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WELCOME

The Organizing Committee kindly welcomes you to lternational Baltic Sea Region conference
“Functional materials and nanotechnologi€&NT-2011. The conference is organized in co-operation
with projectsERANET “MATERA” andNational Research programme in Materials Science dfatvia.

The purpose of the conference is to bring togetb@mtists, research staff, engineers, and students
from universities, research institutes and relateldstrial companies aware in the field of advancederial

science and materials technologies trends andefaittivities.

Scientific Themes are following:

e Theoretical research and modeling of processes angaterials;

e Materials for energetics, renewable energy technaffies and photovoltaics;

e Multifunctional inorganic, organic and hybrid mater ials for photonic, micro and
nanoelectronic applications and innovative methodfor the research of nanostructures;

e Advanced technologies for the synthesis and the esrch of nanostructured materials,
nanopatrticles, thin films and coatings;

e Applications of innovative materials in science anéconomics.

International Organizing Committee

e Andris Sternberg (chairperson), Institute of Solid State Physics, University oditiia, Latvia,
MATERA

¢ Juras Banys Vilnius University, Lithuania

e Gunnar Borstel, University of Osnabrick, Germany

¢ Niels E. Christensen University of Aarhus, Denmark

o Robert A. Evarestov, St. Petersburg State University, Russia

¢ Claes-Goran Grangvist Uppsala University, Sweden

o Dag Havik, The Research Council of Norway, Norway, MATERA

e Marco Kirm , Institute of Physics, University of Tartu, Estani

o Vladislav Lemanoy, loffe Physical Technical Institute, Russia

o Witold tojkowski , Institute of High Pressure Physics, Poland

¢ Ergo Nommiste University of Tartu, Estonia

e Helmut Schober,Institut Laue-Langevin, France

o Sisko Sipilg Finnish Funding Agency for Technology and InnawatFinland, MATERA

¢ Ingolfur Torbjérnsson, Icelandic Centre for Research, Iceland, MATERA

o Marcel H. Van de Voorde University of Technology Delft, The Netherlands



International Program Committee

e Inta Muzikante (chairperson), Institute of Solid State Physics, University of \iaf Latvia,
MATERA

¢ Liga Berzina-Cimdina, Institute of Biomaterials and Biomechanics, Rigachrécal University,
Latvia

¢ Janis Grabis, Institute of Inorganic Chemistry, Riga Technicalilnsity, Latvia

¢ Leonid V. Maksimov, Vavilov State Optical Institute, Russia

¢ Linards Skuja, Institute of Solid State Physics, University of liat Latvia

e Maris Springis, Institute of Solid State Physics, University of Wiat Latvia

¢ llmars Zalite, Institute of Inorganic Chemistry, Riga Technicalitérsity, Latvia

e Janis Zicans,Institute of Polymers, Riga Technical University

Local Committee:

Liga Grinberga, Anatolijs Sarakovskis, Jurgis Grube Raitis Siatkovskis, Maris Kundzins,
Anna Muratova, Gunita Garda, Maris Springis, Aivars Vembris, Krisjanis Smits, Andris

Fedotovs, Dmitrijs Bocarovs, Anastasija Jozepa, Ants Krumins.

The Organizing Committee sincerely hopes that tbaf€ence will give all the participants new
insights into the wide spread development of fumal materials and nanotechnologies and will endine
circulation of information released at the meeting.

On behalf of FM&NT-2011 organizers thank you alt fmming and we wish you most successful

and enjoyable Conference.
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FANEX

Fanex is established in 1993 as a solution provimielaboratories and industry, especially in the

field of analytical chemistry and microfiltration.
Fanex activites are based on deep knowledge oftatfrwith vast experienced in various fields of
research and industry.
Today Fanex employs 15 people and is active iniaahithuania and Estonia.
We operate a calibration laboratory accredited wting to ISO 17025. Fanex is certified according
to 1ISO 9001.
Some of the companies we represent in the fiefthgéics and their products:
. Edwards — vacuum equipment
. UniTemp — rapid thermal process ovens
. Jacomex — glove boxes
. Spectro — optical emission spectrometers
. Various vacuum deposition equipment
J Gas detectors

. Reagents and materials

Contacts:

Fanex

Kalna 17-1

LV 1003

Riga

Latvia

Phone: +371 67334747
Fax: +371 67830438
faneks@faneks.lv
www.faneks.lv



April 8
HALL 1 (Tech) HALL 2 (Ferro)
Opening ~><| HALL 1 (Ener) [ ><T]HALL 2 (Theo) || [[9:30 |K. Schwartz 9:30 [V. Trepakov
9:30 M. Bundule European projects || 10:00|D. Tonneau 10:00 [J. Petzelt
9:50 R. Merkle 9:00 |R. Evarestov 10:20|J. K. Thomas | 10:30|A. Dejneka
Materials for fuel cellll | 10:30 9:30 |E. Blokhin 10:40|P. Onufrijevs | 10:50|O. Malyshkina
and membranes || || 10:40 9:50 |A. Bandura 11:00|A. Ozols 11:10]J. Dec
(Joint session with|| (| 10:50 Coffee 10:50 - 11:20 10:10|R. Eglitis 11:30 Coffee 11:30 - 12:00
workshop on cerami HALL 1 (NASA) HALL 2 (Opt) Coffee 10:30 - 11:00 12:00]V. Fateev 12:00|R. Dittmann
membranes FP7 | || 11:20|W. Meulenberg| 11:20 11:00lS. Kulkova 12:20 -
NASA-OTM project)fl || 11:50(J. Serra 11:50 B 12:40|E. Palcevskis | 12:30 |W. Kleemann
12:20 V. Hendriksen 12:10 11:30|M. Brik : 13:00|B. Polyakov 13:00|J. Banys
12:30 11:50]Y. Shunin HALL 1
12:50 |E. Kotomin 12:50 12:20 Lunch 12:20 - 13:20 13:40 Closing
13:20|D. Gryaznov | 13:10 HALL 1 (Mat) HALL 2 (Nano) || [14:00 Goodbye lunch 14:00 - 15:00
13:40 Lunch 13:40 - 14:40 13:20]J. Zimmermanr] 13:20]S. Rols
HALL 1 (Nucl) HALL 2 (Opt) | [13:50 |L. Skuja 13:50 DURING THE CONFERENCE THE
Theory and modelin igjig igjig 14:101A. Fedotovs ijég \é' E‘r’tgdanov EXHIBITION OF SEVERAL COMPANIES
- : . 14:30|S. Jursenas . - WILL BE HELD
Perspective new 15:40 15:30 14:50|J. Andzane
materials 15:50 15:00(J. Teteris 15:10 [L. Dorogin
Nanomaterials and|| || 16:10 16:10 15:20|l. Strazdina 15:30 Plenary - 40 min
nanostructures 16:30 16:30 15:40|A. Mychko 15:50|J. Zicans Invited - 30 min
Technologies and || || 16:50 16:50 16:10 Coffee 16:10 - 16:30 Oral - 20 mi
methods 17:10 Coffee&snacks 17:10 - 17:30
- 16:30 . .
Ferroelectrics and|| || 17:30 : _ Excursion & Conference dinner
: Poster session 22:30
related materials |l || 19:30 ||




International Conference Functional Materials and Nanotechnologies

Tuesday, April 5

‘FMNT - 2017
PROGRAM

16:00 - 17:00 REGISTRATION
17:00 - 18:30 WELCOME PARTY
Wednesday, April 6

08:00 - 09:00 REGISTRATION
HALL 1 OPENING

Chairman of the conference: A. Sternberg

09:00 — 09:3Q A. Sternberg Opening
09:30 — 09:50 M. Bundule European projects
B 10 Mechanistic Insight into Oxygen Exchange on Mixed,
09:50 - 10:3QR. Merkle Conducting Oxides from Experiments and Theory BL 1
10:30 — 10:40 Technical Information
10:40 - 10:50 CONFERENCE PHOTO
10:50 — 11:20 Coffee
HALL 1 MATERIALS FOR FUEL CELLS AND MEMBRANES
11:20 — 11:50 W. Meulenberg Thin Film Mlxedilonlc Electronic Conducting Membesfor] INV — 1
Oxygen Separation
11:50 — 12:2QJ. Serra Catalytic Surface Activation of Oxygenrig@aort Membranes INV — 2
1220 — 12:50 P. Hendriksen Oxygen_Trans_port Memb_ranes — from Material Pararadte INV — 3
Application Oriented Devices
. . First Principles Modeling of Oxygen Incorporatiomtd B
12:50 ~13:2QE. Kotomin Oxygen Permeation Membranes and Sofc Cathodes INV -4
) . ThermodynamidCalculations on Defects in Perovskites: O
13:20 — 13:40D. Gryaznov and Erozen Phonon Method OR-1
HALL 2 SPECTROSCOPY AND OPTICAL PROPERTIES
11:20 — 11:5Q N. Christensen Band-gap “Design” of Semiconduchiitgide Alloys INV -8
) . Dynamics of Exciton Creation and Decay Processes A
11:50 - 12:1Q1. Tale Composition — Disordered InGaN Thin Films dk -5
Spectroscopy of YB-doped 1V Semiconductors At
12:10 — 12:30 A. Kaminska Ambient At High Pressure: Experimertb-initio and Crystay OR — 6
Field Studies
12:30 — 12:50 B. Berzina Eg;‘\(lect luminescence of Il group element nitrideN Aand OR_7
12:50 — 13:10J. Piqueras Structu_re, Fe Solubility and Luminescence of Fe &bgnO OR-_8
Nanowires and Nanorods
1310 — 13:40 C. Leonelii Industrlal_ Scale  Microwave-Assisted  Production ﬂ{IV _9
Nanoparticles
13:40 — 14:40 LUNCH




Wednesday, April 6

HALL 1 ADVANCED NUCLEAR ENERGY MATERIALS

14:40 — 15:1Q M. Freyss Flrst—_Prlncu_oIe_s Study of Uranium and Oxygen Difers in INV — 5
Uranium Dioxide UQ

15:10 — 15:40Y. Zhukovskii Fl_rs_tPrlnmpIes Slmul_atlons on Initial Stage of Urani INV — 6
Nitride Surface Oxidation

15:40 — 16:1Q9 O. Dumbrajs European Gyrotrons for ITER INV -7

16:10 — 16:30 A. Shugai Radiation Damage Induced by Swift Heavy lons inAlgO;, OR_2
Crystals

16:30 — 16:50B. Kolbasov Studies of Nanostructures Formed irDTFhkamak OR-3

16:50 — 17:1QJ. Kalnin Effective Diffusion Coefficient in One Dimensiondiodel | OR — 4

HALL 2 SPECTROSCOPY AND OPTICAL PROPERTIES

14:40 — 15:1QW. Lojkowski Optical Oxygen Nano-sensor INV —10

15:10 — 15:30D. Millers S_hort Lived and Stable Defects in Yttrium StabiliZz&rconia OR-9
Single Crystal

15:30 — 15:50 K. Joy Photolumlne_scence o_f oxygen related defects igeiodlerived OR — 10
nanocrystalline Zr@thin films

1550 — 16:1d M. Kirm Lumlne_scence Spectroscopy of Ca-Apatites under “/BVQ 11
Excitation

16:10 — 16:30 T. Shalapska &4f Luminescence of Lanthanide lons in LiXdR, OR-12
Microstructure and optical properties of TBi@oped with

16:30 — 16:50 M. Barczak ytterbium synthesized by sol-gel and solar physiegbourf OR — 13
deposition process

16:50 — 17:1QL. Dolgov Plasmon-Coupled Emission From the 8" Sol-Gel Film | OR — 14

17:10-17:30 Coffee & Snacks

17:30 — 19:3C POSTER SESSION

DURING THE CONFERENCE THE EXHIBITION OF COMPANIES

FANEX and THORLABS
WILL BE HELD



Thursday, April 7

08:00 — 08:50 REGISTRATION

HALL 1 MATERIALS FOR ALTERNATIVE ENERGETICS

08:50 — 09:00 Technical Information

09:00 — 09:30C. G. Granquist glii?cnh Nanotechnologies for Energy Efficient Buighn A INV — 11

09:30 — 09:50 O. Yanush Lr;irsnggchromlc Glazing Materials for “Zero Net Engr OR — 15

09:50 — 10:1d L. Erolova Nano_structured Pt/ TMe;.,O, (Me = Nb, Ru) Electrocatalys OR — 16
for Direct Alcohol Fuel Cells

10:10 — 10:3Q A. Ukshe Cluster Approach to Macroscopic Superprict@€onductivity | OR — 17

HALL 2 THEORY AND MODELING

08:50 — 09:00 Technical Information

09:00 — 09:30 R. Evarestov Symmetry and Structure of SgIINanotubes INV - 14

09:30 — 09:50 E. Blokhin Phonon_ Calculations in Perfect and Defective Sg§T|8R _ 27
perovskites

09:50 — 10:1Q A. Bandura LCAO Calculations of SrTi®lanotubes OR -28
Ab initio Calculations of SrTiQ BaTiO;, PbTiG;, CaTiG;,

10:10 — 10:30R. Eglitis BazrQ;, SrZrQ®; and PbzrQ@ (001) and (011) Surfaces as weR — 29
as Nb Impurity Segregation towards the Srrg8drface

10:30 — 11:00 Coffee

HALL 1 MATERIALS FOR ALTERNATIVE ENERGETICS

11:00 — 11:20

11:20 - 11:4QA. Kalle Innovative Method of Solar Grade SilicoroBuction OR-19

11:40 — 12:0Q G. Chikvaidze Electron-beam Refining of UMG-Si fawlar Energetics OR-20

12:00 — 12:20 P. Eursikov Hydrogen So_rptlon Properties of Nanocomposites NIgMNR OR - 21
and Mg-RE-Ni-C

HALL 2 THEORY AND MODELING

11:00 — 11:30 S. Kulkova Halogen Adsorption on 11I-V Semiconduc{001) Surface INV - 15
Ab Initio Calculations of Electronic, Optical, Elastic Projes

11:30 — 11:5Q M. Brik and Microscopic Treatment of Crystal Field Effetds Somg OR — 30
Cubic Crystals

) . . Theoretical Simulations of Fundamental Propertie€NT-Me
11:50 - 12:1QY. Shunin and GRN-Me Interconnects for Novel Electronic Naewides OR-31
12:20 — 13:20 Lunch




Thursday, April 7

HALL 1 PERSPECTIVE NEW MATERIALS

1320 - 13:50| J. Zimmermann Role of _Oxygen and.thie Fluorine-bromine Ratio ia BtoragelNV_ 12
Mechanism of BaFBr:Edi

) ] . Effects of Temperature on Electron Paramagnetiofrase of

13:50 - 14:1qL. Skuja Dangling Oxygen Bonds in Amorphous Silicon Dioxide OR -22

1410 — 14:30 A Eedotovs Paramggnetlc Impurities for Studies of the OxyfiderGlass OR — 23
Ceramics Structure

14:30 — 15:00'S. Jursenas Tailoring the Photopysical Properties of Multifunction INV — 13
Molecular Systems

15:00 — 15:2QJ. Teteris Photoinduced Mass Transport in Soft Nade OR-24

15:20 — 15:40 1. Strazdina Deposition of ZnO:Al Transparent C_onductlve Layeos OR — 25
Polymer Substrate by Magnetron Sputtering

) ] NanoCones Formation on a Surface of CdzZnTe by |

15:40 - 16:04A. Mychko Radiation: Exciton Quantum Confinement Effect OR - 26

HALL 2 NANOMATERIALS AND NANOSTRUCTURES

1320 — 13:50S. Rols Selected Examples of Molecular Confinement USIM _16
Nanocarbon Hosts

13:50 — 14:10

14:10 — 14:3QV. Bogdanov Nano Structure of Lead-Germanate Géaasd Their Melts OR-33

14:30 — 14'50D. Erts Fabrlc:_:lt_lon of Ultrathin Anodized Aluminum Membranéor OR — 34
Deposition of Nanodot Arrays

1450 — 15:103. Andzane Appllcatlon of Individual Semlcondu_ctor Nanowires Gateless OR — 35
Bistable Nanoelectromechanical Switch

15:10 — 15:3q L. Dorogin Measurements of Static and Kinetic Friction of ZN@nowires OR — 36
on a Flat Surface

15:30 — 15:5(

15:50 — 16:10J. Zicans Structure and Electrlcal_ Properties of Styrene Acryidlei OR — 38
Copolymer Nanocomposites

16:10 - 16:30 Coffee

16:30 — 22:3C EXCURSION AND CONFERENCE DINNER




Friday, April 8

HALL 1 TECHNOLOGIES AND METHODS

09:30 — 10:00K. Schwartz SWIf'[. H_eavy lon Tracks in Dielectrics and Their Bibse INV — 17
Applications for Nanotechnology

10:00 - 10:20l D. Tonneau Coupllng Xftay Spectroscopy and Scanning Pro_be Mlcros OR — 39
for Simultaneous Sample Topography and Chemicapmgp
Structural, Dielectric and Optical CharacterizatiohBaMoQ,

