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Welcome

The European Materials Research Society

2006 Fall Meeting

Warsaw University of Technology
Warsaw (Poland)
4th - 8th September, 2006

We are pleased to welcome delegates to the 2006 Fall Meeting of
the European Materials Research Society (E-MRS).This is the 5" B-
MRS Fall Meeting. The first E-MRS Fall Meeting hosted 2 sympo-
sia and about 200 participants. In 2006 there are 685 submitted con-
tributions, 10 symposia, plenary session, 5 associated events, and
about 800 participants from 60 countries . The success of the initiat-
ive has been possible due to good cooperation of the Organizers in
Warsaw with the E-MRS Headquarters in Strasburg, financial sup-
port from many sources (in particular from WUT and Polish Min-
istry of Science and Higher Education), very good work and engage-
ment of over 100 symposia chairpersons, as well as hard work of all
participants that presented oral and poster presentations. The E-MRS
Fall Meeting in Warsaw is now a strong point in the European Re-
search Area. It contributes to strong integration of researchers from
the whole Europe, and permits to follow the most important trends
in the development of materials science and engineering. Each year
new initiatives are undertaken to improve the meeting.This year the
meeting will be connected with Czochralski Award Ceremony. The
Conference Organizers and Committee hope that the E-MRS Fall
Meeting meets your expectations, provides enlightenment in your
subject area, enables you to make new contacts and, very import-
antly, proves to be a worthwhile and enjoyable experience from the
scientific and social viewpoint.

Organisers

Conference Organisers:

European Materials Research Society (****)
Polish Materials Science Society
Warsaw University of Technology (*)
Institute of Physics, Polish Academy of Sciences (**)
Institute of High Pressure Physics, Polish Academy of Sciences

(***)
The conference chairpersons:

K. Kurzydtowski (*)

M. Lewandowska (*)

W. Lojkowski (***)
A. Mycielski (¥*)
P. Siffert (****)

Conference Secretariate:

Agnieszka Rytel

Faculty of Materials Science and Engineering
Warsaw University of Technology

Wotoska 141 02-507 Warsaw, Poland
Phone/Fax: +48 22 660 87 94

e-mail: warsaw.fall@e-mrs.org

Local Organizing Committee:

» J.R. Blizzard (4)

* H. Garbacz (1)

* R. Pielaszek (3)

* A.Rytel (1)

» A. Szadkowski (2)

(1) Warsaw University of Technology

(2) Institute of Physics, Polish Academy of Sciences

(3) Institute of High Pressure Physics, Polish Academy of Sciences
(4) European Materials Research Society, E-MRS

E-MRS European Co-ordination Group:

e J. P. Massué E-MRS President
« P. Siffert E-MRS General Secretary
¢ A. Slaoui E-MRS Vice-President

E-MRS Headquarters

BP 20 67037 Strasbourg, Cedex 2, France
Phone: +33 3 88 10 63 72

Fax: +33 3 88 10 63 43

E-mail: emrs@emrs.c-strasbourg.fr

Hotel accommodation & tourism programme :

Dorota Korpaczewska

"CONGRESS-OR"

Congressor & Tourism Bureau

47 Zurawia Street Apt. 304

00-680 Warsaw, Poland

Phone/Fax: +48 22 621 31 16; +48 22 628 45 48
e-mail: d.korpaczewska@congressor.com.pl

The European Materials Research Society (E-MRS) is a non
profit scientific association founded in 1983. It focuses on creating
the synergy between interdisciplinary, innovative technologies,
spreading and exchanging information and promoting technology
transfer from public institutions to industry. The primary objective
of E-MRS is to promote and enhance the efficiency of research in
Europe in the field of Advanced Materials. E-MRS seeks to quickly
inform researchers of the scientific and technological developments
in their field of interest from the rest of the world through the soci-
ety's links with other MRS societies belonging to the International
Union (IUMRS).

E-MRSAnnounces New Opportunities for its Members

The Executive Committee of the European Materials Research Soci-
ety (E-MRS) has made the decision to diversify and extend the
activities of the Society toward a variety of items beyond the organ-
ization of the E-MRS Spring and Fall Meetings. The Society’s three
new initiatives are books, short courses, and workshops.

E-MRS seeks authors and editors interested in preparing books on




Organisers

topics such as materials science, materials engineering, and materials
processing. The books would be published in the frame of the El-
sevier/E-MRS Publishing Agreement related to a monograph series
of books titled the “E-MRS Monograph Work.” Based on the con-
tents of books in the monograph series, E-MRS plans to develop
short courses to be held in conjunction with the Spring and Fall
Meetings.

For its third initiative, E-MRS plans to establish Advanced Research
Workshops on new topics in order to strengthen and develop the re-
lationships between scientists from various European countries. The
Society would seek sponsorship from research agencies such as the
European Science Foundation and NATO. The output of these work-
shops is to initiate research activities in Europe, and prepare the
ground to develop future collaborative research programs or scientif-
ic networks.

For more information, contact E-MRS at 23 Rue du Loess, BP 20,
67037 Strasbourg Cedex 02, France; tel. +33-(0)3-88-10-63-72; fax
+33-(0)3-88-10-62-93; e-mail emrs@emrs.c-strasbourg.fr; or access
Web site www.emrs-strasbourg.com.

The Polish Materials Science Society

The Polish Materials Science Society (PMSS) was founded in
December 2004 and promotes interdisciplinary cooperation between
scientists working in different scientific areas - materials science and
engineering, chemistry, physics, biology, medicine etc. The PMSS
closely collaborates with E-MRS in the organisation of the E-MRS
Fall Meeting.
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Programme

Introduction

The E-MRS 2006 Fall Meeting will consist of two Plenary Sessions,
and 10 scientific symposia which will run concurrently. The Open-
ing Ceremony together with the Czochralski Award Ceremony will
take place on Monday 4th September at 11:00 am. Poster sessions,
common for all the symposia, will be organized on Monday,
September 4, 17:20-1900 and Wednesday, September 6,
15:50-17:20.

The detailed timetable and abstracts for papers to be presented in
each symposium will be found in the appropriate section.

The Czochralski Award Ceremony

Willing to commemorate the contribution of Jan Czochralski to the
materials science, technology transfer to industry, and international
collaboration, E-MRS instituted an award in the name of Jan Czo-
chralski. The Society formally legalised the Czochralski Award for
Achievements in Materials Science and to date two recipients have
been honoured: Professor Dr Walter Heywang, formerly Director of
Research of Siemens, and Professor Dr Boris Paton, the long term
President of the Ukraine National Academy of Science.

In the year 2006 — European Materials Research Society, Polish
Academy of Sciences, Polish Materials Science Society, and Polish
Society for Crystal Growth established the International Chapter of
the Jan Czochralski Award. The first recipient of Czochralski Award
selected by the Chapter will be Prof. Thaddeus B. Massalski.

Plenary Sessions:

1. Monday, September 4, 11:00 - 12:30
2. Wednesday, September 6, 09:30 - 10:30, 11:00 - 12:30

Poster Sessions:
1. Monday, September 4, 17:20 - 19:00

2. Wednesday, September 6, 15:50 - 17:20
The same posters are presented at both Sessions

Symposia:
SYMPOSIUM A, Room 134:

Nanostructured composite films: synthesis, characterization, proper-
ties, and applications

SYMPOSIUM B, Room 144:
Nanomaterials in catalysis

SYMPOSIUM C, Room 315:

Doped nanopowders: synthesis, characterisation, applications

SYMPOSIUM D, Room 309:
Polymer materials modified by nanoparticles

SYMPOSIUM E, Room 213:
Dilute magnetic materials for spintronic applications

SYMPOSIUM F, Room 219:
Wide Band Gap II-VI Semiconductors: Growth, Characterization
and Applications

SYMPOSIUM H, Room 206:
Multiscale kinetic modelling of materials

SYMPOSIUM I, Room 226:
Phase Diagrams, Phase Stability: Theory and Applications

SYMPOSIUM J, Room 231:
Surface functionalization and activation of biomaterials

SYMPOSIUM K, Room 208:
Complex oxide materials for new technologies

Satellite events coordinated with the E-MRS Fall Meeting:

* Fall school on thermal analysis (3rd and 4th September)

» Thin-layered materials - investigation, technology and application
(3rd September)

* COST action D30 Meeting (3rd and 4th September). 4th Sept.
Room 315, the same as Symposium C.

» Technology Commercialisation Market Place (7th September.
17.30)

* Modeling real materials from first principles (Sth and 6th Septem-
ber)
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Plenary Session

Programme
Monday, 4 September

Opening / Czochralski Award Ceremony
Monday morning, 4 September, 11:00

11:25 Invited oral

Alloy Phase Diagrams: Opportunities, Problems and Ap-
plications

Tadeusz B. Massalski
Carnegie Mellon University, Pittsburgh, PA 15213, United States

E-mail: massalsk@andrew.cmu.edu

In the context of materials, there is probably no other broad subject
that impinges more on the various aspects of materials science and
technology than the description of phase stability in terms of temper-
ature and composition, known as a Phase Diagram. Phase diagrams
are the "road maps" that guide and direct us to our numerous goals
in fabrications, developments, heat treatment, properties and basic
science. In this presentation, I shall discuss briefly the three laws of
thermodynamics, including considerations of how phase diagrams
are determined and assessed, and how they can be judged in terms of
thermodynamic parameters. I shall then turn attention to metastabil-
ity and concepts that arise when, because of kinetics, ideal equilibri-
um conditions can be suppressed or altered by heat treatment, such
as cooling, rapid quenching, annealing etc. The use of phase dia-
grams and opportunity which they present for development of un-
usual properties, or structures, or features will be considered next,
and will be followed by expectation of phase behavior, and phase
diagram features, at temperatures between 0C and OK, where the
third law becomes increasingly important and kinetics are reduced.
Finally, the process of assessing phase diagrams through the exam-
ination of published work on experimental determinations, on mod-
eling calculations, and on measured thermodynamic quantities will
be considered. Here, I will stress the usefulness of international co-
operation in this whole area.

12:10 Invited oral

Recent initiatives to create a materials community in
Europe

Jean Pierre Massué, Gabriel Crean, Paul Siffert

European Materials Research Society, Headquarters, BP 20,
Strasbourg 67037, France

E-mail: jeanpierre.massue@free.fr

On the globalized world market, the competition has become ex-
tremely strong and new countries become increasingly active in
RDT and even high tech activities. At the Lisbon European Summit
it was decided that Europe should strongly increase its efforts in re-

search and innovation. Until presently, not too much bas been
achieved and even if it has become quite clear that without a very
active RDT in Europe it will not be possible to maintain the level of
the present GNP, and consequently certain jobs. In the field of ma-
terials, one considers that about 10 million jobs are related to "materi-
als" ("metallurgy" in OECD terminology)

During this presentation, we shall review the different initiatives we
have taken in the frame of the legalised "European Materials For-
um"(EMF) over the last year. Presently, most of the European or na-
tional societies dealing with materials are directly or associated to
EMEF, in total over 130. During the last year, our efforts have been
directly into the following directions:

« Establish stronger links among the researchers in the 25 European
countries involved in the field of materials; try to involve also oth-
er European not in the Union

» Advocate for a more efficient and more transparent RDT policy in
Europe

* Develop a new model for INNOVATION, bridging research to in-
dustry and investors

» Elaborate a model for a testing at small scale of the European In-
stitute of Technology (EIT)

* Launch common actions through the existing European instru-
ments

Wednesday, 6 September

Plenary Session
Wednesday morning, 6 September, 9:30

9:30 Invited oral

Space Programs: a challenge for material engineering

Zbigniew Klos, Jerzy Grygorczuk

Polish Academy of Sciences, Space Research Centre, Bartycka
18a, Warszawa 01-716, Poland

E-mail: klos@cbk.waw.pl

Space Programs are, by their nature, interdisciplinary and prefer hol-
istic approach. Reliability and redundancy are governing principles
in preparing space missions. The space sector is generally more ori-
ented toward using and combining existing technologies than toward
generating new ones. Although, this "spin-in" approach dominates in
the policy of primary space contractors, it still leaves room for new
innovative elements and solutions provided by subcontracting enter-
prises, usually belonging to the state-of-art unit in material engineer-
ing. The good example of that is the parallel activity of the European
Space Technology Master Plan (ESTMP) - outlook for future and
solutions for space instrumentation implemented now in the planet-
ary probes. The technology of material coating, tribology and ad-
vanced miniaturization are key areas that respond to continuously in-
creasing requirements for new sensors, power sources and propul-
sion systems with very low mass, volume and power consumption.
The main challenge of space engineering follows from unusual en-
vironmental requirements and constraints (heavy loads and vibration
during launch, microgravity, vacuum, thermal gradients, increased
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Wednesday, 6 September

doses of radiation) that forces space specific solutions. The Space
Research Centre PAS has been involved in design, development,
tests and analyses of the advanced instruments prepared for
European landers on Titan (Cassini /Huygens) and cometary nucleus
(Rosetta). In particular, an original cometary nucleus penetrator on-
board Philac(Rosetta lander), working at unusual conditions in
space, was a challenge for mechanical design and material engineer-
ing. The device contains novel solutions and was developed within
close international cooperation.

Coffee break
Wednesday morning, 6 September, 10:30

Plenary Session
Wednesday morning, 6 September, 11:00

11:00 Invited oral

Peculiarities of mechanical behavior of nanocrystalline
and noncrystalline materials

Yuly V. Milman

Institute for Problems of Materials Science, 3, Krzhizhanovsky,
Kyiv 03142, Ukraine

E-mail: milman@ipms.kiev.ua

The review of the mechanical behavior of nanocrystalline (NQ) and
noncrystalline (amorphous (MQG) and quasicrystalline (QC)) materi-
als is given. Peculiarities of deformation mechanism for NQ materi-
als are connected with the practically absence of dislocations in the
body of grain (dislocations go out into the grain boundaries due to
image forces) and realization of deformation in the grain boundaries.

In MG the dislocation mechanism of deformation is discussed for
the range of nonhomogenious deformation. Strain hardening and
localization of deformation in MG is considered. Yield stress ¢ of
MG consists of thermal and very big athermal components. Thermal
component is close to the thermal component of crystalline state. ¢

and hardness H of MG are very high, but NQ can have higher values
ofc and H ifd <100 nm.

Plastic deformation of quasicrystals is of dislocation type, but Bur-
gers vector of dislocations contains phason component, and disloca-
tion movement is accompanied by the gradual destroying of
quasicrystalline structure and in some cases by phase transition to
crystalline state. The hardness of quasicrystals increases after an-
nealing and decreases during deformation. QC with the nanosize
grains (NQC) is the especial class of materials, because energy of
dislocation connected with phason defects is proportional to d (not
Ind as elastic energy of dislocations in crystals).

For this reason plasticity of NQC is more than in QC. Composite
materials on the base of NQ, MG and QC can have high level of
mechanical properties.

11:45 Invited oral

Fabrication of ordered atomic-scale structures - a step
towards future atomic-scale technology

Wolf- D. Schneider

Ecole Polytechnique Federale de Lausanne (EPFL), Ecublens,
Lausanne 1015, Switzerland

E-mail: wolf-dieter.schneider@epfl.ch

The quest of a reliable method for fabricating ordered atomic-scale
structures is a prequisite for future atomic-scale technology. The in-
terest in such nanostructured materials, consisting of building blocks
of a small number of atoms or molecules, arises from their prom-
ising new optic, catalytic, magnetic and electronic poperties. Here
we present three examples concerning atomic and supramolecular
self-assembly investigated by low-temperature scanning tunneling
microscopy (STM). (i) The self-assembly of a two-dimensional ar-
ray of individual Ce adatoms on a metal surface based on long-range
interactions between adatoms mediated by surface state electrons
[1,2]. (i) The conservation of chirality in a hierarchical supra-
molecular self-assembly of pentagonal symmetry of the organic mo-
lecule rubrene on a reconstructed Au(111) surface [3]. (iii) Using the
highly localized current of electrons tunneling through a double bar-
rier STM junction, we excite luminescence from a selected C60 mo-
lecule in the surface layer of fullerene nanocrystals self-assembled
on an ultrathin NaCl film on Au(111). In the observed fluorescence
and phosphorescence spectra, pure electronic as well as vibronically
induced transitions of an individual C60 molecule are identified,
leading to unambiguous chemical recognition on the single-mo-
lecular scale [4]. [1] F. Silly, M. Pivetta, M. Ternes, F. Patthey, J. P.
Pelz, and W.-D. Schneider, Phys. Rev. Lett. 92, 016101 (2004). [2]
M. Ternes, C. Weber, M. Pivetta, F. Patthey, J. P. Pelz, T. Giamar-
chi, F. Mila, and W.-D. Schneider, Phys. Rev. Lett. 93, 146805
(2004). [3] M.-C. Blim, E. Cavar, M. Pivetta, F. Patthey, W.-D.
Schneider, Angew. Chem. Int. Ed. 44 , 5334 (2005). [4] E. Cavar,
M.-C. Blim, M. Pivetta, F. Patthey, M. Chergui, and W.-D.
Schneider, Phys. Rev. Lett. 95, 196102 (2005).

10 Plenary Session



Symposium A

Welcome

The fundamental properties of materials, coatings and thin films are
remarkably altered as the size of their constituent grains decreases to
a nanometer scale. Novel nanostructured (made of nanosized grains
or building blocks) and composite (formed by clusters embedded in
matrices) coatings or thin films offer unique and entirely different
mechanical, tribological, electrical, optical, catalytic, dielectric and
magnetic properties compared with conventional micrometer or mil-
limeter-size materials or films owing to their distinct size, shape,
morphology, topology, surface and interface chemistry. For instance,
the nanosized grains, which can be made of metal, carbide, nitride or
oxide phase are embedded in an amorphous carbon or silicon diox-
ide matrix.

Several major research and development programs devoted to nano-
structured composite films encompass diverse aspects including syn-
thesis, processing and fabrication technologies, spectroscopic char-
acterization, physico-chemical properties, structure-property rela-
tionships and future applications in various fields (aerospace, auto-
mobile, cutting tools, catalysts, batteries, sensors, micro- and opto-
electronics, modulators, transducers solar cells, medical implants,
etc.).

A strong specificity is associated with the mechanisms and methods
of deposition as well as with the characterization techniques of func-
tional properties of nanostructured composite films dedicated to
various advanced technologies. The synthesis and characterization
of this novel generation of films remain difficult in spite of recent
advances. However, potential applications are now more or less pre-
cisely defined and start to arise in a variety of cutting edge technolo-
gies.

The major aim of this symposium is to offer an overview and a for-
um on the recent advances in the interdisciplinary field of nanostruc-
tured composite films. Researchers and engineers from different dis-
ciplines of science and engineering will be brought together to share
their knowledge and expertise on these novel films involved in vari-
ous emerging applications.

The symposium will address progress in the development and ap-
plications of coatings and thin films as active components where
their nanostructure, morphology and composition enhance the
physico-chemical properties or ensure specific properties. Papers are
solicited on topics corresponding to one or more of the following
areas : (1) the preparation of films by sputtering, activated reactive
evaporation, ion plating, chemical vapor deposition, plasma-assisted
deposition, pulsed laser ablation and hybrid techniques, (2) the ad-
vanced techniques for the characterization of the microstructure,
morphology, size of particles embedded in the matrix, (3) the applic-
ation of nanostructured composite films to enhance the mechanical,
tribological, dielectric, optical, catalytic and magnetic properties of
devices.

The specific topics covered by the symposium include diverse as-
pects related to nanostructured composite films :

1) synthesis, growth mechanisms and modeling

2) characterization of films

3) mechanical and tribological properties

4) electrical and dielectric properties

5) optical properties

6) catalytic properties

7) magnetic properties

8) applications for microelectromechanical systems (MEMS) and
sensors

9) applications for optical devices

10) biological and biomedical applications

Scientific Committee:

G. Abadias (France), M. Benlahsen (France), 1. Bertoti (Hungary),
M.-P. Besland (France), H. Biederman (Czech Republic), N.J.M.
Carvalho (Belgium), M. Cekada (Slovenia), K. Cooke (U.K.), I. Da-
han (Israel), G. Dennler (Austria), X. De La Fuente (Spain), M.
Farle (Germany), A. Galdikas (Lithuania), A. Gonzalez-Elipe
(Spain), H. Hofsédss (Germany), U. Jansson (Sweden), W. Kautek
(Austria), S. Kennou (Greece), H. Klostermann (Germany), Z. Kut-
njak (Slovenia), N. Laidani (Italy), D. Leinen (Spain), M. Leonow-
icz (Poland), P. Lobotka (Slovakia), S. Logothetidis (Greece), J.C.
Lopez (Spain), B. Major (Poland), A. Matthews (U.K.), F. Maury
(France), C. Meunier (France), T.-P. Nguyen (France), S. Novak
(Czech Republic), P. Oelhafen (Switzerland), K. Oskomov (Russia),
E. Pascual (Spain), L. Poperenko (Ukraine), N. Radic (Croatia), J.-P.
Riviere (France), R. Sanjines (Switzerland), A. Savan (Germany), A.
Schiiler (Switzerland), M. Stiiber (Germany), S. Tamulevicius
(Lithuania), V. Teixeira (Portugal), P.-Y. Tessier (France), S. Zhang
(Singapore)

Organisers

* Prof. Yves M. Pauleau, National Polytechnic Institute of Gren-
oble, CNRS-LEMD, Grenoble, France - Symposium Chairman

* W. Gulbinski, The Technical University of Koszalin, Faculty of
Mechanical Engineering, Dep. of Physics, Koszalin, Poland

* P. Patsalas, University of Ioannina, Dep. of Materials Science
and Engineering, loannina, Greece

Proceedings

The manuscripts submitted to this symposium and accepted on the
basis of the referee procedure adopted for regular papers would be
published in the international scientific journal "Reviews on Ad-
vanced Materials Science".

Programme
Monday, 4 September
Opening Ceremony

2nd floor, Small Hall (237)
Monday morning, 4 September, 11:00

the Czochralski Award Ceremony
Monday morning, 4 September, 11:30

11



Monday, 4 September

Lunch break
Monday afternoon, 4 September, 12:30

Tribological properties of composite films
Monday afternoon, 4 September, 14:00
Chair: Juan Carlos Sanchez-Lopez, Thien Phap Nguyen

14:00 Invited oral

Nanocomposite TM-dichalcogenides self-

lubricating coatings alloyed with C

sputtered

Albano Cavaleiro, Tomas Polcar, Manuel Evaristo

ICEMS - Mechanical Department, Faculty of Science and Techno-
logy Coimbra University (ICEMS-FCTUC), Pinhal de Marrocos,
Coimbra 3030-201, Portugal

E-mail: albano.cavaleiro@dem.uc.pt

Transition metal dichalcogenides (TMD) are compounds with
unique and unusual properties based on the extreme degree of aniso-
tropy of the layered structure, which make them suitable as solid
lubricants. TMD exists in the MX form, where M=Mo,W,Nb and
X=8,Se,Te. The deposition of TMD systems leads usually to films
with very high porosity with the consequent low values in hardness
and adhesion to the substrates. Thus, their tribological behavior was
unsuitable whenever high loads were applied or tests were carried
out in moisture containing atmospheres.There are a lot of different
possibilities to improve the tribological behavior of these coatings.
One of the most successful ways is to deposit a composite material
associating high strength materials with self-lubricants. Recently,
nanocomposite structured coatings were deposited associating a hard
DLC phase with W52 permitting to reach very low friction coeffi-
cients in a large range of environments. On the other hand, there are
studies showing that diselenides have improved resistance to water
in relation to sulfides.It is the aim of this talk to compare the tribolo-
gical performance of nanocomposite coatings based in two different
TMD systems, a sulphide (W-S) and a selenide (Mo-Se). In both
cases, the coatings were deposited with increasing contents of car-
bon (up to 70at.%) by decreasing the number of TMD pellets placed
in the C target during the sputtering deposition. Significant improve-
ments of the mechanical properties (hardness, adhesion) in more
than one order of magnitude were reached. Pin-on-disc performed in
different testing conditions showed that W-S-C system outstand Mo-
Se-C coatings at higher temperatures whereas the inverse occurred
concerning the global behaviour in environments containing differ-
ent humidity ratios

14:30 Oral

Nanostructured Composite Films for high temperature
tribological applications

Hanna Wisniewska Monika

Gierzynska-Dolna

Instytut Obrobki Plastycznej (INOP), ul.Jana Pawlalll4, Poznan
61-139, Poland

Weinert, Volf Leshchynsky,

E-mail: weinert@inop.poznan.pl

Transition-metal dichalcogenides (MoS , WSz, etc.) are the most
common solid lubricants for high temperature applications. They are
applied as powders and coatings burnished the surface from
powders, or deposited by spray and vacuum deposition methods.
The goal of the paper is to develop nanocomposite coatings made of
Boron Nitride and transition-metal dichalcogenide phases by ad-
vanced pressure saturation of porous sintered matrix and following
severe deformation technique. Modern PM technologies were used
to produce low cost high quality bearings with long-term perform-
ance and reliability in critical applications (high loads and sliding
velocities, high temperatures). To comply with endurance require-
ments of high temperature applications, the nanostructuring ap-
proach was explored. In this technology solid lubricant particles
were pressed into a supporting porous matrix and modified into
nanostructured composite films by surface deformation. The nano-
structured composite films consist of 10-50nm BN crystals and WS2
sheets embedded in nitrided stainless steel powder matrix. These
BN/WS _ nanostructured coatings demonstrate low friction and wear
in tests performed in humid air at the temperatures up to 5000C.
Coatings are found to adapt to the test conditions, which results in
BN and WS_ nano-sheets generation and permanent supply of solid
lubricant from the surface reservoirs. These adaptive mechanisms
achieve low friction coefficients of 0.05-0.1 and high endurance in
high temperature exploitation friction tests. Correlations among BN/
WS2 chemistry, structure, hardness, friction and wear are discussed.
The tremendous potential of such nanostructured solid lubricant
composite films for aerospace tribology is demonstrated.

14:50 Oral

Nickel/hydrogenated amorphous carbon composite films
deposited in acetylene/argon microwave plasma dis-
charge

Stawomir Kukie1kal’2, Witold Gulbiﬁskil, Yves Pauleauz, Sergey
N. Dub3, Jean-Jaques Grob4

1. Technical University of Koszalin, Raclawicka 15-17, Koszalin,
Poland 2. Centre National de la Recherche Scientifique (CNRS -
LEMD), 25 Rue des Martyrs, Grenoble 38042, France 3. V.Bakul
Institute for Superhard Materials, NAS, 2 Avtozavodskaya, Kyiv
254074, Ukraine 4. Insitut delectronique du solide et des systemes
(CNRS-IESS), 23 Rue du Loess, Strasbourg 67037, France

E-mail: slawek@tu.koszalin.pl

Nickel/hydrogenated amorphous carbon composite films have been
deposited on silicon and stainless steel substrates by combining sput-
ter-deposition of metal and microwave plasma-assisted chemical va-
por deposition of carbon from argon-acetylene mixtures containing
10% to 100% of C2H2. The composition of films was investigated as
a function of the CZH concentration by Rutherford backscattering
spectroscopy, nuclear reaction analysis and elastic recoil detection
analysis. The crystallographic structure of the films was identified
by X-ray diffraction techniques. The grain size of carbide, Ni3C, de-
tected in all samples, was found to be in the nanometer range. The
nanohardness and Young modulus of films were deduced from the
load-displacement nanoindentation curves. The maximum hardness
of 13 GPa was found for films produced from gas mixtures contain-
ing 25 to 35% of C2H2. The magnitude of residual stresses was de-
termined by measurements of the curvature radius of silicon sub-
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strates. The maximum value of compressive residual stresses was
equal to - 0.8 GPa for films deposited in gas mixtures containing 25
to 35% of Csz. The ball-on-disk tribological tests were conducted
in room air at 20°C. The friction coefficient was as low as 0.22 for
films deposited in gas mixtures containing 70% of C2H2.

15:10 Oral

Surface chemistry and oxidation-driven Fe-segregation
on the surface of Fe4d0Ni40B20 bulk metallic glasses

Styliani Kennoul, Fotini Petrakil, Giorgos A. Evangelakisz, Alain
R. YavariS, Panos A. Patsalas

1. University of Patras, Department of Chemical Engineering and
FORTH-ICEHT, Patras 26500, Greece 2. University of loannina,
Department of Physics, loannina 45110, Greece 3. LTPCM-
CNRS, Institut National Polytechnique de Grenoble, 1130 rue de
la Piscine, BP 75, Grenoble 38402, France 4. University of loan-
nina, Department of Materials Science and Engineering, loannina
GR-45110, Greece

E-mail: kennou@iceht. forth.gr

Metallic glasses (MGs) are a category of materials that are character-
ized by their amorphous structure and metallic bonds. Owing to their
disordered structure, MGs possess unique properties that make them
attractive for mechanical and tribological applications. In this work,
we study the surface chemistry of Fe40Ni40B20 MGs, which are
promising materials fulfilling the requirements for various industrial
applications. The surface and bulk structure are investigated by X-
Ray Diffraction (XRD), Auger Electron Spectroscopy (AES), X-Ray
Photoelectron Spectroscopy (XPS) and Secondary Ion Mass Spec-
trometry (SIMS). Different XRD geometries, as well as sputter etch-
ing during XPS and SIMS experiments were used to study the struc-
tural and chemical profile of these glasses. The findings of this study
include the segregation of Fe on the MG surface. We found a strong
correlation between the concentration of trivalent Fe (oxide form)
and the concentration of O, and comparing the [Ni]/[Fe] and
[Ni]/[Fe3+] we concluded that the excess of [Fe] on the surface is at-
tributed to preferential surface oxidation. This behavior is reported
for the first time for a glass system, and it is similar to the corres-
ponding oxidation behavior of Fe-Ni crystalline alloys. It is worth to
emphasize that such oxidation occurs in a glass system, although O
diffusion is expected to be limited compared to the Fe-Ni crystalline
alloys. Depth profile experiments in combination to exposurre of
clean glass surfaces to O-ambient have shown that the oxidation-driv-
en Fe-segregation on the surface is a reversible and repeatable pro-
cess. XPS has also detected that in the buried layers the concentra-
tion of trivalent Fe is higher than it would be expected for the corres-
ponding O concentration. This observation might be attributed to the
coordination of Fe in the glass state.

Coffee break
Monday afternoon, 4 September, 15:30

15:30 Oral

The influence of temperature, surface modification, de-
position method and porosity on tribological properties
of titanium dioxide thin films

Ireneusz Piwonski

University of Lodz, Department of Chemical Technology and En-
vironmental Protection, Pomorska 163, £odz 90-236, Poland

E-mail: irek@uni.lodz.pl

Titanium dioxide exhibits many interesting features, which make
this material applicable in solar cells, as photocatalyst, humidity
sensors, medical implants, as well as in cosmetics, and pharmaceut-
ical products. Recently, titanium dioxide in a form of thin layers de-
posited on various substrates has been in the centre of interest of tri-
bology. Some tribological properties of titanium dioxide and its
composites have been already studied, but in many domains these
properties are still not investigated enough. This study focuses on
some tribological aspects of titanium dioxide thin films including the
influence of such parameters like temperature, surface modification,
deposition method and porosity.

First part of this work presents the preparation methods of titanium
dioxide thin films deposited on Si wafers. Titanium dioxide was pre-
pared mainly with the use of sol-gel method from the Ti(-OPr)4 pre-
cursor and deposited on silicon wafers with the use of dip-coating
method. Titanium dioxide thin films were obtained in non-porous
and porous form. Porous samples were obtained with the use of sur-
factants.

Second part of the investigations presents titanium dioxide surface
characterization (surface topography, internal structure, surface
properties and friction) performed with such techniques like Atomic
Force Microscopy (AFM), infra red spectroscopy (FT-IR), X-ray
diffraction (XRD), etc. Tribological properties of the samples were
characterized with the use of the microtribometer operating in the
load range of 0-100 mN. The coefficient of friction and wear ob-
tained in microtribological measurements were main representative
parameters giving information about the influence of temperature,
deposition method, porosity and surface morphology on frictional
properties of titanium dioxide thin films.

Parallel Session

all Symposia exept symposium A
Monday afternoon, 4 September, 15:50

Poster Session

Main Hall
Monday afternoon, 4 September, 17:20

Tuesday, 5 September

Machanical properties of composite films
Tuesday morning, 5 September, 9:00
Chair: Ireneusz Piwonski, Mariana T. Braic

Symposium A 13



Tuesday, 5 September

9:00 Invited oral

Mechanical and tribological properties of multilayered-
composite solid lubricant films

Ihsan Efeoglu

Atatiirk University (EAU), Faculty of Eng., Erzurum 25240, Tur-
key

E-mail: iefeoglu@atauni.edu.tr

In the present investigation, Ti+TiN+TiAIN-MoS +M082-Ti solid
multilayer-composite solid lubricant coating was deposited by mag-
netron sputtering from separate Ti, Al, and MoS_ target on D2 tool
steel. EDS, X-ray diffraction, microhardness tester, scratch tester,
and pin-on-disc tribo system were used to evaluate coating structur-
al, mechanical and tribological properties. Adhesion was also im-
proved in the multilayer-composite coating. Pin-on-disc measure-
ment at atmospheric condition against WC ball showed much lower
wear and friction coefficient.

9:30 Oral

Mechanical Properties of Nanostructured Composite
Diamond Thin Films Prepared by Microwave PECVD
Enhanced by RF Induced DC Self-Bias

Vilma Bursikoval, Zdenek Frgalal, Jiri K. Bursikz, Ondrej Jasek 1,
Lenka Zajickova , Monika Karaskoval, Jirina Matejkova3, Anton-
in Rek3, Daniel Franta, Petr Klapetek

1. Masaryk University, Faculty of Sciences, Kotlarska 2, Brno
61137, Czech Republic 2. Academy of Sciences of the Czech Re-
public, Institute of Physics of Materials (IPM), Zizkova 22, Brno
61662, Czech Republic 3. Institute of scientific Instruments
Academy of Science of the Czech Republic (ISI), Kralovopolska
147, Brno 61264, Czech Republic

E-mail: vilmab@physics.muni.cz

The aim of the present work was to deposit nano-crystalline dimond
films with low surface roughness, high hardness and fracture tough-
ness by microwave PECVD in the ASTeX type reactor from the
mixture of hydrogen and methane. The applied microwave power at
2.45 GHz was 900 W, the total pressure ranged from 7.5 to 8.0 kPa,
H_ flow rate was 400 sccm and CH flow rate varied between 8 and
40 sccm, which resulted in CH concentration from 2 to 10%. The
substrate used was mirror polished (111) oriented n-doped silicon
single crystalline wafer. The substrate temperature and the depos-
ition time varied from 820 to 920 °C and 10 to 35 minutes, respect-
ively. The diamond nucleation process was enhanced using RF (35
W, 13.56 MHz) induced DC self-bias. The time dependence of DC
self-bias turned out to be an important characteristic of the growth
process. The deposited layers have been analyzed by scanning elec-
tron microscopy, transmission electron microscopy, atomic force mi-
croscopy, spectroscopic ellipsometry and depth sensing indentation
tests.

The analysis of AFM data yielded rms roughness 8.8 nm and auto-
correlation length 120 nm. The results of the presented study sugges-
ted that the films have a nanocomposite structure and consist of dia-
mond nanocrystals embedded in a amorphous carbon matrix. The

films had relatively high hardness (~70 GPa) and elastic modulus
(~400 GPa) and exhibited high fracture toughness and excellent ad-
hesion to the substrate.

The work was supported by the Czech Science Foundation (Projects
202/05/0607 and 106/05/0274)

9:50 Oral

Si- and W- containing carbon based nanocomposite thin
films: chemical and nanomechanical properties

Imre Bertdti, Miklés Mohai, Andras Toth, Tamas Ujvari

Hungarian Academy of Sciences, Institute of Materials and Envir-
onmental Chemistry (IMEC), Pusztaszeri ut 59-67., Budapest H-
1025, Hungary

E-mail: bertoti@chemres.hu

Si- and W-containing a-C films were deposited by dual magnetron
sputtering onto polished silicon wafers. A DC source was used for
carbon sputtering, and a composite RF source was applied for sput-
tering the Si and W additives. For comparison, carbon, silicon and
C-Si films were deposited in separate experiments, using a similar
source arrangement. The chemical composition and the bonding
states of the constituent elements were characterised by X-ray photo-
electron spectroscopy and X-ray induced Auger electron spectro-
scopy. Mechanical properties (dynamic hardness and reduced modu-
lus) were estimated by using depth-sensing nanoindentation.

The silicon content of the C-Si films varied between 20-40 atomic
%, depending on the applied source power. The tungsten content in
the C-Si-W films varied between 25-50 atomic % while the silicon
content at the same time was between 25-0 atomic %. Despite a
slight surface oxidation, the oxygen content of the films was insigni-
ficant, typically below 3 atomic %. Predominant C-Si and C-W
chemical bonds could be identified by the chemical shifts of the XP
spectra and by the Auger parameters.

The values of nanohardness and reduced modulus for the silicon
substrate were 10 GPa and 127 GPa, respectively, while those for
the deposited layers were much higher: for the a-C film the corres-
ponding values reached 16 GPa and 155 GPa, for the C-Si films
13-16 GPa and 140-185 GPa and for the C-Si-W films 12-19 GPa
and 160-210 GPa, depending on the actual chemical composition.
This work was supported by the National Scientific Research Fund
through the project OTKA T-043359.

Keywords: DLC-Si-W, nanocomposite, XPS, Auger parameter,
nano-hardness, reduced modulus

Corresponding author's e-mail: bertoti@chemres.hu

10:10 Invited oral

Indentation testing of thermally nano structured metal-
containing carbon films

Martin Balden

Max-Planck-Institut fuer Plasmaphysik (IPP), Boltzmannstrasse 2,
Garching 85748, Germany

E-mail: martin.balden@ipp.mpg.de

For metal-containing carbon films a wide range of application is en-
visaged, ranging from wear protection due to their tribological prop-

14 Symposium A



Tuesday, 5 September

erties to electronics due to their electric and optical properties. Our
interest is based on having well-characterized material for investig-
ating the reduction of the chemical erosion of metal-doped carbon
materials by hydrogen impact and elucidating underlying mechan-
isms. The chemical erosion is the main drawback for using carbon
materials in future fusion devices like ITER.

The characterization on nanometer scale is essential for getting an
understanding of the behavior of metal-containing carbon films in
their application. Therefore, we characterize films produced by mag-
netron sputter deposition with floating potential in respect to com-
position, morphology, phase and structural ordering by thermal
treatment and their chemical erosion by hydrogen impact.

Annealing up to 1300K of metal-doped (Ti, V, W, Zr) amorphous
carbon layers with metal content up to 20 % leads to carbide forma-
tion and grain growth (several nm). Composition, distribution and
diffusion of the metal in the carbon are investigated by Rutherford
backscattering spectroscopy. X-ray absorption spectroscopy shows
how the local atomic environment of the metal and carbon is af-
fected by thermal treatment up to 1300 K.

In order to extent the list of characterized properties, the hardness in
dependence of dopant type (V, Zr), dopant concentration (<18 at %)
and annealing temperature (<1300 K) were investigated. The experi-
mental boundary condition of film thickness (200-1800 nm) and
substrate (Si, SiC, Cu, SiO2) were varied. The pure carbon film has
a hardness of 12 GPa, which is always slightly increased up to 15
GPa by the doping. The annealing to 1300 K leads to a slight de-
crease of the hardness of the pure carbon film (11 GPa) and increase
of the metal-containing ones (17 GPa).

Coffee break
Tuesday morning, 5 September, 10:30

Characterization of composite films
Tuesday morning, 5 September, 11:00
Chair: Imre Bertoti, Vilma Bursikova

11:00 Oral

Microstructural characterization of TiN-Ni nanocom-
posite coatings deposited by reactive ion beam assisted
deposition

Jean Paul RiVierel, Alireza Akbaril, Claude Tem lierl, Marie-
France Beaufort , Jean Mimaultl, Jurgen Von Stebut

1. Laboratoire de Meétallurgie Physique (LMP), Bvd M. et P.
Curie, Futuroscope 86962, France 2. Laboratoire de Science et
Génie des Surfaces (LSGS), Parc de Saurupt, Nancy 54042,
France

E-mail: jean.paul. riviere@univ-poitiers.fr

Nanocomposite coatings of TiN-Ni in the form of nc-ceram-
ic/a-metal were deposited on (100) Si wafer and AISI304L stainless
steel using an ultra high vacuum dual ion beam sputtering system. A
composite Ti-Ni target was sputtered with 1,2 keV Ar'ions and the
growing film was continuously bombarded with a mixture of 50 eV
Ar'-N*"-N" ions during deposition. Phases, grain size and texture of
the coatings were determined by XRD in the 6-28 and GIXRD geo-

metries. XRD results show that 5-TiN is the only crystalline phase
and Ni is expected to be as an XRay amorphous phase. In order to
obtain additional structural details on the nanostructure, TEM and
XPS experiments were carried out. The TEM observations confirm
the formation of a nanocomposite structure with cristallite size of <
10 nm for TiN grains and reveals equiaxed growth morphology.
XPS studies show that Ni is only present in the amorphous inter-
granular phase and exhibits a metallic character. The formation of
nickel nitride is not detected and the incorporation of Ti in Ni is neg-
ligible.The friction coefficient is slightly lower than for TiN and
these coatings exhibit an increased wear resitance in ball on disc
tests. Such improved wear resitance is attributed firstly to the devel-
opment of a nanocomposite structure and increased toughness of nc-
TiN/a-Ni coating with respect to pure TiN.

11:20 Oral

Synthesis and microstructural characterisation of
(Ti-TiC) and (TixWy)/TiC nanostructured composite
films obtained by ARE

Javier A. 2Montes de Oca Vl’z,1 Jean-Pierre ManaudZ, Yann Le-
Petitcorps™, Jorge Galaviz Pérez , Jorge R. Vargas Garcia

1. CICATA-IPN Unidad Altamira (CICATA-IPN), Km. 14.5 Car-
ret. Tampico-Pto Industrial Altamira, Altamira, Tamaulipas
89600, Mexico 2. Institut de Chimie de la Matiere Condensée de
Bordeaux, ICMCB - CNRS, 87 avenue du Dr Albert Schweitzer,
Pessac 33608, France 3. ESIQIE-IPN Depto. de Metalurgia
(DIM), UPAIM Zacatenco, Av. IPN s/n Col. Lindavista, Za-
catenco, México 07300, Mexico

E-mail: javier_montesdeoca@yahoo.com

The use of refractory and hard coatings is increasing due to the de-
velopment of nanostructured composites which may conveniently
combine high hardness and high toughness. As the structure and
functional properties of nanostructured composites strongly depend
on the synthesis method, it is of utmost importance to select the most
appropriate technique for their preparation. So far, several physical
and chemical deposition techniques have been used to successfully
produce nanostructured composites based in ceramics. In this work,
nanostructured titanium carbide films were deposited on tungsten
substrates at a high growth rate by Activated Reactive Evaporation
(ARE) at 500 and 600 °C in order to protect a tungsten device
against liquid uranium. The crystal structure, lattice parameter, pre-
ferred orientation and grain size of the coatings were determined by
XRD using Cu Ka radiation. The analysis of the film morphology
was performed by SEM and AFM and their composition was ana-
lysed by AES and EPMA. Experimental results suggest that temper-
ature was one of the most important parameters in the fabrication of
nanostructured Ti-TiC composite films using propene as reactive at-
mosphere. Thus, nanostructured TiC0.6 coatings codeposited with a
free-Ti phase were obtained at 500 °C. On the other hand, stoi-
chiometric TiC coatings were obtained at 600 °C due to a higher en-
ergy of the carbon ions for reacting with evaporated Ti atoms. After
annealing at 1000 °C, the stoichiometric films remained stable but a
crack pattern was formed over all the film surface. Moreover,
Ti0.6W0.4/TiC0.6 composite thin films were obtained at 500 °C.
For these films the presence of a Ti0.6W0.4 ductile phase within the
TiC0.6 layer was responsible for the avoidance of the film cracking.
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11:40 Oral

TEM characterisation of indented TiN/SiN mul-
X
tilayered coatings

Magdalena Parlinska-Wojtan, Joao Carlos Cancio, Stephan Meier,
Jorg Patscheider

Empa, Laboratory for Nanoscale Materials Science, Ueberland-
strasse 129, Diibendorf 8600, Switzerland

E-mail: magdalena.parlinska@empa.ch

Thin TiN/SiN multilayered films composed of 100 repetitions of
5nm TiN and 0.5nm SiN_ with a total thickness of 500nm were de-
posited by Closed Field Unbalanced magnetron sputtering on Si
wafers at 300°C and -70V substrate bias. The TiN layers consisted
of equiaxed, crystalline nanograins with a diameter of 5Snm. Con-
versely, the SiN layers were fully amorphous, providing a very
sharp interface with TiN layers. The films were indented to 100,
250, 500 and 1000nm with a Berkovich indenter tip resulting in ini-
tial penetration depth between 20% and 200% of total film thick-
ness. In this study nanoindentation technique was used to deliber-
ately destroy the films, as 10% is the maximum penetration depth
commonly agreed for hardness measurements. We investigate the in-
duced defects and deformation mechanisms occurring upon plastic
deformation. The microstructural observations were performed post-
mortem by conventional and high resolution TEM on cross-sections
prepared by FIB technique through the indentation imprint. For all
indentation depths the TiN layers situated under the indenter tip
apex showed evidence of severe compression. It is thus assumed that
during indentation of multilayered coatings the deformation mechan-
ism occurring is material flow. In all indented films, except the one
with the lowest load, lateral cracks at the bottom of the coatings
were observed determining the areas of highest stress concentration.
At higher loads the coating delaminated from the substrate.
Moreover, at 250 and 500nm indentation depth a median crack was
generated in the film. Even for penetration depths exceeding the
total film thickness the coating showed few interfacial cracks, while
the multilayering remained intact. In the Si substrate deformation
damages in form of nanocrystalline and amorphous regions in the vi-
cinity of the film interface and dislocations forming a triangular
shape under the indented film were observed.

12:00 Oral

X-ray MicroBeam Characterization of the Near Surface
Nanostructure Layer in Ti After Friction Stir Processing

Oleg Barabashl, Rozaliya 1. Barabashl’z, GE. Icel, Zhili Fengl, S.
1
A. David

1. Oak Ridge National Laboratory (ORNL), One bethel Valley
Road, Oak Ridge, TN 37932, United States 2. University of Ten-
nessee (UTK), Knoxville, TN, United States

E-mail: barabashr@ornl.gov

Spatially resolved white beam Laue X-ray nano- and micro- diffrac-
tion at the synchrotron together with scanning electron and orienta-
tion imaging microscopy were used to characterize the structural
changes in the Ti near surface region after Friction Stir Processing

(FSP). It was established that after FSP a special surface layer with
nanocrystalline structure is formed within the depth of 300 microns.
Probing of this zone with a white microbeam (diameter ~0.5 mi-
crons) did not get any detectable signal. However probing of this
zone with the white nanosize beam (diameter ~100nm) gave a dis-
tinct diffraction patter. Typically several grains were observed with-
in each probing location. Most of the diffraction pattern consisted of
long streaked Laue spots. Such streaking is indicating strong plastic
deformation in this zone with the formation of strain gradients, geo-
metrically necessary dislocations and boundaries, and resulting in
the local lattice curvature in each grain.

Two specific zones are formed underneath the above nanocrystalline
layer: thermal mechanical affected zone (TMAZ) and heat affected
zone (HAZ). The size and structure of all zones is determined. The
grain size increased sharply (by two orders of magnitude) from FSZ
to TMAZ zones and reached micron size (5 - 30 microns) in the
TMAZ. Intensive streaking of the Laue spots are observed with a
microbeam in the TMAZ and HAZ zones. Large densities of geo-
metrically necessary dislocations and strain gradients are found in
the TMAZ based on Laue microdiffraction. Dislocation density
gradually decreases with depth and reaches the value typical for base
material. The geometrically necessary dislocations were inhomogen-
eously distributed within the TMAZ and HAZ. Inhomogeneity of
geometrically necessary dislocations distribution was found at both
scales: within the individual grains and between separate grains.

