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International Conference on 
NANOMATERIALS  AND  NANOTECHNOLOGIES  (NN 2003), 
Crete, Greece;   August 30 - September 6, 2003 
Web-site:       http://www.ipme.ru/ipme/conf/NN2003/ 
 
The objective of this Conference is to highlight current and future multidisciplinary 
research on nanostructured materials and development of nanotechnologies with 
the primary focus on reinforce of connection between the fundamental science, 
engineering and commercialization of nanostructures; between universities, 
governmental laboratories, academic institutions, private research sector and 
industry. This Conference aims to assess the current status and to identify future 
priority directions of fabrication, research, design and applications of 
nanocomposites, carbon nanotubes, self-assembled supramolecules, 
nanostructured bulk solids, films and coatings, quantum dots and wires. Particular 
emphasis will be placed on developing close interactions among scientists and 
engineers from Asia, Europe, and North America and fostering future 
transdisciplinary and multi-institutional collaboration in this new and rapidly growing 
area. 
 
Sponsors: Advanced Study Center (Russia);  European Office of Aerospace 
Research and Development, Air Force Office of Scientific Research (USA), U.S. Air 
Force Research Laboratory; National Science Foundation (USA); University of 
Central Florida (USA) 
 
 
Conference chair:    I.A.Ovid’ko (Russian Academy of Sciences) 
 
International Organizing Committee:    E.C. Aifantis (Aristotle University of 
Thessaloniki, Greece); M.-I. Baraton (University of Limoges, France); G.-M. Chow 
(National University of Singapore, Singapore); M.Yu. Gutkin (Russian Academy of 
Sciences); J.Th.M. De Hosson (University of Groningen, The Netherlands);  
G. Kiriakidis (IESL, FORTH, Greece); E. Lavernia (University of California, Davis, 
USA); C.S. Pande (Naval Research Laboratory, USA); H.-E. Schaefer (Stuttgart 
University, Germany); S. Seal (University of Central Florida, USA); R.D. Shull 
(National Institute of Standards and Technology, USA);  G. Skandan (Nanopowder 
Enterprises Inc., USA); V. Teixeira (University of Minho, Portugal); T. Tsakalakos 
(Rutgers University, USA) 
 
 
Location: Creta Maris Hotel, de-luxe (five-star) hotel situated on the north coast of Crete,  
25 km east of Heraklion airport on its own golden beach.  
 
NN 2003 Proceedings will be published in Reviews on Advanced Materials 
Science (RAMS) Journal. RAMS web-sites:   
http://www.ipme.ru/e-journals/RAMS/           
and          
http://www.ipme.nw.ru/e-journals/RAMS/ 
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DEGRADATION OF NANOPARTICULATE-COATED AND UNCOATED SULFIDE-BASED 
CATHODOLUMINESCENT PHOSPHORS 
 
B.L. Abrams, W.J. Thomes, J.-S. Bang, P.H. Holloway 
Dept. Materials Science and EngineeringUniversity of FloridaGainesville, USA 
Email: babra@mse.ufl.edu, Phone: (352) 846-3331, Fax: (352)392-4911  
 
Changes in the cathodoluminescent (CL) brightness and in the surface chemistry of nanoparticulate SiO2-
coated and uncoated ZnS:Ag,Cl powder phosphor have been investigated using a PHI 545 scanning Auger 
electron spectrometer (AES), an Oriel optical spectrometer and a JEOL 6400 scanning electron microscope 
(SEM).  The data were collected in a stainless steel UHV chamber with residual gas pressures between 1x10-8 
and 1x10-6 as measured by a Dycor LC residual gas analyzer (RGA). The primary electron current density was 
272 &#61549;A/cm2, while the primary beam energy was varied between 2 and 5 keV.   In the presence of a 
2keV primary electron beam in 1x10-6 Torr of water for both the SiO2-coated and the uncoated cases, the 
amounts of C and S on the surface decreased, that of O increased and the CL intensity decreased with electron 
dose.  This surface chemistry change lead to the development of a surface dead layer and is explained by the 
electron beam stimulated surface chemical reaction model (ESSCR). The penetration range of the impinging 
low energy primary electrons is on the order of 10-100 nm creating a reaction region very close to the surface.  
The ESSCR takes this into account postulating that primary and secondary electrons dissociate physisorbed 
molecules to form reactive atomic species.  These atomic species remove surface S as volatile SOx or H2S.  In 
the case of an oxidizing ambient (i.e. high partial pressure of water), a non-luminescent ZnO layer is formed.  
This oxide layer has been measured to be on the order of 3-30 nm. In the case where the vacuum of 1x10-8 Torr 
was dominated by hydrogen and had a low water content, there was a small increase in the S signal, no rise in 
the O Auger signal, but the CL intensity still decreased.  This is explained by the ESSCR whereby H removes S 
as H2S leaving elemental Zn, which evaporates due to a high vapor pressure. In the case of ZnS:Ag,Cl coated 
with SiO2, morphological changes were observed on the surface after extended electron beam exposure. 
Erosion of ZnS occurs more dramatically at an accelerating voltage of 5kV even at the same current density. 
Uncoated ZnS:Ag,Cl phosphors exhibited similar surface chemical changes to that of SiO2-coated ZnS:Ag,Cl 
but did not degrade to the same extent.  Also, no change in the surface morphology was observed. These SEM 
images as well as reaction rate data suggest that these nanometer sized SiO2 particles acted as a catalyst for 
decomposition of the ZnS especially in a reducing ambient (i.e. high hydrogen partial pressure). In order to 
reduce CL degradation of these and other phosphors, protective coatings were pulse laser deposited onto the 
phosphor surface.  The effectiveness of these coatings was dependent upon both the thickness and the 
uniformity.  Thicknesses of these coatings ranged from 1-5 nm and were uniform as determined using 
profilometry and TEM. 
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Recent Advances in Microwave Processing of Nanomaterials 
 
Dinesh Agrawal1, Jiping Cheng1, Yi Fang1, Mohit Jain2 and Ganesh Skandan2  
1Materials Research Institute, USA, 2Nanopowder Enterprises Inc., USA 
 
Implementation of nanomaterials for commercial applications has been plagued by the lack of a near net shape 
forming technique that is conducive to processing nanopowders. Conventional sintering of nanopowder 
compacts in a thermal furnace leads to shrinkage cracks and excessive grain growth, and often poor sintering. 
In the last two decades microwave processing has proved itself to provide rapid and uniform sintering of variety 
of materials including metal powders. Microwave processing is one of the few near net shape sintering 
techniques that involves volumetric heating. Powdered samples can be sintered to near full density in a 
microwave field without using any pressure during sintering. The soaking times in a microwave field are 
shorter by as much as 50% as compared to conventional heating processes. We have developed microwave 
sintering methods for a number of difficult to process nanophase materials, including phase pure tungsten (i.e. 
without any liquid phase forming additives), transparent magnesium oxide, aluminum oxide – titanium oxide, 
and WC/Co nanocomposites. The focus of the presentation will be on microstructural evolution in the above 
mentioned material systems during various stages of sintering, and a study of the microwave-nanopowder 
interaction.      
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Microstructure and  magnetic properties of  Zinc ferrite nanoparticles synthesized from hydroxide 
carbonate precursors. 
 
Yangkyu Ahn,  Eun J. Choi 
Konyang University 
Email          : ykahn@konyang.ac.kr, Phone          : +82-41-730-5224, Fax            : +82-41-736-7844 
Eun H. Kim  
Korea Institute of Geoscience & Mineral Resources,Korea 
 
Zinc ferrite has normal spinel structure  with zinc ions in the tetrahedral sites. However, recent researches on 
ultrafine zinc ferrite prepared by coprecipitaion technique has showed defect crystal structures and abnormal 
magnetic properties. Zinc iron hydroxide carbonate complexes were synthesized using the reverse 
microemulsion process. To get ferrite particles, the carbonate complex particles  had been calcined at 330¦ ¦  
for 6 hrs. The powder samples have been studied and characterized by means of powder X-ray diffraction 
(XRD), transmission electron microscopy (TEM),  Mossbauer spectroscopy and a superconducting quantum 
interference device (SQUID) magnetometer. The zinc ferrite particles having an inversion parameter of abut 
0.28  were synthesized. The magnetic hysteresis loops observed at 5 K were caused by a result of the relatively 
strong coupling between A and B sites. The powders were found to have a relatively high inversion parameter 
compared to normal zinc ferrite. 
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Continuum Nanomechanics 
 
E.C. Aifantis 
Center for the Mechanics of Material Instabilities and Manufacturing Processes (MMIMP), Michigan Tech.,  
Houghton, MI 49931, USA 
and 
Laboratory of Mechanics and Materials (LMM), Polytechnic School, Aristotle University of Thessaloniki, 
Thessaloniki, GR-54006 Greece 
 
The structure of an extended continuum thermomechanics framework for describing deformation, diffusion and 
heat flow at the nanoscale is discussed. Applications to capturing the stability of deformation and defects in 
nanocrystals, as well as the diffusion in nanopolycrystalline materials are discussed. 
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Nanocrystalline MCrAlY Alloys for Thermal Barrier Coatings Applications 
 
Leonardo Ajdelsztajn 
Department of Chemical Engineering and Materials Science,  
University of California at Davis, CA 95616 
 
This work describes recent progress in improving the oxidation behavior of the bond coat using HVOF and 
LPPS nanostructured MCrAlY coatings. NiCrAlY and CoNiCrAlY powders were cryomilled and sprayed onto 
a Ni-based alloy. Oxidation and thermal cycling experiments were performed on the coating in order to analyse 
the formation of the oxide phases (morphology and composition) at the bond coat/top coat (YSZ) interface. The 
nanostructured characteristic of the coating and the presence of Al2O3 within the cryomilled powders enhance 
the nucleation of the TGO alumina layer which protects the coating from further oxidation. The cryomilling 
process of the MCrAlY powders has shown to be effective in improving the oxidation behavior of the coatings 
used in turbine engine applications. 
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Modification of metal nanoparticles in SiO2 by thermal oxidation 
 
H. Amekura, Y. Takeda, K. Kono, N. Kishimoto 
Nat. Inst. for Mater. Sci., Japan, phone: +81-29-859-5060, fax: +81-29-859-5010, e-mail: 
amekura.hiroshi@nims.go.jp 
 
High-flux negative-ion implantation is one of the promising methods to fabricate elemental nanoparticles (NP) 
in insulators, e.g., Cu NP in SiO_{2}, without surface charging accumulation. One way to extend this method 
to fabrication of compound NP, e.g., GaAs NP in SiO_{2}, is sequential ion implantation. However, in some 
cases, the secondary implantation of the sequence induces too enhanced diffusion of the primarily implanted 
atoms, and prevents the compound formation. Even succeeding in the formation, the nanoparticles contain a lot 
of defects. In this paper, another method, which is only applicable to oxide compounds, but generates less 
defects, i.e., oxidation of element nanoparticles in insulators, is examined. The examples include oxidation of 
nickel NP and copper NP in SiO_{2}, which are investigated using optical absorption, RBS, femto-seconds 
transient absorption and TEM. Collaboration between nanotechnology and a conventional technology is 
stressed.  
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POROUS SILICON MATRIX FOR APPLICATIONS IN BIOLOGY  
 
Anca Angelescu1,  Irina Kleps1,  Miu Mihaela1,  Monica Simion1,  Adina Bragaru1,  Crina Paduraru2,  Stefana 
Petrescu2 

1 IMT, Romania,  Tel:   +40-1-490.82.12; Fax: +40-1-490.82.38; e-mail:ancaa@imt.ro 
2 Institute of Biochemistry,   tel : +40-1-223.90.68, fax : +40-1-223.90.69 
 
Different porous silicon (PS) layers, with an average pore size distribution of 10 nm were realised on 
p+Si(111), and p+Si(100), by partial electrochemical dissolution in hydrofluoric acid based solutions. Various 
treatments for structure surface modification/stabilisation were made in order to ensure the PS biocompatibility. 
Some of these treatments are: thermal treatment in N2 at 3000C for 60 min, and at 8000C for 30 min; 30 nm 
deposited carbon layer; deposited carbon monolayer; hexametildisilazane treatment for 20 min in a temperature 
domain 90-1500C; 50 nm a-SiC deposited by  hexametildisilane.  
On these structures, three cellular lines,  B 16; CHO; MDBK were grown, in order to evaluate the use of 
functionalised PS as test-support for cell growth. 
The test structures were characterised by SEM, TEM and AFM, and the cells  viability  was emphasized by 
imunofluorescence microscopy measurements.  
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Carbon Nanotube Electronics and Electro-Optics 
 
Phaedon Avouris 
IBM Research Division, T. J. Watson Research Center, USA, phone: 914-945-2722, fax: 914-945-4531, 
 e-mail: avouris@us.ibm.com  
  
Carbon nanotubes are nearly ideal, one-dimensional nanostructures with unique properties that recommend 
them for applications in nanoelectronics. I will discuss the electronic structure and electrical properties of 
semiconducting carbon nanotubes and the fabrication and performance of nanotube devices.  Results of 
transport experiments and theoretical modeling will be used in addressing such issues as the nature of the 
switching in nanotube transistors, the nanotube-metal electrode interaction, the resulting charge transfer and the 
role of co-adsorption and the ambient environment on the transport properties. I will then discuss how these 
findings can be utilized to produce high performance p-type, n-type and ambipolar nanotube field-effect 
transistors and intra-nanotube logic circuits. The 1D character of carbon nanotubes also has important 
implications for the electro-optical properties of nanotubes, an aspect that has not  received proper attention. I 
will present experimental results that demonstrate the potential of carbon nanotubes in this area. I will close by 
discussing the technological prospects of nanotubes in electronic and photonic applications.   
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REINFORCED SILICON NITRIDE NANOCOMPOSITES 
 
Cs. Balazsi et al 
Ceramics and Refractory Metals Laboratory, Research Institute for Technical Physics and Materials Science, 
Hungary, Fax:+36-1-392-2226Phone:+36-1-392-2222/3279Email: balazsi@mfa.kfki.hu 
 
Novel carbon nanotube reinforced silicon nitride ceramics matrix composites have been prepared. As carbon 
nanotubes present exceptional mechanical, superior thermal and electrical properties (thermal stability up to 
2800¦ C in vacuum, thermal conductivity about twice as high as diamond, electric-current-carrying capacity 
1000 times higher than copper wires [1]) in general, there are high expectations for improvement of quality of 
carbon nanotube nano/microcomposites. Despite of this, only modest improvements were reported related to 
properties of carbon nanotube silicon carbide, polymer, metal oxide matrix composites. In the use of nanotubes 
to form advanced composites a critical issue was identified that needs to be further clarified, namely the 
interfacial bonding of the nanotubes to different matrices. Addressing to this critical issue, in this work an 
attempt has been made to improve the mechanical and thermal properties of silicon nitride matrix with the help 
of carbon nanotube addition.    [1] E. T. Thostenson, Z. Ren, T-W. Chou, Composite Science and Technology 
61 (2001) 1899-1912.[2] K-T. Lau, D. Hui, Carbon 40 (2002) 1597-1617.Dr. Csaba Balázsi thanks for OTKA 
Postdoctoral Research Grant (D38478) and János Bolyai Research Grant.    
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EXAMINATION OF CARBON NANOTUBE REINFORCED SILICON NITRIDE 
NANOCOMPOSITES 
 
Cs. Balazsi, Z. Konya, F. Weber, L. P. Biro, P. Arato 
Dr. Cs. BalazsiCeramics and Refractory Metals Laboratory, Research Institute forTechnical Physics and 
Materials Science, H-1525 Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-2226Phone:+36-1-392-
2222/3279Email: balazsi@mfa.kfki.huDr. Z. KonyaDepartment of Applied and Environmental 
Chemistry,University of Szeged, Rerrich B&#280;la t&#280;r 1., H-6720 Szeged, HungaryEmail: 
konya@chem.u-szeged.huMr. F. WeberCeramics and Refractory Metals Laboratory, Research Institute 
forTechnical Physics and Materials Science, H-1525 Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-
2226Phone:+36-1-392-2222/3246Email: weber@mfa.kfki.huDr. L.P. BiroLaboratory for Nanostructures 
Research, Research Institute for TechnicalPhysics and Materials Science, H-1525 Budapest, P.O. Box 49, 
Hungary,Fax:+36-1-392-2226Phone:+36-1-392-2222/2681Email: biro@mfa.kfki.huDr. P. AratoCeramics and 
Refractory Metals Laboratory, Research Institute forTechnical Physics and Materials Science, H-1525 
Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-2226Phone:+36-1-392-2222/2682Email: arato@mfa.kfki.hu 
 
Novel carbon nanotube reinforced silicon nitride ceramics matrix composites have been prepared. As carbon 
nanotubes present exceptional mechanical, superior thermal and electrical properties (thermal stability up to 
2800¦ C in vacuum, thermal conductivity about twice as high as diamond, electric-current-carrying capacity 
1000 times higher than copper wires [1,2]) in general, there are high expectations for improvement of quality of 
carbon nanotube nano/microcomposites. Despite of this, only modest improvements were reported related to 
properties of carbon nanotube silicon carbide, polymer, metal oxide matrix composites. In the use of nanotubes 
to form advanced composites a critical issue was identified that needs to be further clarified, namely the 
interfacial bonding of the nanotubes to different matrices. Addressing to this critical issue, in this work an 
attempt has been made to improve the properties of silicon nitride matrix with the help of carbon nanotube 
addition.    [1] E. T. Thostenson, Z. Ren, T-W. Chou, Composite Science and Technology 61 (2001) 1899-
1912.[2] K-T. Lau, D. Hui, Carbon 40 (2002) 1597-1617.Dr. Csaba Balázsi thanks for OTKA Postdoctoral 
Research Grant (D38478) and János Bolyai Research Grant.    
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SYNTHESIS AND CHARACTERIZATION OF SILICON NITRIDE BASED COMPOSITES 
CONTAINING DIFFERENT CARBON NANOSPECIES 
 
Cs. Balazsi, Z. Konya, F. Weber, L. P. Biro, P. Arato 
Dr. Cs. BalazsiCeramics and Refractory Metals Laboratory, Research Institute forTechnical Physics and 
Materials Science, H-1525 Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-2226Phone:+36-1-392-
2222/3279Email: balazsi@mfa.kfki.huDr. Z. KonyaDepartment of Applied and Environmental 
Chemistry,University of Szeged, Rerrich B&#280;la t&#280;r 1., H-6720 Szeged, HungaryEmail: 
konya@chem.u-szeged.huMr. F. WeberCeramics and Refractory Metals Laboratory, Research Institute 
forTechnical Physics and Materials Science, H-1525 Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-
2226Phone:+36-1-392-2222/3246Email: weber@mfa.kfki.huDr. L.P. BiroLaboratory for Nanostructures 
Research, Research Institute for TechnicalPhysics and Materials Science, H-1525 Budapest, P.O. Box 49, 
Hungary,Fax:+36-1-392-2226Phone:+36-1-392-2222/2681Email: biro@mfa.kfki.huDr. P. AratoCeramics and 
Refractory Metals Laboratory, Research Institute forTechnical Physics and Materials Science, H-1525 
Budapest, P.O. Box 49, Hungary,Fax:+36-1-392-2226Phone:+36-1-392-2222/2682Email: arato@mfa.kfki.hu 
 
The synthesis of new materials with extreme technological properties is of great fundamental interest. Ceramics 
based on silicon nitride are well-known as low density materials with high strength and toughness. With these 
combination of properties silicon nitride based ceramics are an ideal candidate for several structural 
applications, even at high temperatures. As an alternative way to improve the mechanical and thermal 
properties of silicon nitride matrix, we performed the preparation and examination of carbon nanospecies added 
silicon nitride ceramic matrix composites. Nanoparticles of carbon black and graphite have been added to 
silicon nitride starting powder and sintering additives (Al2O3 and Y2O3). These mixtures were 
mechanochemically activated several hours in a planetary type alumina ball-mill in order to achieve a 
homogenous mass. As an alternative to nanograins, carbon fibres and carbon nanotubes have been added to 
carbon free silicon nitride batches. Sinter-HIP has been applied to rectangular bars which were earlier dry 
pressed. Structural and morphological analysis were performed on as-prepared samples. Bending strength and 
elastic modulus have been found to be influenced by amount of carbon species introduced in silicon nitride 
matrix. A desintering process was observed. During pressureless sintering step the structure retained the 
&#945;-Si3N4 phase, after second sintering step new phase(s) appeared.  
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Hybrid Materials Based on Single-Walled Carbon Nanotubes and Tetraazamacrocyclic Compounds 
 
E.V. Basiuk (Golovataya-Dzhymbeeva), ; V.A. Basiuk, J.M. Saniger, Instituto de Ciencias Nucleares, 
Universidad Nacional Autonoma de Mexico, MEXICO, fax (52)5556228620, e-mail 
elenagd@servidor.unam.mx, E.V. Rybak-Akimova, Tufts University,Medford, USA 
 
We studied (experimentally and theoretically) interaction of a series of aromatic tetraazamacrocyclic ligands 
[tetraazaannulene (H2TAA), tetramethyltetraazaannulene (H2TMTAA), and meso-tetraphenylporphine 
(H2TPP)] and their transition metal complexes [e.g., of Ni(II) and Cu(II)] with single-walled carbon nanotubes 
(SWNTs). In particular, SWNTs strongly adsorb NiTMTAA and CuTMTAA from ethanol solutions, with 
SWNT:complex mass ratio of ca. 5:4. According to the results of molecular mechanics (MM) modeling, this 
corresponds to a dense monolayer coverage. A saddle-shaped conformation of the macrocyclic complexes helps 
their better accommodation on the cylindrical nanotube walls, resulting in a highly ordered chess-like molecular 
assembly. Theoretical MM studies of other macrocyclic compounds (H2TAA and H2TPP) interacting with 
SWNT sidewalls revealed types of molecular arrangement different from that for the TMTAA complexes. The 
materials synthesized were characterized by IR, UV-Vis and EPR spectroscopy, as well as electron microscopic 
methods. 
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Amidation and Esterification of Terminal Carboxylic Groups of Single-Walled Carbon Nanotubes: 
Theoretical Studies 
 
V.A. Basiuk  
Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico, MEXICO, fax (52)5556162233, 
e-mail basiuk@nuclecu.unam.mx 
 
Theoretical approaches are a useful way to study chemical properties of carbon nanotubes. Our experimental 
studies deal with the chemical modification of oxidized nanotube tips by using the reaction of their terminal 
carboxylic groups with vaporous aliphatic amines and alcohols. One could expect that reactivity of the 
carboxylic groups depends on whether the nanotubes have an armchair or zigzag structure, since this changes 
spatial orientation of the terminal groups. To verify whether this might cause substantial differences in 
geometric and energetic parameters, we studied theoretically the reactions of monocarboxy-derivatized 
fragments of zigzag and armchair SWNTs with the simplest aliphatic amine, methylamine, and the simplest 
aliphatic alcohol, methanol. We employed a two-level ONIOM approach (B3LYP:UFF). The amide and ester 
formation are more energetically preferable for the armchair nanotubes. Differences in the geometry of reaction 
complexes, transition states and products are discussed, as well as the influence of the model SWNT diameter 
on the parameters calculated. 
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THERMOSET AND THERMOPLASTIC COMPOSITES USING POLYMER WRAPPED SWNTs AS 
REINFORCEMENT 
 
Richard A. Bley 
Eltron Research Inc., Colorado, 303-530-0263 ext127, fax 303-530-0264, bley@eltronresearch.com 
 
We are developing a method for incorporating Single Walled Carbon Nanotubes (SWNT) into thermosets and 
thermoplastics to act as reinforcement. The helical structure of poly (m-phenylenevinylene-co-2,5-dioctoxy-p-
phenylenevinylene) (PmPV) encourages this polymer to wind itself around both individual SWNTs and 
multiple SWNT ropes. This forms a polymer/nanotube mixture in which the polymer is mechanically anchored 
to the nanotube but is not chemically bound to it. Because interaction between the PmPV and SWNTs is purely 
mechanical, no incursion into the bond structure of the SWNTs occurs.  Placing various functional groups on 
the side chains of the PmPV polymer will make covalent bonding possible between this PmPV derivative and 
the epoxy matrix in the final composite. This will provide optimal strength in the final composites by 
maximizing the load transfer properties of the derivative.  How well this final composite is capable of 
conveying the extraordinary strength and durability of the carbon nanotubes to the final PmPV/SWNT/matrix 
composite as a whole will depended on the PmPV derivative's ability to transfer the applied load from the 
composite's matrix to the SWNTs. 
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NANOCRYSTALLINE HYDROGEN ABSORBING MAGNESIUM-NICKEL ALLOYS 
 
Z. Bojar, J. Bystrzycki, W. Darlewski, W. Przetakiewicz 
Department of Materials Technology,Military University of Technology, Poland  
phone:48-22-683-9445, fax:48-22-683-9445 
bojar@wme.wat.waw.pl 
 
Magnesium-nickel alloys are attractive hydrogen storage materials because of their volumetrically plentiful 
hydrogen capacity.  However, the hydriding-dehydriding reaction takes place at elevated temperature and is 
relatively slow. The aim of this study was to show the effect of nanometer-scale structure on the hydriding 
properties of Mg-Ni alloys. The Mg-Ni alloys with nanocrystalline structure were successively synthesised by 
mechanical alloying. The microstructure of ball milled powders were characterized by X-ray diffraction 
analysis, scanning electron microscopy nad X-ray energy dispersive spectroscopy. The rate of hydriding was 
determined using a Sieverts apparatus at various temperatures. The nanocrystalline materials show much better 
hydrogen sorption characteristics than their polycrystalline counterparts. 
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AEROSOLS-An opportunity for nanotechnology-surface treatment, also on large scale 
Georg Bolte 
Nanotec S.r.l. (I-87100 Cosenza), GERMANY 
Phone:+49 5201 9371, Fax+49 5201 9378, e-mail: bolte-consulting@t-online.de 
Due to the ability of being able to create the smallest drops (<<1µm), technology is available that can produce a 
large-area, thin film on various substrates. By selecting the substrates that is required and the aerosol solution to 
be used, various profile characteristics can be produced for surface areas. In combination with a corona 
treatment, suitable adhesion mechanisms have been produced that can even be used on nonpolar plastic 
surfaces. Production examples and applications of nanocoatings for use are shown. 
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CATALYTIC EFFECT OF NANOMETER SIZED ADDITIVES ON HYDROGEN SORPTION IN 
NANOCRYSTALLINE  MAGNESIUM-NICKEL  ALLOY 
 
Jerzy Bystrzycki, W. Darlewski 
Department of Materials Technology, Military University of Technology, Poland 
Email          : bystry@wme.wat.waw.pl, Phone          : (48-22) 683-7135, Fax            : (48-22) 683-9445 
 
Magnesium-nickel alloys are well known by their high hydrogen storage capacity.  However, difficult 
activation and poor absorption/desorption properties prevent their use as hydrogen storage material. The aim of 
this study was to show the influence of nanometer sized catalysts on  the surface activity of nanocrystalline Mg-
Ni alloy. Nanocrystalline Mg-Ni-based powders were fabricated from pre-alloyed powders by milling in a 
Fritsch planetary ball mill. Modification of the surface of the Mg-Ni powders was carried out by introducing 
small amount of nanometer sized catalysts to the powders in the course of the ball-milling process. The 
microstructure of ball milled powders were characterized by X-ray diffraction analysis, scanning electron 
microscopy, X-ray energy dispersive spectroscopy and differential scanning calorimetry. The hydrogen storage 
properties of the nanocrystalline powders with nanometer sized catalysts were characterized. Hydriding 
properties of the processed powders are strongly affected by their nanometer-scale structures. 
 
