving two in-plane transverse optical (iTO) phonons with q = 2 k , where q and k are the 
phonon and electron wavevectors, respectively, measured from the K point [1]. The 2450 cm-1 band also 
is explained by two q = 2 k phonons, but involving the iTO and the LA phonon branches [2]. Therefore, 
the LA and TO frequencies can be obtained by this two peaks frequencies. The experimental results were 
compared with theoretical phonon dispersion relation of graphene.  
 
References 
[1] G.G. Samsonidze. Photophysics of Carbon Nanotubes. Doctor thesis, Department of Electrical 
Engineering and Computer Science, Massachusetts Institute of Technology, February, 2007. 
[2] J. Maultzsch et al., Physical Review B 70 , 155403 (2004). 

Contact e-mail: dlmafra@gmail.com 
 

F49 - Structural and Electronic Properties of the Boronand Nitrogen-Doped 
Graphene 

Wanderla Luis Scopel 1, Luis G. Dias 2, Alexandre A. Leitão 3, Rodrigo B. Capaz 4, Carlos A. Achete 2 

1 Departamento de Ciências Exatas- Pólo universitário de Volta Redonda - Universidade 
Federal Fluminense, 2 Divisão de Metrologia de Materiais – Inmetro, 3 Departamento de 

Química - Universidade Federal de Juiz de Fora, 4 Instituto de Física - Universidade 
Federal do Rio de Janeiro 

We study the structural, electronic and vibrational properties of substitutional boron- and nitrogen-doped 
graphene using density-functional theory and pseudopotential approaches. As expected, both dopants 
introduce sharp donor-like and acceptor-like resonance levels in the graphene electronic structure. 
Regarding structural properties, in the large concentration regime 5lattice constant of graphene. We also 
analyze the modifications in the phonon spectrum of graphene introduced by the doping. 

Contact e-mail: wlscopel@if.uff.br 
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F50 - Raman Spectroscopy of Doped Graphene 

Andrea C. Ferrari 1, S. Pisana 1, M. Lazzeri 2, C. Casiraghi 1, V. Scardaci 1, S. Piscanec 1, K. S. 
Novoselov3, A. K. Geim 3, F. Mauri 2 

1 University of Cambridge, 2 Institut de Mineralogie et de Physique des Milieux 
Condenses, 3 University of Manchester 

Raman spectroscopy can identify and count graphene and graphene layers [1]. The G and 2D Raman 
peaks change in shape, position and relative intensity with number of layers. This reflects the evolution 
of the electronic structure and electron-phonon interactions [1,2].We present the effect of doping on the 
Raman spectra of graphene [3]. The Fermi energy is tuned by applying a gate-voltage to produce both 
electron and holes doping at different ambient temperatures. We show that this induces a stiffening of the 
Raman G peak for both holes and electrons doping [3]. This cannot be explained within the standard 
adiabatic Born-Oppenheimer approximation [4]. Indeed, in graphene the electron-momentum relaxation 
is much slower than the phonon pulsation, thus electrons cannot relax to their instantaneous ground 
states, invalidating Born-Oppenheimer [3]. On the contrary, the 2D peak shows a different response to 
electron and hole doping. This can only be explained considering the double resonant nature of the 2D 
peak [5]. Thus Raman spectroscopy can also be used to monitor the doping level. The combination of G 
and 2D allows to distinguish electron from hole doping. This is key to interpret the variation of the 
Raman spectra on a given substrate or on different substrates. Finally we discuss the implications for the 
interpretation of the Raman spectra of nanotubes [6]. 
 
1. A. C. Ferrari et al. Phys. Rev. Lett. 97, 187401 (2006) 
2. S. Piscanec et al. Phys. Rev. Lett. 93, 185503 (2004) 
3. S. Pisana et al., Nature Materials 6, 198 (2007) 
4. M. Born and R. Oppenheimer, Ann. Phys. 84, 457 (1927). 
5. S. Pisana et al. submitted (2007) 
6. S. Piscanec et al. Phys. Rev. B 75, 035427 (2007) 
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F51 - Probing the phonon and electronic dispersion of a graphene layers by 
Resonance Raman Scattering 

Leandro M. Malard, D. C. Elias, D. L. Mafra, J. C. Brant, E. S. Alves, A. Jorio, M. A. Pimenta 

Universidade Federal de Minas Gerais 

Graphene is the building block for all kinds of graphite materials. It forms a unique material for basic 
research, since it provides relativistic electrons for quantum electrodynamics research, being interesting 
for new applications. The number of graphene layers have different Raman features related to the Double 
Resonance (DR) process, when compared to three-dimensional graphite.In this work we measured the G0 

Raman band which is related with the DR in graphene layers. By using several laser lines we could map 
the dispersion of the G0 Raman band in the range of the visible and probe both phonon and electronic 
dispersion of different number of graphene layers. 