Lunch break
Tuesday afternoon, 5 September, 12:30

Optical properties of composite films
Tuesday afternoon, 5 September, 14:00
Chair: Michael Farle, Rosendo Sanjines

14:00 Invited oral

Metal Nanocluster Composite Silicate Glasses
Francesco Gonella

Dipartimento di Chimica Fisica, Universita Ca Focari di Venezia,
S. Marta 2137, Venezia 30123, Italy

E-mail: gonella@unive.it

Composite materials made by metal clusters embedded in glass
matrices are the object of studies for application in several fields.
They exhibit striking optical properties, interesting for photonics ap-
plication, as part of all-optical devices. Moreover, a significant en-
hancement of the fluorescence properties of rare earths-containing
glasses is realized by the introduction of metal nanoclusters in the
glass, whichs may exhibit also important magnetic properties and in-
teresting properties in catalysis. Glass-based composites play an im-
portant role in nanotechnology application due to the low cost, ease
of processing, high durability, resistance and high transparency.
These glasses are also studied from more basic viewpoints, the dy-
namics of clusters nucleation and growth, their stability, and their
structure in terms of composition, crystalline phase, size, and size
distribution. A great effort has been made to develop novel prepara-
tion methods, for example, based on ion implantation techniques, ir-
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radiation techniques of metal-doped matrices, and chemical routes
such as sol-gel. In particular, by means of the ion exchange tech-
nique, it is possible to dope silicate glasses with concentration values
well beyond the solubility limit. Subsequent laser, ion or X beam ir-
radiations may then promote in a controlled way the aggregation and
the formation of nanoclusters. In this work, a review is presented on
some of these novel combined methodologies for metal nanocluster
glass camposites preparation, with special emphasis to those based
on ion exchange routes.

14:30 Oral

MEH-PPV/SiO_ and MEH-PPV/TiO_ nanocomposites
with enhanced luminescent stabilities

Sheng Hsiung Yangz, Philippe Le Rendul, Thien Phap Nguyen]

1. LPC, Institut des matériaux Jean Rouxel, BP 32229, Nantes
44322, France 2. National Chiao tung Univ., Dept. of Electronics
Eng., Hsinchu 30050, Taiwan

E-mail: nguyen@cnrs-imn.fr

Thin films of composites made by incorporation of silicon oxide
(SiOz) or (TiOz) nanoparticles
poly[2-methoxy-5-(2'-ethylhexoxy-p-phenylenevinylene]

(MEH-PPV) were deposited by spin-coating from p-xylene solutions
and their optical properties were investigated. Several techniques
have been used for investigating the composite films: scanning elec-
tron microscopy (SEM), Fourier transform infrared (FT-IR) and Ra-
man, and photoluminescence (PL). It was observed that the structure
of MEH-PPV films was not affected by blending the polymer with
nanoparticles, but their absorption and emission were modified and
were assigned to the different extents of aggregates in the compos-
ites. Furthermore, the degradation experiments showed that the blen-
ded films present a higher stability than that of pristine polymers.

titanium  oxide into

15:10 Oral

Synthesis of organic-inorganic composite films with
photonic crystal properties

Pavel E. Khokhlovl, Alexander Sinitskii 1, Sergey O. Klimonskyz,
Tatyana V. LaptinskayaS, Ming Li4, Juntao Li4, Jianying Zhou4,
Yuri D. Tretyakovl’2

1. Faculty of Materials Science, Moscow State University, Lenin
Hills, Moscow 119992, Russian Federation 2. Chemistry Depart-
ment, Moscow State University, Leninskie Gory, 1-3, Moscow
119992, Russian Federation 3. Physics Department, Moscow
State University, Lenin Hills, Moscow 119992, Russian Federa-
tion 4. State Key Laboratory of Optoelectronic Materials and
Technologies, Sun Yet-Sen University, Guangzhou 510275, China

E-mail: khokhlov@inorg.chem.msu.ru

Recently, films with three-dimensionally ordered meso- and nano-
porous structures have been extensively studied due to their wide ap-
plications in catalysis, separations and optics. These materials can be
made by using self-assembling systems (e.g. surfactants, biological
systems and so on). A relatively new field that benefits from porous
materials is the field of photonic crystals (PCs) - dielectric compos-
ites with a highly periodic structure in which the dielectric constant

varies on the scale of visible light wavelength. PCs were predicted to
exhibit a photonic bandgap (PBG), for which light within a certain
frequency range cannot propagate in any direction inside the crys-
tals, causing the unique properties of PCs, such as localization of
light and control of spontaneous emission. The last effect is of great
importance for fabrication of low-threshold lasers and can be ob-
served in PCs with luminescent centres.

The aim of the present work was to synthesize PC films infiltrated
with organic complexes of Eu’" and Tb*". Three types of PCs were
used as hosts for luminescent centers: ordered films of polystyrene
microspheres and inverse PCs based on silica and titania. In each
case the position of PBG was accurately fitted to the wavelengths of
visible lines of Eu’ " or Tb° " photoluminescence by proper choice of
PC lattice period. High spatial anisotropy of photoluminescence was
observed by spatially- and spectrally-resolved laser spectroscopic
measurement.

The work was supported by the Russian Foundation for Basic Re-
search (grants nos. 05-03-32778 and 04-03-39010) and the Program
for Fundamental Research of Russian Academy of Sciences.

Coffee break
Tuesday afternoon, 5 September, 15:30

Chemical deposition of composite films
Tuesday afternoon, 5 September, 15:50
Chair: Heidrun Klostermann, Konstantin V. Oskomov

15:50 Invited oral

Protective and Bio-compatible Nanostructured Surfaces
by CVD Techniques: Controlled Modulation of Surface
and Phase Structures

Sanjay Mathur, Thomas Ruegamer, Nicole Donia, Patrick Kuhn,
Ganesan Rajesh

Leibniz-Institut fiir Neue Materialien (INM), Im Stadtwald, Geb.
43 A, Saarbriicken 66123, Germany

E-mail: sanjay.mathur@inm-gmbh.de

Thin film deposition by CVD techniques plays a dominant role in
the development of both protective and functional coatings, import-
ant for their technological implications. Commonly, multi-
component materials are prepared from a mixture of precursors;
however the efficiency of such processes is hampered by the mis-
match of chemical reactivity such as thermal stability; vapour pres-
sure etc. among the precursor species. As a consequence, phase sep-
aration and elemental segregation is commonly observed in CVD
deposited materials.

The de-mixing of elements in multi-component systems is thermo-
dynamically driven and sensitive to the chemical behaviour of the
precursors. Transformation of precursor compounds possessing
bonding features inherent to the solid-state lowers the need of diffu-
sion and counterbalances the thermodynamic impediments. Re-
cently, we have designed several new metal-organic systems and
demonstrated their suitability to deposit corrosion-resistant and bio-
compatible coatings on metallic and non-metallic substrates.
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In addition, this talk will address the role of precursor chemistry in
plasma-assisted deposition of nanostructured coatings.

16:20 Oral

Cr-C-N single layers and nanostructured multilayer
coatings grown at low temperature by Direct Liquid In-
jection CVD under atmospheric pressure

Aurelia Douardl, Francis Mauryl, Jean Pierre Boninol, Marcel
Nadalz, Herve Glena‘[2

1. CIRIMAT, ENSIACET, 118 Route de Narbomne, Toulouse
31077, France 2. PROMES, Technosud, Rambla de la Thermody-
namique, Perpignan 66100, France

E-mail: Francis.Maury@ensiacet.fr

Atmospheric pressure CVD is an attractive process for on-line strip
coating of metal pieces. Moreover, the use of metal organic com-
pounds as molecular precursors allows deposition at low temperat-
ure, which extends the applications of the process on various steels.
We have developped an atmospheric MOCVD process assisted by
Direct Liquid Injection for performing metallurgical coatings. This
delivrery system permits accurate, constant and high flow rates of
precursor, compared to conventional vaporization and transport
method, i.e. using bubblers, especially when the metal organic pre-
cursor exhibits a low volatility as a powder. We present for the first
time the deposition of nanocrystalline chromium carbide (Cr-C) and
chromium nitride (CrN) films. CrN/Cr-C multilayer coatings with a
typical 25 nm period were grown on stainless steel using alternat-
ively addition of NH3. The main chemical, physical and structural
characteristics of these metallurgical coatings have been investig-
ated, as deduced from XRD, SEM, TEM, EPMA and SIMS. Prelim-
inary mechanical properties from scratch test, nanoindentation and
residual stress measurements as well as tribological behavior of the
mono and multilayer Cr-based coatings are discussed in relation
with their microstructure.
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Design and control of porosity in oxide thin films grown
by PECVD

Ana Borras, Angel Barranco, Agustin R. Gonzélez-Elipe

Instituto de Ciencia de Materiales de Sevilla (ICMSE), Avda.
Americo Vespucio, 49, Sevilla 41092, Spain

E-mail: arge@icmse.csic.es

Control of porosity in oxide thin films is extremely important for a
wide set of purposes. The antireflection properties of thin films, their
use as optical sensor, the control of the permittivity in low-k materi-
als and others can be quoted among those applications where the
tailoring of the porosity is a crucial issue. This paper reports about
some approaches developed in our laboratory to get a precise control
of the porosity of oxide thin films prepared by plasma enhanced
chemical vapour deposition (PECVD). The use of sacrificial layers
of organic materials that can be removed during the deposition of the
oxide thin film and the adjustment of the deposition parameters
(pressure and composition of plasma gas, temperature of support)
are two possible methodologies that can render a wide variety of thin

film microstructures. Examples will be shown for TiO_ and SiO
thin films grown under different conditions. The microstructure o
these thin films is characterised by different classical techniques
such as SEM or AFM. In addition, it will be shown the high poten-
tial of using the FT-IR spectroscopy and the employ of a quartz
crystal monitor to measure gas adsorption isotherms. This latter
technique, practically unknown in thin films, relies on the same con-
cepts than the BET procedure for the characterization of powder ma-
terials and furnishes the possibility to estimate the total porosity and
pore size distribution in thin films. Some examples will be given of
properties (optical properties, membrane applications, sensor re-
sponse, photocatalytic behaviour) of thin films where the porosity is
a crucial parameter
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PMMA/Zinc Oxide Nanocomposites Prepared by in situ
Bulk Polymerization

Mustafa M. Demir, Ingo Lieberwirth, Gerhard Wegner

Max Planck Institute for Polymer Research (MPIP), Ackermann-
weg 10, Mainz 55128, Germany

E-mail: demir@mpip-mainz.mpg.de

Hydrophobic ZnO nanoparticles were synthesized by controlled
chemical precipitation and incorporated into PMMA matrix by in
situ bulk polymerization, giving PMMA-ZnO nanocomposites. The
effects of semiconductor nanoparticles on the rate of polymerization,
thermal, and optical properties of the nanocomposites were studied
with respect to reference sample polymerized in absence of particles.

Particles having a sharp diameter distribution around 25 nm were
precipitated via transesterification of zinc acetate dihydrate with
1-pentanol at 130 °C. After the formation of crystal core, a mixture
of tert-butylphosphonic acid (t-BuPA) and tetrabutyl ammonium
acetate (TBuAc) was applied. t-BuPA coats the particle surface,
quenches the particle growth, and hydrophobizes the particles
whereas TBuAc prevents the formation of undesirable lamellar zinc
t-butylphosphonate. The surface-coated particles were dispersed in
methyl methacrylate and free radical polymerization was carried out
at 60 °C using AIBN as initiator. The particles induce the termina-
tion of chain growth by degenerative chain transfer. This suppresses
both the gel effect and the formation of chains having thermally
labile linkages, which inevitably form under conventional polymer-
ization conditions. Hence, the thermal stability of PMMA is im-
proved when the polymerization proceeds in presence of the ZnO
nanoparticles. Spin-coated films of these composites exhibit a dis-
tinct cut off of transmission at 370 nm towards shorter wavelengths
due to the high absorption coefficient of ZnO. The particles contrib-
ute to turbidity in the visible region because of scattering originating
from the refractive index mismatch of PMMA and ZnO. Detailed
data on the optical properties of these nanocomposite films will be
reported.
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TiZAlN thin film formation by multilayer and nitriding
approaches

Vincent Dolique, Thierry Cabioch, Michel Jaouen, Frédéric Pail-
loux, Philippe Guerin, Michel Drouet

University of Poitiers Laboratoire Metallurgie Physique (LMP),
Bld Marie et Pierre Curie Chasseneuil du poitou, Poitiers 86192,
France

E-mail: vincent.dolique@yahoo.fr

Ti_ AIN belongs to a novel class of nanolaminated materials: the
MAX Phases. Up to now, several approaches were used to synthes-
ize MAX phases under bulk forms but their synthesis as thin films
remains poorly documented. Two research groups recently demon-
strated that TizAlN thin films formation can be achieved by high
temperature magnetron sputtering processes. Here, alternative ap-
proaches are described. The first one is a two-step technique based
on the deposition of a TiAl/TiN multilayer followed by a thermal an-
nealing. Multilayers were deposited by dual ion beam sputtering at
room temperature. Theses samples were then annealed (600°C and
780°C) to allow atomic diffusion and Ti2AlN formation. HRTEM
observations and EELS spectra were recorded prior and after the
thermal treatment. The progressive formation of Ti AIN during the
annealing was evidenced both from in situ plane view TEM and
XRD observations. Our results suggest that nitrogen diffusion into
the TiAl sublayers allows the formation of the MAX phase whereas
the Al atoms in excess presumably out diffuse towards the TiN sub-
layers where they are inserted as interstitials. The second approach
consists in a direct formation of Ti_AIN by plasma nitriding of TiAl
bulk substrates or thin films deposited by magnetron sputtering onto
Si and TiAl substrates at room temperature. TiAl bulk substrates and
thin films were then exposed to nitrogen plasma at 900°C during 2
hours. HRTEM observations and XRD spectra reveal that this pro-
cedure allows the MAX phase formation whatever the substrate is.
Of interest, TiN formation was never observed. Furthermore, XRD
analysis shows that (0002) textured Ti_AIN thin films are obtained
when TiAl layers are nitrided. The TizAlN formation by nitriding
will be discussed on the basis of XRD, TEM but also glow-dis-
charge spectrometry experiments.
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Oxide and nitride nanocomposite coatings deposited by
Pulse Magnetron Sputtering

Heidrun Klostermann, Fred Fietzke, Thomas Modes, Olaf Zy-
witzki

Fraunhofer Institute for electron beam and plasma technology
(FEP), Winterbergstrafle 28, Dresden 01326, Germany

E-mail: heidrun.klostermann@fep.fraunhofer.de

Pulse Magnetron Sputtering proves its versatility and capability in
the production of high quality coatings on 3D-parts of various func-
tions. It is a high-rate deposition technique for films of excellent
properties, especially from dielectric materials. Examples of actual
state-of-the-art functional coatings deposited by pulse magnetron
sputtering will be presented, which are nanocomposite oxide and ni-
tride coatings.

For the deposition of nanocomposite coatings, reactive co-sputtering
of different target materials allows a fine adjustment of the film
composition to generate the specific two-phase structures that exhib-
it outstanding mechanical properties. In this way, nc-ZrN/Al, and
nc—A120 /ZrO2 have systematically been generated with generally
good adla‘lesion and maximum hardness in the order of 30 GPa in
both systems. In the nitride system Zr-Al-N, structure-related hard-
ness increase is achieved for a small fraction of aluminium in the
coating. In the oxide system Al-Zr-O, depending on the composi-
tion, crystalline phases of g-alumina or tetragonal zirconia can be
stabilised.

Another oxidic nanocomposite system attracting much interest is the
system nc-TiOz/Ti, where crystallites of TiO_ are embedded in a Ti-
matrix. Pulse Magnetron Sputtering allows the tailored generation of
anatase or rutile phase through the choice of pulse parameters and
deposition conditions. Properties like hydrophilicity and photocata-
lytic activity are investigated as a function of crystalline phase form-
ation and stoichiometry in the nc-TiOz/Ti system.
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Nanostructure Functionally Graded Coatings Based on
Multilayered Carbides
Isaac Dahanl, Moshe P. Darielz, Nahum Frage2

1. Nuclear Research Center Negv (NRCN), Department of Phys-
ics, Beer-Sheva 84190, Israel 2. Ben-Gurion University of the
Negev, Department of Materials Engineering (BGU), Beer-Sheva
84105, Israel

E-mail: idahan@bgu.ac.il
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Within the framework of the present study, we produced function-
ally graded (FG) Ti/TiC and Nb/NbC multilayered coatings using a
magnetron sputtering system. The composition gradient was gener-
ated by varying the relative thickness of the as-deposited metal and
carbide layers. Subsequent short diffusion treatments were aimed at
eliminating the interfaces between the adjacent layers yet maintain-
ing an overall carbon composition gradient across the thickness of
the coating.

We were able to determine the diffusivities of carbon in the TiC lay-
er at different temperatures and, hence, the activation energy, 132
kJ/mole, which is one third that for bulk activation energy. The dif-
fusion coefficients were 3.5x10 - 5.7x10™"> cm’/s for the temperat-
ures range of 355-550°C. These values are significantly higher than
expected from extrapolation of data obtained at elevated temperat-
ures.

The triboligical properties were carried out on coatings consisting of
graded Ti-TiC multilayers with different concentration profiles and
that had been deposited on WC-Co substrates in two steps. First,
0.5pm thick graded Ti-TiC multilayers were deposited followed by a
2.5um outer layer of stoichiometric TiC. A critical load ,Lc >27N in
the as deposited and post annealed coating was observed for a Ti-
rich profile The normal wear resistance in the Ti- rich profile was
higher by one order of magnitude than for the other profiles.

The structural evolution of the Nb/NbC multilayers was carried at
the temperature range of 400-800°C. At these temperatures, the
changes of the relative amount of the phases present are due to the
mobility of the carbon atoms. The Nb_C structure was found to have
an orthorhombic structure, in contrast to the expected from the phase
diagram.
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Nanocrystalline TiN and TiCN biomedical gradient films
produced by pulsed laser deposition

Roman Majorl, Jirgen M. Lacknerz, Elzbieta Czarnowskas, Ro-
man Kustosz ', Piotr Lackis, Bogustaw Major1

1. Polish Academy of Sciences, Institute of Metallurgy and Materi-
als Sciences (IMIM PAN), Reymonta 25, Krakow 30-059, Poland
2. Joanneum Research Forschungsgesellschaft mbH, Laser Center
Leoben, Steyrergasse, Graz A8010, Austria 3. The Children Me-
morial Health Institute, Department of Pathology, al. Dzieci Pol-
skich 20, Warszawa 04-736, Poland 4. Foundation of Cardiac
Surgery Development, Wolnosci 345a, Zabrze 41-800, Poland
5. Czestochowa University of Technology, Armii Krajowej St.,
Czestochowa 42-200, Poland

E-mail: nmmajor@imim-pan.krakow.pl

Titanium nitride and carbonitride are regarded as potential biomater-
ials for contact with soft tissue or blood. TiN and TiCN films were
fabricated by PLD method with system working with a Nd:YAG
laser onto three substrates i.e. Tia, Ti6Al4V alloy and polycrystal-
line silicon. A transition (buffer) layer adjacent to the substrate was
applied to improve adhesion of the coating. It comprises gradient ni-
tride or carbonitride layers produced by application of controlled
variation of reactive gaseous atmosphere in the chamber, by switch-
ing the gas flow from Ar to N2 or C2H2. Atomic force microscopy

(AFM) was used to examine morphology of the surface in three cru-
cial stages of deposition process i.e. substrate before deposition,
after deposition of transition (buffer) layer and after deposition of
the final TiN or TiCN layer. Cross- section of the materials was ex-
amined by transmission electron microscopy (TEM) as well as by
high resolution transmission electron microscopy (HRTEM) with se-
lected area diffraction (Fourier transform) to study the buffer layer.
The structure transformation from amorphous type, existing at the
border between the substrate and the buffer layer, to crystallized one
formed under the maximal nitrogen flow close to the surface was
stated. Crystallographic X-ray texture tomography (XTT) in the
near-the-surface area was performed for detection of texture vari-
ation in respect to the reactive gas flow. Residual stress measure-
ments on the basis of the X-ray method (sinz‘{’) were performed for
the deposited films. Biological examinations were performed on hu-
man fibroblast cells in 48h culture. Fibronectin expression was in-
vestigated with application of the confocal microscopy.

15:00 Oral

Hybrid pulsed laser deposition of Ti-Cu-N ternary ni-
tride thin films

L 1. .2 .
Grigorios M. Matenoglou', Giorgos A. Evangelakis™, Constanti-
)
nos Kosmidis™, Panos A. Patsalas

1. University of loannina, Department of Materials Science and
Engineering, loannina GR-45110, Greece 2. University of loan-
nina, Department of Physics, loannina 45110, Greece

E-mail: ppats@cc.uoi.gr

Composite ternary nitrides of the form TM-NM-N, where TM and
NM stand for Transition Metal and Noble Metal respectively, are in-
teresting materials for mechanical applications, since their mechan-
ical properties may be tailored based on the existing metal and ni-
tride phases. The nitride and metal phases contribute to the hardness
and the ductility of the composite structure, respectively. The very
low miscibility between NM and N and the high heat of formation of
NM-N promote the formation of composites consisting of TM-N and
NM phases. In this work we present the growth of Ti-Cu-N films (an
example of TM-NM-N) by hybrid Pulsed Laser Deposition. In this
configuration, a composite Ti-Cu target, which was ablated by a
high-fluence Nd:YAG laser (2nd harmonic) in N_ ambient was used.
The process was carried out in a homogeneous electric field with the
substrate being at a negative DC potential (-50 V) with respect to the
target. The partial pressure of the ablated Ti-Cu vapor was ~1x10"
Pa, while the base pressure P was <5x10” Pa. The N partial pres-
sure (PN ) varied between 1x10™ Pa and 40 Pa. Under these condi-
tions there was no self-sustained plasma generation (even for the
highest PN2 case) due to the low value of V. . However, laser-in-
duced plasma generation was observed for a wide range of pres-
sures. Films with the typical gold-like appearance of TiN were
grown at P ~10"" Pa. The effects of P__ to the Metal/N ratio and
Ti/Cu ratio into the films, as well as the crystal structure of the films
were systematically studied employing in-situ Auger Electron Spec-
troscopy and X-Ray Diffraction, respectively.
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Growth of thin TiO films by high power pulsed magnet-
X

ron sputtering from a compound TiO] s target.

Kostas Sarakinos, Jones Alami, Christian Klever, Matthias Wuttig

Institute  of  Physics 14, RWTH  Aachen
Sommerfeldstrafie 14, Aachen 52074, Germany

Univesrity,
E-mail: ksara@physik.rwth-aachen.de

We present a study on the growth of TiO films by high power
pulsed magnetron sputtering (HPPMS). Higﬁ( power unipolar pulses
with a low duty cycle (<20%) are applied to a TiOl target resulting
in a high ionization of the sputtered material and consequenty an in-
creased energetic bombardment of the growing film. We investigate
the effect of pulse duty cycle on the deposition rate, the structure,
the surface morphology and the optical properties of the TiO films.
Samples are sputtered at a constant average current mode onxgroun—
ded, floated, and negatively biased substrates for different duty
cycles (1.5%-20%). X-ray diffraction shows that in all cases nano-
crystalline films are obtained. It is found that the peak target current
(I ) and the target voltage increase with decreasing pulse duty
cy(?le, which has implication on the film properties. X-Ray Reflecto-
metry (XRR) measurements show that the deposition rate for films
sputtered at ITp<14 A increases with ITp and it is up to 60% higher
with respect to the rate achieved by DC sputtering. The HPPMS rate
decreases at ITp>14 A but remains slightly hihger than the DC rate.
The existence of the two I regimes is discussed in the light of the
change of the plasma characteristics upon increasing the peak cur-
rent and the self-sputtering effect. Moreover, the XRR analysis
shows that the HPPMS films exhibit surface roughness of ~0.5 nm,
which is 70% lower than the corresponding DC values. Finally,
spectroscopic ellipsometry measurements reveal that transparent
films with band gap of ~3.2 eV are obtained in all cases. In addition,
refractive indices up to 2.52 are obtained for HPPMS deposited
films. These values are higher than the correspoding values for DC
films (~2.46) grown at otherwise identical conditions.
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From exotic implantations to nickel-cobalt alloy for
totally silicided gate modulation

. .12 . | 3
Delphine Aimé ™, Benoit Froment , Véronique Carron”, Marco
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1. STMicroelectronics, 850 rue Jean Monnet, Crolles Cedex
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rue des Martyrs, Grenoble 38054, France 4. Philips, 850 rue Jean
Monnet, Crolles 38926, France

E-mail: delphine.aime@gmail.com

In order to obtain a dual metal gate, workfunction tuning by various
exotic implantations (F, O, Ga, In, C, Er, Se, Al, Sb,...) has been in-
vestigated for a fully silicided NiSi gate. According to electrical
data, there is no significant breakthrough observed in the NiSi work-
function. However, it seems that some species like Al, Sb and Ga
have special interactions with nickel silicide. TEM and SIMS ana-

lysis indicate that silicidation is strongly slowed down with Sb im-
plant (<3el5 dose), and in a less extent with Al implants (>5el5
dose). In both cases, the silicidation has been blocked and the polySi
gate has not been entirely silicided. On one hand, a uniform but thin
NiSi layer was observed with Sb.On the other hand, Auger mapping
clearly showed clusters and evidenced lateral phase segregation into
NiSi matrix with poly-Si domains. Moreover, for species like Ga,
the surface composition would consist mainly of Ni_Si and NiSi do-
mains with local presence of Ga-precipitates, surrounded by Si-rich
halo. This implies that implanted Ga has segregated during/after sili-
cidation anneals, locally affecting silicidation kinetics. The same
phenomenon might have appeared for fluorine.

As most exotic species implanted hardly modulate the workfunction,
nickel-cobalt alloys formed from bilayers were also investigated for
further gate modulation. It was observed that a significant modula-
tion from 4,62eV to 5eV can be achieved, which is interesting for
PMOS devices. Thorough electrical and physical characterizations
such as SIMS and TEM were used to understand this modulation.
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Preparation and electrochemical investigations of well
coated carbon fiber-conducting polymer composites.

Ashok K. Sharma, Jong-Huy Kim, Yong-Sung Lee
Department of Chemistry, Vaish College, Rohtak 124001, India

E-mail: ashosharma@rediffmail.com

Electrode material based on composite of vapor grown carbon
fiber(VGCF) and polyyrrole(Ppy) was synthesized by insitu chemic-
al polymerization using different concentrations of pyrrole in the ini-
tial polymerization solution, so as to improve the specific capacit-
ance and power characteristics of polypyrrole. Polypyrrole thin films
were chemically deposited on vapor grown carbon nano fibers. Ppy-
carbon fiber composite electrodes obtained by coating of PPy on
VGCF with controlled thickness, has been investigated as electrode
material for supercapacitors. Polymerization reaction was carried out
with constant sonication. The PPy/VGCF composite was character-
ized by FTIR spectroscopy. The surface morphology of the polymer
films was characterized by using scanning electron micro-
scopy(SEM) and scanning transmission emission microscopy(TEM).
The capacitances of the composite electrodes were investigated with
cyclic voltammetry(CV). Below ~10 nm of uniformly deposited
nano-thin PPy layer on VGCF(02PV) was effective to obtain fully
reversible and very fast Faradaic reaction. Almost the entire mass of
the PPy for the 02PV composite could contribute to the pseudo-
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capacitive charge storage. The nano-thin PPy layer exhibited higher
specific capacitance of ~588 F g'lat 30 mV s 'and ~545 F g'1 at 200
mvs’' along with an excellent power capability.

Keywords: Composite electrode, Polypyrrole, supercapacitor, vapor
grown carbon fiber.
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Ion beam-assisted method of nanofabrication
Maciej L. Zgirski, K.P: Riikonen, V. Touboltsev, K. Y. Arutyunov

University of Jyvaskyla, NanoScience Centre, Department of
Physics (JYFL), Survontie 9 PB 35, Jyvaskyla 40014, Finland

E-mail: zgirski@phys. jyu.fi

Sputtering can be thought as an erosion of surface due to primary
ions bombardment. In our experiments we have investigated effects
of ion beam sputtering on shapes and sizes of nanowires initially
produced with e-beam lithography. Nanowires have been sputtered
with low energetic (1keV) Argon ion beam. For such a low energy
ions can alter only very surface of the wire as ions' projected range
in bombarded targets is at the level of Inm. As a result ion beam
sputtering provides powerful tool for gentle, layer-by-layer removal
of the bombarded material. In parallel with experimental research
we have developed theoretical description of evolution of nanowires
under ion beam irradiation. We have shown that it is possible to re-
duce nanowires' cross-section in predictable and controllable way.
Starting with different initial sectional profiles of the wires and us-
ing different sputtering angles it is also possible to control aspect ra-
tio (height to width ratio) of wire's cross-sectional profiles. We have
used described method to investigate the modification of supercon-
ducting transition (due to quantum phase slips) for the same wire
with progressively reduced cross-section.
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Formation of three-dimensional quantum dot superlat-
tices

Maja Buljanll, Uros V. Desni2ca1, Mile lvandal, Pavo Dubéekl,
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E-mail: mbuljan@irb.hr

We study the formation of Ge quantum dots (QD) within Ge-SiOz/
SiO_ multi-layers deposited by magnetron sputtering deposition.
Within a very narrow range of deposition parameters, we found self-
organization of QDs in the three-dimensional QD superlattice with
hexagonal symmetry. The phase of the QDs and the superlattice unit
cell parameters can be tuned by varying deposition and after-
deposition annealing parameters. Formed QDs have narrow size dis-
tribution and high spatial density yielding many potential applica-
tions.
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Synthesis of an ultra-thin palladium membrane for hy-
drogen extraction

Zhongliang Shi, Jerzy A. Szpunar

Department of Mining, Metals and Materials Engineering, McGill
Univesity, 3610 University Street, M.H. Wong Building, Montreal
H3A42B2, Canada

E-mail: jerzy.szpunar@mcgill.ca

Environmental concerns and energy crisis lead to increase of global
interest in the development of "hydrogen economy". The increased
demand for hydrogen consumption has led to a revival in methods
for separation and purification of hydrogen from gas mixtures. The
interaction between Pd and hydrogen has been studied extensively
and applied widely in hydrogenation catalysts of chemical engineer-
ing because palladium absorbs and adsorbs hydrogen easily. Pd
membranes having good chemical compatibility and hydrogen se-
lectivity are widely used for hydrogen separation and purification.
So far, electroless, electrochemical and sputtering depositions are
used for the fabrication of Pd membranes. Most efforts have been
focused on reduction of the membrane thickness in order to maxim-
ize hydrogen permeability and reduce the membrane cost. However,
the fabrication of an ultra-thin and pin-hole free membrane is a chal-
lenging task. Based on the observation of microstructure of Pd de-
posited on the rough stainless steel surface using electroless process,
we find that Pd membrane is made of nanoparticles and the thick-
ness of an ultra-thin membrane is directly dependent on the diameter
of nanoparticles. The diameter of Pd nanoparticles can be eftectively
controlled by the concentration of PdCl_in the plating bath. The
higher concentration of PdCl_in the plating bath will result in a
smaller size of Pd particles deposited on the substrate. The smaller
the diameter of Pd nanoparticles is, the thinner the dense Pd mem-
brane is built. Hydrogen permeation tested result from the ultra-thin
Pd membrane having the thickness of 400 nm demonstrates that the
ultra-thin membrane is solid and it can be used at the temperature of
550°C and hydrogen pressure difference of 50 psi. These results will
allow optimizing the design of an ultra-thin Pd membrane for hydro-
gen extraction.
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Electrophoretic deposition of naturally derived and
chemically synthesized hydroxyapatite on metallic sub-
strates

Onder Albayrak, Sabri Altintas
Bogarzici University, Istanbul, Turkey

E-mail: ondera@boun.edu.tr

Metals and alloys are used in restoration of anatomical structures for
centuries owing to their superior mechanical properties. However,
after their application, a bond with living bone often does not devel-
op or the integration of the implants with bone tissue takes generally
several months. This drawback has recently been addressed by coat-
ing the metal with a thin layer of a bioceramic, hydroxyapatite (HA),
which is the main component of bone and thus a very good osteoin-

22 Symposium A



Thursday, 7 September

ductor. HA coating accelerates bone formation on initial stages of
osseointegration, thus improves implant fixation. In this study, elec-
trophoretic deposition (EPD) method was used for coating of titani-
um substrates. Chemically synthesized nano-powders and naturally
derived sub-micron powders of HA were used as coating materials.
50 Volts and 60 seconds were chosen as coating parameters. Particle
size distribution and zeta potential measurements were done for
characterization of EPD suspensions. Effects of different powders on
coating efficiency were investigated. Also effect of inserting a TiO
inner coating layer between titanium substrate and HAP coating
were investigated. HAP powders and sintered coatings were charac-
terized by scanning electron microscopy (SEM) and X-ray diffrac-
tion (XRD).

Coffee break
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Electrical properties of composite films
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Optical and electrical properties of sputtered Zr-Si-N
thin films: from solid solution to nanocomposite

Cosmin S. Sandu, Farida Medjani, Rosendo Sanjines

Ecole Polytechnique Federale de Lausanne (EPFL), Ecublens,
Lausanne 1015, Switzerland

E-mail: rosendo.sanjines@epfl.ch

DC reactive magnetron sputtering was used for the deposition of Zr-
Si-N thin films. Four series of samples have been deposited at vari-
ous substrate temperatures TS: room temperature, 240 °C, 440 °C
and 640 °C. The total pressure was 0.6 Pa. Depending on TS for ob-
taining nearly stoichiometric ZrN films, the nitrogen partial pressure
was kept constant for each series at 5 %, 12.5 %, 37.5 % and 65%,
respectively. Si content (C ) was varied in each series by changing
the power applied on the Si target, whereas that on Zr target was
kept constant. Electrical resistivity measurements have been per-
formed between 20 and 300 K. The resistivity measured as a func-
tion of temperature reveals variations of the temperature coefficient
of resistivity as a function of Si concentration. The results of theoret-
ical fitting using the grain boundary scattering model show that the
transport properties change with Si addition from a moderated
damping regime to a strong damping regime. The optical properties
of the Zr-Si-N films with C_ < 10 at. % can be well explain by
straight forward modeling ofs 'their dielectric functions by a set of
Drude-Lorentz oscillators under the assumption that the films are
single, though defective, phase. In this model, the Drude dumping
factor I'p (or time relaxation of the free carriers) is mainly related to
the film morphology, i.e. the crystallite size and the nature of the
grain boundary barrier for electrons scattering. The electron trans-
mission probability G (obtained from fitting of resistivity measure-
ments), the Si coverage on the ZrN grain surfaces (obtained from
structural model calculation) and the Drude dumping factor Ip
(obtained from fitting the real part of the dielectric function beha-

viour) are well correlated.

11:20 Oral

The structural and electron field emission properties of
ion-beam-synthesised metallic-dielectric nanocomposites

Wei-Mong Tsangl, Vlad Stolojanl, Sai-Peng Wongz, Jorg
Lindner3, Brian Sealyl, Ravi P. Silva1

1. University of Surrey, School of Electronics and Physical Sci-
ences, Guildford Surrey GU2 7XH, United Kingdom 2. Depart-
ment of Electronic Engineering, The Chinese University of Hong
Kong, Hong Kong 0852, Hong Kong 3. Universitdit Augsburg, In-
stitut fiir Physik, Augsburg D-86135, Germany

E-mail: w.tsang@eim.surrey.ac.uk

Metallic nanoclusters embedded in dielectric matrices have attracted
a significant research interest because of their uniquely optical and
magnetic properties. In this work, we show how the electron field
emission (FE) properties of these nanocomposites can potentially
form the basis for the next generation vacuum nanoelectronic elec-
tron sources. The study of FE of metallic-dielectric nanocomposites
is motivated by creating a local field enhancement arising from the
isolated conductive clusters embedded in an electrically insulating
matrix. Metallic-dielectric nanocomposites, including Ag-SiOz, Co-
SiO_and WC-SiC, were synthesised by metal ions implantation onto
a dielectric on Si substrates. The WC-SiC nanocomposites fabricated
under appropriate conditions show the best FE properties with
thresholds field less than 1 V/um. Moreover, the optimised threshold
fields of Ag-SiO_ and Co-SiO_ nanocomposites are determined to be
13 and 5 V/um, respectively and are still comparable to other FE
materials. The structural properties of these samples were systemat-
ically studied by atomic force microscopy, Rutherford backscatter-
ing spectroscopy, x-ray photoelectron spectroscopy, and transmis-
sion electron microscopy. The FE properties of these samples are
critically dependent on their structure and can be understood by the
electrical inhomogeneity and geometric local field enhancement ef-
fects. Finally, the details of the dependence of fabrication conditions
on the structure and FE mechanisms in these samples will be presen-
ted.

11:40 Oral

Dielectric Properties of Nickel Containing Amorphous
Hydrogenated Carbon Films Prepared by Microwave
Plasma-Assisted Deposition Technique

Stawomir Kukieﬂ(al’z, Alain Sylvestrel, Dim M. Nguyenl, Witold
Gulbir’lskiz, Yves Pauleau1

1. Centre National de la Recherche Scientifique (CNRS - LEMD),
25 Rue des Martyrs, Grenoble 38042, France 2. Technical Uni-
versity of Koszalin, Raclawicka 15-17, Koszalin, Poland

E-mail: slawek@tu.koszalin.pl

Nickel/hydrogenated amorphous carbon (a-C:H) composite films
have been deposited at room temperature on nickel coated
(100)-oriented single crystal silicon substrates by combining sputter-
deposition of metal and microwave plasma-assisted chemical vapor
deposition of carbon from argon-methane mixtures of various con-
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centrations. The nickel target voltage was varied from - 600 to - 100
V. The films have been deposited on either grounded substrates or
substrates biased to - 10 V. The dielectric properties of films were
investigated as functions of the frequency and temperature varying
from 0.1 Hz to 1 MHz and from -150°C to 175°C, respectively. Pure
a-C:H films exhibited a dielectric constant of 2.8 at a frequency of 1
Hz. The dielectric constant at a frequency of 1 Hz was equal to ap-
proximately 300 for Ni/a-C:H composite films of 360 nm in thick-
ness containing 20 at.% of nickel. The value of the dielectric con-
stant of these composite films was observed to decrease from 300 to
200 as the frequency increased from 1 Hz to 100 kHz. The effect of
the electric field on the permittivity of films is also discussed in the
paper.

12:00

Oral

Development and characterization of ferroelectric semi-
conducting nanocrystalline films

Indranil Manna, Gopal C. Jha, Samit Ray
Indian Institute Of Technology,Kharagpur (IIT), Kharagpur, India

E-mail: imanna@metal.iitkgp.ernet.in

Recently, ferroelectric semiconductors, namely barium strontium ti-
tanate (BST) and strontium bismuth tantalate (SBT) have drawn
considerable attention for micro-electronic applications as memory-
devices, sensors, uncooled infrared (IR) focal plane arrays (UFPAs),
electro-optic devices and MEMS. The present work deals withsyn-
thesis of nanocrystalline thin films of stoichiometric
Ba0.8Sr0.2TiO3 and SrBi2Ta209 by radio-frequency magnetron
sputtering technique (RF-MS) at different deposition and post an-
nealing temperatures and associated microstructural, electrical and
thermo-physical characterization. Among other variables, the influ-
ence of substrate and annealing temperatures on the microstructure
and degree of crystallinity, the mechanism and rate of charge trans-
port/conduction through BST/Si heterostructure, and ac frequency
response of the BST film were studied. Process temperatures signi-
ficantly affect the crystallinity, microstructure and electrical proper-
ties of the BST. However, SBT films are not that sensitive to these
parameters. However, effect of temperature is pronounced on elec-
tro-optic and storage properties of both BST and SBT films. Usu-
ally, low deposition temperature ensures a better crystallinity and
compositional uniformity. Marginal ferroelctric hysteresis is ob-
served at low and high substrate temperatures. Memory window as
high as 1.8 V is noted in BST films deposited at 4500C. Atomic
force microscopy reveals that the growth of nanoclusters is governed
by Frank-van der Merwe mechanism at low substrate temperature.
Memory window was noted as high as 3.6 V for AI/SBT/Si hetero-
structure. The UV-Visible transmission spectroscopy reveals a direct
band (~ 4.0 eV as per Tauc's relation) transition with no vertical for-
bidden transition. The SBT film is 100% optically transparent.
[Partial financial support from the Department of Science and Tech-
nology, New Delhi (Grant: SR/S5/NM-04/2005; SCM) is gratefully
acknowledged]

Lunch break
Thursday afternoon, 7 September, 12:30

Magnetic properties of composite films (a)
Thursday afternoon, 7 September, 14:00
Chair: Nicolae D. SULITANU, Styliani Kennou

14:00 Invited oral

Structure and magnetic properties of C/FePt granular
multilayers prepared by ion-beam sputtering

David Babormeaul, Frédéric Paillouxl, Grégory Abadiasl,
Frédéric Petroff2 , Nuno Barradas3, Eduardo Alves

1. Laboratoire de Métallurgie Physique (LMP), Bvd M. et P.
Curie, Futuroscope 86962, France 2. Unité Mixte de Physique
CNRS-Thales, Route départementale 128, Palaiseau 91767,
France 3. Instituto Técnolégico Nuclear (ITN), Sacavém 2686,
Portugal

E-mail: david.babonneau@univ-poitiers.fr

Nanoscale magnetic systems are attracting considerable attention
due to their potential in the field of ultrahigh density recording me-
dia. To achieve high storage densities, assemblies of ferromagnetic
particles with uniform and small size below 10 nm are required.
However, as the magnetic bit size is further reduced to the super-
paramagnetic limit, the magnetization is easily perturbed by thermal
agitation. Therefore, recent studies have been focused on FePt nano-
particle arrays owing to the existence of chemically ordered phases
with exceptional magnetic properties such as large magnetocrystal-
line anisotropy constant.

We have used ion-beam sputtering to grow FePt thin films and C/
FePt granular multilayers at room temperature. We have investigated
the effects of thermal annealing on the structural and magnetic prop-
erties by combining the sensibilities of different techniques includ-
ing TEM, RBS, GIXRD, GISAXS, and SQUID. We will show that
the as-deposited films and granular multilayers contain FePt grains
with a disordered fcc structure and are magnetically soft. Thermal
annealing causes partial L1 ordering and growth of the FePt grains
both in the FePt films and in the C/FePt multilayers, but these effects
are restrained by the presence of carbon. We will demonstrate that
thermal annealing of granular multilayers also results in the prefer-
ential graphitization of the carbon matrix and in the chemical inter-
action of the Fe atoms with the Si substrate. Magnetization measure-
ments indicate that magnetic hardening occurs after annealing and
that the saturation magnetization is strongly dependent on the an-
nealing temperature.

24 Symposium A



Thursday, 7 September

14:30 Oral

Effect of hydrocarbon ligands on the magnetism of FePt
nanoparticles

Carolin Antoniak], Kai Fauthz, ulf Wiedwald3, Hans-Gerd
Boyen3,  Fabrice Wilhelm4, Andrei Rogalev4, Nina
Friedenbergerl, Marina Spasoval, Michael Farle '

1. University of Duisburg-Essen, Lotharstr. 1, Duisburg 47057,
Germany 2. Max-Planck Institut fuer Metallforschung (MPI-MF),
Heisenbergstr. 3, Stuttgart D-70569, Germany 3. Ulm University,
Albert-Einstein-Allee 47, Ulm 89081, Germany 4. European Syn-
chrotron Radiation Facility (ESRF), Grenoble 38043, France

E-mail: antoniak@agfarle.uni-duisburg.de

Chemically disordered wet-chemically synthesised FePt nano-
particles [1,2] with diameters around 6nm were self-assembled in
2D islands on Si substrates. The magnetic moments of the Fe and Pt
atoms of naturally oxidised particles were measured before and after
removal of the oleylamine and oleic acid ligands by means of x-ray
magnetic circular dichroism (XMCD). We find by XMCD at the Fe
L__ edges that the particles contain a number of Fe atoms corres-
ponding to less than one monolayer equivalent which are in an oxid-
ic environment like a-Fe_O_. No influence of the ligand shell on the
formation of oxides or on the magnetic properties was detected.
After removal of the oxide shell by a soft hydrogen plasma treat-
ment, the particles are transformed into a pure metallic state with an
effective spin (orbital) magnetic moment per atom of 2.48uB
(0A056pB) at the Fe sites and 0.411.1B (0.054p.B) at the Pt sites. Com-
pared to the oxidised state, the values of the spin magnetic moments
per unoccupied d-state at the Fe sites increased by a factor of 4,
whereas at the Pt sites no significant changes are observed - con-
firming the initial guess of an antiferromagnetic Fe oxide. The pos-
sibility to identify a Pt enriched particles surface by high-resolution
transmission electron microscopy (HR-TEM) analyses of the lattice
expansion and the z-contrast will be discussed.

This work was supported by Deutsche Forschungsgemeinschaft
(SFB 445), the Marie Curie Research Training Network
“SyntOrbMag”, the BMBF (05 ES3XBA/5) and the ESRF.

[1] C. Antoniak, J. Lindner and M. Farle; Europhysics Letters 70
(2005) 250

[2] M. Ulmeanu, C. Antoniak, U. Wiedwald, M. Farle, Z. Frait, and
S. Sun; Phys. Rev. B 69 (2004) 054417

14:50 Oral

EPR investigations of hybrid nanocomposites based on
silicon carbide nanoparticles and polyaniline

Adi Kassiba, A. Bulou, W. Bednarski, M. Hilali, A. Pud, K. G.
Fatyeyeva, M. Tabellout

E-mail: kassiba@univ-lemans.fr

EPR investigations are carried out on functional hybrid nanocom-
posites associating silicon carbide (SiC) nanoparticles and polyanil-
ine. The nanoparticle surfaces are functionnalised by the polymer
being arranged as thin layer (1-5 nm thick). The conductivity of
polyaniline was modulated by camphor sulfonic acids (CSA) as

dopants. The EPR spectra in different systems (polymer, SiC, nano-
composites) were investigated as function of the doping rate and
versus the sample temperature in the range (4K,450K). Analysis of
the EPR spectra evidences the relevance of two contributions. The
first occurs from dangling bonds and radicals well localised on the
polymer backbone. The second type of paramagnetic centres seems
to correlate with delocalised unpaired spins induced by the acid dop-
ing. The thermal evolution of the spin susceptibility is satisfactory
accounted by the thermal activation of paramagnetic centres. The re-
laxation mechanism probed by the EPR line widths point out the rel-
evance of short relaxation times for the unpaired spin carriers and
longer ones of the polymer chains. The evolution of the EPR spectra
intensity after annealing at 450K is marked by a relatively stable
spin carriers in composites materials while a net decrease occurs in
the solely doped polymer. A discussion of the stability and the fea-
tures of polarons and bipolarons in these composites will drawn
from the features of the EPR results.

15:10 Oral

Magneto-optical and electron transport properties of
Co-based amorphous and nanocrystalline ribbons

Vasyl G. Kravetsl, L.V. Poperenkoz, K. L. Vinnichenko2

1. Institute for Information Recording (IPRI), Shpak 2, Kiev
03113, Ukraine 2. Department of Physics, Taras Shevchenko Kyiv
University, 6 Gloushkov avenue, Kyiv 252022, Ukraine

E-mail: vasyl_kravets@yahoo.com

The discovery of the so-called giant magnetoimpedance (GMI) ef-
fect in Co-based amorphous and nanocrystalline ferromagnetic ma-
terials have enabled the development of high-performance magnetic
sensors. However, the maximum value of GMI experimentally ob-
served for existing materials has been much smaller than the theoret-
ically predicted value. In order to obtain the suitable value of GMI
for practical applications we have used low temperature (77 K) treat-
ment and laser annealing of Co-based amorphous alloys. These com-
bining treatments significantly improve the GMI effect.
Co59Fe5SNi10Si11B15 and Co71Fe4Si10B15 amorphous were pre-
pared by the melt-spinning method. GMI measurements were carried
out along the ribbon axis with dc magnetic field up to 100 Oe and in
the frequency range of 10-1000 kHz. Magneto-optic Kerr effect was
used for characterization of surface magnetism in laser annealed Co-
based alloys. The magneto-transport properties of these materials
were studied by infrared reflection spectroscopy method. Laser an-
nealing of the Co-based amorphous alloys leads to the formation of
nanocrystal grain whose size varies between 20 and 50 nm. The
value of GMI grows in amplitude about of 2-3 times after low tem-
perature treatment and laser annealing for the abovementioned
samples. The measured hysteresis loops as a function of the external
magnetic field show the approximately coherent rotation of magnet-
ization. From measurements of the magnetoreflectance in the mid-IR
region the relaxation time of conductive electrons was estimated. It
was shown that the magnetoreflectance exists in amorphous and
nanocrystaline Co-based ribbons due to a change in their conductiv-
ity behavior when a magnetic field is applied.