10:20 - 10:40, J. K. Thomas |Nano powder Synthesized Through an Auto-Ignitif@R — 40
Combustion Technique
Two-Stage Mechanism of Nar@@enes Formation by Las

10:40 - 11:00; P. Onufrijevs |Radiation on a Surface of Elementary Semiconductmid OR —41
Semiconductor Solid Solutions

1100 - 11:20l A. Ozols Self-Enhancement of Scalar and_ Vector HolographtiGgs in OR — 42
Azobenzene Molecular Glassy Films

HALL 2 FERROELECTRICS AND RELATED MATERIALS

09:30 — 10:00V. Trepakov gggmmm Centers in SrTiD Properties, Problems and Nemv_18

10:00 - 10:30l J. Petzelt Wlde—range_ Dlelectrl_c Spectroscopy_ of BaFkased INV — 19
Nanoceramics and Various Nanocomposites

10:30 - 10:50, A. Dejneka Strain Effects in Epitd$rTiO; and KTaQ Films OR - 47

10:50 - 11:10| O. Malyshkina Determination of Thermal Diffusivity Coefficients dhin Films OR — 48
by TSWM

11:10-11:30, J.Dec Multifunctionality of StrontiuBarium Niobate OR -49

11:30-12:00 Coffee

HALL 1 TECHNOLOGIES AND METHODS
Development of Plasma Technologies for Nanostrediur

12:00 — 12:2QV. Fateev Materials: Nanoparticles, Thin Films and Coatings NRC| OR — 43
«Kurchatov Institute»

12:20 - 12:40

12:40 - 13:00l E. Palcevskis Form_atlon of Alpha Phase in Nanosized Plasma PssedesOR _45
Alumina Powder

13:00 - 13:20| B. Polyakov Mgnlpulatlon of Gold Nanoparticles Inside Scanniglgctron OR — 46
Microscope

HALL 2 FERROELECTRICS AND RELATED MATERIALS

. . . Scaling Potential of Local Redox-Processes in Msting

12:00 — 12:30R. Dittmann SFTiOs; Thin Film Devices INV — 20

12:30 — 13:00W. Kleemann Supermagnetic States of Nanoparticles NV 421

13:00 - 13:30| J. Banys Two Dimensional Distributadrihe Relaxation Times INV — 22

HALL 1 CLOSING

Chairperson: A. Sternberg

13:40 — 14:0(¢

Closing of the conference

14:00 — 15:0¢

GOODBYE REFRESHMENTS
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PL-1
Mechanistic Insight into Oxygen Exchange on Mixed Gnducting Oxides from

Experiments and Theory

R. Merklé, L. Wand, Yu.A. MastrikoV, E.A. Kotomirt, J. Maiet

Max-Planck Institute for Solid State Research, t§art, Germany
%Electrochemical Energy Laboratory, MIT, Cambridg&A
*Materials Science and Eng. Dept., University of jand, College Park, USA
e-mail: r.merkle@fkf.mpg.de

The oxygen incorporation surface reaction into mixenducting oxides is important for
adjusting the oxygen stoichiometry of a materiald(éhus its electrical, optical, magnetic propertie
etc.) as well as for oxidation catalysis and (e®chemical devices such as fuel cells, permeation
membranes and sensors [1]. Nevertheless, a detadetanistic understanding in terms of reaction
pathways and rate-determining steps is difficutidbieve.

Effective rate constant&” for the oxygen incorporation reaction were deteedi by
impedance spectroscopy on PLD-deposited thin-filicroelectrodes on YSZ substrates. This
method allows us to measik&values for different materials [2] without interd@ce from different
morphologies that could arise when studying pordiisis. The comparison ofk? for
(La,Sr)MnQ.q, (La,Sr)(Co,Fe)@q and (Ba,Sr)(Co,Fe)f) perovskites and the correlation with
vacancy diffusion coefficients suggests that ndy time concentration of oxygen vacancies but also
their mobility plays a crucial role in oxygen excadiga kinetics [3].

For the mechanistic understanding, ab-initio DFTcwations are a valuable tool which
supplies information difficult to obtain from exp®ents, e.g. adsorption enthalpies, energies of
intermediates, and reaction barriers. In combimatoth experimental data this allowed us to
suggest a reaction mechanism for oxygen incorpmratito (La,Sr)MnQ.q [4].

This work was partly supported by the EC FP7 NASRAMDproject, GIF research project
#1-1025-5-10/2009 and National Science Foundation.

References

1. R. Merkle, J. Maier, Angew. Chemie Int. Bd, 2 (2008)

2. F. S. Baumann, J. Fleig, G. Cristiani, B. Stoféh, H.-U. Habermeier, J. Maier, J. Electrochemc.954, B931
(2007)

3. L. Wang, R. Merkle, J. Maier, J. Electrochemc.947, B1802 (2010)

4. Y. A. Mastrikov, R. Merkle, E. Heifets, E. A. kamin, M. M. Kuklja, J. Maier, J. Phys. Chem1€4, 3017 (2010)
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INV-1
Thin Film Mixed lonic Electronic Conducting Membran es for Oxygen

Separation

W.A. MeulenbergS. Baumann, S. Uhlenbruck

Forschungszentrum Jilich GmbH, Institute of Enexgg Climate Research IEK-1

e-mail: w.a.meulenberg@fz-juelich.de

Oxygen transport membranes consist of gas-tighteMixonic Electronic Conductors
(MIEC), which allow oxygen ion diffusion through eancies in the crystal lattice and simultaneous
transport of electrons in the opposite directioneif major advantage is infinite oxygen selectiyvity
assuming no leakage through the membrane laydreosdaling, resulting in high purity oxygen,
which can directly be provided to e.g. Oxyfuel powkants. Furthermore, these membranes can be
used in membrane reactors in order to facilitatengbal reaction requiring oxygen. Thin
membranes are favorable to obtain high permeasitesr However, a thickness reduction becomes
more and more ineffective below a characteristickiiess |, due to slow surface exchange
kinetics. In order to use the potentially high fgx of a thin membrane a fast
incorporation/excorporation of the oxygen into/afitthe membrane is necessary by using high
surface porous catalyst layers.

As consequence an optimized membrane assemblyaiaathrized by (i) high oxygen

permeation rate, (ii) infinite oxygen selectivignd (iii) low degradation rate. In order to addraks
of these goals at the same time, the developmenamd-structured surface activated thin oxygen
transport membranes is essential. Modeling aawjtie.g. atomistic modeling of transport and
surface phenomena, are necessary to support teemental membrane development.
Therefore, an EU-FP7-project (CP-FP 228701-2 NASAWY following the approach described
above was set up by the partners Forschungszemtiilioh (D), Risg National Laboratory (DK),
Consejo Superior de Investigaciones Cientificas (ijversity of Hannover (D), ISSP/University
of Latvia (LV), BASF AG (D), Instalaciones InabensaA. (E), and University of Queensland
(AUS).

15



INV-2
Catalytic Surface Activation of Oxygen Transport Membranes

J.M. SerraP. Lobera, S. Escolastico

Ynstituto de Tecnologia Quimica, Universidad Poliiéa de Valencia — Consejo Superior de Investiyeas
Cientificas, Avda. Naranjos s/n, E-46022 ValenSiaain

e-mail: jmserra@itq.upv.es

Oxygen transport membranes (OTM) based on mixet-+etectronic conducting (MIEC)
oxides allow the selective oxygen separation ah Hgmperature, which could be integrate in
oxyfuel power plants and in the chemical industilye principle of oxygen separation through this
kind of membranes is the ambipolar diffusion ofcelens/ holes and oxide ions/vacancies through
the metal oxide lattice. Consequently, a gastiglE®membrane allows theoretically achieving an
infinite selectivity. If the membrane thickness @hd material diffusivity are sufficiently high, lu
transport is not the unique limiting transport. oghly, bulk oxygen ionic diffusion and surface
exchange steps are particularly important but otimg@ortant limitations could appear due to gas
concentration polarization in the module compartmand in the porous structures of the
membrane. In this presentation, we discussed opdheible permeation limitations and focused on
the development of catalytic surface activation,iclwvhenables to increase substantially the

permeation of thin supported membranes when ottierreal limitations are minimized.

2.0

.\'\\\15_-\.\ Limiting Case

Tl T

J(0) (mI min™ cm™)

= Bare
021 & Bscr_1010 (PF)
0.8 0.9 1.0 1.1
1000/T (K™)

Fig.1 Temperature dependence of oxygen permedtigriffrough catalytic MIEC membranes. QAr = 65
ml/min, QAIir = 60 ml/min (p@=0.21).

References

1. J. Sunarso, S. Baumann, J.M. Serra, W.A. Meelents. Liu, Y.S. Lin and J.C. Diniz da CostaMembrane Sci
2008,320, 13-41

2. J M. Serra, V.B. Vert, O.Bichler, W.A. Meulenpa@nd H.P. Buchkreme€Ghem. Mater.2009,20, 3867-3875.

3. M. Czyperek, P. Zapp, H.J.M. Bouwmeester, M. igell, K. Ebert, I. Voigt, W.A. Meulenberg, L. Sihgiser and
D. StéverJ. Membrane Sci2010,359,149-159.

4. T. Schiestel, M. Kilgus, S. Peter, K.J. CaspityWang and J. Caro, J. Membrane Sci., 2005, P58,
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INV-3
Oxygen Transport Membranes — from Material Parametes to

Application Oriented Devices

P.V. HendriksenM. Sggaard
Fuel Cells and Solid State Chemistry Division, Riagional Laboratory for Sustainable Energy, TecaAhUniversity

of Denmark, Denmark

e-mail: msqg@risoe.dtu.dk

Oxygen transport membranes (OTMs) consists of aal&yer that can conduct both oxide
ions and electrons. This allows for a net selectramsport of oxygen through the membrane.
Different techniques for evaluating membrane malkerwill be discussed including electrical
conductivity relaxation, coulometric titration, eteolyte probe method and thin film methods. The
methods are applied to perovskite type materiath &$ strontium doped lanthanum cobaltite;(La
xSKC0Gs5, X = 0.4 andx = 0.15). The derived materials parameters willused in combination
with a model that includes oxygen ion diffusionaigh the dense membrane, the kinetics of the
surface layers and also the gas transport throogbup structures. The model will be used in order
to define optimal membrane architectures dependmthe application. The developed model will
be applied both to perovskite and ceria based mamelrand the importance of activation layers
will be highlighted. Particularly the activationykr for the oxygen reduction needs a very high
activity in order not to limit the overall performee of the membrane. Examples of different type
activation layers ranging from materials studiesdamse thin film perovskites to highly active

infiltration layers will be presented.
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Currently, Ba St sCay 79 28034 (BSCF) shows the best oxygen exchange kineticsigmo
mixed conducting perovskites (despite other drakbp@nd is a candidate for permeation
membranes and solid oxide fuel cell (SOFC) cathgtlpsAs it is well established now, the two
key factors, which control the oxygen reductiorg @ire high oxygen vacancy (Vo) concentration at
the cathode surface and the high vacancy mobility.

In this talk, we discuss calculated from first piples the atomic and electronic structure of
oxygen vacancies, their formation and migrationrgies in the bulk and in the surface layer, the
defect-induced electronic density redistributiomd adependence of defect properties on the
chemical composition of the BSCF (Fe/Co ratio) [2A]ditionally, the adsorption energies of an
oxygen molecule and an O atom were obtained. Olaulegéions confirm that thé-vacancy
formation and, in particular, migration energiesBS8CF are considerably smaller than in similar
LSM and LSCF perovskites [2,3] which explains itsod performance. The gradual increase of
these energies with an increase of the iron comgestplained by analysis of the relevant density o
the states.

We predict that in both (La,Sr)(Co,Fe)@Q.SCF) and BSCF perovskites the dissociation of
surface peroxide or superoxide ion occurs withstasce of \, their encounter being thrate-
determining stepThe estimated reaction rate for this mechanismigsificantly higher than in
other perovskites, in good agreement with the expmrtal observations.

This work was partly supported by the EC FP7 NASAMDproject, GIF research project #
1-1025-5-10/2009 and National Science Foundation.
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Uranium dioxide (UQ) attracts much interest due to its technologiedll® as the standard
nuclear fuel for pressurized water reactors. Ireotd get some comprehension in the evolution of
the fuel properties under irradiation, the studypofnt defects and fission products is central. In
particular, obtaining accurate formation and migraenergies of point defects is essential in order
to model the evolution of the microstructure of thaterial. First-principles electronic structure
calculations can give direct insight into elemept@ansport processes at the atomic scale and the
results can be used as input data in a multi-soaléeling scheme of the material properties, with
direct links to modeling techniques such as classiolecular dynamics, kinetic Monte Carlo.

We will present here a first-principles study oamium and oxygen diffusion in uranium
dioxide. The activation energies obtained will loenpared to recent experimental results [1, 2] for
oxygen diffusion in U@,

Within standard Density Functional Theory (DFT)e thtrong correlations between the
electrons of uranium in UQare significantly underestimated and it still remsaa challenge to
accurately describe the electronic structure ob.U8e will show that the addition of a Hubbard-
like term in the so-called DFT+U [3] formalism ingwes the treatment of these electrons and
succeeds in describing several bulk properties ©f, lds well as the behaviour of its point defects
[4, 5].

This study is supported by the F-BRIDGE projecthaf European Commission.
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As a promising fuel material for the Generationffét reactors, uranium mononitride (UN)
reveals unwanted oxidation in air, which greatligetis its properties, in contrast to a “traditidnal
UO2 nuclear fuel. Thus, it is important to undemstéhe mechanism of UN oxidation and possible
steps for inhibition of this process. In this stugshye present results of large-scale first-prin@ple
atomistic simulations of oxygen adsorption [1],stisiation [2] and diffusion upon the UN(001)
surface (both perfect and defective, with reguldibtributed single vacancies [3]).

The plane-wave DFT spin-polarized calculationsngghe VASP computational package
[4]) for basic properties, e.g., reactivity, of té&l(001) surface have been performed on various 3D
slab models [1-3]. Obtained results clearly denmanst (i) metallic-covalent inter-atomic bonding
inside the substrate, (ii) possibility of spontamedlissociation of oxygen molecule adsorbed upon
the appropriate surface sites, (iii) further lozation of oxygen adatoms, released after dissoaiati
upon the surface U atoms, (iv) high mobility of @atoms along the surface, due to low migration
barriers (~0.5 eV) between the two neighbouringpguton sites upon the surface uranium atoms.
The oxygen adatom atop the surface U atom neapeftet N vacancy can be spontaneously
captured by the latter. Possibilities of furtherygen adatom migration between the adjacent
vacancies on the UN(001) surface are discussedTto®.results for O atom penetration into UN

bulk [5] and surface layer are compared and verifiesing experimental UPS data).
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Gyrotron is a microwave source whose operationasetl on the stimulated cyclotron
radiation of electrons oscillating in a static metyn field. The radio frequency radiation is exdite

by gyrating electrons bunched near the phase ichnihiey yield their energy to the high-frequency

field. The phase bunching is due to the relatiwisiépendence

Operating mode T&.19
of the electron mass on its velocity. This makestion of |Freduency 170 GHz
RF output power 2 MW
decelerated electrons faster and that of the aeteté ones | Beam current /S A
. . Accelerating voltage | 90 kV
slower. The typical frequency range of gyrotronskirm at the | velocity ratio 1.3
. Cavity magnetic field | 6.87 T
fundamental harmonic is between 20-200 GHz. RF output efficiency | 50%

Powerful gyrotrons can be used to heat nucleaofusi European gyrotron design

plasma. In addition, they have found a wide utilityplasma specifications

diagnostic, plasma chemistry, radars, high-tempegatprocessing of materials, extra-high-

resolution spectroscopy, and medicine. Howeverntheé application of gyrotrons is the electron

cyclotron resonance heating in tokamaks and st¢tles. For example, for its heating system with
power up to 20 MW, the international thermonuclegperimental reactor (ITER) will need about

20 continuous wave ordinary gyrotrons at a frequen® GHz with output power per tube or about
10 coaxial gyrotrons with 2 MW output power perédulCoaxial gyrotrons are developed only in

Europe: at Karlsruher Institut fir Technologie, @any, and Ecole Polytechnique Fédérale de
Lausanne, Centre de Recherches en Physique desaB|aSwitzerland. Theoretical work is done

also at the Institute of Solid State Physics, Ursitg of Latvia.
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Band-gap tailoring, creation of semiconducting mate by alloying two binary
compounds, AC and BC, to form a ternary alloyBA«CC, is a widely used method to obtain band
gap values which satisfy the requirements of speeapplications such as production of light
emitting diodes, solid state lasers, solar celts eperating in desired frequency ranges. Often a
rather smooth and reproducible variation of the wép compositiorx is found, and in some cases
even a nearly lineax dependence has been observed. The lll-nitrides, &N, and InN are
materials of great importance for such “gap desigecause their gaps span a wide energy range,
6.4 eV (AIN), 3.5 eV GaN down to 0.7 eV in InN, atie present work summarizes results [1,2] of
theoretical calculations of the composition depewcdeof the gaps in ternary and quaternary
semiconducting nitride alloys. The calculations dra@sed on the density-functional theory,
including approximations to obtain not only relialdround state properties but also energies of
excited states [3]. The calculated energy gapsiedisas their pressure coefficients, are compaved t
experimental data. The measured results as obtémddifferent research groups exhibit a strong
scatter, exceeding the quoted error bars. Frontdlalations it is shown that the gaps in the Ill-
nitride alloys depend sensitively on the geomeltrmmaiangement of the cations in the lattice.
Formation in In clusters produces a significant geguction, and with reasonable definition of
“uniform” and “clustered” geometries it is possil@esentially to span all available experimental
data. This shows that for the alloys containing thil gap values depend sensitively on the sample
growth conditions. The anomalously large band gapihg found in the In-containing nitrides can
be related to specific properties of InN which aa follow [4] the trends observed in several other
binaries (note, for example, its very small eneggy, 0.7 eV).
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Achieving a narrow temperature distribution in tieaction volume contributes to reaction
selectivity or, in case of nucleation and growtbgasses, to control particle size [1]. The posspbil
of volumetrically heat the reaction volume by meahsnicrowaves can originate a temperature
distribution completely different from a conventadly heated reaction volume. Many researchers
identified this difference in the presence of "lspbts" which locally enhance or promote some
selected reactions or transformations.