ADVANCES IN THE SYNTHESIS AND CHARACTERIZATION OF BORON NITRIDE 
NANOTUBES 
 
R.Czerw 1, S.M.C. Vieira 2, S. Webster 1, D.L. Carroll 1 
1 School of Materials Science and Engineering, Clemson University, Clemson SC 296342 Department of 
Chemistry, Manchester Technological University, Manchester UK  
 
Boron Nitride (BN) nanotubes represent a significant potential in nano-mechanical device applications.  Recent 
work on the synthesis and processing of pure boron nitride nanotubes has allowed detailed studies of purified 
materials.  Using non-resonant Raman Spectroscopy, a number of active vibrational modes of the BN - 
nanotube lattice have been identified with very few surprises.  Scanning tunneling microscopy and 
spectroscopy results are intriguing however.  In most cases, a bandgap of 4.5 eV on multiwalled nanotubes has 
been obtained.  In contrast, 10% of the tubes studied exhibit a larger, 5.0 eV bandgap, and show clear evidence 
of negative differential conductivity.  This can be interpreted in terms of ballistic transport models from the tip 
of the STM into the substrate below and may be related to a piezo-response of the nanotube. 
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ENHANCEMENTS TO CONJUGATED POLYMER DEVICES VIA THE INCORPORATION OF 
CARBON NANOTUBES 
 
R.Czerw, S. Webster, D.L. Carroll 
School of Materials Science and Engineering, Clemson University, Clemson SC 29634 
 
Conjugated polymers are reaching commercial viability as the active layer in organic light emitting diodes 
(OLEDs) and solar cells, but their commercial application is hindered by shorter than desired reliabilities and 
lifetimes.  A primary degradation mechanism of electroluminescent polymers used in organic light emitting 
diodes (OLEDs) over time is photo-oxidation. We have been able to reduce photo-oxidation in conjugated 
polymer films and solutions by the incorporation of single walled nanotubes (SWNTs). The mechanism is 
thought to be a suppression of the triplet state in the polymer and consequently a reduction in singlet oxygen 
formation.  Incorporation of the SWNTs into OLEDs has shown similar benefits with regard to photo-oxidation 
of the polymer and also by preventing degredation of the polymer-metal interface.  The benefits of SWNT to 
organic photovoltaics (OPV) is less clear.  In some materials, such as poly(3-octylthiophene) (P3OT), the 
incorporation of nanotubes improves the efficiency of the OPV through modification of the transport, but does 
not appreciably improve the donor-acceptor interface.  This is not surprising, since as grown SWNTs are a 
mixture of semiconducting and metallic tubes with a variety of bandgaps.  For commercially realizable OPVs 
and to fully exploit the high aspect ratio, we must tailor the nanotube bandgaps through doping.  Progress in 
doping SWNTs  will be presented. 
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PYROELECTRIC AND PIEZOELECTRIC CHARACTERISTICS OF CARBON NANOTUBE - 
POLYMER NANOCOMPOSITES  
 
R.Czerw, S. Webster, S. Xing, D.L. Carroll 
School of Materials Science and Engineering, Clemson University, Clemson SC 29634 
 
Recent work on carbon nanotube v poly (vinylidene di fluoride) (PVDF) blends has shown some exciting 
enhancements in both the pyroelectric and piezoelectric coefficients of the poled polymer.  For piezo-
phenomena, the poling vs. response curve of transduction clearly indicates that enhanced properties are only 
observed when the matrix is poled over specific voltages.  This optimum poling voltage for enhancement is 
strongly dependent on the copolymer of PVDF used as a host indicating the existence of some steric effect 
related to the nanotubes.  Further, quite different pyro- and piezo- electric behaviors are obtained as a function 
of polymerization route, copolymerization, and processing.  In each case, it is evident that single walled 
nanotubes within the matrix act as heterogeneous nucleation sites for polymer phase formation, greatly 
enhancing specific phases at the expense of others.  These results suggest a greatly expanded role for the 
application of organically based electro-active polymer actuation may be possible. 
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Production of Cobalt-Ferrite Compound Nanoparticles Using Reverse Micellar System 
 
Ayla CALIMLI, Onur DOKER, Emine BAYRAKTAR, Ulku MEHMETOGLU 
University of Ankara, TURKEY 
Email : calimli@eng.ankara.edu.tr, Phone          : +90 312 212 67 20/13 03, Fax            : +90 312 212 15 46 
 
In the recent years, metal particles of nanometer dimensions have been investigated because of their present 
applications and perspectives of their various fields of science, technology and pharmaceutical. For example, in 
the electric industry; semiconductors resulted in the transition from the vacuum tubes to diodes and transistors 
and eventually to miniature chips. This process is limited by the capacity of information storage devices, which 
is most cases work on the magnetic recording principle. Increasing the storage density requires more strict 
control over morphology of the magnetic material and strong reduction of its dimensions, down to the sizes of 
single domain [1-3]. A lot of methods of manufacturing nanocrystalline by inorganic materials is happen but 
micro-emulsion systems and reverse micelle systems are mostly used than another methods. Because of it is no 
need expensive devices and particles dimensions and formations are under control with this method [2, 3].In 
this study, we demonstrate the versatility of the reverse micelle method of synthesis of cobalt-ferrite compound. 
In addition, there is two different surfactant (sodium diisooctylsulfoccinate (AOT) and 
cetyltrimethylammonium bromide (CTAB)) were used to prepare the reverse micelle system in isooctane, 
separately. Desired amount of cobalt-ferrite compound in the aqueous phase was mixed with the reverse 
micelle phase with orbital shaker during 2 hours. After that isopropanol was mixed the reverse micelle solutions 
and centrifuged to separate the cobalt-ferrite particles. Cobalt-ferrite particles were washed with water three 
times and dried in air.  Analyses of the nanoparticles were achieved with scanning electron microscope (SEM) 
and Physical Properties Measurement System (PPMS). The experiments showed that particle morphologies 
have changed depending on reverse micelles system. The nanoparticles physical properties and particles size, 
which prepared by AOT, were compared with the another particles prepared by CTAB.References1. Egorova, 
E.M., Revina, A. A., 2000, Synthesis of Metallic Nanoparticles in Reverse Micelles in the Presence of 
Quercetin, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 168, 87-96.2. Carpenter, E.E., 
2001, Iron Nanoparticles and Potential Magnetic Carriers, Journal of Magnetism and Magnetic Materials, 225, 
17-20.3. O’Connor, C.J., Kolesnichenko, V., Carpenter, E., Sangregorio, C., Zhou W., Kumbhar, A., Sims, J., 
Agnoli, F., 2001, Fabrication and Properties of Magnetic Particles with Nanometer Dimensions, Synthetic 
Metals, 122, 547-557. 
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Structures and properties of the crystalline Si-C-N films using additional Si-source and Co-catalyst  
 
Hui Lin Chang, Cheng Tzu Kuo 
Department of Materials Science and Engineering, National Chiao Tung University, Taiwan.  
Phone: +886-3-5739845, E-mail: gladies@mail.mayju.com.tw 
Jau Shiung Fang  
Department of Materials Science and Engineering, National Huwei Institute of Technology, Taiwan.  
 
Si-C-N films were synthesized on Si substrates by microwave plasma chemical vapor deposition (MPCVD) 
with a mixture of CH4 and N2 as gaseous sources, and Co-coated Si columns to act as a catalyst and an 
additional Si source. Two conditions, conditions 1 and 2, were implemented by varying the time at which the 
solid sources were introduced. Under condition 1, the solid sources were applied “before” film deposition. 
Under condition 2, the solid sources were applied both “before and during” film depositions. Analytical results 
indicate, although that both conditions yield crystalline Si-C-N films, the time at which the solid sources are 
applied is critically affects the films’ structures and properties. Synthesizing Si-C-N films under condition 1 
yields crystals with more re-nucleation, a structure closer to a pseudo T-Si3N4 structure, a higher C content, 
detectable Si(2p)-C bonding, lower nano-hardness and better field emission properties. Synthesis of film under 
condition 2 yields, crystals with more facets, a structure closer to pseudo ? -Si3N4, and an additional thin layer 
under the crystalline layer. SEM, TEM, XPS, XRD, nanoindentor and field emission were used to characterize 
the film’ structures and properties.  
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Growth models of carbon nanotubes assisted with Co-based catalysts  
 
1*Hui Lin Chang , 2Jau Shiung Fang and 1Cheng Tzu Kuo 
1Department of Materials Science and Engineering, National Chiao Tung University, HsinChu, 30050, Taiwan.  
2Department of Materials Science and Engineering, National Huwei Institute of Technology, Yunlin 632, 
Taiwan.  
 
Carbon nanotubes (CNTs) were synthesized on Si and SiO2 coated Si substrates by a microwave plasma 
chemical vapor deposition (MPCVD) system, with CH4 and N2 as source gases. Three catalyst films, specified 
as conditions 1, 2 and 3, were employed as catalysts to grow carbon nanotubes. Conditions were, 1: Co film on 
Si substrate; 2: Co film/SiO2 film on Si substrate, 3: Co film on Si substrate with rapid thermal annealing 
(RTP). The catalyst films were proven to be equivalent to Co-Si-O or Co-Si catalysts in CNTs growth. SEM, 
TEM+EDS, HRTEM and Raman spectroscopy were employed to characterize CNTs microstructures, 
morphologies and catalyst compositions. The results show that the bamboo-like CNTs using the Co-Si catalyst 
(conditions 1 and 3) were governed by the base-growth mechanism due to strong chemical bonding between the 
CoSix phases and Si substrate. Both bamboo-like and the hollow CNTs, using the Co-Si-O catalyst (condition 
2), were dominated by the tip growth mechanisms. The effect of nitrogen on the growth mechanism of the 
bamboo-like CNTs is proposed.  
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Improvement of diffusion barrier behavior of Ti-related nitride thin films using multilayered design 
 
1G.S. Chen, 1C.C. Fu and 2P. Y. Lee 
1Department of Materials Science and Engineering, Feng Chia University, Taiwan  
Phone: +886-4-24529008, Fax:+886-4-24510014, E-mail: gschen@fcu.edu.tw 
2Institute of Materials Engineering, National Taiwan Ocean University, Keelung 202, Taiwan 
 

Small-angle X-ray diffractometry, transmission electron microscopy, and electrical measurement were 
employed to examine the effectiveness of TiN, TiAlN, and multilayered TiN/TiAlN diffusion barriers (all 
having a total thickness of 40 nm) against copper penetration toward silicon. Failure of the TiN barrier upon 
annealing is caused by the diffusion of copper through the barrier’s grain boundaries, forming pyramid-shaped 
Cu3Si precipitates. The Si/TiN/Cu loses electrical integrity at a threshold temperature (Te) of ~500? . The 
TiAlN barrier containing slights amount of aluminum (< 2 at%) exhibits an improved capability by delaying the 
formation of Cu3Si precipitates, and Si/TiAlN/Cu thus yields an elevated Te of 600? . The performance of the 
multilayered TiAlN (adjacent to Si)/TiN equates to that of TiAlN. However, the multilayered film with an 
inverted design (i.e., TiN adjacent to Si) is the most effective barrier by yielding a Te of ~700?  for Si/TiN-
TiAlN/Cu. Failure mechanisms of these barriers are currently under investigation. 
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Magnetic Field-induced Growth of Single-crystalline Fe3O4 Nanowires 
  
Jun Wang, Qianwang Chen, Chuan Zeng, San Che 
University of Science & Technology of China, China,  
e-mail address: cqw@ustc.edu.cn, Tel: +86-551-3607292, Fax: +86-551-3607292 
 
Single-crystal nanowires of Fe3O4 with diameters of 35~100 nm and lengths of about 0.48~2.7µm have been 
successfully synthesized in a hydrothermal cell with a 0.25T magnetic field applied. The growth behavior of 
Fe3O4 nanoparticles under an extra magnetic field was compared with that under zero magnetic fields. The 
XRD patterns indicate that both of the two processes result in the formation of pure Fe3O4. However, the 
morphology of the particles was changed significantly, TEM observations show the morphology of the particles 
changed from quadrangle and hexagon in zero magnetic field into nanowires in a finite magnetic field. HRTEM 
image further reveals that the nanowires are single crystal grown along [110] direction, one of the easy 
magnetization axes of Fe3O4, confirmed by electron diffraction studies. Magnetic measurements show that the 
as-prepared sample exhibited saturation magnetization lower than the sample from the synthesis route under 
zero magnetic fields, which was discussed in terms of the magnetic domain pinning in one-dimensional 
nanostructures due to spatial confinement.  
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CATALYTIC OXIDATION OF CARBON MONOXIDE OVER COBALT OXIDES  
 
Yeong-Jey Chen, Dai-en Wu and Chuin-tih Yeh 
Department of Chemistry, National Tsinghua Universit, Hsinchu, Taiwan 30043 
Fax: 886-3-572-6047, Email: ctyeh@mx.nthu.edu.tw 
 
Catalysts of nanoCoOx and Au/CoOx (x is an atomic ratio between 1.00 and 1.33) were prepared to study their 
catalytic activity toward the CO oxidation. The oxidation state of cobalt ions in the prepared catalysts was 
characterized with the TPR ( temperature programmed reduction) technique. Two consecutively reductive 
steps, i.e., CoOx into CoO at 570 K and CoO to metallic Co at 650 K, were found to proceed in TPR on raising 
the sample temperature. The relative peak-area observed from the two steps in each TPR trace was used to 
determine the ratio x in freshly prepared catalysts. Their catalytic activities were furthertested in a fixed bed 
flow reactor. The measured activity increased with the ratio x in  catalysts. A mechanism is proposed to 
interpreted for the variation in activity.  
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Molecular Dynamics Study of the Temperature Dependence of the Critical Size of Silicon Nucleation  
 
Y. -T. Chiu and J. -T. Yeh 
Industrial Technology Research Institute, Taiwan 31040Tel 886-3-591-8239Fax 886-3-582-0241 
 
We adopt molecular dynamics simulation to study the temperature dependence of the critical size of silicon 
nucleation. The critical size is a divide. In a corresponding amorphous matrix, an embedded crystal with a size 
larger than the critical size will grow, while one sized smaller will melt. For a nano-crystal, the critical size has 
strong temperature dependence. To study the above phenomenon at the atomic level, we employ Stillinger-
Weber- s three-body potential to modify the parallel molecular dynamics program DL_POLY so that it is 
capable of handling systems containing silicon atoms. The computational model is a spherical silicon crystal 
embedded in a corresponding amorphous matrix. Periodic boundary conditions and the NPT ensemble are set. 
The crystal radius is set at several different values for each distinct temperature level. Finally, it is found that 
the critical size decreases when the temperature is reduced, which is consistent with existing thermodynamics 
models. 
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Preparation and Characterization of Magnetic Fe, Fe/C and Fe/N  Nanoparticles Synthesized by 
Chemical Vapor Condensation Process 
 
Chul-Jin Choi(a), Oleg Tolochko(b) , Byoung-Kee Kim(a)   
(a)Korea Institute of Machinery and Materials, Korea 
E-mail: cjchoi@kmail.kimm.re.kr, Phone          : 82-55-280-3532, Fax            : 82-55-280-3599 
(b) State Technical University, Politechnicheskaya, 29, Saint-Petersburg, 195251 Russia 
 
Magnetic Fe, Fe/C and Fe/N nanoparticles were synthesized by Chemical Vapor Condensation (CVC) Process 
using the precursor of Fe(CO)5 under Ar, CO and NH3 atmosphere. We investigated the microstructures, 
magnetic properties of the nanoparticles and their surface characteristics systematically by means of HRTEM, 
DTA-TGA, M&ouml;ssbauer spectroscopy and magnetization measurement. The temperature of synthesis of 
nanoparticles was varied in the interval of 400 v 1100&#61616;C. The spherical nanoparticles of the mean 
diameter of 6-50nm comprise of the metal core and shell. To form composite nanoparticles of Fe/C and Fe/N, 
CO and NH3 gas were flowed to a chamber with a precursor vapor of Fe under the control of other processing 
parameters. The effect of CVC parameters on the microstructure and surface characteristics had been 
investigated. * Presenter Author's DetailsName : Dr. Chul-Jin ChoiCompany/Organization : Korea Institute of 
Machinery and MaterialsAddress : 66, Sanganm-Dong, Changwon, Kyungnam, South-KoreaTelephone : 82-
551-280-3532Fax : 82-551-280-3599E-mail : cjchoi@kmail.kimm.re.kr 
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Superparamagnetic Relaxation in cobalt ferrite nanoparticles synthesized from hydroxide carbonate 
precursors 
 
Eun Choi, Yangkyu Ahn 
Konyang University, Korea 
Email          : ejchoi@konyang.ac.kr 
Phone          : +82-730-5216 
Fax            : +82-41-736-4078 
Eun H. Kim  
Korea Institute of Geoscience & Mineral Resources,Korea 
 
Cobalt ferrite nanoparticles synthesized from cobalt iron hydroxide carbonate complexes prepared by a reverse 
microemulsion method. The particles have been studied by X-ray diffractometry, transmission electron 
microscopy, SQUID magnetometry and Mössbauer spectroscopy. All peaks of X-ray diffraction patterns can be 
attributed to a cubic spinel structure with the lattice constant   = 8.39 Å. The average size of the particles, 
determined by transmission electron microscopy, is 7.8 nm. Superparamagnetic behavior of the particles is 
confirmed by the coincidence of the magnetization versus   plots for different temperatures. As the temperature 
increases toward the Néel temperature, line broadening and a pronounced central doublet appear, suggesting 
superparamagnetic relaxation. As the temperature increases, the relaxation rate increases rapidly with a seventh 
power of the absolute temperature. 
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Study on magnetic nanoparticles-biodegradable polymer composite 
 
H. Yin and G.M. Chow 
Department of Materials ScienceNational University of SingaporeSingapore 119260Republic of 
SingaporeMs.H. Yin's email address:masyinh@nus.edu.sg, phone:65-68748759fax:65-67763604 
 
Magnetic carriers, including magnetic nanoparticles and biodegradable polymer, may find promising 
application in targeted drug delivery systems. Using a localized magnetic field and selective catheter, magnetic 
carrier-drug complex is targeted to the tumor. The carrier in our study is composed of poly (D, L-lactide) (PLA) 
and nickel ferrite nanoparticles. The nickel ferrite nanoparticles were synthesized by two methods, i.e. polyol 
process and ball milling. It was found that the ball milled nickel ferrite with average size of 10nm could only 
adsorb to the surface of PLA spherical particles. If the ball milled nickel ferrite nanoparticles were modified by 
the double surfactants (oleic acid and tri-octylphosphine (TOP)), they could be covered by PLA via the 
surfactants. The polyol process can produce the surfactants modified nickel ferrite particles in a single step. 
Because of more effective adsorption of surfactants, the magnetic particles synthesized by polyol process are 
more surface-active when blending with PLA.   
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Nanoscale Electronics for Chemical Sensing 
 
Philip G. Collins 
University of California, Irvine, CA andNanomix Incorporated, Emeryville, CA 
 
The recent progress in fabricating nanoscale electronics from novel materials like carbon nanotubes has 
enjoyed significant attention.  The potential gains of shrinking conventional devices to nanometer sizes, as well 
as the possibilities envisioned for novel quantum devices, make this a field filled with opportunity.  However, 
as with any disruptive technology in its early stages, nanoelectronics still faces major challenges from both 
scientific, technological, and economical points of view.  For example, it may be many years before 
nanoelectronic elements can compete commercially with conventional digital electronics.  On the other hand, 
the field of chemical sensing is poorly served by solid state devices at present, making this an area of 
immediate opportunity for nanoelectronic devices to gain a foothold.  This talk will survey our recent progress 
using novel molecular wires like carbon nanotubes in chemical and biological sensors.  These molecular wires 
are exquisitely sensitive to certain gases, and by incorporating them as the active components of nanoelectronic 
devices we have demonstrated concept prototype sensors.  Scientifically, the devices are interesting because 
they allow a novel electronic probe of molecular interactions at the single-molecule scale.  Technologically, the 
sensors are mechanically robust, require extremely small amounts of power, and have been integrated into a 
silicon-based platform which is manufacturable in large quantities and at low cost. 
 
 
 



 34

 
Application of Image Processing to the Caracterization of Nanostructures 
 
Manuel F. M. Costa 
Universidade do MinhoDepartamento de FísicaCampus de Gualtar4710-057 BragaPortgaltel +351 
253604334Fax +351 253 678981email mfcosta@fisica.uminho.pt 
 
The inspection and characterization of nano materials and structures should be performed extensively and 
whenever possible in a non-invasive way.During recent years a major development of image acquisition and 
digitalization systems was achieved, as well as in what concerns image analysis and processing. Those 
techniques are now being frequently used in metrology and characterization laboratories including in the fields 
of nanomaterials and systems.On this communication we will review the most relevant image acquisition and 
processing systems and techniques pointing out recent developments. Reference will be made to the work being 
performed at the Microtopography Laboratory and at the Functional Coatings Group of the University of 
Minho. 
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SINTERING BEHAVIOR OF TITANIUM-TITANIUM NITRIDE NANO-NANOCOMPOSITE 
POWDERS. 
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Present investigation attempts to study the sintering behavior of titanium-titanium nitride nano-nanocomposite 
powders. Nanosize titanium powders of average particle size of about 65nm were produced through the high-
energy attrition milling of micron size titanium powders. The nanosize titanium powders were mixed with 8 
wt% and 15 wt% nanosize titanium nitride powders (~50nm) to give two compositions of the nano-
nanocomposites. Sintering experiments were carried out using high sensitivity vertical dilatometry  at various 
temperatures in the range of 400¦ C to 1250¦ C in ultra high purity argon atmosphere. The nano sized titanium 
powders and titanium-titanium nitride nano-nanocomposite powders showed distinct sintering behavior in both; 
á-Ti range and â-Ti range in terms of the shrinkage and apparent activation energy for sintering. Shrinkage was 
found to be higher in the â-Ti range than in the á-Ti range irrespective of TiN addition. The addition of TiN 
caused a significant increase in the activation energy in the alpha phase where as in the beta phase it resulted in 
lower activation energy. 
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Synthesis of Precursor-Derived TiC-Ni based Nanocomposites by Direct Reduction & Carburization 
Processing 
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Precursor-derived TiC-Ni based nanocomposites were synthesized by direct reduction and carburization 
processing. The process has proven very versatile as a wider range of compositions can be produced. Their 
phase structure, morphological and chemical features were characterized by XRD, SEM and TEM. Results 
show that the interfacial bonding between TiC and Ni was found to be of a good quality. The TiC 
reinforcement was in situ formed instead of being added to the matrix. The formation mechanism of the TiC-Ni 
based nanocomposites was discussed. 
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ENHANCED APPROACH TO SYNTHESIZE CARBON ALLOTROPES BY ARC PLASMA 
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This approach allows to produce carbon vapor in plasma from traditional graphite electrodes and amorphous 
carbon particulates under influence of a buffer Nobel gas flow supplied into plasma zone. Carbon vapor is 
evacuated from hot plasma zone by efficiently organized radial exhaust inert gas stream. Model of small carbon 
particle vaporization is build. This model allows to establish interconnection between time taken for 
vaporization of carbon particle, its size and plasma temperature. The results of performed experiments are in 
good agreement with estimations. Study of influence of inert gas flow dynamics differently supplied to hot 
plasma zone during fullerenes synthesis was performed and interconnections between time taken for 
vaporization of carbon particle, its size and plasma temperature were defined.It was established relationship 
between different methods of gas introduction in plasma zone, different configurations of gas stream, gas flow 
rates, reactor internal gas pressure, applied power, diameters of used electrodes and fullerenes productivity, 
concentration, and yield. Our approach allows to apply big currents without significant reduction of fullerenes 
content in soot; to reduce cathode deposits and in some cases eliminate it at all; and to use big electrodes. 
Fullerene yield was analyzed be HPLC-UV(Vis) and HPLC-MS methods.Proposed method allows significantly 
increase fullerenes productivity at much low cost. 
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Nanocrystalline FCC (face-centered-cubic) nickel-iron alloys with compositions in the range of 5 to 60 wt% Fe 
were produced by electrodeposition techniques. The thermal stability of the Ni-21%Fe alloy was investigated 
by annealing experiments. The structure and composition of these deposits were characterized using electron 
microscopy and x-ray techniques. Microhardness and tensile tests were employed for evaluating the mechanical 
properties of the as-deposited and annealed samples. In this paper, the effects of composition and heat treatment 
on deformation and fracture of nanocrystalline Ni-Fe alloys are discussed. 
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Metallic and Intermetallic Nanoparticles, Filaments and Tree-likeAssemblies Prepared By Laser 
Vaporization Controlled Condensation 
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Nanoparticles exhibit interesting properties that are usually different from the bulk materials properties. The 
evolution of the nanoscale properties is largely dependent on the size, shape and assembly of the nanoparticles. 
In this work, we present a method to synthesize size-selected nanoparticles of a variety of materials by coupling 
the laser vaporization controlled condensation (LVCC) technique with a differential mobility analyzer (DMA). 
The LVCC method is based on using pulsed laser vaporization within well-defined conditions of temperature 
and pressure in a thermal diffusion cloud chamber. The coupling of LVCC and DMA is applied to synthesize 
metallic Al, Fe, Ni, Ti, and intermetallic FeAl, Ti3Al and NiAl nanoparticles of selected sizes. The LVCC 
method can be coupled to plasma and ionic polymerization techniques, thus allowing the incorporation of the 
metallic nanoparticles within the polymer films. We will present the application of the LVCC method for the 
catalysis of gas phase polymerization of several olefin monomers.The effect of electrical charging of the 
nanoparticles by ions and free electrons generated by the laser vaporization process has been investigated. 
Enormous electrostatic aggregation due to dipole forces is observed between nanoparticles to form chain 
aggregates, and between the chain aggregates to form tree-like filaments. The assemblies display stretch and 
contraction properties depending on the strength of the applied field. These observations have significant 
implications for the ductility and the plastic behavior of the materials formed from consolidated nanoparticle 
assemblies.Finally, the preparation and catalytic activity of metal / metal oxide nanoparticles for the oxidation 
of CO will be presented. The results indicate that the nanoparticle catalysts exhibit significantly enhanced low 
temperature activity for the CO oxidation as compared to the bulk powder catalysts.      
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Developing XAFS method designed to characterize materials containing nanostructures 
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Our research is devoted to development of X-ray absorption spectoscopy techniques allowing to determine 
spatial and electronic structure parameters of materials containing semiconductor heterostructures. The 
experimental procedures developed are used for characterization of extended well-ordered surface self-
assembled heteroepitaxial structures containing Ge-nanoislands on Si(001) or Si(111) and InAs-nanoislands on 
AlAs. These structures revealing quantum dots (QD) properties [1] were deposited on substrates via molecular 
beam epitaxy (MBE).  
Surface sensitive EXAFS (Extended X-ray Absorption Fine Structure)è XANES (X-ray Absorption Near Edge 
Structure) spectroscopy based on total electron yield and fluorescence yield detection modes [2] are used: 1) for 
the determining of local structure parameters (interatomic distances (±0.01 A), partial coordination numbers, 
symmetry of various atoms environment) for systems on surface, 2) for study of local structure parameters of 
heterosystem after interface diffusion, 3) for extracting information concerning the energy structure of the QDs 
free states. It was established that local microstructure parameters are linked to nanostructure morphology and 
adequate models are suggested and discussed.  
Financial support from the Russian State Scientific and Engineering Program on "Basic Research in Physics" 
and Russian State Scientific Program "Integration" is greatly appreciated. 

 
[1]  A.I.Yakimov, C.J.Adkins, R.Boucher, A.V.Dvurechenskii, A.I.Nikiforov,  
      O.P.Pchelyakov, G.Biskupskii, Phys. Rev. B 59, 1999, 12598  
[2] S.B.Erenburg, N.V.Bausk, L.N.Mazalov, A.I.Nikiforov, N.P.Stepina,  
      A.V.Nenashev, Nucl. Instr. & Meth. Phys. Res. A., 467, 2001, 1229 
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Crystallization and failure behaviors of Ta-Co nanostructured/amorphous diffusion barriers for copper 
metallization 
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Sputter-deposited polycrystalline tantalum (Ta) and tantalum nitride (TaN) thin films are currently used as 
diffusion barriers for global copper interconnects in commercial integrated circuits. Their grain boundaries, 
however, tend to act as the main diffusion paths for copper atoms to penetrate the diffusion barrier, causing the 
failure of silicon/copper interfaces or generating deep-level recombination centers in dielectrics. Amorphous 
thin films thus are potentially more promising than Ta and TaN as they lack grain boundaries. Therefore, this 
work examines the thin-film properties and diffusion barrier behaviors of thin Ta-Co co-sputtered films, aiming 
at depositing highly crystallization-resistant and highly conductive diffusion barriers for copper metallization. 
X-ray diffractometry (XRD) and transmission electron microscopy (TEM) indicate that the deposited Ta-Co 
films indeed have a glassy structure and are free from highly resistive intermetallic compounds, thus giving a 
resisitivity as low as under 50 µΩ-cm. Examining Si/Ta-Co/Cu stacked samples by using 4-point probes, XRD 
and cross-sectional TEM reveals that thermally induced failure of amorphous Ta-Co barriers are triggered by 
the barrier’s crystallization at temperatures just under 500°C. Nonetheless, as the crystallization temperature of 
Ta-Co can be increased markedly to ~ 700°C by adequately controlling the deposition parameters, the 
effectiveness of the nanostructure/amorphous Ta-Co thin film thus can be substantially enhanced by effectively 
blocking diffusion of copper towards the underlying silicon. 
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Effects of different hybridizations on transport throughseverely deformed carbon nanotubes 
 
A.A. Farajian*, B.I. Yakobson**, H. Mizuseki*, and Y. Kawazoe* 
* Institute for Materials Research, Tohoku University, Japan 
** Mechanical Engineering and Materials Science Department and Center for Nanoscale Science and 
Technology, Rice University, U.S.A. 
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The main purpose of the present work is to establishing a correspondence between mechanical deformation and 
transport properties, which is presumably useful in nano-sensor applications. As a byproduct of this study, the 
potential differences in the mechanical behavior of armchair and zigzag tubes, as well as that of armchair-
zigzag junctions, are also revealed. We use a tight-binding model to describe the nanotubes. Forvarious 
semiconducting and metallic nanotubes, the relaxedstructures under severe deformations, both elastic and 
plastic,are obtained. After obtaining the relaxed structures, the Green- s function approach is employed in order 
to obtain the conductance of the systems under consideration. The current-voltage characteristics are then 
determined using the Landauer-Buttiker formalism. It is concluded that a large change in conductance usually 
is accompanied by severe deformations. The effects of various orbital hybridizations resulting from different 
levelsof deformation are investigated. It is observed that I-V characteristics indeed depend on the deformation, 
hence the possibility of usage as nano-sensor. 
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Synthesis and characterization of phosphors nanosized Y2O3 doped Eu3+ 
 
M. A. Flores-Gonzalez1,  R. Bazzi1, C. Louis1, K. Lebbou1, O. Tillement1, C. Dujardin1, G. Ledoux1, E. 
Bernstein2,P. Perriat3 
1- Laboratoire de Physico-Chimie des Materiaux Luminescents, FENNEC groupe,UCBL1, UMR 5620,. France 
flores@pcml.univ-lyon1.fr 
2- Departement de Physique des Materiaux, UCBL1  
3- CNRS, UMR 5510, INSA  
 
Yttrium oxide nanoparticles with luminescent properties were produced at low temperature for direct oxide 
precipitation. Europium doped yttrium oxide (Eu3+: Y2O3) particles with size < 5 nm were synthesized in 
colloidal solution, followed of controlled precipitation was obtained fine powders sub-micronic. We report the 
structural and luminescent evolution for different concentration of europium. X-ray diffraction (DRX) was used 
to determine the crystalline structure for samples annealing in air. The size of the nanoparticles was in the range 
5 to 100 nm showed a good distribution, excellent morphology and high crystallinity with the temperature 
evolution. High resolution transmission electron microscopy (HRTEM) showed that the powder is crystallized 
immediately after of the synthesis. Promising nanophosphors with excellent luminescence intensity were 
analyzed by emission spectroscopy.  
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 A mixed Quantum Mechanics / Molecular Mechanics (QM/MM) model is used for investigating the nature of 
the molecular hydrogen adsorption in pure and alkali metal doped single-walled carbon nanotubes (SWNTs). 
For the QM part the DFT with B3LYP functional is used while for the MM we employ the universal force field 
(UFF). This mixed theoretical model was tested also by MP2 single point energy calculations. Our results 
demonstrate that the charge transfer from the alkali metal to the tube polarizes the H2 molecule and this charge 
induced dipole interaction is responsible for the higher hydrogen uptake of the doped tube.  
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Position and size controlled fabrication of nano-metals and vsemiconductors with fine focused electron 
beam 
 
Kazuo FURUYA, Kazutaka Mitsuishi, Masayuki Shimojo, and Masaki Takeguchi 
National Institute for Materials Science JAPAN, FURUYA.Kazuo@nims.go.jp, phone:81-298-59-5028, fax:81-
298-59-5010 
 
We have discovered that Si nanocrystals can be formed in a SiO2 thin film under irradiation of an electron 
beam at high temperature. The acceleration voltage of the beam was 100 kV in order to reduce sputtering for Si 
atoms. When the high-intensity electron beam was focused on the amorphized SiO2 thin film at 850 K, 
crystalline Si nanoparticles were emerged at the irradiated area. The diameter of the nanoparticles was as large 
as the beam diameter (several nm). The typical electron beam current density was 4x108 C/m2. The exposure 
time was 5 sec. An array of the Si nanocrystal dots was also fabricated using this method. Similarly, when 
decomposeable gases with electron beams, such as W(CO)6 were introduced at the beam irradiated areas, nan-
metal islands can be formed depending upon the beam diameter.  The combination of these methods indicates 
the possibility of position and size controlled fabrication of materials. 
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Novel Supramolecular Architectures with Carbon Nanotubes 
 
Kurt E. Geckeler 
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mail: keg@kjist.ac.kr 
 
Substantial efforts have been devoted recently to the development and technology of carbon nanotubes due to 
their outstanding properties and application potential. Primarily based on the extension of classical organic 
concepts, only a few derivatives of carbon nanotubes have been developed in order to produce functionalized 
and/or soluble carbon nanotubes. In this study, a general survey of the concepts for the derivatization of carbon 
nanotubes is presented and the different types of reactions and syntheses are highlighted. Supramolecular 
approaches presented are based on the use of single- and multi- wall carbon nanotubes as building blocks for 
supramo lecular constructs. The use of carbon nanotubes as synthons follows a general strategy, in which 
multifunctional molecules are connected to the carbon building blocks. Thus, several model systems have been 
studied and examples of interaction products of carbon nanotubes with organic macrocylces, hydrophilic 
polymers, and biomacromolecules such as DNA are given. The novel carbon nanotubes-based hybrid 
architectures are expected to have an application potential in many areas such as the biomedical and electronic 
areas due to their hydrophilicity and conducting properties as well as building blocks for molecular machines 
and robotics. 
 