Coffee break
Thursday afternoon, 7 September, 15:30
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Magnetic properties of composite films (b)
Thursday afternoon, 7 September, 15:50
Chair: Jean Paul Riviere, Nicolae D. SULITANU

15:50 Oral

Comparison of patterning of highly ordered CoPt alloys
with perpendicular anisotropy using two methods: ion
etching and ion irradiation

Madjid Abes, Julien Vénuat, Mircea V. Rastei, Alain Carvalho,

Guy Schmerber, Jean-Pierre Bucher, Aziz Dinia, Eric Beaure-
paire, Veronique Pierron-Bohnes

Institut de Physique et Chimie des Materiaux de Strasbourg,
UMR7504, CNRS - ULP, 23, rue du Loess, BP 20, Strasbourg
67037, France

E-mail: vero@ipcms.u-strasbg.fr

CoPt alloy layers were prepared by molecular beam epitaxy, depos-
ited directly on a MgO(001) substrate. These layers had the Ll0 tet-
ragonal structure, ordered in the growth direction with an easy mag-
netization direction perpendicular to the layer plane and a 100 per-
cent remanence. The layers were nanostructured using two different
methods:

A) A network of dots were classically realized by electron beam
lithography and ion etching. Whereas the continuous layers had a
labyrinthine magnetic structure after perpendicular demagnetization,
all the dots are single domains with randomly distributed up and
down magnetization.

B) Ionic irradiation was used to magnetically pattern a CoPt alloy
film, using a mask to protect arrays of CoPt dots during a ionic irra-
diation. The unprotected regions became disordered and magnetic-
ally soft, whereas the protected regions remain magnetically hard.
This spatially selective irradiation provides a spatial distribution of
magnetic anisotropy and hence of the magnetization direction, per-
pendicular to plane in the ordered zones and in-plane in the dis-
ordered zones. The interest of this method is that the film recovers
its initial roughness after elimination of the mask which is promising
for the data storage applications.

16:10 Oral

Magnetic properties
CoFeZr -Alumina

Alexander K. F edotovl, Julia A. F edotoval, Yury E. Kalininz, Al-
exander V. Sitnikov2

1. Belarusian State University (BSU), F. Skaryna av. 4, Minsk
220050, Belarus 2. Voronezh State Technical University, Vor-
onezh, Russian Federation

E-mail: fedotov@bsu.by

of nanogranular composites

The 5 to 15 mm thick nanocomposite films of CoFeZrin alumina
matrix were sputtered in the chamber evacuated with pure Ar gas. It
is shown that magnetic state of the films was strongly dependent on
concentration X of CoFeZr nanoparticles. The films being before
percolation threshold Xc

= 40-45 at.% displayed superparamagnetic state of metallic nano-
particles with the lack of sextet in Mossbauer specta, non-hysteresis
character of magnetization curves and invariability of real m/ and
imaginary m2 parts of magnetic permeabilities measured at fre-
quences 20-200 MHz. Beyond the Xc, the values of m/ were in-
creased with X elevation due to decrease of interparticle distances.
As a result, the effects of dipole-dipole and exchange interactions of
nanoparticles became apparent resulting in the presence of magneto-
ordered regions (magnetoclusters) including a few nanoparticles.
The formation of net of magnetoclusters was observed using MFM
and Mossbauer measurements. The observed changes in magnetic
properties of nanocomposites with x fully agree with our earlier DC/
AC measurements revealed peculiarities of hopping carrier trans-
port, negative magnetoresistance and impedance at Xc.

16:30 Oral

Magnetoresistivity of Cobalt/PTFE granular composite
film produced by Pulsed Laser Deposition technique

Ho Yin Anthony Kwong, Man Hon Wong, Yuen Wah Wong, Kin
Hung Wong

The Hong Kong Polytechnic University (HK, PolyU), Hung Hom,
Hong Kong, Hong Kong

E-mail: 05900389r@polyu.edu.hk

Giant Magnetoresistance (GMR) was observed in Cobalt-PTFE het-
erogeneous granular films. The samples were deposited on glass
substrates by using the Pulsed Laser Deposition (PLD) technique.
The samples prepared exhibit a percentage change in resistance
(MR%) of about 6% at room temperature with an applied magnetic
field (H) of 10kOe. A significant change of the MR profile was ob-
served when the magnetic field was applied in-plane and out-
of-plane to the film. The temperature dependence of resistance (R-T)
of the samples was measured from 10K to room temperature. The
results show that charge transportation is mainly due to tunneling in
the sample. The GMR effect can thus be interpreted by the spin-
dependent electrons tunneling through the ferromagnetic metal gran-
ules (cobalt) in the insulating matrix (PTFE).

Friday, 8 September

Structure of composite films
Friday morning, 8 September, 9:00
Chair: Adam Tokarz, Magdalena Parlinska-Wojtan

9:00 Invited oral

Atomistic simulations of nanocomposite carbon films
Pantelis C. Kelires

University of Crete (UOC), Vasilika Vouton, P.O. Box 2208,
Heraklion 71003, Greece

E-mail: kelires@physics.uoc.gr

Nanocomposite carbon (1#-C) films may be described as hybrid ma-
terials, consisting of C nanostructures embedded in a host amorph-
ous carbon (a-C) matrix. This form of C offers the unique possibility
to intermingle the properties of C nanostructures with those of pure
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a-C, and thus tailor the mechanical and electronic properties by con-
trolling the type and size of the embedded structures and the hybrid
state of the a-C matrix.

Here, I review recent computational work in my group aiming at an
accurate atomistic description of n-C films. The methods employed
are state-of-the-art Monte Carlo and tight-binding molecular dynam-
ics simulations. Focus is given on two vastly different n-C materials.

The first one consists of diamond nanocrystals in a-C. It is shown
[1] that nanodiamonds are stable in only dense, tertrahedral a-C
matrices. The films exhibit high strength and hardness, and extreme
elastic moduli approaching those of diamond [2], making them ideal
for ultrahard coatings and MEMS/NEMS devices. Furthemore, our
simulations elucidate for the first time the deformation properties
and fracture mechanisms of n-C films.

The second nanomaterial discussed here consists of C nanotubes em-
bedded in low-density a-C matrix [3]. It is shown that van der Waals
forces are crucial in shaping up the interfacial geometry, producing a
curved graphitic wall surrounding the tubes without direct bonding
to the matrix. This might lead to films with excellent thermal and
electrical conductivity in the tube direction.

[1] M.G. Fyta, LN. Remediakis, and P.C. Kelires, Phys. Rev. B 67,
035423 (2003). [2] M.G. Fyta, ILN. Remediakis, P.C. Kelires, and
D.A. Papaconstantopoulos, Phys. Rev. Lett. 96, 185503 (2006). [3]
M.G. Fyta and P.C. Kelires, Appl. Phys. Lett. 86, 191916 (2005).

9:30 Oral

Discussion of a possible third carbon bonding state in
PVD-deposited metal carbide / amorphous carbon nano-
composite thin films and its impact on mechanical and
electrical properties

Erik Lewinl, Ola Wilhelmsson], Ulf Janssonl, Michael Steuberz,
Jeurgen Halbritter2, Carlos Ziebertz, Sven Ulrichz, Dieter Schild2

1. Uppsala University, Department of Materials Chemistry, Ang-
strom Laboratory, Uppsala, Sweden 2. Forschungszentrum Karls-
ruhe (FZK), Hermann-von-Helmholtz-Platzl, Eggenstein-Leo-
poldshafen, Germany, Karlsruhe D-76344, Germany

E-mail: erik.lewin@mkem.uu.se

In thin film composite systems of nanocrystalline metal carbide
particles or clusters embedded in an amorphous carbon matrix the
standard model of the microstructure suggests two bonding states for
the carbon: C-C bonds, both in sp2 and sp~ configuration, and
carbidic C-Me bonds. In spectroscopic measurements of sufficient
resolution it is hence expected that two states can be observed.
Already since the early 1990:s there have however been several pub-
lications where a third bonding state for carbon has been observed
for nanocomposite nc-TiC/a-C thin films. Explanations have varied
and no consensus of the nature of this third state exists.

We have prepared nc-TiC/a-C samples of various chemical compos-
ition by non-reactive DC-magnetron sputtering. These samples have
been evaluated using XPS and XRD, and either their mechanical or
electrical properties have been measured using nanoindentation and
four-point-probe methods. Variations in Cls sub-peak intensities for
samples of different carbon-content have been observed and the film
properties are discussed in the light of these features. The nature of

this third carbon state and its possible impact on film properties and
role in design of coatings will be discussed. Two models of the
nature of this new carbon state will be suggested requiring future,
more detailed research studies.
! V. Schier et al, Fresenius Journal od Analytical Chemistry 346,
227-232 (1993)
* B. Hornetz et al, Fresenius Journal od Analytical Chemistry 349,
233-235 (1994)

J. Luthin et al, Nuclear Instruments and Methods in Physics Re-
search B 182, 218-226 (2001)
* M. Steuber et al, Surface and Coatings Technology 150, 218-226
2002)

A. Mani et al, Surface and Coatings Technology 194, 190-195
2005)

E. Lewin et al, Journal of Appplied Physics Submitted (2005)

9:50 Oral

Electronic structure and chemical environment of Si
nanoclusters embedded in a SiO2 matrix.

.1 .o 1 . 2
Anna Zimina , S. Eisebitt , W. Eberhardt , Johannes Heitmann",
Margit Zacharias

1. Berliner Elektronenspeicherring-Gesellschaft fiir Synchrotron-
strahlung m. b. H. (BESSY), Albert-Einstein-Str, Berlin 12489,
Germany 2. Max Planck Institute of Microstructure Physics
(MPI), Weinberg 2, Halle 06120, Germany

E-mail: zimina@bessy.de

Using photon-in photon-out soft x-ray absorption and emission spec-
troscopy, the electronic structure of silicon nanoclusters embedded
in an electrically insulating SiO_ host matrix is investigated as a
function of nanocluster size. Using the new method of cluster pre-
paration the size of the Si clusters is well controlled. The diameter of
the nanoclusters was less than Snm.

We find the nanoclusters to be of a core-shell structure with a crys-
talline Si core and a thin transition layer of a suboxide. Based on the
spectroscopic data the electronic structure of the Si core and the
chemical content of the suboxide shell are studied. The presented
results are in agreement with photoluminescence measurements.

Effects of electronic quantum confinement are detected in the Si
cores. We find that the influence of confined excitonic states and the
presence of SiO_ matrix manifests itself predominantly in the unoc-
cupied electronic states.

10:10 Oral

Structure and properties of ion beam deposited SiO
X

doped DLC films

Sigitas Tamulevicius

Kaunas University of Technology, Institute of Physical Electronics
(KTU FEI), Savanoriu 271, Kaunas LT-3009, Lithuania Kaunas
University of Technology, Department of Physics, Studentu 56,
Kaunas LT-3031, Lithuania

E-mail: Sigitas. Tamulevicius@ktu.lt

Diamond like carbon (DLC) films received considerable interest due
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to the outstanding mechanical, optical and electrical properties. The
properties of the DLC films can be controlled by doping with both
metallic and non-metallic elements and compounds. In such a way
problems of the adhesion with ferrous substrates, high internal stress
and thermal stability can be solved. Particularly SiO doping of the
hydrogenated DLC films results in reduction of the internal stress,
friction coefficient, dielectric permittivity, considerably better adhe-
sion with ferrous substrates such as iron. Increase of the fracture
toughness, deposition rate, optical transmittance, hydrophobicity and
higher thermal stability were reported for SiO doped DLC films as
well. Such combination of the properties is ﬁ(articularly interesting
for possible microelectronic applications of the DLC such as anti-
sticking layers in novel lithographic techniques such as nanoimprint
lithography as well as room temperature deposition of dielectric
films.

In this research silicon oxide doped hydrogenated amorphous carbon
films have been synthesized by direct ion beam deposition. Effects
of the deposition process conditions such as composition of the gas
precursors, ion current density and ion energy were studied. Struc-
ture of the films was investigated by means of the Raman and FTIR
spectrometry as well as X-ray photoelectron spectroscopy (XPS).
Hydrophobic properties of the SiO doped DLC layers were evalu-
ated by measuring contact angle with water. Dielectric properties of
the synthesized diamond like carbon films such as breakdown
voltage as well as dielectric permittivity were studied.

Coffee break
Friday morning, 8 September, 10:30

Applications of composite films
Friday morning, 8 September, 11:00
Chair: Isaac Dahan, Sigitas Tamulevicius

11:00 Invited oral

Electrocatalysis and bioelectrocatalysis and nanostruc-
tured composite films

Pawet J. Kulesza

Warsaw University, Faculty of Chemistry, Pasteura 1, Warszawa
02-093, Poland

E-mail: pkulesza@chem.uw.edu.pl

We pursue here the concept of protecting and activating of Pt and
Ru-Se nanoparticles by coating them with Keggin type phosphodo-
decamolybdate or phosphododecatungstate, the well-defined oxy-
gen-bridged metal clusters related to the parent tungsten and molyb-
denum oxides. In addition to the changes in morphology, the in-
creased dispersion, as well as to the bifunctional nature of their re-
activity, the polyoxometallate stabilized Pt nanoparticles are charac-
terized by a broader potential window where platinum metal is not
covered by the inhibiting PtO oxides. In the case of Ru-Se clusters,
modification of their surfaces results in diminishing of their size and
leads to the lowering of background currents in the potential range
where the oxygen reduction reaction is operative. Recently, there has
also been growing interest in biofuel cells that can be viewed as ana-
logues of conventional fuel cells except that they typically utilize

biocatalysts (enzymes), biofules, and neutral or slightly acidic elec-
trolytes. While oxygen serves as a cathode fuel, glucose, lactate or
ethanol can be considered as anode fuels. The possibility of use of
carbon nanostructures will be discussed. The concept of fabrication
of the phosphomolybdate-stabilized colloidal suspensions of metal
particles is extended here to the formation of the analogous disper-
sions of carbon nanoparticles and multi-walled carbon nanotubes
and utilized to the generation of network films of conducting poly-
mer linked carbon nanostructures on electrode substrates. The re-
search is not only of importance to the construction of effectively
operating charge storage devices (capacitors) but also charge medi-
ators (relays), chemical and biochemical sensing devices, as well as
electrocatalytic systems.

11:30 Oral

Structure and Catalytic Activity of Nanocrystalline
Nickel Thin Films

Nikola Radlc Pavo Dubcek Sigrid Bemstorff2 Igor Dj erdJ R
Ulrich Krelss1g Mirjana Metikos- Huk0v1c Zoran Grubac
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10000, Croatia 4. Forschungszentrum Rossendorf (FZR), Dresden
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The effects of phase composition of the nc-Ni thin films upon their
catalytic activity is examined.

Nickel thin films (400 nm) were deposited by dc magnetron sputter-
ing onto fused silica, mono-Si and alumina ceramic substrates. The
base pressure in the process chamber was 10° - 107 Pa, and the
working gas was argon at 1.3 Pa with a small admixture of oxygen.
The substrate temperature was varied in the 20 - 700 °C range in or-
der to examine the effects upon the film structure.

The film structure has been investigated using the XRD method and
the Grazing Incidence Small Angle X-ray Scattering (GISAXS). The
oxygen content was determined by the ERDA method using 35 MeV
Cl' ions. The electrocatalytic activity of the nc-Ni electrodes for the
Hydrogen Evolution Reaction (HER) was studied in 1.0 mol dm”
NaOH solution at 25 °C using polarization and electrochemical im-
pedance spectroscopy techniques.

It was found that the prepared nickel films exhibit nanocrystalline
structure in the whole range of examined substrate temperatures.
However, with the increase of substrate temperature up to 700 °C
the Ni-grain size increases from 12 to 130 nm, while characteristic
length of the intergranular matter decreases from § to 2 nm. The
oxygen content strongly decreases with increase in substrate temper-
ature.

Electrocatalytic activity of the nc-Ni films for the HER significantly
decreases (by more than 20 times) with the increasing substrate tem-
perature and corresponding increase of the Ni-grain size. Thus, im-
proved catalytic activity of nc-Ni is in accordance with an increase
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in the intercrystalline volume fraction at the very small grain size of
the sputter deposited nickel.
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Synthesis and characterization of hard / soft nano-
layered composite carbon films: implications for gas
barrier applications
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The synthesis of thin amorphous carbon films, consisting of period-
ically stacked hard (a-C:H) and soft polymer-like carbon (PLC) nan-
olayers is reported. The a-C:H layers were deposited by sputtering of
a graphite target in an Ar-I—l2 plasma and the PLC ones by plasma-
enhanced chemical vapor deposition using CH as main gas precurs-
or in the gas mixture. The film growth mechanism was first studied
for the single layer materials grown on silicon and then for one kind
of carbon grown on the other, the latter taken as the substrate for the
former. The chemical properties of the films were studied by x-ray
photoelectron spectroscopy (XPS) and Fourier-transform infra-red
spectroscopy (FT-IR). Angle-resolved XPS was also used for the
depth profiling of the films in their early growth stages while Auger
electron spectroscopy (AES) was employed for that of the layered
structures. The film internal stress was determined from the sub-
strate curvature measurements and the role of the different stress
contributors, i.e. interface, bulk and surface, was investigated. The
gas barrier properties of the composite films against He were studied
and the implications of both the gas permeation and the mechanical
properties are discussed for flexible gas barriers.

12:10 Oral

A novel alloy (Tantalum Carbide) for metal gate depos-
ited by Ion Beam Sputtering for CMOS 45 nm device
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Since the MOSFET gate lengths scale down to 50 nm and below, it
appears 2 major problems: the first one is the increase of leakage
current and the second one is the polysilicon gate electrode depletion
induces an additional capacitance [1]. To solve the first issue high-k
dielectric maybe a solution since for the same electrical thickness.
To solve the problem of depletion (valid for the semiconductors) the
solution is containly the use metal gate. In this study, we will use
Tantalum carbide (Ta C ). Ta C [2] electrode is a ve metal candid-
ate. In this work, the influence of the sputtering conditions was stud-
ied in order to optimise the value of work function.

Ta C films were prepared by lon Beam Sputtering with a tantalum
tar}éeg and a mixture of argon and methane. The material is tantalum
carbide Ta C of 10 nm thickness deposited on dielectric gate. All
the sample)s( ate deposited at room temperature. The physicochemical
characterizations used for Ta C alloys are: X-rays difraction, SIMS,
RBS and XRR.A relation between the carbon rate, the phase of
Tany formed and the work function was established.

[1] S.E. Thompson, R.S. Chau, T. Ghani et al., IEEE Transactions
for Semiconductor Manufacturing, Vol.18, n°.1, pp. 26-36, 2005.

[2] JK.
2004-International-Electron-Dispositifs-Meeting-IEEE -
287-90

Schaeffer et al;
2005:
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Nanostructured metal oxide thin films for gas sensors
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This paper will deal with aspects of selected metal oxide thin films
with respect to gas sensing. There will be a presentation of the main
methods employed for the fabrication of ZnO and InO, i.e. reactive
sputtering, spray pyrolysis and pulsed laser deposition (PLD), fol-
lowed by a study on how the above growth techniques result to poly-
crystalline films with lateral grain sizes ranging from 20nm to 70nm
and thickness between 40nm and 1um. The study will continue on
how the broad range of morphological parameters affect the thin
film response to gases. It is noted that the change in the order of
magnitude between the post and the pre-gas exposure response
(usually this is the DC conductivity) constitutes a figure of merit of
the device sensitivity. In the case of ozone, for high ppm concentra-
tions in air background, the response reached values as high as 8§,
while for low ppb concentrations it was of the order of 1, enough to
detect a 1ppb ozone concentration. It was found that the sensitivity
is related in an inversely proportional manner to crystallite size and
film thickness and is influenced by the growth method. However the
sensitivity of a thin film is not just a function of the sample morpho-
logy. Environmental parameters, such as the operational temperat-
ure, as well as the type of excitation, influence the response signific-
antly. Results obtained both with the measurement of the DC con-
ductivity or the use of surface acoustic waves (SAW) have shown
that it is possible to further enhance the thin film response to state of
the art levels, which in the case of ozone, could be as low as 1ppb at
room temperature.
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The implementation of sensor platforms providing high sensitivity
of detection is a crucial step for the design of the new analytical
device generation for biosensor developments. Designing platform
with active/non-actives region at nanoscale has shown already a
drastic increase of sensitivity. Besides, the electrochemical sensitiv-
ity can be as well enhanced by using nano-electrode arrays that in-
crease mass transport rate. Polypyrrole (PPy) is a good candidate to
fulfil these requirements. Its preferential material for bio-analytical
electrochemistry based sensor thanks to its good environmental sta-
bility, excellent biocompatibility and higher conductivity, together
with the possibility of being functionalised with biological relevant
functional groups. In this work surfaces with PPy nano pillars were
fabricated by electrochemically growing PPy in a nano-template of
gold nano-seeds in a silicon oxide (SiO ) matrix. Atomic force Mi-
croscopy and Scanning Kelvin Microsgopy demonstrated that PPy
grown only inside the conductive gold seeds, creating nano pillars of
conductive material surrounded by an insulating material. The nano-
structured surfaces were studied by Cyclic Voltammetry using hex-
acyanoferrate and the typical sigmoidal shape voltammogram of
nanoelectrodes was obtained . Square Wave Voltammetry was tested
in the surface and a well defined peak was obtained which indicates
that the nanoarray is a promising surface for use in trace analytical
analysis.
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The baric coefficient of a quantum dot
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The studies of physical processes in zero-dimensional heterostruc-
tures occupy a particular position, because the unique fundamental
properties which are not inherent to massive crystals can be ob-
served in such systems. Nanostructures were successfully used in
opto- and microelectronics during last years.

The basic physical characteristics of nanoobjects (the baric coeffi-
cient, Young's modulus, Poisson's ratio) are accepted in the majority
of theoretical models to coincide with the corresponding character-
istics obtained from macroscopical experiments. However, if the de-
scribed structures contain a few nuclear layers, the physical charac-
teristics of nanostructures appreciably differ from the corresponding
characteristics of bulk crystals. In particular, a discrepancy between
the values of the baric coefficient of the InAs quantum dots (QDs) in
an InAs/GaAs heterostructure and in a bulk InAs crystal is observed.
The results of experimental researches show that the value of the
InAs-QD baric coefficient differs from that of the bulk InAs crystal
by about 30-40%. The aim of this work is therefore to calculate the

dependence of the QD baric coefficient on its dimensions in the
framework of the deformation potential model.

The results of calculations for the InAs/GaAs heterosystem with
InAs QDs:

The value of the baric coefficient for the spherical QD of the radius
4.5nm equals 9.45meV/kbar provided the plate thickness of the sur-
rounding matrix 50nm. This means that the value of the InAs-QD
baric coefficient is smaller than that of the bulk InAs crystal by 21%.
An increase of the energy of the transition into the ground state res-
ults in a linear growth of the baric coefficient. The increase of the
QD radius stimulates the opposite effect: the baric coefficient dimin-
ishes.
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Evolution Of Quasistationary Electron Spectra In Nano-
film Systems: Quantum Wells And Quantum Dots
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The modern experimental abilities of the creation of complicated
nanoheterosystems (quantum dots, wires and wells) allow to produce
and study the closed and opened systems as well. The important pe-
culiarity of the latter is the posibility to guide the additional chanell
of quasiparticles (electrons, holes excitons) relaxation due to their
penetration into the external medium. Since, it is able to create the
super fast radiating devices in the needed region of the spectrum.
There is observed the spectrum and wave functions of quasiparticles
in the closed multifilm nanosystems where the increasing of the
magnitude of the external well thickness brings to the almost opened
nanosystem. Herein there arises the question at what sizes of the
closed system external well and with which exactness one can as-
sume such system as the opened one. The other principal question is
how does the stationary discrete quasiparticle spectrum in closed
nanosystem transform into the quasistationary one at the increasing
of the external well thickness. Also it is explained the arizing of
band semiwidth and quasiparticle life time in quasistationary states
observed in the closed systems with very big thickness of the extern-
al well. The properties of electron spectra in the closed two well QD
and three well QW are studied. Using the rectangular potential wells
and the effective mass approximation there is obtained the exact
solution of the Schrodinger equation with the fitting conditions of
wave functions and density of currents continuuty. The electron en-
ergy spectrum and wave functions are established. The dependences
of probability of electron location in both nanosystems on the thick-
ness of the external well and both wells of plane nanosystems are
calculated.
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Investigations of GaN-Based Heterostructures with
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As the dimensions of devices have minimized, two-dimensional
dopant profiling of semiconductor devices has become an important
technique for obtaining the required electrical characteristics. As a
result, various analytical techniques have been developed to obtain
two dimensional information. Scanning capacitance microscopy
(SCM) has been shown to be useful for quantitative two dimensional
dopant profiling.

In this study, GaN Light emitting diodes were grown by MOCVD
and the samples were prepared using a cross-section polisher for
SCM measurements. SCM was performed on Veeco MultiMode
SPM. We show that SCM enables quantitative two-dimensional
dopant profiling of p- and n-GaN at concentrations around 10”em™.
It is also possible to analyze a sub-um p-GaN and investigate the
dopant distribution in the InGaN/GaN heterostructure device. We

compare SCM signal with secondary ion mass spectroscopy profile.
References

1. J.F. Marchiando and J.J. Kopanski, J. Vac. Sci. Technol. B 22,
411 (2004).

2. M.L. O'Malley, G.L. Timp, S.V. Moccio, J.P. Garno and R.N.
Kleiman, Appl. Phys. Lett., 74, 272 (1999).
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The criterion of appearance of an n-n+ junctions in a
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The interaction of dot lattice defects with self-consistent deforma-
tion field, caused by dot defects, results in a formation of ranked de-
fect-deformation (DD) structures: clusters and periodic structures.
The reason of the appearance of non-uniform deformation, which
results in local change of the band spectrum, is the presence of DD-
structures. As a consequence, the spatial redistribution of electrons
takes place, which gives birth to the electrostatic potential. The aim
of the present work is to study the conditions of the appearance of an
n-n+ junction in a crystal with dot defects in the framework of the
model of electron-deformation potential.

The main results. The criterion of the appearance of an n-n+ junction
is concentration of lattice defects. At concentration of defects
n, <ndcl (n__ - medial concentration of defects) the processes of self-
organizing of defects are absent and, accordingly, a n-n+ junction is

absent. Within the interval of concentration of defects ne1 1<nd0<nd 5
C C.

the clusters in a crystal are formed, which are the reason of non-
uniform deformation. In a result, there is a shortage of electrons in
of one part of a crystal, and surplus - in another. Thus, the double
electrical layer is formed in a crystal with dot defects. At medial
concentration of defects n_>n _ the defect periodic structures are
formed. Accordingly, redistribution of electrons will have periodic
character, and the sequentially joint n-n+ junctions appear.
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Synthesis and tribological properties of nanostructured
WC/a-C coatings deposited by magnetron sputtering
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Nanocomposite coatings made of crystalline hard phases in combin-
ation with an amorphous soft matrix represent a good solution for
achieving a compromise between mechanical and tribological prop-
erties. In this work, nanocrystalline tungsten carbide (WC) was com-
bined with amorphous carbon (a-C) in different proportions by mag-
netron sputtering technique at near room temperature. By controlling
the power applied to WC and graphite targets it is possible to obtain
nanocomposite coatings with variable hard/lubricant phase composi-
tion. The microstructure and chemical composition of the samples
were studied by transmission electron microscopy (TEM), electron
(ED) and X-ray diffraction (XRD), X-ray photoelectron spectro-
scopy (XPS) and electron energy-loss spectroscopy (EELS). The
crystalline phases were identified as WC . and ch by XRD dis-
persed in a disordered carbon matrix. The Cls photoelectron peak
was used to estimate the distribution of carbon in WC and a-C
phases inside the composite (C /a-C) and this parameter was cor-
related with the tribological properties measured in a pin-on-disk
tester in dry conditions. The friction coefficients decreased from 0.8
to 0.15 when diminishing the C /a-C ratio from »1.7 to 0.7. The en-
durance of the coatings is increased following the same trend reach-
ing optimum values of 1x 107 mm’/Nm. In view of the results, rela-
tionships among synthesis conditions, microstructure, chemical
bonding and compositions and tribological performance of the WC/
a-C nanocomposites were established.
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Silicon reach oxide (SRO) layers and silicon nano-crystals nc-Si
have been gaining particular attention for their optoelectronic prop-
erties. Lasers and electro-optical modulators are interesting ex-
amples of their promising applications. State of art of complement-
ary analytical techniques, with an accurate and precise characteriza-
tion methodology, are recognized as a keystone to correlate the
growth process of these materials and their optoelectronic properties.
Photo-electron spectroscopy (XPS) and secondary ion mass spectro-
metry (SIMS) have been focused in this work as helpful ways to ob-
tain the required characterization of these materials. XPS and SIMS
combine the chemical physical analytical techniques requested to
provide quantitative and accurate results. The SIMS quantification
of elements in silicon reach oxide with variable concentration of
oxygen, silicon and nitrogen is not trivial. Besides the high precision
of SIMS profiles, performed by a Cameca SC-Ultra apparatus, the
accuracy of the data in SRO is a difficult task, because of different
matrices. In fact the ratio between SiH , N O and NH3 was varied
during SRO deposition by PECVD. A fit equation for silicon SIMS
depth profiles quantification in SRO is proposed. The physic-
chemical data provided by the developed methodology have been re-
lated to electro-optical properties of SRO layers, characterized by
electroluminescence (EL) emission. The opportunity of a cyclic
feedback from the growth parameters to the electro-optical proper-
ties, passing through the materials characterization by XPS and
SIMS is highlighted. Furthermore an original approach for the de-
termination of structural properties of silicon nano-crystals by atom-
ic force microscopy (AFM) has been investigated.

17:20 Poster A/P1.02
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Optical plastics are gradually replacing glass in many commercial
applications. They now cover a broad field of possible uses in auto-
mobile headlamps, corrective lenses, compact discs ad protective
windows etc. The problem is however that in many cases a widening
of the area of the applications is limited because of low wear and
scratch resistance of the materials. This is why they share the need
for application of ceramic coatings. The cerefully desighed layers

deposition on polycarbonate surface are expected to improve their
mechanical and tribological properties. One of the primary technolo-
gies used in the processing of the ceramic layers of tailored proper-
ties is the plasma enhanced Chemical Vapor Deposition (PE CVD).
In this work we report the results of studies on the technology of a-
C:H and a-C:N:H layers for applications on polycarbonate. The lay-
ers have been deposited using plasma sustained by radio-
wave-frequency excitation (RF CVD), at the temperatures not higher
than 80 °C. In the experiment Hz’ CH and optionaly N2 have been
used as gasous precursors. The optimal processing parameters have
been indicated for which good adhesive layers can be obtained.

With applications of FTIR, EDS, and AFM techniques the chemical
composition, atomic structure and microstructure od the layers have
been studied. Additionally the friction coefficient and the tribologic-
al properties of the obtained layers have been cerfully analysed.

It has been found that the a-C:H and a-C:N:H layers deposited on
polycarbonates with RF CVD method are good adhesive and possess
many promising properties. They have high hardness, high wear res-
istance nad low friction coefficient. Simultaneously they are smooth
nad transparent. This allow beliwing that they are good coatings for
a wide area of applications.
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GISAXS study of temperature evolution in nanostruc-
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Cerium vanadate films on glass substrate were obtained by sol-gel
process. The morphology of these nanostructured and porous films
was studied by grazing-incidence small-angle X-ray scattering
(GISAXS). The aim of the GISAXS study was to investigate the
changes in grain sizes due to the temperature evolution with three
different time intervals (Smin., 15 min. and 30 min.) of annealing at
673 K. We found that the effects of the different times of annealing
are diverse for surface and bulk properties of this V/Ce oxide. Al-
though the increase in size is common to all the samples, it is far
more pronounced in the bulk. The result is that for short annealing
time grain sizes are bigger close to the surface, while this is reversed
after long annealing. Generally, the annealing time is critical para-
meter in sol-gel preparation of the nanostructured vanadium oxide
films, which are used as electrodes in new optoelectronic devices.
This particular morphology is quite suitable for application in elec-
trochromic devices, in an advanced electrochemical cell concept and
efficient new solar cells.
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Preparation and Characteristics of the Fe304 Nano-
particle/Chitosan Composite Microspheres
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The Fe_O nanoparticles are prepared by hydrolyzing the co-solution
of FeCl3~6H20 and FeC12-4H20 with NH4OH solution. Fe3O4/
chitosan composite microspheres are prepared using the ionotropic
gelation method by adding a proper amount of TPP solution to
chitosan solution with Fe O nanoparticles dispered in. The size of
composite microspheres d3ist?ibute between 0.1m to 1pum. This com-
posite microsphere is magnetically responsive and biodegradable,
and thus can be used as functional material or carrier for the delivery

of drugs.
Key words: Fe3O4 nanoparticle[Jionotropic  gelation reac-
tion[Jcomposite chitosan microsphere
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We present recent results on the residual stress and mechanical prop-
erties of TiN/TiAIN composite thin films grown on WC-Co, tool
steel and high-speed steel substrates using arc-evaporation method.
From XRD measurements it was found that for TiN/TiAIN multilay-
er the residual stress in the TiN sublayers were higher than in the
TiAIN sublayers, as a consequence of the lower efficiency of atomic
peening in TiAIN. The difference in the residual stress between the
sublayers has strong implications on the texture development in mul-
tilayer thin films. For instance, it was found that TiN monolayers
present a (111) texture, while TiN/TiAIN multilayers exhibit a tex-
ture that is inclined with respect to surface of the samples. Micro-
bending tests in SEM and nanoidentation experiments were conduc-
ted in order to investigate the influence of the residual stress in frac-
ture behaviour of thin films.

Dynamic Nanoindentation Spectroscopy and Microscopy
on thin polymer films

Raphaél Foschia, Marc Jobin

University of Applied Sciences Western Switzerland - Geneva
(HES-SO-GE), Rue de la Prairie 4, Geneva CH - 1202, Switzer-
land

E-mail: raphael foschia@hesge.ch

The mechanical characterization of polymeric films is an important
issue in many industries such as automobile, microelectronic or
packaging where films are used as paint coating, photoresists,
dielectric insulators and permeable coating. In particular, reliable
and reproducible quantitative values of E' (storage) and E" (loss
modulus) are difficult to achieve.

Nanoindentation, the traditional and well established instrumental
technique to have access to the Young Modulus and hardness, is
however inappropriate for thin and low compliant materials. Indeed,
such dc-nanoindentation experiments give a convolution of both the
film and the substrate which is not straightforward to interpret.

In contrast to quasi-static measurements, the instrument can be used
in ac mode by modulating the force; this mode enables quantitative
studies of dynamic mechanical properties like viscoelasticity.

We have designed a dynamical nanoindentation setup based on
sample modulation, using a stacked ceramic sample actuator instead
of standard bimorph, allowing spectroscopy and quantitative ima-
ging measurements.E' and E" were imaged with a dual phase lock-in
amplifier (R and f) from which E' and E" have been calculated.

The input signal was the actual probe displacement relative to the
sample and the reference the sample excitation voltage.Polymeric
samples have been encapsulated with phenol formaldehyde resin.

Dynamical Mechanical Analysis and classical nanoindentation
measurements on the resin where used to calibrate E' and E" for the
other samples.

Thin film of PolymethylMethacrylate/Polystyrene, a non miscible
polymer blend, has been deposited on various substrates and mech-
anically characterised after different thermal and light sample excita-
tion.
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Surface investigations of TiN layers on different sub-
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The subject of this presentation are TiN layers deposited on steel,
silicon and glass substrates. TiN coverages have been prepared by
the arc physical vapor deposition (PVD) technique. TiN are well
known material used in many industrial applications. Particularly the
TiN is a very attractive material for creation of hard protective coat-
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ing layers. The final useful mechanical properties of TiN coating
layers are strongly determined by surface morphology. It depends on
many factors i.e topography of substrates, deposition technology,
mechanical or thermical treatments. For this reasons the optical,
AFM and SEM measurements have been done. The optical methods
comprised: integrating sphere, double beam reflectometer, XY optic-
al profilometer measurements in the range from 190 nm to 2500 nm.
Additionally for refraction n and extinction k coefficients the ellipso-
metric study has been performed. As a complemented to AFM and
SEM method, the BRDF (bidirectional reflection distribution func-
tion measurements have been performed. It is based on analysis of
scattered radiation intensity from samples for different scatter
angles. The power spectral density is proportional to BRDF signal
and then it allow to evaluate surface parameters on much bigger than
AFM and SEM surface area. The statistical surface parameters of
substrates and layers before and after mechanical and thermal treat-
ment have been obtained. The statistic surface make up: PSD (power
spectral density), roughness, correlation length and distribution of
heights. It allowed to estimate correlation functions of surface stat-
istic before and after deposition and measure surface parameters
after mechanical and thermo-mechanical treatments.
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posited by PLD
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In recently years hydrogen has been attracting attention as a clean
energy. For its storage, as a tank for liquid hydrogen Al-Mg alloy
has been chosen. Hydrogen is throught to permeate most metallic
materials and causes hydrogen embrittlement. Therefore in the
present examination the Al-Mg thin films has been made using
pulsed laser deposition (PLD) technique. The Al-Mg alloy was em-
ployed as a target (substrate). The thin films have been deposited on
silicon and glass wafers at room temperature. In the investigations
have been used the scanning electron microscope and the transmis-
sion electron microscope. After pulsed laser deposition observed the
changes of the microsturctures, the chemical composition and the
thin films have been characterized using X-ray diffraction. The mi-
crostructure of the deposited thin films especially depended on the
exposure time.
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The influence of the structure of the nanocomposite Ni-
PTFE coatings on the corrosion properties
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The nanocrystalline composite electrochemical coatings prepared
with nickel matrix and PTFE particles were investigated. Nickel
plating bath of low nickel ion concentration (0.75 M) with organic
compounds and dispersed PTFE particles content was used for coat-
ings electrodeposition. PTFE particles content was determined gra-
vimetrically. The roughness of the nickel foils was evaluated using a
profilograph. The microhardness of the deposited layers was meas-
ured using a Vickers' method at a load of 0.01 and 0.05 kG. Follow-
ing dependencies were obtained:

R =0.44*C +0.0065*D
a p 111

HV =25.65D 7
0.01 111

X-ray diffractometer with CuKo radiation was used to determine the
preferred orientation, dimension of nickel [111] crystallites and mi-
crostress. The crystallographic structure of the composite coatings
was investigated by TEM. Size of [111] nickel crystllites in the Ni-
PTFE coatings varied from 11 to 39 nm. All coatings have approx-
imately random orientation. Decreasing of the crystallite size in the
nickel coating influenced on the increase of microstress. Voltammet-
ric method and a three-electrode cell were used for examination of
the samples of composite coatings in 0.5 M NaCl, pH 7. Results
were used for calculation of the free corrosion potential and current.
The corrosion resistance of all of the composite coatings was superi-
or to that of the nickel coating. Non-conducting PTFE particles in-
corporated into a nickel coating also occur on its surface, which
should affect the corrosive behaviour of composite coating. Follow-
ing dependence was obtained:

P=26.3*P  +1.5*D

111 111

The corrosion rate decreases with increasing of the preferred orienta-
tion (111) content and with increasing of the dimension of nickel
[111] crystallites.
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Structural, electronic and chemical properties by simul-
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In this contribution we present for the first time simultaneous com-
bination of X-Ray diffraction (XRD) and Hard X-Ray photoelectron
spectroscopy (HAXPES, photoelectrons with kinetic energy up to 15
KeV). Thanks to the simultaneous capability to detect the diffracted
photons and the ejected photoelectrons, the developed experimental
set-up offers a unique opportunity to obtain, on the same sample re-
gion and under identical experimental conditions, structural, elec-
tronic and chemical properties of the studied systems. Due to the
high penetration depth of X-rays and the large escape depth of high
energy photoelectrons (15 KeV kinetic energy) surfaces, bulk and
buried interfaces are accessible in a non-destructive way. Its imple-
mentation at the Spanish CRG beamline (SpLine) at the European
synchrotron radiation facility (ESRF) offers an exceptional tool cap-
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able to correlate in a direct way composition and structural profiles
over a depth of several 10s of nanometers. An ultra-high vacuum
set-up, which incorporates an Helium crysotat, a Mini-LEED, a UV-
discharge lamp, an ion gun, precision leak valves and a removable
sample transfer system, has been constructed that simultaneously
fulfils the requirements for HAXPES and XRD. Special effort has
been devoted to develop a novel electron analyzer, capable of work-
ing at very high as well as low kinetic energies (from few eV up to
15 KeV). The electron analyser can be operated at high spatial mag-
nification, i.e., micrometer sample area, which combined with a mi-
crometer analyser-lens displacement enables the possibility of per-
forming sample microscopy. The first results on metal/metal and
metal/semiconductor multilayers will be presented demonstrating
the high efficiency of the proposed technique for structural, electron-
ic and chemical properties determination.
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Often, the enhanced hardness reported for nanostructured coatings is
associated with high residual compressive stresses. In this work, we
report on the hardness enhancement in TiN-Ni nanocomposite coat-
ings wihtout increase of stress in the coatings. Nanocomposite coat-
ings of nc-TiN/a-Ni were deposited using an ultrahigh vacuum dual
ion beam sputtering system from a composite Ti-Ni target sputtered
with 1,2 keV Ar’ ions and the growing film was bombarded during
deposition with a mixture of 50 eV Ar -N*"-N" ions . The residual
stress in the coatings was determined using XRD analysis and crys-
tallite group method . The results are compared with the convention-
al Sil‘l2\|,l and radius of curvature methods. For the films deposited at
300°C the progressive addition of Ni in TiN produced a decrease of
coating residual stresses and for films deposited at RT they remain
nearly constant. For both temperatures, the hardness increases and
exhibits a maximum in the range 5 to 10 at% Ni.
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Nickel-based composite layers electrochemically deposited on steel
are known as materials of special properties like very good corrosive
resistance or high catalytic activity in hydrogen evolution. Espe-
cially interesting are those containing metals like Ti, Mo, W (e.g.

Mo plays a role of an activator in the hydrogen electroevolution).
The aim of the paper is to study Young modulus and adhesion coef-
ficient (defined as a fraction of mechanical energy transferred from
substrate to layer) for Ni+Mo composite layers electrochemically
deposited on stainless steel. The layers (20 and 50 um) were pre-
pared by electrodeposition of nickel from a nickel bath containing
Mo particles. The structural and electrochemical examinations of
these kinds of layers were published in [1].

Young modulus E and adhesion coefficient of the composite layers
were determined versus temperature (300-600 K, heating rate 3 K/
min) using a vibrating reed apparatus. Samples in form of a plate
(70x7x0.5 mm3) with the Ni+Mo layer on one side were excited into
flexural vibrations with the resonant frequency of about 100 Hz. The
measurements of resonant frequency vs. temperature allow determ-
ining the Young modulus of the layer material. It was shown that E
continuously decreases with temperature and the Ni+Mo layers are
thermally stable up to about 600 K. The Young modulus of the layer
strongly decreases with increasing Mo content. The relative adhe-
sion coefficient was determined vs. temperature for layers with the
same Mo content and different layer thickness.

1. M.Popczyk, J.Kubisztal, A.Budniok, Materials Science Forum,
514-516 (2006) 1182.
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Diamond-like layers doped with nitrogen (a-CN :H) on metallic,
ceramic and polymeric substrates receive particularxattention as new-
generation material for applications in engineering industry, micro-
electronics and medicine. They are known to be chemically resistant
and to have attractive mechanical and electric properties.

The research problem is that the properties of the a-CN :H layers
may differ in accordance to their composition (nitrogen and hydro-
gen content) and to atomic/micro-scale structure. Thus, any applica-
tions of a-CN :H in advanced technologies are conditioned by de-
tailed knowle()i(ge of relationships between synthesis conditions and
constitution of the layers.

This work reports the results concerning stability and structure of a-
CN :H layers deposited on Si (001) using plasma enhanced RF CVD
method. The series of the layers have been obtained from CH and
N2 gas precursors under modified synthesis conditions. In experi-
ment the following technological parameters have been controlled:
CH4/N ratio, substrate temperature, gas pressure in the chamber and
RF plasma power. The studies of the surface morphology, micro-
structure, chemical composition and the thickness measurements
have been performed using typical tools: EDS, SEM and AFM. The
atomic-scale structure has been modelled from IR spectra at
1250-4000 cm-l. With application of the obtained results an influ-
ence has been evaluated of the technological parameters on the pro-
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cessing efficiency, including deposition ratio and quality of the ma-
terial. It has been confirmed that high temperature may exert de-
structive effect. It may be partially compensated by increase of
either gas pressure or RR power or both. Taking all found relation-
ships as a basis the diagrams of stability of the layers in (p,T), (p,
PRF) and (T, PRF) systems have been drawn.
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Preparation and Properties of Chitosan and Silicon Di-
oxide Nano-composite Film
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Abstract: Chitosan is a kind of natral polymer with antibacterial
activity. In this study, chitosan and silicon dioxide composite films
was prepated using Sol-Gel method. The microstructure and mech-
anical properties of the films was examined. The results disclose the
existance of strong hydrogen bond between chitosan and silicon di-
oxide. The crystal structure of chitosan was disordered by introduc-
tion of silicon dioxide and there wasgood compatibility between the
two component with silicon dioxide content below 7 percent that ap-
pear best michanical properties.

Key words: Sol -Gel method; Chitosan; silicon dioxide
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Joanna Panek, Antoni Budniok, Eugeniusz Lagiewka

University of Silesia, Institute of Material Science, Bankowa 12,
Katowice 40-007, Poland

E-mail: jpanek@us.edu.pl

Composite Ni+Mo coatings were obtained by electrodeposition of
Ni with Mo particles on a steel substrate from the nickel bath in
which metallic powder was suspended by stirring. Deposition was
conducted under galvanostatic conditions. Deposits were character-
ized by the presence of Mo microsize particles embedded into the
nanocrystalline nickel matrix. The influence of metal powder
amount in the bath, as well as deposition current density on the
chemical composition of coatings was investigated. It was stated that
the content of incorporated Mo increases with the increase in the
amount of metal powder in the bath, and diminishes with the in-
crease in deposition current density. The mechanism of metallic
particles embedding was explained on the base of Ni*" ions adsorp-
tion process. Incorporation of Mo powder into electrolytic nickel
matrix causes an increase in the real surface area of deposits.
Thermal treatment of deposited coatings leads to chemical reactions
in the solid state and in a consequence exerts significant influence on
their phase composition and surface morphology. As a result of in-
teraction between the nickel matrix and incorporated Mo particles
Ni3Mo intermetallic phase and Ni-Mo solid solution are arising.