In case of nucleation and growth of nanoparticeigiowave hydrothermal synthesis), the
narrow temperature distribution obtained by simataican justify why nanoparticles are formed,
having a narrower particle size distribution widspect to conventionally heated synthetic routes
[2]. The large scale production of nanoparticlegunes the development of microwave reactors
which can reflect the laboratory temperature pedfibmogeneity.

It will be presented a new dedicated continuoug+fteactor, made of two twin prismatic
applicators for a microwave-assisted process ireagsl solution. The reactor can produce up to
1000 liters/day of nanoparticles colloidal suspensat ambient pressure and relatively low

temperature hence conducted using a "green chgmagtproach.
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Detection of oxygen content in gases is important liealth protection and engines
operation. Commonly used oxygen sensors exploitdégendence of electric resistance of ZrO
ceramics on oxygen content in the analyzed gasc&hamic needs to be heated up to about@00
There are optical sensors where changes of lunenescof organic materials are exploited. For
them direct contact with a hot gas has to be adbitée developed nano-zirconia particles whose
photoluminescence strongly depends on oxygen coimentrogen/oxygen gas mixtures. The nano
ZrO,:EU*" particles are produced in a microwave hydrothersyathesis process. They are doped
uniformly with EU* ions, and the optimum content is 8%. Their graae slistribution is narrow
and for 8 at.% Eu the average size is 19 nm. Theemahtemperature can range from room
temperature to 36CQ, but the 4s0- ,
optimal conditions are 160. ]
We designed a prototype of the‘“mtltl

0%a,

sensor of a very simple ]
. 10, O 1
construction. An example of the

. . 23000 4 :
influence of oxygen partial ws o,

ano, | ]
pressure on the luminescence -'L . LL_'
intensity is presented in Fig 1. 20000 100%.9, 4

This work was supported by the
project Eranet—- MATERA- 500
OXYNANOSEN.

a5 40 45 a0 L] G0

Elapsed Time / min
Fig.1 The influence of ©partial pressure on the luminescedensity
of ZrO,-8 at.% Eu nanaensor. The plot shows the time dependen
the integral of luminescence in the range 600 —rGd0excited by
402 nm LED. Temperature is 110
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This talk attempts to give a rapid overview overuanber of recent research activities aimed
at developing more energy efficient buildirlgs.explain why we need more energy efficient
buildings, and how many of the desired technologees be discussed from the perspective of the
thermal and solar energy around us, how this enegyodified by the atmosphere, and the
luminous sensitivity of the eye. New technologies Windows are discussed, with foci of low-
emittance coatings, solar control coatings, andralgenic (electrochromic and thermochromic)
solutions. | also present some information on lwaimes, solar collectors and solar cells, and
cooling via high-albedo paints and via exposuréheoclear sky (“sky cooling”). The talk is ended
with some information on sensors for air qualitgpfcatalytic air cleaning, and thermal insulation

via nanomaterials.
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The role of oxygen in the storage mechanism of stwage phosphor BaFBr:Euis
investigated. It is known for BaFBr:Elthat a divalent oxide is located on an anion leieping an
anion vacancy in its vicinity for charge compensatiElectrons generated upon x-ray absorption
are trapped in these vacancies forming F-centeeye@ls simultaneously generatedcdénters are
trapped at E%f [1]. Upon photostimulation, electrons are libedatéom their traps and
subsequently recombine with trapped holes resuiitinghe characteristic Eli luminescence at
390nm. This read out process is called photostitadleuminescence (PSL).

In the present investigation it is shown that etteough oxygen seems to be essential to
provide sufficient vacancies and thus F-centerspjaximum of the PSL efficiency occurs at a
comparatively low content of oxygen. It is assurtteat a surplus of oxygen leads to the increased
trapping of hole centers at oxygen competing with hole trapping at Eli It is shown that the
oxygen fraction is theoretically controllable tdget with the F-center lattice site (broming Br
fluorine F) by a tiny unbalance of the employed halides dmel ratio of cation and anion
precursors in which the cation precursor is thegexysource additionally. For the controlled
introduction of bromine, fluorine and oxide a oriepssynthesis with the precursors BagCH,Br,
and NHF [2] was utilized. Thus micron sized powders ofBaEW* powders were obtained and

analyzed by photoluminescence, PSL, and remissgasorements.
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Search for the new materials with advanced prageis one of the major tasks of the
rapidly developing field of organic optoelectroni€urrently much attention is being focused on
the multifunctional compounds, i.e. molecules cosgubof several fragments carrying different
functionalities. Multifunctional materials are exjped not only to increase the device performance
but also to simplify their architectures and faltion procedures.

On the other hand, multifunctionality unavoidabhyvalves an increase in complexity of
their properties giving rise to new collective effg such as intramolecular charge transfer,
intramolecular twisting and isomerization, formatiof complexes etc. In a solid state, molecular
complexity results in different packing morphologgnd thus, in various intermolecular
interactions, which considerably affect excitatitwcalization, energy transfer and emission
properties. Hence, further development of the rurttion molecular compounds for device
applications requires thorough analysis and opttion of the emerged collective properties.

Here we review our recent work on tailoring the toipbysical properties of various
multifunctional emissive systems. We start withsgkiorming carbazole dyad and triad systems
displaying excellent electron and hole transpompprties, and emphasize variation of their
photophysical properties invoked by different limi topology, e.g., by 2-, 2,7- or 3-, 3,6-
substitution of the carbazole. Further we discuspgrties of highly fluorescent novel compounds
containing singly bonded carbazole, fluorene antzbthiadiazole functional units in one core. The
sterically hindered donor-acceptor compounds aosvehto exhibit well-expressed intramolecular
charge-transfer and flattening upon excitation Itegy in unusual emission properties. We also
introduce more complex fluorescent pyrrolopyrimaliderivatives with various molecular rotors
attached for biosensing applications. Additionallywe debate properties of a series of
multifunctional iridium-based triplet emitters feang a different number (from O to 28) of hole-
transporting carbazole moieties for OLED applicagio Finally, a few examples of new
fluorescence sensing systems based on the aggmegatiuced emission color and intensity

changes are presented.
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The line symmetry group=ZP (a product of one axial point grofpand one infinite cyclic
group Z of generalized translations) of single-walled (SW) atalble-walled (DW) SrTi@
nanotubes (NT) is considered. The nanotube is e@fby the square lattice translation vedtor
lia+ I;b and chiral vectoR =nja + nyb, (I3, |2, n; andn, are integers). The nanotube of the chirality
(n1, np) is obtained by folding the (001) layer (with tlager group Pehm) in a way that the chiral
vectorR becomes circumference of the nanotube.

For SW 0,0) NTs the line symmetry groups belong to famiy(T"Dn, ) and arev/mmmor

2n2m for even and odah, respectively. For SWn(n) NTs the line symmetry groupsnjg/mcm
belong to family 13 Tn'Dup).

The line symmetry group of a double-wall nanotuée be found as intersectiba= Z,P, =
(LNL") of the symmetry groupk andL’ of its single-wall constituents as earlier consedefor
DW CNTs [1, 2].

In particular case of the commensurateny@M(n,n) and 6,0)@M(n,0) DW perovskite
nanotubes with square morphology the DW NT symmegtoup depends on the parity M For
DW NTs with oddM, the line symmetry groups are the same as for tB¥/ constituents and
belong to families 13 and 11 respectively. For elverthe rotations about screw axis of ordéf 2
are changed by rotations around pure rotation@xisderM so that DW NT line symmetry groups
belong to family 11 for both chiralities.

The results of the first principles LCAO-PBEO caétions of SW and DW SrTiONTs are
presented. CRYSTAL-09 computer code [3] is used,rtdd subgroups of line groups are applied
allowing the large scale computations for NTs. T/ nanotubes strain energy is estimated
relatively to the sum of their constituents enesgie

The author is grateful for the support of SaintePgiurg State University, grant
12.37.142.2011 for fundamental research.
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For modern technology it is very important to deyetechniques such as layer by layer
removal of a semiconductor, keeping well-orderedpmécally flat and stoichiometric
semiconductor surface. Since llI-V semiconduct@@1] surface represents alternating layers of
anion and cation, these semiconductors are idealidate for making such atomically abrupt
structures. Digital etching of 1lI-V semiconductaan be realized by means surface reactions with
adsorbates interacting selectively with atoms oftigrlll or group V.

We present comparativab-initio study of
the halogens (F, ClI, 1) adsorption on the cati@hri
GaAs and InAS—(001)-(4%2) surface as well as CI

adsorption on INA$3'-(4x2) performed by means

of the pseudopotential plane-wave method withinV,

density functional theory. The most preferable
position for halogens were found above dimerized

Ga (In) atoms in the case ©§f (001)-(4%2) surface.

S

2 4
R

As seen from Fig. 1 the accumulation of a large P b
. ) ) Fig. 1 Atomic structure of-(001)-(4x2) surface
negative charge between cation dimer atom anghd adsorbate sites (€harge density difference

Ap(r)= PGa(in )As( r)+ pHangen( r)- P Halogen/ Ga( In )As( r
for M; and $ fluorine adsorption sites and

trend takes place for MMs, S sites also), whereas integratedAp in the direction parallel to surface
o . as a function of Z into the bulk (b).
the charge depletion is observed between cation and

halogen occurs upon adsorption Mg (the same

anion surface atoms. The opposite trend occurs Vlaérgen is adsorbed above As-trench edge
atom (S) - the depletion of charge occurs in the regiohabgen-As bond. Atomic and electronic
structure of nevp3'-InAs(001)-(4<2) reconstruction is discussed. It was show thdgpendently on
surface reconstruction, halogen prefers to bond Wit dimerized atoms. In general, halogen
interaction with semiconductor surface leads to weakening of the chemical bonds between

surface atoms that determines the initial stagaidfice etching.
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In this contribution | will present some recentulés on the dynamics of a selection of
molecules confined inside different nanocarbon $ioftllerene G, and carbon nanotubes. The

results are essentially derived from a large pah@leutron investigations at different time/energy

scales.

Quantum confinement will be illustrated by the catenolecular H confined inside & [1,

2].

The effect of interstitial insertion of a cubic dik
molecule GHg (further referred as cubane) on the dynamig#

of the Gy lattice will be discussed in the light of textbgok

results issued from inelastic neutron
investigations [3].

The mixed effects of confinement

dimensionality will be illustrated by the case aapods

which are made from 1D g chains inserted inside single

walled nanotubes [4].
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Fig.1 The fullerene-cubane “rotor stator”
molecular system: at ambient conditions,
the fullerene molecule is a rotor- rotating
freely around its center- while the stator
cubane acts as static bearings.



INV-17
Swift Heavy lon Tracks in Dielectrics and Their Posible Applications for

Nanotechnology

K. SchwartZ, M.V. Sorokirf, A.E. VolkoV
'GSI Helmholtz Zentrum fiir Schwerionen Forschunglj&Slanckstr. 1, 64201, Darmstadt, Germany

Russian Research Center “Kurchatov Institute”, katov Squere 1, 123182 Moscow; Russia

e-mail: k.schwartz@gsi.de

Swift heavy ions (SHI) with energie&i{,) higher than 1 MeV per nucleon (MeV/u) and
masses higher than 20 nucleons can produce stuenn phase transformations in solids in
nanometric vicinities of their trajectories. Thesdféects occur, when the electronic stopping power
(dE/dX of the ion overcomes a critical threshold (~ ¥ken). For SHI with k, < 1 MeV/u the
elastic energy loss resulting from collisions widéinget atoms is to low and can not explained the
observed structural modifications [1, 2]. The dama&fructure of SHI tracks in various solids
depends on chemical binding, the ion enekiy, and dE/dx as well as on the irradiation
temperature [2 — 5].

SHI effects in solids open new possibilities fomagechnology due to the nanometric
damage scales, the extremely high ratio of thektcd@meter (10 nm) to the length (100 nm),, and
specific structure modifications along the ion pafeveloped applications are conductive
nanochannels in solids and nanopores in polymersiédecular biology and nanowire technology
[5]. New tunableslectronic devices are developed for informatioocpssing [6]. Damage creation

mechanisms and physical limitations for applicagiane analyzed.

References

1. N. Itoh, D. N. Dufly, S. Khadshouri, A. M. Stdmam, J. Phys.: Condens. Matgdr 474205 (2009)

2. K. Schwartz, A. E.Volkov, M. V. Sorokin, C. Taeann, K.-O.Voss, R. Neumann, M. Lang, Phys. Rev. B
78,024120 (2008)

3. S. J. Zinkle, V. A. Skuratov, Nucl. Instr. Met.191, 758 (2002)

4. Maik Lang, Jie Lian, Jiaming Zhang, William JeWér, Christina Trautmann, Rodney C. Ewing, Phys. BB 79,
224105 (2009)

5. J. L. Duan, T. W. Cornelius, J. Liu, S. Karim, B. Yao, O. Picht, M. Rauber, S. Miller, R. Neuman
J.Phys.Chem.@13 13583 (2009)

6. D. Fink, A. Saad, S. Dhamodaran, A. ChandraRWFahner, K. Hoppe, L. T. Chadderton, , Rad. Messents43,
S546 (2008)

31



INV-18
Chromium Centers in SrTiO3: Properties, Problems and New Data

V. Trepakov'? A. BadalyaR, D. Azamat, A. Dejnekd, L. Jastrabik P. Galinettd
Ynstitute of Physics AS CR, Czech Republic

%|offe Physical-Technical Institute RAS, Russia
%|FMN- Dipartimento di Fisica “A. Volta” Universitdi Pavia, Italy

e-mail: trevi@fzu.cz

Doping by spectroscopic and functional impuritiesvidely used in a number of studies and
applications of ABQ@ perovskite-like oxides. We present a review of thest significant results
and new studies of the popular model representativdBO; ferroelectric (FE) oxides with TO1
soft phonon mode: SrT¥XSTO) doped by G&f (3d) model TrM impurities. Presence of the low-
lying temperature-dependent TO1 soft mode and arbd#generacy of th@g state of Cf' lead to
very unusual “dielectric related” temperature shffthe zero-phonon emissié line CE;— *Azy)
and local configuration instability of &rin photo-excitedzEg state [1,2]. Valuable information
about phonon modes can be obtained from investigatf vibronic sidebands &¥ lines. Because
Crunavoidably contaminates STO, the temperature shifieR lines can be used for detection and
studies of phase transition in STO based crystalgmics, thin films (e.g. [3] for STO:Ca). Just
recently the instability and low-temperature minmmuof theR-emission line energy was found in
STO:Cr nanoparticles of the size ~ 13 and 20 nmTHis feature can be connected to FE transition
in the particle surfaces with the formation of asgld configuration of spontaneous polarization. An
important effect of Cr doping was shown in the r#cEPR studies of Cr centers controlling a
reproducible bistable switching of the leakage enfrin STO:Cr based structures [5]. We also
present new EPR studies of the Cr centers struckepending on thermal treatment of crystals,

ratio and stoichiometry of batched Sr and Ti hosti[6].
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New data on dielectric spectroscopy and criticadastgics of pure BaTigXBT) crystals [1],
ceramics and nanoceramics [2] are briefly reviewstduding the dielectric grain-size effect on the
permittivity and its frequency dispersion up to thizared range [3]. In addition, various BT core -
dielectric nano-shell composites were studied isirilar frequency range and modeled by
appropriate models based on effective medium apmpation (EMA) [4-6]. An unexpected strong
dielectric dispersion was revealed below the Tkgdiency range in all sufficiently dense samples,
not obtained by modeling using EMA. We assign ip#ostial interdiffusion of BT into the shells.
The dispersion is presumably connected with bounadlges present in these gradient layers, which
create a strong interfacial polarization [6].