 
 



 47

 
Nano-finger electrodes for the electro-optical generation and tuning of gratings at several wavelengths 
 
Josef Giglmayr 
Rüdesheimer Platz 5D-14197 BerlinGermanyTel: +49-30-8229119E-mail: horn-giglmayr@t-online.de 
 
The electro-optical generation of gratings has been introduced as early as 1971 (J. M. Hammer) for modulators 
and logics and has since this time been reported extensively where the finger spacing was in the /um range. 
Most recently modern control concepts have been introduced by the author where reflections (i) are switched 
on and off and tuned electro-optically and (ii) switching between several wavelenghts is optional.  This should 
be possible by (iii) sequentially arranged gratings with different spacings and (iv) multiple finger electrodes at 
several vertically stacked layers.  The composition of finger electrodes for multiple gratings requires finger 
widths and spacing in the nano range (500 nm to 200 nm and less).  The voltage adjustement at the multi-nano 
finger electrodes, in order to modulate the refractive index of electro-optical active grating material, is assumed 
to cause many problems (the upper electrode layer, closed to the material is slowing down the propagating 
waves and the electrical fields at the subsequent lower electrode layers superpose).  The modulated shape of the 
refractive index changes are searched for examples of multi-nano finger electrodes in order to allow the 
calculation/computation of the reflection coefficients which  are the matrix elements in the photonic controller 
matrix.  Another goal is the proper designarrangements  of the electrodes and insulation between the layers.  
The work concentrates on multiple grating for two wavelengths which may also be useful for several other 
purposes (add-and drop, routing). 
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Formation, Reactivity, and Phase Transformations in Silicon/Silica, Tin Oxide, and Titanium Oxide 
Based Nanostructures 
 
James L. Gole, John Stout, Zurong Dai, Z. L. Wang and Clemens Burda 
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A series of experiments has been undertaken to generate and characterize native and doped silicon/silica, tin 
oxide, and titanium oxide nanostructures.  Silicon/silica nanospheres are found to display unusual catalytic 
support and reactive properties.  These structures can be agglomerated to wire-like configurations subsequently 
providing a means to grow silica nanotubes and to produce silica nanofiber arrays from silicon seeds in an 
oxidative flow.  The silica nanotubes may fill an existing need for the catalytic conversion of high molecular 
weight hydrocarbons (MW - 1000).  Two unique syntheses have been used to generate SnO2-x nanowires, 
nanoribbons, and nanotubes.  Crystalline nanowires which display both a rutile and orthorhombic structure are 
formed from high temperature synthesis with SnO/SnO and Sn/SnO mixtures.  Several of the wires display a 
phase transformation between rutile and orthorhombic crystal structures normally observed at pressures in 
excess of 150 kbar in the bulk.  Similarly, under somewhat different experimental conditions nanoribbons and 
nanotubular structures can be formed which display combined rutile and orthorhombic structures.  A single step 
mixed SiO/Si/SiO2 synthesis has been used to form silica nanospheres decorated with SnOx nanocrystals.  
Partially agglomerated SiO2 nanospheres of diameter - 45 nm have been used as nanosupports (substrates) for 
SnOx crystallites of diameter 3-6 nm.  Unique reactivity and ready phase transformation is found to accompany 
the nitriding of TiO2 nanoparticles, efficiently producing TiO2-xNx nanoparticles which represent 
photocatalytically active quantum dots absorbing light well into the visible.  Taking advantage of the fact that 
nanoparticles may have a significantly enhanced interaction-reaction probability, we have successfully 
accomplished the conversion of TiO2 to TiO2-xNx at room temperature on a time frame of seconds.  Here, 
TiO2 nanoparticles are treated chemically in solution to provide the source of nitrogen in forming TiO2-xNx.  
Thi 
s solution phase conversion process represents a much simpler, faster, and higher yield process than that of 
Ashai et al 1 in the gas phase to produce an effective photocatalyst absorbing in the visible.  In distinct contrast, 
the similar treatment of either rutile or anatase TiO2 submicron powders does not produce the conversion to the 
oxynitride at room temperature.  A ready reactivity for TiO2 operative only at the nanoscale regime, is 
accompanied also by the palladium induced phase transformation of TiO2-xNx.1.  R. Ashai et al., Science 293, 
269 (2001).  
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Nanostructured oxides and bio-composites for advanced chemical sensors: An assessment of 
microstructure-sensing property relationships 
 
Pelagia-Irene (Perena) Gouma 
SUNY at Stony Brook, Stony Brook, NY, 11794-2275 
 
Semiconducting oxides are typically used as sensing element for conductimetric gas sensing devices. The use 
of nanofabrication techniques for processing oxides favors the formation of metastable polymorphic phases due 
to the small physical size of the nanomaterials. The high surface areas associated with nanoparticles or 
nanowires promote the adsorption of gaseous molecules to the oxideós structure and thus are expected to 
increase gas sensitivity. Selectivity, on the other hand, has been recently shown to depend strongly on the 
oxideós crystal structure. Therefore, it is important to assess the relative importance of crystallographic and 
morphological features of nanostructured oxides to the sensing response of these materials to a given analyte so 
as to be able to fabricate materials with controlled properties. This work presents a study of nanostructured 
MoO3 and WO3 that are used as sensing elements for the detection of gaseous ammonia or amines. The 
sensing responses obtained are of the order of a few seconds and the gas sensitivity levels below the ppm range. 
A p-n type transition in the sensing response of these oxides was observed, which is related to polymorphic 
phase transitions occuring during sensing. Furthermore, nano-composite oxides (doped with enzymes) have 
also been produced and characterized structurally. Emphasis is given on analyzing the biomolecule-oxide 
interactions. The sensing properties of the nanocomposites are currently being evaluated. 
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Nanostructured bulk solids by field activated sintering 
 
Joanna R. Groza 
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530 752 9554jrgroza@ucdavis.edu 
 
Structural nanomaterials are distinguished by unusually high strength, fatigue resistance, hardness, wear 
resistance, fracture toughness, and extensive high temperature formability.  However, commercial applications 
have only begun to tap the potential of high strength parts (e. g., GIGAS nano-Al alloys or high strength nano-
SiC springs).  More commonly they are used as thermal barrier coatings or in friction and wear resistant 
rotating parts (e.g. sleeves or bearings).  Wider application of these materials will require more reliable 
mechanical properties at the nanoscale and a more aggressive shift from basic science studies to the design and 
processing of optimum parts with unique properties. Field activated sintering is a recently developed process, 
which dramatically shortens the processing time for powder densification, thereby making it a good candidate 
for sintering nanostructured materials.  The application of an external electrical field activates the particle 
surfaces, enhances sintering and minimizes grain growth upon densification.  The process has been successfully 
applied for the densification of a variety of materials, electrically conductive, superconductors or insulators, 
monolithic and functionally graded materials, regular size or nanocrystalline.  The emphasis of current studies 
is to understand the electrical field effects during powder consolidation. This talk will overview modeling and 
experimental studies of electrical field effects on sintering nanosize particles.  
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Synthesis and organization of metallic, semiconductor and oxide inorganic nanostructures in planar 
molecular nanoreactors 
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Monomolecular layers at the gas-liquid interface and multilayer Langmuir-Blodgett (LB) films were used as 
molecular nanoreactors for generation and organization of inorganic and composite nanostructures. Gold and 
palladium metallic nanoparticles and nanowires were generated two-dimensionally via the chemical 
decomposition of precursor molecules in a mixed Langmuir monolayer at the gas/aqueous borohydride solution 
interface with amphiphilic polymeric and monomeric surfactants. Nickel oxide and iron oxide nanoparticles 
were synthesized in the nickel arachidate and ferric arachidate LB films via incubation of the films in the 
sodium borohydride solution at ambient conditions. The effects of time-dependent self-organization of 
nanoparticles in the film matrix were observed. Semiconductor CdS nanoparticles were formed via hydrogen 
sulfide treatment of cadmium arachidate LB films. Polymeric quasi-crystalline planar monomolecular 
structures and nanoscale-ordered nano-composite planar polymeric films with incorporated ligand-stabilized 
metal clusters, iron oxide and semiconductor nanoparticles were fabricated successfully. The obtained 
nanostructures were characterized by transmission electron microscopy.  
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METAL-CONTAINING NANOPARTICLES ON THE SURFACE OF NANOGRANULES OF 
ULTRADISPERSED POLYTETRAFLUOROETHYLENE 
Gubin S.P., Korobov M.S., Yurkov G. Yu. 
N.S. Kurnakov Institute of general and Inorganic Chemistry Russian Academy of Sciences, 119991 GSP-1, 
Leninskii pr-t 31, Moscow, Russia 
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A universal method of stabilization of metal–containing nanoparticles on the surfañe of polytetrafluoroethylene 
matrix has been developed. The chemical aspect of this process involves the formation of nanoparticles upon 
the thermodestruction of metal-containing compounds. The polytetrafluoroethylene matrix is very intresting 
because this polymer is very inert. Firstly metalcontaining (Fe, Co, Fe2O3, CdS, Cu, Pd) nanoparticles (3-7 nm) 
was obtained on the surface of nanogranules ultradispersed (150-300 nm) polytetrafluoroethylene. The size and 
structure of nanoparticles was determined by TEM, EXAFS, X-ray emission and Mossbauer spectroscoby. 
Nanoparticles on the surface of nanogranules have a rather narrow size distributuion. As a result magnetic 
polytetrafluoroethylene with high coercive force (~ 600 Oe) was fabricated. High catalytic activity Pd-
containing nanoparticles in hydrogenation was showed. 
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Hybrid organic-inorganic polymers with nanoscale building blocks: Precursors, processing, properties 
and applications 
 
Karl-Heinz Haas, Klaus Rose 
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Hybrid inorganic-organic polymers (IOP, ORMOCERs) are composites with inorganic and organic 
nanobuilding blocks linked via stable covalent bonds. Precursors are mainly organically modified silicon 
alkoxides and/or functionalized organic oligomers/polymers. The modified heteropolysiloxane network as basic 
structural element is synthesized via sol-gel-processing. A method often used is the formation of the inorganic 
network by polycondensation reactions (e.g. Si-O-Si bond formation) in a first step, followed by the organic 
crosslinking (thermal curing at 80-180 ¦ C or UV-processing). Another type uses the silanization of organic 
polymers in a first step, with subsequent hydrolysis and polycondensation reactions of the silanized units. This 
process leads to room temperature/self-curing materials, without need for thermal or UV-curing. The 
presentation focuses on the selection of precursors for various applications and the chemistry involved in 
processing. Basic properties and the application potential of ORMOCERs as coatings, fibers and composites 
are presented.Optical transparency and hardness with ease of functionalization by organic groups combined 
with polymer like processing,are some of the main advantages of these hybrid materials.Property/composition 
relationships are shown for mechanical, optical and permeation/barrier properties.Some examples for industrial 
implementation of this technology are given. 
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An NSF Perspective on International Cooperation in Materials Research  
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The fundamental properties of materials frequently define the capabilities, potential, reliability and limitations 
of technology.  Advances in materials research enable progress across a broad range of science, engineering 
and technology with dramatic impacts on society.  Continued progress in materials science and engineering is 
increasingly dependent upon collaborative efforts across disciplines, as well as closer coordination among 
funding agencies and effective partnerships involving universities, industry and government laboratories.  
Partnerships are important not just at the national level but increasingly at an international level as well. In this 
talk I will outline NSF activities in support of materials research and nanoscale science and engineering, 
focusing on opportunities for international cooperation and collaboration.  I will describe recent efforts by NSF 
and its counterpart agencies in other countries and regions of the world to develop an international materials 
network.  I will include examples of international partnerships established in this context, and describe current 
opportunities for obtaining NSF support for the US side of international collaborations in materials.  
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(LTAMD) 
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In this work, ultra-nanocrytalline catalytic tin oxide particles were synthesized by newly developed low 
temperature aqueous mixing and doping (LTAMD) method. The LTAMD is the one time synthesis of the tin 
oxide particles with the Pd-Pt composite catalysts using Sn butoxide, Pd and Pt acetylacetonate. Differed from 
the current method, the combination of the doping process to the synthesis of the tin oxide nanoparticle 
simultaneously without chloride below 300oC. Those reagents were mixed uniformly in isopropylacohol and 
dried by evaporating the solvent at room temperature. The remained particles were then heat-treated at 100 ^oC 
to remove the organic component thoroughly. As a result, the ultra-nanocrystalline tin oxide particles doped 
with Pd-Pt composite could be synthesized with the particles size and specific surface area of 1 nm and 442 
m^2/g, respectively. Also, applying the particles, nanocrytalline gas sensor with high sensing properties could 
be fabricated. 
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Novel Synthesizing Process for Nanocrystalline Indium Tin Oxide particles by Low-temperature One-
time Mixing and Oxidation (LOMO) 
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Recently, nanocrystalline indium tin oxide (ITO) particle is increasingly used for information displays industry. 
However, the size cannot be decreased to 35 nm because of the bottleneck in current technology using the high 
temperature synthetic process above 700oC, which is required to remove the chloride. TG-DTA results showed 
that the temperature above 700oC is required for the removal of the chloride. The chloride causes the high 
fabrication cost and environmental pollution. So, in order to overcome the drawback and synthesize the more 
ultrafine nanocrystalline ITO particles, we developed a new clean method of low-temperature one-time mixing 
and oxidation (LOMO). The process temperature does not exceed 300oC by the excluding the chloride ions 
from the synthetic materials. Applying the LOMO method, nanocrystalline indium-tin-oxide particles were 
successfully synthesized. HRTEM, XRD and BET analysis revealed that the synthesized nanocrystalline 
particles were with ultrafine size below 3 nm and ultrahigh specific surface area above 117 m2/g. So, the good 
quality nanocrystalline ITO particles could be synthesized with our own LOMO method. 
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For quite some time it is known that in nanocrystalline soft magnetic films with an induced uniaxial anisotropy, 
the direction of the magnetization wiggles around the easy axis producing a so-called micromagnetic ripple. 
The local variation of the magnetic field in a thin film influences the out-of-focus image in the transmission 
electron microscopy (TEM) via variation of the Lorentz force that acts perpendicular to directions of the 
electron beam and to the magnetic induction. Consequently, in Lorentz transmission electron microscopy 
(LTEM) the quasi-periodic oscillation of the transversal component of the local magnetization leads to almost 
parallel (1D) fringes in under- or over-focused images. It will be shown that from the spacing between the 
fringes the wavelength and the amplitude of the angular spread of the magnetization direction can be estimated, 
using a simplified relation. In addition, besides ripple fringes in the LTEM image, there appears also a dotted 
contrast along the ripple fringes. A theory of LTEM images for films with 1D- and 2D periodical topographies, 
in combination with the micromagnetic oscillations of the magnetization, is presented. The theory predicts the 
2D-pattern in LTEM in agreement with experimental observations.  
The nanocrystalline Fe-Zr-N films have been prepared by DC magnetron reactive sputtering with a thickness 
between 50 and 1000 nm. The films have been deposited on glass or silicon substrates at several temperatures 
between room temperature and 200 ?C. Polymer or Cu substrates were used to float the film on a grid for TEM 
investigation. The deposition conditions were chosen to obtain a composition (Fe99Zr1)1-xNx, where the 
concentration of nitrogen was in the range x ≤ 25 at%. A 64 kA/m magnetic field was applied in the plane of 
the samples during deposition to induce uniaxial anisotropy of up to 1.6 kA/m). Electron holography and 
LTEM studies were performed, using JEOL 2010F transmission electron microscope equipped with a post-
column energy filter.  
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Formation and field-emission properties of carbon nanofibers by a simplified thermal growth 
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Field emission properties from a carbon nanofibers (CNFs) film prepared by a simplified thermal growth were 
investigated. Using a special phenolic solution as precursor, a high-density CNF network was grown on Ni-
based film at 700C under Ar atmosphere (1 atm). Characterization analyses indicated that the single CNF with 
~100 nm has a length in range of 10v20 ìm and high fiber density ~108/cm2. Field emission tests showed that 
the turn-on voltage of CNFs is at 6 MV/m, and the thresholds voltage at 1 mA/cm2 is at 7 MV/m. Typical 
current-field data in Fowler-Nordheim model can estimated the work function of the CNFs in range of 0.8v3.5 
eV. 
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One hundred years after the discovery of X-ray, radiography has reached a new level of sophistication and 
power.  With higher coherence of the X-ray source produced by synchrotron, phase difference is added to the 
absorption as anther, yet much improved, contrast mechanism.  Together with the improvement in the detecting 
system, we can now looking deep inside into matters with unprecedented precision and speed.  Sub-&#956;m 
resolution radiograph can now be obtained with ease and fast phenomenon can be observed in a real time 
fashion.  The application of this new tool has already helped researches in materials science, biology and 
medicine.  Ongoing developments in the instrumentation and reconstruction algorithms have generated even 
higher excitement with the recent demonstration of nanometer scale resolution in 3D. It is anticipated that with 
the new installation of X-ray free electron laser, X-rays can be used to ? image¦  a single protein molecule with 
atomic resolution in the near futureand to continue the legacy started by R&#246;ntgen.  Review of this advent 
of this technology, its application to various domains in science, the relevance to the nano-science and -
technology, and the future potential will be presented. 
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Borazine-siloxane polymer that is organic/inorganic hybrid polymer having both borazine and siloxane 
structures alternatively  can be synthesized by hydrosilylation polymerization of B,B',B''-triethynyl-N,N',N''-
trimethyl-borazine with tetramethylcyclosiloxane. Polymerization under diluted conditions gave a homogenous 
solution of the linear polymer and thin homogeneous films can be made on a silicon wafer by spin-coating and 
further this linear polymer became to be network structure by annealing. The thin film consisted of this novel 
network polymer has low dielectric constant below 2.5 without pore, excellent thermal and mechanical 
properties, and moreover Cu diffusion barrier properties. The application of this polymer thin film as hardmask 
for the low-k organic polymer interlayer dielectric can result in the total interlayer insulator with the effective 
dielectric constant which is the required value for ULSI at 70nm scale.  Fortunately, an environmentally 
friendly semiconductor process can be realized, because this thin film can be etched without use of any PFC 
gases which cause global warming. 
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Different nanostructured catalytic membranes have been prepared by platinum deposition (evaporation and 
ionic impregnation) within the porous framework of different tubular porous supports of a few nanometer pore 
size. The aim of the work is to investigate the influence of preparation methods and the influence of the type of 
support on the properties of the obtained catalytic membranes. Some parameters of the preparation procedure, 
controlling the deposition performance, have been explored.The platinum deposition was carried out using 
different techniques. Various types of supports made of different types of oxides and carbon with different layer 
distribution and pore diameters have been investigated. The catalytic membranes have then been characterized 
by hydrodynamic measurements as well as scanning and transmission electron microscopy.The distribution of 
platinum within the thickness of the membrane wall has been correlated to the preparation parameters and 
material of the support. 
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In order to develop new energy conversion techniquie, electric power and hydrogen multi generation system by 
partial oxidation reaction of methane source using thermo nuclear power, Plasm coating technique was 
employed to make nano ordered thin solid erectrolyte film of Ce0.8Sm0.2O1.9, which shows high ion 
conductivity of 1.4Scm-1 at 1273K and low loss of self-electric resisitivity in the temperature range of 173-
1273K. The solid electrolyte cell with the Ce0.8Sm0.2O1.9 thin film and both of porous positive and negative 
electrodes by plasma spray technique. This paper will report new porssesing technique of nano thin film onto 
the porous electrodes and fundamental properties of the cell.    
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PROPERTIES OF YSZ AND CeGdO NANOPOWDERS PREPARED BY TARGET EVAPORATION 
WITH A PULSE-REPETITIVE CO2-LASER 
Maxim G. Ivanov, Yury A. Kotov, Vladimir V. Osipov, Vyacheslav V. Platonov,  Oleg M. Samatov.Institute of 
Electrophysics, Ural Division of Russian Academy of Sciences, 106, Amundsena st., 620016 Ekaterinburg, 
RussiaPhone: +7 3432 678 779FAX: +7 3432 678 794e-mail: max@iep.uran.ru 
 