The obtained composite coatings were tested as electrode materials
for hydrogen evolution in alkaline environment. Electrochemical

characterization of the composites was carried out by steady-state
polarization method. It was ascertained, that as-deposited Ni+Mo
coatings are characterized by enhanced electrochemical activity for
this process, which was confirmed by considerable decrease in the
hydrogen evolution overpotential, by a nearly 170-260 mV com-
pared to nickel electrode. Thermal treatment decreases electrochem-
ical activity of investigated materials, as the values of hydrogen
evolution overpotential on heated coatings are much higher.
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Magneto-optical Faraday effect in composite films con-
taining semiconductor nanoparticles

Andriy 1. Savchukl, Volodymyr I. Fedivl, Thor D. Stolyarchukl,
Tetyana A. Savchukl, Volodymyr Z. Tsalyil, Alessio Perrone”

1. Chernivtsi National University (ChNU), 2 Kotsubinsky Str.,
Chernivtsi 58012, Ukraine 2. University of Lecce, Physics Depart-
ment, Lecce 73100, Italy

E-mail: savchuk@chnu.cv.ua

As the size of metal or semiconductor particles decreases to a nano-
meter scale there can appear new optical and magneto-optical prop-
erties. For composite materials consisting of dielectric matrix and
the embedded semiconductor nanoparticles the Faraday rotation
should depend not only on particle size and shape but also to be a
function of interparticle distance. Our previous findings suggest of
large enhancement of the Faraday effect for CdMnTe nanoparticles
in glass composites when compared to the bulk crystals. This experi-
mental result has to be still confirmed for other systems and for
nanoclusters embedded in different dielectric matrices. In this work
we present results of magneto-optical studies of composite films
containing II-VI based semiconductor nanoparticles prepared by dif-
ferent techniques. The composite films IIMnVI were prepared by
growth of the nanoparticles embedded in SiO_ matrix with using
pulsed laser deposition, magnetron sputtering, embedding of semi-
conductor nanoparticles into polymer matrix and growth by melting
of the semiconductor doped fine powder borosilicate glasses. New
chemical approach to synthesis of CdMnS nanoparticles in polymer
matrix has been proposed. There were found peculiarities in spectral,
temperature and magnetic field dependences of the Faraday effect
for the studied composite films which can be attributed to the influ-
ence of the reduction of dimensionality on spin exchange parameters
for this class of materials. Possible application of the studied materi-
als is discussed. The work was supported by grants No. M/128-2004
and No.D3/152-2005 from Ministry of Education and Science of
Ukraine.
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Organic- inorganic nanocomposite materials and nanostructured
metal oxides have been used for water purification purposes. By im-
mersing such materials in polluted water, pollutants are adsorbed
and retained by the adsorbers. In particular, nanocomposite materials
based on a silica backbone covalently connected through urea
bridges with poly(oxyalkylene) chains (called Ureasils) are effi-
ciently adsorbers of dyes from aqueous solution. Anionic, cationic as
well as hydrophobic dyes are very efficiently adsorbed. Very im-
pressive adsorbing capacity has been registered for anionic dyes
bearing a sulfonate group.

In the case of mesoporous oxides, transparent nanocrystalline TiO

films were used as dye adsorbers. Their regeneration has been
achieved by the photocatalytic treatment of the films under UV and
visible light. Possibility of selective sensing of dyes and heavy metal
ions adsorbed by TiO_ nanostructured films from polluted water has
also been examined by monitoring the changes of the electrical con-
ductivity of the films.

Acknowledgement: The authors thank the European Social Fund
(ESF), Operational Program for Educational and Vocational Train-
ing II (EPEAEK 1I), and particularly the Program PYTHAGORAS
11, for funding the above work.
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Metallic glasses (MGs) based on the Fe-Ni-B system are promising
materials regarding the requirements of various industrial applica-
tions. The surface structure and composition of ribbons of isoatomic
Fe-Ni with varying percentages of B, was investigated by X-Ray
Diffraction (XRD), Auger Electron Spectroscopy (AES) and Energy
Dispersive X-Ray Spectroscopy (EDS). The resistance of Fe-Ni-B
MGs in general and localised corrosion, in various aqueous corros-
ive environments (3.5% NaCl, IN HCI, 1IN NaOH, 7N NaOH, d.
NaOH, IN HNO , 7N HNO , d. HNO , IN H2SO4), at ambient tem-
peratures, was electrochemically studied. A three electrode corrosion
cell (reference electrode: Ag/AgCl (3.5 KCl), counter electrode: Pt)
was employed and cyclic potentiodynamic polarization tests were
performed.

The surface of the MGs (prior to corrosion testing) was found to be
Fe enriched, whereas exposure to 200 eV N and Ar’ plasma
slightly modified the top surface layer possibly inducing localized
crystallization. The nanostructured alloys presented very low uni-
form corrosion rates in 3.5% NaCl, low corrosion rates in 1N NaOH
and very high corrosion rates in IN HNO_ and 7N HNO3 They
showed a strong passive-pseudopassive behaviour in 1IN NaOH, 7N
NaOH, d. NaOH, d. HNO , and IN H_SO , whereas they were not
found susceptible to pit corrosion. The Fe-Ni-B glasses were not
susceptible to pitting in the 3.5% NaCl solution but they yielded loc-

alized corrosion when exposed to 1N HCI. The experiments indic-
ated that B has a positive role on the corrosion resistance of the
MGs.
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Based on the success of metallic nanocomposite hard coatings, we
have developed new nanostructured thin films based on the Al-Si-N
system combining similar wear resistance with excellent transpar-
ency in the visible range of light. The films were deposited by react-
ive DC magnetron co-sputtering of Al and Si targets in Ar/N2 at
200°C. They were characterized by XRD, XPS, TEM, UV-Vis spec-
trometry and nanoindentation. Chemical compositions from pure
AIN to Al-Si-N with 30 at.% of Si were investigated. Under condi-
tions of sufficient nitridation, an average optical transparency ap-
proaching 100% was obtained. The hardness of these films shows a
weak maximum around 25 GPa and a resilience increased by about
60% at silicon concentrations of 12-15 at.%. However, in contrast to
known silicon-containing ternary nitrides, this material shows no
phase segregation during deposition into nc-AlN/a-SiN , as would
be expected from thermodynamical data. XRD analysisxproves the
presence of h-AIN (wurtzite), with a decreasing lattice parameter
and a texture change as silicon is introduced into pure AIN. This
suggests the formation of a metastable Al Si N solid solution,
formed by the substitution of Si atoms on Al sites 1n the AIN crystal-
line lattice. TEM images reveal a columnar growth throughout the
entire film thickness of about 1 um. Each column is composed of
elongated nanocrystallites whose length decreases down to 25 nm
with addition of silicon into AIN. The films are stable upon anneal-
ing at 800°C under N_ for 2h. Above 13 at.% of Si, the coatings are
X-ray amorphous, which may be interpreted as the solubility limit of
Siin AIN. The observed properties make this material promising for
wear protection applications on a variety of surfaces which require
optical transparency.
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Because of their reduced size, the nanostructures have specific prop-
erties different from those of bulk materials, which not only depend
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on their nature or morphology but also on their spatial arrangement.
In particular, the optical spectra of noble metallic nanoclusters em-
bedded in a dielectric matrix (nanocermet thin films) are character-
ized by an absorption band in the visible spectrum, known as surface
plasmon resonance (SPR). In this context, we develop an activity
that aims to understand and control the growth of Ag nanoclusters
(NCs) dispersed in a Si N4 matrix. The nanocermets are elaborated
by dual ion beam sputerring in the form of (Si N /Ag) multilayers
deposited on plane oxide surfaces and Si N /Ag/Si3N4ntrilayers de-
posited on vicinal oxide surfaces. The morphology and the organiza-
tion of the Ag NCs are determined by transmission electronic micro-
scopy (TEM) and atomic force microscopy. In parallel spectroscopic
ellipsometry and light transmission spectroscopy are used to determ-
ine the optical response of the films. First, we show that on a plane
surface the Ag NCs are organized in an isotropic way with a short-
range order. Then, for multilayer systems, the analysis by autocor-
relation of the cross-section TEM images shows that the NCs are or-
ganized preferentially in the hollows formed by the intermediate
matrix layer and that the degree of order depends on the thickness of
this transition layer. In addition, it is possible to use vicinal surfaces
of Ale to obtain a preferential organization of the NCs along the
steps, w%lich results in a shift of the position of the SPRs according
to the polarization of the incident electromagnetic field.
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Limited natural reserves and a necessity of environment protection
are the reasons of growing interest in renewable power re-
sources,e.g.the sun power.According to these trends the last decades
have seen a rapid development of photovoltaics.A promising pro-
gress in this area is expected across applying a-SixNy:H layers.They
have a number of functions,e.g. they exhibit optimal antireflection
parameters,a content of the hydrogen in the layer is expected to en-
sure effective passivation of the defects present in the substrate.This
is why an application of the a-SixNy:H layers in the technology of
the solar cells should allow replacing expensive monocrystalline Si
plates with much cheaper polycrystalline ones. The research prob-
lem is however that the properties of the layers depend on their
chemical composition as wel their microstructure and atomic level
structure. This means a crucial role of the choice of the proper tech-
nology. The most promising technologies of a-SixNy:H materials
are based on Plasma-Enhanced Chemical Vapour Deposition (PE
CVD).

In this work we present the result concerning details of RF CVD
(Radio Frequency Chemical Vapour Deposition) method applied in
the technology of the a-SixNy:H layers on polycrystalline Si sub-
strate.The layers have been synthesized from SiH and N_ gaseous
precursors.A special attention has been paid to a choice of the exper-
imental conditions,such as:gas mixture composition, i.e.SiH /N _ ra-
tio and SiH4/H2 ratio, heater temperature, gas pressure and the RF

plasma power.An influence of the technological parameters on the
ratio of the deposition process as well as the quality, chemical com-
position and atomic-scale structure of the layers has been carefully
determined.In the analysis SEM, EDS and FTIR methods have been
applied.Finally a role of hydrogen diffusion into the silicon has been
analysed and the passivation ability of the layers has been evaluated.
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Nanopatterned Bao,gsro,zTi03 (BST), SrBizTazO9 (SBT), and
NaNbO3 (NN) ferroelectric thin films were deposited by the PLD on
various substrates Si/SiOz/Ti/Pt, Si/SrRuO3 and Si. Structural prop-
erties of the films were analyzed by the RENISHAW micro Raman
spectrometer in the temperature range from 80 - 573 K. The surface
morphology and piezoresponse were analyzed by the AFM with
conventional Si and TiN tips in the contact and taping modes. The
Carl Zeiss brand model EVO 50 XVP SEM was used to characterize
the local composition and structure of the BST, SBT and NN thin
films. The optical measurements were performed by means of a J. A.
Woollam spectral ellipsometer operating in rotating analyzer mode.
The main ellipsometric angles y and 4 were measured in the spectral
range from 250 to 1000 nm at the incident angles 65, 70 and 75 de-
grees. For optical constant calculation, Lorentz, Cauchy, Urbach and
other models were used. Surface roughness were also taken into ac-
count using effective medium aproximation theory. Dependence of
the Raman spectrum, refractive and extinction coefficients, optical
band gap energy, and surface roughness on film structure was ana-
lyzed.

Acknowledgments: This research was supported by the COST Fel-
lowships, by the European Social Fund and K. Morberg scholarship
of the University of Latvia.
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The magnetoresistive sensors made from Permalloy (NisoFezo) thin
films and Permalloy based multilayered structures are very attractive
for detection of low magnetic fields in lab-on-a-chip applications.
We exploit the anisotropic magnetoresistance effect (AMR), which
appears in these structures, to build a microcompass for detection of
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the position and rotation rate of a micro rotor used to study the dy-
namics of the biological fluids. For this reason, we used the planar
Hall effect (PHE) to get direct access to the anisotropic part of the
resistance with the advantage of a reduced thermal drift of the output
signal. The multilayer structure presents, in addition to the AMR ef-
fect, the giant magnetoresistance effect. The samples have circular
shape geometry with approximately 5 mm in diameter. The four-
lead setup consists of 4 Cu strips forming a square of 4 mm each
side. We used a computer controlled measurement system. Because
of the contacts misalignment the angular behaviour of the PHE
voltage is distorted. To compensate these errors and to increase the
sensor sensitivity we used a special setup in which we made, se-
quentially, two measurements of the PHE for each angle over two
orthogonal directions. Also, we performed micromagnetic simula-
tions to discuss the effect of the magnetic field strength on the shape
of the angular dependence of PHE. To make these simulations we
used complex structures of Permalloy single domains which interact
between them and with the applied magnetic field. From experi-
mental measurements and micromagnetic simulations, made on the
multilayered structure, results a distortion of the angular dependence
of the PHE for low magnetic fields (less than 200 Oe) because the
magnetization vector can not follow the direction of the applied
magnetic field.
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The copper nanoparticles have been grown in silica matrix by an-
nealing of the matrix impregnated with the copper nitrate. The an-
nealing has been performed in air, successively in air and hydrogen,
and in hydrogen. The transmission electron spectroscopy and optical
spectroscopy studies of the copper nanoparticles in silica matrix
have been performed. Depending on the conditions of annealing, the
Cu nanoparticles in size range 2-65 nm are grown. At annealing in
air the nanoparticles of the copper oxide (Cu20) are grown as well.
The copper nanoparticles of two types are grown: spherical large
"mature" particles and elliptical small "seed"-particles. The surface
plasmon peak has been observed clearly in absorption spectra of Cu
nanoparticles. The peak demonstrates slight blue shift with decrease
of particle size. The half-width of the surface plasmon peak de-
creases appreciably at the lowering of temperature from 293 K to 77
and 4.2K that is due to strong electron-phonon interaction. The low-
frequency Raman scattering data are in agreement with electron mi-
croscopy and absorption data. The photoluminescence from the cop-
per nanoparticles has been observed. It is shown that the efficiency
of the luminescence increases appreciably at the decrease of particle
size. The observed increase is explained, probably, by the coupling
of the excited incoming and outgoing emitted photons with surface
plasmon.

17:20 Poster A/PII.13

A low-voltage-operative nanocrystal memory made with
high-k control oxide
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Recently, the metal-nanocrystal embedded in gate dielectric has at-
tracted much attention because of its potential for low power, high
speed and high density non-volatile memory application. In order to
further improve the program/erase speed and reduce the power con-
sumption, high-dielectric-constant (high-k) materials were adopted
to replace SiO2 as the control oxide in nanocrystal floating gate
memory. A higher electric field can be induced across the tunnel ox-
ide by using the high-k dielectrics as the control oxide under the
same programming voltage. A large hysteresis loop results in the ca-
pacitance-voltage (C-V) relation at a low operating voltage. In addi-
tion, the gate injection can be avoided due to the lower electric field
across the control oxide.

In this work, thermal oxidation and RF magnetron sputtering, se-
quentially, were used to fabricate MOS capacitors with a layer of Au
nanocrystals embedded within a SiOz/BST (Bao4ssr0A5TiO3) stack. A
2.5 or 5-nm-thick dry oxide was grown at 900 °C on p-type, 5-10
Qcm, (100) silicon substrate. Subsequently, a Au ultrathin film were
deposited at room temperature and then BST thin film was deposited
at 550°C in situ by RF magnetron sputtering.

The MOS structure was examined by high resolution transmission
electron microscopy (HRTEM) to observe the morphology and dis-
tribution of nanocrystals. High frequency C-V measurements were
used to investigate the charge trapping and detrapping processes in
floating gate metal-oxide-semiconductor memory based on Au nano-
crystals.
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Influence on the precursors nature on the morphology
and optical properties of Ru(Il) containing thin film
used as oxygen sensor

Salzitsa Anastasova, Mariq Milanova, Elena Kshchieva, Dimitar
Todorovsky
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SiOZ-based thin films with immobilized
Ru(I)-tris(4,7-diphenyl-1,10-phenanthrolyne) dichloride/Ru(dpp)3/
have been produced in order to elucidate the influence of the pre-
cursors nature and the production method on their morphology as
significant factors for the effectiveness and service time of oxygen
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The morphology of the films deposited in various conditions
(varying the number of immersions, withdrawn speed and Ru(dpp)
content) is studied by scanning and transmission electron micro-
scopy. The specific surface area and the porosity are determined by
krypton adsorption.A smooth, glass-like surface is characteristic for
the layer, produced from TEOS. The ormosil-type precursors lead to
the formation of "structured" surface and the morphology strongly
depends on the hydrocarbon chain length. The presence of the Ru(Il)
complex changes the morphology. The crystals, specific for the
complex are seen on the surface of all the produced layers, appear-
ing above the surface but also "immersed" in the matrix volume. The
data from X-ray energy-dispersive microanalysis show that the mole
ratio Si/Ru in the dots is~24 and ~121 outside them. The X-ray pho-
toelectron spectroscopy results confirm the presence of Ru(IThe in-
fluence of storage of the films in distilled water, HCI or HNO3 solu-
tions (pH 2 and 4), NaOH solution (pH 8) and in beer for 2160 hours
(90 days) on the films morphology is studied also. As can be expec-
ted the alkali solution disturbs the surface rather significantly.

The study is performed by the financial support of the Bulgarian Sci-
entific Investigation Fund under Contract VUH-005/2005.
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Color dependency on optical and electronic properties of
TiN thin films
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In this work we present in-situ and real-time Spectroscopic Ellipso-
metry (SE) spectra analysis as a tool for investigation of the relation
and the underline physics between visual appearance and the optical
and electronic properties of TiN nanocrystalline coatings. The films
were fabricated employing Reactive Magnetron Sputtering in an un-
balanced configuration. We also present a comparison between the
electronic properties of these thin films and TiN coatings fabricated
with balanced magnetron sputtering, which their results have been
reported in our previous work. Deposition was carried out at various
values of substrate bias voltage and N2 pressure. Insights on the op-
tical and electronic properties were arisen from the analysis os SE
spectra, using the combined Drude-Lorentz model, which describes
the optical response of the conduction and valence electrons. The en-
ergy, strength and the conduction electron density, were studied with
respect to the bias voltage. The observed color variations can be re-
solved in terms of the Drude-Lorentz model. The onset of the interb-
and transitions is responsible for the color of the nanocoatings and
occurs in lower energies than the calculated transition energies. This
weak absorption, which is the fundamental interband transition, can-
not be experimentally identified and discriminated from the strong,
dominating contribution of the intraband absorption of the SE spec-
tra at low photon energy. For the determination of this weak interb-
and transition we used the Tauc-Plot method. Finally, we associated
this energy with the screened plasma energy, therefore with the stoi-
chiometry, and with the grain size of the coatings as well.
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A comparative studies of atomic-layer-deposited Hf-
based thin films for high-k gate dielectric applications
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In this work, we use the atomic-layer-deposition (ALD) method to
prepare the extra thin Hf-based high-k dielectrics on HF dipped p-
type Si substrate. From the typical 100k Hz C-V characteristics and
ncsu-CVC model simulation results, we can find that the experi-
mental data matches quite well with the simulation curve which in-
dicates the good quality of the thin films and interface with Si sub-
strate. The equivalent oxide thickness (EOT) of 4.2nm thick HfO2
reaches about 1.39nm with the correction of quantum mechanical ef-
fect. On the other hand, the equivalent oxide thickness of the Hf-
aluminate (HfAlOx) and HfO2/A1203 thin films with the same
physical thickness reach about 1.37nm and 1.29nm. The reason for
the lower EOT of the HfAIOx and HfO2/AI1203 thin films comes
from more stable interface with Si substrate which is also confirmed
from the XPS results. Very weak hysteresis (<20mv) are observed
from all the thin films. The leakage current density is around
1.35%10-1001.55*%10-5 and 1.01*10-4 (A/cm2) for Vg at (Vfb-1)
volts for the HFO2[THfAIOx and HfO2/A1203 thin films. With the
incorporate of AI203, the crystalline temperature enhances and the
less crystalline thin films results in the lower leakage current dens-
ity. The HfAIOx thin films have less EOT increment with increasing
post-deposition temperature than HfO2/A1203 thin films which
means HfAIOx has the more stable structure than HfO2/A1203 on Si
substrate. In conclusion, the HfAIOx and HfO2/A1203 thin films
have more advantages than HfO2 used for high-k MOS applications.
The difference between HfAIOx and HfO2/A1203 thin films is not
so large but still has some interesting results.
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Template Synthesis of Nanomaterials Inside the Pores of
Track-Etched Membranes

Wojciech R. Starosta, Marek Buczkowski, Bozena Sarowska
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The template synthesis method based on deposition of materials in-
side well-defined

uniform pores of isoporous membranes offers unique possibilities of
manufacturing one-dimensional, high aspect ratio cylindrical species
with lateral dimension below 100 nm, practically from any solid ma-
terial (carbon, metals, metal oxides, polymers) in the form of rods,
wires, tubules, multiwall tubules and multilayer rods. Growing in-
terest in template-based synthesis is the result of search for novel
methods of manufacturing materials with predefined shapes and di-
mensions in nanorange, preferentially based on assembling them dir-
ectly from molecules.
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Two types of available commercially templates are commonly used
for nanomaterials synthesis - Track-etched polymeric Membranes
(TM) and Anodic Alumina Oxide (AAO) membranes. Due to the
method of preparation of TM (irradiation of thin polymer films by
heavy ion beam following by the chemical etching) the distribution
of pores over film area is stochastic. The pore diameters depend on
chemical etching conditions; the smallest available diameters are
usually of about 50 nm. In contrast AAO membranes obtained by
anodic oxidation of aluminium foil in appropriate solution, are char-
acterised by highly ordered, closely packed array of columnar,
nearly hexagonal cells. The porosity of these membranes is about 66
%. The diameter of pores can be varied in the range 100-500 nm.

The kinetics of deposition process into pores of nanoporous mem-
brane is still not well-understood. In many experiments on depos-
ition into the pores, an observation has been made that chemical
properties of pore walls (chemical groups present on the surface)
play an important role in kinetics of the deposition process, in partic-
ular, during its initial step. In the present paper the kinetics of depos-
ition of conducting polypyrrole polymer inside TMs is described.
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Mg-doped Ba0 6Sr0 4TiO3 gate dielectrics for low voltage
operating ZnO transparent transistor on polymer sub-
strate
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Transparent ZnO based thin film transistors (TFTs) have received
intensive interest due to their potential of replacing hydrogenated
amorphous or polycrystalline silicon (a-Si:H or poly-Si) TFTs. Znic
oxide (ZnO) is a transparent compound semiconductor with a wide
band gap (3.37 eV) which can be grown as a polycrystalline film at
low or even room temperature. ZnO is, therefore, considered to be
an ideal material for serving as the channel layer in transparent and
flexible TFTs. As an important element, gate insulators for ZnO
based TFTs have received increasing attention because ZnO based
TFTs switching voltage can be reduced by using high-K gate dielec-
trics which can lead to high capacitance value. In this presentation,
we report on the role of Mg doping in conspicuously reducing leak-
age currents in Bao.ésr '4Ti03 (BST) high-K gate dielectrics utilized
in ZnO based TFTs fa%ricated on plastic substrates (PET). The 3%
Mg-doped BST thin films, deposited by rf magnetron sputtering at
room temperature on Pt/Ti/SiOz/Si substrates, showed a relatively
high dielectric constants of ~21. The 3% Mg-doped BST films ex-
hibited remarkably improved leakage current densities less than
5x10” Alem’, as compared to that (5x10_4 Alem’ ) of undoped BST
films at an applied electric field of 250 kV/cm,. All room temperat-
ure processed ZnO based TFTs using the 3% Mg-doped BST gate
insulator demonstrated a high optical transparency (> 80%, for
wavelength > 400 nm), a high field effect mobility of 13.2 cm’/Vs

and low voltage device performance of less than 7 V. This result in-
dicates that ZnO based TFTs with 3% Mg-doped BST gate insulator
will open up a promising route for a wide variety range of applica-
tions in transparent, flexible, and portable electronic devices.
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The formation of homogenous ultradence arrays of PbTe
quantum dots on strained BaF 5 surface
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Nanostructured composite optoelectronic devices based on quantum
dots (QD's) of an IV-VI semiconductors are very interesting for vari-
ous applications. The nucleation and growth of PbTe QD's from va-
por phase on BaF 5 (111) substrates strained by an extern load under
conditions close to thermodynamic equilibrium have been studied by
using atomic force microscopy. The size distribution of the QD's
was statistically analyzed as dependent on the character of straining
of the substrate. The PbTe dots were grown epitaxially under
Volmer-Weber growth mode. The maximum values of density of
self-assembled QD's grown on the unstrained BaF _ (111) substrates
did not exceed (6 ~ 8)'1010 sm™. The size distribut%on of this dots is
quite broad (standard deviation ~ 20%-50%). Ultradence (above
1011 sm_z) arrays of faceted PbTe QD's with a average height ~ 3,5
nm (8% - 9% std) are obtained on strained BaF 5 (111) substrates un-
der conditions of small vapor supersaturation in the condensation
zone. Its uniformity and high QD's density is based on the formation
of self-assembled QD's on the bent (stretched) BaF 5 (111) surface,
where the effect of localization of the plastic deformation was ob-
served on the nanometer length scale. This is due to the self-
organization of the dynamic dissipative system of an interacting dis-
locations in a certain range of temperatures and stresses. We find
that a lateral periodicity along the direction <110> amounts to 300 A
due to the heterogeneous nucleation of QD's at straight surface slip
steps and anisotropic surface migration of the adsorbed PbTe mo-
lecules. The influence of straining on the kinetic processes on the
substrate surface was investigated.
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Al-Fe-Cu surface layers obtained by PLD technique

Stawomir Kac
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In the present paper the morphology and microstructure of Al-Fe-Cu
surface layer are presented. Al-Cu-Fe alloys has low electrical con-
ductivity, low surface energy and coefficient of friction, high hard-
ness and brittleness at room temperature. Al-Fe-Cu alloys are suit-
able for several applications, for.ex. wear resistant coatings, thermal
barrier coatings. The laser ablation was performed using Nd:YAG
pulsed laser (355 nm emission wavelength, 10 ns pulse duration, 10
Hz repetition rate). The higest laser fluences was 10 J/em’. The
SEM, EDS, AFM and RTG techniques are used for characterise the
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surface layers obtained.
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Room temperature fabricated ZnO thin film transistors
with MgO coated Bi 5an oNb1507 gate insulator
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ZnO is a transparent compound semiconductor with a wide band gap
(3.37 eV) which can be grown as a polycrystalline thin film at room
temperature. ZnO thin films, therefore, have received intensive in-
terest for applications as a channel layer in transparent and flexible
thin film transistors (TFTs). But, the high operating voltage of the
ZnO based TFTs fabricated at a reduced temperature hinder its ap-
plication in portable devices. The operating voltage can be reduced
by using high dielectric constant materials as gate insulators. In this
presentation, we report on dielectric and leakage current character-
istics of room temperature deposited Bil.sanoNbl O7 (BZN) films
on the basis of crystallographic structure and suitability of MgO
coated BZN gate insulators as key building blocks in the fabrication
of low voltage operating ZnO based thin-film transistors (TFTs).
The MgO coated BZN gate insulator exhibited relatively high
dielectric constant of 32 and low leakage current densities below 10°
s Alem” at an applied voltage of 5 V, which was an operating
voltage of our TFTs. All room temperature processed ZnO based
TFTs with MgO coated BZN gate dielectricshowed good saturation
characteristics and low operation voltages (< 5 V) due to high
dielectric constant (> 30) of MgO coated BZN gate dielectric. The
field effect mobility and the on-off ratio were 5.5 cm’/Vs and 5X105,
respectively. The threshold voltage and subthreshold swing were 2
V and 0.35 V/dec, respectively. The room temperature processing,
low operation voltage and high mobility of ZnO based TFTs with
MgO coated gate insulator offer a promising route for the develop-
ment of transparent and flexible electronics.
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Composite nanofibers formed at low temperature by
plasma deposition
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Ag-TiO2 nanofibers (three um long, 30-150 nm thick) constituted by
a single-crystalline silver wire (20-30 nm thickness) and an external
layer of amorphous TiO_ are prepared at 403 K by oxygen plasma
activation of a silver substrate followed by plasma deposition of
TiO2. Thicker fibers of crystalline anatase around the silver wire

were prepared when plasma deposition occurs at 523 K. The forma-
tion mechanism of these micro and nano-fibers supported on the
substrate is discussed and a nobel volcano-type mechanism proposed
for the formation of these composite nanofibers. The effect of
plasma and the high mobility of the silver are key factors determin-
ing the formation of the fibers. Preliminary results on the formation
of nanofibers of other oxides (SiO_, ZnO) by plasma deposition are
shown and their formation mechanism discussed.
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Microstructure and micro mechanical properties of mul-
tilayer Cr/CrN, PLD coatings
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The CrN shows superior high temperature corrosion resistance over
TiN. The paper describes investigation of possibilities of improving
mechanical properties of wear resistant CrN coatings through their
regular slicing with increasing number of Cr layers. It was realized
by deposition of the Cr/CrN coatings built of 2, 4, 8, 16, 32 and 64
Cr/CrN bi-layers using reactive Pulsed Laser Deposition (PLD)
technique. The application of transmission electron microscopy
helped to determine coatings bi-layer super-lattice thickness at 1000
,500 ,250 ,125 and 62 falling with increasing number of deposited
bi-layers. The columnar microstructure for multi-layered Cr/CrN
coatings was determined. The inter-crystallite defect density in mul-
tilayered coatings was otherwise comparable with that in CrN mono-
layer coating. The X-ray diffractometry measurements confirmed
that the multilayer coatings are retaining main texture parameters of
CrN once. The micro-mechanical properties were assessed by micro-
hardness measurements and scratch test using Rockwell penetrator
of 200mm diameter loaded from 0.03N up to 20N and finally by
measuring their wear resistance through ball on disc test. The per-
formed measurements indicated that switching from single layer to
multi-layered metal/nitride coatings resulted in small hardness drop
from 17 to 10 GPa. Simultaneously the it was noted that the scratch
resistance rose from 4.4N for CrN mono-layer to a maximum of
7.7N for Cr/CrN- 8 layered one. The wear test showed advantage of
multilayer coatings over mono-layer CrN as the 35% lowest wear
was observed for Cr/CrN-8 layers. The present investigation con-
firmed that a significant improvement of mechanical properties of
CrN type coatings by their sandwiching with Cr layers might be
achieved.
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Annealing ambient effect of the phase formation in the
Ni(10nm)/C(2nm)/Si(001) thin film system
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Annealing ambient effect on the phase formation in the
Ni(10nm)/C(2nm)/Si(001) thin film system obtained by magnetron
sputtering was under investigation. Specimens were annealed for 30
sec in the vacuum at 1.3*10'Pa and in the flow of nitrogen in the
temperature range 400-1000°C. Temperature stimulated solid-state
reactions that occur as the result of interdiffusion processes between
layers under investigations were examined by metods of x-ray and
electron diffraction, resistivity measurements and Rutherford backs-
cattering. It was established that an annealing ambient influences on
the development of the solid-state reactions in the
Ni(10nm)/C(2nm)/Si(001) thin film system. The sublayer of carbon
and oxygen of a residual atmosphere are slow down solid-state reac-
tions of the formation silicide phases of the nickel. Result of it is dis-
placed up the area of existence NiSi to 950°C.
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Self-organized nanoscale multilayer growth during the
deposition of hyperthermal species
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The quasi-simultaneous deposition of low energy mass selected c
and either Au~ or Fe' ions resulted in the formation of alternately
metal-rich and metal-deficient layers in an amorphous carbon matrix
with periods in the nm range. Transmission electron microscopy re-
veals that the metal-rich layers consist of rather densely distributed
crystalline particles while the metal-deficient layers are amorphous
or contain only smaller numbers of crystalline clusters. The concen-
tration variation is confirmed by Rutherford backscattering spectro-
scopy and Auger electron spectroscopy depth profiling. A similar
structure was found in films grown by reactive dc-magnetron sput-
tering of Cu, Pt, and Ni targets in an Ar/CH plasma. Also films de-
posited with reactive rf-magnetron sputtering of Fe targets in an Ar/
CH4 plasma show hints of a layered structure. The processes during
mass selected ion beam deposition and magnetron sputtering depos-
ition are far from thermodynamical equilibrium. Therefore, the
formation of such periodic concentration variations cannot be attrib-
uted to mechanisms like Liesegang pattern formation. The multilay-

er formation can be described by an interplay of sputtering, surface
segregation, ion induced diffusion, and the stability of small clusters
against ion bombardment.
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Non-monotonous surface morphology of YSZ thin films
deposited by e-beam technique: experiment and model-
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In present study, YSZ thin films were grown on the Alloy-600 and
optical quarts substrates by e-beam deposition. By changing depos-
ition time and e-beam gun power (from 0.48 to 1.2 kW) the growth
mechanism of YSZ thin films were investigated. YSZ thin film
structure and surface morphology were investigated by X-ray dif-
fraction, scanning electron microscopy (SEM), and atomic force mi-
croscopy (AFM). It was found that electron gun power and substrate
temperature has influence influencing the thin film deposition mech-
anism. The structure of deposited YSZ thin films on the optical
quartz is tetragonal (101). Experimental results show that surface
roughness of thin films pass through the minimum with the change
in substrate temperature in interval from 200°C to 600°C and e-beam
gun power in interval from 0.75kW to 1.05kW. The aim of this work
is to explain and analyze this non-monotonous behavior of surface
roughness by proposed kinetic model. The model is based on rate
equations and includes processes of surface diffusion of adatoms,
nucleation, growth and coalescence of islands in the case of thin
films growth in Volmer-Weber mode. It is shown by modeling that
non-monotonous dependence of surface roughness on the factors in-
fluencing energy of adatoms (e.g. temperature, assisted beam irradi-
ation, accelerating voltage) occurs as a result of interplay between
diffusion length of adatoms and size of islands, because both para-
meters depend on energy of adatoms. Variation of island size and
diffusion length results in atomic jumps from islands forming rough-
er or smoother surface. The functions of surface roughness, island
size, island density on diffusion length of adatoms and on other
parameters are calculated and analyzed in this work.
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Structure, Hardness and Thermal Stability of Electrode-
posited Cu/Ni Nanostructured Multilayers
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Nanostructured materials like CMA (compositionally modulated al-
loys) multilayers with bilayer period thickness less than 100 nm
have very interesting properties, which are unattainable in bulk ma-
terials. The primary interest is in magneto-electrical properties
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(GMR effect) with the secondary goal of improving the tribological
and mechanical properties of the surface.

Cu/Ni multilayers have been grown by electrodeposition from single
solution with potentiostatic control. Several Cu/Ni samples depos-
ited on (001)-oriented Si and polycrystalline cooper plates with dif-
ferent sublayer thickness in the range of 1 to 20 nm were investig-
ated. One series of the multilayers with the constant bilayer thick-
ness and two other series with constant Cu or Ni sublayer thickness
(with varying Ni or Cu sublayer thickness respectively) were elec-
trodeposited on cooper substrates. Some Cu/Ni multilayers were an-
nealed in a vacuum furnace at temperature increasing from 150

The X-ray diffraction investigations and SEM observations were
used to analyse the modulated structure and determine the bilayer
thickness of the nanomultilayers.The SEM and XRD investigations
confirmed the layered structure of all deposited samples. The mul-
tilayered Cu/Ni coatings exhibit the bigger hardness than single Ni
and Cu layers when the thickness of the bilayers is approximately a
few nanometers. A maximum of the hardness was measured when
the bilayer thickness was 10 nm and was about 25 % bigger than the
Ni single layer hardness. Subsequent anneals led to a significant
change in the preferential crystallographic orientation, quality of
modulation structure and size of crystallites.

This work has been supported by Polish Ministry of Education and
Science under Grant No. 3 TOSA 078 27.
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Coverage dependent reaction of yttrium on silicon
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In this work, the reaction of yttrium (Y) on Si(001) is investigated
using in-situ X-ray photoelectron spectroscopy (XPS) for different
coverage of Y with low temperature annealing. We report on the 3
general reaction phases of yttrium on Si that are coverage dependent.
Firstly, for IML of Y coverage, a strong Y-Si bonding is formed at
room temperature. The strong bonding could be seen from the signi-
ficant dipole induced band bending effects evidenced by Si2p and
Y3d core-level binding energy shift. The bonding stability is mani-
fest itself as being resistant to both oxidation in ultra-high-vacuum
(UHV) or any further Si interdiffusion after a 300°C annealing. For
higher coverage of 2-4ML, spontaneous room-temperature mixing
of Y-Si is observed. This is consistent with most rare-earth metal's
reaction with Si at these coverage regimes. Upon a 300°C annealing
in UHV, selective oxidation of Y in the 2-4ML of film is observed
while no significant diffusion of Si occurs. Finally, for coverage of
>4ML, pure metallic Y forms during room temperature deposition.
Subsequent annealing at 300°C shows substantial Si-diffusion ac-
companied by a reduction in the intake of oxygen. The diffusion is
attributed to a metal-weakened Si bonding effect and the competi-

tion of Si with O for the metallic Y limits the amount of oxygen in-
take in UHV.
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Pulsed laser deposition of nanostructured tungsten oxide
thin films for optical gas sensor applications

Mehdi Ranjbar, Azam Iraji zad, Seyed Mohammad Mahdavi,
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Nanostructured ungsten oxide thin films were deposited by pulsed
laser deposition (PLD) (Nd: YAG, 2=1064 nm) for optical hydrogen
gas sensor applications. Deposited was performed onto heated glass
substrate kept at 400 °C in HV (5x10-5Torr) and 100mTorr oxygen
partial pressure. Deposited films in HV showed blue color with 3.1
eV optical band gap and amorphous structure. Samples turned to
transparent films with band gap of 3.0 eV and crystalline structure
after annealing in air at 400 °C. Films that were deposited in oxygen
partial pressure were amorphous and transparent with 3.3eV band
gap and changed to dark blue after annealing in vacuum at 400 °C.
The structure of these films remained amorphous after annealing and
the band gap of these films was reduced to 2.7eV due to creation of
oxygen vacancy. To observe hydrogen gas sensing properties a very
thin layer of palladium was coated by electro-less method. Optical
switching effect due to hydrogen exposure was observed only for
samples deposited in oxygen environment. XPS data of the samples
present W6+/W5+ ratio higher than those deposited in vacuum. Re-
garding to Atomic Force Microscopy (AFM) data, deposited
samples in oxygen environment showed RMS surface roughness of
13.6 nm and grain boundary of 60 nm while those prepared in HV
showed smother surface (2.87nm) and grain boundary of 150nm.
Higher surface roughness and lower oxygen vacancy of the films
prepared at oxygen partial pressure made it suitable for gas sensing
response.

Keywords: tungsten oxide, pulsed laser deposition (PLD), gaso-
chromic, hydrogen sensors.
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SIMS depth profiling of thin nitride- and carbide-based
films for hard coating
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Many new materials have been developed for material coating films.
Recent investigations show that Ti/Cr-nitride and Ti/Cr-carbide
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based complex layers provide corrosion-protection of metals and im-
prove mechanical properties. Secondary ion mass spectrometry
(SIMS) technique has proven to be an essential tool for depth profil-
ing of such thin coating films and offers high in-depth precision only
if ultra-low impact energy is used for sputtering. However the quant-
itative depth profiling of such materials is not straightforward in
presence of surface contaminations and matrix effects.

This is the case of multilayered TiN/CrN, CrC/CrN and CrC/CrN
and TiC:Si, TiCrN films (10 nm - 3000 nm thickness range) created
on steel substrates using various deposition methods like condensa-
tion from a plasma phase in nitrogen atmosphere, reactive magnet-
ron sputtering and reactive arc deposition, respectively. Additionally
TiC films were Si implanted.

The aim of this work is to perform distribution of elements in the
films and to obtain chemical characterisation allowing description of
nitridation and carbonisation mechanisms to monitor the coating
production. In order to achieve a more precise quantification we
have been monitored the multilayered films using ultra-low energy
of primary ion beam (below 1 keV).

The measurements have been performed using SAJW-05 instrument
with Ar ion beam of about 100 micrometers in diameter. Auger in-
vestigation of the structures provides additional information on
quantitative distribution of main components. SIMS depth profiles
of these films show higher oxygen contamination in the case of TiN
layers than in CrN, while higher nitrogen concentration was recor-
ded in CrN films. The silicon profile implanted into TiC layer indic-
ates that the implantation range is about 600 nm. Results of depth
profiles have been compared to process parameters of coating tech-
nology.
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AC transport properties of Nanocrystalline CstBr3
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CstBr3 produced by co-evaporating CsBr and PbBr_ purified
powders are attracting much interest for their interesting optical
characteristics. Indeed, nanocrystallites are produced in the thin
films as evidenced by optical spectroscopy and X-ray diffraction.
These nanoaggregates are wide-gap semiconductors with direct
band-to-band transition. Identification of the nanocrystallites in the
film is based on a similarity of the observed spectroscopic properties
with those of the bulk CstBr3 purified by the Bridgman technique.
The materials object of this study have been deposited by PVD in-
side an UHV apparatus. These materials show an exciton absorption
also at RT. The FWHM of the exciton peak has been used to evalu-
ate, together with X-ray analysis, the quality of the deposited materi-
al. The paper reports on the AC transport properties investigated by
admittance spectroscopy techniques in a wide frequency and temper-
ature range aimed to identify the role of the surface located defects.
AC electrical measurements have been carried out in the 0.1 Hz-10
kHz range by using a Solartron 1250 FRA equipped with a 1296A
dielectric interface, whereas a HP4192A LF impedance analyzer has
been used in the 10 kHz-10 MHz range. Results show as the Fermi

level is pinned by the surface states which induce an electron accu-
mulation layer at the crystallites' surface influencing the current
transport at lower and intermediate temperature while, at the higher,
an activate transport mechanism is found. The possibility to apply
the time-temperature superposition principle gives the opportunity to
present and discuss the results as a function of the f and T on the
basis of master curves obtained by normalizing f to the most prob-
able hopping frequency.
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Composite structures based on Ti - Si and TiN - SiN materials are
interesting for photonic, optoelectronic and sensor te)é:hniques. The
TiN - SiN multilayers were deposited on Si(100)-wafers by laser
ablation of the Ti and Si targets in ambient nitrogen gas in range of
pressures ranging from 3x10” to 5x10” mbar. The layer thickness
and composition was controlled by parameters of the excimer laser
pulses (wavelength at 193 nm), ambient gas species and gas pres-
sure.

Processing of Ti - Si and TiN - SiN multilayers at high temperat-
ure (HT) lead to uniform metastable })hase of composite films. The
effect of HT treatment (typically for 10 min by rapid thermal pro-
cess, RTP) at 870 K on structural transformation in multilayers were
investigated by X-ray reflectrometry (XRR), X-ray diffractometry
(XRD), Scanning Electron Microscopy (SEM) and ellipsometric
measurements. Morphology of samples was characterised by atomic
force microscopy (AFM).

The Ti - Si multilayers show the superlattice with bilayer period A =
31 nm and Si thickness t = 2.9 nm. Due to the very thin layers, the
interfacial and surface e‘nergies dominate both the bulk and the
strain-energy terms, which encourages the formation of metastable
phase with a low interfacial energy. Then the inter facial energy
term becomes less important and bulk formation energies dominate.
These energetic arguments can only give a preference for phase
formation and are most valid when growth occurs at near-
equilibrium conditions.
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Electronic properties of graphite-like ion tracks in insu-
lating tetrahedral amorphous carbon
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We investigated the formation of quasi one-dimensional conducting
filaments in diamond-like carbon (DLC) films by swift heavy ion ir-
radiation. Various DLC films with thicknesses of several 100 nm
were grown using mass separated ion beam deposition on highly
conducting Si and Ni substrates. After deposition the films were irra-
diated with 1 GeV U ions with fluences between 10° and 10"
jons/cm’. Due to their high electronic energy loss of about 30 keV/
nm the swift heavy ions graphitize the predominantly (80%) sp3-
bound carbon film along their trajectories yielding conducting
nanowires embedded in an insulating matrix. Using atomic force mi-
croscopy (AFM) with conducting cantilevers and applied bias
voltage the presence of conducting tracks was confirmed and their
conductivities were determined to be several orders of magnitude
higher than of the host matrix. Temperature dependent electrical
measurements were performed on the irradiated samples at 300 K -
10 K with fields up to 5 V/um. We will discuss the results with re-
spect to contact resistances and possible one-dimensional conduction
mechanisms within the tracks.
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TiNiNDb shape memory alloy has been used extensively as a material
for medical implant devices due to its shape memory effect, supere-
lasticity and biocompatibility. Due to its relatively high amounts of
nickel it is not adequate for implants and prosthesis. Therefore, in
the last years, the PVD coating methods have become a good choice
to prevent the nickel release from substrate composition, as the ob-
tained protective films may present high protection against corrosion
and good wear properties.

In this paper, samples of TiNiNb alloy were coated with two types
of multilayer coatings (TiN/NbN and TiC/NbC) in order to improve
their corrosion resistance and drop the nickel release in artificial
physiological solution, without sacrificing their shape memory effect
and superelasticity. The Ni ions release of the coated and uncoated

samples was investigated. The films were deposited onto TiNiNb al-
loy by vacuum arc deposition technique under various deposition
conditions. In order to have a more complete characterization of the
investigated coatings, other properties such as elemental and phase
composition, morphology, texture, microhardness and adhesion were
investigated. The corrosion tests revealed that all the coated samples
were characterized by very low anodic currents in the passive region
and by an exceedingly low metal ion release rate. The obtained res-
ults suggest that nanostructured multilayered coatings based on Ti
and Nb nitride and carbide obtained by vacuum arc deposition can
improve the performance of TiNiNb alloy for biomedical applica-
tions.
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Self-assembled electrodes formed from TiO2 nanoparticles and
poly(vinyl sulfonic acid) (PVS) were prepared using the Layer-
by-Layer (LbL) technique. The thickness of the 5-, 10-, 15-, and
20-bilayer films was 58 nm, 92 nm, 174 nm and 296 nm, respect-
ively. The electrochemical and chromogenic properties of LbL films
of TiO_/PVS have been examined in an electrolytic solution of 0,5
M LiClO4/propylene carbonate. It is noted the presence of two sites
during the positive potential scan, which were attributed to ionic
trapping effects. The absorbance change associated to oxidation of
trapping TiO2 sites is attributed to electronic transitions involving
energy states in gap band, which are formed due to strong distortion
of the Li TiO2 sites. Using the Quadratic Logistic Equation (QLE),
it was possible to analyze the electronic transfer as a function of the
number of lithium ions intercalated into the LbL film. From the
parameters obtained from the fitting, it was also possible to determ-
ine the amount of trapping sites produced during the insertion of
lithium ions. The electrochemical impedance spectroscopy (EIS)
data show the presence of diffusion and trapping sites. The diffusion
coefficient of lithium ions changed from 1.2x10" c¢m".s™ to 3.1x10°
1 cm’s during the discharge process. Finally, the trapping effects
associated to the amount of TiO2 nanoparticles are discussed.
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Stress and related mechanical properties of multilayer
coatings deposited by vacuum arc method
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The multilayer coatings composed of different thin films with thick-
nesses in the nanometre range (1-20 nm), known as super lattices,
have received considerable attention due to their increased hardness,
wear and corrosion resistance. As it is known besides its composi-
tion and structure, the properties of a coating are also related to the
induced stress during growth. The aim of this paper is to investigate
- by computer simulation and experimental approach - the variation
of the stress in different transitional metals nitrides MeN
(Me=T1i,Zr,Nb) and in the related multilayered structures as MelN/
MeZN (e.g. TIN/NbN). We have performed finite element method
simulation in order to observe the behaviour of the multilayered ma-
terial under intrinsic stress and in order to achieve the response of
the structure under different varying loads. The mesh was build with
shell elements and we have used the initial stress commands to apply
the right amount of stress into the layers. The simulations were per-
formed for different thickness values of the individual layers in the
superlattice structure. Films with a total thickness of 2 microns were
deposited by the cathodic arc method on Si and HSS substrates; the
stress was determined by XRD. The bilayer period was 500 nm for
MeN/Me multilayered coatings and 50 nm, respectively 10 nm for
Me N/Me N multilayer. Both theoretical and experimental results
showed the decrease of the stress in the multilayered coatings. These
results were also correlated with the observed increased microhard-
ness, adhesion onto the substrate and the corrosion resistance of the
deposited films.
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Ta_O _ thin films have been prepared by evaporation from a tantalum
oxide precursor and by assisting the growth of the films by oxygen
and nitrogen ion bombardment (IBAD). The obtained thin films de-
pict different microstructures and optical and dielectric properties. In
general, the films prepared by evaporation have lower refraction in-
dices that those prepared by IBAD. In this case a clear correlation

exists between the ion current and energy and the properties of the
films. The trend of dielectric properties of these thin films agrees
with that defined by their optical properties. They also agree with
the microstructrue of the films as determined by SEM. A particular
type of films was found when prepared by evaporation under graz-
ing conditions. These films depict a columnar microstructure with
oblique columns and an extremely high porosity. Refraction indices
ranging from 1.7 to 1.2 have been obtained for these thin films.