Another type of nanoconfined BT was obtained bijtnation of BT sol into the nanoporous
Vycor and opal silica glasses [7]. It was showrt thahe pores of 4-6 nm diameter (Vycor), BT
remains amorphous, but with ferroelectrically ditgd TiQ; octahedra. In larger pores of opals (up
to ~50 nm) partial crystallization of BT occurs out macroscopic percolation, but displaying a
diffuse ferroelectric transition.

The work was supported by tliezech Science Foundation (project 202/09/0430).
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A large variety of binary and ternary oxides exhi@sistive switching phenomena, or so
called memristive behavior [1]. In the search foorpising oxide materials for future non-volatile

memories, special attention has to be paid to

their scaling capabilities. The issue of scaling is @) T , bt _
strongly linked to the question of, whether the T / __j'i/_-'
switching current is distributed homogeneously g il o ,/ |
across the device area or localized to one or a ) %y

few conducting filaments. In this work, we LN Jdefi’ig R

3

-2 -1 0 1
Device Voltage [V]

addressed the question where resistive switchingp)
takes places in single crystalline Fe-doped
SrTiO; thin films and memristive devices. We
compared resistive switching induced by the tip
of the AFM, acting as virtual electrode on the

] ) . ~_ Fig.1 a)l-V - characteristic of a Fe-doped SrEithin
bare thin film surface, with the switching fim. (b) Conductive AFM topography and current

image of a junction after electroforming and top

properties observed in memristive devices Wit o irode removal. 2]

Pt top electrode. In order close the gap between

these two approaches, we combined conductive AFY avidelamination technique to remove the
top electrode of Fe-doped SrE®IIM structures to gain insights into the activeitsiing interface
with nanoscale lateral resolution. This enabledougrove the coexistence of a filamentary and an
area-dependent switching process with oppositeckimig polarities in the same sample (Figure 1)
[2]. The spatially resolved analysis by transmissielectron microscopy and photelectron
spectromicroscopy gave us some hints that the witgling types take place in device areas with
different defect density and significant stoichidrge
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Ensembles of single domained ferromagnetic (FM)opatrticles, in which magnetic
interparticle interactions are sufficiently weakp# superparamagneti(SPM) behavior. However,
at increased interactions the system eventuallywsh
collective behavior, which overcomes the individu
anisotropy properties of the particles. Differertllective
states of magnetism were first recognized [1] orcated
discontinuous magnetic metal-insulator multilay€BRMIM)

consisting of focused ion-beam grownggk®,, nanoparticles

on glassy AIOs (Fig. 1). At sufficiently small interparticle
distances as controlled by the nominakde film thickness, Fig.1 TEM image of CgFes,
0.5 nm <t, < 1.1 nm, dipolar interaction enablsaperspin nanoparticles making UpSSG.
glass (SSG) properties. Similar to atomic spin glassesy treveal chaotiSSGground states as

corroborated by aging properties such as memoryeuodenation. At increased concen-tration, but
still below physical percolation, 1.1 nmt<< 1.4 nm, stronger
interactions give rise teuperferromagneti¢cSFM) states with
domain formation (Fig. 2) similar to that in contienal FM

films [2]. At t, > 1.4 nm themetal-insulator multilayers
(MIM) become continuous owing to physical interpartic §

percolation. Owing to inherent layer roughness ostng

ANNNI-type dipolar interactions give rise to modiad

magnetization profiles as evidenced by polarizeditroe Fig.2 SFM domainsina DMIM
o _ [CogoFexo(1.3nm)/Al,O5(3nm)]y
reflectivity and MOKE microscopy [3]. imaged by XPEEM [2].

The talk will highlight the most important developnts in the field ofsupermagnetisni4]
comprisingsuperparamagnetisysuperspin glassuper-andpercolated ferromagnetism.
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Relaxors and dipolar glasses show very broad bigian of the relaxation times. Due to
that the usual models, such as Cole — Cole equatiddavidson — Cole or Havriliak — Negami
equations are working not very well especially @t temperatures, where the distribution of the
relaxation times becomes extremely broad. To
address these shortcomings a calculation
program was created, which allowed to
extract one dimensional distribution of the 06
relaxation times. If we assume, that each

relaxation time follows the Arrhenius law,

E/eVv

with certain activation energy and attempt 03
relaxation time, we can obtain two

dimensional distribution function of attempt

relaxation times and activation energies. 0.0

-20 -10 0
Such calculations have been Ig(z/s)

performed for different materials, such as
classical dipolar glasses BP/BPI, classicdfig-1 Two dimensional distribution of activation

. energies and attempt relaxation time of PMN crystal
relaxors PMN (Fig.1) and PLZT. The graphsmeasured from 1DHz to GHz frequency range.
allow us to distinguish between dipolar
glasses and relaxors. Also, the results confirmegiévl— Neldel law [1] with different values of the
linear coefficients. The differences and commonuies of these two classes of materials will be

presented.
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Thermodynamic Calculations on Defects in Perovskie DFT and Frozen
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The ABGs-type perovskites with Co are widely used as catldd solid oxide fuel cells.
Thermodynamic aspects for calculating point anduritp defects in LaCo@are discussed on the
basis of first principles calculations. The thermaamic analysis included 1) phonon symmetry
considerations in LaCofOand (La,Sr)Cog and 2) formation energy of oxygen vacancy in
(La,Sr)(Co,Fe)@with respect to the chemical potential and phonamribution. The calculations
were done usingb initio simulation package VASP [1-2] within spin-polaxzéensity functional
theory (DFT) and the supercell method. An analgdithe phonon spectrum in pure LaGo&s
well as the solid solution is performed using thezén-phonon method as implemented into the
VASP code. The oxygen vacancy behavior is carefatiglyzed within the DFT formalism by
calculating its formation energy as a functionehperature and oxygen partial pressure [3]. These
are two key parameters controlling performance 8C#C cathode. The formation energies were
calculated by taking into account the variatiomxygen chemical potential. The vacancy formation
energy decreases from 3.0 eV to 1.8 eV at an oxpgetial pressure of 0.2at over the temperature
range from 0 to 1000 K, being very close to that ijpure LaCo®@[4]. The role of strong electron
correlation effects is also considered.
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The creation processes of radiation defects haea bevestigated in LyAls0.-:Ce* (used
as fast scintillators [1]) and kAlsO12 (5N purity) single crystals. The irradiation ok#e crystals
by swift heavy ions (SHIs, 2.14-GeV %) at 300 K has been performed at GSI, Darmstacthfer
first time. About 99% of SHIs energy is spent orcélonic energy losses, while small nuclear
losses are maximum at the end of ion range (@BP After fast (<132 s) intermediate processes
there arise an extremely high density of differelettronic excitations (EEs, 18107 s), including
hot and relaxed e-h pairs, excitons etc. The enefEs either is transferred to Céuminescence
centres, as-grown anti-site defects etc., or isispa the creation of Frenkel defects in oxygen
sublattice and their various nano- and micro-asdiotis. It is established that in contrast to more
resistant AJO; crystals the irradiation of LUAG with SHIs at fhee of 16% U/cn? causes
mechanical stresses, related expansion of a lattitiee direction perpendicular to SHI tracks and
even the beginning of crystal cracking. The optichhracteristics of ion-irradiated LUAG (in
comparison with virgin samples) have been detedgi®the spectra of optical absorption, reflection
and excitation for various emissions as well assihectra of tunnel phosphorescence at 10 K and
thermally stimulated luminescence (10-700 K) in siaenples additionally irradiated by-B)-keV
electrons. Similar to ADs, ion-irradiation of LUAG causes the creation &f F and some other
defects absorbing close to the energy d&ap= 8.2 eV. Hot e-h recombinations are undoubtedly
responsible for the creation of these defects & rttaterials, where the formation energy of a
Frenkel pair exceedsy. The creation mechanisms not only of Frenkel defaad their nanosize
associations, but also of more complex defectsinfstance, cluster readjustment of a crystal kattic

due to the decay of cooperative EESs, are discussed.
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Hydrocarbon films and flakes are formed under déwte plasma discharges in T-10 tokamak. Homogenous
20-30 um thick films, redeposited inside the vacwassel far from graphite plasma facing componentsy have
atomic ratio D/C up to 0.9 and higher. The progsrif such films were studied with application wfadi-angle X-ray
scattering using synchrotron radiation, wide-anileay scattering measurements, neutron diffractiord other
techniques. According to the X-ray diffraction (XIRBtudies, the overall structural pattern of thmgi resembles the
pattern for an amorphous solid, with graphene-fikeets composed of aromatic rings oriented maiafglf@l to the
film surface. The XRD peak positions showed thespnee of structural defects with interplane distanaf 0.12, 0.24
and 0.66 nm. The peak widths gave the in-planessifehe scattering structures equal to about 1 @omparison of
X-ray and neutron diffractograms suggests thatfilne structure is strongly disturbed by broken bsnof carbon
network and by nanopores filled with atomic deuberi The combination (Raman) scattering studiesndidreveal
presence of molecular deuterium and protium in filles. The experiments performed using near-edgeayK-
absorption fine structure (NEXAFS) spectroscopyehaiown that the films contain about 63%spfand ~37% obpf
states. The films display the properties of a wided semiconductor with a gap of about 3 eV. Xfiagrescence
spectroscopy employing synchrotron radiation reagdhat the films contain at least 12 impuritiesef Mo, Cr, Ni,
Nb and other transition metals. The studies uslagt®n paramagnetic resonance spectroscopy relealects with
unpaired spins that refer to unpairedbonds inCsp-nano-clusters which size is ~4 nm and spin ortenas non-
isotropic.

Difference between film properties on its opposiides was revealed using Fourier-transform infrared
spectroscopy and analysis of current-voltage clariatcs (CVC). On the wall facing side of thenfil aromatic rings
Csp’ dominate, carbon network is distorted. Amount @ftatlic impurities on this side is higher and cartcation of
hydrogen isotopes, hydroxyls ang-O groups is smaller than on the wall facing side.GC¢¥ of semiconductor type
with resistivityp = 1(-10" Q-cm. On the plasma facing side, diamond-liksp® structures prevaip = 1-10° Q-cm,
while CVC is quasi-ohmic. Different types of CVCdtgresis are observed on the opposite sides dilitiee They are
caused by different types of charge traps, i.ecttral defects serving as centers for hydrogetoj@and hydrocarbon
adsorption. Difference in properties of oppositmfsides, apparently, is determined by the prooé$dm formation
under discharges.

Deuterium retention can be monitored by two groopsvibrational sg® modes with different oscillator

strengths, depending on the amount of deuteriufinis.
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The effective diffusion coefficient in two-phas@eadimensional model with periodical
distribution of inclusions is calculated. Effectimeedium approximation is used (Fig.1). Region | is
inclusion and region Il - matrix with diffusion

D D
- : : off
coefficients D,,D, and particle concentrations il 11 I 11 1

C,C, respectively. These two regions are™

c, A < c, < Ce[f

embedded into the third region acting as an

effective medium with the concentratiag), and  Fig.1. 1D system in mean field approximation. -I-|
- representative elementary cell, IlI- effectivedia

diffusion coefficient D . It is assumed that
concentration leap on the boundary matrix — indogiccurs. Representative region is immersed in

linear diffusion field gx. Diffusion equation in the regions I-lll were set/with the appropriate

boundary conditions. For concentrations were usgg‘xzyiz;(lqhzyl, C1|X;X2=k’1 Q|HZ,

Colyy =K Gl Gl =7 G

X=X )

-1
Widely discussed [1-2] multiplier :(1— fela fj , Wheref is inclusion volume fraction,

C,

was received without any other additional assunmmgtiabout the averaging of concentrations. It is

D, : :
shown thatk = —2%, wherel; andl, mean free path in | and Il respectively.
12
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In the GaN-based ternary alloys, InGaN crystalsehbgen recognized as key materials for e-h
plasmas-exciton dynamics, because of large exbitwling energies (24.8 meV in GaN). The localizatid
biexcitons have been investigated in,Ga N (x=0.05) sample using time-integrated PL spectra
measurements as a function of the excitation defiditWe report experimental data showing thataiyics
of exciton decay involves formation of localizedgle excitons, biexcitons and triexcitons.

Picosecond time resolved photoluminescence (PLotspeopy in MOCVD grown kG, ,N mixed
films with In concentration in range from x=0.1 @18 under the band-to-band excitation have been
investigated. It has been found that the band-Ipdratio excitation at 8 K in wide composition rangsults
in creating of complex luminescence band represgehjethree close overlapping Gaussian shape bands,
(2.946, 2.929 and 2.918 eV, having FWHM 26.9, 1240 16.1 meV respectively, sample x=0.18). In@eas
of the excitation density results first in supeetr growth of 2.946 eV band followed by prefer@rgharp
increase of 2.918 eV band. All three luminescenaadb show close exponential 10-14 ps decay time
constants. Formation of biexciton band is delawtti respect to the exciton band for ~35 ps, trikexc
band for ~30 ps with respect to the biexciton bamticating that the dynamics involves step-by-step
creation mechanism. At increased In content up 866 lboth the localized excitons, biexcitons and
triexcitons are represented by Gaussian type lwoarece bands being non-uniformly broadened atigie h
energy side.

Acknowledgments: L.D., AS., P. K. and A. V. wereupported by ESF Grant
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141
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Rare earths (RE) doped semiconductors are nowadagsting a lot of attention due to their uniqyetical and electrical properties and high
potential of these materials in new optoelectratéwice applications, for instance in electricallyagped light-emitting diodes or lasers [1 and
references thereinAmong the RE doped Ill-V semiconductors InP:Yb e @f the most intensively studied material fordteong Yb-related
luminescence at aboutyin. Yb** ions (4f° electron configuration) have a simple energy leatleme, which consists of two states offfy, and
?Fy), separated by about 10000 tnSuch a scheme excludes excited state absorptibalbrelated energy losses. From this point efwiYE™" ion
is now the most promising for use as a non-Nd ¢asianter in the infrared spectral region [2]. Oe tither hand, InP and GaN — typical
representatives of the lll-V semiconductors — carrddatively easily and cheaply synthesized inléf@ratory by different growth techniques and
doped with ytterbium ions.

In the present work we report on combination of iigh-pressure measurements with use of diamoni eell/(DAC) of the luminescence
spectra of InP:YH and GaN:YB" crystals withab initio calculations of the electronic (band structureysity of states, Mulliken effective charges),
optical (absorption spectra, refractive index, eligic functions), elastic (bulk modulus and itegsure derivative) properties of these systems. The
CASTEP module [4] of the Materials Studio was utedalculate the optimized crystal structure dakactronic and optical properties at ambient at
elevated pressure. In addition, crystal field asialpf splitting of the’F,, and®Fs, states has been performed as well, with an aiassifyning all
features of the experimental luminescence spectra.

A thorough analysis of the pressure behavior ofih¥ luminescence lines in InP [6] reveals interestiffgcts, namely: after 6 GPa blue shift
of the luminescence tends to saturation, whichexgdained by pressure-induced shift of the InPnvedeband approaching the energies of the Yb 4f-
4f transitions [7]. This overlap behaves exactlytias luminescence lines with pressure. Detailed &ainvestigations along with polarized
luminescence spectra measurements of GalN:¥amples allowed to determine positions of the -pianon lines, which then were used for
modeling the YB energy levels in the trigonal crystal field Hamiitan.
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[Il group element nitrides are promising materfaisfuture optoelectronics and interests of
physicists from many world laboratories are focused research of their optical properties.
Recently it was found that AIN and hBN are prospeclight emitters in the far UV region around
200 nm based on excitonic processes. The pregant ie devoted to investigation of native defect
luminescence processes and mechanisms in AIN aNdwith bulk and nanosize structures within
the UV spectral region from 250 nm up to visiblghtiat 700 nm and wide temperature range from
8 K up to 300 K.

It was found that for AIN as well as for hBN thersadefect structures are characteristic for
both the bulk material and nanosize ones. In tke cAAIN the main native defects are the oxygen-
related ones (&) with characteristic luminescence around the 4@0from the bulk material and
around 480 nm from the surface defects. The recaatibn character of 400 nm luminescence and
its mechanism was also proposed [1].

In the case of hBN — bulk powder and multiwall names (BNNTSs), there are two main
luminescence bands at 320 nm and 400 nm both véthpronounced phonon structure [2], which
intensities increase with temperature decrease dow® K. According to our results and data
reported from other authors the 320 nm luminescemdeBN can be credibly caused by the C
impurity (Gy) substituting for the N. The mechanism of this ilm@scence is of inter-center type,
when excitation and emission processes cover tine siefect. The 400 nm luminescence could be
related to the processes with recombination charataking into account the results obtained and
close analogy of both materials the AIN and hBN dhigin of the 400 nm luminescence in hBN
can also be related to the oxygen related defecttdd near the surface of the material. The 400
nm luminescence mechanism is proposed.