Contact e-mail: lmalardm@fisica.ufmg.br 
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F52 - Rayleigh Imaging of Graphene and Graphene layers 

Cinzia Casiraghi 1, A. Hartschuh 2, E. Lidorikis 3, H. Qian 2, H. Harutyunyan 2, T. Gokus 3, K. S. 
Novoselov 4, A. C. Ferrari 1 

1 Engineering department, Cambridge University (UK), 2 Chemistry and Biochemistry 
Department, Munich University (Germany), 3 Department of Materials Science & 

Engineering, University of Ioannina (Greece), 4 Department of Physics and Astronomy, 
Manchester University (UK) 

Developing tools for the quick, non-destructive identification of Graphene layers is imperative to enable 
graphene technology. Raman scattering has emerged as an ideal, non-destructive technique for the 
identification of graphene and its doping [1, 2]. However, the Raman scattered photons are a minority 
compared to those elastically scattered. Elastic scattering (Rayleigh scattering) can provide a much 
quicker means of identification of single and multi-layer samples. Here we report an extensive 
investigation of graphene by monochromatic and white-light Rayleigh scattering and the theoretical 
understanding of the experimental data [3]. Samples consisting of increasing number of layers are 
identified by a combination of AFM and Raman Spectroscopy. Confocal Rayleigh maps are obtained by 
raster scanning the sample with a piezoelectric stage. The scattered light depends on the dielectric 
function of the samples and their geometry. The intensity varies with the number of layers. Large 
graphene layers can be mapped and identified in a few minutes. The dependence from sample geometry 
of the elastically scattered light makes Rayleigh spectroscopy a promising tool for the identification of 
graphene nano-ribbons. 
 
1. A. C. Ferrari et al., Phys. Rev. Lett. , 97, 187401 (2006) 
2. S. Pisana et al., Nature Materials 6, 198 (2007) 
3. C. Casiraghi et al. submitted (2007) 
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F53 – Raman Mapping of Graphene Edges 

Cinzia Casiraghi 1, A. Hartschuh 2, H. Qian 2, K. S. Novoselov 3, A. K. Geim 3, A. C. Ferrari 1 

1 Engineering Department, Cambridge University (UK), 2 Chemistry and Biochemistry 
Department, Munich University (Germany), 3 Department of Physics and Astronomy, 

Manchester University (UK) 

The identification of graphene edges is of particular interest, since their “chirality” determines the 
electronic properties of the flake. Furthermore edges are preferred doping sites. Here we present a 
detailed far field and near field Raman mapping of graphene layers and graphene edges oriented at 
diffierent relative angles [1]. Very large graphene flakes (~100um2) with sharp edges are produced by 
micromechanical cleavage of graphite [2,3]. Single-layer flakes are then identified by Raman 
Spectroscopy [3,4]. The angle between the edges is determined by optical microscopy, scanning electron 
microscopy and atomic force microscopy. Raman spectra are measured for different excitation 
wavelengths. The D and G peaks are studied as a function of the polarization of the incident light. The D-
band intensity is strongest for light polarized parallel to the edge and minimum for perpendicular 
orientation [5]. Raman mapping shows that the D peak intensity is very small or absent inside graphene 
flakes. The I(D)/I(G) ratio significantly increases close to the edge, becoming as large as 0.3-0.5 for 
parallel polarization. This increase is due to the relaxation of the Raman fundamental selection rule at the 
crystal edges [6]. 
 