Another interesting property of these thin films refers to its wetting
behaviour under UV light. In literature there are many papers deal-
ing with the conversion of the TiO2 surface from partially hydro-
phobic into fully hydrophilic by UV irradiation. In this work we also
show that TaZO thin films present a similar behaviour changing
from hydrophobic into hydrophilic by illumination. A careful study
of this type of transformation is being carried out as a function of the
microstructural and structural properties of the films. Doping of
Ta_O_ thin films with foreign cations and with nitrogen has revealed
to %e 5an effective way to induce a partial change in wetting angle by
using visible light for the illumination.
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While Nb and Ti are well known as biocompatible materials, the use
of NDN coating is reduced, regardless its higher microhardness, due
to its increased brittleness compared to TiN or TiAIN films.

The objective of the current work was to take advantage of the
known biocompatibility of Nb and Ti layers, by depositing on stain-
less steel a new superlattice coating consisting of alternate multilay-
er NbN/TiAIN. Different nanostructured NbN/TiAIN multilayer
films, with various bilayer periods (4 , 80 nm), were deposited on
316L stainless steel specimens by the cathodic arc method. The in-
fluence of bilayer period of this superlattice coating on the wear be-
havior in artificial physiological solution was investigated. The
coated samples were investigated with respect to elemental (AES,
XPS), phase composition and texture (XRD), Vickers microhard-
ness, thickness, adhesion and wear resistance. It was found that the
coatings' properties depended both on the bilayer period and on the
elemental composition on the individual layers. As compared with
the NbN and TiAIN monolayers, the multilayered structures led to
an increase of the microhardness with about 3 + 5 GPa. While all
coatings had a good adhesion, the highest adhesion, as well as the
highest wear resistance were obtained for films with bilayer period
in the nanometer range.
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One-dimensional (1D) nickel iron oxide nanostructures were grown
in zeolite-4A, Na12 [A1128i12048] by a chemical precipitation meth-
od from aqueous solutions. Aqueous solutions of nickel sulphate and
iron chloride in appropriate volumetric amounts, were used as the
starting materials in the synthesis of NiFe O nanostructures. Precip-
itation of the desired 1D nanostructures in zeolite-4A,were then
achieved by the technique of acid-base titration. Crystal chemical as-
pects of the resulting nanostructure were studied by Rietveld analys-
is, as a function of the amounts of Ni present in the crystal structures
and the heating temperature (1350 to 1400°C). Qualitative chemical
analysis of the samples was performed by EDXS. The microstruc-
ture and morphology of the 1D nanostructure composite were char-
acterized by XRD and TEM. All these results indicate that the
1D-NiFe_O -nanostructures were synthesized in Zeolite-4A, Na12
[A1128i12048]. The final NiFeZO4 nanoparticles exhibit special mag-
netic properties with a remnant magnetization of 6.3 emu/g, coerciv-
ity of 66 Oe and saturation magnetization of 38.8 emu/g. properties
with a remnant magnetization of 6.3 emu/g, coercivity of 66 Oe and
saturation magnetization of 38.8 emu/g.
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The silicon strip detector represents a new class of one-dimensional
position-sensitive single photon counting devices. It allows us to re-
duce time in XRD measurements of thin films compared to instru-
ments with a single proportional counter. Our detector was mounted
at the Philips X'Pert diffractometer with 230 mm instrument radius.
Experiments were performed with use of Ni-filtered Cu radiation.

The angular resolution about 0.04° at low angles was demonstrated
for classical Bragg-Brentano geometry measurements of standard
reference material (SRM 660) LaB . Obtained values were very
close to the results achievable for classical proportional counter and
X'Celerator.

0-20-scan, w-scan and 20-scan of spin valve multilayers were per-
formed by means of the strip detector and the proportional counter.
Collected diffractograms showed comparable characteristic features

and numbers of counts for acquisition time of the strip detector by
two orders of magnitude shorter compared to the proportional
counter.

0-20 and w-scan of spin valves with the stack composition: substrate
Si(100)/SiO 47 nm/ buffer layers /IrMn 12 nm/CoFe 15 nm/Al-O
1.4 nm/NiFé 3 nm/Ta 5 nm, with buffers: a - Cu 25 nm, b - Ta 5 nm/
Cu 25 nm, ¢ - Ta 5 nm/Cu 25 nm/Ta 5 nm/Cu 5 nm and d - Ta 5 nm/
Cu 25nm/Ta 5 nm /NiFe 2 nm/Cu 5 nm allowed us to determine the
degree of texture of the samples and its dependence on the buffer
features.

0-20 profiles of the Ni/Au - glass/[Ni/Au]x15 periodic superlattice
and non-periodic multilayers: substrate Si(100)/SiO 500 nm/Ta 5
nm/Co 5 nm/spacer/IrMn 10 nm/ Ta 5 nm with different spacers of
platinum 0, 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, and 1.2 nm were interpreted
using the model of non-ideal supperlattice structure based on the
Monte Carlo simulation. Interplanar distances in the growth direc-
tion of layers were determined.
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Amorphous alloys of CoFe-rich magnetic amorphous films are well
known as typical soft magnetic alloys. They are used for many kinds
of electric and electronic parts such as magnetic recording heads,
transformers and inductors. In order to get superior soft magnetic
properties of the CoFe-based nanocrystalline thin films, the Co-
Fe-Hf-O nanocrystalline thin films have been investigated. The soft
magnetic properties and electrical property of these films show a de-
pendence on the partial pressure of reactive gases, which presum-
ably changes the microstructure of the films and related magnetic
anisotropy. After optimum of pressure O , these films exhibit excel-
lent soft-magnetic properties: saturation magnetization (4pM ) of 29
kG, magnetic coercivity (H ) of 0.02-10e, anisotropy field S(H ) of
50-70 Oe, and an electrical Cproper‘[y is also shown to be as high as
900 mWem. The combination of high 4pM and relatively high H
in these films are believed to be partly resp(s)nsible for the excellenlft
ultra-high-frequency behavior.

17:20 Poster A/PL1.30

Influence of reactive gases on the properties of CoFeZr-
Alumina nanocomposites

Yury E. Kalininz, Alexander V. Sitnikov 2, Julia A. F edotoval, Al-
exander K. Fedotov

1. Belarusian State University (BSU), F. Skaryna av. 4, Minsk
220050, Belarus 2. Voronezh State Technical University, Vor-
onezh, Russian Federation

E-mail: fedotov@bsu.by

The influence of gas mixture during ion-beam sputtering on electric
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and properties of the films containing CoFeZr clusters embedded in-
to alumina matrix has been investigated. The films with the fraction
x of metallic alloy between 30 and 65 at.% were sputtered in the
chamber evacuated either with pure Ar or in gas mixtures Ar + O2
and Ar + N_. It was revealed by Mossbauer spectroscopy, permeab-
ility, MFM and magnetization measurements that magnetic state of
metallic nanoparticles at 300 K strongly depends on gas mixture in
the sputtering chamber. In the samples deposited in pure argon
CoFeZr nanoparticles displayed ferromagnetic state beyond the per-
colation threshold Xc = 40-45 at.% whereas at sputtering in Ar + O2
or Ar + N2 the Xc shifted to 50-55 at.% and the region of superpara-
magnetic state was expanded far beyond Xc. The last resulted in
non-hysteresis behavior of magnetization curves and lowering of
real and imaginary parts of magnetic permeability (m1 and m2 cor-
respondingly) far beyond Xc in comparison with the films sputtered
in Ar. Mdssbauer spectroscopy have shown that such peculiarities
were due to oxidation of nanoparticles preventing magnetic interac-
tion and the direct electric contact between them. Note also that im-
pedance of the samples studied displayed also appreciable inductive
contribution at intermediate frequences 1-100 kHz.
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Welcome

Particle size is crucial in catalysis - this statement had been known
much earlier than the term of nano became trendy. Heterogeneous
catalysis is connected with the surface effect and active surface is
the function of particles' size. Some nanocatalysts are much more
active than their coarse-grained counterparts, because of electronic
effects playing important role at nano-dimensions. It has been re-
cently shown that gold, previously considered as inactive, is
nowadays proved to be a very effective nanocatalyst. In some cases
of supported catalysts the size of support particles can also be im-
portant.

The growing demand for fine chemicals industries and increasingly
stringent ecological standards require new technologies as well as
new, more effective and more selective catalysts. To satisfy this de-
mand the current combinatorial techniques enabling an optimisation
of elemental composition are not sufficient and much more scientific
effort would be required.

The foreseeable future for nanocatalysts is very promising: the
worldwide market is foreseen to increase from $3.7 bn in 2004 to $5
bn in 2009.

All the people interested in contribution to this growth and to the de-
velopment of knowledge in catalysis are cordially invited to particip-
ate in this symposium devoted to nanocatalysts.

The main topics of the symposium related to nanocatalysts will be:

 Catalysis by nanostructured materials: the gap between expecta-
tion and reality

* Theory of catalytic processes

» Kinetics and mechanism of catalytic reactions

« Effect of catalyst particle size on the activity

* Geometric and electronic effects in catalysis

* New catalytic processes

* New methods of catalyst characterisation

* Quantum chemical and molecular mechanics modelling of surface
phenomena

» Nanocatalysts for environmental protection

» Nanocatalysts for fuel cells

» Nanocatalysts for hydrogen storage

* Biocatalysis

* Photocatalysis

» Zeolite catalysts

Scientific Committee:

* Walerian Arabczyk, Szczecin University of Technology, Poland

* Mohammed M. Bettahar, Universit¢ Henri Poincaré, Nancy I ,
France

» Avelino Corma, Universidad Politecnica de Valencia, Spain

» Jerzy Haber, Institute of Catalysis and Surface Chemistry PAS,
Poland

+ Barbara Grzybowska-Swierkosz, Institute of Catalysis and Sur-
face Chemistry PAS, Poland

» Laszlo Gueczi, Institute of Isotopes and Surface Chemistry, Hun-
gary

» Klaus Hermann, Fritz-Haber Institute, Germany

* Ronald Imbihl, University of Hannover, Germany

* Maya Kiskinova, Sincrotrone Trieste, Italy

* Erich Knoezinger, TU Wien, Austria

» Zoltan Paal, Institute of Isotopes and Surface Chemistry, Hungary

* Rutger A. van Santen, Eindhoven University of Technology, The
Netherlands

* Jacques Vedrine, Ecole Nationale Superieure de Chimie de Paris,
France

* Malgorzata Witko, Institute of Catalysis and Surface Chemistry
PAS, Poland

* Helmut Weiss, Otto-von-Guericke-Universitaet Magdeburg, Ger-
many

* I nvited lectures

* A. B. Jarzegbski: "Modified siliceous mesostructured cellular
foams - effective catalysts for applications in liquid phase pro-
cesses"

» J.-F. Hochepied: "How precipitation techniques can be useful for
catalysts preparation?"

» Z. Karpinski: "Hydrodechlorination of 1,2-dichloroethane over
active carbon supported palladium-nickel catalysts"

* N. Kruse: "Surface reaction kinetics studied with atomic-scale lat-
eral resolution"

» P. Massiani: "Spectroscopic investigation of co-hosted metal and
basic nanospecies in Pt/CsBEA catalysts"

« S. Miiller: "Ab-initio thermodynamics at surfaces: Relaxation, se-
gregation, substitutional ordering and adsorption"

* D.K. Paul: "Photocatalytic Oxidation of Acetaldehyde over Rh-
doped SrTiO_{3} Nanoparticles"

* R. Rosei: "Direct spectroscopic measurements of surface chemical
reactivity"

* G. Rupprechter: "In Situ Studies of Surface Catalytic Processes on
Nanomaterials"

» J. Ryczkowski: "Application of infrared photoacoustic spectro-
scopy in catalysis"

* R. Schlégl: "The relevance of nanostructuring for the function of
heterogeneous catalysis"

* E.M. Serwicka: "Catalysis by metalloporphyrins supported on
mesoporous molecular sieves - steric effects induced by nano-
space constraints"

* Yu. Suchorski: "Catalytic reactions on platinum metals nanofa-
cets: Spectroscopy on an atomic scale"

» J.Vedrine: "Nano-oxides for selective oxidation of light alkanes:
catalyst preparation, characterization, reaction mechanism and
high throughput studies"

Organisers

» Urszula Narkiewicz, Faculty of Chemical Engineering, Szczecin
University of Technology, Szczecin, Poland,
urszula.narkiewicz@ps.pl

 Jacek Kijenski, Institute of Industrial Chemistry, Warsaw, Poland,
jacek kijenski@ichp.pl
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Sponsors

Proceedings

The invited and keynote papers will be published in Catalysis Today
(http://www.elsevier.com/locate/cattod).

Sponsors

Some PhD students have their conference fees reimbursed by the
Scientific Network: « Nanomaterials as Catalysts for New, Environ-
mentally Friendly Processes », represented by Professor Matgorzata
Witko.

Programme
Monday, 4 September

Opening Ceremony

2nd floor, Small Hall (237)
Monday morning, 4 September, 11:00

The Czochralski Award Ceremony
Monday morning, 4 September, 11:30

Lunch break
Monday afternoon, 4 September, 12:30

Parallel Session
Monday afternoon, 4 September, 14:00
Chair: Norbert Kruse

14:00 Invited oral

The relevance of nanostructuring for the function of het-
erogeneous catalysis

Robert Schlégl

Max-Planck-Gesellschaft, Fritz-Haber-Institut, Faradayweg 4-6,
Berlin D-14195, Germany

E-mail: acsek@fhi-berlin.mpg.de

Heterogeneous catalysts modify the rate of a chemical reaction by
changing the activation barrier for at least one critical elementary
step. This kinetic operation requires catalysts to be reactive them-
selves. The main difference to other reactive materials is their cyclic
operation returning them after having performed a turnover of reac-
tion in their initial state of geometric and electronic structure. This
property is referred to as “dynamical”.

Solid surfaces can behave dynamically most easily when they are
not in a highly ordered state in order to minimize collective activa-
tions of the geometric structure. Collective excitation of the elec-
tronic structure would lead easily to over-reaction and hence pre-
clude selective reactions (concept of site isolation). These require-
ments call for a hierarchical structure of a working catalyst in which
a stable matrix contains adaptive sites as clusters which change their
properties according to the chemical potential of the gas phase to ac-

commodate for adsorption of reactants and desorption of products.

It is obvious that the design of such a structure is extremely demand-
ing and has not yet occurred in any sustained fashion. It is merely
the art of manufacture of catalysts that incorporates suitable dimen-
sions of nanostructure even when the material is a bulk solid. Some
insight into the still very rudimentary methods of structuring com-
plex materials will be given.

14:30 Invited oral

In Situ Studies of Surface Catalytic Processes on Nano-
materials

Giinther Rupprechter

Institute of Materials Chemistry, Vienna University of Technology
(TU), Veterindrplatz 1, Vienna 1210, Austria

E-mail: grupp@imec.tuwien.ac.at

Model Catalysis has come a long way. The development of planar
nanoparticle model catalysts, consisting of well-defined metal
particles grown in ultrahigh vacuum (UHV) on thin oxide films,
provides a route to mimic an increasing number of technical cata-
lysts [1,2]. The mean particle size (~2-10 nm) as well as the particle
morphology and defect structure can be accurately controlled. Fur-
thermore, the planarity and electrical and thermal conductivity of the
model systems allows applying a wide range of surface sensitive
imaging (STM) and spectroscopic (XPS, IRAS, SFG, TPD, etc)
techniques. In parallel, significant advances have been made in car-
rying out surface characterization under non-UHV conditions, i.e.
under mbar to atmospheric pressure. Photon-based methods such as
sum frequency generation (SFG) vibrational spectroscopy or polariz-
ation-modulation infrared reflection absorption spectroscopy
(PM-IRAS), together with high-pressure X-ray photoelectron spec-
troscopy (HP-XPS) are among the prime techniques for in situ stud-
ies of surface processes or catalytic reactions on model systems. A
number of case studies will be presented, including CO adsorption
and hydrogenation, partial methanol oxidation and olefin and diene
hydrogenation, carried out on Pd-A1203, Pd—Nb205 and Pd—FeSO4
model catalysts.

[1] G. Rupprechter, Annu. Rep. Prog. Chem. (C) 100 (2004) 237. [2]

H.-J. Freund, M. Béumer, J. Libuda, T. Risse, G. Rupprechter, S.
Shaikhutdinov, J. Catal. 216 (2003) 223.

15:00 Keynote lecture

Modified Pt-Fe catalysts for cinnamaldehyde hydrogena-
tion

Jacek A. Kijeﬁskil’z, Piotr Winiarekl, Elzbieta Fedoryﬁskal,
Agata Purzycka1

1. Warsaw University of Technology, Faculty of Chemistry,
Noakowskiego 3, Warszawa 00-664, Poland 2. Industrial Chem-
istry Research Institute (ICRI), Rydygiera 8, Warszawa 01-793,
Poland

E-mail: jacekk@ch.pw.edu.pl

A new method has been presented for the preparation of catalysts for
selective hydrogenation of cinnamaldehyde to cinnamyl alcohol
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(compound used in the synthesis of drugs and flagrances). The fol-
lowing steps have been included in the catalysts preparation proced-
ure: a. reaction of the support (g-Al O_, TiO_, SiO_, MgO) with
transition metal alkoxide (Zr(OBu)4, Ti(OBu)4, (BuO)}VO); b.
thermal decomposition of the obtained surface complex; c. dry im-
pregnation with an aqueous solution of Pt and Fe salts; d. drying; e.
reduction with gaseous hydrogen. The products of each step were
characterized by means of AAS, XRD, FTIR-PAS, SEM, SIMS and
TPR. The monolayer of transition metal oxide (TMOM) (ZrOz, TiO
or V_O ) has been formed on the surface of support as a result 0%
surface complex decomposition (b.) at 623 K. Small crystallites (<10
nm) of these oxides have been observed after the decomposition of
mentioned complex at 823 K. Ferroane phase (PtFe) has been detec-
ted among others on the surface of reduced Pt-Fe catalysts.

A hydrogenation of cinnamyl aldehyde was performed in the flow
system (T =423-573 K, p = 1 atm). The catalyst’s selectivity in cin-
namyl alcohol synthesis increased in the following order: Pt/support
<< Pt-Fe/support < Pt/TMOM/support < Pt-Fe/TMOM/support. In
the optimized reaction conditions hydrogenation of cinnamaldehyde
over Pt-Fe/ZrO /MgO yielded cinnamyl alcohol as a main product
(78%, selectivity over 90 %).

Coffee break
Monday afternoon, 4 September, 15:30

Parallel Session
Monday afternoon, 4 September, 15:50
Chair: Jacek A. Kijenski

15:50 Invited oral

Nano-oxides for selective oxidation of light alkanes: cata-
lyst preparation, characterization, reaction mechanism
and high throughput studies

Jacques Vedrine

Ecole Nationale Supérieure de chimie de Paris (ENSCP), 11 rue
P. et M. Curie, Paris 75005, France

E-mail: jacques-vedrine@enscp.fr

Light alkanes (C1 to C ) constitute rather cheap raw materials com-
ing from natural gas fiselds or from naphta. Dehydrogenation reac-
tions have been widely used to get the corresponding olefins of
much higher commercial value. However such reactions are endo-
thermal and the catalysts, often chromia based, deactivate due to car-
bonaceous residues fouling. Another way is to proceed by partial ox-
idation, which overcomes easily the last two problems, although al-
kanes are weakly reactive and can lead to total oxidation due to
higher reaction temperature necessary. One then gets the corres-
ponding olefins or oxygenated compounds (alcohols, aldehydes,
acids) of even higher commercial value. The oxidation of butane to
maleic anhydride is a well-known industrial process on VPO cata-
lyst. MoNbTe(Sb)V-O mixed oxide catalysts of different chemical
compositions, calcined and activated before reaction under different
conditions, have been developed for ethane or propane oxidation to
ethene or acrylic acid respectively and VSb mixed 0xide/A1203 for
propane ammoxidation.

In this lecture we will present some recent results from us or from
the literature dealing with the preparation of different mixed oxides
of nano size particles and some of their catalytic properties. Catalyst
characterization will be presented to determine the catalyst beha-
viour and the role of different phases present.

The studies of reaction kinetic, reaction mechanisms and catalyst
characterisation were complemented by a combinatorial approach to
try to determine if high throughput technology could be applied for
such complex systems.

16:20 Keynote lecture

Nano-Au particles and oxide M O (M=V, Mo, Cr)
. . X V. A
clusters dispersed on oxide supports in oxidation reac-

tions

Barbara A. Grzybowska-Swierkosz

Polish Academy of Sciences, Institute of Catalysis and Surface
Chemistry, Niezapominajek 8, Krakow 30-239, Poland

E-mail: ncgrzybo@cyf-kr.edu.pl

Catalytic and physicochemical properties of Au nanoparticles and
MxOy ( M=V,Mo,Cr) nanoclusters dispersed on oxide supports will
be described. The reactions studied included total and selective oxid-
ation reactions, related to environmental protection: oxidation of CO
(also preferential PROX oxidation in the presence of hydrogen) and
of C3 and C2 hydrocarbons. Correlations between molecular struc-
ture, physicochemical properties of the catalysts and catalysts' activ-
ity and selectivity will be shown and discussed. The accent will be
put on the effect of nature of the oxide support on dispersion and
properties of the active phase: metallic (nanoAu) or oxidic (MxOy
clusters). For catalysts based on Au nanoparticles, the activity in CO
oxidation increases with the support reducibility. Activity and se-
lectivity in oxidation of hydrocarbons depends also on the support
reducibility, nano-Au dispersed on non-reducible oxides of main
group elements being more selective. For MxOy/oxide support cata-
lysts an increase in activity and selectivity to partial oxidation
products and decrease in the acidity, as compared with bulk MaOb
oxides, have been found. Structure and properties of dispersed bidi-
mensional MxOy clusters depend on the number of M atoms in the
clusters and on nature of the support. Specific catalytic properties of
MxOy nanoclusters as compared with bulk oxides are discussed in
the light of the current theories of oxidation.
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16:50 Oral

Pt-supported nanocrystalline ceria-zirconia doped with
La, Pr or Gd: factors controlling syngas generation in
partial oxidation/autothermal reforming of methane or
oxygenates

Vladislav_A. Sadvkov], Natalia V. Mezentseval, Galina M.
Alikinal, Anton 1. Lukashevich], Yulia V. BorchertZ, Tatyana G.
Kuznetsova , Vyacheslav P. Ivanov , Sergei N. Trukhan , Eugenii
A. l:aukshtisl, Vitalii S. Muzykantovl, Julian Ross3, Erhard Kem-
nitz

1. Boreskov Institute of Catalysis (BIC), pr. akad. Lavrentieva, 5,
Novosibirsk 630090, Russian Federation 2. University of Bremen,
Otto-Hahn-Allee, Bremen 28359, Germany 3. University of Limer-
ick (UL), Plassey Technological Park, Limerick 02098, Ireland
4. Humboldt University, Institute for Chemistry (HU-CH), Brook-
Tailor, 2, Berlin D-12489, Germany

E-mail: sadykov@catalysis.ru

These work considers effect of doping of nanocrystalline CeO -ZrO

supports with La, Pr or Gd cations on the oxygen mobility, surface
features and properties of supported Pt as related to CH = or acetone
transformation into syngas at short contact times. Samples surface
features were studied by SIMS and FTIRS of adsorbed CO or NO.
The oxygen mobility was characterized by the oxygen isotope ex-
change and H_TPR. Catalytic activity was studied in the flow in-
stallation using diluted feeds. Within each series, for both reactions,
catalytic activity correlates with the Pt dispersion controlled by the
oxidized samples ability to stabilize Pt " cations as precursors of
small reactive Pt clusters formed under reaction conditions. Concen-
tration of these cations correlates with the density of Lewis acid sites
Me"" cations as well as domain boundaries. Among samples of dif-
ferent series, at comparable Pt dispersion, the highest performance
was demonstrated by La-doped system, which correlates with the
highest surface/near-surface oxygen mobility. This, is turn, correl-
ates with the lowest strength of Ce-O and Zr-O bonds in the surface
layer as judged by the ratio of CeO'/Ce" and ZrO'/Zr" ion currents
by SIMS. This work is in part supported by INTAS
05-1000005-7663, RFBR-CNRS 05-03-34761 and ISTC 2529 and
3234 Projects

1705 Oral

Nanostructured catalysts from laser pyrolysis

Nathalie C. Herlin-Boimel, Hicham Maskrotl’z, Yann Lecontel,
Cecile Reynaudl, Monique Gervaisz, Sabine Valange3, Erwan
GuelouS, Joel Barraults, Jean Noel Rouzaud4

1. CEA-Saclay, Bat 522, Gif-sur-Yvette 91191, France 2. LEMA,
UMR CNRS-CEA,, Tours 6157, France 3. LACCO, UMR CNRS
6503,, Poitiers ESIP, France 4. Laboratoire de Géologie,, ENS,
UMR 8538, Paris 75006, France

E-mail: nathalie.herlin@cea.fr

Catalysis is one of the privileged applications in nanoscience be-
cause it takes advantage of the high surface/volume ratio of nanoma-
terials. The high dispersion of the active phase in nanomaterials

leads to a better catalytic efficiency. However the synthesis of such
materials by traditional methods is not straightforward and new
methods, such as laser pyrolysis, are therefore under exploration.

Laser pyrolysis is a method allowing the synthesis of various nano-
particles, with well defined chemical composition, size and struc-
ture. It is based on the interaction of a powerful IR laser beam with a
mixture of gaseous or liquid precursors. This interaction leads to an
increase of temperature with decomposition of the precursors fol-
lowed by nucleation and growth of nanoparticles in an incandescent
flame.

This work reports the laser synthesis of titania based powders con-
taining a noble metal (in particular nanoPt/TiOz) using a spray of
TTIP (Titanium tetra isopropoxide) mixed with organometallic pre-
cursors. TEM pictures show that the obtained TiO_nanoparticles can
have a diameter in the range 6-7 nm. The total amount of Pt can be
controlled in the range 0.5-5 wt%. The volatile organic compounds
elimination tests demonstrate that these nanoparticles are efficient
for the total methanol oxidation at a temperature as low as 50°C.

In conclusion, these results show that the laser pyrolysis method al-
lows the synthesis of well dispersed titanium-based nanoparticles
which act as efficient catalysts.

Poster Session 1

Main Hall
Monday afternoon, 4 September, 17:20

Tuesday, 5 September

Parallel Session
Tuesday morning, 5 September, 9:00
Chair: Giinther Rupprechter

9:00 Keynote lecture

Surface composition and reactivity of catalytic systems
at micro- and nano- scales

Maya Kiskinova

Sinchrotrone Trieste, Trieste, Italy

E-mail: maya.kiskinova@elettra.trieste.it

Most of the attempts to quantify the reactivity and selectivity of
catalytic systems have been focused on characterization of specific
surface structures, where electronic perturbations are induced by
varying the particle size or by adding small amounts of substances.
Addressing specific systems the lecture will illustrate the important
contribution of chemical specific imaging combined with laterally
resolved structural characterizations to understanding key factors
controlling the processes at complex surfaces and interfaces related
to catalysis. The local composition and reactivity of the phases that
can be formed and coexist during oxidation reactions will be de-
scribed comparing the results obtained with single crystal metal sur-
faces, micrometer-sized metal particles and nano-crystalline films
supported on different substrates.[1] The complexity of the realistic
reaction systems, where mass transport processes can introduce lat-
eral heterogeneity in the composition and structure of the interface

54 Symposium B



Tuesday, 5 September

creating local micro-reactors with different catalytic activity, will be
discussed on the bases of recent results with bimetallic systems.[2]
The effect of electron confinement will be shown for oxidation of ul-
trathin metallic films, where varying the film thickness the sensible
differences in the local oxidation rate are observed and correlated to
periodic changes in the density of electronic states induced by
quantum-well states crossing the Fermi level.[3] 1. P. Dudin et al, J.
Chem. Phys.B 109, 2005, 13649. 2. A. Locatelli et al, J. Am. Chem.
Soc. 127, 2005, 2351. 3. L. Aballe et al, Phys. Rev. Lett. 93, 2004,
196103.

9:30 Invited oral

Surface reaction Kinetics studied with atomic-scale later-
al resolution

Norbert Kruse, Matthieu Moors, Thierry Visart de Bocarmé

Université Libre de Bruxelles, Chemical Physics of Materials,
Campus Plaine, CP 243, Brussels B-1050, Belgium

E-mail: nkruse@ulb.ac.be

This presentation reviews the recent progress made in imaging cata-
lytic and non-catalytic surface reactions and in providing informa-
tion on the local chemical composition of reactive layers. The meth-
odical approach is based on video-Field lon Microscopy (FIM) and
atom-probe Pulsed Field Desorption Mass Spectrometry (PFDMS).
The usefulness of the approach will be demonstrated in several case
studies.

First, the carbonylation of Nickel to Ni(CO) will be presented. This
reaction involves subcarbonyls, Ni(CO)_ _ as intermediates. Time-
resolved PFDMS studies - in this method short field pulses of vari-
able repetition frequency are used to field-desorb reactive species
during the ongoing reaction - reveal Ni(CO)2 formation to be the
slowest step in the overall reaction. In FIM this process is seen to
coincide with Ni kink sites detaching in a repetitive manner so that
an originally hemispherical Ni crystal ("field emitter") is trans-
formed into a polyhedral one. Second, we show that strong morpho-
logical changes do also occur during the reaction of CO and mix-
tures of CO/H2 with Co crystals. In this latter case video-FIM allows
mapping of the catalytic activity and revealing the competition
between morphological reshaping and chemical restructuring due to
carbon deposition. C H species are detected by PFDMS during the
ongoing CO/hydroge);l feaction. The ion intensities of these species
depend on the reaction time (ms time scale at 450 K and 10° mbar,
H2/CO:2) and methane is the first product of this hydrogenation.
The data will be directly compared to transient kinetic build-up
measurements using Co supported model catalysts.

Finally, video-FIM data on the interaction of ethylene with Ni and
Co crystals will be shown. In both cases step sites cause a strong
promotion of ethylene decomposition. In the Ni case, graphitic over-
layers seem to form at intermediate temperatures (~600 K). These
layers undergo an explosive clean-off reaction (with hydrogen) in
which chemical fronts ignite in (001) planes before travelling in a
self-accelerating manner toward the central (001) plane of the crys-
tal. In a similar study, a Ni crystal is heated to ~1000 K in the pres-
ence of 107 Pa ethylene. Subsequent in-situ quenching and FIM
imaging at 500 K reveals string-like structures arranged in a con-
centric manner in the outskirts of the crystal. These structures point
away from the crystal centre. A tentative explanation of this obser-

vation is based on the formation of carbon nanofibers and their re-
pulsive interaction with the positive electric field present during
imaging.

10:00 Invited oral

Catalytic reactions on platinum metals nanofacets: Spec-
troscopy on an atomic scale

Yuri Suchorski

Otto-von-Guericke-Universitaet Magdeburg, Chemisches Institut,
Universitaetsplatz 2, Magdeburg D-39106, Germany

E-mail: yuri.suchorski@vst.uni-magdeburg.de

The technical importance of heterogeneous catalysts has motivated
an intensive development of model systems emulating the behaviour
of dispersed metals on oxidic supports. One of the successful ap-
proaches is the creation of arrays of the small metal particles, grown
on a planar oxidic support. Most surface-sensitive spectroscopies,
however, average the collected data (in the best case over few cata-
lytic pellets of the sample), thus the individual characteristic of the
single particles are often "smoothed out". This creates difficulties in
addressing the details of the reaction mechanisms on the single met-
al nanoparticles.

Field Ion Microscopy (FIM), Field Emission Microscopy (FEM) and
Lithium Field Desorption (Li-FDM) Microscopy can in principle al-
low investigation of local reaction kinetics on the structurally hetero-
geneous surface of a single apex of a Pt or Rh tip. The surface of
such a tip can be characterized with atomic resolution by FIM and
catalytic reactions on well-defined nanosized facets can be mon-
itored in situ with a resolution < 2 nm using the mentioned above
microscopies [1].

By using the probe-hole techniques the field ions of reacting entities
emitted from few selected surface sites can be collected and ana-
lyzed in a retarding potential experiment (field ion appearance en-
ergy spectroscopy, FIAES [2]). FIAES provides the binding energy
of the neutral molecules adsorbed on these selected sites. The probe-
hole approach can be also combined with the mass analysis by mag-
netic separation (mass-to-charge resolved potential analyses) or with
the time of flight (ToF) measurements.

[1] V.V. Gorodetskii, V.I. Elochin, J.W. Bakker, B.E. Nieuwenhuys,
Cat.Today 105 (2005)

183; Y. Suchorski and J. Beben, Prog. Surf. Sci. 74 (2003) 3, and
references therein

[2] Y. Suchorski, W.A. Schmidt, N. Ernst, J.H. Block, H.J. Kreuzer,
Prog. Surf. Sci. 48

(1995) 121

Coffee break
Tuesday morning, 5 September, 10:30

Parallel Session
Tuesday morning, 5 September, 11:00
Chair: Jacques Vedrine
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11:00 Invited oral

Application of infrared photoacoustic spectroscopy in
catalysis

Janusz Ryczkowski

E-mail: ryczkows@hermes.umcs.lublin.pl

Photoacoustic spectroscopy (PAS) measures a sample's absorbance
spectrum directly with a controllable sampling depth and with al-
most no sample preparation. This technique is nondestructive, non-
contact, applicable to macrosamples and microsamples, insensitive
to surface morphology. In the contrary to the traditional transmission
methods, PAS is carrying out the information from the surface of the
measured sample. In the area of infrared PAS is a supplementary
one to the other spectroscopic and classical physicochemical meth-
ods of the catalysts surface characterization. It is capable of measur-
ing spectra of all types of solids without exposure to air or moisture.
Photoacoustic spectroscopy is detecting a sample's IR spectrum by
"listening" to the sound made when the sample absorbs infrared radi-
ation. A highly sensitive microphone is used as a detector, and the
spectrum is similar to absorbance spectra. One of the major advant-
ages of PAS is its relative immunity to scattered light. Consequently,
this methodology can provide absorption spectra of highly light-
scattering materials such as powders (e.g. silica, alumina) or highly-
absorbing materials (e.g. different type of carbonaceous adsorbents,
materials, species, etc.). Several of the problems associated with the
transmission techniques may be overcome utilizing photoacoustic
detection (in particular, changes in the spectral region were inorgan-
ic supports are strong absorbers). Several practical and valuable ex-
amples will be presented covering various areas of catalysts invest-
igations (catalysts preparation, adsorption, surface acidity, character-
ization of MCM-type materials, modified carbons, carbon deposits,
etc.). Moreover, selected examples will be devoted to the comparis-
on of data for the same studied material but obtained by the different
techniques in the area of IR. Finally, there will be summarized ad-
vantages as well as the limits of the FT-IR/PAS.

11:30 Invited oral

Photocatalytic Activity of SrTiO3 Nanoparticles: An in
situ FT-IR Study

Dilip K. Paull, Chih-ang Changl, Brian Rayl, Dmytro Demydovz,
Kenneth J. Klabunde”

1. Pittsburg State University, 1701 S. Broadway, Pittsburg 66762,
United States 2. Kansas State University, Department of Chem-
istry, Willard Hall, Manhattan 66506, United States

E-mail: dpaul@pittstate.edu

SrTiO3 was prepared by using sol-gel method which involve hydro-
lysis of alkoxide mixtures in an alcohol-toluene solvent. The product
was then characterized by XRD and other techniques. The adsorp-
tion and photocatalytic oxidation reaction of acetaldehyde was stud-
ied on these aerogel prepared SrTiO_ nanoparticles using in situ FT-
IR spectroscopy in a specially designed stainless steel UHV cell.
The photooxidation involved UV-Vis irradiation in the range of 2.1
to 5.0 eV. It has been found that a large fraction of acetaldehyde
physisorbed onto the surface at 173 K which upon oxygen exposure

in the dark did not undergo further oxidation. However, in presence
of UV light exposure, the aldehyde underwent oxidation forming
some CO_ and other oxidized species. The infrared assignments of
all adsorbed species were used to explore the reaction mechanisms
of photochemical reaction.

12:00 Oral

UV activity of titanium dioxide films and TiO2 embed-
ded in ordered mesoporous SBA-15 structures for CO2
photo-reduction reactions

Deniz_Uner, Ozlem Ozcan, Orcun Ergun, Osman Karslioglu,
Aysen Yilmaz, Rasit Turan

Middle East Technical University (METU), Inonu Bulvari, Ankara
06531, Turkey

E-mail: uner@metu.edu.tr

TiO_ films coated on hollow glass beads via a sol-gel procedure
were tested for the photo reduction of CO_ in the gas phase. Pt was
incorporated on the films either by adding the precursor salt in the
sol, Pt(in), or by wet impregnation of calcined film with an aqueous
solution of the precursor salt, Pt(on). TiO_ films could be prepared
with thicknesses ranging from 300 nm to 3000 nm, measured by a
surface DekTak profilometer. The synthesized samples were charac-
terized by powder X-ray diffraction and Photo Luminescence spec-
troscopy. Under UV illumination, the methane yields of platinized
TiO2 following
Pt(on),Ti02>Pt(in).Ti02>Ti02. Photoluminescence spectroscopy in-
dicated that the spectrum was blue shifted for Pt(in) catalysts, while

films decreased in the order:

no such shift was observed for Pt(on) catalysts. These results are in-
terpreted in terms of charge separation effect of the external Pt. The
band-gap modification as revealed by the photoluminescence spec-
troscopy indicated no effect on the photocatalytic activity of the
films. In the second part of the study, titanium dioxide containing
SBA-15 structures have been prepared by a sol-gel method using the
self organizing polymer pluronic 123 and adding titanium(IV) isop-
ropoxide into the solution in the preheating and precalcination stage.
XRD pattern showed the SBA-15 characteristic peaks at 2q= 1.5 and
1.8 indicating long range order in the SiO2 framework.

12:15 Oral

Photogenerated charges in TiO2 nanostructures

Alexander Rissl, Thomas Bergerl, Johannes Bernardiz, Oliver Di-
Waldl, Erich Knoezinger

1. Institute of Materials Chemistry, Vienna University of Techno-
logy (TU), Veterindrplatz 1, Vienna 1210, Austria 2. University
Service Centre for Transmission Electron Microscopy (USTEM),
Wiedner Hauptstrafie 8-10/138, Vienna 1040, Austria

E-mail: ariss@imc.tuwien.ac.at

Metal oxide nanocrystals, and in particular TiO_, are employed for
many technologically relevant surface applications. Because chemic-
al and photochemical reactivity critically depends on the size and the
shape of the crystals, control over these properties represents a key
issue in materials' synthesis. Morphologically well-defined nano-
structures will be introduced as model systems to establish a correla-
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tion between chemical and photochemical reactivity, on one hand,
and the abundance of specific surface sites, on the other.

TiO2 absorbs photons with energies greater than 3.2 eV which leads
to the generation of excited electrons and holes. These can either (a)
recombine under photoluminescence emission or heat generation,
(b) become persistently trapped or (c) undergo redox reactions with
molecules at the particle surface. The particle surface largely de-
termines the efficiency of these processes. For this reason, photoex-
citation processes have been investigated on different TiO_ based
model systems: TiO_ anatase nanoparticles produced via clzqemical
vapour deposition[1], titanate nanotubes[2] and TiO_ nanorods. Per-
sistent charge trapping and oxygen radical formation were studied
by electron paramagnetic resonance. The presence of 02, an electron
scavenger, results in charge transfer to the oxygen molecule to gen-
erate adsorbed 02- radicals.

Quantification in terms of trapped charges per particle was carried
out and the influence of the surface structure and properties on the
obtained figures will be discussed. Tracking UV-induced reactions
on nanomaterials of different size and shape in comparison with
studies on the standard TiO_ P25 represents a valuable approach to-
wards the identification of active sites on nanocrystalline samples.
[1] T. Berger et al.; ChemPhysChem 6 (2005) 2104

[2] T. Kasuga et al.; Langmuir 14 (1998) 3160

Lunch break
Tuesday afternoon, 5 September, 12:30

Parallel Session
Tuesday afternoon, 5 September, 14:00
Chair: Malgorzata Witko

14:00 Keynote lecture

Theoretical Description of Molybdena Based Catalysts;
DFT Cluster Model Study.

Renata Tokarz-Sobieraj

Polish Academy of Sciences, Institute of Catalysis and Surface
Chemistry, Niezapominajek 8, Krakow 30-239, Poland

E-mail: nctokarz@cyf-kr.edu.pl

Molybdenum oxide-based catalysts are active and selective in many
catalytic reactions. The catalytic properties of such catalysts strongly
depend on acid-base properties of catalysts surfaces, which determ-
ine the strength of surface-substrate interactions and facilitate the de-
sorption of products from the surface. MoOX systems are particu-
larly good examples for studying the role of different electronic and
geometric factors on catalytic properties of the system due to the
richness of surface active sites. This richness results from the possib-
ility of different coordination number and oxidation states of Mo and
O ions as well as geometrical and chemical environment of surface
sites.

For theoretical description ab initio density functional theory (StoBe
code) is applied. First, the nucleophilic properties of differently co-
ordinated surface O atoms, which are present at pure (010)MoO
surface are discussed. In the next step the results of the creation 0%

local mono- and di-vacancy of O type are studied. In addition, pro-
cess of surface re-oxidation that leads to the formation of very active
surface oxygen species is also investigated. Further, metal reduction
states (MoO3, MoO2) are studied in order to examine their influence
on electronic parameters of oxygen sites. The influence of the addi-
tional atoms (Mn, Co) on chemical properties of active sites is ex-
amined by the comparison of the electronic structure of cobalt and
manganese molybdates (C0M004, MnMoO4) with the pure Mo-O
(M003) system.

14:30 Keynote lecture

Excitation and reaction at metal and oxide surfaces:
cluster models help to interpret experiments

Klaus Hermann

Max-Planck-Gesellschafi, Fritz-Haber-Institut, Faradayweg 4-6,
Berlin D-14195, Germany

E-mail: hermann@fhi-berlin.mpg.de

This talk reviews recent theoretical work on electronic and structural
properties of metal and oxide surfaces including adsorption and re-
action of small molecules where density functional theory (DFT)
and embedded surface cluster models have been used. Differently
coordinated surface oxygen in vanadium oxides exhibits pronounced
differences in its charging and binding, which influences the surface
geometry and indicates different chemical behavior as identified by
surface sensitive spectroscopies. Results from recent theoretical
spectroscopy studies on vanadium pentoxide, V_O _, will be dis-
cussed in detail and compared with experimental data.

Surface oxygen binds very strongly to the substrate as determined by
corresponding vacancy energies for the V_O_ surface. Further, sur-
face vacancies are found to serve as chemically active centers indu-
cing chemical reduction of nearby metal sites. This is obvious from
atom projected densities of states and has been confirmed by experi-
ment.

Extended cluster studies on different phenylpropene adsorbates on
Cu(111) substrate yield equilibrium geometries which are consistent
with experimental findings based on angle-resolved NEXAFS meas-
urements. In particular, the theoretical angle-resolved spectra evalu-
ated in the cluster approach are in excellent agreement with all de-
tails of the experimental NEXAFS data. The comparison between
theory and experiment can explain the different epoxidation rates of
the adsorbates by simple geometric effects.

15:00 Oral

Study of the influence of impurities on reactant distribu-
tion functions in a heterogeneous catalytic reaction mod-
el

Cristovao Dias, Antonio Cadilhe

University of Minho (UM), Campus de Gualtar, Braga 4710057,
Portugal

E-mail: cristovao@fisica.uminho.pt

Extensive Monte Carlo simulations have been performed on a gener-
alized version of the Ziff, Gulari and Barshad model (1986), for CO
oxidation on a Pt catalytic surface to account for surface impurities.
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Specifically, we show the impact of immobile inert impurities on the
kinetics of the catalysis, particularly on the positioning of the CO
poisoned dynamical phase transition and also on the O2 poisoned
dynamical phase transition.

We also show the influence of the concentration of impurities on the
efficiency of the active catalytic state.

To this end, we tailored a series of simulations involving different
impurity concentrations to characterize the reactant cluster structure
in the presence of impurities by using a modified Hoshen-Kopel-
mann algorithm.

We find that impurities tend to prefer to lie at the periphery sites of
the clusters rather than in their interior.

Finally, we want to stress the relevance of our study for people
working on heterogeneous catalytic reactions and/or environmental
issues.

15:15 Oral

Homogenization in catalysis processes.
L1 . 2
Georges Griso , Maria Teresa Sanchez

1. Universite Pierre et Marie Curie, Place Jussieu, Bat I Boite 39,
Paris 75252, France 2. University of Santiago (USC), Avda. Cien-
cias s/n, Santiago de Compostela 15782, Spain

E-mail: marua@usc.es

A catalytic converter in an automobile's exhaust system provides an
environment for a chemical reaction where unburned hydrocarbons
completely combust, in such a way that pollution is reduced. An
enormous effort is being made with the purpose of developing ap-
propiate supports and the catalyst itself. In some cases the design of
supports geometry is what makes a process more optimal. Our ob-
jective is to model catalysis processes which occurs in an auto-
mobile's exhaust system. Due to the great difficulty of the problem,
the first step is to study the asymptotic behaviour of catalysis sup-
ports in a linear elasticity problem. Since the computational domain
in catalysis processes are beams with reticulated structure and the fi-
nite element method is not suitable for this type of structures, it is
necessary to obtain an equivalent mathematical model defined over
the domain without holes. This model has to approach as far as pos-
sible the global supports behaviour. This is the main objective of ho-
mogenization theories.

In this work, a new procedure, called the unfolding method, de-
veloped by Cioranescu, Damlamian and Griso (see [1]), is applied to
solve this first approach. The catalysis support is a structure made of
beams, placed periodically and with inner holes. We introduce a de-
composition of the displacements in such a structure and, by proving
some convergence results, we obtain three one-dimensional un-
coupled limit problems: The first problem defines the longitudinal
displacement and the second one gives the transverse bending of the
structure, while the third one defines the torsion angle. The general
form ot these problems is well-known in the classic theory of beams,
the only difference appears in the new homogenized coefficients.

References
1. D. Cioranescu, A. Damlamian, G. Griso, Periodic unfolding and

homogenization, C.R. Math. Acad. Sci. Paris 335 (2002), no. 1,
99-104.

Coffee break
Tuesday afternoon, 5 September, 15:30

Parallel Session
Tuesday afternoon, 5 September, 15:50
Chair: Klaus Hermann

15:50 Keynote lecture

Can one tailor a catalyst with particular properties?

Malgorzata Witko

Polish Academy of Sciences, Institute of Catalysis and Surface
Chemistry, Niezapominajek 8, Krakow 30-239, Poland

E-mail: newitko@cyf-kr.edu.pl

A main goal of catalytic science is to tailor the most active and se-
lective catalyst for a particular reaction. Such a goal demands syn-
ergy between two parallel and complementary approaches: experi-
mental and theoretical, and gives the opportunity to manufacture
catalyst for a particular reaction. In the following the role of theory
will be will be illustrated on the example of V-O systems.

Vanadia-based catalysts are used in many different processes that
belong to various types of chemical reactions. Their wide applica-
tion follows from a fact that V20 crystallites may exhibit two struc-
turally different types of faces: surface built of chemically saturated
atoms and those built of unsaturated cations and anions. Both show
different behavior in catalytic reactions by performing a complex
multi-step operation on the reacting molecule through activation of
some of the bonds within reactant and hindering those interactions,
which could result in unwanted product.

In the lecture the energetic stability of low-indices (010), (100) and
(001)V205 surfaces will be compared based upon periodic DFT cal-
culations. The electronic structure and activity of structurally differ-
ent surface O sites will be discussed using both cluster and periodic
approaches. Adsorption of H leading to the formation of surface OH
and H_O species as well as hydrogen migration through the surfaces
will be considered. Creation of surface oxygen vacancies will be un-
dertaken and followed by their re-oxidation through the gaseous
oxygen.

16:20 Invited oral

Ab-initio thermodynamics at surfaces: Relaxation, se-
gregation, substitutional ordering and adsorption

Stefan Miiller

University Erlangen-Niirnberg, Lehrstuhl fiir Festkorperphysik,
Staudtstr. 7, Erlangen 91058, Germany

E-mail: stefan.mueller@physik.uni-erlangen.de

A prerequisite for studying catalytic processes at surfaces is a de-
tailed knowledge of the surfaces' structural properties. Thereby the
subject "structure" cannot be restricted to atomic relaxations alone,
but also must consider substitutional ordering phenomena which of-
ten take place on a mesoscopic scale. Two examples whose model-
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ling is fundamental for studying chemical processes at surfaces, are
surface segregation and multi-site adsorption. It will be shown that
today it is possible to study these properties using a first-principles
based Hamiltonian constructed form the energetics of geometrically
fully relaxed structures. This Hamiltonian can then be used for
Monte-Carlo simulations in order to investigate the temperature-de-
pendence of the surface properties. It will be shown that our new
UNCLE code allows for a quantitative prediction of segregation, ad-
sorption. and short-range order in excellent agreement with experi-
mental data. Our focus will be on segregation at metal alloy surfaces
and nanostructures stabilized by hydrogen adsorption.