 The design and characteristics of a setup for producing oxide nanopowders are reported. Y2O3 v stabilized 
ZrO2 (YSZ), Al2O3+YSZ and CeGdO nanopowders are prepared by target evaporation with a pulse-periodic 
CO2-laser, followed by vapor condensation in air stream. Average laser radiation power is 600 W, pulse power 
~ 10 kW. The output rates of YSZ and Al2O3+YSZ nanopowders are 15-20g/h, and CeGdO nanopowder - 55-
60g/h. The grain mean size in the powders is 15nm. Data for the powder characteristics, as well as results of X-
ray phase and structure analysis, are reported. The reasons of higher CeGdO output rate are discussed. 
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Single crystal SBN:Yb /Opal matrix (SiO2):Er composite as a nanophotonic structure 
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Thin layer of opal matrix on SBN:Yb (001) crystal substrate was prepared via sedimentation method and post-
growth annealing treatment . 
The film thickness of cubic package of SiO2 nanospheres (240 nm in diameter) was of 25 monolayers. Erbium 
oxide (Er2O3) was introduced into the interspherical space of opal matrix using the sol-gel method (about 35 – 
40 % relative to the pore volume). The nanophotonic structure obtained was used to study Er3+ ion 
photoluminescence at around 1.55 µm (third communications window). The possibilities of Er3+ cascade 
exitation by the Yb3+ ions were studied, what leads to strong increasing of pump efficiency and broadening of 
absorption band. The specific features of photoluminescence in such nanocomposites will be discussed. 
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Localized ordering and crystallization behavior of sputter deposited amorphous carbon (a-C) films with a small 
amount of metal additives were investigated using transmission electron microscopy, low-energy electron 
energy-loss spectroscopy and temperature dependent conductivity measurement. Electrons accelerated with 
30kV-60kV were irradiated to 100nm-thick a-C films deposited on Si substrates through a 3-micron-thick Si 
window. After the electron beam projection, dispersed clusters with a stack of 10-15 layers of graphite c-plane 
were observed in the a-C films containing 15at%-Co, and structural ordering was detected in the a-C films 
containing Y, Rh or W up to 1at%. Significant change in conductivity mechanism which can be attributed to 
the structural ordering was detected in the temperature range from 15 K to RT. The effects of metal catalysis 
and the low-energy electron beam irradiation on the localized structural ordering will be discussed. 
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An industrial method for nanoparticle synthesis with wide range of compositions 
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A flame-based method (called DND, Direct Nanoparticle Deposition) has been developed originally mainly for 
manufacturing of  rare earth doped amplifying fibers (used e.g. in EDFA). Main advantages of the method are: 
1)avoiding of harmful phase separation of rare earth, 2)wide range of concentration of various dopants and co-
dopants and 3)good repeatability/1/.The key factors of the method are: 1)Possibility to feed the precursors into 
the flame alternatively  as liquid solution and/or gas mixture.2)Hot hydrogen-oxygen flame ensuring the 
vaporization of low-vapour-pressure precursors. 3)Flame properties leading to extremely rapid particle 
formation and  small primary particle size (10-100 nm). Also the cooling rate of the multicomponent particles 
after formation may be high, preventing phase separations due to the lack of time to reach the equilibrium 
conditions.Due to the flexibility to several possible particle composition, research has been carried out on 
applicability for synthesis of other materials than doped glass, in order to generate: single/ multicomponent 
oxide particles and/or single and multicomponent noble-metal particles.The paper discusses the application and 
results of silica-alumina-erbium, silver, and silver-palladium particles generated by this method./1/ S. Tammela 
et al., Direct Nanoparticle Deposition process for manufacturing very short high gain Er-doped silica glass 
fibers, Proceedings of ECOC 2002, September 8-12, Copenhagen. 
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We investigated the interfacial nanostructures in metal/semiconductor thin films using synchrotron x-ray 
scattering. In GaN nucleation layers, the existence of tensile-strained, aligned, interfacial domains is attributed 
to a 6/7 matched interfacial structure, where 6-Ga atomic distances in GaN match to 7-Al atomic distances in 
sapphire. The tensile state of the interfacial domains is preserved during annealing to 1100¦ C, while the 
stacking sequence changes from cubic to hexagonal order. Similar 6/7 matched interfacial structure is also 
observed in compressively strained, interfacial domains of Pd/GaN, where 6-Ga atomic distances match to 7-Pd 
atomic distances. In the interfacial nanostructure of Co/Si system, we find a layerwise consumption of silicon 
substrate during the deposition of Co monolayers. The interfacial silicide layer formed in the initial stage of 
growth is a commensurate phase of pseudohexagonal Co2Si with a long-range order and large strain imposed 
by Si substrate. 
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Analysis of the behavior of single wall carbon nanotubes under tensile stress by direct HRTEM 
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The remarkable mechanical properties of Single Wall Carbon Nanotubes (SWCNT) make them excellent 
candidates for high strength composite materials. The mechanical properties of SWCNT have been extensively 
studied theoretically, and many interesting properties have been shown. On the experimental approach, the 
studies of mechanical properties have been less frequent. In the present paper we describe a method that allows 
high-resolution transmission electron microscopy studies of SWCNT being elongated until their rupture. We 
used the intense beam of a field emission electron microscope to mold a carbon fiber between two holes on an 
amorphous carbon film. When a few atomic layers are left the fiber becomes a SWCNT of 0.9 nm. Subsequent 
irradiation is used to open the holes, fact that result in a force that pulls out the fiber under tensile stress. At this 
point if the tensile stress continues the SWCNT deforms until failure occurs. Three mechanisms of failure, 
determined by the symmetry and initial diameter of the tube, were identified: a) brittle fracture; b) plastic 
deformation followed by: i) production of a smaller SWCNT at the center of the tube (necking): and ii) 
formation of a linear chain of carbon atoms bridging the two sides. It was found a Young&#180;s modulus of 
1.2 TPa for the brittle SWCNT and a value between 120 to 530 GPa for the ductile SWCNT. In the case of the 
plastically deformed tubes we found that a SWCNT of 0.57 nm in diameter is spontaneously formed at the neck 
of the fiber, as the pulling out force keeps on acting on the tube, a narrower tube of 0.34 nm is formed. This 
produces a (7,0) (4,0) (7,0) heterojunction in a controlled way. In addition, there have been recorded, for the 
first time, images of the linear carbon chains; a remarkable fact is the stability of those chains which remain 
under tensile stress for about 15 to 20 s. From theoretical calculations performed on the formation of linear 
chains we have concluded that the bonding was cummulene type, the chain contained between 8 to 9 
 atoms with a bond distance between 1.27-1.34 &#197;.  The force constant of the observed constrained chain 
is 3.15 eV/&#197;2 in contrast with the value for a ? free¦  chain (7.4 eV/&#197;2). 
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A nanoparticle characterizes as a organizational feature at the intermediate scale between individual molecules 
and about 100 nm; it is seen as a building block of new materials or devices. Its properties are novel and very 
different from bulk solids, because principally to its large surface area, and the confinement effects. Then, the 
study of the properties of nanoparticles is very relevant in the new emerging technology for the 21st century. In 
particular the thermodynamic functions differ from that of the macroscopic system, and consequently 
nanoparticles will show a phase diagram very different from that of the bulk.In the present work we study 
nanoparticles of the bimetallic system Au-Pd. The morphology and microstructure of the nanoparticles were 
analyzed using high-resolution transmission electron microscopy images and extensive simulations by 
molecular dynamics. We have obtained the total energy of the particles as a function of their structure and size. 
It is found that the total energy of particles constituted by a eutectic like alloy was lower than that of a solid 
solution. We show that the composition of the particles have an important effect on their morphology and 
microstructure. Results of the molecular dynamics calculations have been compared with experimental data. 
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An interacting carrier-lattice model is presentedfor studying charge transport in DNA. Using thePeyrard-Bishop 
nonlinear model we investigate the effectsof intrinsic dynamical structuraldisorder, resulting from thermal 
fluctuations,to the propagation of an electron, or a hole, through the stacking orbitals of a double-stranded 
DNA.We use semiclassical Langevin molecular dynamics simulationsto mimic finite temperature. Diferrent 
kindsof charge-lattice couplings have been usedaffecting either the on-site energy of the charge carrier,or its 
hoping integral through neighboring base-pairs. 
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 There is currently great interest in the development of new tools to control the self-assembly of novel 
nanostructure materials, due to the important potential applications of such materials in catalysis, biology, 
electronics and medicine.  The groups of Mirkin and Alivisatos introduced one-step self-assembly of gold 
nanoparticles using the hybridisation properties of thiol-modified DNA ligands.  Here, we describe the 
application of the techniques of molecular biology to extend the control available over the assembly of such 
DNA-metal nanostructures. We have used restriction endonuclease enzymes to cleave DNA ligands of gold 
nanoparticles at specific sites.  The cohesive ends formed after cleavage may be used to create specific links 
between particles by hybridisation and enzymatic ligation.  This method of revealing latent reactive sites within 
DNA ligands is analogous to the use of protecting groups in organic synthesis and provides the potential for 
multi-step synthesis and manipulation of nanostructures. 
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films 
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The theoretical investigation deals with effects of the nonlinear steady state and nonstationary transmission and 
reflection of laser radiation by a thin semiconductor film in two–beam regime taking into account the processes 
of two–photon biexciton generation from the ground state of the crystal and optical exciton–biexciton 
conversion. We have obtained the system of nonlinear differential equations, which have described the time 
evolution of the amplitudes of excitons, biexcitons and fields of transmitted and reflected pulses under the 
action of two incident pulses with different frequencies, amplitudes and envelopes. We have proved the 
possibility of efficient controlling by the transmission of one of the pulses by change of the shape, intensity and 
time delay of the second pulse. For the short pulses of the rectangular shape we have predicted the 
nonstationary regimes of the total reflection of the incident pulse, of the total bleaching, of the transformation 
of a short pulse into the train of supershort pulses, of the generation of solitary supershort pulse, the width of 
which is of some orders less, than the width of the incident pulse. We have obtained the regions on the 
bifurcation plane depending on the amplitudes of the incident pulses, which correspond to the total reflection 
and self–pulsations. We have found the dependence of the self–pulsing of transmitted pulses on the amplitudes 
of incident pulses. The change of the time delay between pulses is the flexible and perspective controlling 
method of the film transmittivity. We predicted the possibility of the high–speed thin film response far off on 
the front tale of the incident pulse. The maximum of the generated pulse appears earlier than the maximum of 
the incident pulse, which is due to the inversion throwing–off in the system created by the first pulse. 
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Theory of nonlinear planar three–layer waveguide, consisting of a linear plate, imbedded into two nonlinear 
non–Kerr semiinfinite media. The dispersion and nonlinearity of which are due to the processes of exciton–
photon interaction and optical exciton–biexciton conversion is presented. We assume that TE–polarized 
electromagnetic wave stationary propagates along the waveguide. The theoretical investigation was carried out 
semiclassically using the material equations for the amplitudes of exciton and biexciton waves and the system 
of Maxwell equations for the field. From the material equations we obtained the expression for the dielectric 
function of the crystal. We have found the exact analytical solutions of equations and obtained the expressions 
for the spatial profiles of the surface and guided modes and the transmitted power. It was shown, that for the 
same type of mode profile in the plate two types of profile exist in nonlinear medium, namely monotonous and 
nonmonotonous ones. These modes exist in different ranges of spectrum and transmit different powers. The 
monotonous modes have the linear solutions as their counterpart, while the nonmonotonous modes have no the 
linear counterparts at all. If the level of excitation increases, every mode changes its profile and dispersion low. 
This can lead mode to push out of the guide or to pull it in the guide. Effective refractive index of 
nonmonotonous profiles has the particular dependence on the power and it is excited at the powers, which 
exceed the critical one. 
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New nonlinear–optical effect – the self–reflection phenomenon in the system of excitons and biexcitons in 
semiconductors was studied. We have established that the backward propagating wave appears in the optical 
homogeneous semiinfinite nonlinear medium on the field induced by the forward propagating wave the sharp 
gradients of the refractive index and extinction coefficient of medium. We assume that two electromagnetic 
waves with different frequencies and field amplitudes propagate in the medium. We have obtained the system 
of two nonlinear second order wave equations, which describe the steady–state propagation of the both waves. 
The numerical integration of these equations was carried out beyond the slowly varying envelopes 
approximation. We showed that the spatial field profiles along the direction of propagation of the every wave 
consists two domains: the exponentially decreasing tails inside the crystal, where the only forward propagating 
wave exist, and the nonlinear nonexponential parts including the crystal interface, in the range of which the 
forward and backward propagating waves exist. These results evidence that the optical homogeneous nonlinear 
medium converts into the medium with the spatial distributed feedback in the presence of the strong laser 
radiation, which is the set of the field induced Fabry–Perot quasicavities with different reflection coefficient. 
We showed that in the neighborhood of any point of the crystal the optical functions changed abruptly. We 
investigated the inherent spatially distributed refractive indices, extinction coefficients and interior reflectivity. 
The reflection coefficients of the front face of the crystal depending on the incident field amplitudes are 
characterized by the strong multistable behavior. 
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This work is devoted to microwave heating of sucrose, boron, and graphite for studying the processing of  
nanoparticles  and carbon nanotubes (CNTs) by vaporization. We have applied heating by microwaves (MW) 
(power 800W, frequency 2.45 GHz) in air at 30-60 min. The condensed material was collected on a fused silica 
target. After deposition, the morphology of carbon nanotubes was studied by Scanning Electron Microscopy 
(SEM), Atomic Force Microscopy (AFM), and Transmission Electron Microscopy (TEM). The samples were 
found to contain nanotubes, nanoparticles and fibers which appeared to be highly graphitized. A possible 
growth mechanism will be discussed.  
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X-ray investigations of nanostructured CP Ti processed by severe plastic deformation 
 
A.R. Kilmametov(1), I.V. Alexandrov(1), L. Qian(2) and K. Lu(2) 
(1)Institute of Physics of Advanced Materials, Ufa State Aviation Technical University, Ê. Ìàrx st., 12, Ufa, 
450000 Russia, fax: 7-(3472)-23-34-22, e-mail:  ascar@mail.rb.ru (2)State Key Laboratory for RSA, Institute 
of Metal Research, Chinese Academy of Science, 72 Wenhua road, Shenyang 110015, China,e-mail:  
kelu@imr.ac.cn 
 
Different techniques of the X-ray analysis were applied to investigation of microstructure peculiarities of CP 
Ti, processed by severe plastic deformation, namely by high pressure torsion (ÍÐÒ). Dependences of crystallite 
sizes, elastic microdistortions of the crystal lattice, dislocation density on the applied pressure and on the 
deformation degree were analyzed. A formation of basic texture components during HPT process shear in the 
HCP lattice was investigated.Temperature dependences of the lattice parameters and the coefficient of linear 
expansion in an interval from 80 Ê to 295 Ê were studied. There were determined the characterizing Debye 
temperature, the Debye-Waller factor, values of static and dynamic atomic shifting in nanostructured ÑÐ Ti in 
frames of the Einstein-Debye quasiharmonical approaching. A formation of w-phase of high pressure was 
revealed. There were also determined conditions of phase alpha-omega transition with the impact of the applied 
pressures (~5-7 GPa). Structure characteristics of the mentioned phases and a subsequent thermal stability of 
the obtained high-pressure w-phase were studied. 
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Nanostructural material which are considerable intermediates between classical molecular scale and microsized 
entities, constitute a rapidly growing field of scientific interest and industrial applications. Such materials are 
very interesting in many respects particularly for the production of highly functional finely dispersable and 
resource saving base materials for nanodevices because of the chemical reactivity and physical properties in the 
nano region are strongly dependent on the size of the structures. The shape of the nanoparticle plays a large role 
in determining the basic properties, for example, isotropic or anisotropic behavior and region dependent surface 
reactivity. In this work, vanadium oxide nanoparticles have been prepared by electrospinning, which is a 
technique used to prepare nanofibers with large surface area to volume ratio. Scanning electron microscopy 
(SEM), atomic force microscopy (AFM) and X-ray diffraction (XRD) methods are used to characterize the 
fibers. The results indicated that the vanadium oxide fibers are unstable at higher temperature.  
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Mesoporous transition metal oxides are important due to its behavior as catalysts, electronic materials and 
battery electrodes. Particularly, niobium oxide finds a variety of applications in modern technology in different 
components ranging from capacitors, to wave guides, oxygen sensors and as corrosion resistant materials. 
Because of the relatively large number of applications and interesting properties, the niobium oxide has been 
prepared in the form of fiber by electrospinning process. The obtained fibers have been characterized by 
scanning electron microscopy (SEM), atomic force microscopy (AFM), X-ray diffraction (XRD) and infrared 
spectroscopy (IR) methods. The SEM photos showed the porous like surface of the fiber calcined at 700? . The 
XRD data confirmed the crystalline nature of the fiber. The IR spectra gave further evidence for the formation 
of the niobium oxide fiber.  
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Germanium dioxide nano fibers have been prepared by electrospinning method using germanium oxide sol and 
poly(vinyl acetate). The poly(vinyl acetate) has been removed by heat treatment (calcinations). Scanning 
electron microscopy (SEM) and atomic force microscopy (AFM) images showed that the fiber nature is stable 
upto 700 ?  and beyond this temperature, the fiber nature is changed. X-ray diffraction studies confirmed the 
crystallinity of the fiber. The photoluminescence spectra of the fiber indicated that the fibers may have potential 
applications in one-dimensional optoelectronic nanodevices. 
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We present the growth control of gallium (Ga) and indium (In) nanodots in the photochemical reactions of 
metallorganic regents for applications to group III nitrides-based nanophotonic devices. Ga and In nanodots less 
than 30 nm in the typical size were fabricated on a substrate via the photodissociation of Ga(CH3)3 (trimethyl 
gallium) and In(CH3)3 (trimethyl indium) using 5th harmonic generation (ë= 213 nm) of a Nd:YAG pulse 
laser. In addition, we have controlled the arrangement of the nanodots, i.e., array and square loops, by selecting 
substrate material and varying growth conditions. In this paper, we will discuss the nanofarication and 
characterization for the group III nitrides using the advanced nanotechnology including optical near fields 
technique. 
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Sintering behavior of iron nanopowders was studied. Iron nanowders were produced by chemical vapor 
condensation process. The mean particle size of the powders was 20nm and  the powders were thinly coated 
with iron oxide to prevent powder oxidation. Iron nanopowder was cold pressed and then sintered at 
temperature up to 1200oC in hydrogen atmosphere. Iron oxide on the powder surface can be removed by 
control the heating schedule during sintering. Sintered density was mainly depended on the green density, 
sintering temperature and oxide content in the powder. High sintered density can get at low sintering 
temperature. Microstructures of the sintered bodies were greatly influenced by the sintering conditions. 
Uniform and fine-grained structure can get at low sintering temperature. 
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The structural, electrical and sensitivity response characteristics of indium oxide, prepared by dc sputtering, are 
reviewed in this work. The electrical conductivity (?  ) of these films is compared to those obtained from other 
deposition techniques, and found to depend upon the synthesis technique and the deposition parameters. The 
structural characteristics are directly related to the substrate and growth parameters. Our sputtered-InOx films 
exhibit conductivity changes of about seven orders of magnitudes during the processes of photoreduction and 

oxidation. A conductivity value of 1.5 × 102 ? -1cm-1 has been found at room temperature, which provides the 
possibility to use this material as interconnect in IC’s and as a sensor at ambient conditions without additional 
heating. Furthermore, the sensing properties towards ozone, NO and CO2 of these films are presented. 
Optimum operating temperatures have been found where the response to ozone of InOx is greater and stable. 
The optimum sensitivity of our films is demonstrated in the low temperature range of 200 Co to RT, and is of 
the order of a few ppb. These characteristics promote indium oxide as a candidate material in gas sensor 
devices for toxic gases operating with low power requirements. 
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Electricaly conductive polymer composite (ECPC) are obtained when particles of good conductors (carbon 
black, graphite powder, carbon fibre, micro-particles of metals) are implanted into an insulating polymer 
matrix. Most often ECPC are used as the so-called thermodinamic inactive materials in electric heating 
elements and resistors. Recently efforts have been made [1-3] to obtain active ECPC the conductivity of which 
would be strongly dependent on external thermodynamic parameters v pressure, temperature, and other. Such 
materials might set up basis for a new generation of cheap large-size sensors.  Irreversible dependence of 
electrical resistance on deformation at stretch or pressure has been found in case of  microsize particles [1].New 
interesting properties are expected in case the composite contains dispersed nano-size conducting particles [2-
3]. In our earlier studies  composites containing conductive carbon black nano-particles in a polyisoprene 
matrix [3]  reversible change of electric conductivity by many orders has been revealed at stretch deformation. 
In other words, a giant and reversible tenso-resistance effect is observed in the electrically conductive polymer 
nanocomposite (ECPNC). The main task of the present study has been to investigate the electrical resistivity of 
ECPNC vs tensile strain and pressure near the percolation threshold to obtain the best composition for sensor 
applications. A conductive-tip atomic force microscope was used for mapping of carbon black conductive 
network into an insulating matrix  to elaborate a nanostructure model of the extremely strong reversible tenso-
resistance effect. REFERENCES[1]. J.N. Aneli, G.E. Zaikov, I.M. Khananashvili. Effect of mechanical 
deformations on the structurization and electric conductivity of electric conducting polymer composites. 
Journal Applied Polymer Science, 74 (1999) 601- 621.[2].  L.Flandin, A.Chang, S.Nazarenko, A.Hiltner, 
E.Baer. Effect of strain on the properties of an ethilene-octene elastomer with conductive carbon fillers . 
Journal of Applied Polymer Science, 76 (2000) 894-905. [3].  M.Knite, V.Teteris, B.Polyakov, D.Erts. Electric 
and elastic properties of conductive  polymeric nanocomposites on macro- and nanoscales, Materials Science & 
Engineering C, 19  (2002) 15-19. 
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Siete Koch, George Palasantzas, Thomas Vystavel, Jeff T. De Hosson 
 Department of Applied Physics, Materials Science Center and Netherlands Institute for metals research, 
University of Groningen, Nijenborgh 4,  9747 AG Groningen, The Netherlands. 
 
The growth of thin films by direct deposition of nanoclusters has attracted considerable interest, both from a 
fundamental and a technological point of view. The advantage of the method is that well-adhered metallic films 
can be produced on a wide variety of substrates. To the best of our knowledge, so far none of the previous 
studies have considered scaling aspects of the surface morphology explicitly. This is the topic of this 
contribution, in which the surface morphology of metallic nanocluster films has been explored as a function of 
deposition time and film thickness. Analyses of the height-difference correlation function with atomic force 
microscopy and X-ray reflectivity measurements yield for Cu nanoclusters a roughness exponents H of 

0.45±0.05. The rms roughness amplitude w evolves with deposition time as a power law, w t β∝  
(β=0.62±0.07), leading also to a power law increase of the local surface slope ρ. These scaling exponents, in 
combination with an asymmetrical height distribution, points at a complex non-linear roughening mechanism. 
The film growth mode has similarities with the Kardar-Parisi-Zhang scenario. Further, transmission electron 
microscopy was employed for investigating the structural stability of nano-sized iron clusters as deposited and 
after in-situ annealing treatments under high vacuum conditions. The thin iron oxide shell that is formed around 
the iron clusters (upon air exposure) is of the order of 2 nm surrounding a 5 nm core of bcc iron. The oxide 
shell breaks down upon annealing at relatively low temperatures (∼500°C).  
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Magnetic nanoparticles dispersed in polymer matrices are veryinteresting and technology important objects of 
studing.The magnetite are known as magnetic material since antiquity,but even at present its properties are 
intriguing. For example, the nature of the Verwey transition has not been yet fully understood. In the bulk 
magnetite this transition takes places near 120 K and results in sharp anomalies of the electrical conductivity, 
the magnetization, the thermal expansion and other characteristics. The study of nanoparticles allows to find an 
effect of a sample size on material's properties. To our best knowledge, just a few systematic investigations of 
the Verwey transition in nanosystems were still performed. It is intersting also how small should be 
nanoparticles to demostrate the Verwey anomalies. We have investigated the structure and magnetic properties 
ofmagnetite nanoparticles stabilized in polyvinyl-alcohol thin films. The nanoparticle synthesis method is based 
on in situ reactions taking place in the volume of the polymer matrices which undergo swelling in water. The 
films have a thickness of about 100 mkm and contain magnetite nanoparticles of concentration from 0.6\% 
(vol.) up to 5.7\% (vol.).The transmission electron microscopy (TEM), the x-ray diffraction (XRD) were used 
for characterization of the nanostructures. The magnetite nanoparticles were characterized by the distinct bi-
modal size distribution and well-defined crystallinity. The TEM pictures show that the nanoparticles are 
distinctly divided in two groups: rather small (below 10 nm) and relativly large (about 70-80 nm). XRD peaks 
correspond to the structure of the bulk magnetite. The diffraction peaks are visibly broadening due to the 
smallness of the crystallites. The avarage size of crystallites, according  to the XRD data, is equal to 5-7 nm. 
That is, in our samples the small (less than 10 nm) particles dominated. No traces of other oxide iron phases 
have been observed by XRD in the samples.The EPR spectra for all samples studi 
ed are typical for iron-based nanoparticles. The EPR singlet is like to be a superposition of two lines with 
significantly different linewidths. The temperature dependencies of the EPR resonance field and the peak-to-
peak linewidth demonstrate in coordination the unusual behaviour below approximately 150 K. Starting from 
this temperature, the resonance filed markedly decreases and the linewidth significantly increases. The shift of 
the resonance filed points to growing of the film magnetization (or changing of magnetocrystalline anisotropy). 
The sharp broadening of the EPR signal is typical of the EPR behavior near the phase transition point. It is 
interesting that for the thin films of bulk magnetite the significant increasing of the magnetic resonance 
linewidth was observed at about 90 K. As for the magnetization, its behaviour in thin films and in nanoparticles 
near the Verwey point can be different depending on various factors, especially, on stoichiometry. Since the 
characteristic temperature of anomalies does not change with increasing particle concentration it is unlikely 
probably that we have to do with some collective effect. The increasing of the Verwey temperature in 
nanoparticles in comparison with the bulk material is very intersting result, since usually a phase transition 
temperature in nanoparticle system is lower than in the bulk counterpart. Probably, some ionic or electron 
structure reordering, which results in the Verwey transition, can occur at higher temperatures if the magnetite 
particle is sufficiently small. 
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Comparison of Fe/Al2O3 and Fe,Co/Al2O3 catalysts used for production of carbon nanotubes from 
acetylene by CCVD 
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Among other methods, catalytic chemical vapor deposition (CCVD) has been proven a simple and productive 
technique for producing both single and multi wall carbon nanotubes. In most cases acetylene is used to 
produce multi-wall nanotubes (MWNT) in CCVD procedures. It has been demonstrated that supported 
transition metals (in particular iron, cobalt and nickel) are excellent catalysts in this process . Impregnated silica 
, alumina  or zeolite- and clay-derived  supports are used frequently.Iron-base catalysts usually produce 
carbonaceous tubes with high efficiency. However, as high resolution electron microscopy studies reveal, the 
MWNTs may be covered with amorphous carbon in significant extents, i.e. the product is not always pure 
MWNT. To improve the catalyst performances, supported bimetallic systems composed from Fe, Co and Ni 
(2.5 wt % each) were also prepared and evaluated. Fe-Co systems were found to produce MWNTs with 
superior quality and yields on various supports (alumina, 13X and ZSM-5 zeolites) , or on mixtures of them 
(silica-aluminas) . For interpreting the advantageous effect of alloying with Co, Fe-Co alloy formation is 
suggested .To obtain more direct confirmation on the alloy formation, application of Mössbauer spectroscopy 
seems also promising. In the present study a report is given on the characterization of the alumina supported 
fresh and spent Fe, and Fe,Co catalysts. Samples were analyzed by Mössbauer- and infrared (IR) spectroscopies 
and X-ray diffraction (XRD). The formed carbonaceous products were characterized by TEM and TG 
techniques, as well. 
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Abstract:A number of papers have appeared recently reporting the evaluation of carrier transport parameters in 
organic semiconductors with the objective of improving the understanding of the luminescent and current 
conduction properties. Of the different transport parameters evaluated, carrier mobility stands out to be 
particularly intriguing in view of its "unusual" dependence on electric field and temperature. The most common 
reason put forward to explain such dependence is the inherent disorder found in these solids, and in many 
instance, the fact that carrier transport in organic semiconductors frequently involves trap states. Methods such 
as time of flight measurement and impedance spectroscopy have been used to minimize effects such as 
dispersion, and most results pointed to a conduction mechanism linked to space charge limited current at low 
bias.  At moderate field strength, trap-related carrier transport had been proposed and this was correlated to the 
exponential square-root (electric) field dependence. Models have also been put forward to compute parameters 
such as: the density of states function in the presence of traps. Such computations however were rather 
cumbersome and it was difficult to extract accurately unknown physical parameters appearing in the model 
equations]. This work re-examined mobility data recently reported in [1,2] and analyzed them based on two 
known physical models: one related to barrier height modulation and the other to trapping. Interesting enough, 
the mathematical expressions resulting from applying these models appeared to be similar in form. To a good 
extent, one could even correlate the physics.  In addition, an analysis was made on the projection of the carrier 
mobility limit for these materials at very low field and suggestions were made as to how improvements could 
be achieved beyond the currently observed values.1 B.J. Chen, W.Y. Lai, Z.Q. Gao, C.S. Lee, S.T. Lee and 
W.A. Gambling,  Appl. Phys. Lett., 75, 4010 (1999)2  9.  H.C.F. Martens, H.B. Blom, J.N. Huiberts, and 
H.F.M. Schoo, Phys. Rev. B. 61, 7489 (2000). 
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Al2O3-ZrO2 composite has been widely used wear parts and tool materials because of having high mechanical 
properties and high fracture toughness. The composites also have a great potential in the application of 
environmental materials because of their intrinsic properties   such as high chemical resistance and high 
oxidation resistance. For the application of environmental ceramic filters, the improvement of fracture strength 
is an important factor as well as the control of microstructure such as porosity, pore size and morphology. 
Therefore, in order to improve the fracture strength of porous Al2O3-ZrO2 sintered bodies. We successfully 
made the porous body having nano-framed structure by sol-gel process. In this work, we will report on the 
characterization of microstructure, crystal structure and morphology of in-situ synthesized Al2O3-ZrO2 powders 
as well as those of sintered porous bodies using by TG, DTA, XRD, FE-SEM and TEM techniques. 
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Iron nitride offers a number of useful properties including corrosion resistance, magnetism and working ability 
etc. Many researches have focused on further improvement of its properties, and nano-technology becomes a 
promising route. There is a growing interest in using chemical vapor condensation (CVC) for the fabrication of 
nano-particles, although some conventional processes such as arc discharge, mechanical alloying and inert gas 
condensation have been frequently used. The CVC has advantages in high productivity and availability of 
precursor in wide range over the conventional methods.   
 In the present work, iron nitride powders existed with nano size were fabricated by CVC process and their 
microstructure and crystal structure were investigated by Fe-SRM, XRD and HRTEM techniques which depend 
on the function of decomposition temperature and flow rate of carrier gas.    
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ZrO2 toughened Al2O3 composites, which are considered to be subject to a phase transformation toughening 
mechanism, were wide candidate materials for bio-ceramic as well as wear parts and cutting tool materials 
because of their improved mechanical properties. Especially, there have been a lot of research works to 
improve the fracture toughness, but still under the development. To prevent the intrinsically catastrophic failure 
of ceramics, the fibrous monolithic (FM) process is newly introduced to realize the fibrous microstructure 
control of ceramic materials. This is one of multi-pass extrusion technique using the mixtures of nano-ceramic 
powders and polymers. Using this technique, we can successfully obtained the sound fibrous monolithic Al2O3/ 
ZrO2 nano-composites. In the presentation, we will report the relationship between microstructures and 
mechanical properties of fibrous monolithic Al2O3/ ZrO2 nano-composites. 
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Nanobionics is the science about construction of artificial nanomachines. Because the carbon is main material 
for producing nanomachines, nanobionics is science about carbon structures and compounds. The program 
"NanoBionic Constructor" has been elaborated for the of atoms' coordinates generation in the carbon 
nanoclusters of different types: diamond, graphite, tubulene (carbon-nanotube), fullerene, diamond-en, 
diamond-in and diamond-ar. Diamond-en, diamond-in and diamond-ar are new forms of carbon clusters that we 
suggested in the work [S. V. Kozyrev, et al., Ph. of Sol.St. V. 43, No 5, 2001, pp. 963-966]. "NanoBionic 
Constructor" can design nanoclusters of above types into electronic and mechanical devices.  
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The problem of the impurity molecule trapping in the condensational growth of nanoparticles is studied 
theoretically. The equation for the trapping coefficient of impurity molecules (including non-condensable 
components) taking into account the particle size and the parameters characterizing the interaction of gas 
molecules with the particle surface has been obtained. It is shown that the trapping coefficient as a function of 
the particle size can have a maximum. The possibility to control the nanoparticle composition by the resonance 
(e.g., laser) radiation due to the excitation of impurity molecules is discussed. The effect of the resonance 
radiation on the growth rate and the critical (equilibrium) radius of the nanoparticle is considered. It is shown in 
particular that in the case, when the excitation of vapor molecules leads to the decrease of the condensation 
coefficient, the critical radius of the particle increases. This work was supported by GA AS CR, project number 
IAA4072205. 
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Nanocrystalline titania (TiO2) has received great attention in recent years due to its unique dielectric, optical, 
catalytic properties and potential applications in many fields. Properties influencing the photocatalytic activity 
of TiO2 particles have been suggested to include the surface area, crystallinity, crystallite size and crystal 
structure. In our study, it has been demonstrated that the properties of titania are strongly dependent on its 
thermal history and processing parameters. This paper shows our results on the structure manipulation and 
hence the phase transformation and photoactivity of nanocrystalline TiO2 powders which were synthesized by 
a sol-gel method. HRTEM, XRD retrieved refinement, FTIR, and UV-Vis spectrometer were used to were used 
to carefully characterize the structure, crystallite size, chemical composition and photoactivity of TiO2 powder. 
Quantum size effect was observed in the control-sized nanocrystalline TiO2 particles. 
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Spinel LiMn2-yCryO4 nanopowder was successfully prepared by the microwave-induced combustion method 
from lithium nitrate, manganese nitrate, chromium nitrate, and urea. Firstly, the microwave-heated LiMn2-

yCryO4 nanopowder was studied by TG/DTA, XRD, and SEM. Secondly, the microwave-heated LiMn2-yCryO4 

powder was thermal treatment from 600oC to 800oC for 8-hrs. Finally, The charge and discharge characteristics 
of LiMn2-yCryO4 cathode were examined in laboratory cells. The cells were composed of a LiMn2-yCryO4 

cathode and a lithium metal anode separated by a polypropylene separator and a glass mat. The electrolyte 
solution was 1M LiPF6/ethylene carbonate(EC) and dimethylcarbonate(DMC). The cells were typically cycled 
in the voltage range of 3.0-4.3 V at a constant current density of 55mA/cm2(40mA/g).  The result shown that 
the both capacity and cycle life of the cell in which LiMn2-yCryO4 prepared by the combustion method are better 
than those by the traditional solid-state sintering method. 
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Carbon nanotubes (CNTs) have a large specific surface area and a nano-scale structure that provides plenty 
sites at which gases can react. They therefore exhibit very good adsorption properties that lead to many 
applications.  For example, a CNT gas sensor can work by altering the electric properties of the CNTs by 
adsorbing the gaseous molecule on the surface of the CNTs.  The use of CNTs to store hydrogen, given their 
capacity for adsorption, has also been widely investigated.  Utilization of these properties has led to 
applications of ensembles of nanotubes as gas sensor, scanning probes, and nanoelectronic devices.  X-ray 
Absorption Near-Edge Structure (XANES) usually extends to energy of the order of 50 eV above the edge that 
includes the unoccupied part of band structure just above the Fermi level. Thus, certain aspects of the electronic 
structure of detected element can be revealed.  By inverting these data, the location of the first few atoms 
surrounding the absorbing atom can be obtained.  In this study, CO and NO2 gases absorbed on the single wall 
carbon nanotubes (SWCNT) are examined by XANES techniques with Synchrotron Radiation sources in 
Taiwan.  The C and O K-edges of x-ray absorption have been used to examine the absorption properties of CO 
and NO2 gases.  Gas molecules adsorb weakly on SWCNTs and change donors or acceptors to the nanotubes.  
Charge transfer and gas-induced charge fluctuation might significantly offer the transport properties of 
SWCNTs.  The results indicate the absorption of O K-edge have the obviously shift at around 520eV for CO 
and NO2 absorption (40ppm) comparing to that of vacuum condition.  The vacant orbital and electronics 
configuration of the CO and NO2 absorption is derived from XANES spectrum and will provide the 
information to study the gas sensing properties of SWCNTs. 
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Small-angle X-ray scattering (SAXS) was employed to investigate the size and shape of the silver nanoparticles 
synthesized by wet chemical reduction method.  The silver nanoparticles were synthesized by mixing 10 ml 0.5 
mM AgNO3, 10 ml 0.5 mM trisodium citrate, and 0.6 ml 10 mM NaBH4 at room temperature.  Right after 
mixing, the solution turned gold color indicating that silver nanoparticles were formed.  The SAXS data from 
the solution containing the synthesized silver nanoparticles can be well fitted with monodisperse rodlike 
particle model.  The analysis shows that these as-produced silver nanoparticles have a rodlike shape with 4 nm 
in radius and 20 nm in length.  It was discovered accidentally that the produced silver nanoparticles change 
color from gold to red-brown by laser irradiation during dynamic light scattering measurement (with Argon 
laser, wavelength 488 nm).   By SAXS analysis, it was found that the silver nanoparticles change from smaller 
rodlike structure to a larger structure with 5.8 nm radius and 25 nm length after 3 hour laser irradiation.  Our 
study showed that smaller silver nanorods could be transformed into slightly larger nanorods by laser 
irradiation, accompanied by a color change.  Further studies will be conducted to elucidate the mechanism of 
such transformations.This research is supported by the Ministry of Education, ROC, through the Program for 
Promoting University Academic Excellence, grant no. 91-I0037-J4. 
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Boron Nitride (BN) and amorphous Carbon (a-C) are two of the most widely studied diamond related materials the last 
few years. The films development and their exceptional properties have met not only growing scientific and research 
interest, but also technological and commercial interest for various applications (for example, in computer hard disks, 
lenses, mechanical and surgical tools, protective coatings on optical devices against wear and on solar cells for space, as 
a lubrical and a material with adjustable mechanical strength).  