1. C. Casiraghi et al. Submitted (2007) 
2. K. S. Novoselov et al., Nature 438, 197 (2005) 
3. K. S. Novoselov et al., Proc. Natl. Acad. Sci. USA 102, 10451 (2005) 
4. A. C. Ferrari, et al., Phys. Rev. Lett. , 97, 187401 (2006) 
5. S. Pisana et al., Nature Materials 6, 198 (2007) 
6. L. G. Cancado et al., Phys. Rev. Lett. 93, 247401 (2004) 
Contact e-mail: cc324@cam.ac.uk 
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F54 - Transport Properties of Graphene Nanoribbon Heterostructures 

Luis E. Rosales 1, Mónica Pacheco 1, Zdenka Barticevic 1, Pedro Orellana 2 

1 Departamento de Física, Universidad Técnica Federico Santa María, Casilla postal 110 
V, Valparaíso, Chile, 2 Departamento de Física, Universidad Católica del Norte, Casilla 

postal 1280, Antofagasta, Chile 

The fabrication under controlled experimental conditions of graphene nanoribbons (GNRs) has attracted 
a lot of scientific interest in the last decade [1]. GNRs are single atomic layers which can be understood 
as na infinite unrolled carbon nanotube. The special electronic behavior of graphene ribbons defined by 
their quasi one dimensional electronic confinement and the shape of the ribbons ends (two cases of 
maximum symmetries can be obtained: zigzag and armchair ends [2]), suggest remarkable 
applications in graphene-based devices [3]. Moreover, due to the flat structure GNRs seem to be 
easier to manipulate than carbon nanotubes. The transport properties of these structures have been 
studied with special interest by several scientific groups. Peres et al find that, for clean systems, the 
quantization condition for the electronic conductance is different for zigzag and armchair GNRs. 
[4], Shi et al show that, applying a gate voltage to the ribbons, it is possible to obtain an electronic 
switch very useful to study the Klein paradox. [3]. In this work we study the electronic and transport 
properties of heterostructures formed by armchair graphene nanoribbons with intersections of finite 
length. We describe the system by a tight-binding model and calculate the density of states and the 
conductance of the system within the Green function formalism based on real-space renormalization 
techniques. The current is calculated within the Landauer-Büttiker formalism.We show the 
appearance of interface states and bound states in the continuum which present a strongly 
dependence of the heterostructure geometry [5]. We investigate the effects on the conductance and 
the characteristic curves of currents versus voltages of an external perturbation applied on the edges 
atoms of the intersection region. 
 
[1] T. Ohta et al, Science 313, 951 (2006); S. Stancovich et al, Nature 442, 282 (2006) 
[2] K. Nakada et al, Phys. Rev B 54, 17954 (1996); K. Wakabayashi and H. Hiroshima, Phys. Rev B 64, 
125428 (2001) 
[3] Q. W. Shi et al, Cond-Mat/0611604 v1, (2006); A. Rycerz et al, cond-mat/06080533 v1, (2006) 
[4] N. Peres, A. Castro and F. Guinea Phys. Rev B 73, 195411 (2006) 
[5] M. L. Ladrón de Guevara and P. Orellana, Phys. Rev. A 73, 205303 (2006). 
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F55 - Electronic structure and edge doping in graphene nano-ribbons 

Stefano Piscanec 1, Felipe Cervantes-Sodi 1, Alexander V. Osadchy 1, Alexander Gruneis 2, Thomas 
Pichler 2, Deborah Prezzi 3, Alice Ruini 3, Elisa Molinari 3, Angel Rubio 4, Gabor Csanyi 1, Andrea C. 

Ferrari 1 

1 Department of Engineering, Cambridge University, Cambridge CB3 0FA, UK, 2 Leibniz 
Institute for Solid State and Materials Research, Dresden, Germany, 3 Department of 

Physics, Modena e Reggio EmiliaUniversity, Modena, Italy, 4 Dpto. Fisica de Materiales, 
CSIC-UPV and ETSF, U. Pais Vasco, Spain 

The recent discovery of single layer graphene [1] provides carbon electronics with a new material 
compatible with planar top-down processing. In particular, graphene nanoribbons (GNRs) are the ideal 
counterpart of carbon nanotubes.We present a detailed theoretical investigation of the band-structure of 
GNRs, focusing in particular on the construction of a Kataura-like plot for armchairs and zigzag GNRs. 
Here we compare calculations performed on hydrogen-terminated GNRs using a number of different 
techniques, ranging from simple first-neighbors tight binding, to density functional theory and GW. Each 
technique sheds light on different and complementary aspects of the electronic structure of GNRs, and 
only their combined use enables a full description of the GNR band structure [2]. By means of DFT 
calculations, we also investigate the modification in the electronic structure of GNRs induced by the 
presence of various chemical groups at the ribbons edges. In particular, we investigate the onset of defect 
states in the bandgap of zigzag ribbons when an H atom is replaced by a NH2 or a COOH groups, and 
thus the possible n and p doping of GNRs. 
 