16:50 Oral

How adsorption and reaction influence on the equilibri-
um shape and surface morphology of the metal nano-
particles.

Evgenii V. Kovalyov, Vladimir I. Elokhin, Aleksandr V. My-
shlyavtsev

Boreskov Institute of Catalysis (BIC), pr. akad. Lavrentieva, 5,
Novosibirsk 630090, Russian Federation

E-mail: elokhin@catalysis.ru

The peculiarities of reaction performance over nanocatalysts dictate
the special requirements to the models aimed at the simulating of
catalytic properties of nanoparticles [1,2]. The goal of our study is
the elaboration of the stochastic model of the supported particle tak-
ing into account the change of the shape and surface morphology of
the particles under the influence of the reaction media. The analysis
has been provided by means of the lattice model based on the Kossel
crystal located on the inert support [3]. The morphology of the
particle's surface is determined by the heights of the metal atom
columns. The change of morphology caused by the diffusion of the
surface atoms (the metal atoms attract each other and the atoms of
support).

The influence of adsorption on the particles equilibrium shape and
surface morphology has been studied. By taking into account of at-
traction "adsorbate-metal" the reshaping of the initial hemispheric
particle into cone-shaped one occurs induced by adsorption, similar
to the experimentally observed reversible reshaping of active nano-
particles [4]. The isotherms simulated with taking into account the
attraction between atoms of metal and adsorbate differ noticeably
from the ideal Langmuir isotherm. The simulation of oscillatory CO
oxidation reaction over Pd nanoparticles has been provided. The in-
fluence of the particles shape and surface morphology, as well as
spillover effects, on the characteristics of oscillations has been stud-
ied.

Acknowledgements: The study was partly supported by the NWO
grant # 047.015.002

1. V.P. Zhdanov, B. Kasemo, Surf. Sci. Rep. 39 (2000) 25.

2. V.I. Elokhin, A.V. Myshlyavtsev, In: Dekker Encyclopedia of
Nanoscience and Nanotechnology. Marsel Dekker, Inc.: New York,
2004; p. 621.

3. E.V. Kovalyov, e.a., Phys. Chem. Chem. Phys. 5 (2003) 784.
4. P.L. Hansen, e.a., Science 295 (2002) 2053.
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14:00 Invited oral

Hydrodechlorination of 1,2-dichloroethane over active
carbon supported palladium-nickel catalysts

Anna Srqbowatal, Wojciech Juszczykl, Zbigniew Kaszkurl, Zbig-
niew Kagpinskil’2

1. Polish Academy of Sciences, Institute of Physical Chemistry,
Kasprzaka 44/52, Warszawa 01-224, Poland 2. Cardinal Stefan
Wyszynski University, Faculty of Mathematics and Natural Sci-
ences, Dewajtis 5, Warszawa 01815, Poland

E-mail: zk@ichf-edu.pl

Two series of 2 wt.% active carbon (Sibunit)-supported Pd-Ni cata-
lysts were prepared using chloride and nitrate precursors. They were
characterized by CO chemisorption, temperature programmed palla-
dium hydride decomposition and XRD, and investigated in the hy-
drodechlorination of 1,2-dichloroethane in the gas phase at a relat-
ively low reaction temperature (230°C). All catalysts showed rather
moderate metal dispersion (below 10%). They appeared very stable
during a 20 h testing. Ni-rich bimetallic samples exhibited the
highest selectivities towards ethylene (desired reaction product).
Small amounts of added palladium, the metal which is known for its
high activity in hydrogenation, resulting in a massive production of
ethane. The results showed a smooth correlation between turnover
frequency towards ethylene and Pd-Ni phase composition, irrespect-
ive of the type of metal precursor used in catalyst preparation. The 2
wt.% Ni/C catalyst prepared from chloride precursor showed some
nonnegligible selectivity toward vinyl chloride monomer, the se-
lectivity which gradually increased in time on stream. All other cata-
lysts did not show such a propensity.

The overall results indicate that palladium segregates to the surface
of Pd-Ni, shaping the overall catalytic behavior of bimetallic Pd-Ni
catalysts. The temperature programmed hydrogenation of deposits
left after reaction show only the presence of surface carbon, without
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considerable amounts of chlorine.

14:30 Keynote lecture

Oxide Nanocrystals as Model Systems for Surface
Chemistry

Oliver Diwald, Erich Knoezinger

Institute of Materials Chemistry, Vienna University of Technology
(TU), Veterindrplatz 1, Vienna 1210, Austria

E-mail: odiwald@mail.zserv.tuwien.ac.at

Recent advances in morphology control of unsupported oxide nano-
structures allow for the deliberate enhancement or depletion of mi-
crostructural characteristics. This opens up new opportunities to re-
late topographic surface features to their chemical properties. Chem-
ical vapor deposition is an efficient technique for the generation of
nanometer-sized MgO particles with characteristic surface defects.
After thermal annealing the crystallites adopt cubic shape and the ra-
tio between corner and edge ions depends on the average particle
size. Thus, MgO nanocubes represent a powerful model system for
molecular spectroscopy studies which aim at the investigation of
surface processes on polycrystals.

While on highly dispersed earth alkaline oxides ultraviolet light with
energies below 6.2 eV (1>200nm) exclusively addresses the surface,
light induced charge separation is initiated in the bulk of TiO_ nano-
structures. Under high vacuum conditions, electron and hole trap-
ping processes can be tracked by electron paramagnetic resonance
and IR spectroscopy on a time scale of minutes. The generation and
chemical reactivity of trapped charges as well as their quantification
using the photoadsorption of O_ will be discussed for anatase
particles and titanate nanotubes.

15:00 Oral

Catalytic Activity and Selectivity of Pt/MWCNTSs Sys-
tem in Hydrodechlorination of Freon CFC-12

Kuan-Nan Linl, h/%agdalena Bonarolwska2, Leszek Stobinskiz,
Zbigniew Karpinski~, Hong-Ming Lin

1. Tatung University, Department of Material Engineering (TTU),
40 ChungShan North Road, 3rd Section Taipei 104, R.O.C.,
Taipei 10461, Taiwan 2. Polish Academy of Sciences, Institute of
Physical Chemistry, Kasprzaka 44/52, Warszawa 01-224, Poland

E-mail: knlin323@yahoo.com.tw

Carbon nanotubes exhibit unique physico-chemical properties and
they may be used as a basis for other nanostructured materials, such
as nano-powder catalysts. For example, multiwalled carbon nan-
otubes (MWCNTSs) can be used as a catalyst support where catalytic
active metal nano-particles may be deposited onto the functionalized
MWCNTs surface.

It is known that activity and selectivity of metallic catalyst signific-
antly depend on its preparation and subsequent modification, such as
sintering, calcination and/or reduction. PMWCNTSs catalyst with 23
wt. % content of Pt was prepared by polyol process using H2PtC16
as Pt precursor and ethylene glycol (EG) as a reducing agent.

Uniform distribution of Pt nano-particles on the surface of function-

alized MWCNTs was obtained. The size of Pt nanoparticles varied
from 3 to 10 nm. Further annealing and reducing of PtMWCNTs
catalyst in hydrogen atmosphere were performed, obtaining four
various samples. The activity and selectivity of each PYMWCNTs
sample in the hydrodechlorination reaction of freon CFC-12
(CCI2F2) was determined. TEM, XRD and Raman spectra were
used to characterize each PtYMWCNTs sample.

Coffee break
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Parallel Session
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Chair: Barbara A. Grzybowska-Swierkosz

9:00 Invited oral

Spectroscopic investigation of co-hosted metal and basic
nanospecies in Pt/CsBEA catalysts.

L . ) . . 1. .

Pascale Massiani , Chiara Bisio, Katia Fajerwerg , Gianmario
2
Martra

1. Laboratoire de réactivité de Surface, CNRS UPMC (LRS), 4
place Jussieu, casier 178, Paris 75252, France 2. Universita degli
Studi diDipartimento di Chimica IFM (DCIFM), via P. Giuria 7,
Turin 10125, Italy

E-mail: massiani@ccr.jussieu.fr

In the field of metal supported heterogeneous catalysis, one advant-
age of zeolites among other aluminosilicate supports is to be charac-
terized by strongly organized microporous channel systems in which
both a high dispersion and a regular distribution of metal nano-
particles can be obtained. Another interest of these supports is the
possibility to easily tune their acid-base properties by simply chan-
ging their chemical composition, thus possibly modifying the char-
acteristics of the dispersed metal particles through metal-support in-
teraction effects. This will be exemplified in this presentation in
which we will show how the particle size and electronic properties
of dispersed platinum vary when the basicity of Cs-containing sup-
port with BEA zeolite structure increases. Particularly, in samples
containing caesium in excess as compared to the exchange capacity
of the zeolite, Pt nanoparticles with sizes in the 2-1 nm range
(detected by TEM) and even below 1 nm (detected by EXAFS) are
formed. Besides other physicochemical techniques, we will focus on
the characterization of the supported species in these systems by IR
spectroscopy of adsorbed CO, CO_ and N_ probe molecules. This
will allow us to describe the processes of formation and interaction
upon thermal activation treatments of co-hosted Pt nanoparticles and
Cs-oxide like nanospecies with strong basic character.
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9:30 Invited oral

Catalysis by metalloporphyrins supported on mesopor-
ous molecular sieves - steric effects induced by nano-
space constraints

Ewa M. Serwicka

Polish Academy of Sciences, Institute of Catalysis and Surface
Chemistry, Niezapominajek 8, Krakow 30-239, Poland

E-mail: ncserwic@cyf-kr.edu.pl

Metalloporphyrins are the most widely studied catalysts for homo-
geneous selective oxidation and hydroxylation of hydrocarbons. An
important area of research into their catalytic properties is associated
with immobilization of these species onto a solid support, in order to
make the catalyst easier to handle and to separate from the reaction
medium, as well as possibly stabilize and/or modify the catalytic
performance. However, the conventional microporous supports, in-
cluding zeolites, fail as possible host structures, due to the incompat-
ibility between the small pore size and large dimensions of catalytic-
ally active macromolecules. Discovery of mesoporous molecular
sieves with well-defined pore sizes of 2 to 50 nm opened new oppor-
tunities in the area of immobilization of organometallic macrocycles.
Our recent works demonstrated that Al,Si-mesoporous molecular
sieves represent an extremely interesting class of supports for cation-
ic metalloporphyrins, allowing for a strong, electrostatic binding of
the species and, what is of immense importance in catalysis, for tail-
oring of the catalyst selectivity. The talk will present the examples
of catalytic oxidation of cyclic alkenes and alkanes by metallopor-
phyrins supported on mesoporous aluminosilicate solids of HMS,
MCM-41, FSM and SBA-15 types. In particular, it will be demon-
strated that the catalyst selectivity is modified by constrained space
around the metalloporphyrin centre located within the internal sys-
tem of nanosized pores. Catalytic results imply that a simple reac-
tion, such as oxidation of cyclohexene over metalloporphyrins sup-
ported on mesoporous aluminosilicates, may be used to probe the
spatial distribution of Al sites within the silica framework. Quantum
chemical calculations, shedding light on the mechanism of the ob-
served steric effects, will be presented.

10:00 Oral

Mesoporous organosilica containing niobium for envir-
onmentally benign oxidation reactions with hydrogen
peroxide

Izabela Nowak

Adam Mickiewicz University, Faculty of Chemistry, Grunwaldzka
6, Poznan 60-780, Poland

E-mail: nowakiza@amu.edu.pl

A synthetic protocol for the preparation of a variety of high-quality
periodic mesoporous organosilicas containing niobium (Nb-PMOs)
is presented. The nanostructured Nb-PMOs have been synthesized
either by the hydrolysis and condensation of bridged silsesquioxane
precursors ((EtO)}Si-R-Si(OEt)3,R - ethylene or octylene) or by the
co-condensation of tetracthyl orthosilicate and organosilanes. Func-
tionalized materials were prepared by using precursors containing an

incremental increase in methylene [(—CHZ—)H, n = 2-8)] or vinylene
or phenylene groups. Nonionic or cationic templates were employed
as the structure directors using the surfactant approach. The evid-
ence for the successful preparation of the Nb-PMOs was based on
X-ray diffraction and transmission electron microscopy (high peri-
odicity), nitrogen adsorption (high surface area, monomodal pore
size distribution), DRUV-Vis (Nb in framework band) and FTIR
spectroscopies (C-Si band). As the Nb-PMOs are expected to find
applications as a water-tolerant solid catalyst for those reactions re-
quiring weak acidic sites and low temperatures, they were tested in
the oxidation reactions (epoxidation and hydroxylation). The in-
crease in the chain length of precursor was a contributing factor for
the increased hydrophobicity and thus a better selectivity. It is inter-
esting to note that all catalysts with the bridged or functionalized
framework exhibited higher activity than the pure niobiosilica cata-
lyst, although they had similar structural/textural properties.

10:15 Oral

Highly Ordered Mesoporous Silicon Carbide - a New
High Temperature Stable Catalyst Support

Piotr Krawiec, Emanuel Kockrick, Stefan Kaskel

Dresden University of Technology, Institute for Inorganic Chem-
istry, Mommsen str. 6, Dresden 01062, Germany

E-mail: piotr.krawiec@chemie.tu-dresden.de

Ordered mesoporous materials which were first discovered in 1992
are promising catalysts and catalysts supports.[l] They posess high
surface areas (up to 1400m2g_1) and precisely defined pore structure
(diamater and 3D arrangement). Here we present how a new high
surface area hexagonally ordered mesoporous silicon carbide (SiC)
supports are prepared via nanocasting of the ordered mesog)orous
silica.” " Chemical vapor deposition from simple silanes,[z’3

genic pressure reactions™) and polymer precursors infilitration
were used to prepare SiC materials with highest surface areas repor-
ted untill now (up to 830 m g_l) and ordered mesopore structure.
Moreover these materials are thermally stable up to 1300°C and
have high thermal conductivity. These properties of SiC supports

auto-
[4]

makes them especially interesting in reactions where hot-spot forma-
tion is to be avoided and high temperature stability of support is re-
. I3
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[1] Taguchi A., Schuth F., Microporous Mesoporous Mater. 2005,
77,1
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[2] Krawiec P., Weidenthaler C., Kaskel S. Chem. Mater. 2004, 16,
2869

[3] Krawiec P., Kaskel S., J.Solid State Chem. 2006, 179, 2281
[4] Krawiec P., Geiger D., Kaskel S. Chem.Commun. 2006, 23, 2469
[5] Ledoux M.J., Pham-Huu C. Cattech. 2001, 5, 226
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11:00 Invited oral

How precipitation techniques can be useful for catalysts
preparation ?

Jean-Francois Hochepied, Alain Gaunand

Laboratoire de Systemes Colloidaux dans le Processus Industriels
(SCPI), Ecole des Mines de Paris, Paris F - 75272, France

E-mail: hochepied@ensmp.fir

Oxide particles can be obtained by various precipitation methods.
The reaction of a metallic precursor with a base can be monitored by
chemical, physico-chemical and process parameters, with variable
impact on the nucleation/growth/agglomeration stages. Parametric
studies are the experimental tools for developing kinetics models ex-
plaining the observed behaviors and allowing in some cases a fine
control or tuning of size and monodispersity.

Some examples will be given. Thermal hydrolysis of acidic titanyle
precursors leading to titanium dioxide (anatase) monodisperse
particles, generally dense and small agglomerates of nanoparticles,
was studied in a batch reactor and the effects of temperature, con-
centrations and seeding were analyzed to lead to a precipitation kin-
etics model. The coupling of complexation and template agents can
allow a fine tuning of monodisperse nanostructured nickel hydroxide
cylinders thanks to slow and homogenous precipitation by decompl-
exation; the particles can be calcined into NiO with size, morpho-
logy and nanostructure retention. The perturbation of a dissolution-
reprecipitation phase transformation by external action (addition of a
new compound, pH or temperature jump) may also lead to final
particle size tuning as will be shown in the case of magnetite. The fi-
nal objects may be dispersed submicronic or nanoparticles or, as
mainly observed with homogenous precipitation, multi-scale objects.
This multi-scale objects may result from the use of some agents as
surfactants as illustrated by nickel hydroxide/oxide, but they may
also result from agglomeration and/or oriented attachment without
templates as in the case of thermohydrolysis of titanyl compounds.
Hence such techniques can be used for the making of new architec-
tures for catalysts.

11:30 Invited oral

Modified siliceous mesostructured cellular foams - ef-
fective catalysts for applications in liquid phase pro-
cesses

Andrzej B. Jarzebski

Silesian University of Technology, Department of Chemical En-
gineering, M. Strzody 7, Gliwice 44-100, Poland Institute of
Chemical Engineering Polish Academy of Sciences, Baltycka 5,
Gliwice 44-100, Poland

E-mail: ajarzebski@polsl.pl

Advantages and potentials of application of silica mesostructured
cellular foams (MCFs) as catalysts and catalyst supports in liquid
phase grocesses are discussed. Due to quite open structure (V ca.
2.5cm’g ), large specific surface area (up to 1000 m™g ) embedded
in cage-like large mesopores (20-40 nm) interconnected by 10-15
nm windows these materials appear to be exceptionally suited for
catalytic applications in liquid phase processes. MCFs functionalised
with: aminopropyl, aminoethylaminopropyl and glicydoxypropyl
groups were found to be very effective carriers for enzymes
(invertase, glucoseamylase), far superior to the conventional silica
gels and also Eupergit C, a specialty enzyme polymeric support.
MCFs grafted with sulfonic acid groups showed activity similar to
that of sulphuric acid in the reaction of phthalic anhydride esterifica-
tion, whereas those post-synthetically treated with titanium alkoxide
appeared to be the most efficient amongst a number of catalysts
tested in the selective oxidation of large organic molecules using hy-
drogen peroxide. The latter was due to the presence of numerous
site-isolated titanium species in tetrahedral coordinated form. Prop-
erties of the materials obtained were investigated using nitrogen ad-
sorption method, IR and UV spectroscopy, thermogravimetry and
two step ammonia adsorption to determine the specific properties
standing behind the unique behaviour of MCF-based catalysts.

12:00 Oral

Application of ordered mesoporous supports as model
systems for studying the effects of catalyst preparation
on the ultimate metal particle size.

Jelle R. Sietsma, Petra E. De Jongh, Jos A. Van Dillen, Krijn P.
De Jong

Inorganic Chemistry and Catalysis, Utrecht University, Sorbonne-
laan 16, Utrecht 3584CA, Netherlands

E-mail: j.r.a.sietsma@chem.uu.nl

Recent research has shown a large impact of cobalt particle size on
the activity and selectivity in the Fischer-Tropsch (FT) synthesis.
The best performance was reported for particles of 6 nm. Preparation
of such catalysts demands full control over the effects of the indi-
vidual preparation steps on the dispersion and particle distribution.
In this respect, we explored the use of ordered mesoporous supports
as model systems. Because of the well-defined pore system detailed
information can be derived from 3D-TEM and N2-physisorpti0n.
With 3D-TEM the particle size and distribution over the support can
be monitored, while with physisorption the degree of pore blocking

62 Symposium B



Friday, 8 September

by the active phase or its precursor can be quantified.

We studied the preparation of cobalt on silica catalysts for FT syn-
thesis, prepared by impregnation and drying using cobalt nitrate as
precursor salt. Generally, catalysts obtained via this method display
a poor dispersion, but the reason for this is not yet clear. Using SBA-
15 we found that cobalt nitrate was evenly distributed over the sup-
port after drying. However, during calcination in air severe precursor
redistribution and particle growth took place. Because of the use of
SBA-15 as model support we were able to identify that calcination
in a diluted stream of nitric oxide prevented redistribution. This en-
abled us to obtain mono-disperse and homogeneously distributed co-
balt oxide particles of 5 nm on both SBA-15 and silica gel. Catalytic
tests (1 bar, 220 °C) after reduction showed that a catalyst was ob-
tained that combined a high loading (18 wt%) with an excellent
activity.

In conclusion, using SBA-15 as model support yielded detailed in-
formation on the preparation steps that enabled us to control the co-
balt particle size resulting in a highly active FT catalyst prepared by
simple impregnation and drying using cobalt nitrate.

Lunch break
Thursday afternoon, 7 September, 12:30

Parallel Session
Thursday afternoon, 7 September, 14:00
Chair: Maya Kiskinova

1400 Keynote lecture

Poisoning of iron catalyst with sulfur

Walerian Arabczyk, Dariusz Moszynski, Urszula Narkiewicz,
Rafat Pelka

Technical University of Szczecin, Institute of Chemical and Envir-
onment Engineering, Pulaskiego 10, Szczecin 70-322, Poland

E-mail: dmoszynski@ps.pl

Sulfur has a strong affinity to metal surfaces and acts as a poison of
many metal catalysts, blocking active sites on the catalyst surface.

In this paper the effect of sulfur on the activity of identical iron cata-
lysts used in three different processes, namely: methane decomposi-
tion, ammonia synthesis and its decomposition, is compared. In all
cases the adsorption of sulfur on the catalyst surface decreases the
reaction rate. However, the influence of poison on the apparent ac-
tivation energy of each process and the dependence of the activity on
the temperature differ. The observed differences are attributed to the
various character of the active sites involved in each process.

14:30 Invited oral

Direct spectroscopic measurements of surface chemical
reactivity

Renzo Rosei

Universita di Trieste, Trieste, Italy Laboratorio TASC (TASC),
Basovizza, Trieste 34012, Italy

E-mail: rosei@elettra.trieste.it

It has been firmly established that the atom-projected d-band center
of mass of transition metal systems, is a good descriptor of surface
local chemical reactivity. Any surface modification, like alloying,
atomic coordination changes and adsorption processes, brings about
shifts of the d-band center of mass. Surface Core Levels (SCLs), as
measured by High Resolution X-Ray Photoelectron Spectroscopy,
shift almost rigidly with the center of the d-band, and provide there-
fore a measure of local surface reactivity changes. I will present a
number of examples which illustrate this paradigm. In particular, I
will present SCL shifts measurements originating from Rh atoms,
with coordination number varying between 3 and 12, and SCL shifts
originating from Rh, Pt and PtRh surfaces, upon adsorption of O, H,
N and CO species. I will show that the energy shifts and intensity
changes of time-lapsed SCL spectral components, contain informa-
tion from which the kinetics and dynamics of surface processes can
be direcly determined. For each of the presented systems, DFT cal-
culations show that SCL shifts provide a good spectroscopic
descriptor of local surface chemical reactivity changes.

15:00 Oral

Impact of the Surface Carbonates on the Interaction
between CO and ZnO Nanomaterials

Xinyu Xia], Jennifer Strunk], Raoul Naumann], Yuemin Wangl’z,
Christof Woell”, Martin Muhler1

1. Laboratory of Industrial Chemistry, Ruhr-University Bochum,
Universitaetstrasse 150, Bochum 44780, Germany 2. Physical
Chemistry, Ruhr-University Bochum, Universitaetstrasse 150, Bo-
chum 44780, Germany

E-mail: xinyu@techem.rub.de

The adsorption of CO on ZnO nanomaterials samples after different
pretreatment procedures was investigated with microcalorimetry.
The interaction between CO and ZnO nanomaterials became much
stronger after the adsorption and partial desorption of COZ. On car-
bonate-free ZnO surfaces, the CO equilibrium coverage is less than
0.1 micro mol/m” for p =100 Pa, and the differential heat of adsorp-
tion (qdlff) is only 40 kJ/mol for this coverage (at coverage < 0.05
micro mol/mz, q ' may be extremely high due to the active sites).

After the adsorption sites on ZnO were partly covered by CO2 (after
CO_ adsorption, the sample is evacuated at room temperature
overnight), the equilibrium coverage for CO reaches 0.8 micro mol/
m’ at p =100 Pa, and qdlff is higher than 60 kJ/mol. The adsorption
rate also became faster. This strong adsorption is due to the exist-
ence of surface bidentate carbonates on the mostly exposed ZnO
(10-10) faces, which increase the Lewis acidity of zn>" on this
faces, as also shown by TPD and HREELS studies on ZnO (10-10).

Corresponding to similar results for CO adsorption on sulphate-
doped TiO , it can be concluded that these acid anions generally in-
crease the Lewis acidity of the transition metal ions exposed on met-
al oxides.

Contact:muhler@techem.rub.de

Coffee break
Thursday afternoon, 7 September, 15:30
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17:20 Poster

Microcalorimetric Studies to Investigate the Effect of Sn
Addition to Elucidate CO Poisoning on Pt-Sn Direct
Ethanol Fuel Cell Catalysts

Hilal Demir, Deniz Uner

Middle East Technical University (METU), Inonu Bulvari, Ankara
06531, Turkey

E-mail: dhilal@metu.edu.tr

Better understanding of the interactions of pure and alloy catalysts
are pertinent for designing the next generation direct alcohol fuel
cell catalysts with improved performance. In this study microcalori-
metric measurements of carbon monoxide, hydrogen, oxygen, and
ethanol were performed on 5%Pt/y-Al O_ with Pt:Sn ratios varying
between 1:0 to 15:1. The catalysts were prepared by incipient wet-
ness impregnation of PtClz(NHS).2H20 and SnCl_.2H Osalts. Mi-
crocalorimetric measurements were performed at 323 K by using a
Tian-Calvet type heat flow calorimeter (Seteram C-80) connected to
a gas handling system and a volumetric adsorption apparatus em-
ploying Baratron capacitance manometers in the range of 1010
Torr for precise pressure measurement. The amount of Sn was adjus-
ted to obtain Pt:Sn ratios varying between 1:0 to 15:1. It was ob-
served that the addition of Sn caused the loss of adsorption sites on
(111) planes more severely than on (100) planes of the bimetallic
clusters as monitored by CO adsorption differential thermograms.
For hydrogen an opposite trend was observed, probably caused by
chemisorption in subsurface layers of (111) planes. Alloying effects
could be observed from the initial heats of adsorption of all of the
adsorbates. The saturation coverages of all of the adsorbates de-
creased with increasing Sn loading while the defect site concentra-
tions were not influenced much. Microcalorimetric studies on carbon
supported Pt-Sn and Pt-Ru bimetallics will also be presented.

17:20 Poster B-1

Synthesis Of Polyethylene With Various Morphologies
Using CpZZrCl2 Supported On Pure and Al-containing
MCM-41.

Jodao M. Camposl, Maria R. Ribeiro], Jodo P. Lourenc;oz, Auguste
Fernandes

1. Instituto Superior Técnico, Departamento de Engenharia
Quimica e Biologica (IST-DEQB), Av. Rovisco Pais, Lisboa
1049-001, Portugal 2. Universidade do Algarve (FCT-UALG),
Campus de Gambelas, Faro 8005-139, Portugal

E-mail: jmdcampos@jst.utl.pt

In recent years, several reports have shown that polymerisation cata-
lysts supported on mesoporous silicas are able to produce polyol-
efins with unusual morphological properties. Nevertheless, the meth-
od of catalyst preparation, the chemical composition of the support
and the experimental conditions used, were not always clearly cor-
related with the catalyst activity and polymer morphology.

In this work, polyethylene was synthesised using zirconocene sup-
ported on pure silicecous MCM-41 and Al-containing MCM-41 vari-
ants. The mesoporous supports were characterized by powder X-ray
diffraction and nitrogen adsorption. The heterogeneous catalytic sys-
tems were prepared using controlled CpZZrCI loads below the max-
imum of adsorption limit for each mesoporous support. The metallo-
cene was present in the polymerisation reactor in known amounts.
This procedure allowed a quick and direct comparison of the per-
formances of the various catalytic systems in selected experimental
conditions. It was observed that the Si/Al ratio affects the zircono-
cene load and the corresponding catalytic activity. Small Al amounts
greatly improve the polymerisation activity of the catalytic system,
but high Al levels become detrimental. On the other hand, modifica-
tion of supports, by prior impregnation with MAO modifies the sur-
face properties, leading to a change on polymerisation activity.

SEM analysis showed different polyethylene morphologies depend-
ing greatly on the catalyst support and the experimental conditions
used. Polyethylene nanofibers were clearly observed for the poly-
mers synthesised with low activity catalytic systems. The DSC ther-
mograms for the polymers synthesised with heterogeneous and ho-
mogeneous catalysts were compared.

17:20 Poster B-2

Structure studies on nanocrystalline MgO powders pre-
pared by sol-gel method dried under different conditions

Grzegorz Derczl, Krystian Prusikl, Lucjan Pajqkl, Roman
Pielaszekz, Janusz MalinowskiS, Wojciech Pudto

1. University of Silesia, Institute of Material Science, Bankowa 12,
Katowice 40-007, Poland 2. Polish Academy of Sciences, Institute
of High Pressure Physics (UNIPRESS), Sokolowska 29/37, Warsz-
awa 01-142, Poland 3. Institute of Chemical Engineering, Polish
Academy of Sciences, Battycka 5, Gliwice 41-100, Poland
4. Silesian Technical University, Faculty of Chemistry, M. Strzody
9, Gliwice 41-100, Poland

E-mail: gdercz@op.p!
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The structure studies were performed on tree nanocrystalline MgO
powders prepared by sol-gel technique, which produce high purity,
chemically homogeneous materials with relatively high specific sur-
face areas. Magnesium methoxide was used as MgO precursor. The
wet gels were dried under different conditions to prepare a hydrated
form of MgO. The applied dry conditions yielded two aerogels and
one xerogel with periclase phase, the only crystalline form of mag-
nesium oxide.

The X-ray diffraction and scanning electron microscopy were used
as the tools of structure analysis. The Toraya PRO-FIT procedure
and Rietveld refinement method were applied at X-ray data analysis.
PRO-FIT procedure enables the determination of parameters of indi-
vidual diffraction lines and applies Pearson VII function for the de-
scription of line profiles. This function appeared to be the most use-
ful also at Rietveld refinement procedure.

The average crystallite size of the studied MgO powders estimated
from Scherrer formula was in the range 5.5 - 7.5 nm. The crystallite
size distributions were also determined using FW(1/5 and 4/5)M
method proposed by R. Pielaszek. The obtained at Rietveld refine-
ment R , R and S fitting parameters, seem to be satisfactory due
to the nanosize of MgO crystallites and since the presence of small
amount of amorphous phase is very probable.

arrangement of preformed Silicalite-1 crystals on silicon wafers by
the Langmuir-Blodgett method.

Silicalite-1 crystals with a size of about 100 nm were prepared from
clear synthesis solutions containing tertacthoxysilane, tetrapropyl-
ammonium hydroxide and distilled water by hydrothermal treatment
at 100°C for 24 h. The zeolite suspension (ca. 1 wt.% concentration)
was used after purification by three-time centrifugation and redisper-
sion in distilled water. A film of cationic surfactant was prepared in
a Langmuir-Blodgett trough by spreading a solution of octadecylam-
ine (ODA) in chloroform on water subphase containing NaCl. Silic-
alite-1 suspension was then spread directly onto the subphase
covered with a layer of octadecylamine. The influence of Silicalite-1
amount, equilibrium time of interaction between Silicalite-1 and
ODA, subphase pH and ionic strength was studied by recording the
pressure-area isotherms. Langmuir-Blodgett films were transferred
to silicon wafers precleaned in piranha bath under different surface
pressures. Denser Silicalite-1 films were prepared by steaming the
seeded silicon wafers in autoclaves at 150°C. The Langmuir-Blod-
gett seed films and the films after steaming were studied by scanning
electron microscopy, atomic force microscopy, X-ray diffraction and
attenuated total reflection.

17:20 Poster B-5

17:20 Poster B-3

Effects of Organic Modifiers on Mesoporous Silicas
lain Wilson, Aidan M. Doyle

Advanced Materials Research Group, Manchester Metropolitan
University, Chester St, Manchester M15GD, United Kingdom

E-mail: a.m.doyle@mmu.ac.uk

Mesoporous silicas are high surface area materials that are prom-
ising candidates as supports for heterogeneous catalysts. It is often
found that the surface properties of the silica i.e. hydrophobicity,
have a significant effect on the pathways that occur in reactions.
Here, we examine the addition of methyl groups to the surface of
mesoporous silica. The results show that the mesoporous structure is
maintained after the addition of organic groups, and that a lattice
contraction is observed with increasing modifier content.

17:20 Poster B-4

Zeolite films prepared by the Langmuir-Blodgett tech-
nique
Lik H. Wee, Zheng Wang, Lubomira Tosheva, Aidan M. Doyle

Advanced Materials Research Group, Manchester Metropolitan
University, Chester St, Manchester M15GD, United Kingdom

E-mail: a.m.doyle@mmu.ac.uk

The syntheses of high quality zeolite thin films often involve ar-
rangement of preformed zeolite seed nanocrystals onto a surface fol-
lowed by crystallisation. The quality of the resulting films depends
on the properties of the seed layer and efforts have focused on devel-
oping techniques for depositing improved seed layers. Methods such
as dip/spin-coating, electrostatic, electrophoretic and ultrasonic de-
position have been reported in the literature. Here, we report on the

Novel molecular catalyst candidates for H2 evolution
from hydrogen storage materials

Wojciech 1. Dzikl, Wojciech Grochalal’2

1. Warsaw University, Faculty of Chemistry, Pasteura 1, Warsza-
wa 02-093, Poland 2. Interdyscyplinarne Centrum Modelowania
Matematycznego i Komputerowego (ICM), Zwirki i Wigury 93,
Warszawa 02-089, Poland

E-mail: w.dzik@aligator.waw.pl

Thermal stability in a strongly reducing environment of Ni(Il) and
Cu(Il) sulphate complexes with cyclam
(1,4,8,11-tetraazacyclotetradecane), or its N-methylated derivatives,
was examined using TGA and DSC techniques. Samples were pre-
pared by mechanochemical doping of NaH or LiAlH4 with ca. 2-4
mol % (20-30 wt. %) of a complex. Samples of NaH doped with
Ni(II) complexes decompose in two steps. The I-st step corresponds
to one-electron reduction of Ni(Il) with an evolution of small
amounts of hydrogen. During the II-nd step a progressive degrada-
tion of the organic ligand takes place. Cyclam complex of CuSO -
very stable thermodynamically - is very resistant to reduction by
NaH (slow degradation is only above 120 °C), while its addition to
LiAIH results in a decrease of the temperature of the first step of
alanate's decomposition (by ca. 30 °C). These results suggest that a
range of catalysts for H_evolution from hydrides might now be ex-
panded, and include cations of electropositive metals (provided the
presence of strongly chelating ligands). Complexes studied here
form molecular crystals which are much easier to disperse (at a mo-
lecular level) wihin a hydrogen storage material, as compared with
commonly used extended solid catalysts (TiO , SiO_, FeCl ). This
allows to reduce time for the high-energy milling from days to less
than a minute, and to make use of every single metal center as a
catalytically active species. The drawback of molecular catalysts is
in their large molecular mass; this decreases the active hydrogen
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content of a H2 storage material.

I thank for financial support of my participation in E-MRS Fall 2006
from a Nationwide Polish Catalytic Network "Nanomaterials as
Catalysts for New, Environmentally Friendly Processes" (WD).

17:20 Poster B-6

Structural peculiarities of nanocrystalline Ce-Sm-O
catalysts with Ruthenium modified surface

Elena Froloval, Maria 1. Ivanovskayal, Vladislav A. Sadykov2

1. Research Institute of physical-chemical problems (FHP), Lenin-
gradskaja 14, Minsk 220050, Belarus 2. Boreskov Institute of
Catalysis (BIC), pr. akad. Lavrentieva, 5, Novosibirsk 630090,
Russian Federation

E-mail: frolova@bsu.by

In the present work, we report on successful preparation of the Ce-
Sm-O/Ru catalysts based on an organic-free modification of the sol-
gel technique, since the ceria-based materials are essential as com-
ponents of promoters in the many catalyst systems. A series of
samples with Sm 5-15 % mol content were characterized by TEM,
XRD, BET, FTIR, XPS, and ESR. Also, the catalytic properties of
some Ce-Sm-O and Ce-Sm-O/Ru samples were studied. We ex-
amined powdered Ce-Sm-O samples derived from thermally treated
sol-gel products - xerogels (X) and precipitates (P) of Ce-Sm hy-
droxides after the ammonia-promoted hydrolysis of aqueous Ce-Sm
nitrates. The crystallization of amorphous materials obtained started
at 600 °C resulting in cubic Ce1 Sm O (x =0.05-0.15) solid solu-
tion. Accordmg ESR data after samp)fes Ru- treatment, the concentra-
tion of Ce> " centers became 100 times higher for the samples pre-
pared by thermal treatment of xerogels. In contrast, for the samples
prepared from precipitates this concentration increased only 50
times. According to XRD analysis, the sudden change of unit cell
parameter for Ce Sm O were observed. This very sample with
maximum paramagnet1c centers concentration after Ru-containing
solution impregnation possesses the highest catalytic activity in
methane conversion reaction.

17:20 Poster B-7

Nanocrystalline Ce 45Zr0 45Laomo2 for CH oxida-
tion: characterization and the 6r1g1n of 1mpr0ved cata-

lytic performance
Elena Frolova], Maria I. Ivanovskayal, Vladislav A. Sadykov2

1. Research Institute of physical-chemical problems (FHP), Lenin-
gradskaja 14, Minsk 220050, Belarus 2. Boreskov Institute of
Catalysis (BIC), pr. akad. Lavrentieva, 5, Novosibirsk 630090,
Russian Federation

E-mail: frolova@bsu.by

Defective structure, high thermal stability and dispersity are the
most essential peculiarities of materials for application as redox
catalystsit and is very important to develop the methods alloying to
control these structural features. We report on preparation of the
nanocrystalline Ce Zr la O /Ru(Pt) catalysts via organic-
free modification of tile sof ge(f techmque and their characterization
by TEM, XRD, DTA, TG, FTIR, EPR, XPS and TPR by CH4‘ The

incorporation of La(Ill) into Ce-Zr-O structure leads to stabilization
of highly dispersed (4-5 nm) c- Zr Ce O2 solid solution with de-
veloped surface up to 1000°C. La Ru and Pt dopmg of the
Zro_SCeO‘SO2 lattice increases the concentration of Ce’ defects de-
tected by ESR. The cause of Ce04 Zr 45La0 10O2 6/Pt -anodes cata-
lytic activity in partial oxidation of dry CH i a SOFC-type reactor

will be discussed.

17:20 Poster B-8

Influence of Pd(0) nanoparticles size on the catalytic
activity in methoxycarbonylation of iodobenzene

Andrzej Gniewek, Anna M. Trzeciak, Jozef J. Zidtkowski

Wroclaw University, Faculty of Chemistry, 14 F. Joliot-Curie,
Wroctaw 50-383, Poland

E-mail: gniewek@wcheto.chem.uni.wroc.pl

Recently, palladium nanoparticles have often been considered re-
sponsible for the activity of phosphane-free catalytic systems, espe-
cially for C-C coupling processes [1]. It has also been proved that
palladium nanoparticles are formed during reduction of the
PdClz(cod) complex under carbonylation reaction conditions [2].
Three kinds of palladium colloids were prepared by chemical reduc-
tion of an aqueous solution of PdCl_ in the presence of PVP as the
protecting polymer. Pyrogallol, chromium (II) acetate, and hy-
drazine were employed as the reducing agents.

All the obtained palladium colloids are characterized by high activ-
ity in methoxycarbonylation of iodobenzene. The size and the shape
of palladium nanoparticles, as well as the molecular weight of PVP,
play the decisive role from the point of view of their catalytic activ-
ity [3].

Oxidative addition of Phl to Pd-PVP as the first step of catalytic re-
action was confirmed by TEM and XPS measurements. TEM studies
showed a reduction of nanoparticle size after reactions with PhX (X
= I, Br) and [BuN]X (X = Cl, Br, I). The formation of
[Bu4N]2[Pd(Ph)Br3] or [Bu4N]2[PdBr4] type complexes was evid-
enced by XPS and UV-vis spectra [4].

1. G. Schmid (Ed.), Nanoparticles - From Theory to Applications,
VCH, Weinheim, Germany, 2004

2. A. M. Trzeciak, W. Wojtkow, J. J. Ziotkowski, J. Wrzyszcz, M.
Zawadzki, New J. Chem. 28 (2004) 859

3. A. Gniewek, J.J. Zidtkowski, A.M. Trzeciak, L. Kepinski, J.
Catal., 239 (2006) 272

4. A. Gniewek, A. M. Trzeciak, J. J. Ziotkowski, L. Kepinski, J
Wrzyszcz, W. Tylus, J. Catal. 229 (2005) 332

I wish to thank for financial support of my participation in E-MRS
Fall Meeting 2006 given from a Nationwide Polish Catalytic Net-
work "Nanomaterials as Catalysts for New, Environmentally
Friendly Processes" (AG).
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17:20 Poster B-9

Synthesis and characterization of La] Sr CoO3 4 Per-
X x -

ovskites prepared by spray-pyrolysis

Jose Luis Hueso, Manuel Ocafia, Alfonso Caballero, Agustin R.

Gonzalez-Flipe

Instituto de Ciencia de Materiales de Sevilla (ICMSE), Avda.
Americo Vespucio, 49, Sevilla 41092, Spain

E-mail: arge@icmse.csic.es

Perovskite-type mixed oxides have long been recognized as active
oxidation/reduction catalysts with potential applications in environ-
mental catalysis. These complex oxides have been studied as poten-
tial substitutes of noble metal supported exhaust control catalysts.
Among the wide range of samples investigated, Co and Mn per-
ovskites have shown the best catalytic activities and oxidation stabil-
ities. These compounds can modify its standard ABO3 structure by
partial substitution of cations in A or B positions.

In this work we have prepared La_ Sr CoO_  cobaltites with differ-
ent St content (0<x<0.75). A splrgy Syroly3s-is method has been ap-
plied to synthesize the samples. This method is found to be feasible
and powders with proper stoichiometry are obtained from nitrate li-
quid precursors, at lower temperatures than solid methods (i.e. 873
K) after calcination.

Single crystal phases with rombohedral distorted structures are de-
termined by XRD analysis. FE-SEM, TEM, XAS and XPS tech-
niques are also used for bulk and surface characterization of
powders. Finally, different temperature programmed combustion ex-
periments carried out with the perovskites have confirmed the high
catalytic activity of these oxides towards oxidation processes.

17:20 Poster B-10

Microstructure of Mo-V-Te-Nb mixed metal oxides for
selective oxidation of propane to acrylic acid

Almudena Celaya Sanﬁzl, Thomas W. Hansen], Frank Girgsdiesl,
Rolf Jentoftl, Olaf Timpe], Dangsheng Sul, Annette Trunschkel,
Robert Schlogl , Ming-Hoong Looi™, Sharifah Hamid’

1. Max-Planck-Gesellschaft, Fritz-Haber-Institut, Faradayweg
4-6, Berlin D-14195, Germany 2. University Malaya (UM), Lem-
bah Pantai, Kuala Lumpur 50603, Malaysia

E-mail: hansen@fhi-berlin.mpg.de

Natural gas is an abundant natural resource, consisting of mainly
light alkanes. The utilization of these alkanes by selective oxidation
has been widely investigated, and selective oxidation of propane has
been one of the recent challenges. Among the most promising cata-
lysts for this reaction are Mo-V-Te-Nb mixed metal oxides. The pre-
paration method and the calcination procedure seem to be crucial to
achieve high catalytic performance. In this work we prepared Mo-
V-Te-Nb mixed oxides using hydrothermal synthesis. The phase
composition of the crystalline product was controlled by varying the
metal stochiometry and the thermal activation procedure. In this
way, a series of single-, bi-, and multi-phase materials has been pre-
pared. Samples were characterized before and after thermal activa-
tion using XRD, SEM-EDX, TEM, and BET measurements. The

materials have been tested in the selective oxidation of propane to
acrylic acid. The hydrothermal synthesis of Mo-Te-V-Nb mixed ox-
ide results in amorphous materials with differing chemical homo-
geneity as revealed by SEM-EDX. During heat treatment, crystalliz-
ation occurs. XRD and HRTEM indicate the formation of or-
thorhombic phases, referred to in the literature as M1 and M2, re-
spectively.Other phases observed are MSO (M=Mo, V, Nb) and
Vo9sMo O _. Phase composition and homogeneity of the heat
treated product is related to the composition of the precursor materi-
al. The specific elemental composition of the M1 phase is already
reflected in fairly homogeneous precursors of single-phase M1 ma-
terials, which show improved catalytic performance compared to
multi-phase materials prepared by hydrothermal synthesis.

17:20 Poster B-11

Direct synthesis of bulk VPO catalysts by barothermal,
solid-state and mechano- chemical reaction

Svitlalna Khalameidal, Volodymyr §yd0rchukl, Valeriy Zazhi-
galov , Krystyna Wieczorek-Ciurowa™, Katarzhyna Gamrat

1. Institute of Sorption and Problems of Endoecology NAS of
Ukraine, 13 Gen Naumova Str., Kyiv 03164, Ukraine
2. Wieczorek-Ciurowa Krystyna (kwc), Warszawska 24, Krakow
31-155, Poland 3. Cracow University of Technology, Department
of Chemistry and Technology of Polymers, ul. Warszawska 24,
Krakow 31-155, Poland

E-mail: bilychi@online.com.ua

Vanadium-phosphorus oxide (VPO) catalysts are used in many pro-
cesses of hydrocarbons oxidation, ammonium-containing VPO for
ammoxidation of substituted toluenes. For preparation of more ef-
fective VPO catalysts it was investigated alternative approaches.
Barothermal synthesis permits to diminish of synthesis duration to
7-10h. Organic compounds are applied in role of reducing agent and
solvent. VHP was prepared with following parameters: specific sur-
face area S=5-20 m2/g, relation of intensities of (001) and (220)
crystalline planes 1-10, general acidity according to pyridine adsorp-
tion C=0,1- 0,33 mmol/g. First solid-state interaction of V205,
VO2, NH4VO3 and (NH4)2HPO4 was investigated in autoclave
without solvent. Ammonium-containing VPO phases NH4VP207,
(NH4)2(VO)3P207 are formed at 200-250C. VHP is crystallized at
300C already for 2 h with size of particles D=21-23 nm. Under high-
er temperature either structure disorder or formation of intecalated
compounds and vanadyl pyrophosphate occurs. The same systems
were undergone mechanochemical activation (MChA) in planetary
mill with agate grinding (700 rpm) in various mediums. At MChA
conditions analogous to barothermal and solid-state reactions can be
realized. However phases that are formed under MChA possess
some peculiarities namely unusual thermal transformations, higher
solubility in water. New VPO phases first of all ammonium-contain-
ing appear. MChA of mixture V205-(NH4)2HPO4 in water and in
air at addition of citric acid obviously leads to creation distorted
structure of VHP. Obtained by means of MChA samples have
S=2-25 m2/g, D=20-40 nm and C=0.3-3,0mmol/g. All suggested
methods allows to prepare catalytic active VPO phases with nanos-
ized crystallites (nanodots).
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Catalytic activity of supported LaMnO3 for methane ox-
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hin, Anatoly V. Vishniakov
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LaMnO_ reveals very high catalytic activity for methane combus-
tion. Samples with the highest specific activity had the surface area
20-30 m /g and were obtained by nano-technology methods (sol-gel
processes, flame pyrolysis and flame hydrolysis). The alternative
technique for synthesis of nano-size oxides consists in dispersion of
active material on support with high surface area. This procedure is
easier and more efficient in comparison with methods of nano-
technology. In the present work, we compared catalytic characterist-
ics of LaMnO_ (5-20 mol%) supported on lanthana, Mn203, MgO
and the same parameters of individual substrates. Mn-perovskite
formed on support as a result of chemical interaction between carrier
and metal oxide(s).The last one(s) formed at heat treatment of
powder support impregnated by La and Mn nitrate solutions.