It is generally accepted that similar growth mechanisms exist for sp3-bonded a-C (diamond-like) and cubic BN (c-BN) 
films. In addition, research on BN and a-C growth has been focused mostly on bulk processes, like the subplantation and 
densification (SD) mechanisms, which are due to the depositing energetic species (such as inert gas ions: B+, N+, C+). 
However, in sputter deposited c-BN and sp3-bonded a-C films the incorporation of non-depositing energetic species 
enhances the surface effects during growth, on which have not given much attention so far. 

In this work, we review the field and carry out an experimental and computational study of the effect of Ar+ irradiation 
during the growth of c-BN and a-C by sputter deposition. We have found that the sputter deposition of BN and a-C does 
not follow exactly the same overall trends that are described in the literature.  

Thus, for BN it was found that the dominant effects for the c-BN growth are the subplantation of N+ and B+ species, 
which follow very well the SD model for ion energies below the threshold of Ar+ subplantation into BN. However, 
combined Spectroscopic Ellipsometry (SE) / X-Ray Reflectivity and X-Ray Photoelectron Spectroscopy  (XPS) analysis 
does not confirm the existence of an sp2 -bonded (h-BN) overlayer on the film surface, as it is expected in the SD 
mechanism. The absence of such sp2  -bonded overlayer is attributed to the surface etching by non-penetrating, heavy 
Ar+ ions. The film stress follows the prediction of the SD model for films with stress higher than a stress threshold of 5 
GPa. Thus, we attribute the c-BN growth to a combined SD/stress mechanism. For energies higher than the threshold for 
Ar+ subplantation, the Ar+ penetrate into BN and disrupts the B-N bonds resulting to defective BN structures, stress 
relief and enhancement of h-BN. Finally, there is a very narrow window of ion energy (<40 eV) for the successful 
growth of c-BN films.  
In a-C films sp3-bonded C is formed in a wider window of Ar+ ion energy (80-100 eV) due to the combination of the SD 
mechanism and surface activated sp3 formation. XPS valence band spectra provided the electron density of states in the 
a-C films’ valence band. The characteristic broad p band of diamond was prominent in most of the films. The valence 
band structure of the films was correlated with their optical response measured by SE. In a-C growth by sputter 
deposition we observed the formation of an sp3-bonded surface and a close correlation of the Ar impurities with the sp3-
content in a-C. It was found a considerable increase of sp3 content in films deposited with high-energy ion irradiation, 
which suggests that Ar impurities promote the transformation of sp2 bonds to sp3, in contrast with the BN growth, where 
the penetrating Ar disrup ts the c-BN. 
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 We will present our recent research results on the electrical property characterization of Ag(TCNQ) nanowires 
and their application for ultra high density data storage. Ag(TCNQ) is an organometallic material. It is 
synthesized using the vacuum saturated vapor reactive method. The nanowires form a highly ordered array of 
uniform spacing and diameter. We have studied their electrical bistability property (high resistance and low 
resistance, respectively) and one dimensional conductive characteristics using both scanning tunneling 
spectroscopy and electrical transport measurements. Electronic devices has been made with a single molecule 
of Ag(TCNQ). And we will demonstrate their nanometer-scale electrical storage properties such as writing, 
reading and erasing functions. 
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Nanostructured Mg-5%Al-x%Nd (x = 0.5, 1 and 5 wt.%) alloys were prepared by mechanical alloying. 
Microstructural characterisation revealed average crystalline size to be about 30 nm after mechanical alloying 
while it increased to about 90 nm after sintering and extrusion. Mechanical properties showed increases in 0.2% 
yield stress, ultimate tensile strength and ductility after 20 h of mechanical alloying. The increase in yield stress 
and ultimate tensile strength was attributed to reduction in grain size as well as to the enhanced diffusion after 
mechanical activation. Although ultra high yield stress was observed from the specimen with 5%Nd, its 
ductility was reduced to about 1.6%. 
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Plasmachemical fluorination of single walled carbon nanotubes 
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The commercially available single walled carbon nanotubes (SWNTs) from CNI, USA synthesized by the 
HiPCO-method have been fluorinated by exposing them to CF4 and SF6 plasma atmospheres under r.f. 
conditions. Prior to functionalization the SWNTs were purified to remove amorphous carbon and the metallic 
catalyst by oxidation in air and washings in mineral acid. The success of the purification procedure was proved 
by TGA and TEM. The fluor content was varied by the plasma parameters and the treatment time. Element 
contents were determined by XPS. Furthermore the preservation of the fine structure after the functionalization 
was documented by TEM. The plasmachemical treatment has shown to be a mild and good controllable method 
for the fluorination of SWNTs and offers an alternative approach to the reaction with elemental fluorine. 
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Thermal plasma CVD of carbon nitride films on steel 
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Carbon nitride films have been synthesized by an inductively coupled thermal RF plasma (ICP) on steel 
substrates placed on a water-cooled substrate holder. Deposition was carried out at nominal frequency of 4 
MHz, plate power in the range of 2 kW to 20 kW, and pressure between 0.004 and 0.1 MPa. ICP was of 
standard design. The carbon source was a graphite rod (diameter 5 mm) witch was installed in the axis of the 
plasma; Ar and N2 were using as plasma gas.The carbon nitride films were analyzed by EDX, XPS, XRD, 
FTIR, Raman spectroscopy, and SEM. The synthesized films are found to be amorphous or sometimes 
crystalline with a cubic structure. The N/C atomic ratio of the as-produced films was measured to be in the 
range of 0.3 to 0.8. The different types of C?N bonds were detected including sp3 bonded carbon phase. 
 
 
 



 102

 
Effects of heat treatment on the structure of thermal plasma synthesized SiCN composite nanopowders 
 
R. Mach, U. Letzig, H. Goering, F. Oleszak, K. Richter, J. Friedrich,  
Bundesanstalt für Materialforschung und -prüfung, Unter den Eichen 87, D-12205 Berlin, Germany, Phone + 
49 30 8104 - 3813, FAX + 49 30 8104 - 1637, reinhard.mach@bam.de 
 
SiCN composite nanopowders were synthesized by the RF induction plasma at atmospheric pressure. The 
chemical composition as well as the morphology of the SiCN composite powders can be controlled by the 
precursor and plasma processing. Mean particle size of the powders is in the order of 10 to 60 nm with a narrow 
distribution.Frequently the as-produced powders exhibit a high degree of chemical disorder or structural 
defects. Because the composition and the structure of starting powders have a great influence on the properties 
of composite ceramics, the change of chemical composition, crystallization, and morphology of the as-
produced powders during heat treatment (600 to 1500 ¦ C) were investigated. The recovery behaviour of the 
disorder of the solid under the recrystallization temperatures permits to draw conclusions from the structural 
defects and the thermal stability of the as-produced powders. 
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SiC and SiCN nanopowders were synthesized from commercially available precursors by a thermal RF 
induction plasma at atmospheric pressure. The frequency of the used power supply was 4 MHz and its 
maximum plate power was 5 kW. The maximum powder yield was about 200 g/h. The quenching is an 
important process-step in the plasmachemical synthesis for producing tailored powders that are needed for the 
development of advanced materials. Therefore the influence of the quenching rates on the physical and 
chemical powder properties were investigated The nanopowders were analyzed by EDX, XPS, XRD, FTIR, 
BET, and TEM. The dependence of the particle properties such us particle size, morphology, crystallinity, and 
chemical and phase composition on the quenching conditions are discussed in detail. 
 
 



 104

 
Molecular Mobility and Gas Transport Properties of Polycarbonate-Based Nanocomposites 
 
N. Hao, R. Mach, H. Goering, F. Oleszak 
Bundesanstalt für Materialforschung und -prüfung, Unter den Eichen 87, D-12205 Berlin, Germany, Phone + 
49 30 8104 - 3813, FAX + 49 30 8104 - 1637, reinhard.mach@bam.de 
 
Plasma synthesized SiC nanopowders are dispersed in dichloromethane/bisphenol A polycarbonate (PC) 
solution by high power ultrasonification. The nanoparticle dispersion is stabilized during film casting under 
well adapted preparation conditions.The influence of the SiC nanoparticles on the molecular mobility of the PC 
are studied by dielectric relaxation spectroscopy using films of about 50 ¦ m thickness. No influence on the 
cooperative segmental mobility (glass transition) is detected. The relaxation region corresponding to local 
movements of molecular groups are strongly broadened and the activation energy is reduced with increasing 
nanoparticle concentration. The most significant change is observed in the so called a- - and a- - -relaxation 
region due to the extremely large surface to volume ratio of the nanoparticles.Gas transport properties of these 
nanocomposite films are characterized in terms of permeability, diffusivity and solubility as well as 
corresponding activation energies. Concentration dependent CO2 permeation experiments reveal in comparison 
to pure PC films a significant reduction of plasticization effects.  
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Absorption Band Control Induced by Pai-conjugated Nano-Columnar of Aromatic 
PolyacetylenesPrepared with a Rh Complex Catalyst 
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We have reported that highly stereoregular polymerization of para alkoxy phenylacetylenes is induced by a Rh 
complex catalyst: [Rh(norbornadiene)Cl]2 when EtOH or trietylamine was used as the polymerization solvent 
to selectively produce cis-transoid polymers in high yields. These polymers were found to produce 
pseudohexagonal structure called a columnar. The columnar is considered as self-assembly in which helical 
main chain polymers were packed tightly to create nanometer holes.     In this report we show a novel poly (p-
alkoxyphenylacetylene)s having a normal or branched alkyl chain which were prepared by the Rh complex 
catalyst together with influences of the alkoxy chains with respect to not only  the diameter and the columnar 
content but also the color of the resulting polymers.  
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Robust nano cluster layers for structural amplified fluorescence biochips 
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In previous studies we demonstrated that structural enhanced fluorescence (SEF) enables us to amplify 
fluorescent signals 200 fold in comparison to standard glass chips. SEF is based on a locally enhanced field, 
created by a nanocluster layer driven by a laser beam and tuned by a waveguide interlayer to a specific 
wavelength. The novel signal-boosting phenomenon is ideally suited for application in ultrasensitive biochips. 
DNA biochips based on hybridisation analysis need to cope with chemical and thermal stress significantly more 
severe than protein recognition assays. Therefore a stable multilayer set up was introduced and a chemically 
active surface layer was applied. The nanometric multilayer is based on a palladium layer introducing chemical 
stability as well as the necessary chemical compatibility for the SEF technique. The nano-granular structure of a 
silver nano-cluster layer enables the excitation of surface waves, localised - as well as surface-plasmons within 
the metal cluster films driven by laser excitation. Sandwich layers of metallic glass deposited on the Ag-cluster 
film function as a waveguide and establish the proper distance to the fluorophores, thereby enabling energy 
transfer by adjusting the local phase. A covalently reactive coating allows simple and straightforward one-step 
immobilisation and prevents the leakage of DNA even under stringent conditions. Divinylsulfone and epoxy-
silane based chemistry enables covalent coupling of DNA, RNA and even proteins. The chips are compatible 
with standard procedures of DNA-biochips and withstand several hybridisation cycles at high temperature and 
even stripping in boiling water.  
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Properties and Applications for Electrodeposited Nanocrystalline Fe-Ni Alloys 
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Iron-Nickel alloys are of great commercial interest as a result of their soft magnetic and thermal expansion 
properties.  A proprietary, high efficiency electrodeposition process has been developed to produce the full 
range of Fe-Ni alloys (Ni: 0-100%) as fully dense freestanding nanocrystalline material, with average grain 
sizes in the range of 10-15nm. The Fe-Ni alloys can be produced in the form of either net shape components or 
continuous foil (5-250¦ m thickness).  In this presentation, the physical properties of the nanocrystalline Fe-Ni 
alloys will be presented and compared with their conventional counterparts to demonstrate performance 
improvement obtained through extreme grain refinement.  Properties that will be addressed include: hardness, 
ductility, thermal expansion, ferromagnetism (maximum induction, permeability, coercivity), electrical 
resistivity and thermal stability.  Potential industrial/commercial applications for these nanocrystalline Fe-Ni 
alloys will be discussed, with particular emphasis on emerging applications in the electronics industry and in 
magnetic shielding and power generation/transmission. 
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Nanocrystalline alloys prepared by controlled annealing of amorphous precursors feature interesting magnetic 
properties which envisage promising technological applications. Mössbauer spectrometry enables to reveal 
correlation between the microstructure and macroscopic behaviour by providing simultaneous information on 
both structural characteristics and magnetic interactions. In addition, comparison of surface and bulk properties 
is also possible.Microstructure and magnetic arrangement is reviewed for the surface regions down to the depth 
of about 100 nm and for the bulk of the investigated specimens adopting conversion electron Mössbauer 
spectroscopy (CEMS) and transmission Mössbauer spectroscopy (TMS), respectively. NANOPERM-type 
nanocrystalline alloys are of special interest. They are inspected under different experimental conditions 
(temperature, amount of nanocrystalline grains) for as-prepared samples as well as for samples with their 
surface being modified by laser irradiation and ion bombardment.This work is supported by the grants 
1/8305/01 and DAAD 17/2002. 
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Crystalline Fullerene Thin Films Prepared at Room Temperatureby Synchrotron Radiation Ablation                
H. Miki, H. Nakanishi and S. Imai Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan M. Sasaki The 
Industrial Research Center of Shiga Prefecture, Ritto, Shiga 520-3004, Japan  Fullerenes have become one of 
the most interesting materials for use in advancednanodevices. Synchrotron radiation ablation(SRA) reactions 
enable the preparation of fullerene thin films at room temperature.  Deposition of fullerene thin films was 
carried out on a Si substrate at room temperature using the powder-state fullerene targets installed in the 
compact synchrotron light source of Ritsumeikan University.  The powder fullerene raw material was prepared 
by the arc discharge method.  The deposited films were characterized by X-ray diffraction, Raman 
spectroscopy, and Fourier-transform infrared spectroscopy.  The composition of deposited fullerene film is the 
same as that of the fullerene target.  The film deposited by SRA showed better crystalline quality than that of a 
film deposited by vacuum evaporation.  The annealing effects on the fullerene film by SRA were investigated.  
Significant degradation of fullerene films began at 300 degrees centigrade in air.    Keywards: Fullerenes, 
Synchrotron radiation ablation, Thin films 
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This paper presents an overview of grain boundary diffusion in metalsand its possible role in deformation 
processes in nano-grainedmaterials. Experimental results published over the recent years arebriefly reviewed, 
including the effects of segregation, pressure, andgrain misorientation on grain boundary diffusion. Recent 
progress inthe atomistic modeling of diffusion mechanisms in grain boundaries isdiscussed. The atomic 
mechanisms of point defect formation andmigration in grain boundaries are remarkably different from those 
inthe regular lattice. Such mechanisms can include collective atomicjumps involving several atoms, ring 
process, and similarphenomena. The results of atomistic modeling can explain many featuresof grain boundary 
diffusion observed experimentally. The rates ofgrain boundary diffusion at low temperatures are evaluated 
andcompared with characteristic rates of other processes innanostructured materials. The role of non-
equilibrium grain boundarystructure on diffusion coefficients is also analyzed. 
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INORGANIC v ORGANIC CRYSTALS GROWN BY SELF-ARRANGMENT  OF FULLERENES 
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The chemical transport reaction is a standard method for growing plate-like crystals of transition metal 
dichalcogenides and also enable to grow multiwall MoS2 and WS2 nanotubes [1,2]. Recently was discovered a 
new catalyzed transport reaction involving fullerene C60 which has been shown to produce macroscopic 
quantities of subnanometer MoS2 nanotubes [3]. The composite materials of transition metal dichalcogenides 
and fullerenes are potentially useful for solar cells, provided fullerene as electron aceptor molecules, could be 
intercalated into the layered structure to act as acceptors [5,6] and facilitate more efficient separation of 
electrons and holes in a solar cell. So far what has been achieved is only fullerene evaporation onto the surface 
of MoS2 crystals [7].We report on the first evidence of C60-MoS2 and C70-MoS2 composite layered crystals 
synthesized by chemical transport reaction. Strong undulations of the crystals are typical for the composite 
material and the formation of the highly dissociated dislocation loops evidence a lattice strain incorporated in 
the thin crystal flakes. Based on electron diffraction, mass spectroscopy and x-ray data, we propose a model 
structure consisting of hexagonal stacked MoS2 molecular layers alternating with the C60 or C70 monolayers.. 
The structure of the transported material was studied using 300 keV Philips CM300 Jeol JEM v 2010F and 
Philips XL 30 FEG electron microscopes. The new composite materials are attractive for a doping of two-
dimensionally ordered fullerenes with alkali metals and organic electron donors to create the charge transfer 
complexes with potentially interesting physical properties. The new synthetic route open also possibility for 
preparation a new composite layered crystals from others dichalcogenide transition metals. These new 
compounds are potentially useful for solar cells, provided fullerene intercalated into the structure to act as 
acceptors and facilitate more efficient separation of electrons and holes in a solar cell.[1] M. Remskar, 
 Z. Skraba, F. Cleton, R. Sajines, F. Levy, Appl. phys. lett., 69, (1996) 351 [2] M. Remskar , Z. Skraba , M. 
Regula, C. Ballif, R. Sanjines,     F. Levy, Adv. mater. 10, (1998) 246[3] M. Remskar, A. Mrzel, Z. Skraba, A. 
Jesih, M. Èeh, J. Demsar P. Sadelmann, F. Levy, D. Mihailovic, Science,  292, (2001) 479[4] V.I. Zubov, N.P. 
Tretiakov, J. F. Sanchez-Ortiz, J.N.T. Rabelo, J.B.M Barrio, Mol.Cryst.and Liq.Cryst. 10, (1998) 51[5] Q. Xie, 
E. Peres-Cordero, L. Echegoyen, J. Am. Chem. Soc., 114, (1992) 3978[6] D. Dubois, K.M. Kadish, S. Flangan, 
R. E. Haufler, L. P. Chibante, L. J. Wilson, J. Am. Chem. Soc, 113, (1991) 4364[7] M. Sakurai, H. Tada , K. 
Saiki, A. Koma, H. Unasaka, Y. Kishimoto, Chem. Phys. Lett., 208, (1993) 425 
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Single-wall carbon nanotubes (SWNTs) are expected for having potential for clean energy gas storage, 
especially methane and hydrogen. The mechanism of hydrogen and methane storage on SWNT is not well 
understood, although many researchers have studied the storage of these gases using SWNTs. We examined 
both experimentally and theoretically the adsorption mechanism of methane and hydrogen on single-wall 
carbon nanohorn (SWNH) assemblies, a highly pure and SWNT-related material. The heat of adsorption of 
hydrogen on internal SWNH nanospaces was estimated to be 5-6 kJ/mol that is about 4 kJ/mol larger than the 
enthalpy change of vaporization of hydrogen; nanospaces of SWNHs stabilize hydrogen molecules. On the 
other hand, the density of methane in nanospaces of SWNHs achieved liquid-like density even at 303 K above 
critical temperature, which is caused by enhanced methane-methane interaction in nanospaces of SWNHs. We 
will discuss adsorption mechanism for these gases and the possibility of the storage potential of SWNHs. 
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Nanoparticles of La0.7Ca0.3MnO3 have been synthesised via the chemical 
reaction 0.7LaCl3 + 0.3CaCl2 + MnCl2 + 2.35Na2CO3 + 0.325O2 -> 
La0.7Ca0.3MnO3 + 4.7NaCl + 2.35CO2 effected by high-energy ball milling and 
subsequent heat treatment.  Single-phase La0.7Ca0.3MnO3 particles having 
crystallite sizes ranging between 24 nanometres and 1 micrometre were 
obtained after removing the NaCl by-product phase by washing.  Magnetic 
measurements showed that the spontaneous magnetisation decreased with 
deceasing crystallite size; that the coercivity increased with decreasing 
temperature; and that below about 50 K field-cooled hysteresis loops for the 
smallest particles were wider than the corresponding zero-field-cooled ones 
and shifted towards the negative field. These observations are discussed in 
terms of a model in which it is assumed that each crystallite consists of a 
ferromagnetic core and a spin-glass shell that are exchange-coupled. 
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Calcium phosphate (CaP) including hydroxylapatite (HA) films were intensively studied in order to optimize 
the fabrication technologies of bone prostheses. Actual drawback in CaP and HA films processing is their poor 
mechanical characteristics and adherence. We present a hybrid pulsed laser deposition (PLD) method for 
growth of high quality CaP films. We used a KrF excimer laser and apply an in-situ ultraviolet irradiation 
emitted by a low pressure Hg lamp, which assists the deposition. The depositions were made onto Si and Ti 
alloys substrates in low ambient oxygen at pressures of 10-2 to 10-1 Pa with substrates heated at 500-600¦ C. 
The films were investigated by scanning electron microscopy, transmission electron microscopy and grazing 
incidence X-ray diffraction. Berkovich nanoindentation tests with both normal load and scratch tests options 
were performed for films mechanical characterization. Crystalline CaP films were obtained with different 
morphologies and stoichiometries depending on the deposition conditions. The films exhibit excellent 
mechanical properties, with values of hardness and Young modulus of 7-8 GPa and 160-170 GPa, respectively. 
All films withstand to scratch wear and no delamination or film destruction was observed. The ultraviolet lamp 
irradiation enhanced the gas reactivity and atoms mobility during processing, while the tensile strength between 
the film's grains and the bonding at the CaP film-substrate interface were increased.  
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These days various applications of carbon nanotubes come to the front increasingly besides the different 
preparation and characterization techniques. Within this wide range of use, more and more researches are 
connected to the composite materials reinforced by carbon nanotubes instead of carbon nanofibers, following 
from their more favorable mechanical properties (high aspect ratio, high modulus, stiffness, flexibility and 
strength).In this work, a simple method of the preparation of epoxy/nanotube composite materials is reported. 
The main focus of this article is to present the importance of the quality of the reinforcing tubes we used in the 
experiments. We compare three kind of material containing purified, chemically modified and ball milled 
carbon nanotubes. From the TEM investigations and the conductance measurements, it seems that both the 
dispersion and the orientation of the tubes change depending on the pre-treatment of the tubes. The results show 
that using chemically functionalized nanotubes (acid treated followed by a reaction with diamino-propane) we 
can reach a good dispersion and almost parallel, straight running tubes in the samples, resulting conductive 
properties to the basically insulator epoxy matrices. 
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The physics and chemistry associated with desorption induced by electronic transitions, particularly electron 
stimulated desorption (ESD), is the basis for electron-beam induced processes in materials growth, etching, and 
lithography.  We have recently demonstrated experimentally and theoretically that the total ESD yield of Cl+ 
from Cl-terminated Si(111) is a function of incident electron-beam direction [1,2]. We refer to this phenomena 
as Diffraction in Electron Stimulated Desorption (DESD).  DESD is due to quantum-mechanical scattering and 
interference of the incident electron to form a surface standing wave in the initial state of the desorption 
process.  This electron standing wave exhibits spatially localized maxima and minima in the electron density 
and can lead to spatial control of the defect production probability.  These defects can than actas seeds for 
controled growth of nanostrucutres and nanoparticles. Results using this low-energy electron beam technique 
for the controlled growth of metal clusters on a semiconductor and metal-oxide single crystal surfaces will be 
discussed.  Our initial results indicate that this low-energy electron-beam based approach, which does not rely 
upon serial processing, couldbe a viable and inexpensive form of nanolithography.1.) M. T. Sieger, G. 
Schenter  and T. M. Orlando, Phys. Rev. Lett.82, 3348 (1999).2.) M. T. Sieger and T. M. Orlando, Surf. Sci. 
451, 31 (2000). 
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From the first engineering structural application for nanocrystalline materials (the Electrosleeve process for 
nuclear component repair), electroforming has remained one of the most simple and cost-effective methods for 
commercial-scale production of bulk, fully-consolidated, nanostructures (metals, alloys, metal-matrix 
composites).  In this paper, an overview is provided of production methods and properties for nanocrystalline 
product forms such as sheet/foil, wire, fabrics/weaves, open-celled foams, coatings, and complex free-standing 
structures. Previous and emerging structural applications for these nanostructured products/materials (e.g., 
power plant components, military armour, wear-& corrosion-resistant coatings, medical implants, sporting 
goods, micromachines etc.) will be presented and discussed in the light of significant commercialization 
challenges such as time to market (regulatory issues, market acceptance) and production cost / relative 
performance criteria. 
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Tight-binding calculations for SiC in a variety of polytype structures (3C, 2H, 4H, 6H, 8H, and 9R) are reported 
using the NRL nonorthogonal tight-binding (TB) model with parameters selected to fit accurately first-
principles results.  These parameters predict zinc blende (3C) to be the stable crystal structure and wurtzite (2H) 
the most unstable, with the energies of all the other allotropes falling in between.  We have calculated 
electronic properties (band structure and density of states) and elastic constants.  For the 3C SiC we find 
excellent agreement with previous calculations and experiment.  We will also present molecular dynamics 
simulations using the NRL-TB model. 
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Wihuri Physical Laboratory, University of Turku, 20014 Turku, Finland e-mail: ap315@cam.ac.uk 
 
We have developed a new micro-electro-mechanical systems (MEMS) probe for scanning probe microscopy. 
The probe, working in the oscillation regime at a resonance frequency, is a three-terminal device comprising a 
metal cantilever and two electrodes. One electrode is used to adjust and control the gap between the cantilever 
and another electrode used for measuring the tunneling current.  A computer program has been designed for 
measurement of the resonance frequency of MEMS-probe and for control of the electronics system. Three 
feedback mechanisms are used to obtain surface topography: (1) the tunneling current readings between the 
cantilever and the measurement electrode, (2) tunneling current between the cantilever and the surface of the 
sample and (3) the shift of the resonance frequency of the cantilever. The first and third feedback mechanisms 
can be used for characterization of non-conductive materials as well.  An advantage in comparison with 
traditional scanning probe microscopy is that the control of the height is established independently from the 
piezo-element. The feedback control of the surface height is made fully within the MEMS-probe when the gap 
between the cantilever and the control electrode can be automatically adjusted using the control voltage in the 
probe. The piezo-element is used for scanning over the surface only.  In addition, our MEMS-probe enables 
spectroscopic measurements of the energy structure and surface potential on atomic scale.  
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Numerical Investigation of Equal Channel Angular Extrusion for Bulk Nanostructured Materials 
Formation 
 
Q.X. PEI 
Division ManagerInstitute of High Performance ComputingDivision of CME, The Capricorn, Singapore  
E-mail: peiqx@ihpc.a-star.edu.sg, Tel: (+65) 64191225Fax: (+65) 64191280 
 
Bulk nanostructured materials processed by Equal Channel Angular Extrusion (ECAE) is receiving growing 
attention in recent years due to the cross-section of the workpiece being kept unchanged after deformation. In 
the ECAE process, knowledge of the plasticdeformation behavior of the workpiece is very important to 
optimizethe process conditions such as die design, extrusion speed, temperature, friction, etc. In this paper, the 
numerical analysis has been used to study  the metal flow, plastic deformation, strain/stress fields, and 
temperature fields during ECAE. Various die designs with different die angles and multiple channels were 
investigated. The strain rate sensitivity of the materials was considered. The deformation inhomogeneous in the 
workpiece was addressed. The corner gap formation between the die and the workpiece during the ECAE 
process was investigated. 
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Modeling and Analysis of the Strain/Stress Fields and Vertical Correlations in Quantum Dot 
Nanostructures 
 
Q.X. PEI, C. LU 
Division ManagerInstitute of High Performance ComputingDivision of CME, Singapore 
E-mail: peiqx@ihpc.a-star.edu.sgTel: (+65) 64191225, Fax: (+65) 64191280 
 
In this paper, the strain and stress fields in quantum dot nanostructureswere analyzed with a three-dimensional 
finite element method for anarray of dots. The influence of quantum dot shape, cap layer thickness,and 
anisotropy ratio of the materials on the strain, stress and strainenergy density distributions was studied in much 
detail. It is foundthat the elastic anisotropy has strong influence on the strain andstress fields in the quantum dot 
nanostructures. It is also found thatboth the elastic interaction among quantum dots and the elastic anisotropy of 
the materials have strong influence on the strain energydensity distribution at the cap layer surface. With the 
different elastic anisotropy ratios and the cap layer thicknesses, substantially different distributions of strain 
energy density minima on the cap layer surface are obtained, which may result in various quantum dot ordering 
phenomena such as fully vertical alignment, partial alignment or complete misalignment. 
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Visible light emission of Si nanoparticles 
Tsong P. Perng 
Department of Materials Science and Engineering, National Tsing Hua University, Taiwan  
E-mail: tpp@mse.nthu.edu.tw, Tel: (886)-3-5719134, Fax: (886)-3-5722713 
 
Silicon nanoparticles with average diameters ranging from 5 to 50 nm were fabricated by thermal evaporation.  
The nanoparticles had a crystalline core covered by an oxide shell, and there are oxygen and a small quantity of 
hydrogen absorbed on the surface.  When excited with a He-Cd laser, the nanoparticles showed visible light 
emission from 500 nm to 900 nm, with a peak intensity at 800 nm.  The intensity of photoluminescence (PL) 
increased with decreasing the particle size.  Moreover, the PL observed in vacuum could be quenched by air 
and hydrogen, and reappeared after the sample chamber was evacuated.  An oxygen-related surface state 
mechanism is proposed to account for the luminescence of the Si nanoparticles.   
In addition, oxygen-containing Si nanoparticles (OCSNs) with different oxygen contents were also fabricated.  
A blue shift of the absorption edge is observed in the transmission spectra when the oxygen content is 
increased.  The OCSNs exhibit an intense blue-green PL with two primary bands.  The peak position of the 
high energy band (HEB) with a stronger PL intensity is at 520 nm, while the low energy band (LEB) has a peak 
at 800 nm.  The PL intensity increases with increasing the oxygen content of the OCSNs, and is very sensitive 
to the ambient atmosphere.  A mechanism of oxygen-induced luminescent center is proposed to be responsible 
for the blue-green PL. 
 