1. K.S. Novoselov et al., Science 306, 666 (2004).  
2. D. Prezzi, A. Ruini, E. Molinari, S. Piscanec, A. V. Osadchy, A. Gruneis, T. Pichler, C. Attaccalite, A. 
Rubio, A. C. Ferrari, submitted (2007). 
3. F. Cervantes-Sodi, G. Csanyi, S. Piscanec, A. C. Ferrari, submitted (2007) 
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F56 - Deposition of Pt nanoparticles on CNx explointing its inherent 
chemical properties 

Xavier N. Lepro-Chavez, Yadira I. Vega-Cantu, Fernando J. Rodriguez-Macias, Mauricio Terrones 

IPICyT 

We describe a simple process to deposit transition metals on the surface of N-doped multiwalled carbon 
nanotubes (MWNTs-CNx) exploiting its inherent chemical properties that makes them different from the 
undoped ones. In this research, we describe one of the first approaches to use the chemical properties of 
the N dopant site “naturally” obtained in the surface of CNx. First we proved the different response that 
both, undoped and N-doped CNTs, exhibit to be dispersed in different protic solvents, which is indicative 
of a distinct chemical behavior of every kind of nanotube. In second place, we took advantage of such 
properties and developed a simple method for depositing Pt nanoclusters on the surface of MWNTs-CNx 

which were not previously submitted to any treatment of chemical functionalization. In this context, we 
have also developed two different methods for depositing iron (Fe). This is the first time that the 
distinctive chemical properties of N-doped carbon nanotubes are illustrated by a simple experiment and 
open the ways to make more specific research focused in specific and complex chemical reactions. In this 
way we have started to study the reaction of CNx with specific reagents and obtained some initial results. 

Contact e-mail: xavier@ipicyt.edu.mx 
 

F57 - Electronic and Mechanical Properties of ‘Super’-Carbon Nanotubes 

Douglas S. Galvao 1, Vitor R. Coluci 2, Nicola M. Pugno 3, Socrates O. Dantas 4, Ado Jorio 5 

1 State University of Campinas, 2 Institute of Physics, State University of Campinas,  
3 Department of Structural Engineering, Politecnico di Torino, 4 Physics Department, 

Federal University of Juiz de Fora, 5 Physics Department, Federal University of Minas 
Gerais 

Carbon based materials present an enormous variety of forms and properties. Among these structures we 
can mention graphite, diamond, fullerenes and nanotubes. But in principle other carbon-based structures 
are possible. In this work we present the electronic and mechanical properties of a new family of 
structures called ‘super’- carbon nanotubes. The starting structure, generically named the super-graphene 
(SG), is heuristically constructed replacing the carbon-carbon bonds of the graphene architecture by 
single walled carbon nanotubes (SWNTs), andthe carbon atoms by Y-like junctions. From the SG a new 
tubular structure can be generated.We named this tubular structure super-nanotube (ST) which represents 
a carbon nanotube made of carbon nanotubes. Such procedure can be repeated several times, generating a 
fractal structure. This procedure is not limited to carbon nanotubes, and can be easily modified to be 
applied to other materials. Tight-binding total energy (TROCADERO) and density of states calculations 
showed that the ‘super’- sheets and tubes are thermodynamically stable and predicted to present metallic 
and semiconducting behaviour. Also, molecular dynamics simulations, using Brener-Tersoff type 
potentials for nets built from STs showed that these materials could exhibit remarkable mechanical 
properties and could be the basis to new classes of super-hard and elastic carbon-based materials. 

Contact e-mail: galvao@ifi.unicamp.br 
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F58 - DFT modeling of growth of SWCNT on iron catalyst 

Mogus D. Mochena 1, Gennady L. Gutsev 1, Charles W. Bauschlicher 2 

1 Florida A & M University, 2 NASA Ames 

We performed simulations of initial stages of carbon nanotube growth catalyzed by iron particles using 
allelectron density functional theory with generalized gradient approximation for the exchange-
correlation functional. We computed Fe4 + Cn for n=7-25, Fe10 + C15, and Fe10C15 + 10C. In addition, we 
performed a detailed study of the development of different isomers in the Cn series, for n=7-25. Our 
simulations show that the prime role of a catalyst is to assemble carbon atoms in the optimal gas-phase 
configuration of Cn that corresponds to a ring configuration for a rather large n. The surface topology of a 
catalyst particle is most likely responsible for the chirality of a carbon nanotube grown from a seed ring. 