The rate constant for sample LaMnO_/MgO with 5% at 550°C
achieved 845 pumol/bar-s- g (845 rc-unites) and exceeded the
same characteristic for 1nd1V1(Iilual LaMnO_ (20 m'/g), having the
highest catalytic activity (700 rc-unites). It was revealed that in-
crease of concentration leaded to decreasing of the rate constant
down to 476 rc-unites as a result of agglomeration of nano-size
particles supported LaMnO _. Samples LaMnO /MnZO3 showed sim-
ilar behaviour but the values of the rate constant in this case were
lower. This fact correlated with support surface area. The experi-
mental data concerned to lanthana in contrast to MgO and MnZO3
showed that activities of supported catalysts and pure support were
comparable and there were some difficulties to calculate activity re-
ferred to LaMnO3.
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Increasing interest to the field emission applications of the carbon
nanotubes and other nanosized carbon formations stimulates the the-
oretical studies of the electron density distributions near the carbon
surfaces. In present contribution a new approach is proposed for the
calculations of the field-free and field-modified electron density dis-
tributions at a semi-infinite carbon crystal using the functional integ-
ration method [1]. This approach allows correct considering of the
exchange-correlation effects and makes possible the proper field-

effect account for broad field ranges without to use the perturbation
theory. The electron-ion interaction is described by a nonlocal model
pseudopotential of Kleinman-Bylander type.

The results of calculations are compared to the field-ion microscopic
measurements of local electrostatic fields in the immediate vicinity
of individual surface atoms. The implications of the obtained results
on the particular fields of nanotechnology and heterogeneous cata-
lysis, are discussed.

[1] P.P.Kostrobiy, B.M.Markovych, Condensed Matter Physics, 6
(2003) 347
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Catalytic activity for methane flameless combustion and
thermal stability of nano-sized lanthanum cobaltites
doped with Ce, Pr and Tb
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High surface area nano-sized catalysts with general formula
La Mo 1C003 (M=Ce, Pr, Tb) were synthesised by a novel flame-
spray -pyrolysis method, based on spraying a solution of the corres-
ponding metals salts (acetates in the present case, dissolved in pro-
pionic acid), together with oxygen, in a nozzle burner, where the
mixed oxides particles form, followed by collection of the latter by
means of an electrostatic precipitator.

All the prepared samples possessed the LaCoO_ perovskite-like
structure and consisted of 30-60 nm particles, lumped into larger
(89-200 nm) agglomerates. Their surface area ranged from 45 to 60
m/g. All of the catalysts showed a very high activity for the meth-
ane flameless combustion, attaining 100% conversion at a temperat-
ure T (temperature of full conversion) ranging between 495 and
515°C, depending on the nature of the M doping ions. The results of
life-tests did not show any decreasing of catalytic activity after 50 h
under reaction conditions at T . Thermal stability under high temper-
ature exploitation was investigated by overheating the catalysts two
times for 1h at 800°C in flowing reacting gas mixture (fast deactiva-
tion cycles) and then measuring again methane conversion at Tf. All
the catalysts showed a more or less considerable decrease of activity,
depending on chemical composition. For example, conversion after
the second cycle decreased from 100% down to 80% for LaCoO3
and to 48% for La . Tb . CoO3. Taking into account the results of
SEM analysis, this was attributed to sintering, connected with Gibbs
instability of nano-sized materials.
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The macroacyclic and macrobicyclic complexes are able to select
charged and neutral molecules; based on this concept they are often
used in the activation and catalysis processes. These kind of com-
plexes arising as an effect of adding of lantanide ion to the ligand,
being also homogeneous catalysts, are often applied, e.g., as electron
transfer agents in cleavage of DNA and RNA. They can be conjug-
ated to RNA or DNA oligomers forming some kind of artificial en-
zymes. Undoubtedly, these specific artificial enzymes could be es-
sential tools for biotechnology in the future.

Current interest is focused on the design of new active catalysts that
one can also easy undergo to derivatization. The ideal catalyst
should possess one or more metal ions in the active site. Lanthanide
ions that are able to cut nucleic acids, can form, moreover, a variety
of coordination compounds in aqueous solution.

In this paper discussion on the structure and interactions between
donor lantanide ions inside the podants and cryptates is presented.
The analysis of EPR and IR spectra of gadolinium macroacyclic and
macrobicyclic complexes was used to deduce the environment of the
host metal site in the terms of local symmetry and coordination num-
ber.

I thank for financial support of my participation in E-MRS 2006 giv-
en from a Nationwide Polish Catalytic Network" Nanomaterials as
Catalysts for New, Environmentally Friendly Processes" (Grzegorz
Leniec).
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A new approach to fabricate long length of gold nanorods by con-
trolling the volume of growth solution will be reported. The shape
evolutions ranging from fusiform nanoparticles to 1-D rods were ob-
served. Increasing the addition of growth solution can control the
length of nanorods. The length of rods can be extended to 2 um, and
nanorods with aspect ratios of up to ~ 70 could be obtained.
Moreover, X-ray absorption spectroscopy (XAS) is applied herein to

elucidate the growth mechanism of gold nanorods. The gold ions
were directly reduced to gold atoms by ascorbic acid during the re-
action, and then gold atoms were deposited on the surface of gold
seeds that were introduced into the reaction. Extended X-ray absorp-
tion fine structure (EXAFS) confirmed the growth of gold and the
environment around Au atoms over the reaction. The XAS are ex-
pected to have wide applications in the growth of gold and other re-
lated materials.
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The preparation of titania (TiO_), which owing to its photoactivite
properties is a very promised material also for catalysis, was studied.
The work was focused on the mutual correlation between individual
preparation steps and tailoring of titania nanostructure.

The texture of prepared titania powders (specific surface area, mi-
cropore volume, pore-size distribution(PSD)) was evaluated from
adsorption-desorption nitrogen isotherms by application of determ-
ined titania standard (master) isotherm. Another textural information
was obtained via high-pressure mercury porosimtry, helium pycno-
metry, SEM images and XRD phase analysis.Three different prepar-
ation routes of nanoporous titania powder were chosen: a) surfact-
ant-mediated sol-gel synthesis controlled in inverse and lamellar
configuration [1],

b) reaction of liquid metal alkoxide with H202 [2],
¢) acid hydrolysis of titanium(I'V) chloride [3].

In all cases the correlations between the change of reaction condi-
tions (e.g. different length of a polar chain in the surfactant mo-
lecule, different types of metal alkoxides, different extent of hydro-
lysis, replacement of organic solvent in micellar system, different
molar ratio of water/alkoxide and water/surfactant, different reaction
temperature, changes of calcination temperature and calcination
time) and position and width of TiO2 PSD were found.

[1] P. Kluson, P. Kacer, T. Cajthaml, M. Kalaji, J. Mater. Chem. 11
(2001) 644-651

[2] Zhong-chun Wang, Jie-feng Chen, Xing-fang Hu, Matter. Letters
43 (2000) 87-90

[3] D.-S. Lee, T.-K. Liu, J. Sol-Gel Science and Technology 25
(2002) 121-136
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Volatile organic compounds (VOCs) in industrial gases represent a
serious environmental problem. The VOCs in the air can be reduced
applying the process of total catalytic oxidation. Catalysts with
noble metals are currently preferred as they are highly active and
stable but expensive. Metal oxide alternatives are cheaper but less
stable. Combination of both groups of active materials could give
highly active catalysts with sufficient stability. In our previous study
we found high activity of the calcined NiMgMn LDH in total oxida-
tion of VOC in air. Now we attempted to improve its catalytic prop-
erties by introducing of small amount (0.1 wt%) of noble metals
from different precursors and to reveal their effect on physical
chemical properties and the activity in total oxidation of toluene.
The Ni-Mg-Mn LDH precursor was prepared by coprecipitation.
The calcined product was either impregnated by solutions of various
noble metal salts or by their microemulsions. The catalysts were
characterized by SBET, XRD, TPR and XPS. Activity in toluene total
oxidation was examined. A well-crystalline Ni-Mg-Mn LDH was
obtained after precipitation, with small fraction of crystalline
MnCO3. After calcination, mixed oxide phases were formed. XPS
analysis showed enrichment of its surface by Ni and Mn (surface
concentrations Ni:Mg:Mn-41:11:48 at.%). Temperature T50
(corresponding to 50% toluene conversion) was 153°C and after 15
h increased to 180°C. Modification of the parent catalyst with noble
metals did not change initial catalytic activity too much (T50
152+-2°C). However, substantial difference was observed in catalyst
stability. After 15 h examination, the T50 value for the NiMgMn
catalyst (180°C) decreased for the modidied catalysts in the follow-
ing order: AgNO3 (174), Pd(NO3)2 (170), H2PtCl6-Me (170),
(NH3)4Pt(NO3)2-Me (166). Acknowledgement This work was sup-
ported by the Grant Agency of the Czech Republic (grants No.
104/04/2116 and GD203/03H140).
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Manganese compound, todorokite, having one dimensional micro-
porous structure is known. Todorokite is made up with MnO octa-
hedra connected to each other by its corner and edge. The rectangu-
lar pore mouth consists of 3x3 array of the MnO unit and its pore
size is 0.69 nm x 0.69 nm. Although todorokite is expected as a

functional material for catalysts or battery materials, not many
minute researches on the synthesis are reported so far. We studied
the synthesis, characterization of todorokite and its catalytic per-
formance for carbon monoxide (CO) oxidation.

Several todorokites were synthesized by changing the aging time
during the synthesis of its precursor, birnessite, of layered structure.
Then, the birnessite was ion-exchanged to buserite and the buserite
was finally transformed to todorokite by the hydrothermal treatment.
The products were analyzed by several methods such as XRD, Iodo-
metry, FE-SEM and TEM. CO oxidation was studied using a con-
ventional fixed bed reactor.

It was revealed from XRD that crystallinity of todorokite depended
on the aging time of birnessite and high crystallinity necessitated
aging for 3 to 7 days. Primary particle size of todorokite calculated
by Sherrer equation increased with the aging time to about 25 nm.
The valence of manganese in todorokite coincided with that in
birnessite and was almost constant irrespective of aging time
between 5 min and 7 days. The morphology of todorokite observed
by FE-SEM changed from amorphous for shorter aging time to
plate-like structure for longer aging time. On the other hand, TEM
revealed that even in 5 min aging, small plate-like particles of
birnessite were observed together with dominant amorphous
particles. CO oxidation was studied as a model reaction. Higher CO
oxidation activity was observed on the todorokite obtained by aging
birnessite for 3 hrs. The relation between the activity and crucial
properties of todorokite will be discussed.
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Nanocrystalline ferromagnetic metals (such as Fe, Co and Ni) have
many applications in magnetic data storage, magnetic toners in xero-
graphy, magnetic inks and ferrofluids. However, nanocrystalline
metals are very sensitive to rapid environmental degradation. This
attribute significantly limits the scope of their potential industrial ap-
plications. Encapsulation of nanocrystals with graphitic layers is a
way to protect metal crystals from negative environmental influence.
Also, carbon coatings can endow these particles with biocompatibil-
ity and make carbon-encapsulated particles useful in bio-engineering
applications, such as drug delivery, biosensors, magnetic hyperther-
mia and magnetic contrast agents for magnetic resonance imaging.

Carbon-coated cobalt nanoparticles were successfully synthesized
by catalytic ethylene decomposition. Nanocrystalline cobalt was pre-
pared by cobalt hydroxide precipitation, followed by calcination and
reduction. A small amount of structural promoters was added. The
process of cobalt oxide reduction and cobalt carburisation was car-
ried out in a thermobalance. The carburisation process was per-
formed under pure ethylene flow in the temperature range 340 -
400°C. After carburisation process the samples were cooled under
helium flow or reduced under hydrogen flow in the temperature

70 Symposium B



Monday, 4 September

range 500 - 560°C. The phase composition of the samples was de-
termined using XRD technique. The phases in carbon-coated nano-
capsules turned out to be fcc-Co and hep-Co. The HRTEM method
was used to study the morphology of the samples after carburisation.
Both carbon-coated cobalt nanocapsules and carbon nanotubes were
found in the samples.

The financial support of the Scientific Network "Nanomaterials as
Catalysts for New, Environmentally Friendly Processes" for the par-
ticipation of the corresponding author in the EMRS Fall Meeting'06
is gratefully acknowledged.
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Iron-carbon nanofillers for polymer composites were obtained by
catalytic decomposition of ethylene on nanocrystalline iron. The car-
burisation was performed under ethylene/hydrogen mixture or under
pure ethylene. Three kinds of samples were prepared: cementite/car-
bon, iron/cementite and iron/carbon. After carburisation the samples
were characterised using XRD and SEM method. The obtained nan-
ofillers were applied for polymer nanocomposites prepared by poly-
condensation reaction (in situ) in poly(ether-ester) matrix. The nano-
fillers were dispersed in monomers (diols) using sonificator and a
high - speed rotary mixer. The obtained nanocomposites were char-
acterized using SEM method. The addition of iron-carbon nano-
fillers increases the stress-strength of composite (ca. 30% at break)
and the elongation at break.
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Degradation processes occurring at the surface and in the bulk of
Cu-based amorphous alloys during cathodic hydrogen charging were
used for promoting the catalytic activity of such alloys. These pro-
cesses modifying the structure, composition, and morphology of the
substrate proved to be useful methods for transforming Cu-Hf and
an inactive Cu-Ti amorphous alloy precursors into active and dur-
able catalysts. Indeed their catalytic activity for dehydrogenation of
2-propanol increased up to a conversion level of ~60% at selectivit-
ies to acetone of about 99% for Cu-Ti and to conversion of ~90% at
selectivities of ~95% for Cu-Hf. Previous attempts carried out by

ageing in air or hydrogen charging from the gas phase, resulted in a
maximum conversion level up to 15% for Cu-Hf and up to 3% for
Cu-Ti. High resolution Auger spectroscopy allowed changes occur-
ring during the activation process to be identified, namely, the form-
ation of small Cu particles on the HfO2 surface and the formation of
highly porous particles containing mostly Cu and some Ti and O
(Cu-Ti-O) on a Cu-Ti substrate. Differences in the chemistry and
structure of both catalysts are discussed, and the implications for
catalytic function are considered. A probable configuration of active
sites on the Cu-Ti-O/Ti-O-Cu catalyst for dehydrogenation of
2-propanol is proposed.

This work was financially by the Foundation for Polish Science
through a generous fellowship for M.Pisarek.
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Molecular sieves have unique abilities to stabilize small metal
clusters which are the active sites for many catalytic processes. The
most important question concerning metal clusters is their size and
structure. For characterization of small paramagnetic clusters of
magnetic nuclei electron paramagnetic resonance (EPR) spectro-
scopy is a method of choice.

For the last few years we had been characterizing by EPR cationic
silver clusters in different zeolites reduced by gamma irradiation.
Depending on Ag+ loadings we identified Ag ** trimers and Ag "
hexamers in dehydrated AgNa-4A zeolites and Aggr1+ in Agl\?a—
sodalites. In AgCs-rho zeolite at low temperature Ag atoms and
Angr dimers are observed. After annealing to RT Ag " trimers and
Ag‘éi tetramers are stabilized. When irradiated AgCs-rho containing
Ag4 clusters is exposed to ammonia the hyperfine splitting de-
creases due to shift of spin density from Ag nuclei to the ammonia
ligands.

The EPR study on silver zeolites clearly showed two different mech-
anisms of silver agglomeration. In zeolite rho agglomeration process
initiated by Ag0 formation involves the reaction of silver atoms, di-
mers and trimers with silver cations to form Ag ** In zeolite A and
sodalite pre-existing assembly of Ag+ cations traps electron during
radiolysis forming Ag6 or Ag8 ’ clusters, respectively.

In mesoporous molecular sieves like MCM-41 silver nanoparticles
are formed inside channels showing characteristic singlet of conduc-
tion electron spin resonance (CESR). It was proved experimentally
that the CESR linewidth depends on cluster nuclearity.
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The mesoporous silica MCM41 has properties such as a high specif-
ic surface area, tuneable pore size and a narrow pore size distribu-
tion. Rare earth oxides supported MCM41 is a promising optically
functional material. MCM41 was synthesized adding the silica pre-
cursor tetraecthoxysilane to an aqueous solution containing cetyl-
trimethylammonium bromide and hydrochloric acid. The obtained
solid was calcined at 600°C for 4h. The impregnation of MCM41
with neodymium was conducted by incipient wetness method, using
neodymium nitrate solution with different Nd/Si weight ratio, fol-
lowed by calcination at 550°C for 5h. Samples were characterized
by several techniques. The presence of neodymium was confirmed
by Energy Dispersive X-rayanalysis. X-Ray Diffraction analysis in-
dicated that the unit cell parameter a_increase with Nd/Si weight ra-
tio, but MCM41 structure is not disrupted by the neodymium pres-
ence. The specific surface area decreases from MCM41 to Nd-
MCM41 with increasing of neodymium content. It is probably due
to the partially blocking of the mesostructure pores during impregna-
tion.
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Due to their strong metal/support interaction, their high specific sur-
face area and the absence of pores reducing the diffusion the carbon
nanofibres (CNFs) are considered to be promising nanosized catalyt-
ic support materials [1]. In present contribution a new method of
CNFs synthesis based on a catalytic pyrolysis of butane-propane
mixture is proposed. Individual 3d-metals as well as their binary
mixtures and alloys were used as catalysts. The CNFs synthesized in
this way have the diameters of 8 to 80 nm, and the lengths up to 1
micrometer. All the fibres have curved shapes and the amount of in-
clusions does not exceed 2-3% after appropriate purification. Addi-
tionally to the nanocatalysis application, the use of the CNFs in the
field emission cathodes and in the field ion sources is proposed and
discussed.

Financial support by INTAS (project Ref. no. 04-78-7183) is grate-
fully acknowledged.

[1] F. Salman, C. Park and R. T. K. Baker, Catal.Today. 53
(1999) 385
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In the work polypyrrole (PPy) - Pt nanocomposites have been ob-
tained by: 1) doping of PPy with Pt ions in PtCl4 aqueous solution
followed by reduction with NaBH4, 2) reduction of Pt ions from
PtCl4 aqueous solution with NaBH4 in the presence of PPy, 3) in-
corporation of Pt particles into PPy from Pt aqueous sol. The pre-
pared composites have been characterized by X-ray diffraction as
well as scanning and transmission electron microscopies. This has
allowed us to establish that in all the materials prepared, crystalline
metallic Pt phase has been present. Size of the crystallites depends
on the method of synthesis: the smallest ones (4-10 nm) have been
in the composites prepared by method 3. Catalytic properties of PPy-
Pt nanocomposites have been investigated using isopropyl alcohol
conversion as the test reaction. It has been found that PPy-Pt nano-
composite prepared by method 3 has shown the highest activity, giv-
ing mainly the redox product, i.e. acetone. In the presence of this
nanocomposite cyclohexene oxidation has been also investigated.
This process leads predominantly to the formation of the epoxy
compound. Agnieszka Sniechota thanks the Scientific Network: "Nan-
omaterials as Catalysts for New, Environmentally Friendly Pro-
cesses" for financing her participation in E-MRS Fall Meeting 2006,
Symposium B.
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The detoxification of the hydrocarbons pollutants is one of the glob-
al environmental problems. Considerable efforts have been made to
design the highly efficient catalysts for complete oxidation of hydro-
carbons. Nanosized gold supported catalysts are widely used as act-
ive catalysts at low temperatures in a lot of important reactions. The
interesting properties of ceria as a support for the noble metals cata-
lysts are well known to concern mainly its function as oxygen buf-
fer. Efforts to increase the oxygen storage capacity by introducing of
different cation dopants with valence lower than 4+ have been put
forward. Most of these materials have shown promotion of both:
oxygen vacancy concentration and oxygen storage capacity as well
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as redox activities, compared to undoped ceria. An accent was put
also on the synthesis of nanosized ceria as an important factor for
the preparation of highly active gold supported catalysts.The object
of this study is to synthesize new gold catalysts supported on ceria
and ceria-alumina non-promoted and promoted by molybdena for
complete benzene oxidation. The catalysts were characterized by
means of XRD, TPR, XPS and Raman spectroscopy. High and
stable catalytic activity was established in the temperature region
200-2400C. The presence of gold causes a modification in ceria
structure leading to an increase of Ce3+ and oxygen vacancies form-
ation. The differences in the activities within the temperature range
150-1800C and in the region of 100 % conversion (200-2400C)
could be explained by supposing that in the LT region the electron
transfer between nanosized gold and ceria particles via oxygen va-
cancies has a crucial role. In the HT region the oxygen mobility,
provoked by the defective structure of ceria due to the presence of
Al3+, becomes of prevailing importance.. It was also concluded that
alumina prevents the gold and ceria agglomeration, which is the
main factor to avoid deactivation under extreme reaction conditions.

17:20 Poster B-30

Determination and fine tuning of the cerium oxidation
state in cerium calixarene complexes

Yuri Suchorski, Jochen Gottfriedsen, Rafal Wrobel, Bartosz
Strzelczyk, Helmut Weiss

Otto-von-Guericke-Universitaet Magdeburg, Chemisches Institut,
Universitaetsplatz 2, Magdeburg D-39106, Germany

E-mail: yuri.suchorski@vst.uni-magdeburg.de

Interesting structures and properties as well as perspectives of prac-
tical use motivated intensive studies of various calixarene complexes
in recent years. The development of new catalysts increases also the
interest in the design and synthesis of supramolecular metallocalix-
arene arrays. The novel cerium calixarene complexes
[p-tBu-calix[4](OMe) (O) Ce(acac) ]| 1) and
[p-tBu-calix[4](OMe)2(0)2Ce(hfac)2] (2) were recently synthesized
in an equimolar reaction between p-tBu-calix[4](0Me)2(OH)2 and
cerium complexes Ce(acac) (acac = acetylacetonate), and Ce(hfac)

(hfac = 1,1,1,5,5,5-hexafluoro-acetylacetonate), respectively [1].

The cerium oxidation state in such complexes is discussed intens-
ively, whereas contradictory results are reported [2]. In the present
study, X-ray photoelectron spectroscopy (XPS) with monochromatic
Al Ka excitation (1486.74 eV) was applied in a "fast transfer" mode
[3]. The experiments revealed an irradiation-induced decrease of the
Ceox values of both complexes dependent upon X-ray exposure.
The detailed study of the dynamical response of the Ce to X-ray ir-
radiation allowed the determination of Ce at "zero irradiation”
[3.60 for complex (1) and 3.65 for comf))iex (2), respectively].
Neither vacuum-induced reduction, nor re-oxidation of the irradiated
compounds in air were observed suggesting the possibility of the
long-lasting X-ray induced tuning of CeOX in a range of at least 3.65
to 3.26.

[1] J. Gottfriedsen, D. Dorokhin, Z. allg. anorg. Chem. 631 (2005)
2928,;

[2] C. H. Booth, M. D. Walter, M. Daniel, W. W. Lukens, R. A. An-
dersen, Phys. Rev. Lett. 95 (2005) 267202, and references therein

[3] Y. Suchorski, L. Rihko-Struckmann, F. Klose, Y. Ye, M.
Alandjiyska, K. Sundmacher, H. Weiss, Appl. Surf. Sci. 249 (2005)
231.

17:20 Poster B-31

Preparation of VPO-catalysts on supports of different
nature

Volodymyr Sydorchuk, Elena Diyuk, Valeriy Zazhigalov

Institute of Sorption and Problems of Endoecology NAS of
Ukraine, 13 Gen Naumova Str., Kyiv 03164, Ukraine

E-mail: bilychi@online.com.ua

Vanadium-phosphorus oxide systems (VPO) are catalysts for oxidat-
ive transformations of hydrocarbons. Vanadyl hydrophosphate
(VHP), precursor of catalyst, is not formed as a rule at deposition of
VPO on supports. It was offered following new pathways for prepar-
ation of mesoporous supported VPO-catalysts by means barothermal
synthesis (BTS) in organic and aqueous medium under 170 C: 1) in-
troduction of nonporous fumed oxides or carbon nanotubes in reac-
tion mixture on various stages of VPO synthesis; this route permits
to obtain needed phase and to regulate its porous structure in wide
limits; first it was prepared supported VPO-catalysts aerogel type on
base of C-nanotubes; 2) precipitation on porous solids of different
nature: silica gel, phosphates of Ti and Zr, active carbon; in latter
case synthesis was carried out in aqueous medium without reducing
agent; 3) deposition on preliminary modified silica with organic
grafted layer which is potential reducing reagent at VPO prepara-
tion; such supported catalysts have residual organic groups on sur-
face which are thermostable on air to 350 C; synthesis of VPO on
oxidized carbon allows to increase both louding of active phase and
its dispersity in two times; 4) mechanochemical deposition of ready
VHP on fumed oxides and phosphates. All suggested approaches
permit to prepare on surface of supports necessary phase of VHP in
nanodisperse state; size of crystallites according to XRD data has
following values: 33-35 nm for bulk samples, 30 nm for method 4,
23-26 nm for method 1, 20 nm for method 3, 6-15 nm on carbon sur-
face. VHP is formed with various relation for intensities of crystal-
line patterns of (001) and (220) planes: 0,39-1,69. This relation de-
termines primary surface orientation of planes and hence catalytic
properties of VPO in diverse processes.

17:20 Poster B-32

Synthesis and Electrochemical Characteristics of Highly
Dispersed Platinum Nanoparticles on Different Carbon
Supports for PEMFC

Tien-Hsiang Tsai, Tsong-Pyng Perng

Department of Materials Science and Engineering, National Tsing
Hua University (NTHU), 101, Sec 2, Kuang-Fu Road, Hsinchu
30013, Taiwan

E-mail: g933576@oz.nthu.edu.tw

Commercial XC-72 carbon black, multi-wall carbon nanotube
(MWCNT), and bamboo charcoal were used as carbon supports for
Pt catalyst for application in proton exchange membrane fuel cell
(PEMFC). Due to the unique morphology of carbon nanotube, there
are less geometric barriers than XC-72 for deposition of Pt. Accu-

Symposium B 73



Monday, 4 September

mulation of platinum particles could be decreased by using carbon
nanotube as support. Surface treatment on MWCNTs has been stud-
ied for many years. In order to get more active sites on the surface of
MWCNTs, a sonochemical treatment with sulfuric acid and nitric
acid was made. By this process, functional groups such as carbonyl
(-CO), hydroxylic (-COH), and carboxylic (-COOH) can be created
on the surface of carbon nanotubes. Bamboo charcoal has a very
large surface area. There are many pores on the surface to make
easier gas diffusion. Chloroplatinic acid was used as the precursor,
and ethylene glycol was used as the solvent and reducing agent to
get well-dispersed platinum nanoparticles on the carbon supports.
The particle size and dispersion of platinum particles are two key
factors to determine the performance of catalysts. In this experiment,
platinum particle size was controlled by changing the loading per-
centage of platinum. The deposition of Pt was characterized by X-
ray diffraction, thermal gravimetric analysis, and transmission elec-
tron microscopy. It was found that platinum particles were well-
dispersed on all carbon supports. The average diameter of platinum
particles was lower than 3nm. The performance of single-cell PEM-
FC using the Pt deposited on various supports was evaluated.

17:20 Poster B-33

Magneto-chemical properties of some new Ni and Co
tungstates formed as NiRE2W2010, Co2RE2W3014
and CoRE4W3016 where RE=Nd, Sm, Eu,Gd and Er
and M=Ni, Co

.1 s .2 .
Adam Worsztynowicz , Elzbieta Tomaszewicz™, Stawomir M.
Kaczmarek

1. Technical University of Szczecin, Institute of Physics (TUS), al.
Piastow 48, Szczecin 70-311, Poland 2. Szczecin University of
Technology, Department of Inorganic and Analytical Chemistry,
Al. Piastow 42, Szczecin 71-065, Poland

E-mail: adam.worsztynowicz@ps.pl

Producing H2 from the splitting of water with using oxide-type
semiconductors under light irradiation is an attractive way to estab-
lish a clean energy system without relying on fossil fuels. Several
types of semiconductor photocatalysts such as Bi2ZRENbO7 (RE=Y,
rare-earth) [1], In0.8M0.2Ta0O4 (M=Ni,Cu,Fe) [2], M-doped InTaO4
(M=Mn,Fe,Co,Ni and Cu) [3] were synthesized by the solid state re-
action method. Moreover, a group of mixed oxides with the
wolframite structure (ABO4 where A=Ni(Il), Co(Il), etc, B=W) has
been studied for its interesting catalytic properties [4]. These com-
pounds are so-called "mechano-catalytic" materials and are used for
overall water splitting. The water splitting process consists in con-
tinuously converting mechanical energy into chemical energy with
help of mentioned powder as catalytic materials.

In our investigations we have obtained as a result of the solid-state
reaction between MWO4 (M=Ni,Co) and RE2WO6 (RE=
Nd,Sm,Eu,Gd and Er) new series of compounds with the following
formulas: NiRE2W2010, Co2RE4W3014 and CoRE4W3016 [5].
It seems that these nickel and cobalt tungstates with rare earth ions
seem to be good catalysts in many processes. In the present work,
we presented the results of IR-spectroscopy, X-ray and EPR meas-
urements showing some structural features of the compounds. The
Co2RE2W3014 as well as CORE4W3016 compounds crystallize in

the orthorhombic system and only the basic crystallographic para-
meters have been determined up to now. Wide, unstructured EPR
powder spectrum of these compounds and their temperature evolu-
tion have been analyzed and interpreted. The optimization of the
spin-Hamiltonian parameters and EPR data simulation was per-
formed using the software package EPR-NMR.

I thank for financial support of my participation in E-MRS 2006 giv-
en from a Nationwide Polish Catalytic Network" Nanomaterials as
Catalysts for New, Environmentally Friendly Processes" (Adam
Worsztynowicz)

17:20 Poster B-34

Nanosized Pt and Pd containing catalysts immobilised on
pillared montmorillonite in n-hexane isomerisation

Nelly Zakarina, Altynai K. Akurpekova, Lidiya D. Volkova, Lar-
isa V. Komashko

Institute of Organic Catalysis and Electrochemistry, Kunaeva str.
142, Almaty 2006, Kazakhstan

E-mail: nelly zakarina@rambler.ru

The present work is devoted to Pt- and Pd- containing catalysts, im-
mobilised on Al-pillared montmorillonite (Al-MM) in the n-hexane
hydroisomerization. Al-pillared montmorillonite was prepared with
various ratio of Al3+/clay. Pt and Pd content was equal to 0,35%. Pt
and Pd were introduced by impregnation using the H PtCl6 and
PdCI2 solutions. The metal species size control was carried out using
the electron microscope EM-125K. It have been shown that the Pd-
and Pt- containing catalysts with high dispersion of metallic species
were obtained. The high dispersion is remained even after treatment
at 450°C. The size of Pt species varies in the range 30-80A and the
majority of this species has the size of 30-40A. The size of Pd-
catalysts species is bigger (50-100A). Conversion of n-hexane over
the Pt- and Pd-catalysts was 58,1% and 29,3% at 3500C, respect-
ively. Catalysts demonstrated the high selectivity to C -isomers at
temperatures from 250 to 400°C. The products of cracking were ab-
sent.

17:20 Poster B-35

Temperature dependence of the FMR spectra of poly-
mer composites with nanocrystalline a-Fe/C filler

Nikos Guskosl’z, Michat Maxyniakz, Janusz T ekz, Iwona
Pelechs, Urszula Narkiewicz3, Zbigniew Roslaniec, Magdalena
Kwiatkowska4

1. University of Athens, Dept Phys, Solid State Sect,, Zografos
15784,, Athens, Greece 2. Szczecin University of Technology, In-
stitute of Physics, Al. Piastow 48/49, Szczecin 70-311, Poland
3. Szczecin University of Technology, Institute of Chemical and
Environment Engineering, Szczecin 70-322, Poland 4. Szczecin
University of Technology, Institute of Materials Engineering,
Szezecin 70-310, Poland

E-mail: michalmaryniak@o2.pl
Two different concentrations of nanocrystalline material: a-Fe/C

have been prepared by carburization of nanocrystalline iron and
characterized by using XRD and SEM methods. The nanoparticles
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were next applied as fillers in polymer nanocomposites using the
polycondensation reaction (in situ) in poly(ether-ester) matrix with
two different concentrations: 0.1 wt. % and 0.3 wt. %. The temperat-
ure dependence of the ferromagnetic resonance (FMR) spectra has
been investigated to study magnetic interactions in the compounds.
The introduced FMR parameters (intensity and position of the right
peak) describe well the temperature dependence of FMR spectra of
strongly interacting magnetic nanoparticles. The FMR spectra de-
pend strongly on the concentration of magnetic nanoparticles, which
influence the magnetic interactions between them. Two main critical
points of the matrix (glass state and freezing of benzene rings) influ-
ence the behaviour of the FMR spectra.

Wednesday, 6 September

Poster Session 2 / Poster Award Ceremony

(continuation of Mondazqs Poster Session), Main Hall
Wednesday afternoon, 6 September, 15:50
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The manuscripts submitted to this symposium will be reviewed and

Sy m p O S i u m C published in Solid State Phenomena.

Doped nanopowders: synthesis, characterization, applications S p onsors

Wel come Polish Minstry for Science and Education, project SPUB-NAMIC.

* Production and applications of nanopowders is an important field Pro g ram m e
of nanotechnology. It was covered by a range of conferences and
workshops. Also the fact that the properties of nanopowders are Sun d ay, 3 Septem ber
strongly influenced by their shape, size distribution and surface
chemi'stry is well known. In this symposiur.n we want to focus O.ur COST Action D30 WGM/1
attention on doping nanopowders. Doping nanopowders with
rare earth ions, or with transition metals, and other may influence
a range of their physical properties as well as their structure.
Some questions that arise in this context are: Welcome Reception

. Are blgher .doplng levels pos.51ble to achieve in nanopowder§ than Faculty of Physics, WUT
in micron sized powders or single crystals of the same material? .

" . Sunday evening, 3 September, 19:00

» Are the properties of materials made from doped nanopowders
different comparing to conventional materials?

* Are solubility limits achievable higher when nanopowders are M on d a.y, 4 Septem b er

doped comparing to conventional materials?

Sunday afternoon, 3 September, 13:00

* Is doping nanopowders and their consolidation or embeddingina  CQST Action D30 WGM
matrix a convenient method to produce functional materials?

) ) ) ) Monday morning, 4 September, 9:00
* How the physical properties of nanopowders are modified with

doping?
« How doping influences phase diagrams of nanopowders compar-  Coffee break
ing to bulk materials? Monday morning, 4 September, 10:30

* How to characterize the structure of doped nanopowders?
* Where are the dopands situated, how are they distributed?

* Methods of doping: which are the better methods depending on Opening Ceremony

application? 2nd floor, Small Hall (237)
» Applications of doped nanopowders to make functional materials. Monday morning, 4 September, 11:00
o Safety

* Scale up of production
» Consolidation

The Czochralski Award Ceremony
Monday morning, 4 September, 11:30

Organisers Lunch break

Monday afternoon, 4 September, 12:30

* Markus Winterer, Nanoparticle Process Technology, Department
of Engineering Sciences, University Duisburg-Essen, Duisburg, COST D30 WGM/2
Germany

* Jianzhong Jiang, Laboratory of New-Structured Materials, De-
partment of Materials Science & Engineering, Zhejiang Uni-
versity, Hangzhou, P.R. China Coffee break

* Witold Lojkowski (Chairman), Institute of High Pressure Physics, Monday afternoon, 4 September, 15:30
Polish Academy of Sciences, Warsaw, Poland

* Aharon Gedanken, Department of Chemistry, Bar-Ilan University,
Ramat-Gan, Israel

Monday afternoon, 4 September, 14:00

COST Action D30 WGM/3
Monday afternoon, 4 September, 15:50

* Local organiser: Janusz D. Fidelus, Institute of High Pressure
Physics, Polish Academy of Sciences, Warsaw, Poland Poster Session 1

Main Hall
Monday afternoon, 4 September, 17:20
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Session Industry
Tuesday morning, 5 September, 9:00

9:00 Invited oral

Properties and applications of doped nano-structured
materials in coatings and films

Geoffrey J. Varga, Sven Hill, Michael Kroll
Degussa AG, Hanau, Germany
E-mail: geoffrey.varga@degussa.com

The use of engineered nanomaterials provides the potential to impart
new and improved functionalities into coatings systems, polymer
films, and adhesives. The impact and effectiveness of doped nano-
particulate additions into formulations is determined by many
factors, including the composition, morphology, crystallinity, re-
fractive index, and surface chemistry of the particles. Along with
these particle characteristics, their degree of dispersion in the matrix
or formulation is also a critical factor in obtaining enhanced func-
tionality. Additionally, surface treatment and post-processing of the
doped nanostructured particles allows for customization leading to
compatibility with specific systems. With proper preparation and
formulating, systems can be imparted with new benefits such as UV
protection, IR filtering, conductivity, accelerated curing, and en-
hanced mechanical properties. The selection of nanomaterials to
provide such features often coincides with a desire for transparency
to visible light in the coatings and films, which requires careful en-
gineering of both the particles and the formulations. Such transpar-
ent formulations often find their way into high value applications
where several functionalities are combined, thereby enhancing the
value proposition of the supplier to the potential customer. This
presentation will cover synthesis of doped nanomaterials; properties
and performance enhancements achieved through doping; customiz-
ation for specific formulations; proper dispersion into matricies; and
examples of applications for multi-functional nanostructured coat-
ings, films, and adhesives.

9:30 Invited oral

Doped nanostructured materials for electronic applica-
tions

. 1o, .2
Frank Martin Petrat , Stipan Katusic

1. Degussa AG, Creavis Technologies & Innovation, Paul-
Baumann-Strafie 1, Marl 45772, Germany 2. Degussa AG,
Hanau, Germany

E-mail: frank-martin.petrat@degussa.com

Nanotechnology already plays an important role in our daily life and
will form the foundation for revolutionary discoveries and advance-
ments in the decades to come. Nanotechnology will profoundly in-
fluence the competitiveness of companies in every important in-
dustry. The chemical industry in particular is working on translating
the potential of nanotechnology into products.

There are several parameters to improve product performance of

nanostructured materials e. g. aggregate structure, primary particle
size and surface chemistry. Doping is a common method to influ-
ence the properties of bulk semiconductor materials. Doping is a key
step in semiconductor industry to introduce traces of impurities in
order to align the electronic properties of semiconductors. While
doping of bulk materials is well understood there is little known
about the properties of doped nanoparticles.

Examples will be given for doped nanoparticles with relevance to
electronic and electrochemical applications. Indium tin oxide (ITO)
is an important material for photovoltaic application. We present
results on indium tin oxide doped with platinum. The morphology of
the material as well as its performance in dye sensitized cells (DSC)
will be discussed. Another example covers doping of nanoscaled sil-
icon particles. These particles are of special interest in printed elec-
tronics as they offer a potential route to formulate semiconducting
inks for low cost printed circuits.

10:00 Invited oral

Nanoparticle Characterization (Size and Zeta Potential)
Using Novel Light Scattering Techniques

Michael Kaszubaz, Adam Pr(’)chniak1

1. APINSTRUMENTS, Jaworowa 32/2, Warszawa 02-798, Poland
2. Malvern Instruments, Grovewood Road, Malvern WRI141XZ,
United Kingdom

E-mail: adam.prochniak@apinstruments.pl

Particle size and zeta potential are important parameters for the char-
acterization of nanoparticles. The technique of dynamic light scat-
teringis well suited to the measurement of the size of nanoparticle
dispersions. Traditionally, measurement of very small and/or poorly
scattering particles or samples that are very dilute were difficult un-
less high powered lasers were used. These problems have been ad-
dressed in a light scattering instrument incorporating novel non-
invasive backscatter optics (NIBS ). This novel optic arrangement
maximises the detection of scattered light while maintaining signal
quality.

Laser Doppler electrophoresis is an accepted method for the meas-
urement of particle mobility and zeta potential of dispersions of col-
loidal size materials. A novel sheme using a combination of Phase
Analysis Light Scattering (PALS) and a pathented method of meas-
urement called M3 to improve the accuracy and ease of use of the
technique will be discussed.

These technologies have been incorporated in the Zetasizer Nano
Series of instruments from Malvern Instruments Ltd (Malvern,
Worcestershire, UK). Examples of the application of these novel
light scattering techniques to a wide range of nanoparticle samples
will be presented which will illustrate the capabilities of the techno-
logy.

* Dr Michael Kaszuba is the product technical specialist in Malvern
Instruments Ltd, UK

** Dr Adam Prochniak is the exclusive representative of Malvern
Instruments Ltd in Poland

Coffee break
Tuesday morning, 5 September, 10:30
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Session 2
Tuesday morning, 5 September, 11:00

11:00 Invited oral

The Role of the Surface in the Doping of Semiconductor
Nanocrystals

David J. Norris

University of Minnesota, Chemical Engineering and Materials
Science, 421 Washington Ave. S.E., Minneapolis, MN 55455,
United States

E-mail: dnorris@umn.edu

While a variety of doped semiconductor nanocrystals have been syn-
thesized, no detailed understanding has existed about how this pro-
cess works or how it can be controlled. Moreover, it was not clear
why it is possible to introduce impurities into some semiconductor
nanocrystals but not into others. These difficulties have hindered the
development of a whole class of new materials, including n-type and
p-type semiconductor nanocrystals. Here we discuss a new model
based upon kinetics that addresses the doping problem. In particular,
we use Mn-doped II-VI semiconductor nanocrystals as a model sys-
tem to show that: (i) the binding of the impurity to the nanocrystal
surface plays a key role in the doping process and (ii) the surfactants
in the growth solution can inhibit doping by competitively binding
with the impurity. After verifying the central principles of this mod-
el, we then use its predictions to incorporate Mn into previously un-
dopable CdSe nanocrystals. Thus, this model should provide future
guidance for obtaining a variety of doped semiconductor nanocrys-
tals.

11:30 Oral

Theoretical studies on magnetic impurity doped semi-
conducting clusters

Stephan Buschmann, Sanjeev K. Nayak, Markus E. Gruner, Peter
Entel

University of Duisburg Essen, Campus Duisburg, Department of
Theoretical Physics, Lotharstrasse 1, Duisburg 47048, Germany

E-mail: stephan@thp.uni-duisburg.de

Theoretical investigations on structural, electronic and magnetic
properties of passivated III-V and II-VI diluted magnetic semicon-
ducting clusters are performed with density functional theory. Mag-
netic impurities are doped into the semiconducting host, where the
impurity atom substitutes the host metal atom. The magnetic dopant
(Mn, Co) in III-V and II-VI semiconductors (GaN, ZnO), which acts
as a substitutional impurity replacing the host metal atom exhibits an
enhanced magnetic moment per impurity atom. In the present work,
we report the results of magnetic impurity doped semiconducting
clusters and study the changes in the properties with respect to con-
centration of dopant, distribution of the impurity atom in the cluster
and the effect of cluster size. The results are compared to bulk.

11:45 Oral

Colloidal Diluted Magnetic Semiconductor Quantum
Dots

Daniel R. Gamelin

University of Washington, Department of Chemistry, Seattle, WA
98195-1700, United States

E-mail: gamelin@chem.washington.edu

The generation and manipulation of electron spins in magnetic semi-
conductor nanostructures is a central theme of the emerging field of
spintronics. Carrier-dopant magnetic exchange interactions in di-
luted magnetic semiconductors provide the basis for many important
magneto-electronic phenomena, including carrier-mediated ferro-
magnetism, magnetic polaron nucleation, and proposed spin-based
quantum information processing schemes. This talk will describe our
group's recent investigations into the use of photochemical carrier
generation and magneto-optical spectroscopies to probe carrier-
dopant interactions in colloidal diluted magnetic semiconductor
quantum dots.

Related references:

Liu, W. K.; Whitaker, K. M.; Kittilstved, K. R.; Gamelin, D. R. J.
Am. Chem. Soc., 2006, 128, 3910.

Norberg, N. S.; Kittilstved, K. R.; Amonette, J. E.; Kukkadapu, R.
K.; Schwartz, D. A.; Gamelin, D. R. J. Am. Chem. Soc., 2004, 126,
9387.

Schwartz, D. A.; Norberg, N. S.; Nguyen, Q. P.; Parker, J. M.;
Gamelin, D. R. J. Am. Chem. Soc., 2003, 125, 13205.

12:00 Oral

Influence of Doping and Co-doping on the Optical and
Electronic Properties of Si Nanocrystallites

Luis E. Ramos, J Furthmiiller, Friedhelm Bechstedt

Friedrich-Schiller-Universitaet (IFTO), Max-Wien-Platz 1, Jena
07743, Germany

E-mail: lIramos@ifto.physik.uni-jena.de

Quantum confinement in Si nanocrystallites (NCs) leads to interest-
ing optical and electronic properties that can be useful for opto-
electronic applications. Silicon is largely used in device technology
but it is an indirect-gap material, which limits its application opto-
electronics. In contrast to Si bulk and as a result of the confinement
of holes and electrons, luminescence can be observed in Si NCs. Re-
cent experiments confirm that co-doping with group-III and group-V
can enhance the intensity of luminescence in Si NCs. The co-doping
can in principle prevent

radiationless Auger recombinations, which is the main problem in
shallow-impurity doping in Si NCs.

Since measurements in Si NCs usually correspond to an ensemble of
nanoparticles instead of a single Si NC, theoretical investigations be-
come important to understand and interprete the mechanisms of op-
fical transitions. We perform ab initio calculations for doped and
co-doped Si NCs, which are based on density-functional theory and
generalized-gradient approximation to investigate their electronic
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and optical properties. We verify that the doping with group-V im-
purities have significant influence on the calculated optical absorp-
tion spectra of the Si NCs.

[1] L.E. Ramos, J. Furthmiiller, and F. Bechstedt,

Appl. Phys. Lett. 87, 143113 (2005); Phys. Rev. B 72, 045351
(2005); Phys. Rev. B 70, 033311 (2004).

12:15 Oral

Thermochemical synthesis of Mn doped CdS nano-
particles

Maziar Marandil, Nima Taghavinial, Azam Iraji zadl, Seyed Mo-
hammad Mahdavil, Zohreh Sedaghat2

1. Sharif University of Technology, Azadi Avenue, Tehran 14588,
Iran 2. Semnan university, Kilometer 5 of Semnan-Damghan high-
way, Semnan 35351, Iran

E-mail: maziar_marandi@mehr.sharif.edu

We report a new method to synthesize CdS:Mn nanoparticles.
CdSO4 and Na2S203 were used as the precursors while the latter is
sensitive to heating process. Na2S203 has been considered as a UV
sensitive material that finally results in releasing S species in the
solution. Here heating process can cause a similar mechanism for
dissociation of Na2S203. Therefore by heating the precursors in the
Ar Atmosphere and in presence of the thioglycerol as the capping
agent, CdS nanoparticles could form. The reaction was investigated
at different pH, and different temperature from room temperature to
100°C. The results showed that by increasing the pH the rate of the
growth decreases and finally go to a regime that the number of the
particles gets constant and only the existing particles grew in size.
Also the pH of the solution had an important role in doping process
of the nanoparticles. The results of the experiments performed at
100°C showed that the incorporation of Mn ions inside the CdS nan-
oparticles is more considerable at lower pHs than the higher pHs.
For doing these experiments MnNO3 with different ratios of
[MnNO3]/[CdSO4] in the range of 0.01 to 0.1 were used. All experi-
ments carried out at 100 ¢ showed that samples moved toward a sat-
uration point in size after a short time. The samples were refluxed
for different times to enhance the incorporation of Mn ions inside
the particles. The results of the experiments were carried out for the
different Mn concentrations demonstrated that increasing the reflux-
ing time increased the intensity of 590 nm Mn photoluminescence
peak compared to the intrinsic luminescence peak of undoped CdS
nanoparticles. Transmission electron microscopy was the analysis
that exhibited crystalline spherical nanoparticles with the sizes
around 3nm. X- ray diffraction patterns also demonstrated the crys-
talline CdS nanoparticles and confirmed the sizes achieved from the
TEM images.