The defect luminescence from AIN and hBN locatethivithe visible range of the spectra
is important for elaborating new white light sowsce
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Fe doped ZnO nanowires, nanorods and urchin-likestauctures have been grown by an
evaporation-deposition method [1] with compactexktores of ZnS and EKE©®; powders, with
different Fe contents as precursors. Treatmen85@t°C under argon flow lead to the growth of
iron doped nanowires, nanorods and other nanoategbn the surface of the compacted sample.
The incorporation of iron into the nanostructuress tbeen investigated by energy dispersive
spectroscopy as well as by cathodoluminescence {€lthe scanning electron microscope and
photoluminescence (PL) in an optical microscopee &bntent of iron in the structures is limited to
the range 0.5-0.7 at. % and does not depend ocotitent in the precursor, which was in the range
0.6-6 at. %.

CL and PL of the nanowires show *Féntraionic transitions at 1.71 eV and 1.79 eV
respectively, and an enhanced green band relativadoped material. Fe incorporation also causes
a red shift of the near band gap and of the maectiemission band.

Transmission electron microscopy of the nanowitesas dark contours perpendicular to
the growth axis. Bright and dark field TEM analysidicate that these features are twist contours.
The results are compatible with twist contourstesldo a dislocation-driven growth mechanism, as

reported for other semiconducting nanowires [2].
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The study of zirconia luminescence showed thathiea oxygen deficient samples the
efficient charge traps exist [1]. The trapping bfuge carriers could result in absorption change —
the induced absorption can appear. Therefore ttempt to detect the induced absorption in
zirconia was carried out. The yttrium stabilizettania single crystal was irradiated with a pulsed
electron beam and induced absorption was obsemss wide induced absorption band covered
spectral region from 1.15 eV up to 3.6 eV. Theageof absorption take place after irradiation
pulse and the decay rate was different within beatkcted. The origin of induced short lived
absorption in general could be (1) due to the gtitsmm of intrinsic and/or bound polaron states) (Il
absorption from the excited states, e.g., lumineseeenter excited state might be responsiblg; (I1I
due to recharging of pre-irradiation defects. Tamparison of luminescence and absorption decay
kinetics showed that contribution in absorptionnirtuminescence excited states is insignificant.
The different decay rate of absorption within bamdicated that the absorption band is complex,
several bands overlaps. The use of time — resdb@thiques allow to make decomposition of the
wide absorption band on several components. Therefeveral kinds of centers were responsible
for induced absorption. The dependence of indubsdration decay rate on temperature led to the
conclusion that a fraction of absorption arises ttugecharging of pre- irradiation defects and the
activation energies for charge release from trapevestimated. These estimations allow to predict
the temperature range for existence of stable tefdt is supposed that at liquid nitrogen
temperature both the polarons and recharged defentsbuted in induced absorption, whereas at
room temperature the contributions from recharggfdas dominate.
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ZrO, is an interesting material because of its outstanthermal, mechanical and optical
and electrical properties. Advanced materials fonihescent oxygen sensors require modified
surface with excellent oxygen exchange property @adsparency high enough for luminescent
light output [1]. Zirconia in the thin film form tacts special interest owing to its advantageous

properties of being highly homogenous

(a) Ols

and transparency. Highly transparent and
homogeneous nanocrystalline Zr@hin

u)
Intensity {a.u}

Intensity (a

films were preparedby sol-gel dip

coating method. XRD pattern of Z5O

T T T T T = =
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thin films calcined in air and £Oshows

the formation of tetragonal phase withrig.1. XPS spectra of Z¢Qhin film calcined in air at 500°C:
varying crystallite size (7.3nm and (8) O s and (b) zr 3d

11.3nm) at 500°C. X-ray photoelectron spectrosdo{B8S) (Fig.1) shows Ols and Zr3d spectra of
thin film annealed in air which reveals zirconiumbexide component (ZrQ0 < x < 2) , Zr-O
bond and surface defects [2]. An average transncigt@f > 85 % (in UV-Vis region) was observed
for all calcined samples. Photoluminescence (Pigaks an intense emission peak at 379nm and
weak peaks at 294, 586 and 754nm for Zfiln calcined in air. A 2 fold increase in the PL
intensity and a red shift is observed in film caéd in Q atmosphere. The oxygen deficient defect,
which is the distorted Zr-O bond, is suggestedaadsponsible for photoluminescence. The defect
states in the nanocrystalline zirconia thin filnt@ypan important role in the energy transfer preces
The luminescence dependence on defects in thenfizkes it suitable for luminescent oxygen-
sensor development.
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Apatites represent the class of materials with weige functionality found in nature.
Chemical formula of any apatite can be written geifye as M'Mg'(TO4)sX2, where M denotes
metal ions occupying two non-equivalent positiohsarid Il) in crystal lattice, TQ refers to
oxyanions with tetrahedron structure ®i0,, GeQ, etc) and X anions (OHF, CI, etc).
Consequently, chemical composition of apatites ighlig variable, which opens extraordinary
possibilities for the synthesis of novel functiomalterials. Apatites have hexagonal crystal
structure where tetrahedrons (JJ@nd metals (M) form positively charged framewarih open
channels along the hexagonal axis. Electronewtraficrystal structure is provided by anions (X),
which makes apatites family analogous to nanopocougpound of 12CaO-74Ds, investigated by
us earlier [1]. Pure hydroxyapatite (HAP)gf8O)s(OH), and its fluorine-substituted modification
(FAP) are obviously the most well-known apatitesinly the main inorganic constituent of all
mammalian bones and teeth. Despite of very higleniatl for various applications basic optical
properties of these apatite hosts remain stillaarivestigated - even energy gap width of HAP is
not reliably determined yet.

We applied luminesecnce spectroscopy at SUPERLUBstiosr of HASYLAB to study
electronic properties of HAP and FAP, the band-gaprgy was determined in MAX-LAB by
photostimulated luminescence method used earligR]inSamples of HAP were prepared from
commercial powder (Sigma-Aldrich, 99.999%). The FAPBramics resulted from solid state
reaction of Cg(PQy), and Cak. The revealed intrinsic UV emissions in both systeare due to
radiative decay of Frenkel excitons localized om BQ oxyanions, well excited within excitation
bands peaked at 7.2 eV and 7.5 eV in HAP and Fés$herctively. Both bands are located below
band-gap energy, identified for pure HAP gs'E7 eV by excitation onsets of photoluminescence
and afterglow spectra. Luminescence propertiestiamelectronic structure of pure HAP and FAP
will be discussed taking into account results @otietical and earlier experimental studies, mostly

carried out for rare earth doped hosts.
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Study of stoichiometric polyphosphate compoundgaiomg lanthanide ions is increasing mainly
for numerous modern applications in light-emittithgyvices. The conversion of VUV radiation, scintibia
materials, tunable UVV-UV microlaser sources ety ron lanthanide luminescence upon high-energy
electron excitation. The inorganic polyphosphatét weneral formula ALnRD.» (A=Li, Na, K, Cs, Ln -
lanthanide ions) have been extensively investigatedthe past years due to their lighting applicatio
perspective. The high concentration and the laigtamte between the Ehions (~5,6A) facilitate the
decreasing of concentration quenching and the adgef high luminescence emission intensity [1;2}e
relatively large band gap (~9 eV) of AL, polyphosphates provides favourable conditions ther
investigation of luminescent processes in oxide mmmds taking into consideration the energy relarat
processes involving a broad series of‘Lions. This circumstance allowed to carry out theprehensive
study of LiLnRO;, luminescence caused by the intr&™ 4> 4f", interconfigurational #" <> 4f"'5d and
charge transfer © — Ln*" electronic transitions upon excitation with syrathon VUV-UV radiation from
the DORIS Il storage ring with use of the SUPERLUdkperimental facility (Beamline 1) at HASYLAB
(DESY, Hamburg) and laboratory nanosecond pulsayXsource [3].

A considerable part of our study was focused atsgiectroscopy of G&ion since its energy state
parameters have been used as a basis for constrottihe energy level diagram for the entire seoieLr*
ions. Much attention was paid to the investigatibrcharge transfer transition in Etions to estimate the
location of 4f ground states of fions. Basing on the Eh emission, their excitation spectra and the
empirical relationships between spectroscopy of @ad Lri* ions we have constructed the energy levels

diagram in absolute energy scale for 4f and 5e&stof Lr*, Ln*" ions in LiYP,Oy,.
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The photoelectrolysis of water (to split water ihtgdrogen and oxygen) as a result of the absorgicunlight
is considered to be the most important unconveatidoture energy source. This process is condudtedc
photoelectrochemical cell (PEC) composed of an agsielectrolyte and two electrodes [1]. Currenili), is one of
the most appropriate candidate for the photo-amodierial in the PEC due to its high resistanceotwosion, stability
and a negative flat band potential.

The band gap of TiQis ~3 eV, too high for the efficient absorption tfe sunlight. However, the light
absorption of Ti@ may be increased substantially by modificatioit@emiconducting and electrochemical properties
through doping with aliovalent ions and producimdidssolutions with other oxides [2]. Additionallyncorporating
rare-earth ions into titania matrix, can up-conviriared radiation into various shorter wavelesgthhis process plays
an important role in enhancing optical detectiod display devices.

In present work, the differences appearing from dliethesis process of initial materials and nanajeya/
obtained in a solar reactor have been studiedalitania nanopowders doped with different amsuat ytterbium
were obtained by sol-gel technique according procedeported elsewhere [3]. Further, the pelletimadopowders
were processed by fusion and vaporization-condemsptocess in medium size solar furnace with HELRDN solar
reactor in Odeillo (France).

The structure and selected optical properties lthined materials have been studied by broad rarge
instrumental techniques including: X-ray diffractetry, scanning electron microscopy, atomic forcesrascopy,

thermogravimetry, infrared spectroscopy, nitrogerpson measurements, spectrofluorimetry and spphtstometry.
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Sol-gel derived oxides doped with rare-earth iome perspective luminescent, laser,
waveguide and sensory media. Coupling of fluoreseewith surface plasmon-polaritons can
crucially enhance intensity and polarization of €sion, provide necessary direction of beams.

Previous experiments with plasmon-coupled rareieamission were mainly realized in
composites of rare earths with noble metal nanmbest[1-3]. Here we present another approach,
where the rare-earth emission couples with plaspmariton wave induced in thin smooth gold
layer. TiQ film (=100 nm) doped with 6 wt. % of Sm was spoated on a gold layer (50 nm)
deposited on glass substrate. This sample wadattdry index matching oil to a semi-cylindrical
prism. The sample was excited by UV laser ligit365 nm) (Fig. 1, a). It was revealed that*sm
fluorescence was preferentially directed at certgles and strongly polarized. Moreover, the
longer wavelengths were directed at smaller angleghich testifies about the plasmonic origin of
the directional emission. The obtained directiceraission of Srif ions is promising for using in
waveguiding, suppression of undesirable backgroeméssion and optical sensors based on the
effect of surface plasmon coupled emission.

Laser =355 nm

Air 665 nm
616 nm
TiOzSn* l 5 ")
2- $
Gold z" 0.061
Glass substrate e 728 nm
Index matching oil 3 0.04
BK 7 semi-cylinde A
y S 583 nm
160 L 0.021
0.00
(a) I Fluorescence by 40 50 60 70 8 90
g =0° ( ) 190

Fig. 1. Scheme of experiment (a). Angular depeneendluorescence from different Shbands (b).
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Energy consumption for heating and air conditignof buildings can be significantly
reduced by means of “smart windows” capable to w&ryglaylight transmission. In spite of long-
term research efforts of many well-established camgs, the larger scale production of
inexpensive and effective “smart windows” is natated up to now.

Results of R&D of novel thermochromic substanceehbeen presented. It is a polymer
doped with complexes of some transition metals. difenge of the complexes coordination occurs
under the influence of light or heat fluxes, theduits in reversible change of transmittance and/or
color of the polymer from: light gra$s dark gray, light browrss dark brown, rosys blue, yellow
S green, light greefs blue.

Thermochromic polymer is characterized by high @1k@/cm) adhesion to window surface.
The polymer layer of 0.3-1 mm thickness ensuregsdhersible reduction of daylight transmittance
from 80% to 20% when its temperature grows froma@d0°C.

Chief advantages of thermochromic laminated glazinbG) are as follows daylight

regulation adapted on a programmable and autorasis without using of any electrical power or
driving unit, no blinding effect; simple design,eap raw materials, feasibility of large glazingaare
production, high UV-stability of TLG material estmhed by UV-testing, cyclic recurrence
unlimited in number, storage in a wide range of gerature from -5 to +80C. Toxic-free
manufacturing, exploitation and utilization of TLUGaving a life time of over dozen years. TLG
opens the way to design new type of stained glasglp assembled out of coloured TLG, which
will change its image during a day. A high-perforroa thermochromic insulated-glass unit (TGU)
consisting of TLG as the outer pane and Low Emisglass (Low E) as the inner pane will make
possible to create regulated cover heating ford'zest energy” houses (“intelligent facades”). In
summer TGU will operate with high efficiency becaud_G absorbs visible and near IR rays and
then Low E glass reradiates energy in far infranegglon only (without blinding effect). In winter
TLG will constantly have the maximum light transtarice because of the low temperature outside

(T<20°C).
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Our research purpose was to develop effective nambdsred platinum electrocatalysts
supported on TMe; O, (Me = Nb, Ru; where Me =1 + 12 % mol.) and todstthe influence of their
composition, electro-physical properties and siteces on the electrocatalytic activity and stdpiln
the oxidation of methanol and ethanol. Our markis® aimed at investigation the influence of suiet
of an active layer of electrodes on electrochenpeaémeters of the above mentioned processeslin fue
cells.

The corrosion stable supports,Mi;..O, with high specific surface (~100 ?g), narrow
distribution of particles on the size (20-25 nmyevebtained. TMe; O, (Me = Nb, Ru; Me =7 +12 %
mol.) characterized by high electronic conductigity2 Sm/cm).

Pt colloidal particles were deposited on oxide sufgpwith various amounts of Pt loading (2-35
mass. %). The electrocatalytic catalysts activitmsmethanol and ethanol oxidation reaction (MOR
and EOR) have been investigated in half cell expents, by cyclic voltammetry and stationary
current—voltage measurements. The results were a@dwith commercial catalyst - 20%PtRu/C (E-
Tek). It was found that the catalysts containinguath mass percents of platinum are the most eféect
They demonstrated highest specific active surfadcéhe catalysts (~ 70 m)zlg). Electrochemical
experiments carried out in steady-state conditaeraonstrate that using the oxide supported platinum
Pt/ TipdMep 10, (Me = Nb, Ru) produces a very reactive electrdgsteahat possibly adsorbs and/or
dissociate methanol and ethanol more efficientigntipure Pt changing the onset potential of the
reaction by 200mV toward less positive potentidlsese synergic effects indicate that the using the
oxide supports inhibits the poisoning effect caubgdstrongly adsorbed intermediary species. The
specific activities of the 5%Pt/ JgMey 10, catalysts are higher than those of the commeceaitlysts
20%PtRu/C (E-TEK). Specific power capacities ofoalal fuel cells in case of using the optimized
structures of catalytic active layers (PthdWley10, /«Nafion») as the anode were amount 30-40
mW/cn? (1 mg¢cn?). These results can indicate that the catalysfEiRte;..O, are the promising
catalytic system which can be applied in directhmabl and ethanol fuel cells.
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It is well-known fact that the proton conductivityf low-temperature superprotonic
conductors strongly depends on moisture. This digrese apparently corresponds to the Grotthuss
mechanism of proton transport in solids. Indeedhéf oxonium iongdz0" (or HsO,", HeO4') are
the charge carriers, increasing the water contelhtomnly lead to an increase in the number of
carriers and linear increase in conductivdy= p-n. However, in reality the growth of the
conductivity is much faster and closely to expor@mnanner [1-3]. Moreover, it is known, that
even the conductivity of wet fibers exponentialhcrieases with increasing of water content [4].
Obviously, it means that the dependence of protrdactivity on the humidity is not associated
with changes in carrier concentration. But in thex' of logical possibilities” one can find only an
increase in the number of transport routes othear the number of carriers.

In generalized form the proton conductor can beesgmted as a structure containing acid
residues serving as "proton-generating centersteifnafter “g-centers”), and water clusters
serving as routes for fast proton transport throsgfrorganization in solid or polymer matrix. The
results of self-organization correspond to logigtjpiation with water as limited resource. On the
other hand, the dependence of conductivity on ticeease of the number of transport routes in
heterogeneous environments can be described Bettvelation theory.