Contact e-mail: mogus.mochena@famu.edu 
 

F59 - A Carbon Nanotube Hybrid Filter for Removal of Microbial 
Contaminants 

Anna C. Stirgwolt Brady-Estévez, Seoktae Kang, Menachem Elimelech 

Yale University 

Carbon nanotubes (CNTs) are known for their high surface areas, exceptional strength properties, 
extreme thermal stability, and other novel characteristics. Previous research has also indicated that CNTs 
might be affective in inactivating microbial pathogens. Our work studies the development of a CNT-
hybrid filter by incorporating a thin CNT layer on various microporous base filters. The development of a 
CNT-hybrid filter shows promise in several drinking water applications. It could provide bacterial 
inactivation, and viral removal at gravity-driven or low pressures. The thin CNT layer on the filter 
surface is effective in filtering 100%, and inactivating more than 80% of bacteria (E. coli) deposited on 
the filter, suggesting an ability to eliminate or reduce biofouling of the filter. Viral removal experiments 
using the CNT layer of the hybrid as a depth filter have also been performed, demonstrating removal of 
99.93% - 99.98% of MS-2 virus applied to the filter. 

Contact e-mail: anna.stirgwolt@yale.edu 
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F60 - Defects in Carbon Nanotubes 

Rodrigo Garcia Amorim 1, Adalberto Fazzio 2, Frederico D. Novaes 3, Alex Antonelli 4, Antônio J. R. da 
Silva 5 

1 USP, 2 Univeridade de São Paulo – USP, 3 Intitut de Cincia de Materials de Barcelona,  
4 UNICAMP, 5 Universidade de São Paulo - USP 

Even though pristine carbon nanotubes (CNTs) have exceptional material properties, defects can be used 
to tailor or improve their mechanical and/or electrical characteristics. In this work we study a variety 
defects in CNTs with ab initio Density Functional Theory (DFT) calculations. For CNTs in bundles we 
investigate two different configurations, V12 and V22, which correspond to distinct arrangements of the 
vacancies in two nearest neighbor tubes. For a double walled CNT we investigate the Wigner defect as 
well as the V12 and V22 configurations. In all these cases the defects are such that a link is formed 
between the tubes, either in a bundle or in the doublewall. We will present results for formation energies 
and barriers of formation and recombination of these defects. We compare these results with the graphite, 
and study how these defects can alter the mechanical properties. We also study the electronic, structural 
and transport properties of divacancies in single-walled CNTs. Two structures were investigated, one that 
has two pentagons side by side with an octagon (585) and another composed of three pentagons and three 
heptagons (555777).We investigate their stability as a function of tube diameter, and calculate their 
charge transport properties. The 585 defect is less stable only in graphene due to two ´´broken´´ bonds in 
the pentagons.We estimate that the 555777 becomes more stable than the 585 for a diameter of about 40 
Å (53 Å) for an armchair (zigzag) SWNTs, indicating that they will prevail in large diameter multi-
walled carbon nanotubes and graphene ribbons. 

Contact e-mail: rga@if.usp.br 
 
 

F61 - Theoretical study of anomalous Moiré patterns on HOPG 

Eduardo E. Cisternas, Patricio Vargas 

Universidad Técnica Federico Santa María 

We have calculated the electronic structure of a HOPG surface which has its surface layer missoriented 
with respect the internal ones and we have reproduced the well known Moiré patterns observed 
frequently in Scanning Tunneling Microscopy experiments. Besides this it is possible to introduce 
vacancies of carbon atoms in the surface layer and to study how these defects modify the surface 
electronic structures. Consequently this effect could be observed using the STM technique. This 
calculations were made applying the Density Functional Theory in the local density approximation 
(LDA) and using LMTO (Linear Muffin-Tin Orbitals) method in the Atomic Sphere Approximation 
(ASA).  
On the other hand, the Tersoff-Hamman theory was used to generate artificial STM images. 

Contact e-mail: eduardo.cisternas@fis.utfsm.cl 
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