Lunch break
Tuesday afternoon, 5 September, 12:30

Session 3
Tuesday afternoon, 5 September, 14:00

14:00 Invited oral

Doping and Characterization of Nanocrystalline Materi-
als

Thomas Wichert, Zhiqun Q. Guan

Universitdt des Saarlandes, Technische Physik, Saarbriicken, Ger-
many

E-mail: thw@tech-phys.uni-sb.de

Synthesis and characterization of nanocrystalline materials is presen-
ted. The materials synthesised are ZnO and InP doped with shallow
donors and acceptors, respectively, and Ni-Cu alloys. The character-
ization is performed with radioactive isotopes using the perturbed yy
angular correlation technique (PAC), thereby, yielding local inform-
ation on an atomic scale. The characterization is supplemented by
different techniques, such as XRD spectroscopy, TEM, UV-VIS,
photoluminescence sFectroscopy, and EXAFS. By using the radio-
active probe atom My 111Cd, information about its local surround-
ing is obtained via the electric and magnetic hyperfine fields. The
technique typically uses 10" probe atoms and the signal amplitude
does not depend on the Debye-Waller-factor, both making this tech-
nique well suited for the investigation of nanocrystalline materials.
The information obtained in this way is discussed for the nanocrys-
talline materials ZnO, InP, and NiCu alloys.

ZnO nanoparticles synthesized by electrochemical deposition under
oxidizing conditions (EDOC) are doped with radioactive " and
stable In. The range of the relative concentrations of dopants is var-
ied between 10° and 10°. The as-prepared ZnO particles have a
crystal size of 5 nm whereby the dopant atoms are incorporated into
disturbed crystalline surroundings that are attributed to imperfect
crystalline structures. It turns out that annealing at 473 K represents
a good compromise for incorporating the dopant atoms into nano-
crystals of high crystalline quality and, at the same time, avoiding a
significant crystal growth.

InP nanoparticles with average particle size of 2.4 nm are synthes-
ized via the reaction of dry InCl3 with P(Si(CH3)3)3 in trioctylphos-
phine (TOP) at 530 K. The InP crystals are doped with the acceptor
Cd using the radioactive decay of the MnMed. After preparation
no cubic lattice environments around the dopants are detected. An-
nealing the caped InP nanoparticles at 770 K results in a particle size
of 4 nm and yields 10 % of the dopants to be incorporated into an
undisturbed lattice environment, and at 870 K the corresponding val-
ues are 33 nm and 42 %, respectively. Supported by theoretical cal-
culations, the results suggest the presence of distortions of the lattice
structure in the InP nanocrystals, which decreases with increasing
particle size.

In nanocrystalline Ni-Cu alloys, synthesized by pulsed electrodepos-
ition (PED), the presence of microscopic inhomogeneity, e.g. caused
by pure Ni precipitates, is controlled using the characteristic hyper-
fine field of nanocrystalline Ni. In this way, precipitates that are in-
visible by XRD are still detectable by PAC. By increasing the tem-
perature of the electrolyte or lowering the current density of electro-
lysis, the formation of Ni precipitates is strongly suppressed but, at
the same time, the grain size is increased. The addition of saccharin
inhibits grain growth and improves the homogeneity of the Ni-Cu al-
loy on a nanocrystalline scale.
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14:30 Oral

Atomic Structure, Assembly and Novel Properties of
Nanowires

Dorothy Duo Duo D. Ma

City university of Hong Kong (CityU), Tat Chee Avenue,
Kowloon, Hong Kong, Hong Kong

E-mail: apddm@cityu.edu.hk

This talk describes our recent research on nanowires. We introduce
the oxide-assisted growth (OAG) as a general method for producing
silicon nanowires, as well as a range of other nanostructures (wires,
cables, chain, ribbons, etc). The nanowires have been assembled to
form a nanowire lattice or fiber as well as designed to form a new
system. We have developed the techniques to probe the properties of
nanostructures. The single-nanowire measurements correlate the
properties (electronic and optical) and the structure of individual
nanowires. The nanowires have been systematically characterized
and shown to have high potential for applications. The available pre-
paration and advanced techniques as well as the wide range of inter-
esting properties underscore nanowires as exciting nanomaterials for
fundamental research and technological applications.

14:45 Oral

Nano-Blast Synthesis and SP Sintering of CeOZ-Gd203
Nanosize Powder.

Oleg Vasylkivl, Yoshio Sakkaz, Valeriy Skorokhod3

1. ICYS, National Institute for Materials Science, 1-1 Namiki,
Tsukuba 305-0044, Japan 2. National Institute of Material Sci-
ence (NIMS), Tsukuba, Japan 3. Institute for Problems in Materi-
as Science (IPMS), 3, Krzhizhanivsky Str., Kiev 03680, Ukraine

E-mail: oleg.vasylkiv@nims.go.jp

Engineering CeOz-GdZO3 ceramic nanopowder with precise mor-
phology by engineering of intermediate nano-reactors followed with
'nano-blast' calcination/deagglomeration was applied. Multiple 'nano-
blasts' of C H N O embedded to engineered nano-reactors broke
apart the agglomerates due to the highly energetic impacts of the
blast waves. Extremely rapid detonation (10~ sec/gram) forms
gaseous products with a temperature of 2000 to 5000 °C compressed
into a volume equaling the initial volume of each explosive RDX
particle. The instantaneous power of each explosion (i.e., the expan-
sion of compressed gases) is 500 MW/gram. The impacts of the
blast waves lead to the fragmentation of the surrounding matter. The
impulse evolution of a large volume of gaseous products dissipates
the heat of the process and limits the temperature increase, thus re-
ducing the possibility of premature local partial sintering among the
primary particles. The solid-solubility is enhanced by the extremely
high local temperature generated during the 'nano-explosions'. We
produced CGO powder with an average primary crystallite size of
11 nm, an aggregate size distribution of 33 ~ 70 nm , with uniform
morphology and precise stoichiometry.

Spark plasma sintering study was conducted to receive full dense
nanostructured ceramic with uniform grains. The properties of SPS
processing as far as ionic conductivity of produced ceramic will be
described.

15:00 Oral

Incorporation of SiO2 nanoparticles to 1,3 dialkyl im-
idazolium ionic liquid

UrSa Opara Kra2§0vecl, Marko 1Bergincl, Nina Hauptman2, Marta
Klanjsek Gunde”, Marko Topic

1. University of Ljubljana, Faculty of electrical engineering (FE),
Trzaska 25, Ljubljana 1000, Slovenia 2. National Institute of
Chemistry (NIC), Hajdrihova 19, Ljubljana SI1000, Slovenia

E-mail: ursa.opara@fe.uni-lj.si

Tonic liquids (IL's) are salts having unique property of being liquid
at room temperature. They exhibit negligible vapour pressure, non-
flammability and good electrochemical stability which makes them
interesting for different applications. They can exchange flammable
organic solvents in organic synthesis well as being used in electro-
lytes for different electrochemical systems (lithium batteries or dye-
sensitised solar cells (DSSC)). Recently, they have been explored
with their potential as reaction media for the fabrication of nanoscale
inorganic matter (metal oxide aerogels). The 1,3-dialkyl imidazoli-
um IL can be described also as well organized hydrogen-bonded
polymeric supramolecules in solid, liquid and to some extent also in
gas phases. Incorporation of different nanosized inhomogenities dis-
turb the hydrogen-bonded network and in some cases generates
nanostructures with polar and non-polar regions where inclusion
type compounds can be found. We report on the electrolyte system
based on 1,3-dialkyl imidazolium IL, iodine and inorganic nano-
particles developed for dye-sensitized solar cell (DSSC). Exchan-
ging volatile electrolytes in DSSC with ILs and their solidification is
one of the main research topics in order to bring the DSSC techno-
logy closer to the market. The solidification of IL electrolyte with
inorganic nanoparticles results in an improvement of the overall
DSSC efficiency for up to 20%. This can be explained with the
unique ordering of the electrolyte structure being beneficial for the
charge transport in the electrolyte. Imidazolium cations are adsorbed
on the surface of the nanoparticles, and surrounded with a continu-
ous chain of I- and 13- anions. Beside physical diffusion exchange
reaction along the iodide-triiodide chain contributes to the charge
transport in the electrolyte.

15:15 Oral

Doped Mesoporous Silica Spheres

Michael A. Morrisl, John P. Hanrahanz, Justin D. Holmesl, Donal
A. Keanel, Aoife M. Burke1

1. Cork University College, Department of Chemistry, Cork, Ire-
land 2. Glantreo Ltd, College Road, Cork C121, Ireland

E-mail: m.morris@ucc.ie

In high-performance liquid chromatography porous uni-sized
particles, between 3-7um in diameter are used as the stationery
phases. Improvement in the detection limit and speed of analysis has

Symposium C 81



Wednesday, 6 September

been achieved by particle miniaturisation. As pumps and detection
equipment improve then particles below 2pm will allow on-line ana-
lysis. However, regular and size monodsiperse particles of this size
are difficult to prepare. Here we report methods by which small por-
ous microspheres may be prepared by combining advances colloidal
particle and mesoporous material synthesis. The synthesis of meso-
porous silica spheres with uni-directional and tuneable mesoporous
diameters have not previously been reported. Organic micelles (e.g.
formed block copolymer surfactants) and silica hydrolysis are used
to generate ordered mesoporosity. Careful reaction control allows
size-monodisperse spherical particles, £+ 5 RMS with tuneable dia-
meters between 1-5 pm to be formed. We show that the mesopores
are aligned through the spherical structure to provide an open porous
surface with high surface areas, typically between 1000-1500 ng_l.
Doping of silica microspheres with ceria is also carried out in at-
tempt modify chromatographic performance (more selective to bio-
entities). It is shown that using different reaction routes that the ceria
can either be distributed homogeneously through the structure or in
the form of discrete and thermally stable nanoparticles at the surface.
These nanoparticles can increase the rate of sintering by necking.
We also demonstrate that relatively large diameter mesopores can be
obtained by a unique method, between 6-11 nm, using supercritical
carbon dioxide (sc-CO ) as a swelling agent during synthesis. Fi-
nally, materials were packed into columns for chromatographic test-
ing. Results are presented that illustrate the application of these mi-
crospheres in UHPLC.

Coffee break
Tuesday afternoon, 5 September, 15:30

Session 4
Tuesday afternoon, 5 September, 15:50

15:50 Invited oral

Luminescence of doped nanoparticles of wide band gap
II-VI compounds

Marek Godlewskil’z, Sergiy A. Yatsunenko'

1. Polish Academy of Sciences, Institute of Physics, al. Lotnikow
32/46, Warszawa 02-668, Poland 2. Cardinal Stefan Wyszynski
University, College of Science, Warszawa, Poland

E-mail: godlew@ifpan.edu.pl

Nanoparticles of wide band gap II-VI compounds doped with trans-
ition metal or rare earth ions are perspective fluorescence labels for
applications in biology and medicine. For this application nano-
particles should efficiently emit light, which was rather unexpected
for parity and often spin forbidden 3d-3d and 4f-4f intra-shell trans-
itions. However, in nanoparticles efficiency of intra-shell transitions
is enhanced. Mechanisms of emission enhancement will be dis-
cussed, based on our recent results for Mn doped nanoparticles of
ZnS and CdS. Two effects will first be discussed - quantum confine-
ment imposed on free carriers, which enhances spin dependent inter-
actions of free carriers with impurities and increased rate of host to
impurity transfer.

Passivation of surface states is important to limit rates of nonradiat-

ive transitions. We show that this can be achieved by doping of nan-
oparticles. Nanopowders of ZnO n-type doped with aluminium were
studied to demonstrate such possibility. We show that intensity of
light emission increases with an increasing Al fraction in ZnO nano-
powders.

This work was partly supported by grant no. 1 PO3B 090 30 of
MEIN granted for the years 2006-2008.

16:20 Invited oral

The luminescence properties of ZnO:Al nanopowders
obtained by sol-gel and vaporization-condensation meth-
ods

Larisa Grigorjeval, Donats Millersl, Claude J. Montyz, Jules
KOUAMZ, Kamel Djessas3

1. Institute of Solid State Physics, University of Latvia, 8
Kengaraga, Riga LV-1063, Latvia 2. CNRS laboratoire Procedes,
Materiaux et Energie solaire (PROMES), BP5 Odeillo, Font
Romeu 66120, France 3. Perpingnan University, Perpingam Ce-
dex, Perpignan 66860, France

E-mail: Igrig@latnet.lv

ZnO is attractive material for many practical applications. Doping
with Al enhances luminescecne of this mateiral. ZnO nanopowders
(undoped and Al doped) were prepared by sol-gell method (SG).
The SG made powders were used as substrates for vaporisation-
condensation process (VC) using the SPVD (Solar Physical Vapor
Deposition) method. The luminescence spectra were measured in
spectral range 1.55 eV-3.75 eV under 266 nm pulsed laser excitation
(pulse duration 10 ns). The luminescence decay process was ana-
lysed in time range 2ns - 1ms with time resolution 2 ns. SEM, FTIR,
XRD were used for samples characterisation. The luminescence
spectra for SG and VC nanopowders are different mainly in the
range 2.6 -3.1 eV. The defects responsible for luminescence within
this region disappeared during VP process. However both sets of
ZnO:Al samples (SG and VP) show defect state luminescence in-
tensity larger than that fresulting from excitons recombination. The
well-resolved excitons luminescence band observed in VC nano-
powder indicate that in these powders there are regions with defect
free ZnO structure. The defect luminescence decay kinetics shows
an initial fast (<10 ns) decay followed by a slower one (ms range).
This slow decay of luminescence might be due to electron tunneling.
Possible processes responsible for luminescence observed will be
discussed.

Wednesday, 6 September

Plenary Session

2nd floor, Small Hall (237)
Wednesday morning, 6 September, 9:30

Coffee break
Wednesday morning, 6 September, 10:30
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14:00 Invited oral

Nonaqueous Synthesis of Metal Oxide Nanocrystals: A
Versatile Approach to Control Size, Shape, Assembly
and Composition

Markus Niederberger

Max Planck Institute of Colloids and Interfaces (MPIKGF), Re-
search Campus Golm, Potsdam 14424, Germany

E-mail: markus.niederberger@mpikg.mpg.de

Nonaqueous solution routes to metal oxide nanoparticles are a valu-
able alternative to the well-known aqueous sol-gel processes, offer-
ing advantages such as high crystallinity at low temperatures, robust
synthesis parameters and ability to control the crystal growth
without the use of surfactants.

The talk will present the synthesis of crystalline metal oxide nano-
particles based on nonaqueous soft-chemistry routes involving the
reaction of metal oxide precursors such as metal halides, alkoxides
or acetylacetonates with organic solvents like benzyl alcohol, ben-
zylamine or various ketones. Control over particle size and shape is
achieved solely by the solvent without any additional structure-dir-
ecting agents. This synthesis methodology enables the preparation of
a large variety of binary as well as ternary metal oxides on the nano-
scale, often with crystallite sizes well below 10 nm. Furthermore, the
simultaneous use of two or more chemically different precursors al-
lows the controlled preparation of doped metal oxide nanoparticles,
thus providing a powerful tool to tailor the chemical as well as the
physical properties. As an illustrative example the synthesis of indi-
um tin oxide nanoparticles with varying tin oxide content will be
presented.

14:30 Oral

Ceria-zirconia nanoparticles doped with La or Gd: effect
of the doping cation on the real structure

Vladislav A. Sadykov Vladimir V. Krlventsov EllaM Moroz
Yulia V. Borchert Dmitrii A. Zyuzm Vera P. Kolko' Tatyana
G. Kuznetsoval, Vyacheslav P. lvanovl, Andrei 1. Boronin , Nat-
alia V. Mezentseva , Elena B. Burgina , Julian Ross3

1. Boreskov Institute of Catalysis (BIC), pr. akad. Lavrentieva, 5,
Novosibirsk 630090, Russian Federation 2. University of Bremen,
Otto-Hahn-Allee, Bremen 28359, Germany 3. University of Limer-
ick (UL), Plassey Technological Park, Limerick 02098, Ireland

E-mail: sadykov@catalysis.ru

This work presents results of studies of the real structure of nano-
crystalline CeO2 ZrO2 (Ce Zr=1: 1) systems prepared via Pechini
route and doped with La’ or Gd** cations (x up to 30 at.%). X-ray
diffraction, EXAFS, UV-Vis and Raman spectroscopy were applied
for the bulk characterization, while the surface features were studied
by XPS and SIMS. For both systems, the increase of Ln’" content
was accompanied by the decline of domain size and increase of the
specific surface area and lattice parameter of fluorite-like phases.
While for bigger Lo’ the system becomes bi-phasic at xLa > 10
at.%, for smaller Gd™" cation single-phase solid solution exists with-
in all studied range. For both systems, depletion of the surface layer
by smaller Zr4+ cations was revealed, while the surface content of a
doping cation is either close to that in the bulk (La) or lower (Gd).
Such a spatial distribution of components results in some ordering of
cations within the particle. It is reflected in different modes of re-
arrangement of oxygen coordination polyhedra with the Gd or La
content (by EXAFS), and redistribution of the intensity of reflec-
tions in XRD patterns not conforming to a simple model with statist-
ical distribution of oxygen vacancies. Associated variation of aver-
age Ce(Zr)-O bond strength (SIMS) appears to affect the lattice oxy-
gen mobility. This work is in part supported by INTAS
05-1000005-7663, RFBR-CNRS 05-03-34761 Projects and Integra-
tion Project 4.15 SB RAS.

14:45 Oral

Nanocomposite powders by evaporation driven self as-
sembly during spray drying: Some new insights on the
structure evolution

Olivier Spallal, Antoine Thilll, Patrick

. 12
Debasis _Sen ™,

Haltebourg1

1. LIONS, SCM, CEA Saclay (LIONS), BAT 125, CEA Saclay, Gif
sur Yvette, Gif-sur-Yvette 91191, France 2. Bhabha Atomic Re-
search Centre (BARC), SSPD, Trombay, Mumbai, Mumbai
400085, India

E-mail: dsen@dsm-mail.saclay.cea.fr

Spray drying is an interesting process to synthesize nanocomposite
powders of technological interests. However, structure and organiza-
tion of the particles depend strongly on the thermodynamic/hydro-
dynamic conditions and interaction of the basic particles. Structural/
compositional investigations on dried powders can reveal the mech-
anism of the organization during drying. In-situ scattering experi-
ments can reveal such information. Small-angle X-ray scattering
(SAXS) is a novel technique to investigate mesoscopic structure
over a wide length scale. As volume fraction of droplets is not high
enough to be probed in-situ by laboratory X-ray source, experiments
at synchrotron source becomes essential. In-situ SAXS experiments
on structural/correlation evolution of grains, during drying have
been performed at ID2 beamline of European synchrotron radiation
facility. An indigenously developed spray dryer has been used.
Some salient results will be presented. In brief, depending on
thermal gradiant of the tube, in intermediate drying stage, the arrest/
drag of the nanocolloids at the droplet surface produces core-shell
type grain with jammed particle concentration in shell and core with
lower concentration. With the passage of droplets through thermal
atmosphere, gradually the core also mimic the jammed concentration
followed by the overall compression of initial droplet size. In addi-
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tion, spray drying of mixed inorganic/organic colloids followed by
post thermal treatments lead to production of porous nanopowders.
The evolution of the structure, the correlation and the composition of
such nanoporous powders [1] during the post thermal treatments will
also be elaborated. [1] D. Sen, O. Spalla, L. Belloni, T. Charpentier,
and A. Thill; Langmuir 22 3798-3806 (2006)

15:00 Oral

The potential use of doped nanoparticles from hydro-
thermal synthesis in cell signalling

Ed Lester, Stephen Briddon, Helen Hobbs
University of Nottingham, Nottingham, United Kingdom

E-mail: edward. lester@nottingham.ac.uk

Whilst the chemistry of supercritical water (scW) synthesis is relat-
ively simple, the 'engineering' of these continuous reactions is much
more difficult. The development of the nozzle reactor at Nottingham
has overcome the problem of poor mixing with additional benefits as
well: the ability to make nanoparticles continuously, doped and un-
doped; continuous online capping, post production; the ability to al-
ter particle size and morphology by altering the operating parameters
of temperature, flow rate and metal salt concentration; the ability to
produce stable suspensions of nanoparticles in water. In contrast to
other methods particle production in supercritical water is a relat-
ively simple one stage route, chemically more benign, and produces
product dispersed in water. The ability to create suspensions of
particles in water, of controlled size and chemistry, using 'biologic-
ally benign' precursors such as iron nitrate or silver acetate has
presented a new and exciting opportunity for biological applications.

The paper will describe how the nozzle was developed and how it
can be used as a rapid prototyping system for a range of different
doped nanoparticles for medical applications, particularly in the field
of cellular imaging.

15:15 Oral

Production of doped and non doped ceramics nano-
particles for optical applications

Ed Lesterl, Tadeusz Chudobaz, Jun Leel, Paul Bloodl, Agnieszka
Opalir’lskaz’s, Witold Lojkowskiz, Martyn Poliakoff' , Albertina
Cabanas

1. University of Nottingham, Nottingham, United Kingdom 2. Pol-
ish Academy of Sciences, Institute of High Pressure Physics
(UNIPRESS), Sokolowska 29/37, Warszawa 01-142, Poland
3. Warsaw University of Technology, Faculty of Materials Science
and Engineering (InMat), Wotoska 141, Warszawa 02-507, Po-
land

E-mail: edward.lester@nottingham.ac.uk

The synthesis of yttrium aluminium garnet (YAG or Y3A15012) has
received much attention on account of its use in structural and func-
tional materials. Among its functional properties, YAG possesses a
high efficiency of energy transfer and is resistant to radiation dam-
age, which therefore makes it ideal for laser lenses. The usable trans-
mittance range of YAG extends from the UV to the mid-IR range,
making it very useful for IR and laser windows, with a very low ab-

sorption coefficient . Furthermore YAG displays a cubic crystal
structure, which imparts optical isotropy (unlike sapphire). Doping
YAG with different trivalent ions changes the optical properties of
the doped materials. Whether manufacturing YAG for phosphor ap-
plications or ceramic fabrication, fine-sized particles with no ag-
glomeration are desirable.

The paper presents collaborative work between UNIPRESS and The
University of Nottingham in the production of transparent ceramic
lenses from doped and non doped Zirconia and YAG nanoparticles.
Nanoparticles of ZrO2 and YAG have been made using two differ-
ent hydrothermal techniques. UNIPRESS use a microwave assisted
batch reactor and Nottingham has a nozzle reactor which operates
continuously. Both systems are currently small scale and can pro-
duce materials sub 20 nanometres on g/hr scale.

The paper will describe the various production techniques, the rela-
tionship between operating conditions and particle quality, the simil-
arities and differences between the two synthesis techniques, as well
as the effect of the raw powders on the quality of the final lens ma-
terial.

Coffee break
Wednesday afternoon, 6 September, 15:30

Poster Session 2 / Poster Award Ceremony

(continuation of Monday's Poster Session)Main Hall
Wednesday afternoon, 6 September, 15:50

Thursday, 7 September

Session 6
Thursday morning, 7 September, 9:00

9:00 Invited oral

Evolution of grain boundaries and interfaces during sin-
tering and grain growth in doped oxide ceramics: from
nanosized powders and atomistic simulations to trans-
parent ceramics and tailored interfaces

Paul Bowen, Uli Aschauer, Steve C. Parker, Sandra Galmarini,
Dino Spagnoli

Ecole Polytechnique Federale de Lausanne (EPFL), Lausanne
1015, Switzerland

E-mail: paul.bowen@epfl.ch

Ceramic properties are inherently linked to their chemical composi-
tion and microstructure. The transformation of a ceramic powder
from a loose collection of particles into a sophisticated ceramic
piece, e.g. dental implants, hip implants, multilayered capacitors,
cutting tools or transparent ceramics for laser applications depends
heavily on our capacity to control and modify the interfaces during
processing and sintering. The use of dopants, which can segregate to
both surfaces and grain boundaries during powder synthesis and sin-
tering, are often used to influence these interfacial regions. The sig-
nificant improvement in analytical techniques namely high resolu-
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tion transmission electron microscopy (HRTEM, EELS) has given
us much insight into the general location of dopants in ceramic mi-
crostructures but we still lack the atomistic knowledge which should
enable us to design grain boundaries and interfaces for specific prop-
erties and applications. A key feature in being able to tailor micro-
structures from powder processing routes is our capacity to synthes-
ise well controlled powders. The powder characteristics of key im-
portance are size, size distribution, morphology and purity. A brief
description of an innovative tubular reactor, the segmented flow tu-
bular reactor (SFTR), that produces powders with better characterist-
ics for ceramics will be presented and the applicability demonstrated
with examples of scale-up, powder quality and reproducibility for
BaTiO}.

One route towards the goal of tailored microstructures is to use the
ever increasing computer power to model at an atomistic level these
key interfacial regions. Controlling grain growth and grain boundary
composition is a key factor for the production of transparent poly-
crystalline ceramics such as yttrium aluminium garnet (YAG) and
alumina. For applications in high performance lasers YAG is doped
with neodymium (Nd), single crystals are limited to around 1%,
whereas polycrystalline YAG can accommodate more. To increase
laser power but still be able to produce transparent ceramics the loc-
ation and effect of increased Nd levels is a key issue for progress.
The effect of dopants in alumina such as Y for creep resistance, Mg
for grain growth control is well established but the detailed mechan-
isms behind the effects are poorly understood. The level of dopant
whereby there is segregation to grain boundaries and eventually the
formation of a secondary phase is linked to the type of grain bound-
ary present and their relative surface area, which in turn is linked to
the grain size - one of the parameters we are trying to control. Using
energy minimisation techniques the location, dopant concentration,
grain boundary structure, surface and interfacial energies have been
investigated for a number of crystallographic surfaces in YAG and
alumina giving us further insight in our quest towards tailored inter-
faces. Validation of the modelling approach will be demonstrated by
comparison with available experimental data and in particular grain
boundary segregation/precipitation maps.

9:30 Oral

Nanopowders of yttrium aluminum garnet for transpar-
ent ceramics

Yurii Kopylov

Fryazino Institute of radioengineering and electronics Russian
Academy of Sciences (FIRE RAS), Vvedenskogo sq., Fryazino
141190, Russian Federation

E-mail: ylk215@ire216.msk.su

Transparent Y3A15012 (YAG) ceramics is very attractive material
for many applications in optics as laser gain host material, laser win-
dows etc, and as structural materials for high temperature apparatus
and devices. The main point in YAGceramic production is prepara-
tion of mono dispersive nano sized powders. We produce Nd doped
YAG powders via co-precipitation route using mixed water solu-
tions of yttrium nitrate and ammonium aluminum sulfate dodecahy-
drate or aluminum nitrate hexahydtrate as mother solution which
were dropwised into solution of ammonium hydrocarbonate as pre-

cipitant. Different ratio of yttrium to ammonium hydrocarbonate was
used. The small amount of ammonium polyacrilate or ammonium
polycarbonate was added to precipitant solution during precipitation
or aging stages. Washed and dried precursor was calcined at various
temperatures in the range of 800 - 1300 °C. Precursor and oxide
powders obtained in this route were investigated using SEM, XDR,
BET and photoluminescence methods. Substantial influence of pre-
cursor dewatering process and calcination temperature on size, shape
and agglomeration of YAG particles were found and discussed. In
optimal conditions well- dispersed well-sinterable Nd doped YAG
powders with ball-shape particles were obtained. This powder was
used for preparation of high transparent Nd doped YAG ceramic.

9:45 Oral

Host size effects on optical properties of rare earth and
transition metal doped materials

Gilles Ledouxl, David Amansl, Christophe Dujardin], Yann Le-
contez, Iiionel Combemale™, Nathalie C. Herlin-Boime™, Cecile
Reynaud

1. Laboratoire de Physico-Chimie des Matériaux Luminescents,
UMR 5620 du CNRS (UCBL), 10 rue A.M. Ampere, Villeurbanne
69622, France 2. CEA-Saclay, Saclay 91191, France

E-mail: yann.leconte@cea.fr

Rare earth or transition metals doped materials have numerous ap-
plications in our day life (TV screens, solid lasers, scintillators ...)
thanks to their efficient and robust luminescence properties. In the
recent year growing interest has focused on the changes in their op-
tical properties with size of the host particle. In the case of many
semi-conductors, the intrinsic luminescence is blue shifted when the
size decreases. But, the size effect is not so clear with traditional
doped insulators. In this case the dopant has an "atomic" character
and does not "feel" so much the size of the host. We have elaborated
this kind of materials for the first time by using laser pyrolysis. This
technique, based on the decomposition of a liquid or gaseous pre-
cursor by a powerful CO_ laser, allows the production of weighable
amount of powders with very high purity. In the present work, yttri-
um and lanthanum nitrates, as well as several rare earth nitrates were
dissolved in water and then carried as an aerosol by an argon flow to
the reaction zone. A weak flow of ethylene was added as a sensitizer
gas to absorb the laser emission. Many different compositions have
been achieved from La203: Bi to Y203:Ce. Our aim is to check
how some optical properties like autoionization processes or thermal
quenching processes are modified by the size of the particle. The
latest development on this subject will be presented at the confer-
ence. Comparisons with bulk materials are presented and the ob-
served differences are discussed.

10:00 Invited oral

Polyol-mediated synthesis and high-throughput screen-
ing of the gas sensing properties of rare-earth doped
metal oxide nanoparticles

Maike Siemons, Ulrich Simon

RWTH Aachen University (RWTH), Landoltweg 1, Aachen 52074,
Germany

E-mail: ulrich.simon@ac.rwth-aachen.de
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In this work we present the gas sensing properties of rare-earth
doped nanoparticular metal oxides which have been prepared by the
polyol mediated synthesis. The materials are studied using a high-
throughput equipment, applying multi electrode substrates and high-
throughput impedance spectroscopy in a temperature range from 500
to 200°C and under various gas atmospheres (synthetic air, H_, CO,
NO, N02, ethanol and propylene). We will report about the develop-
ment of this new experimental technique and its potential to be ap-
plied for gas sensor development.

Recent references:

A. Frantzen, D. Sanders, J. Scheidmann, U. Simon, W. F. Maier,
OSAR Comb. Sci. 24(1) (2005) 22-28.

A. Frantzen, J. Scheidmann, G. Frenzer, W. Maier, J. Jockel, T.
Brinz, D. Sanders, U. Simon, Angew. Chem. Int. Ed., 43 (2004)
752-754.

D. Sanders, M. Siemons, T. Koplin, U. Simon, Mater.Res. Soc.
Symp. Proc. 876 E (2005).

U. Simon, D. Sanders, J. Jockel, C. Heppel, T. Brinz, J. Combi.
Chem. 7(5) (2005) 682-687.

U. Simon, D. Sanders, J. Jockel, C. Heppel, T. Brinz, J. Combi.
Chem. 4(5) (2002) 511-515.

M. Siemons, U. Simon, Sensors and Actuators B, in press
(doi:10.1016/j.snb.2006.01.049)
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11:00 Oral

Surface and Bulk Modifications of Nanostructural ZrO2
Powder Induced by Doping with Vanadium and Molyb-
denum Ions

An?gzej Adamskil, Piotr Zapalal, Pawel Jakubusz, Zbigniew So-
jka”

1. Jagiellonian University, Faculty of Chemistry, Ingardena 3,
Krakow 30-060, Poland 2. Szczecin Technical University, Istitute
of Chemistry and Environment Protection, Al. Piastow 42, Szcze-
cin 71-065, Poland 3. Jagiellonian University, Regional Laborat-
ory of Physicochemical Analysis and Structural Research (REG
LAB UJ), Ingadena 3, Krakow 30-060, Poland

E-mail: adamski@chemia.uj.edu.pl

Zirconia and ZrO_-based materials have been widely used in many
fields due to their high melting point, low thermal conductivity, high
resistance to corrosion and remarkable oxygen transport properties.

In the present studies a nanostructural tetragonal zirconia (t-ZrO2) of
enhanced thermal stability with developed surface area and unimod-
al pore structure, was obtained from ZrOCI_ by modified forced hy-
drolysis method followed by aging at 100°C for 48 h. Collective
XRD, RS, EPR and microscopic SEM/TEM investigations, comple-

mented by N_-sorption measurements, showed that surface and bulk
properties of ZrO_ as well as its phase composition are strongly de-
pendent on the presence, nature and concentration of dopants such as
vanadium and molybdenum ions. Those additives were deposited on
the surface of t-ZrO2 using the classical or slurry impregnation tech-
niques.

As revealed by variable-temperature XRD and EPR measurements,
even at temperatures below the Hiittig temperature (i.e. < 800°C),
the V and Mo dopants can migrate into the bulk of -ZrO , forming
the corresponding solid solutions. The observed structural changes
were further confirmed by Rietveld refinement, basing on the XRD
data. It was found that spontaneous reduction of the surface V> and
Mo jons and concomitant phase transition from the tetragonal to
the monoclinic polymorph of ZrOz, opened channels of facile diffu-
sion of the resultant idiovalent dopant ions into the bulk of the ZrO
matrix. Final phase composition of the doped ZrO_ materials was
determined by the amount of incorporated additives. Vanadium
loadings below 3 mol. % stabilized the low-temperature tetragonal
polymorph, whereas higher loadings favored its transformation into
the monoclinic form.

11:15 Oral

Comparison of Eu-doped effects on the photocatalytic
activity of nanoparticulate TiO2 and Ag-deposition TiO2
under visible and UV light irradiation

Sing Wai Cheung, Hai Tao Huang, Helen Lai Wah Chan

The Hong Kong Polytechnic University (HK, PolyU), Hung Hom,
Hong Kong, Hong Kong

E-mail: 04901303r@polyu.edu.hk

We have investigated the photocatalytic degradation of methyl or-
ange (MO) dye in the aqueous suspensions of Eu-doped TiOZ, Ag-
deposited TiO _nanoparticles under visible and UV light irradiation.
To evaluate and distinguish various effects of the Eu-TiO2 and
Ag@TiO2 photocatalystic activity, the FEu-doped TiO2 and
Ag@TiO2 photocatalysts were characterized by XRD, TEM, XPS,
BET, PL and UV-visible absorption. For comparison, the MO pho-
todegradation was carried out in P25 TiO2 and Ag@P25 suspensions
under the same condition. In the MO/ Eu—Ag-TiO2 system, Eu dop-
ing significantly enhanced the MO photodegradation under visible
and UV light irradiation. The significant enhancement in photocata-
lytic activities due to doping of foreign elements can be ascribed to
simultaneous effects of Eu and Ag on the electron trap and electron-
transfer efficiency.

11:30 Oral

Synthesis improvement of Yb3+-activated SnO2 nano-
crystals

1. . 1 .2 ..
Emanuela Callone , Giovanni Carturan , Yoann Jestin~, Maurizio
Ferrari

1. Department of Material Engineering and Industrial Tecnology,
University of Trento (DIMTI), v. Mesiano 77, Trento 38100, Italy
2. CNR-IFN, CSMFO group (CSMFO), via Sommarive 14, Trento
38050, Italy

E-mail: emanuela.callone@unitn.it
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Rare-earth doping of nanocrystalline oxides is a current topic of in-
terest for opto-electronic application. To achieve maximum homo-
geneity and solubility of the dopant ion in the host structure, various
processes have been proposed. On this regard, SnO2 nanocrystals,
where the band gap energy is blue-shifted in respect to bulk SnO ,
are attractive for rare earth ion activation, but the solid state solubil-
ity of rare earth ion represents a serious limitation. Besides, solution
processing may lead to separation of solid SnO , leaving in solution
most of the rare earth ions. To overcome this, we synthesized Yb -
doped SnO_ nanocrystals, using the hydrolytic route in the presence
of starch as size stabilizer, a process we recently reported for other
oxides. Due to small quantum defect and simple electronic structure,
Yb' shows promising power and efficiency for laser and amplifiers
operating around 1 mm. Starting from salt precursors in a starch
solution, stable powders with various Yb loads were prepared and
characterized by XRD, TEM, ICP and TG-MS techniques. Prelimin-
ary assessments of the spectroscopic features of nanocrystals (d <6
nm) were performed by absorption, luminescence, and Raman meas-
urements: The Yb° typical absorption peak centred at 977nm and
intense ’F__® “F__Yb” " emission band were observed. Fabrication
of silica ﬁsl/%ns lo;ﬁed with Yb”-activated SnO nanocrystals is in
progress. 2

11:45 Oral

Manipulation of chemical and optical properties of MgO
nanocubes via surface functionalization

Slavica Stankicl, Thomas Bergerl, Oliver Diwaldl, Johannes
Bernardiz, Erich Knoezinger

1. Institute of Materials Chemistry, Vienna University of Techno-
logy (TU), Veterindirplatz 1, Vienna 1210, Austria 2. University
Service Centre for Transmission Electron Microscopy (USTEM),
Wiedner Hauptstrafie 8-10/138, Vienna 1040, Austria

E-mail: stankic@imc.tuwien.ac.at

We use chemical vapour deposition (CVD) for the synthesis of pure
and doped MgO nanoparticles[1]. In this presentation we demon-
strate how the admixture of a second metal component alters the
electronic surface properties of MgO nanocrystals. When MgO nan-
oparticles are doped with monovalent Li-ions, traces of a dopant
already induce dramatic changes in the optical and chemical surface
properties. Isovalent Ca”" cations can be distributed homogeneously
in MgO nanocrystals although CaMgO mixtures are thermodynam-
ically forbidden on a macroscopic scale. Subsequent thermal activa-
tion leads to calcium ion segregation into the MgO surface. These
CaMgO nanocrystals represent novel materials with enhanced sur-
face basicity and a higher thermal stability in comparison to pure
MgOJ2]. Furthermore, an unexpected photonic behaviour of those
mixtures is reflected by dramatically increase in photoluminescence
emission which is also red-shifted with respect to pure MgO. On the
contrary, the admixture of also isovalent but larger sr*" cations in-
duces a blue-shifted emission irrespective of the excitation
wavelength.

It is known that by mixing MgO (band gap 7,8 eV) with ZnO (band
gap 3,4 eV), one can tune the band gap[3]. However, the effect of
ZnO on the surface electronic structure of MgO in terms of optical
absorption and emission effects is so far unexplored. Therefore, sur-

face studies on powdered Mg Zn O samples are currently carried
out in our lab in order to elucidate whether such materials represent
interesting candidates for light-induced conversion of an insulating
metal oxide into a persistent electronic conductor.

[1] S. Stankic et al. Angew. Chem. Int. Ed.44 (2005) 4917

[2] S. Stankic et al. Nano Letters5 (2005) 1889

[3]1. Takeuchi et al. J. Appl. Phys.94 (2003) 7336

12:00 Oral

Chemical Vapor Synthesis and Structure of Chromium
Doped Nanocrystalline Zinc Oxide

Markus Winterer, In-Kyum Lee, Wei Jin, Udo Doerfler, Alexan-
der Kompch

University of Duisburg-Essen, Nanoparticle Process Technology,
Lotharstr. 1, Duisburg 47057, Germany

E-mail: markus.winterer@uni-due.de

Zinc oxide is a direct wide band gap semiconductor. The introduc-
tion of magnetic elements can produce semiconductors which are
ferromagnetic close to room temperature [1]. Potential applications
of such materials are e.g. magnetic sensors and actuators, high-
density memory. The properties of ZnO can be tuned chemically and
by size variation. However, the efficient doping of nanocrystals is
difficult [2] and the location of the dopant atoms is important for
their function. Atoms on substitutional sites in the wurtzite structure
of ZnO behave differently compared to dopants on interstitial sites
or on particle surfaces.

Doped Nanocrystalline zinc oxide powders are produced by evapor-
ation of mixed precursors in a laser flash evaporator and subsequent
particle generation by chemical vapor synthesis (CVS) [3, 4]. The
powders are characterized by means of X-ray diffraction, nitrogen
absorption, and transmission electron microscopy. XAFS spectra at
the Zn- and Cr-K X-ray absorption edges supply information on the
local structure of the nanocrystalline zinc oxide materials. The
XAFS spectra are analyzed by Reverse Monte Carlo Methods
(RMC) [4, 5]. A careful analysis of the partial pair distribution func-
tions for the different cations provided by RMC reveals the location
of the dopant atoms within the host structure.

References

[1] Pearton, S. J., Abernathy, C. R., Overberg, M. E., Thaler, G. T.,
Norton, D. P., Theodoropoulou, N., Hebard, A. F., Park, Y. D., Ren,
F., Kim, J., Boatner, L. A., Appl. Phys. Lett., 93 (2003), 1

[2] Shim, M. , Wang, C., Norris, D. J., and Guyot-Sionnest, P., ,
MRS Bulletin 12/2001, 1005

[3] Brehm, J., Winterer, M., and Hahn, H., Proceedings of PARTEC
2004, 1.4

[4] Winterer, M., Nanocrystalline Ceramics - Synthesis and Charac-
terization, Springer 2002

[5] Winterer, M., J. Appl. Phys. 88 (2000), 5635
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Zirconia-based nanomaterials for oxygen sensor - gener-
ation, characterisation and optical properties

Janusz D. Fidelusl, Witold Lojkowski], Donats Millersz, Larisa
Grigorjevaz, Robert R. Piticescu

1. Polish Academy of Sciences, Institute of High Pressure Physics
(UNIPRESS), Sokolowska 29/37, Warszawa 01-142, Poland 2. In-
stitute of Solid State Physics, University of Latvia, 8 Kengaraga,
Riga LV-1063, Latvia 3. Institute for Non-ferrous and Rare
Metals, 102 Biruintei Blvd., Pantelimon 73957, Romania

E-mail: jdfl@unipress.waw.pl

We found out that zirconia-based nanomaterials can be used in op-
tical

sensor for detecting oxygen partial pressure. Generation of those
materials with varying phase comphosition, type and concentration
of

dopands, their characterisation and selected optical properties are re-
ported

concerning best using in luminescence oxygen sensor.

12:15 Oral

Localization of rare-earth dopants in the lattice of nano-
crystalline ZrO2 - EXAFS study

Roman Pielaszekl, Agnieszka Opaliﬁska2’3, Piotr Wiecinskiz,
Stephen Doyle4, Stefan Mang01d4, Witold Lojkowski3

1. Polish Academy of Sciences, High Pressure Research Center
(UNIPRESS), Sokolowska 29/37, Warszawa 01-142, Poland
2. Warsaw University of Technology, Faculty of Materials Science
and Engineering (InMat), Woloska 141, Warszawa 02-507, Po-
land 3. Polish Academy of Sciences, Institute of High Pressure
Physics (UNIPRESS), Sokolowska 29/37, Warszawa 01-142, Po-
land 4. Forschungszentrum Karlsruhe GmbH, Institute fiir Syn-
chrotronstrahlung, ANKA, Hermann-von-Helmholtz-Platz 1,
Karlsruhe 76344, Germany

E-mail: roman@pielaszek.net

Doping with rare earth ions is a well known process to add optical
properties to oxides, like YAG or ZrO_. Such materials are used to
make lasers, LEDs, scintilators, phosp%lors. Lighting efficiency de-
pends on the dopant concentration but also on interactions between
the doping ions and their position in the lattice and interactions with
lattice defects. During high temperature processes of growing single
crystals or sintering microcrystalline grains, such negative effects
are difficult to be avoided.

Nanocrystalline host materials show great flexibility of growth from
rare-earth-rich solutions and their use to make optical ceramic ox-
ides is an attractive field of technology. However, the optical proper-
ties depend on the distribution of the dopants in the nanocrystal:
whether it interstitial, or replaces a host ion, and whether it is at the
surface of a nanocrystal or segregate as oxides (which makes them
optically ineffective).

The present work is an XRD-EXAFS study of the rare-earth dopant
location in the zirconia lattice. Samples grown in 1% through 20%

solutions of rare earth were examined using both methods. Localiza-
tion of the luminescence centers in nano-zirconia lattice was invest-
igated.

Authors wish to thank to ANKA Synchrotron (Karlsruhe, Germany)
for infrastructure and professional assistance in high quality XRD/
EXAFS measurements. We thank to the Polish Ministry of Science
for the financial support (grant 3-T08A-029-27).
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17:20 Poster Cl

The influence of ZrO2 containing 10% Eu 3 on the poly-
urethane hard domain structure of nano-composites
with luminescence properties

Joanna Ryszkowskal, Ewelina A. Zawadzakl, Piotr Zapartl, Wit-
old Lojkowskiz, Krzysztof J. Kurzydlowskil, Agnieszka
Opalir’lska2

1. Warsaw University of Technology, Faculty of Materials Science
and Engineering (InMat), Woloska 141, Warszawa 02-507, Po-
land 2. Polish Academy of Sciences, Institute of High Pressure
Physics (UNIPRESS), Sokolowska 29/37, Warszawa 01-142, Po-
land

E-mail: ewelina@inmat.pw.edu.pl

Organic polymers that emit light have commanded increasing atten-
tion in the last decade, both for their interest to fundamental studies
and electro-optical/opto-electronic applications.

In order to produce elastic and resistant foils with luminescent prop-
erties inorganic luminophors of nanometric sizes were introduced in-
to the polyurethane elastomer. Nano-composites were prepared by
in-situ polymerization. As the best performances of nanocomposites
requires good dispersion of the nano-fillers, stirring of the compon-
ents have been carried out under different values of such parameters
as stirring time and speed. Various solvents and process temperat-
ures were also investigated. Nano-composites with different
amounts of nanofiller were manufactured to investigate the nano-
filler distribution and the structure of hard domains of polyurethanes
designed for opto-electro applications.

For PUR synthesis the following chemicals were used: polycapro-
lactone diol (PCL) Mn=2000,

4,4'-dicyclohexymethane diisocyanate (H'MDI), chains extenders
(DIOL A, DIOL B). As a nanofiller zirconium oxide containing 10%
Eu’" was used. The filler was added to the polyurethane matrix in
the quantity ranging from 0.05 to 0.2% wt. The synthesis was per-
formed via pre-polymer route.
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The microstructure of the obtained materials was examined by SEM.
The size analysis of nanofillers was investigated with HRSEM and
TEM. The mechanical and thermal properties of polyurethane nano-
composites were also investigated in addition to the analysis of
transmittance and luminescence of obtained materials was per-
formed.

The results obtained indicate possibility of fabrication of polymeric
nano-composites for opto-electro applications via relatively inex-
pensive processing route.

This research was financed by the Polish State Committee for Sci-
entific Research (PBZ-KBN-095/T08/2003).

17:20 Poster C2

Particle Size Distribution of ZrO :Pr - Influences of
pH, High Power Ultrasound, Surfactant and Dopant
Quantity

Stephanie Moellerl, Janusz D. F idelusz, Witold Lojkowski2

1. Fachhochschule Miinster, Stegerwaldstraffe 39, Steinfurt
48565, Germany 2. Polish Academy of Sciences, Institute of High
Pressure Physics (UNIPRESS), Sokolowska 29/37, Warszawa
01-142, Poland

E-mail: jdfl@unipress.waw.pl

Nanoparticles seize the scientific world and have long found their
fields of application. However, synthesis and handling of these small
particles remain a big challenge: They tend to agglomerate, not only
in dispersions but also during the production process.

In this work, various factors governing agglomeration were ex-
amined. The influences of pH, surfactants and the application of
high power ultrasound (HPUS) have been investigated for nano-
scaled praseodymium doped zirconia. In order to devise efficient
strategies for stabilising a dispersion of zirconia nanoparticles, the
topological distribution of dopants within the particles is important
to know.

Nanoscaled ZrO_:Pr' powders were obtained via a hydrothermal
microwave driven process. [1] The Pr’" content varied between 0.05
and 10 mol%. The particle size distribution as a function of pH and
dopant quantity was measured to unravel the impact of the isoelec-
tric point (IEP). Pure zirconia has an IEP at pHS5, whereas pure
Pr O3 has its IEP at pH9. Due to missing electrostatic interactions,
the agglomeration tendency is strong around the IEP of the sample.
Measurements of the particle size distribution reveal a strong vari-
ation of the maximum average particle size depending on Pr’ con-
tent and pH. At low P doping levels, particle agglomeration oc-
curs close to the IEP of zirconia, whereas at higher amounts of Pr3+,
strong agglomeration appears at pH values close to the IEP of pure
Pr203. Due to the significant changes, it is assumed that the P
ions are predominantly located in the particle surface region.

In order to obtain stable water-based dispersions of P doped zir-
conia, it is thus important to set the pH according to the content of
praseodymium. The addition of Sodium Dodecyl Sulphate (SDS) as
a surfactant was examined and resulted in dispersions with a small
tendency to form agglomerates. Another efficient way to obtain dis-
persions with small particles is the application of HPUS for a limited
time. It was shown that the application of HPUS can improve the lu-

minescence properties of ZrO :Pr3+, especially for the samples with
a small quantity of praseodymium. Both, excitation and emission are
affected by the application of HPUS.

[1] B