 
 



 123

Polymer Nanocomposites as Flame Retardant: Effect of Filler Types 
Jirawadee Pipattanatornkul ,Sujitra Wongkasemjit, Manit Nithitanakul, Hatsuo Ishida, Rathanawan 
Magaraphan 
The Petroleum and Petrochemical College, Phya Thai Road, Bangkok, Thailand, 10330Tel: +662-218-4133, 
Fax: +662-215-4459, j_pipattanatornkul@hotmail.com 
 
 
A new approach to address the ever-increasing demand for higher performance flame retarded products has 
recently focused on utilizing different inorganic additives (OC-MMT, silatrane and alumatrane). The 
metalatranes were synthesized via the Oxide One Pot Synthesis process, in which alumatrane and silatrane were 
synthesized directly from aluminum hydroxide (Al(OH)3) with triisopropanolamine (TRIS) and silicone 
dioxide (SiO2) with triethanolamine (TEA), respectively. The main product of alumatrane was pentamer plus 
one morpholine (m/e 1250), and silatrane was dimer plus one EG (m/e 409).  All of composite systems entail 
using above inorganic materials as flame retardant additives to commodity polymers, such as Nylon 12 and 
PVC.  These nanocomposites were prepared from melt blending process, which had exfoliated structure.  The 
WAXD spectra were correlated with TEM and SEM results showing the incorporation between inorganic 
additives and polymer matrix.  However, the aggregation of silicate layers or silatrane agglomerate at high 
content loading indicated partially intercalated structure in our system.  The gross heat calorific value was 
reduced while LOI value was increased.  This not only increased efficiency of flame retardant additive, but also 
improved mechanical properties, increasing the tensile strength and modulus as well as elongation. 
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Hydrothermal synthesis of ceramic NANOpowders. Modelling and experimental verification. 
 
R.R. Piticescu*, Roxana M. Piticescu*, B. Malic**, W. Lojkowski***, D. Taloi**** 
* Institute for Non-ferrous & Rare Metals, 102 Biruintei Blvd., 73957 com. Pantelimon, Ilfov, Romania 
Phone:  0040-21-255 74 88, Fax: 0040-21-255 26 92, E-mail: rpiticescu@imnr.ro 
** Jozef Stefan Institute, Ljubljana, Slovenia 
*** High Center Reseach Center, Warsow, Poland 
**** University Politehnica Bucharest 
 
The paper presents a review of some thermodynamic models propsed to study the high temperature/pressure 

influence on the equilibrium composition and kinetics of crystallization. A new simple model is proposed to 

describe the evolution of crystallite sizes and crystallization degree vs. hydrothermal temperature and time. 

Results obtained in the synthesis of zirconia by conventional hydrothermal synthesis and microwave-

hydrothermal synthesis are presented. The crystallization degree, mean crystallite sizes and activation energy 

for the two methods calculated from experimental data are finally compared with the calculated values. A good 

agreement was observed at low temperautres and times in the absence of partile growth and agglomeration. 
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DIRECTLY PATTERNED MAGNETIC MEDIA  FOR ULTRA-DENSE DATA STORAGE 
 
Nikolay Polushkin 
Institute for Physics of Microstructures of RAS, Russia 
Email: nip@ipm.sci-nnov.ru, Phone: 7(8312)675313. Fax: 7(8312)675553 
 
A novel effective technique is presented for patterning regular arrays of magnetic nano-entities. The approach 
is based on laser-induced onset of ferromagnetic order in granular (superparamagnetic) films of kind of  Fe-Cr 
and Co-C [1,2]. To localize the regions with modified magnetic properties, we employ interference annealing 
of the films by means of pulsed (∼10 ns) UV-laser beams. Atomic force microscopy imaging reveals the 
formation of crater-like entities and mounds on Fe-Cr and Co-C surface, respectively. It is striking that these 
entities exhibit a pronounced magnetic force microscopy response whose behavior is dependent on the entity’s 
environment. If the environment has a relatively high permeability (µ~10), the entities are single domain in 
remanent states, irrespective of their prior magnetization direction. The obtained results are believed to be 
important for future information storage with ultra-high densities.   
1. M. Zheng et al., Appl. Phys. Lett. 79, 2606 (2001) 
2. N.I. Polushkin et al., J. Appl. Phys. 92, 2779 (2002)  
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MAGNETIC IMAGING OF NANO-ENTITIES BY NONMAGNETIC PROBES OF ATOMIC FORCE 
MICROSCOPE 
 
Nikolay Polushkin 
Institute for Physics of Microstructures of RAS, Russia 
Email: nip@ipm.sci-nnov.ru, Phone: 7(8312)675313. Fax: 7(8312)675553 
J. Wittborn, K.V. Rao 
Department of Materials Science, Royal Institute of Technology, Sweden 
 
We present an approach to visualization of small magnetic entities using nonmagnetic tips of atomic force 
microscope (AFM). The usage of nonmagnetic probes is highly desirable for imaging of magnetic 
nanocomposites and other small structures, in order to avoid the disturbance of magnetic structure under study 
by the stray fields of the tip. Using probe’s scanning in the contact mode and applying ac magnetic field in situ 
with the frequency ω in the kHz-range, we have revealed the pronounced response of magnetic nano-entities on 
2ω, which was fitted to the resonance frequency of the cantilever. As the subject of our studies, we have chosen 
the ring-shaped magnets directly patterned on a surface of Fe-Cr films. As found, the dynamic response 
strongly depends on the orientation of the ac field with respect to the magnetization of the entities. The 
observed dynamic response and its behavior can be interpreted in terms of magnetostriction and a related 
quantity, ac susceptibility.       
The work has been supported by RFBR (#01-02-16445) and the Royal Swedish Academy of Sciences under the 
bilateral program for cooperation with researchers from the former Soviet Union.  
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LASER-PATTERNED  NANOSTRUCTURES IN THIN Co-Sm  FILMS 
 
Nikolay Polushkin 
Institute for Physics of Microstructures of RAS, Russia 
Email: nip@ipm.sci-nnov.ru, Phone: 7(8312)675313. Fax: 7(8312)675553 
B. A. Gribkov, A. Ya. Lopatin,  
Institute for Physics of Microstructures of RAS, Russia 
Y. Sui, and D. J. Sellmyer 
University of Nebraska, Lincoln, Nebraska  
 
Properties of the nanostructures in high-coercivity magnetic films are of great interest in the context of possible 
applications for magnetic recording and permanent magnets. It here is essential to produce the composite media 
of alternating regions that have different coercivities. We present our studies of nanostripe arrays directly 
patterned in Co-Sm films by means of laser beams with nanosecond duration. A two-time reduction of the 
coercivity of the 40-nm thick films on silicon substrates has been disclosed after their irradiation by one 
uniform pulse with fluences of 200-300 mJ/cm2. Using a laser interference technique, we have patterned the 
films with submicron periodicities. Atomic force microscopy studies of the patterns reveal that these consist of  
the stripes of a solidified phase in a reference matrix. Some indication for the formation of a two-phase 
material, is also obtained by Kerr magnetometry.            
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The Enhanced Magnetocaloric Effect of  Magnetic Nanocomposites 
 
V. Provenzano and R D. Shull 
 
Magnetic Materials Group, National Institute of Standards and Technology, Gaithersburg, Maryland 
 
Upon the removal of a magnetic field from a magnetic material, the resulting reduction in magnetic spin 
alignment represents an increase in the material's spin entropy (delta S).  If the field reduction is performed 
adiabatically so that the total entropy change is zero, then the increased spin entropy is offset by an equal 
decrease in lattice entropy, as reflected by a decrease in the temperature of the material.  This delta T is called 
the magnetocaloric effect, and it is a property of the material and its magnetic state.  The magnetocaloric effect, 
upon which the technology of magnetic refrigeration is based, may be enhanced within some ranges of 
magnetic field and temperature by finely dividing and grouping the ferromagnetic species in a nonmagnetic or 
weakly magnetic matrix*, thus constituting a magnetic nanocomposite. In this lecture the basis of a magnetic 
nanocomposite will be reviewed and experimental data, measured on several magnetic nanocomposites will be 
presented that confirm the earlier predictions for a significantly enhanced magnetocaloric effect in this class of 
magnetic nanocomposite materials.  In particular, experimental verification of cluster calculations will be 
provided by experimental data for a new magnetic nanocomposite, (Gd)3(Ga)5-x(Fe)x(O)12 (GGIG), that is 
superparamagnetic and possesses magnetocaloric effects 3-4 times larger than those of the presently preferred 
low-temperature paramagnetic refrigerant, i.e., gadolinium gallium garnet (GGG).  This new material possesses 
the potential for both increasing the operating temperature of magnetic refrigerators as well as lowering the 
magnetic fields required for their operation.  If the principle magnetic nanocomposite can be successfully be 
translated into practice, then magnetic refrigerators could be substantially reduced in size, made much more 
efficient, and enable cooling at much higher temperatures. 
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PROCESSING AND PROPERTIES OF NANOCRYSTALLINEFeAl INTERMETALLICS  
 
W. Przetakiewicz, M. Zachman, J. Bystrzycki, Z. Bojar 
Department of Materials Technology,Military University of Technology, Poland 
phone:(48-22)683-9445, fax: (48-22) 683-9445, przetak@wme.wat.waw.pl 
 
Many intermetallics exhibit an entire spectrum of superior mechanical, physical and chemical properties, which 
make them very attractive candidates for applications in severe environments (e.g. elevated temperatures, 
corrosive environment etc.). Unfortunately, almost all of them suffer from low ductility and fracture toughness 
at ambient temperature. Substantial grain refinement is commonly considered as being beneficial for an 
improvement of ductility and fracture toughness of metallic materials and could possibly be employed for 
intermetallics. The present work is a comprehensive overview of efforts to produce nanostructured powder and 
bulk FeAl intermetallics. Ball milled powders of cubic FeAl intermetallic, were successfully consolidated into 
nearly porous - free bulk compacts by various combinations of shock wave (explosive) loading or high-current 
impulses. Changes of microstructure during processing and mechanical properties of nanostructured bulk 
compacts are shown and discussed. 
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Vertical transport in semiconductor superlattices:control by the disorder in layer parameters. 
 
O.V.Pupysheva, A.V.Dmitriev 
Department of Low Temperature Physics,Faculty of Physics, Moscow State University, Russia 
Phone: +7-(095)-939-5905Fax: +7-(095)-932-8876E-mail: pupysh@lt.phys.msu.ru 
 
Electron transport in semiconductor superlattices isvery important for various practical applications. Inthe 
present work we model the transport properties ofsuperlattices with a disorder introduced into the 
layerparameters.We consider both, resonant and sequential tunnelingin vertical direction, for a finite voltage 
appliedto a disordered system. The transmission coefficientsare found by the transfer matrix method and are 
usedfor the further calculations of I-V curves. Electronredistribution among the quantum wells and well 
bottomenergies are calculated.The disorder-induced shift of the energies of resonantstates leads to significant 
changes in the tunnelingprobabilities, and thus, in the transport through thewhole system. The effect of various 
types and degreesof the disorder on the superlattice properties isdiscussed. 
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The Story of Manganese: From Clusters to Crystals 
 
B. K. Rao and P. Jena 
Department of PhysicsVirginia Commonwealth UniversityRichmond, Virginia 23284-2000, USAPh. 001-804-
828-1613FAX. 001-804-828-7073E-mails: bkrao@vcu.edu         pjena@vcu.edu 
 
Among all the 3d transition metal elements, manganese is unique as an atom, cluster, crystal, or impurity in 
wide band-gap semiconductors. As an atom, it has a half-filled 3d shell and filled 4s shell with a large gap 
separating the two orbitals. Consequently these atoms interact weakly with each other. As a matter of fact, 
manganese dimer is a weakly bonded van der Waals system with the largest bond length in the 3d series and its 
bulk has the lowest cohesive energy. Small clusters of manganese are ferromagnetic while the bulk Mn is 
antiferromagnetic. As clusters grow, ferrimagnetism sets in and the total moment of the cluster decreases 
sharply with the increase of size. When doped into GaN semiconductors, the manganese atoms couple 
ferromagnetically although the measured Curie temperature varies from 10 K to 940 K depending on growth 
conditions. The talk will present results from first principles calculations explaining various aspects of these 
interesting entities.  
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PROCESSING OF NANOPOWDERS 
Dr. Ramana G. Reddy 
Department of Metallurgical and Materials Engineering 
The University of Alabama, Tuscaloosa, AL 35487-0202, rreddy@coe.eng.ua.edu 
 
Laboratory and industrial processes for production of nanopowders of metals, ceramics and composites are 
presented. Productions of powders using atomization, mechanical and chemical processes for powder 
production are discussed. A special discussion is made on the production of metals, ceramics and composites 
nanopowders using thermal plasma processes. The reactive metals, ceramics and composites are produced in 
the laboratory at the University of Alabama. Processes parameters are optimized based on the reaction 
thermodynamic and transport calculations. The powders are characterized using transmission electron 
microscopy (TEM), X-ray photoelectron spectroscopy (XPS), scanning electron microscope (SEM), Energy-
dispersive X-ray spectrometer (EDS) and X-ray diffraction analysis (XRD).  Challenges in producing a close 
particle size distribution in the nanosize range without agglomeration are discussed.  
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Polymer-Layer Silicate Nanocomposites in Solution: Linear PEO and Highly Branched Dendrimer for 
Organic Wastewater Treatment  
Korawan Ratanarat, Rathanawan Magaraphan, Manit Nithitanakul and David C. Martin 
The Petroleum and Petrochemical College, Chulalongkorn University, Thailand  
Email: rkorawan@hotmail.com 
 
 
Base on the concept of organic matter adsorption from aqueous system, the highly active site species was come 
into expected.  Poly(amidoamine) (PAMAM) dendrimer, the highly branched structure that emanate from a 
central core was used in cooperative with Montmorillonite (MMT), smectite clay which has high surface area in 
nanocomposite form to be an effective adsorbent in organic wastewater treatment application.  Due to the 
inorganic character of MMT, the organic adsorption ability of MMT was improved by replacing the inorganic 
exchangeable cations via an ion-exchange reaction with octadecylamine and di(hydrogenated 
tallow)dimethylammonium chloride.  These modifying agents are different in their chemical structure.  The 
PAMAM/MMTs nanocomposites were prepared by solution technique comparing with PEO/MMTs, the 
nanocomposite of linear molecules polymer, which were prepared by melt technique.  All nanocomposites were 
characterized by WAXS, TGA and FT-IR.  The behavior of nanocomposites in aqueous solution was studied in 
term of viscosity of the solution.  The ability to remove organic contaminants based on different molecular 
structure of organically modified clay, PAMAM/MMTs and linear PEO/MMTs nanocomposites were evaluated 
by using UV/VIS spectroscopy. 
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GIANT MAGNETO-RESISTANCE OF THE NEW MAGNETIC SEMICONDUCTORS CONTAINING 
CUCR1.5SB0.5S4 WITH Co.  
D. Saifullaeva1, Sh. Solieva2  
Samarkand State Univ., Department of Fhysics, University blvd. 15, Samarkand, 703004, Uzbekistan; 
Phone:+998 662  33-3487      Fax: +99866235-2724                                            
E-mail: dilaram@yandex.ru,  

 

Magnetic and galvanomagnetic properties of the system xCoCr2S4 - (1-x) CuCr1.5Sb0.5S4  are considered. This 
system is a solid solution of two semiconduc-ting compounds with a spinel structure: a recentive discovered 
mineral florensovit and ferromagnetic (FIM) CoCr2S4. A giant negative magneto-resistance (MR) ∆ρ/ρ was 
observed in both compounds. The temperature dependence of the magneto-resistance  ∼16%, in a field H= 27 
kOe for the compound with x=0.25. The maximum modulus of the magneto-resistance is observed near 25 K. 
The temperature dependence / ∆ρ/ρ(T) / = 0.24 in a field of 30 kO, at T=7 K for the compound with x=0.5.  In 
this field, which is the maximum at which the measurements were carried out, the MR isotherms are still far 
from saturation.  In florensovit and CoCr2S4, on the other hand, there is essentially no MR within the error of 
these measurements, 0.01%. According to the data of other investigators, described in Ref./ 3 /, MR for 
CoCr2S4 does not exceed 2%.  The giant negative magneto-resistance in composition can be explained on the 
basis that this compound contains afmons- quasiparticles predicted theoretically by Nagaev . 
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Single crystal SBN:Yb /Opal matrix (SiO2):Er composite as a nanophotonic structure 
Samoilovich M.I., Ivleva L.I.*, Tsvetkov M.Yu., Samoilovich S.M., Guryanov A.V.OAO Technomash, 
Moscow, 121108, I.Franko Street, 4; e-mail: samoylovich@technomash.ru 
*Laser Materials and Technologies Research Center of GPI -  Moscow, 119991, Vavilov Street, 38, Bld. D; 
7(095)132-82-88, fax 7(095)135-02-70, e-mail: ivleva@ran.gpi.ru 
 
 Thin layer of opal matrix on SBN:Yb (001) crystal substrate was prepared via sedimentation method and post-
growth annealing treatment .The film thickness of cubic package of SiO2 nanospheres (240 nm in diameter) 
was of 25 monolayers. Erbium oxide (Er2O3) was introduced into the interspherical space of opal matrix using 
the sol-gel method (about 35 v 40 % relative to the pore volume). The nanophotonic structure obtained was 
used to study Er3+ ion photoluminescence at around 1.55 &#61549;m (third communications window). The 
possibilities of Er3+ cascade exitation by the Yb3+ ions were studied, what leads to strong increasing of pump 
efficiency and broadening of absorption band. The specific features of photoluminescence in such 
nanocomposites will be discussed. 
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Optical Films Based on Poly(p-phenylene vinylene) (PPV) and Its Nanocomposites  
Duangporn Saramas, Rathanawan Magaraphan, David C. Martin 
The Petroleum and Petrochemical College, Chulalongkorn University, Thailand  
Email: iammod@chula.com 
 
A new nanocomposite enhanced the lifetime of poly(p-phenylene vinylene) (PPV) was studied.  The natural 
sodium-montmorillonite was cation exchanged with bis(hydrogenated tallowalkyl) dimethyl quaternary 
ammonium chloride.  These polymer/layered silicate nanocomposites have been synthesized consisting of 
different organically modified clay loading proven by TGA, WAXD, FTIR, and TEM.  Barrier property and 
color tunability were improved with increasing organophilic clay content.  The rate of photoluminescence 
decay in polymer-clay nanocomposites was drastically reduced compared to that of the pristine polymer.  
Organic light-emitting diodes based on PPV and its nanocomposites fabricated by spin-coating method have 
demonstrated good operating stability.  The results showed important implications on the enhancement of 
lifetime in polymer-clay nanocomposites based optoelectronic devices. 
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Use Sericin as an Antioxidant and Antimicrobial for Polluted Air Treatment  
Sara Sarovart, Rathanawan Magaraphan, BoonyaSudatis, Prateep Meesilpa, Thananchai Leepakpreeda, and 
Brian P. Grady, 
The Petroleum and Petrochemical College, Chulalongkorn University, Thailand  
Email: pepperjam88@yahoo.com 
  
The aim of this study was to enhance the air filter properties by coating with silk sericin, which is mostly 
discarded in silk processing wastewater. The antioxidant activities against hydroxyl radical (OHl), the 
antimicrobial activities and the fiber coated surface were studied in silk sericin from different race of waste 
cocoon; Polyvoltine waste cocoon Nang Noi Race, Polyvoltine x Bivoltine waste cocoon Dok Bua Race, and 
Bivoltine waste cocoon Jul Race. The concentration of sericin solution was range from 10 to 20% in distilled 
water. Among the different race of waste cocoon, Jul race had the highest antioxidant capacity inhibition of 
OHl , while Dok Bua Race was second and Nang Noi Race had the lowest inhibition activity. For antifungus 
activity, Dok Bua Race had the highest capacity, while Jul Race was second and Nang Noi Race had the lowest 
capacity. The inhibition activity in Micrococcus type of bacteria was found that Dok Bua Race had the highest 
capacity, while Nang Noi Race was second and Jul race had the lowest capacity. The coated surface of sericin 
on Nylon fiber and PET fiber was smooth along with the fiber. This study therefore demonstrates that sericin 
from Dok Bua Race had the best properties for coating on the air filter  
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Transparent films for electromagnetic shielding of plastics 
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fax +300630486364, francesca.sarto@casaccia.enea.it  
M.S. Sarto 
University of Rome "La Sapienza", Department of Electrical Engineering, via Eudossiana 18, 00184 Rome, 
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INFM at Dipartimento di Energetica, Università di Roma ?La Sapienza¦  Via A.Scarpa 16 00161 Rome ITALY, 
tel +390649916541,concita.sibilia@uniroma1.it 
 
The interest in the development of  lightweight transparent electromagnetic (EM) shields for the radio 
frequency range has  been growing up in the last years together with the expansion of the electronic market and 
the increasing use of plastics. Example of industrial applications are video displays of electrical and electronic 
apparatus, of electromedical devices, of portable electronic equipment. Applications in the aerospace sector are 
also very attractive, such as in protecting the electronic systems of aircrafts from the  high-intensity 
electromagnetic fields (HIRF) emitted by  radio emitters, TV, radars and telecommunication systems. 
Moreover, the recent limits of radio frequency electromagnetic fields suggest the use of transparent shields for 
building windows.Thin films can provide an effective solution in EM shielding of plastic substrates or 
enclosures.In particular, the use of  1-D photonic band gap structures named as ? transparent metals¦  has been 
recently investigated and tested for EM shielding applications in the radiofrequency range, by using physical 
vapor deposition  technique. In this work, the design method and the technological issues concerning  the 
realization and electromagnetic testing of the shields will be described. Some recent results will be presented, 
and the perspectives and the limits of the proposed technique will be discussed and compared with other 
solutions. 
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Preparation and characterization of Various Nano-metal oxides using Hydrazine hydrate in solution 
combustion method 
 
P. D. Sawant 
Physics Dept, National National Univeristy of Singapore, Singapore 
 
In this paper, We described a simple method to prepare nanosized-Metal-oxides such as alfa iron oxide, 
gamma-iron oxide, titania, alumina and others using a solution combustion process. In this method, aliquots of 
the aqueous salts solutions of ferric chloride, aluminum sulfate and other salts are mixed in an optimized ratio 
of 4:1 with hydrazine hydrate (80%w/v) solution using magnetic stirrer at the highest speed. Immediately after 
mixing, vigorous reaction started, and lead to the boiling of solution without supply of external heat. The 
temperature remained high for almost half an hour and then cooled down slowly to room temperature. Beakers 
containing reaction mixtures are kept in the water bath to sink the heat fast.  N2 and NH4 gases were evolved 
during this solution combustion process. At the end of process, the powder obtained was washed thoroughly 
with dilute (10mM) HCl followed by nano-pure water and dried in the electric oven at 100 degree C. Dry 
powders of different metal hydrous oxides were redispersed in the de-ionized water by vigorous shaking and 
with mild ultrasonication for 5 minutes prior size and shape examination using dynamic and static light 
scattering methods. The diameter of particles was in the range of 30nm-600nm depending on the concentration 
of the salt precursors. The size can be controlled using controlling the concentration of salts. The phases of 
nano-metal oxides (such as alfa and gamma) were identified using X-ray diffraction and Mossbauer 
spectroscopy. The mechanism of the formation of the nano-particles in this process is the fast quenching and 
sinking of heat evolved during process which avoids the sintering of particles. The quenching is occurred due to 
evolving gases like ammonia and nitrogen whereas the reaction medium which act as a sink to the 
heat.Advantages of this method are: Easy and fast process, high yields (85-90%), possible to scale up to 
industrial grade, highly pure, lesser combustion nature of reaction and hence safe as compared to that of solid 
state combustion method of hydrazine complexes of metal salts.      
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Band-gap Widening of 1-10nm Q-Cds in Various Surfactant Self-assemblies: Tight Binding and Effective 
Mass Models 
 
P. D. Sawant 
Physics Dept, National National Univeristy of Singapore, Singapore 
 
In this paper, we utilized tight binding (TB) and the effective mass approximation (EMA) models to deduced 
the nano-sized of Q-CdS semiconductor. The UV-vis spectra of various sizes of CdS are simulated using tight 
binding approach. Different surfactant self-assemblies used are: micelle of sodiumdodecyl sulfate (SDS), 
CTAB in water and monoethylene glycol (MEG) and microemulsions of Aerosol OT/heptane/water.SDS and 
CTAB are known to formed weak micelle in the nonpolar solvents such as MEG. These different nano-reactors 
of surfactant self-assemblies affect the formation of CdS and hence the optical properties. The aggregation of 
CdS are created insitu nano-reactor of the microemulsion system by increasing the concentration of salts of Cd 
and S ions and analyzed using TB model. The advantages and drawbacks of these two models are to be 
discussed.Acknowledgement: Department of atomic energy of India gave research scholarship to P. D. Sawant 
to complete this work. 
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FERROELECTRIC NANOTUBES 
 
J. F. Scott 
Earth Sci. Dept., Cambridge Univ., UK, Tel. 44-1223-333461, Fax. 44-1223-333450,  
e-mail: jsco99@esc.cam.ac.uk 
 
We report the invention of ferroelectric nanotubes.  Details are given for strontium bismuth tantalate (SBT) 
although barium titanate and lead zirconate-titanate (PZT) can also be made by the same process.  The tubes are 
in the form of fully registered free-standing arrays with each nanotube ca. 80 microns long and of uniform wall 
thickness d, where d can be adjusted within the range 40 nm < d < 140 nm. Nanotube spacing in the hexagonal 
array can be varied from a few microns to submicron, and inside tube diameter from 0.4 - 4.0 microns. A 
sacrificial Si substrate is used, and deposition is via "misted" liquid source of charged precursor droplets 0.1-0.3 
microns in diameter.  Each droplet has an average charge -5e, so that the system behaves like the original 
Millikan oil-drop experiment [R. Millikan, Science (1910)].  The charge on the droplets draws them down the 
nanotubes to uniformly coat the walls; this electrostatic mechanism is not possible with conventional CVD 
processing.  Deposition rate is rapid enough for commercial processing of devices.  These nanotubes are 
piezoelectric insulators.  Therefore they provide three new device applications: (1) ink-jet printers.  The state of 
the art ink-jet printer from Seiko-Epson will deliver a 1.0 picoliter droplet and write a 1.0 micron line, 
permitting lithography-free printing of memory devices and low-density integrated circuits.  The new 
ferroelectric nanotubes should deliver x10 smaller droplets. (2) A typical state of the art DRAM trench (e.g., 
Infineon) has a 0.1 micron diameter and is 6.0 microns deep (aspect ratio of 60:1).  Our ferroelectric nanotubes 
can be 0.1 micron diameter by 60 microns deep, for an aspect ratio of 600:1 with perfect step coverage 
(uniform wall thickness).  (3) Drug delivery systems in the body and ultra-thin syringes for medical purposes 
(e.g., injections into the heart).  
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Sintering of Nanocrystalline WC-Co Composite Powders 
 
Gang-qin Shao,Xing-long Duan, Ji-ren Xie, Xiao-hua Yu, Wei-feng Zhang, Run-zhang Yuan 
State Key Laboratory of Advanced Technology for Materials Synthesis & Processing, Wuhan University of 
Technology, China Phone:86-27-87216912, Fax:86-27-87879468, E-mail: gqshao@mail.whut.edu.cn  
 
The aim of this work is to investigate the mechanism of densification of WC-Co nanocomposite at temperatures 
about the liquid-solid boundary. The processing method of spray thermal decomposition - continuous reduction 
& carburization was used to produce the nanocrystalline WC-Co composite powders. They were sintered in 
vacuum with HIP or with SIP treatment, or by the spark plasma system. Density, hardness, tensile rupture 
strength and coercive force were measured. The microstructures of the sintered composites were studied by 
SEM and HREM. Results show that the chemical-uniformly dispersed particles and the formation of liquid 
phase at lower temperatures play a crucial role in low temperature consolidation. 
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Mechanical Behavior of Ceramic Coatings Reinforced with Carbon Nanotubes  
 
Zhenhai Xia, Brian W. Sheldon, W.A. Curtin, J.Y. Liang, B.H. Chang, and J. Xu 
Division of Engineering, Brown University, Providence, RI Laura Riester, Metals and Ceramics Division, Oak 
Ridge National Lab, Brian_Sheldon@brown.edu , Phone: 401-863-2866, FAX: 401-863-2677 
 
Carbon nanotube (CNT) reinforced composites have been touted to possess superb mechanical properties due 
to the unique structure and properties of carbon nanotubes, but no such materials have been fabricated or 
reliably tested to date.  Here, we present the first results on the mechanical properties of highly-ordered CNT-
reinforced ceramic matrix composites. The nanocomposites were produced by the template approach, in which 
CNT are deposited into a porous alumina matrix formed by anodization of aluminum, and are in the form of 20-
100 micron thick coatings on an aluminum substrate.  Nanoindentation tests were performed on surfaces both 
parallel and perpendicular to the longitudinal CNT axis.  Indentation marks and associated damage were 
observed by SEM.  Indentation parallel to the CNT axis induced cracks that intersect and deflect at the 
matrix/CNT interface, indicating interfacial debonding.  Indentation perpendicular to the CNT axis induced 
cracks that show direct evidence of nanotube bridging.  Indentation at high loads to cause chipping exposed 
fracture surfaces that exhibit CNT pullout.  All of these phenomena indicate that these nanotube composites 
may function as tough materials.  Nanocomposite modulus data obtained from indentation unloading curves 
were used along with analytic and finite element models to derive the Young's modulus of the porous Al2O3 
matrix (150 GPa) and the CNT (300 GPa) parallel to the nanotube axis; the latter values are lower than typical 
estimates of CNT stiffness.   
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Microbially synthesized bioactive nanoparticle and their formulation  active against human pathogenic 
fungi. 
 