The semiquantitative model based on this approdescribing the exponential increase in

proton conductivity with water content increasinghe mesostructure, jgoposed.
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Solar Grade Silicon SG-Si is becoming today veghhlji demanded due to the very
fast growing market of photovoltaic. Therefore, tlreation of a new special technology of
solar grade polysilicon feedstock production ishagh value. Today, Semiconductor-grade
polysilicon is produced with trichlorosilane (SiHELlItechnology. The feed-stock for
trichlorosilane is metallurgical-grade silicon, whiis the product of reduction of natural
guartzite. The trichlorsilane polysilicone prodocti is characterized by high energy
consumption and large amounts of wastes, contaemngonmentally harmful chlorine based
compounds. Innovative double step metallurgicahned techniques: EBM (electron beam
melting) and Bridgman crystallisation process, la&ag developed for use by production of
SG- Si from metallurgical grade (MG) silicon. Byighmeans, MG silicon that is refined in
first step can be used as solar grade (SoG) silieedstock for directional solidification in
Bridgman process and is qualitative acceptable plootovoltaic applications. The most
problematic impurity elements are B and P becadsiear high segregation coefficients.
Electron beam refining processes with evacuationmétion of impurity complexes and
oxidation of impurities is effective in removal ohpurities from MG silicon. Charge sizes
have been scaled up to 80 kg. Impurity analysé08f kg charge after refining and Bridgman
directional solidification has shown reduction obshimpurities to <0,1 ppma B and P to
1ppma level. It has been demonstrated that B aamlWell as other impurities can be reduced
from MG silicon. Further reduction of impuritiespsssible; With developed procedures it is
possible to reach a larger charge sizes and td asdéechnology for SG Si production plant.
Therefore, SoG silicon production using these ptaoes should be at low cost and high
efficiency. The first production facility using trebove described technology is being built

now in Jelgava, Latvia.
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The process of refining and purification of Upgrddietallurgical Grade Silicon (UMG-SI)
with purity of 4N (99,99) by electron-beam remedtivas investigated to obtain Solar Grade
Silicon. The advantage of starting material (UMG-$roduced by company «KazSilicon»
(Kazakhstan) in comparison with earlier studied fterials manufactured by the companies
Timminco (Canada), Rimi (Brazil) and Elkem Solao(Way) has demonstrated.

The advantages of the oxidative refining using tebecbeam remelting for the purification
of silicon are proved by the result of the study ithitial and final products. Analytical techniqioe
investigation of the samples included Mass Speaton(ICP-MS), Scanning Electron Microscope
(SEM) and Energy- dispersive X-ray spectroscopySEfr the elemental analysis of the samples.

Raman spectra of the final product indicate thag¢mvthe refining of metallurgical silicon is
made using electron-beam vacuum oxidation methueh toagulation of impurities takes place.
This allows us to control the distribution of pal& impurities in the silicon melt by the choice of
method for refining and cooling rate of melt.

Our results indicate that technology of oxidatiefining in a vacuum that performed using
electron-beam remelting can provide a high-puiitga with purity of 6N (99,9999) that can be

used for solar energetics.
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Recently we reported [1] that additions of cabomamaaterials improved the hydrogen
sorption performances of composites based on temaectic alloys Mg-La(Mm)-Ni. To elucidate
the role of carbonaceous additives in the hydrogeeraction with the composites we studied
hydrogen desorption (HD) by hydrided Mg-Mm-

—=— MgMmNi300

Ni alloys and by the hydrided composites Mg- ]| * vgumniczso
—v— MgMmNiC300
Mm-Ni + 10 mass % of carbon nanofibers. The MgMmNIC350

04

experimental data were processed using the

n=1,71

Avrami-Erofeev equation, which is widely -1 n=1,23 3

employed, in particular to describe thermal

decomposition of hydride phases [2]: T

a= 1-—expE&(k)"), where a is the part of 3 4 5 6

Int

desorbed hydrogen (the total amount equals
) ) ) Fig.1 Curves of hydrogen desorption by hydrided
unity), t— time, k is the rate constant, and thematerials, Mg-Mm-Ni alloy and its composite Mg-

. . Mm-Ni-C, at various temperatures. The curves are
exponent n, which relates to the reaction plotted in coordinates, where the termt llinearly

mechanism, may be derived (Fig. 1) from th&"ers 1o the Avrami-Erofeev equation
linear approximation of HD curves in the coordirsate — In(—In(1—a)).

At high (> 300°C) temperatures thevalues range within 1.0-1.2, both for hydrided
alloys Mg-Mm-Ni and for their composites with carbamanofibers. At temperatures
< 300°C then values for the composites change significantiy(1.7-1.8), while those for
the hydrides of Mg-Mm-Ni practically do not.

The carbon additions seem to alter the mechanisimydfogen desorption from the
Mg hydride phase in composites Mg-Mm-Ni-C at low J00°C) temperatures. The
obtained results are discussed.
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Amorphous silicon dioxide (a-SHp has numerous properties, useful to modern
technologies. One of them is an extremely highaoaptiransparency, ranging from near infrared
(optical fibers) to vacuum ultraviolet (UV) (highewer and UV laser optics). Among all known
point defects in a-Si§) dangling oxygen bonds (usually denoted as naigbrg oxygen hole
centers, NBOHC) have the strongest detrimental eceffon optical properties. Electron
paramagnetic resonance (EPR) has been a key toildio detection for over 3 decades, and many
aspects of NBOHC EPR signal are well-understood IHdwever, one difficulty, important to
practical applications still remains: the EPR-lobasstimates of NBOHC concentration are in many
cases not consistent with the intensities of optibands, in some kinds of a-Si@here ,EPR-
silent” NBOHCs exist. This problem in part can lilbuted to the near orbital degeneracy of the
ground state of the defect and disorder in a;®€&work around it.

In the present work we studied temperature depamdehX-band CW NBOHC EPR signal
in excimer laser-irradiated synthetic Sig@lasses in the range down to liquid He temperatutas
demonstrated that due to motional efects, tempestbelow the routinely used liquid nitrogen
temperature are necessary for correct concentratessurements. Concentration estimates, based
on these measurements are compared to currentagssiraf the oscillator strengths of NBOHC
optical absorption bands, based on the luminescdeacay kinetics. The reasons for existence of
“EPR-silent” NBOHCs will be discussed.
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Crystallization of the fluoride crystal phases e toxyfluoride glass ceramics materials
could be investigated with electron paramagnetsomance (EPR) techniques by doping with
paramagnetic impurities [1]. Considerable changdeké EPR spectra of impurity ions are observed
if they enter in the fluoride crystallites [1, 2].

We investigated the crystalline phases of glasamness doped with transition metal
impurity ions Mrf*, Fe®* andCu?* by the X-band EPR techniques. The EPR measurerae®K
showed presence of the probe ions indhstalline structures of the oxyfluoride glassareics
samples containing crystallites of GaBaF,, LaF; and LiYF,.

It is shown that the most suitable impurity for Gafd BaF, is Mr?*, while trivalent
transition element ion Bé- for the more complex fluorides LgFLiYF,. The experimental and
theoretical EPR studies of the GaBaF,, LaF; and LiYF, crystalline phases in the oxyfluoride
glass ceramics doped with paramagnetic impuritidde discussed.

The financial support of ESF project 2009/0202/1DPA.2.0/09/APIA/VIAA/141 is
greatly acknowledged.
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In this report an interaction between laser ligeadn with high intensity gradient and soft
materials (amorphous chalcogenide and organic palyiims) was studied. The single light beam
focusing and two beam interference were used fgih hght intensity gradient formation. Under
intensive illumination the formation of relief sttures on the surface of amorphous films due to
lateral mass transport regarding the light propagatirection has been observed. The possibility to
apply this phenomenon in surface nanopatternineofnaterials has been discussed.

The amorphous films of chalcogenides (As-S, As-Sa8é As-Se systems) and azo-dye
doped organic polymers (PMMA, PVA, PS) were useadstadies. The influence of the amorphous
film thickness, recording laser wavelength (248 @66 nm, 325 nm, 441.6 nm, 532 nm, and 632.8
nm), grating period, light intensity and polaripati state on the relief formation process in
amorphous inorganic and organic films was studiedas shown that the efficiency of the surface-
relief formation strongly depends on the recordight polarization state (twg-linear, s-linear,
identical circular or orthogonal circular polarizedams) [1]. We have found that $rs and p-p
polarized writing conditions, a significant gratingodulation enhancement can be achieved if an
incoherent assisting light beam with orthogonalapahtion is used. The relief grating profile on
amorphous films was analyzed by means of atomaefaricroscope (AFM).

A strong relationship between surface relief g@at{®RG) and polarization holographic
grating formation was observed and studied. Thelystf the phase relationship between the
exciting light field and the resulting surface dafation is crucial in understanding the mechanism
of SRG formation. It was observed that the peathefSRG on chalcogenide films was formed at
the position of p-polarization state in the polatian modulation pattern. The peak formation of the
surface relief on organic azobenzene doped polymassobserved at the position of s-polarization
state.

The mechanism of the direct recording of surfadefren amorphous chalcogenide and
organic polymer films based on the photo-inducedaropic plasticity of amorphous films and the

optical gradient force induced mass transport legs loliscussed.
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Aluminum doped zinc oxide (ZnO:Al) is an attractimeexpensive material for transparent conductive
electrodes and IR reflective coatings. ZnO:Al |layalere deposited on 1Q0n thick PET (polyethylene terephthalate)
film by magnetron sputtering of ZnO//&; 2 wt.% planar ceramic target (225x100) frim Ar/H, atmosphere under
(1-5)10° Torr pressure in the vacuum chamber. RF (13.56 vt DC power sources were used separately. The
PET film was fixed on a rotated water-cooled drurhe substrate surface was cleaned by an ion guréb@hO
deposition.

The investigation shows that properties of ZnO taydepend mainly on the type of power source, power
levels applied to the target and concentrationydfdgen in the gas mixture.

ZnO layers must be structured in order to get marinconductivity. When depositing zinc oxide on gl§F|
this goal is achieved both by heating the substeai# by increasing sputtering power. Contrariwideting the
deposition of ZnO layers on the polymer film we eh®d the opposite trend. For both types of thecasuresistivity
of ZnO layers decreased while reducing sputtermggy until it reached a certain limit. Optimum lé&vef power were
200 W for RF-source and 100 W for DC-source. Unheiteg of the magnetron allowed additional reducifigZnO
resistivity while working in the optimum range dfet power level. A further decrease of power did lesid to
resistivity decreasing.

Adding H, to the gas mixture initially caused a relativehpid decrease of resistivity of ZnO layers. The
optimum concentrations of hydrogen were about 1 #ohnd (10-12) vol. % for the RF- and DC-souraspectively.
Further increasing of hydrogen content led to staise of resistivity. It is known [2] that hydrogércorporated into
ZnO can act as a donor. The fact that the optimomneentration of Blis much lower when the RF-source is used could
probably serve as indirect evidence that in thigedhe crystal structure of ZnO layers is moreqmrf

As a result ZnO layers on the PET film of conduityiv x 10* Q.cm (RF-source) and 1.3 x 1@.cm (DC-
source) were obtained. The best samples have bptcsmittance (82-83)% for (360-600) nm and ZnO thickness
(350-400) nm. The layers are crack-free and hawee galhesion to the substrate.
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Nanocones formation on a surface of&d.,Te solid solution with x = 0.1 after irradiation
by strongly absorbed Nd:YAG laser radiation (LR}hintensity | = 10.0 MW/cfhwas observed.
Studying of the nanocones optical properties usieglow temperature 5 K photoluminescence
(PL) method a new exciton band at energy up to2lé87 and at the same time, shift cb@and
DX exciton bands on 2.5 meV toward the higher enefgyuantum, the so-called “blue shift” for
the first time were observed. Appearance of a newdhd and “blue shift” of the exciton bands are
explained by Exciton quantum confinement (EQC) affén nanocones and mechanical
compressive stress of CdTe top layer formed onittagliated surface of the solid solution,
correspondingly. Appearance of the nanocones leadse of a new band in PL spectrum of the
structure and decrease ofdand O’X exciton bands “blue shift” in PL spectrum. Redoastion
of this band shows that it consists of three limach look like AX, D°X and A’X—LO lines (the
distance between the lines and their width FWHMtheesame) in non irradiated PL spectrum of
the semiconductor. Therefore, we connect the appearof both the new band in PL spectrum and
nanocones formation on the irradiated surface efsdmiconductor with EQC in nanocones and
denote them as%XQC and DXQC lines. Calculation of quantum dot diameter gdiormula from
paper [1] and shift of PL spectrum on 0.23 eV gidesneter of the quantum dots up to 10.0 nm.
This data corresponds to the size of nanoconeghhand diameter of cones bottom are 10.0 nm,
measured using 3D image of AFM. An evidence ofBEIQEC nature of the new band is decreasing

of LO phonon energy on 0.7 meV that is the so-dalaonon quantum confinement effect [2].

References

1. Y.KayanumaPhys.RevB 38 (1988) 9797.
2. H. Campbell and P.M. Fauch8blid State Commub8 (1986) 739.

64



OR-27
Phonon Calculations in Perfect and Defective SrTiQPerovskites

E. Blokhin', D. Gryaznov 2 E. Kotomirt' % R. Evarestoy J. Maiet
Max-Planck Institute for Solid State Research, t§&art, Germany
ZInstitute for Solid State Physics, University ofttia, Riga, Latvia
3Department of Quantum Chemistry, St. Petersburtg $taiversity, Peterhof, Russia

e-mail: e.blokhin@fkf.mpg.de

SITiO; perovskite is an excellent model of mixed eleatreonic conductor [1]. In the
present study the hybrid Hartree-Foekdensity functional theory simulations of perfectda
defective SrTiQ crystals are performed using CRYSTALOG6 [2] computede within the method
of linear combination of atomic orbitals. The cdétions of atomic vibrations (phonons) are of
great importance as they provide the key to desdiilermodynamic properties withab-initio
framework. The direct frozen-phonon method [3] $&di for phonon calculations. The concurrent
character of two known soft phonon modes in perfadiiO; cubic crystal was illustrated. The
detailed calculations of phonon frequencies intéteagonal phase have been performed. Lastly, the
experimental temperature dependence of the Sfieat capacity was successfully reproduced [4].

Based on the experience for defect-free crysta, same computational approach was
applied for further thermodynamic study of SriQuith oxygen vacancies under finite
temperatures. The defects are examined at diff@@mtentrations in neutral charge state with an
emphasis on atomic geometry, electronic structun@ \abrational properties. Incorporation of
oxygen vacancy does not affect significantly thacdbgap of the crystal and induces the local state
in the band gap. The atomic relaxation around tbiead is shown to be relatively small. The
corresponding phonon spectra are obtained andrapatanges due to point defects are analyzed.
The comparison of free energy and heat capacitgdtact-free and defective crystals is presented.

References

1. R. Merkle and J. MaieAngew. Chem. Int. E@008, 47, 3874

2. R. Dovesi, et al., CRYSTALO6 User's Manual, Wmaity of Torino, Torino, 2006

3. K. Parlinski, Z. Li, Y. Kawazoeé?hys. Rev. Lettl997, 78, 4063

4. R. Evarestov, E. Blokhin, D. Gryaznov, E. Kotami. MaierPhys. Rev. B2011, in press

65



OR-28
LCAO Calculations of SrTiO; Nanotubes

A. BanduraR. Evarestov, A. Oranskaya

Department of Quantum Chemistry, St. Petersburte &taiversity, Russia
e-mail: andrei@ab1955.spb.edu

The SrTiQ nanotubes (NT) have been obtained recently withv-temperature
hydrochemical method [1]. They have a cubic perigs&tructure with the unit cell parameter
slightly smaller than the lattice constant of tleresponding cubic bulk phase. Such materials have
a potential application as nanosized ferroelectaisd memory elements. In this work the large-
scale first-principles simulation of the structamed stability of SrTi@ nanotubes is performed for
the first time. All calculations have been madengsthe periodic PBEO LCAO method via
CRYSTAL-2009 [2] computer code.

The initial structures of the nanotubes have bebtaimed by the rolling up of the
stoichiometric SrTi@slabs consisting of two or four alternating (08tp and TiQ atomic planes.
The initial slab symmetry is described by squammnellattice and layer group Bt Nanotubes
with chiralities (,0) and ,n) have been studied. The line group families farstdered NT initial
structures are 11 (mmn) and 13 (L(2)/mcn), correspondingly. Two different NT can be
constructed for each chiralityotf) with TiO, outer shell, ando&r) with SrO outer shell; the inner
shell has alternate composition for the adopted enenber of planes in the slab.

Positions of all atoms have been optimized to obthe most stable NT structure with
preserving the rototranslational symmetry onlytHa most of considered cases the inner or outer
TiO, shells of NT undergo a considerable reconstructiole to shrinkage or stretching of
interatomic distances in the initial cubic perowsigtructure. There were found two types of surface
reconstruction: (1) breaking of Ti—O bonds withatneg of Ti=O titanyl groups in outer surface;
(2) inner surface folding due to Ti—O-Ti bendingasBd on formation and strain energy
calculations the largest stability was found dtir(n,0) NTs.