Sushil K Shahi and Mamta Patra 
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Lichen fungi have diverse range of chemicals and produces some characteristic metabolites during artificial 
culture in synthetic medium. During artificial culture of some lichens fungi in synthetic medium for metabolite 
synthesis, the lichen fungi of Usnea longissima (ascomycetes fungi) found to be synthesized bioactive 
nanoparticle in specified medium under additional conditions. The size of the nanoparticle of almost uniforms 
in size, with a diameter of around 5-40 nanometer across. Such a narrow size distribution is characteristic of 
microbially synthesized nanoparticle. The nanoparticle become trapped both on the surface of the cell wall and 
on the cytoplasmic membrane. The controlled synthesis of nanoparticles of well-defined dimensions over a 
range of chemical compositions is an important aspect of nanomaterials engineering. Biological process are 
inherently accurate, and synthesis of all the particles takes place during a specific period of cell growth, most of 
the particle synthesized are of the same size-they have a very narrow size distribution. There is an ever-growing 
need to develop cleaner, non-toxic and environmentally friendly procedures for synthesizing the nanoparticles. 
So the research turned to biological systems for inspiration. This is first ever report of microbially synthesis of 
bioactive nanoparticle from lichen biomass (mycobiont) through in vitro culture. After almost exhaustion of 
medium after 7-8 days nanoparticles were isolated from medium through various methods before being 
purified. We were used Bio nanoemulsion technology for in vitro bioactivity testing of formulated 
nanoparticles from lichen metabolites. Detail in vitro analysis of nanoparticles was carried out against human 
pathogenic fungi, Trichophyton rubrum, T. mentagrophytes, Epidermophyton floccosum, Microsporum 
gypseum, M. audouini, causing fungal infection in humans and animals.  Bioactive nanoemulsion was also 
found broad antifungal spectrum killing some other fungi, Candida albicans, Aspergillus flavus, Microsporum 
nanum. For clinical investigation, we have formulated bioactive nanoemulsion, before specific analysis. 
Bioactive nanoemulsion was found to be stable upto two year, during this period no agglutination was observed 
as specific natural surface protectant was added. Nanoemulsion was found to be extremely safe and effective 
for controlling dermatophytoses during in vivo investigation. Thus, our study will definitely provide an 
effective natural nanomedicine (bio-nanoantifungal) active against dermatophytoses; in near future after 
successful clinical trial, which is our next step. So, in this way we can exploit the lichen biomass (mycobionts) 
as nanofactories for the production of raw material for nanodrugs. 
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Plasma Coating of Nanoparticles and Nanotubes 
 
Donglu Shi, Tony He, Wim Van Ooij 
Dept of Chemical and Materials Engineering, University of CincinnatiCincinnati, USA 
Tel 513 556 3100Fax 513 556 1004Email shid@email.uc.edu 
 
Ultrathin polymer films have been deposited on both single- and multi-wall carbon nanotubes using a plasma 
polymerization treatment.  HRTEM experiments showed that an extremely thin film of the pyrrole layer (2-7 
nm) was uniformly deposited on the surfaces of the nanotubes including inner wall surfaces of the multi-wall 
nanotubes.  Time-of-Flight Secondary ion mass spectroscopy (TOFSIMS) experiments confirmed the 
nanosurface deposition of polymer thin films on the nanotubes. The deposition mechanisms and the effects of 
plasma treatment parameters are discussed.  
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Studies On Reactive Sintering Behavior  Of Milled Nano Mo/Si3N4 Powder Mixture 
 
 
Sheela Singh1, M. M. Godkhindi1, R.V. Krishnarao2, B.S. Murthy1 and P.G Mukunda1 
1Department of Metallurgical and Materials Engineering, Indian Institute of Technology, INDIA 
Email          : sheela@metal.iitkgp.ernet.in, Phone          : 91-03222-283264, Fax            : 03222-82280 
2Defence Metallurgical Research Laboratory, INDIA 
 
Si3N4 - MoSi2 composites are commercially fabricated by hot pressing or hot isostatic pressing of powders of 
molybdenum  disilicide and silicon nitride. In the present investigation attempts are made to fabricate Si3N4 - 
MoSi2   in situ composites by reactive sintering of milled nano Mo and Si3N4 powder mixtures. The 
Molybdenum and silicon nitride powders in the molar ratio of 1:3 were milled with a WC grinding media in 
toluene having a charge ratio of 15:1, for different length of time up to 104 hours. The milled powder was 
characterized by XRD, TEM, SEM, EDS, DTA, and IR spectroscopy. The present investigation indicates that 
up to even 104 hours of milling does not lead to the formation of MoSi2 phase. Size of molybdenum was found 
to be below 10nm after 40 hours and converted to amorphous phase after 70 hours of milling. SEM v EDS spot 
analysis of samples showed the presence of WC contamination as high as 10%. IR spectroscopy showed the 
presence of Si3N4 bond only. DTA analysis of milled samples in argon shows the presence two peaks at 440oC 
and 670oC.  The milled sample was subjected to pyrolysis in the temperatures range of 1000-14000C both in 
commercial argon and vacuum. The percentage of MgO as the sintering aid for Si3N4 was varied from 5 to 10 
wt%. The sintering studies of samples after different hours of milling were carried out as a function of milling 
period, contamination, heating rate, temperature, holding time, amount of densification aid, reaction 
temperature, size of MoSi2 and Si3N4 phases formed. For short dwell time Mo5Si3 formed as major phase 
after reaction in the temperature range of 1400-1600oC. Large dwell time was required to form the ultimate 
silicide phase MoSi2. It is interesting to note that reaction temperature of both nano and micron size powder is 
1400C.During reaction sintering of nano size powder, MoSi2 and Si3N4 phases were obtained but in case of 
micron size powder presence of Mo5Si3 was also observed. SEM analysis of reacted samples after every 10 
hours of milling up to 104 hours shows uniform distribution of MoSi2 and Si3N4. The reacted samples of 
higher hour of milling also shows the presence of SiC phase. The glassy phase of magnesium silicate was 
obtained around the grain boundary after sintering. 
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Nanostructured Conjugated Polymeric Systems for Photovoltaic Applications  
 
C.Akbair, F.Bulut, T.Farrell, R.Güntner, A.P.Kam, P.Miclea, U.Scherf,J.Seekamp, V.G.Solovyev, 
C.M.Sotomayor  
TorresUniversity of Wuppertal, Gauss-Strasse 20, 42097 Wuppertal, Germany (Phone: 049 202 439 3357; 
FAX: 0049 202 439 3037;E-mail adresses: akbahir@uni-wuppertal.de, bulut@uni-wuppertal.de, farrell@uni-
wuppertal.de, guentner@uni-wuppertal.de, kam@uni-wuppertal.de,miclea@uni-wuppertal.de, scherf@uni-
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T.Kietzke  
D.NeherUniversity of Potsdam, Am Neuen Palais 10, D-14469 Potsdam, Germany(Phone: 049 331 977 1265; 
FAX: 0049 331 977 1290;E-mail adresses:kietzke@rz.uni-potsdam.de, neher@rz.uni-potsdam.de) 
 
Of crucial importance to the fabrication of polymeric based solar cells is the requirement of a bicontinuous 
partition of the donor and acceptor phases to allow effective charge separation and transport to the electrodes. 
Block copolymers are extremely attractive as candidates for photovoltaic applications as they phase separate in 
the 50-200 nm scale and allow the possibility of fine tuning the donor acceptor energy levels.We used two 
techniques based on nanoimprint lithography for phase alignment in a block copolymer blend 
polyfluorene/polyaniline (PF/PANI), polyfluorene being the donor and polyaniline - the acceptor phase. In the 
first technique, metallic nanostructures induce a phase separation in the polymer layer, whereas in the second 
technique, the PF/PANI is directly patterned with a stamp. The electrical and photoelectrical properties of the 
polymeric systems were studied and the phase alignment was characterized by AFM. 
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LIPOSOME STABILITY VERIFICATION BY ATOMIC FORCE MICROSCOPY 
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The observation of liposomes made up of phospholipides by atomic force microscopy has enabled direct 
visualization of their structure. Liposome/substrate interaction forces were modified by using various surface 
treatment processes. The images of liposomes supported on mica in air display multiple and single vesicles and 
also flat bilayers. Molecularly resolved force versus distance curves of the liposomes supported on silanized 
mica in water display the organization of hydrocarbon chains and corroborate the presence of distinct adsorbed 
structures. The liposomes respond elastically to small stress but undergo plastic deformation when stresses are 
severe. The rupture force necessary to perforate the top bilayer of the lipossome is ~0.1 nN and the one 
corresponding to the adsorbed bilayer on the mica is ~0.35 nN. Multiple vesicle liposomes adsorbed on mica 
and observed within liquids and air show the same average diameter as the ones measured by photon 
correlation spectroscopy, indicating that their size was unchanged during the drying process. The as prepared 
liposomes are formed by smaller vesicles that aggregate to give the ~200 nm diameter vesicles.  
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Progress in the MBE Growth of GaN and its Alloys 
 
James S. Speck 
Materials Department, University of California, Tel: (805) 893-8005, Fax: (805) 893-8983, e-mail:  
speck@mrl.ucsb.edu 
 
Throughout much of the 1990s, state-of-the-art MOCVD-grown GaN materials and devices were markedly 
better than those grown by MBE.  At the time, this was attributed to the relatively low growth temperature of 
MBE for nitrides (~600 – 800?C) in comparison with MOCVD (1000 – 1100?C) and the immaturity of the 
nitrogen sources for MBE.  In this talk, we review the Santa Barbara work on MBE of GaN and demonstrate 
the viability of the technique and current challenges and opportunities. 
Currently, the nitride MBE growth is carried out in a dedicated arsenic-free system with recent generation rf 
plasma nitrogen sources.  To avoid issues associated with nucleation on a chemically dissimilar, lattice 
mismatched substrate (e.g., sapphire), MBE growths are commonly carried out on MOCVD GaN/sapphire 
‘templates’.  The microstructure, morphology, and physical properties critically depend on V/III ratio and 
substrate temperature.  Threading dislocations, from the underlying MOCVD layer, play a critical role in the 
morphology evolution.  There is a strong interplay between V/III ratio and dislocation-mediated morphologies.  
Optimal growth conditions are achieved for group III-rich (metal-rich) conditions with complete coverage of a 
metal ‘wetting layer’ on the surface.  In the case of GaN growth, a stable Ga bilayer exists on the surface.  The 
metal-rich growth leads to challenges in minimizing Ga condensation on the substrate surface.  By careful flux 
control, we have now achieved record mobilities both for two-dimensional electron gases (2DEGs) in the 
AlGaN/GaN system and bulk n-type GaN. 
The nature and control of the metal wetting layer remains a focus of much of our work.  We present recent 
work on the growth of InGaN, GaN quantum dots, and AlN on SiC.  In the case of InGaN, Ga will incorporate 
into the growing crystal in preference to In, thus the growths are carried out under an In wetting layer.  The 
nature of the In wetting layer facilities dramatically increased impurity incorporation into the alloy (or GaN) in 
comparison with a Ga wetting layer.  Control of the nature and evolution of the metal wetting layer is essential 
for the growth of GaN quantum dots on relaxed AlN layers.  The GaN QDs form during growth interrupts that 
allow evaporation of the metal wetting layer.  For the case of AlN growth, we present recent results on growth 
under Ga and Al wetting layers. 
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STUDIES OF SORPTION PROPERTIES, TOTAL HETEROGENEITY AND FRACTAL 
DIMENSIONS OF CARBON NANOTUBES 
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Carbon nanotubes are used in many branches of science, industry and technology as e.g. novel 
components of mechanically strong composites. Adsorption and heterogeneous properties, in particular the 
fractal dimensions, are necessary for understanding unique physicochemical properties of nanotubes, e.g. 
surface layers, porosity, semiconducting or metallic behaviour depending on their geometrical parameters and 
structure. The calculation of the fractal dimensions may be obtained from measurements of adsorption, 
sorptometry, mercury porosimetry, scanning electron microscopy, small-angle X-ray scattering and nuclear 
magnetic relaxation methods. Sophisticated measuring techniques and disturbances e.g. by multilayer 
condensation complicate the necessary investigations. So far, only few studies of those items are available. 
For that reason, in this paper possibilities to study physicochemical properties of nanotubes by means of 
thermal analysis and sorptometry techniques are discussed. We examined carbon nanotube samples which were 
grown in a horizontal quartz tube reactor placed in a furnace by reaction technique using xylene-ferrocene 
mixture. Thickness of the adsorbed liquid layers on the surface can be assessed by means of immersion of the 
solid samples. Adsorption of non-polar (benzene and n-octane) and polar (water and n-butanol) liquid layers 
were measured using the Derivatograph Q-1500 D (MOM, Hungary). The Q-TG mass loss and Q-DTG 
differential mass loss curves were measured under the quasi-isothermal conditions in the temperature range 20-
250 oC at a heating rate of 6 o/min. Porosity properties e.g. specific surface areas, pore size distribution and pore 
volume were calculated from low-temperature nitrogen adsorption-desorption isotherms measured by means of 
the Sorptomat ASAP 2405 V1.01 (Micrometrics Co., USA). 
A numerical and analytical procedure for the evaluation of total heterogeneity properties (desorption energy 
distribution and pore-size distribution functions) using sorptometry and thermodesorption of liquids from 
nanotube surfaces under the quasi-equilibrium conditions is presented. We also discussed special applications 
of thermal analysis for investigation of adsorbed liquid layers and surface porosity parameters used for the 
quantitative characterisation of the total (energetic and structural) heterogeneities of nanotubes. The new 
method for determination of the fractal dimension of nanotube surfaces using Q-TG technique is presented and 
discussed. It is in good agreement with results from low-temperature adsorption-desorption isotherms. The 
presented results show that above method for determination of the fractal dimensions on the basis data 
thermodesorption of liquids in quasi-isothermal conditions is reliable, simple and practicable. 
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Nonlinear optical properties of Cu nanoparticles synthesized in silica by ion implantation 
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Metal nanoparticles contained in the dielectric matrixes are of great interest due to their possible application in 
the different fields of nonlinear optics (optical limiting, optical switching etc). The considerable interest to such 
composites was recently focused on investigation of their properties at the wavelengths corresponded to the 
surface plasmon resonance of metal nanoparticles. These investigations covered almost all visible spectrum 
range, but in practice there is a problem to develop composite materials which are suitable for operation at the 
specific IR wavelengths of the industrial lasers.This report results of nonlinear optical study of Cu nanoparticles 
implanted in glass matrixes applying the Z-scan method at the wavelength of Nd:YAG laser radiation (1064 
nm, 35 ps). As basis dielectric substrates containing nanoparticles soda-lime silicate glass and silica were used. 
The thickness of all composite layers used was 0,4 mm. The Z-scan scheme with an open and closed aperture 
allowed to determined nonlinear refractive indices, third order nonlinear susceptibilities and nonlinear 
absorption coefficients of the synthesized materials. The effect of nonlinear absorption was detected in present 
samples. It was observed for the first time to my knowledge, that a two-photon absorption may be connected to 
the surface plasmon resonance of Cu nanoparticles. The two-photon absorption coefficients were determined to 
be 1,08 x 10-6 and 4,1 x 10-7 cm W-1 for Cu in soda-lime glass and silica, respectively.  
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Computational studies of SWCNTs capped by hemispheres of C60 fullerene, based on semi-empirical 
methods 
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The computations were performed with the AM1, PM3, MNDO, and MINDO/3 semi-empirical quantum-
chemical methods. Optimized bond distances, effective charge values, total energy, heats of formation and 
core-core interactions were calculated for zig-zag type SWCNTs with maximum stoichiometry C240 and for 
arm-chair type SWCNTs with maximum stoichiometry C160.  For C60 and C70 fullerenes, STO-3G ab-initio 
calculations were additionally performed, allowing us to compare all the computed results with the 
experimental ones.  On the basis of optimized geometries of the SWCNTs presented here, singlet electronic 
states were calculated. 
 
 
 
 



 153

 
Comparative Study of Different Methods of CNT CVD Deposition by OES 
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Comparison of the carbon nanotubes (CNT) deposition conditions in different chemical vapor deposition 
(CVD) methods (such as microwave plasma assisted CVD and direct-current discharge CVD), using the optical 
emission spectroscopy (OES) of plasma was performed. The significant difference in the OES spectra under 
similar deposition conditions (working gas mixture, gas pressure, substrate temperature, substrate nucleation 
method and so on) was found. The distinction in the relative intensities of the spectral lines of the C2, CH and 
H? in different methods was studied. Effect of pulse mode plasma excitation [1] in both methods was also 
considered. Features of plasma assisted and plasma-free (hot-filament CVD and thermal decomposition CVD) 
deposition methods were discussed. 
 
[1]. Y.A. Mankelevich, A.T. Rakhimov, N.V. Suetin, S.V. Kostyuk, Diam. and Relat. Mat., 5 (1996) 964-967 
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Atomic ordering, nanocrystal nucleation and grain size effects in soft-magnetic rapidly quenched systems 
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Metallic alloy systems with outstanding properties exploit advantageously the enhancement of properties and of 
special phenomena through decreasing the size of structural units present in the matter. An exemplary case of 
such systems are nanocrystalline alloys obtained by crystallization from amorphous rapidly quenched state; the 
size of crystalline grains is typically few nanometers or few tens of nanometers. The influence of nanocrystal 
dimensions and their overall volume content on thermodynamic parameters, e. g. heat capacity, thermal 
conductivity or diffusion coefficient and different physical properties is well known. Further effects are related 
to the amount of interfaces between nanocrystals and the surrounding (usually amorphous) matrix, i. e. 
nanocrystal surface-to-volume ratio. Another factor worth of consideration is the size distribution of 
nanocrystals. An ideal case would be represented by a monodisperse system containing nanocrystals of one size 
only, providing thus a convenient model system for physical investigations of size-property relationships and 
property enhancement. In real systems obtained by rapid quenching of the melt, however, the nanocrystal size 
distribution is given by a complex  interplay of the processes of nucleation and grain growth from disordered 
amorphous or undercooled state with local atomic ordering on the scale of nanometers. It will be shown that the 
type of this ordering in amorphous state is crucial for stability, phase selection and micromechanisms of 
formation of crystalline phases. 
We shall demonstrate the impact of different types of nucleation regimes on the process of transformation from 
amorphous to nanocrystalline state and on the grain size distribution in these systems. Fundamental knowledge 
of thermodynamics of nucleation and growth processes will be shown to provide a method for control of grain 
size distribution by suitable time-temperature regime of the transformation. Application of this approach will be 
presented on selected iron and cobalt based systems with excellent soft magnetic properties as well as on 
systems prepared by computer simulation. Establishment of convenient size distributions of nanocrystalline 
grains via a specific time-temperature treatment derived from information on transition thermodynamics will be 
correlated with enhancement of magnetic properties in these systems. 
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Sintering and grain growth in bulk oxidic ceramics 
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A relation between particle size and structure of bulk nanoceramics based on alumina or zirconia was studied. 
The main attention was devoted to the relations between sintering conditions and grain growth.It was 
established, among others, that in dependence on the technology of preparation the grain size in bulk ceramics 
was as much as one order larger than the grain size of the initial ceramic powder. Also studied was the 
influence of ceramic powder particle agglomeration on the final structure of bulk product. 
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Electrochemical Properties of the Multi Wall Carbon Nanotube Electrode for Secondary Lithium-ion 
Battery 
 
Hsiang-Ming Hsoeh, Nyan-Hwa Tai, Chi-Yuan Lee 
National Tsing-Hua University, Taiwan 
Phone: Inter. + 886 + 35742568, Fax : Inter + 886 + 35737406, e-mail:nhtai@mse.nthu.edu.tw 
 
In this study, multi wall carbon nanotubes (MWNTs) were synthesis by the chemical vapor deposition (CVD) 
process, various chemical compounds such as benzene, xylene, cyclohexane, and n-hexane were used for 
carbon precursor, and ferrocene and thiophene were adopted as catalyst and promoter, respectively. Various 
microstructures of the MWNTs were obtained. Microstructure of the as grown MWNTs was examined by 
Raman, HRTEM and FESEM.  The MWNTs then mixed with commercial carbon powder were adopted as the 
electrode of the secondary-ion battery. Cone type half-cell secondary-ion battery was fabricated, and the 
electrochemical properties of the cell were measured. The influences of the MWNTs synthesized by different 
precursors and the amount of MWNTs introduced in the electrode on the electrochemical property will be 
investigated. 
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Magnetofection:  A novel method to enhance retroviral vector gene transduction with magnetic 
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[3]Department of Medicine, Loma Linda University, and Musculoskeketak Disease Center, Loma Linda VA 
Medical Center, USA   
 
Magnetofection is a term to describe an enhancement of gene transfer by magnetic nanoparticle. In this 
technique, magnetic nanoparticles are first combined with a coating material, which is biologically compatible 
with retroviral vectors and targeted cells.  Then, the coated magnetic nanoparticles are mixed with viral vectors. 
During the viral transduction, a magnetic field will apply to the vector and targeted cells. The magnetic field 
can bring the vector to the targeted cells and significantly increase the viral concentration at the targeted site. 
Subsequently, it could increase the transduction efficiency. We synthesized magnetic nanoparticles of gamma 
ferric oxide, Fe2O3, through a high-yield reduction-oxidation lyothermal method at high temperature under 
argon gas.  Iron pentacarbonyl precursors were reduced to from iron nanoparticles and subsequently oxidized 
by trimethylamine.  We observed a narrow distribution of particle size, 4+/-0.8 nm by high-resolution 
transmission electron microscopy (HRTEM) analysis.  Followed the synthesis of magnetic nanoparticles, we 
coated the particles with polyethyleneimine (PEI) via sonication. The size of PEI coated particles were between 
100 to 200 nm as determined by HRTEM.  Finally, we combined the PEI coated particles with Moloney 
leukemia virus based retroviral vector to form a retroviral vector with magnetic nanoparticles. The correlation 
of physical properties and biological activities of magnetic nanoparticle coated retroviral vectors will be 
presented.  
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Colloidal bimetallic nanoparticles were made from solutions containing two kinds of noble metal ions by 
ultrasound irradiation (200kHz, 4.2W/cm^2^), which is a novel technique to prepare nanostructured metal 
materials being applicable to various industrial fields. In this study, argon-saturated aqueous solutions including 
Au^3+^/Pd^2+^ and Au^3+^/pt^4+^ ions were sonochemically reduced in the presence of surfactants (SDS or 
PEG-MS). The obtained nanoparticles were examined by UV-vis spectra, XRD, TEM, HRTEM, EDX and 
^197^Au Moessbauer spectroscopy. It was found that the prepared nanoparticles assumed three-types of 
morphologies which were a core-shell structure, a random alloy structure and a mixture of monometallic 
nanoparticles with changing additives of the surfactants. The ^197^Au Moessbauer spectroscopy clearly 
indicated different electronic structures of Au atoms of the alloy nanoparticles from the bulk, which accounted 
for a specific character of the nanoparticles. 
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Mechanical properties of ZrO2-Al2O3 nanostructured PVD coatings evaluated by nanoindentation 
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2 Institute for Superhard Materials, Department No.11, 2 Avtozavodskaya St., Kiev, 04074 Ukraine 
 