The authors are grateful for the support of SagteRBburg State University grant
12.37.142.2011 for fundamental research.
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While the (001) surfaces of AB(perovskites, such as SrigBaTiCs, PbTiG;, CaTiG;,
SrZrQ;, PbZrQ and BaZrQ have been extensively studied [1-5], much ledenmwvn about the
(011) surfaces. On the (001) surfaces, | considédr BO (A=Sr, Ba, Pb or Ca) and B(B=Ti or
Zr) terminations. The (001) surface AO layer is

found to relax inward for all seven materials with
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My calculated surface rumplings of 6.77
% for the SrO-terminated SrZg@001) and 3.32
% for the PbO-terminated PbZs@01) surfaces
are almost ten times larger than those of the

corresponding Zr@terminated SrZr@ and
Fig. 1 Total charge density map for Nb doped SgTiO

PbZrQ; (001) surfaces [3]. calculated by means of hybrid B3PW method.

As for the (011) surfaces, | consider three
types of surfaces, terminating on a BO layer, A
layer and O layer. Turning now to the surface eesrd find that both the AO and B@erminated
(001) surfaces are about equally energetically avle and may co-exist. In contrast, | see very
large differences in the surface energies on th©A@11) surfaces. | demonstrate that Nb is a
shallow donor in SrTi@and discuss also its segregation towards the 3iSu@ace [6].
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In the present paper we give a review of the régeobtained results orab initio
calculations of the structural, electronic, optiaall elastic properties of several cubic crysiafe
considered examples are:,S8% and CsGek; [1], Y2TioO; and Y,.SnO; [2], Rb,CrFs [3]. Special
attention has been paid to the properties of

2.80

chemical bonds between atoms and effects of 10Dq = 87.53877/R***"
275+
hydrostatic pressure on the band structure and k'\.h\

2.70 4
u

interionic distances.

2 2654
Using an original approach developed in gm_ : I(_BDGAA
Ref. [4], the microscopic crystal field effects for ] * .
Cr* in RbCrR were considered in details. 250 10Dq =8L.8096/R™" ... S
Analyzing pressure dependence of the chromium 1805 To i s e

Cr - F distance R, Angstrom

3d electrons’ density of states, we succeeded in
Fig.1. Dependence of the crystal field strengtibd0

getting analytical dependences of the crystal fieldnh Cr — F distance in R6rFs. In all equationR is
the Cr — F distance in A and the calculated reisult

strength 10q [5] on pressure and Cr — F e 10qvalue in cni.
distance (Fig. 1).

All obtained results were compared with availabig@ezimental data; good agreement
between the calculated and experimental resultérom validity of the performed calculations.

The presented analysis can be readily extendeapfaications to other hosts.
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Unique physical properties, especially due to didti@ (without losses) mechanism of
conductivity, carbon nanotubes (CNTs) and grapheaeoribbons (GNRs) attract permanently
growing technological interest, for example, asnusing candidates for nanointerconnects in a
high-speed electronics. However, formation of eitteNT-Me or GRN-Me contacts is
technologically different. For CNT-Me interconnectsis can be provided by a catalytic growth
procedure [1]. At the same time, full integratioh graphene into conventional device circuitry
would require a reproducible large scale graphgmé¢hssis that is compatible with conventional
thin film technology.

Effective medium

Effective medium

Me

Me Me Bk x Sty Me

L

Fig. 1. Model of CNT-Me interconnect as a prototypeFig. 2. Model of multilayered GNR-Me interconnect
of nanodevice. as a prototype of nanodevice.

Theoretical simulations of essential fundamentapprties (electronic, electric, mechanical,
magnetic, temperature, frequency) of interconneetagtual as both in time of formation of C-Me
contacts formation and exploitation in the framekwaf possible electronic nanodevices [2].
Results of presented theoretical simulations aseudised from the point of technological priorities
of a wide class of C-Me contacts (Me: Ni, Cu, Agi,Rd, Pt).
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Due to high electric and thermal conductivity, cleah and thermal stability, as well as high
mechanical strength, carbon nanotubes may be vsedihforcement of ceramics in order to enhaneg th
hardness, fracture strength, wear resistance, #utrie conductivity [1-2]. We have elaborated the
manufacturing schemes for synthesis of composit#ls warbon nanotubes and ceramic matrices. The
schemes are based on hot-pressure treatmentiaf init
mixtures that may be prepared by two methods:
growing nanotubes in the volume of ceramic powder
and mixing nanotubes and the powder in an
ultrasonic bath. The elaborated schemes allow us to
obtain samples of various composition suitable for
mechanical attestation, investigation of
microstructure, and measuring electric and thermal
conductivity. Our investigations of the microstmuret

of the composites have show that growing carbon

nanotubes in the volume of ceramic powder leads to
Fig.1 SEM image of CNT/AD; (1% mass), prepared
rather uniform nanotubes, enabling their percofgtio py the hot-pressure at 1500°C and 40 MPa.
and therefore high transport properties of the
composites (Fig.1).

The composites prepared via the alternative matwiag scheme, i.e. by mixing the nanotubes and
the powders in an ultrasonic bath, contain rateelated conglomerates of nanotubes that seem tbavet
expecting transport properties. We anticipate viaaiation of the manufacturing scheme would imprtwe
transport properties. For example, we found thevtir@f grains of the ceramic matrices with incregsihe
temperature of hot-pressure treatment. In the azeataining the conglomerates of carbon nanotubes w

observed inhibition of recrystallization of the maigrains.
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At present PbO-GeQglasses attract attention of glass scientists @rmatonic device designers
because of their properties which were found vdkiédyr modern applications in information transmit
and processing systems. [1] The paper is aimeavasiigation of nanoscaled fluctuation inhomogeegiof
PbO-GeQ glasses. The glasses were studied by Rayleighviamtlel’'shtam-Brillouin scattering (RMBS)
spectroscopy that resulted in glass compositiorelggnces of Landau-Placzek ratio reflecting thie it
contributions of “frozen-in” and equilibrium flucitions into Rayleigh scattering (RS) by glasses.
Temperature and frequency dependences of ultrasetocity in the glass melts allowed to indepentjent
estimate contributions from “frozen-in density aodncentration fluctuations into RS intensity by the
Macedo-Schroeder formulation [2]. The small-anglea) (SAXS) scattering was used to estimate average
dimensions of light scattering centers. AnalysiRMBS data for glasses and ultrasonic data forsghaalts
evidenced that chemical inhomogeneity, that is z#min” concentration fluctuations, dominated in
Rayleigh scattering by the glasses. Similarity l@fsg composition dependences of Landau-Placzek, rati
Rayleigh scattering and SAXS intensities with theximum in PbO 5-20 mol.% range showed that the
dimensions of light scattering fluctuation inhomoggies in glasses were on the nanometer scale T
latter corresponds with the results for glass fagroxides [3]

PbO activities of PbO-GeOmelts were determined from electrochemical datd amed for
independent calculations of concentration fluctuadi contribution into light and X-ray scattering.was
found that the glass melt composition dependencalotilated concentration fluctuations correlatédith the
data of RMBS and SAXS obtained for the glassesréfbee, the latter confirms that a glass inheris i
fluctuation nanostructure of a melt.

The study was partially supported by RFBR (Grah0#3-00323).
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Quantum dot (QD) formation technology is an impettstep in development of nanometer
size devices. QD arrays have perspective for neeglsor development and applications in
electronic circuits. One of the nanosize partictedpiction technique is use of porous ultra thin
anodized aluminum oxide (AAO) template (mask) tlglouwitch material is evaporated and
deposited to form arrays of 50-80 nm diameter nartapes on a substrate [1,2]. AAO layer
preparation is a controllable process, which resulta highly ordered nanoporous structure with
pore diameter range 10 — 400 nm and density ~idres/crh.

The aim of this work is fabrication of ultra thinA® masks for production of QDs.
Typically AAO nanoparticles are deposited througasks with thickness of 200-700 nm and pore
diameter 60-100 nm. However, deposition of quantots with diameter below 20 nm requires
thinner masks. A two step anodization processwhailum surface in a sulphuric acid was adapted
for production of AAO membranes with thickness Bel2d00 nm and pore diameters 10-30 nm
using DC voltage of 10 - 24 V. After AAO formati@m aluminum surface the next step is removal
of aluminum substrate and opening of barrier layghout breaking the membrane mechanically.
Aluminium was removed with mercuryI) chloride and barrier layer was removed by chemica
method. Obtained ultra thin AAO membranes and nanadays on the surface were analyzed with
Scanning Electron Microscope. Chromium nanodotyarnaith particle size below 20 nm were
created on the surface by ion evaporation.
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Nanoelectromechanical systems (NEMS) are a rapgibwing area of research with
considerable potential for future applications. Thesic idea underlying NEMS is the strong
electromechanical coupling in devices on the nartemscale in which the Coulomb forces
associated with device operation are comparablie thi2 chemical binding forces. Nanowires are
excellent candidates for NEMS devices because ef thell-characterized chemical and physical
structures, low mass and dimensions and rangeeafrehic properties. Nanowire-based NEMS
potentially have internal operating frequenciesvabbdd® Hz range and may reach extremely high
integration level, approaching f0elements per cm(Rueckes et al. 2000), which makes them
suitable for a number of applications.

Recently, two-terminal (gateless) nanowire-basedViSEdevice prototypes have been
demonstrated, e.g., a germanium nanowire basedelemi@mechanical programmable read-only
memory (NEMPROM) was reported by Ziegler et al.020 The NEMPROM device could be
switched OFF by mechanical motion or by heatingdéeice above the stability limit to overcome
the van der Waals attractive forces. Two-terminigtable devices, having both ON and OFF
regimes, were also reported. C.-H. Ke and H.D. iitsga presented a feedback controlled
nanocantilever device based on carbon nanotubd®)2@ur group demonstrated two-terminal
devices based on individual free standing Ge namsw({J.Andzane et al.2009) and {%ss
nanowire bundles (2010) using amsitu TEM-STM technique. In this work we presentiarsitu
SEM investigation of the operational conditions @& mechanically stable gateless
nanoelectromechanical switch using Ge nanowiréseaactive components.

In contrasto the two-terminal ON/OFF devices reported befadeich were working due to
large elastic force of the nanowire and were veepethdent on distance between the counter
electrode and the nanowire, the gateless bistablecal in this case achieves OFF switching by
controlled reduction of adhesion/friction force timee nanowire-electrode contact place. Different

methods of the adhesion force reduction were inyatstd and compared.
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A nanowire (NW) lying on a flat surface (substrag@p being held in bent state by friction
forces is experimentally and theoretically investegl. Zinc oxide NWs on highly oriented
pyrolytic graphite (HOPG) and oxidized silicon waége used in the experiment inside a scanning
electron microscope (SEM). A model based on thsetieldbeam theory for interpretation of the
elastic deformation of NWs is proposed. Calculatidrdistributed friction force along the NW’s
length from experimentally obtained bending proifl@emonstrated.

Two main cases are considered: a) NW is stati¢eddd by friction force on the surface; b)
NW is being loaded by a constant force at its miijpand dragged over the surface. In the first
case a SEM image of a NW is being analyzed andlaligtd static friction force is calculated. In
the second case a nanomanipulation device as aatacand an atomic force microscope (AFM)
tip attached to it as a probe are used in ordgough and drag the NW at its midpoint. Kinetic
friction force between the NW and the substratinésn found from the shape of the NW during the

manipulation.
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In this research physicomechanical and electricapgrties of styrene acrylonitrile copolymer
(SAN) modified with additions oBayer C 150 Rnulti-walled carbon nanotubes (CNT) are invesgdat

To obtain test specimens, CNT were first dispersedlistiled water by using an ultrasonic
generator. The resulting dispersion was subjeated t

oy, MPa E, MPa e, %

intensive mixing with the corresponding amount of 2] #® 700

600

SAN water suspension. Then the prepared mixture wa 27 ,,,
500

cast in Teflon dishes and dried at ambient tempegat 15

2000 —o— E 400
By changing the ratio of the amount of mixed R w0
components, specimens with different CNT content s  ** -
(W), varying from 0 to 2 wt. %, were obtained. 0 1600 : : : : : 100
0.0 0.5 1.0 15 20 25
Results of tensile stress-strain properties of the W, wt. %
nanocomposites (Fig. 1) let us conclude th: o —

introduction of small (to 0.5%) amount of CNT casise 10°

dramatic growth oty and E modulus. At higher CNT

', Slcm

contents the increase of the elastic modulus aad 1

+0.01% CNT
A SAN +0.05% CNT
v SAN +0.1% CNT
4 SAN +0.5% CNT
D> SAN +1% CNT
| © SAN+2%CNT |
T

yield point slows down. Stress at break varies 10°

nonmonotonically, however, these changes are not

significant. The effect of CNT content on ultimate ° S

elongation is more pronounced. Thus ultimé Fig 1. Tensile elastic modul stress at yieldy,

strain at breakeg, AC conductivity ¢’ of
SAN/CNT composites as functions of CNT weight

CNTs is 3 times lower than that of unfilled SAN. content W.
The effect of CNT on AC conductivity and

elongationeg of the nanocomposite with W& 2% of

permittivity of the nanocomposites is shown in Fig. As one can see considerable increase of these

characteristics is observed above CNT content®i. %.
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Scanning Probe Microscopies (Scanning Tunnellingrdsicopes (STM), Atomic Force
Microscopes (AFM), Shear Force Microscopes (SFMare) powerful tools for surface topography
analysis at high lateral resolution. However, thegeipments cannot provide a priori chemical
mapping of the analysed surface. X-Ray Spectrospyfine surface analysis technique allowing
to define chemical and structural properties of atamal. The lateral resolution for chemical
mapping is limited by the X-ray primary beam foegsoptics in the range of 20-50 nm for soft X-
rays (<4 keV) and 100-1000 nm for hard X-rays (@¥k However, in these experiments it is not
possible to simultaneously acquire the sample t@mdyy and thus it is not possible to perform a
spectroscopy on a given micro- or nano-object sameegvon the surface.

We have designed and fabricated a Shear Force 8&ope head allowing to obtain
simultaneously with the same apparatus and in armhlwenditions, the sample topography and
chemical mapping by XRF or XAFS-XEOL [1, 2]. In theemer case, a sharp optical fibre is used
as shear force probe for sample topography andsiimultaneous collection of the visible
luminescence under focused X-ray excitation (regmiu50 to 100 nm for both topography and
chemical analysis). In the latter configuration Xamay capillary replaces the optical fibre to el

the X-ray sample fluorescence (resolution of 100exmpected).
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Scheelite-structured compounds belonging to theyhaaite family possess interesting
structural features and attractive luminescencegt@s [1, 2].In this paper we report for thetfirs
time, the synthesis of phase pure nanocrystallcteedite-type BaMoO4 which is an LTCC
semiconducting material, using an auto-igniting bastion of a precursor solution containing
metal ions, oxidant, and a fuel with citric acid @smnplexing agent and Urea as fuel. The XRD
pattern of as prepared nano powder of particle &enm, shows tetragonal structure. The
DTA/TGA curve shows sample is thermally stable witmimum weight loss. The optical band gap
determined from the UV-Vis absorption spectra B08YV indicate that the material is a wide band
semiconductorThe photo luminescent spectra shows a broad gneéssien band along with a
small peak at red region The nano powder is peéldtiand sintered at 74D up to 95% density.
The surface morphology of the sample examined USERl indicates the sample posses minimum
porosity. The dielectric constant and loss factothe sample at 1 MHz is found to be 9.75 and
1.38x10°. Thus BaMoQ an LTCC material with high thermal stability, godiklectric properties
and excellent optical character could be synthdsamenanopowder in single step combustion and

further sintered relatively at a very low temperataf 756C.

FL ymibision {arh. we
—

-

-

W svrdrmgrh mmj

Fig 1. TEM Micrograph o&BloO, Fig 2. Photoluminiscent spectra of BaMpO
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The basic model used today for description of laadiation (LR) effects in semiconductors
is the thermal model, at least for laser pulse tohuraill picoseconds [1]. It implies that energly o
light is transformed into thermal energy. But itasly the first step in the understanding of this
process. So, irradiation of a semiconductor by BR lead to different results, but sometimes even
to opposite results.

Experimental results on investigation of the medranof nano-cones formation on the
irradiated surface of §iGe, and Cd.ZnsTe solid solutions have shown that this process is
characterized by two stages — Laser Redistribugfostoms (LRA) and Selective Laser Annealing
(SLA).

At the first stage of the process, - LRA - formatiaf hetero-structures takes place, such as:
Ge/Si due to Ge and Si atoms separation iRG3, sample and CdTe/GgiZny Te in CdxoZnyoTe
(x1>x0) solid solutions due to separation of Cd Zncatoms in gradient of temperature takes place.
LRA is non linear optical effect: concentrationtb redistributed atoms (Ge in the case of GeSi
and Cd in the case of CdZnTe) increase with nurob&&ser pulses and in the same time- increase
absorption coefficient of the formed top layer.