ZrO2-Al2O3 thin nanostructured coatings and stabilised ZrO2-Y2O3 coatings have been deposited by 
magnetron sputtering in rotating mode with two metallic targets in order to stabilise at room temperature the 
high temperature phases of zirconia.The structural studies were made by X-Ray Diffraction (XRD) and for 
coatings with a content of 2wt% of Al2O3 the tetragonal phase can- t be stabilised. Scanning Electron 
Microscopy (SEM) and Atomic Force Microscopy (AFM) were used to characterise the coatings morphology 
and microstructure.The mechanical behavior of ZrO2-Al2O3 thin films under point loading conditions was 
studied by nanoindentation using Berkovich indenter with 130 nm tip radius. Low load tests were used to study 
the effect of the deposition parameters on the hardness and elastic modulus of coatings. High peak load tests 
were used to estimate the film adhesion to steel substrates. The hardness of the films reaches 15.3 GPa for a 
ZrO2-Al2O3 nanostructured coating with higher thickness bilayer period. No delamination of the films from 
substrate was observed for 120 mN peak load.The residual stresses were also determined using the Stoney 
equation and the highest compressive residual stress found was about -3 GPa for the sample that has the highest 
hardness.  
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Design of PVD ceramic coatings using nanostructure concept 
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Advanced nanocomposite and multilayered ceramic coatings are commonly used as mechanical, protective, 
decorative and optical coatings in several industrial applications. The functionality and reliability of functional 
coated components are strongly related to the thermo-mechanical and physical properties as well residual 
stresses in the thin films and coatings. Nanostructures concepts and nanoscaled coating architecture would be a 
unique way of tailoring novel coating properties. As the grain size decreases to the nanometer range, there is a 
significant increase in the volume fraction of grain boundaries or interfaces. A nanostructured crystalline 
material is one in which the spacing between lattice defects approaches inter-atomic distances. These 
characteristics strongly influence the chemical and physical properties of the material. Physical Vapor 
Deposition (PVD) techniques, in particular reactive magnetron sputtering are suitable technologies to deposit 
multilayered coatings using nanostructured approaches (the coating is composed of several bilayers with 
individual thicknesses of a few nanometers). The paper will discuss a brief overview of nanolayers concepts 
and nanoscaled coating architecture, properties of ceramic coatings, structural stability study of zirconia 
coatings, properties of solar selective layers and graded approach for achieving high spectral selectivity. Some 
examples will be discussed in this contribution, namely ZrO2-based nanostructured coatings, Ti-TiNyOx and 
Cr-Cr2O3 nano-graded thin films used in energy systems. These films were deposited by DC reactive 
magnetron sputtering technique.Zirconia-Alumina (ZrO2/Al2O3) nanolayered thin coatings are a new method 
to stabilize the zirconia high temperature tetragonal phase at room temperature. ZrO2/Al2O3 transformation-
toughening nanolaminates were prepared by reactive magnetron sputtering. In this contribution we study the 
structural properties of ZrO2/Al2O3 nanolayered coatings.Ti-TiNyOx and Cr-Cr2O3 films deposited as graded 
nanolayers  
present good, durable and reproducible selective solar absorber surfaces, for high efficiency photothermal 
conversion.. The films were prepared  with a decreased gradient of metal concentration, from the substrate to 
the surface. For films based on Chromium, the optimum film selectivity achieved was a solar absorptance of 
94% and a thermal emitance oh 6%, at 82 degrees. For Titanium based films, the best selectivity achieved was 
a solar absorptance of 91% and a thermal emitance of 4%.The microstructure and thickness of the produced 
coatings were studied by scanning electron microscopy (SEM). The surface microtopography was analysed by 
atomic force microscopy (A.F.M.). The X-ray diffraction measurements were used to characterize the film 
crystallographic structure and to study the influence of nanolayer thicknesses on the phase stabilization. 
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ZrO2-Al2O3 thin nanostructured coatings and stabilised ZrO2-Y2O3 coatings have been deposited by magnetron 
sputtering in rotating mode with two metallic targets in order to stabilise at room temperature the high 
temperature phases of zirconia. 
The structural studies were made by X-Ray Diffraction (XRD) and for coatings with a content of 2wt% of 
Al2O3 the tetragonal phase can’t be stabilised. Scanning Electron Microscopy (SEM) and Atomic Force 
Microscopy (AFM) were used to characterise the coatings morphology and microstructure. 
The mechanical behavior of ZrO2-Al2O3 thin films under point loading conditions was studied by 
nanoindentation using Berkovich indenter with 130 nm tip radius. Low load tests were used to study the effect 
of the deposition parameters on the hardness and elastic modulus of coatings. High peak load tests were used to 
estimate the film adhesion to steel substrates.  
The hardness of the films reaches 15.3 GPa for a ZrO2-Al2O3 nanostructured coating with higher thickness 
bilayer period. No delamination of the films from substrate was observed for 120 mN peak load. 
The residual stresses were also determined using the Stoney equation and the highest compressive residual 
stress found was about -3 GPa for the sample that has the highest hardness.  
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In recent years, much attention has been paid to synthesize and investigate nanoparticles, because of wide range 
of their potential applications. Magnetic nanoparticles have special characteristic of exhibiting single-domain 
magnetism and can be used in magnetic tapes, ferrofluid, magnetic refrigerants, etc. In this study, we 
synthesized iron nanoparticles by CVC process using iron pentcarbonyl as a precursor under Ar or He 
atmosphere. The spherical nanoparticles of the mean diameter of 6-25nm comprise of the metal core and oxide 
shell. Average particle size increases and size distribution becomes wider and more asymmetric with increasing 
the decomposition temperature of precursor. Particles produced by CVC have larger size if argon as carrier gas 
was used. The measured values of lattice constant for as-prepared nanoparticles are larger than that of pure iron 
and increase with decreasing particle size. Such dependence of lattice constant on average particle size can be 
explained by the epitaxial growth of oxide shells with a lattice misfit of about 3%, which leads to compressive 
stresses induced in oxide shell and tensile stresses in metallic core, and causes increasing lattice constant in 
oxide-coated nanoparticles. To achieve a slow growth of oxide shells, the low temperature heat treatment was 
carried out in a flow atmosphere of argon contained about 0.0001 vol.% of oxygen. During low temperature 
heat treatment of iron nanoparticles the drastic decreasing of lattice constant of iron and the increasing 
saturation magnetization of nanoparticles are observed. The main reasons for those phenomena are the 
formation of defect structure in the oxide-metal phase interface by oxide film growth, and relaxation of internal 
stresses. So, the low-temperature heat treatment can be the way to improve magnetic properties of oxide-coated 
iron nanoparticles. 
 



 163

 
 
Research on Nanosciences and Nanotechnologies within the European Union’s 6th Framework 
Programme 
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European Commission, MO75 6-1, 1049 Brussels, Belgium 
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The European Union's 6th Framework Programme for Research and Technological Development (FP6) gives 
particular emphasis to exploring the “nano-world”. The FP6 area “Nanotechnologies and nanosciences, 
knowledge-based multifunctional materials and new production processes and devices” will host most of the 
research, that however may well be carried out also within other FP6 funding chapters in view of the multi-
disciplinarity required, the great potential and the many challenges. Funding will be allocated through open 
calls for proposals, announced also on the web. 
 
Support to “nano-research” was already granted in previous framework programmes, but with much less 
intensity. In the 4th Framework Programme (1994-1998), some 80 projects involving nanotechnology were 
funded.  With the 5th Framework Programme, (1998-2002) the estimated funding level was about 45 Mˆ/year 
and the European Commission counts today a significant portfolio of nanoscience and nanotechnology projects. 
This overall project portfolio is very wide in scope, encompassing for example nano-electronic devices, giant 
magneto-resistance, carbon nanotubes, bio-sensors, molecular diagnostics, nano-composite materials, atomic 
force microscopes, etc. 
 
The importance of the command at the nano-scale has meanwhile raised and its great potential is more and 
more evident. A twofold transition is aimed at: a knowledge-based society and a sustainable development. New 
paradigms of production and new concepts of product-services are demanded. There is a need to move from 
resource-based approaches towards more knowledge-based ones, from quantity to quality, and from mass 
produced single-use products to higher added value, eco-efficient and customer-oriented products, processes 
and services. Nanotechnology is a very powerful tool for these purposes. 
 
Long-term, ambitious research is needed. Universities as well as research centres are called to play a new, often 
leading role in collaboration with industries. In particular, there is a strong demand for further helping small 
and medium enterprises to implement new technologies throughout the value-chain. 
 
Integrated research activities with structuring and longer-lasting effects are key factors to support 
transformation of the European industry in order to cope with the Union’s objectives such as those formulated 
in Lisbon, Goteborg and Barcelona, and in view of the accession of the Candidate Countries in the European 
Union. 
 
This text does not represent any commitment on behalf of the European Commission. Please refer to official 
documents. See, e.g.: http://www.cordis.lu/fp6; http://europa.eu.int/comm/research/fp6/index_en.html; 
http://www.cordis.lu/nanotechnology 
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Assembly & Engineering  of Nano-Particles for  Functional Nanocomposites  
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Nanoparticles are most common building blocks in several applications of Nanotechnology. Beside, the 
enormous increase of their surface area, the high surface to volume ratio of the nanoparticles results in 
extraordinary high reactivity, and unusual physical properties (optical, magnetic, etc.). Several types of nano-
structures (nanoparticles, nano-wires and nano-rods) can be fabricated. Dispersed nanoparticles are used in 
several important applications, e.g., catalysis, biomedical applications, nanocoatings and nanocomposites. 
Nanostructured materials, prepared by consolidating nanoparticles with a very high density of grain boundary, 
have shown to have dramatically improved mechanical and physical properties. More recently, other nano 
particulates (nanowires, nano-rods, and nano-tubes) have been synthesized. First generations nanoparticles 
consisted of mostly spherical morphology with complex yet often homogeneous composition and structure. 
Next generation nanoparticles with distinct core-shell structure can be fabricated with different core and shell 
composition, e.g., metallic core and oxide shell or the reverse. The selection of the composition and structure of 
the shell layer allows different chemistries to be conducted at the surfaces, e.g., inducing biocompatibility, 
enhanced electrical conductivity, or chemical reactivity. Template assisted synthesis allows the engineering and 
fabrication of several types of nano-structures.  Different nano structures can be used for the fabrication of high 
hierarchical structures through self-assembly. These structures can be made of composites with controlled 
composition. Careful control of the chemistries at the surfaces of the particles and substrate makes it possible to 
achieve a spontaneous self-positional organization of the particles on the substrate to form stable 2D and 3D 
structures and nanocomposites. A short presentation of some recent results from our studies on these systems 
will be given. Examples include PMMA nanonocomposites for radar absorption, magnetic nanoparticles for 
biomedical applications, nanocomposite light structural applications, advanced nanoceramic coatings for 
deformation, damage and environmental resistance. 
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Multilayers of Gold Nanoclusters (GNCs), which were covered with self-assembled Monolayers of functional 
alkylthiols, were constructed on various substrates including gold and ITO by wet processes. Several 
techniques were employed for the multilayer construction. For example, gold nanoclusters covered with the 
SAM of carboxylate group can be deposited by utilizing electrostatic interaction with cationic polymer. Optical 
and electrochemical properties of these multilayers were investigated. The multilayers of the GNCs covered 
with SAM of ferrocene group, which is a one electron redox species, showed all the ferrocene groups within the 
multilayer were electroactive, showing electrons are transferred through GNC core. Possible application of this 
system will be described. 
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After one decade of extensive investigation carbon nanotubes and the nano- and micro-structures tailored from 
them still remain one of the most interesting and challenging structures in nanotechnology. This fact is a 
consequence of the lack of full knowledge of the physical and chemical properties of these systems, and the 
lack of well-defined macroscale samples.In this talk I will talk about our efforts and results on directed 
assembly of multiwalled carbon nanotubes on planar substrates into highly organized structures that include 
vertically and horizontally oriented arrays, ordered fibers and porous membranes. The concept of growing such 
architectures is based on growth selectivity on certain surfaces compared to others. Growth of nanotubes is 
achieved by chemical vapor deposition (CVD) using hydrocarbon precursors and vapor phase catalyst delivery. 
The new technique allows flexibility in building a large number of complex structures based on nanotube 
building units. I will also discuss various recent efforts of us in creating controllably specific nanotube 
structures for pores, junctions and other predefined shapes showing the feasibility towards some for the 
proposed applications.In the second part of the talk I will summarize our results on characterization of the 
transport properties of carbon nanotubes, namely electro-migration tests, potential mapping of horizontal and 
vertical nanotube interconnects, current (distribution) measurements on horizontal and vertical nanotube 
structures, heat conductivity measurements on bulk nanotube samples, and electronic noise characteristics. 
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Superhard and Functional Nanocomposites Formed by Self-Organization in comparison  
with Hardening of Coatings by Energetic Ion Bombardment During their Deposition. 
 
Stan Veprek 
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Since the publication of our generic concept for the design of novel superhard nanocomposites [1,2] the 
preparation and properties of a number of superhard and functional nanocomposites of a different composition 
were prepared and investigated. The nc-(Ti1-xAlx)N/a-Si3N4 nanocopmosite coatings for wear protection of 
machining tools for dry and fast cutting as well as the new coating technology needed for their large scale 
industrial production were successfully developed and introduced on the market [3]. A variety of hard 
functional nanocomposites with a low coefficient of friction were prepared and tested for various applications, 
such as lubricant-free bearings and others. I shall briefly summarize the present state-of-the art of this field on 
the basis of results published by several groups. 
 The second part of the talk will deal with the present status of our understanding of the formation of 
such thermally very stable (≥1100°C), hard and superhard nanostructures by self-organization as a result of 
thermodynamically driven spinodal phase segregation. I shall also discus the recent progress in the 
understanding of the extraordinary combination of their mechanical properties, such as high hardness of 40-100 
GPa combined with a high elastic recovery of 80-95 % and a high resistance against brittle failure by 
catastrophic crack initiation and propagation [4]. The tensile strength of the super- and ultrahard 
nanocomposites prepared in this way reaches 10-40 GPa, i. e. it is approaching the ideal cohesive strength of 
strong solids [6]. These properties can be relatively easily understood in terms of conventional fracture physics 
scaled down to crystallite size of few nanometers and accounting for the critical activation volume needed for 
the initiation of plastic deformation and structural transitions.  
 The last part of my talk will be devoted to the so called “nanocomposites” consisting of a hard 
transition metal nitride and a soft, ductile metal which does not form any stable nitride, e. g. ZrN/Ni, Cr2N/Ni, 
ZrN/Cu, TiN/Cu and many others [7]. It was shown recently [8] that the hardness enhancement in such coatings 
is due to the energetic ion bombardment during their deposition as found and reported for a number of ordinary 
hard coatings in the past (for the relevant references see [2,9]) and not to any nanostruture effect. This limits the 
stability of their hardness to 400-600°C although no recrystalization or other structural reconstructions are 
observed upon such annealing. 
 
[1] S. Veprek and S. Reiprich, Thin Solid Films 268(1995)64. 
[2] S. Veprek, J. Vac. Sci. Technol. A 17(1999)2401. 
[3] M. Jilek, P. Holubar, M. G. J. Veprek-Heijman and S. Veprek, MRS Fall Meeting, Boston,  
      2.-6. December 2002, Mater. Res. Soc. Symp. Proc. Vol. 750 (2003) in press. 
[4] S. Veprek and A. S. Argon, J. Vac. Sci. Technol. B 20(2002)650. 
[5] S. Veprek et al., J. Vac. Sci. Technol. (2003), submitted. 
[6] A. Kelly and N. H. Macmillan, Strong Solids, Clarendon Press, Oxford 1986. 
[7] J. Musil, Surf. Coat. Technol. 125 (2000) 322. 
[8] P. Karvankova et al., Surf. Coat. Technol. 146-147(2001)280. 
[9] S. Veprek et al., Mater. Res. Soc. Symp. Proc. 697(2002)27. 
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(3) Laboratoire deElectronique: Nanotechnologies, Universit Claude Bernard Lyon I, France 
 
HfO2 is a high index, low absorption material used in particular for coatings in the near UV to IR regions. 
Moreover, hafnium dioxide presents a high crystalline density (9.68) that makes it attractive for host lattice 
activated by rare earths for applications as scintillating materials [1]. Eu3+ doped HfO2 films are elaborated 
using sol gel process. Chemical and physical procedures are described to obtain low attenuation and nanothick 
waveguides. The chemical precursors are hafnium tetra-ethoxide and europium nitrate pentahydrate.The 
spectroscopic and optical properties of the films strongly depend on structure of the material. This presentation 
is devoted to the study of the nanostructural evolutions of the layers with annealing temperature and doping 
concentration. The nanostructural features are investigated mainly by waveguide Raman spectroscopy [2] and 
transmission electron microscopy. Waveguide Raman spectroscopy is also used to know the nanocrystalites 
size of films in the very low frequency range [2]. Optogeometric properties are investigated by m-lines 
microscopy. The results of luminescence studies are finally presented. [1] Van Eijk C W E, Nucl. Instrum. 
Methods A 460 (2001) 1-14.[2] Le Luyer-Urlacher C., Mugnier J., Recent Res. Devel. Raman Spectroscopy, 1 
(2002) 65-81. 
 
 
 
 



 169
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The objective of this program is to design, develop and characterize multi-functional composites reinforced 
with single wall carbon nanotubes. Carbon nanotubes are known for their intriguing mechanical, electrical and 
thermal properties. However, many researchers have tried directly mixing nanotubes in epoxy without much 
success in achieving the expected properties, due to weak interfacial bonding, difficulty in uniform dispersion, 
roping of nanotubes in epoxy.We take a different approach where nanotubes are processed to create 
buckypapers, which are then used as preforms in making composites. In addition, we have succeeded in 
aligning nanotubes in suspension under magnetic forces before the buckypaper is formed. The initial results are 
encouraging: 1) storage modulus has increased by 430%, and 2) buckypapers of aligned nanotubes showed a 
5:1 anisotropy ratio.In our presentation, we will discuss the processing steps of buckypapers and magnetic 
alignment of nanotubes. Potential applications will also be discussed. 
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We have developed a novel method for efficient gene delivery using amino-modified silica coated magnetic 
nanoparticles.The positively charged amino-modified silica caoted magnetic nanoparticles have been directly 
prepared using  the synchronous hydrolysis of tetraethoxysilane and N-(â-amimoethyl)-ã-
aminopropyltriethoxysilane in water-in-oil microemulsion after the synthesis of aqueous magnetic ferrofluid 
with the precipitation of the chloride mixture with the base. Plasmid DNA can be easily combined onto the 
positively charged nanoparticle surface to form Nanoparticles-plasmid DNA complexes.The combined plasmid 
DNA was effectively protected from enzymatic digestion of DNaseI. And the nanoparticles-plasmid DNA 
complexes can successfully cross various systemic barriers to COS-7 cells as well as mediate high expression 
of Green Fluorescence Protein (GFP) gene in cells by use of this new amino-modified silic coated magnetic 
nanoparticles as gene delivery. In comparison with the liposome gene carrier, it shows high transfection 
efficiency. It would provide a new technology and measure for gene expression, function research and gene 
therapy.  
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Carbon nanotubes (CNTs) have nanostructured size and large surface area that can provide excellent absorption 
behaviors to gases. In this study, adsorption properties of O2, N2 and Ar on HiPco Single-walled carbon 
nanotube bundles (SWCNTs) were investigated by using piezoelectric quartz crystal microbalance (PQCM) 
and temperature programmed desorption (TPD).  A SWCNTs-coated PQCM was used to measure the 
adsorption isotherms for these gases on SWCNTs at temperatures between 300 and 343 K.  From these 
adsorption isotherms, the isostetic heat of adsorption (qst) was determined and, from this quantity, the binding 
energy was obtained.  To reveal the adsorption activation energies (Ed) of these gases on SWCNTs, TPD tests 
were also conducted at heating rates between 10 oC /min to 30 oC /min from room temperature to 
500oC.Results of PQCM tests show that the binding energies of O2, N2 and Ar on SWCNTs obtained were 
155, 147 and 141meV, respectively, which are larger by approximately 41-52% on the SWCNTs samples than 
the values found for the same adsorbents on planar graphite.  TPD tests revealed that the larger heating rate, the 
higher temperature at which maximum desorption rate occurred. These temperatures of maximum desorption 
for all the tests are below 200 oC. In addition, according to the relation of these temperatures and heating rates, 
the value of Ed could be obtained. The Ed of O2, N2 and Ar on SWCNTs obtained are 209, 192, and 190meV, 
respectively. These values are very close to the qst obtained from PQCM tests, which are 210, 203, and 197 
meV for O2, N2 and Ar, respectively. This indicates the adsorption phenomenon of SWCNTs to these gases is 
categorized in physical adsorption.  
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Control of doping level in semiconducting nanowire/nanojunctions is highly demanded for nanoelectronic, 
photovoltaic, and thermoelectric device applications. One of candidate materials for the applications is boron-
silicon alloy due to its thermal and electrical properties, depending on doping level. It is highly conducting, has 
a high carrier mobility and high microhardness, and is readily oxidized to form a highly insulating compound 
without using acids or other exotic oxidizing agents. In a recent research, we have grown nanowire junctions of 
boron-silicon alloys in two different configurations. One is to fuse two nanowires together during their growth 
and the other, to evaporate SiOx beads on the nanowires placed nearby or cross each other. We will present a 
possible growth mechanism of these nanowire junctions and characterization of their physical properties using 
many techniques including SEM/EDS, XRD, TEM, SPM, and electrical transport measurement. 
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The relation of the magnetoresistance and magnetic frustration among ferromagnetic clusters in 
La(Mn_{1-x}Ni_{x})O_{3}  
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Colossal magnetoresistance (CMR) properties of La(Mn_{1-x}Ni_{x})O_{3} (0 < x < 0.1) is investigated. The 
partial replacement of Mn^{3+} by Ni^{2+} causes the conversion of Mn^{3+} to Mn^{4+}. However, the 
CMR effect of the manganites with excess oxygen decreases as the Ni amount is increased. The samples were 
prepared both in air and in oxygen atmosphere in order to change the Mn^{4+} ratio.  The concentration of 
Mn^{4+} was determined quantitatively by iodometric titration. We measured the temperature dependence of 
magnetization after cooling the sample in zero field (ZFC) or in the field (FC). According to the temperature 
dependence of coercive field and thermoremanant magnetization, a cluster glass like transition is presumed. We 
propose that the frustration of the interaction among ferromagnetic clusters introduced by substituting Ni for 
Mn causes the decrease and increase of the magnetoresistance. 
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Lattice Dyanmics of Silicon bulk and Nanowire   
 
Liu Yang 
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The lattice dynamics of Si bulk and nanowires is investigated using molecular dynamics simulations in a 
temperature range from 100K to 1000K. The simulations show that the surface scattering in nanowires causes 
the heat flux autocorrelation to decay dramatically faster compared to that of bulk, and thus significantly 
decreases the conductivity. The predicted thermal conductivity as a function of materials dimension and 
temperature is consistent with the experimental result. Interestingly, the simple thermal conductivity function 
derived from the classical gas kinetic theory holds for nanowires within the simulation framwork. That is, 
change in thermal conductivity with varied materials dimension can be attributed to change in the phonon 
collision relaxation time and the size effect remarkably overplays temperature effect while the phonon speed 
remains constant. 
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An investigation of local structure of alumina-zirconia solid solution via XAFS and HRTEM 
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According to the phase diagram of alumina-zirconia system, the largest solid solutibility of alumina in zirconia 
is lower than 7 mol % even if it is annealed at high-temperature. However, our previous research showed that 
alumina-zirconia solid solution containing 33 mol % alumina can be synthesized by laser ablation. In this 
paper, the effects of composition and particle size on local structure of alumina doped zirconia will be reported. 
XRD and TEM were employed to measure phase composition and particle morphology, HRTEM was used to 
obtain microstructural information and Zr-K edge XAFS spectra were used to obtain the information of local 
structure like coordination numbers and interatomic distances of Zr-O and Zr-Zr coordination pairs. 
 
 
 



 176

 
Highly Ordered Semiconductor Nanodot Arrays on Silicon using Ultra-thin Alumina Membranes as 
Masks 
Lei Yong(a)*, W.K. Chim(a and b), J.T.L. Thong(b) 
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 Highly ordered semiconductor nanodot arrays, such as cadmium sulphide (CdS) and cadmium selenide (CdSe), 
have been successfully fabricated on silicon  substrates with and without an overlying oxide layer. The nanodot 
arrays were prepared using ultra-thin porous alumina membranes as masks in the evaporation process. The size 
of the nanoparticles can be adjusted from about 10 nm to 200 nm while the spacing between adjacent particles 
can also be adjusted from several nanometers to about twice the size of the nanodots. The density of the 
nanodots can be varied from about 108 to 1011 cm-2. In addition to controlling the size and the density, the 
shape of the nanodots can also be freely adjusted by changing the aspect ratio (i.e., diameter of the pore versus 
the height of the pore) of the apertures of the ultra-thin alumina masks, and the amount of material deposited 
through the alumina masks. Semiconductor nanodisc arrays, nanohemisphere arrays, nanoellipsoid arrays, and 
nanopyramid arrays were successfully obtained. Photoluminescence and Raman measurements indicate good 
optical properties of the CdS and CdS nanodot arrays. Due to the high regularity of the nanodot arrays and good 
controllability of the sizes and shapes of the nanodots, the proposed approach can generally be applied for the 
fabrication of different nanoparticles with controllable shape, size and density. The effects of the shape and size 
on the optical properties of the CdS and CdSe nanodot arrays are currently under investigation. 
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Temperature effects on nucleation mechanisms of boron nanowires 
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Boron and boron-rich borides have numerous technological applications, particularly where a hard and light 
material is required. In addition, recent discovery of MgB2 superconductor is gearing up the miniaturization of 
boron. In order to scale down the material the nanowires should be synthesized in a controllable way. To date, 
however, it is not readily applicable to synthesize well-aligned single crystalline boron nanowires. A transition 
of nucleation mechanism in the formation of boron nanowires has been observed, as the processing temperature 
varied. A hybrid of the conventional vapor-liquid-solid (VLS) and oxide-assisted (OA) growth mode has been 
found at high temperatures in the synthesis of boron nanowires when a mixture of boron and boron oxide was 
used as a vapor source. On the other hand, OA nucleation mechanism was dominated at relatively low 
temperatures. The single-type boron nanowires were aligned normal to Si substrate at low temperatures, while 
the aligned bundle-type boron nanowires were formed at high temperatures. Interestingly, Au does not play a 
catalytic metal, but as a guiding post for aligning each boron nanowire at low temperatures. We report a 
transition of nucleation mechanism by systematic studies.  
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Effect of Work of Adhesion on Nanoindentation 
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Extended summaryBecause a large surface-to-volume ratio is a distinctive attribute of a microdynamical 
structure, adhesion in both microelectromechanical systems (MEMS) and nanoelectromechanical systems 
(NEMS) has caused great concerns in both scientific and industrial communities. Therefore, a different 
mechanics, which can be called micro/nano mechanics, is introduced, and micro/nano contact mechanics is one 
of the main components of this new field. Though continuum adhesion contact mechanics is comparatively 
clear, a systematic framework for micro/nano contact mechanics is still lacking. Surface effect is very important 
at micro/nano scales. As a result, it is of importance to consider the effect of work of adhesion between indenter 
and the tested material on nanoindentation test, since nanohardness is a basic material parameter for the design 
of MEMS or NEMS. It is noted that a systematic study is still lacking on the effect of work adhesion on 
nanoindentation test with other kinds of tip shapes (such as Berkovich, cube corner, etc.).This paper analyzes 
the influence of adhesion energy on the nanoindentation test, and also validates the importance of the adhesion 
energy through comparison of the JKR (Johnson, Kendall and Roberts), DMT (Derjaguin, Muller and Toporov) 
and MD (Maugis-Dugdale) models with the Hertz model. With a small applied load, the adhesion energy plays 
a key role in the contacts and is surely indispensable. The difference between the JKR and DMT models is also 
discussed and the essence of the difference is brought forward. It is showed that both the JKR and DMT models 
are the special cases of the MD model: actually, they are each the upper limit and lower limit of the MD model, 
respectively.  
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The electronic structure of nanostructures has almost universally addressed by the ? standard model¦  of 
effective-mass k&#61623;p envelope function approach.  While eminently successful for quantum wells, this 
model breaks down for small structures, in particular, for small dots and wires [1]-[2].  Until recently, it was 
impractical to test the ? standard model¦  against more general approaches that allow many-band (&#61511;-X-
L) coupling.  However, it is now possible, due to special tricks [3]-[4], to apply to all-band pseudopotential 
method to 103-106 atom nanostructures.  This shows (i) how the ? standard model¦  fails, for thin superlattices 
[2], (ii) how size effect lead to band gaps that differ from what is expected in effective-mass theory (5), (iii) that 
small dots of III-V materials have an indirect gap that converts to direct above a critical size (6), (iv) how the 
spectra of CdSe dots evolve from the bulk and how the spectra of dots of Si, GaAs, InP and CdSe compare with 
experiment, and how the use of pseudopotential wavefunctions leads to very different electron-hole coulomb 
and exchange energies relative to the ? standard model (7),¦  (vii) how theory predicts the charging spectra and 
fine-structure of self-assembled InAs/GaAs quantum dots (8).[1.] L.W. Wang, A.J. Williamson, A. Zunger, H. 
Jiang and J. Singh, ? Comparison of the k&#61623;p and Direct Diagnolization Approaches to the Electronic 
Structure of InAs/GaAs Quantum Dots,¦  App. Phys. Lett. 76, 339-341 (2000).[2.] Alex Zunger, ? On the 
Farsightedness (hyperopia) of the Standard k&#61623;p Model,¦  Phys. Stat. Solidi 190(a), 467-475 (2002).[3.] 
Alex Zunger, ? Pseudopotential Theory of Semiconductor Quantum-Dots,¦  Phys. Stat. Sol. 224, 727-734 
(2001).[4.] A. Zunger, ? Electronic Structure Theory of Semiconductor Quantum Dots,¦  MRS Bulletin Special 
Issue 23, 35 (1998).[5.] L.W. Wang and A. Zunger, ? High Energy Excitonic Transitions in CdSe Quantum 
Dots,¦  J. Phys. Chem. (Letter section) 102 6449 (1998).[6.] A. Franceschetti and A. Zunger, ? Quantum 
Confinement-induced &#915;&#61614;X transition in GaAs/GaAlAs quantum films, wires and dots,¦  Phys. 
Rev. B. 52, 14,664 (1995).  A. Franceschetti and A. Zunger, ? Free-standing vs. AlAs-embedded GaAs 
quantum dots, wires and films: the emergence of zero confinement state,¦  Appl. Phys. Lett. 68, 3455--3458 
(1996).[7.] A. Franceschetti and A. Zunger, ? Direct Pseudopotential Calculation of Exciton Coulomb and 
Exchange Energies in Semiconductor Quantum Dots,¦  Physical Review Letters 78, 915-918 (1997).  [8.] S.H. 
Wei, S.B. Zhang and A. Zunger, ? The effects of Ga addition to CuInSe2 on its electronic, structural and defect 
properties,¦  Appl. Phys. Lett. 72, 3199 (1998).  S.H. Wei, A. Zunger, I.H. Choi and P.Y. Yu, ? Trends in band 
gap pressure coefficients in chalcopyrite semiconductors,¦  Phys. Rev. B. Rapid Communications 58,  R1710 
(1998). 
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