At the second stage, SLA - formation of nanoconestlee irradiated surface of a
semiconductor takes place by mechanical plastiordeftion of the top layer due to relaxation of
the mechanical compressive stress arising betweesetlayers due to mismatch of their crystal
lattices and mostly heating of the top layer. SLécwrs due to higher absorption of the laser
radiation by the top layer than layer under it.

The evidences of these stages will be presenteeixpgrimental investigation of SiGe,
and Cd.Zn,Te solid solutions irradiated by laser radiationings following methods:

microhardness, photoluminescence, Raman back segtéend atomic force microscopy.
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Organic materials, especially azobenzene compowamdsyf a wide interest for applications
in holography and nonlinear optics because theylenamuch easier tailoring of their properties
than inorganic ones [1]. In this paper, we havelistl self-enhancement (SE) possibility of vector
and scalar holographic gratings (HG) in azobenzerwecular glassy films produced in our
Faculty. SE of vector gratings has not been studigd now, as far as we know. However, it can
have practical importance as an alternative metbfodologram recording.[2,3].SE properties in

reflection mode also are studied for the first time

SE of a nonstationary hologram is the:s

e

increase in its diffraction efficiency (DE) over| ™ 7

time under the stimulus of a single beam ligh

B o o

irradiation or simply in the dark [2,3,]. We have:

e u

experimentally studied SE in transmission an

_ DEJiativ
5,

reflection mode at 532 and 633 nm fBp ands-

p linear recording beam polarizations. DE

increase up to 42 times was achievedpigrHG | i

. : |
in the sampleBa, and up to 4.3 times for vector| &+ =« & & & @ = & » = = =

000000 Time, Winutes 0360001

Fig.1 Coherent SE of the vector HG recorded in the
sampleW-50 with orthogonally polarized- and p-
pams Transmission mode, 532 nm, HG period is
m. The first peaks and the relative DE=1.00
the first time, to our knowledge.. More detalleoco”eSpond to the initial HG recording with two

beams. Coherent SE excitation and readout is
results and their analysis will be presented at themultaneously made with tisspolarized beam.

s-pHG in the sampl&V/-50 (see also Fig.1).Thus
SE of vector holograms have been observed f@

conference.
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Such technologies as arc evaporation, magnetrorspartering, ion implantation and pulsed ion
implantation are widely used in our Center for r@zarticle (electrocatalysts and so on) and nandstred
films and coatings production. These methods petonitreate any type of crystalline or even amorghou
structure of metals and their compounds and to ym@dhermodynamically unstable compositions and
nanostructures.

Important results were obtained in improvement afr@sion resistance, thermal and mechanical
strength, friction force improvement. Magnetronitsgring assisted by ion (gas and metal ions widrgy
1,0-100 keV) implantation permitted to create didfet types of nanostructured coatings. For example
coatings with 5 um thickness containing up to 1080olayers on TiAIN of different composition resultin
improvement of mechanical strength of metal-workingls and increase of their life-time in 3-5 tinaeyd
increase of tool efficiency for 25-35% (for examptiilling tools). Special installation “Kremen” wa
designed and produced in NRC “Kurchatov institdte"surface layers application.

Magnetron-sputtering or sputtering assisted byiioplantation was successfully used for catalyst
and electrocatalyst synthesis. Sputtering of Ni, Ptdand their application on carbon particlesl(ding
nanotubes and nanofibers) permitted to obtain releatalysts for PEM fuel cells and PEM and alkaline
electrolysers. Average particle size could be easiied due to ion current and time of sputtering.
Additional high energy gas ion treatment gives ity to increase the specific activity (up to %) and
lifetime (up to 30-40%) of the catalysts by modifion of catalyst particles (radiation defects pi@itbn)
and carbon carrier surface (purification). Pt gatlalith average particle size about 5-10 nm (djpeci
surface up to 60 ffg) demonstrated same activity at lower Pt loading®lectrolyzers as chemically
synthesized catalysts. Pt catalyst (particles dnt fwith dimensions less then 100 nm) on porousalse
(Ti, Zr) were developed for hydrogen in air oxidatifor hydrogen safety systems. Plasmachemical
processes in a gas phase permit to produce diffgypas of nanoparticles for example solar gratieosi
nanoparticles from Sifhy SiO gas phase reduction (2 SiO +124,€ 2Si + 2 CO + 4,) what is developed

in our Center.
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High pulsed power microwave radiation gives new spmbties in the biomedicine,
particularly to cancer cell damage study. Coopegatnfluence of microwaves and conducting
micro- or nanoparticles provides local and selectaction of microwaves on cancer cells. First
results of JINR successful experiment are repootectancer cells killing with the help of high
power microwaves propagating through the thin daleér. The microwave source was the JINR
free electron maser with the power of 20 MW andjdiency of 30 GHz. The microwave energy
dencity was about 1 J/énduring cell irradiation, number of pulses was 30000. In the culture
medium there are the cancer cells located on aacblglass near the golden layer. The cell
disruption was observed through 30-60 minutes aftadiation. The cells leaved the glass in the
form of large conglomerates. Through 12 hours thezee no irradiated cancer cells on the object
glass. The preliminary study of processes leadmgdncer cell damages were performed to

estimate the perspective of such technique.

82



OR-45
Formation of Alpha Phase in Nanosized Plasma Procssd Alumina Powder

E. PalcevskisA. Lipe, A. Krumina, J. Krasis

Institute of Inorganic Chemistry, Riga Technicalitmsity, Latvia

e-mail: eriksp@nki.lv

The peculiarity of plasma processed fine aluminagers is that such powders contan
ando-Al,Os chrystallographic phases and problems arise teaelhnigh density ceramics because:

e the density ob- and6-Al,0; is lower than density af-Al,O; ;

e §- and6-Al,03 phase transition into-Al,O3; occurs in the temperature range of 1000-
1200 °C simultaneously with the particles growth, therefthe particle size increases and the
sintering occurs already among relatively coass@l,O; particles, resulting in building of
vermicular microstructure [1].

In this study the formation ef-Al,O5; by thermal treatment of granulated nanosized alami
powder (with the average particle size of 30-50 mrgpared by spray-draying technique was
investigated depending on used surfactant/suspems&paration conditions. It is shown that the
granulation of plasma processed alumina powder ptesnthe formation of alpha phase in the
temperature range of 1050-11%0

The surfactant and the solution for preparatiosuspensions have an effect on the kinetics
of 8- and 0-Al,0O5; phase transition inta-Al,O3, especially at lower temperatures and shortest
thermal treatment times.

The peculiarity of plasma processed fine aluminagers is used for manufacturing of
porous materials. The average pore size for su¢hrrais could be changed in the range of 80-300
nm at the open porosity in the range of 30-40 %al.

The possible application fields of obtained matsrare the thermal insulator materials,
recycling filter materials, ceramic membranes aathlyst carriers for chemical and pharmacy

engineering, materials for manufacturing of mediggdlants etc.
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Nanodevice engineering requires precise and dedprstanding of nanomanipulation of
small objects on different surfaces. Most nanoplertnanipulation experiments have been done by
atomic force microscope (AFM) in contact or tappimgde [1, 2]. We studied the forces needed to
overcome static friction and move individual Au opparticles of approximately 150 nm in
diameter on an oxidized Si substrate inside a sogrelectron microscope (SEM) in real time. The
experimental setup consisted of a quartz tuning {@TF) mounted onto a high-precision 3D

nanomanipulator used with a glued silicon tip &3ree sensor.

a . _ : B (a) Schematics of the
gRtiive & Aol cxperiment: QTF and sample
\ i ’ / are tilted at 45 degrees relative
to the SEM objective. (b, ¢)
SEM images of the sample and
QTF with AFM cantilever at
different magnification.

Static friction was found to range from tens of taN\several hundred nN. Large variations in
static friction values were observed with differesdn particle shape. Kinetic friction tended to be
close to the detection limit and in most casesmdiiexceed several nN. The influence of thermal

treatment in reducing the static friction of nantigéeswas observed.
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Strain Effects in Epitaxial SrTiO; and KTaO; Films
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Principal possibility to control the properties ABO3; perovskite-type ferroelectrics by
varying of strain in 2D clamped heteroepitaxiamfd has attracted a special attention today.
Through the series of theoretical and experimewtalks (e.g., [1-5]) it is believed today that
structure, polarization response and tunabilitysoth films are influenced crucially by misfit
strains.

We report on strain effects on properties and plstase of heteroepitaxial SITAGSTO)
and KTaQ (KTO) films fabricated by pulsed laser deposition 2D clamping straining and
compressing substrates. Our attention have beemlyndcused on spectral ellipsometry,
thermooptics and dielectric studies of epitaxid?92.tensile strained 12 nm thick STO films
deposited on (100) KTO single crystalline subsgd@TO/KTO films) and on 2.2% compressive
in-plane strained KTO/STO epitaxial 13 nm thickmfd. We present explicit experimental
manifestations and proves that strain induced ®t&de is realized in epitaxial films of perovskite
like quantum paraelectrics STO and KTO under lageugh in-plane epitaxial strains [see e.g.
6,7].
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The three thermal properties of a solid material rlated with each other. The thermal
diffusivity is the thermal conductivity divided kthe volumetric heat capacity. Knowledge of the
thermal diffusivity is necessary to evaluate oftbtite response time of the pyroelectric detector to
an external thermal impact and for the reconstuactf the spatial distribution of polarization in
ferroelectrics by the Laser Intensity Modulation thted (LIMM) [1] or by the Thermal Square
Wave Method at single-frequency (TSWM) [2].

In this work, we describe a new measurement tecienthat is related to several recent
pyroelectric methods [3-5], but which uses a simiteeory and an identical experimental setup to
the TSWM experiments [2]. We have considered twies$yof systems: 1) dielectric film deposited
on a ferroelectric crystal, 2) the ferroelectriofi a metallic substrate. For both case the sarédc
the investigating film was periodically heated mctangular modulated heat flux. The thermal
diffusivity coefficients were estimated when thécatated forms of the pyroelectric response were
completely identical to those obtained experiméytal

Approbation of the technique was carried out onnmealed PZT film deposited on a
lithium tantalate crystal and on polarized PZT filfhe decrease of the thermal diffusivity
coefficient (from 1,5.07 to 0,00610" m%s) with the decreasing of the film thickness (fr@#0 to
0,4 um, respectively) was observed. The difference betwhe values of the thermal diffusivity
coefficient of PZT films and of PZT bulk ceramic§, [6] can be attribute to the fact that thin
polycrystalline films are more porous than the badknples. Also the existence of size effect in the
propagation of heat in the body should be takem actount.

This work was performed within the Federal TargepgPam "Research and Research-

Pedagogical Personnel of Innovation Russia for 2Z280EB8"
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Multifunctionality of Strontium-Barium Niobate
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Solid solutions of the strontium-barium niobateBa&.xNb,Os where 0 <«x< 1 (SBN) are
environmental friendly (lead free) polar materials oxygen octahedral family. Their potential
applications are based on very attractive pyroetectelectromechanical, electro-optic,
photorefractive, and nonlinear optical and dielectproperties. Strontium-barium niobate is
distinguished by its open tungsten bronze strucileethe compound contains five ABs formula
units per tetragonal unit cell in which gixsites are occupied by five divalent metal atom#&\éa
result the empty sites give rise to quenched aetecandom fields even in the stoichiometric
compound. Consequently, by changing the ratio batwsrontium and barium components one
may tune the system from ferroelectric<{0.5) to a generic relaxox ¢ 0.6) behavior while
maintaining the structure unchanged [1].

Using the Czochralski method eleven single cryisialcompounds with nominal= 0.26,
0.35, 0.40, 0.45, 0.50, 0.45, 0.61, 0.65, 0.705,0and 0.80 designated hereafter as SBN26, ...,
SBN80 have been grown. The crystals grown along0g] tetragonal direction were up to 22 mm
in diameter and 40 mm in length with characterigit faces, free from striations and other

extended defects. Density of etch pits was fourtoetof the order of £0- 1 cm®.
Investigations of the linear dielectric responseasueed within10’ < f <10°Hz along the

polar c-axis of the obtained single crystals resea gradual crossover from ferroelectric (SBN26)
to generic relaxor (SBN80) behavior. Complementdeynperature dependences of the lattice
parameters confirm existence of structural phasesttions.

Financial support by MNiSW under grant N N507 455@3gratefully acknowledged.
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We studied the effect of ionizing radiation on tergiure dependence of the surface
resistance (B of carbon powder containing about 70% nanotuli&ST() glued on polyvinyl
acetate (PVA) film of 10x10x0.1 mm. MeasurementRgfwere done by volt-ampere technique

with Cu electrodes pressed against the film at the

applied direct voltage of 0.1 V. The samples 30
S —e—non irradiated

were irradiated at 300 K witf°Co gamma- 2 10t Gy
guanta at the dose rate 3.2 Gy/s step-like up to 20F —3.10° Gy

the dose 3-POGy, provided R measurements 10
after each step. Temperature dependences; of R \\,\k

shown in Fig.1 are non-linear and close to those ¢

) . ) 200 250 300 350
occurred in CNT composites [1,2]. Arrhenius T.K
.1 The surface current thermal dependence for

o .. Fi
plot of these dependences can be divided into LﬁT-PVA film prior and after gamma irradiation.
regions, each characterized its own activation

energy of polaron hopping conductivity, as listedhe table below.

Sample 196 — 230 K 220-250 K 260-360 K
Non-irradiated 0.123 0.064 0.010
Irradiated to 106Gy 0.138 0.077 0.030
Irradiated to 3-10Gy | 0.224 0.096 0.055

Gamma-irradiation results in dissolving of smallisters, the graphene nanoparticle and CNT
concentration growth. Consequently, both the poldrapping frequency ands{) values increase.
Both CNT and PVA matrix, where quite strong intinglectric fields may be created [3], are
suggested to contribute in the electric condugtiattT < 250 K.
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Luminescence in Ge®@SiO, Films Fabricated by SPCVD
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A line of Ge-doped silica films 10-20in thickness were synthesized by the surface-gasm
chemical vapor deposition (SPCVD) on silica sulteggl]. The content of Ge in different films weaaried
as n-Ge@(1-n) -SiQ with n changing from 0.02 to 1. No luminescences whserved in as received films
under the excitation by 5 eV UV photons. It was teason to conclude that the twofold coordinated
germanium center is not formed immediately durihg film preparation by SPCVD [2]. However,

subsequent heat treatment of the films by g CO

laser beam leads to the appearance of 33

luminescence as well as to a huge grows of the 2% ‘§
24 22
absorption band at 5 eV, which indicates to the § ,J 2
z 1 g
presence of twofold coordinated germanium él.ﬁ» él ,/‘
= )
. . . o 12 7 !
centers. This observation correlates with the case @ .
. . L. . . . < 0§ PHOTON ENERGY(eV)
of Ge implanted silicon dioxide thin films, in 0.4 y L]
e -..-""
. . . 0 et - ‘-. "" ]
which luminescence of the twofold coordinated 10 45 50 55 80 65 70
germanium was found to increase several PHOTON ENERGY (eV)

hundreds times after the heat treatment [3]. I purFig.1  Absorption and (insertion) time resolved
photoluminescence spectra under ArF laser pulses in
(without silicon) Ge@ SPCVD films the twofold spcyp 0.5.Ge@0.5-SiQ film on KU-1 silica

coordinated germanium centers were not revealq?!’bs”ate 1 - as received. 2 - sample annealédQe
aser. Time constants are for blue band 1~ 5 510

even after heat treatment. However, under an Arfs; for UV band 1 ~2ns, 2 ~ 6 ns.

excimer laser (193 nm wavelength) excitation

some luminescence is observed in the non-tredted fiith intensity increase at cooling down to 860-K.
The decay kinetics of this luminescence signifiyadiffers from that of the twofold coordinated genium

center, although its spectral content is similar.
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v-Ray Induced GeODC(Il) Centers in Germanium Dopedu-Quartz Crystal
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Main luminescence of Ge-dopedquartz crystal is known to be due to self-trappeaditon
located near germanium atoms [1]. The characteristmninescence of Ge-doped silica glass [2]
associated with the so called GeODC has never bbsarved in Ge-doped-quartz crystal. We
performed experiments to check whether the

GeODC-like-luminescence appear after-

a0l T=80K

.
1)
IS}

irradiation of such crystals. This is indeed thseca

=
1)

as a new luminescence with two bands is detected =z 3ot

o
o

o
=)
2

410 nm, 290 K
0 2000 4000 6000 8000 1000012000
TIME (us)

PL INTENSITY (arb.unitg
N

under pulsed light of ArF laser (193 nm). The first sl

emission corresponds to a blue luminescence with
10+

fast component (~10 ns)

time constant of about 100s. The second one

slow component (~1 ms)

LUMINESCENCE INTENSITY (arb.units)

2 3 4 5 6 7
PHOTON ENERGY (eV)

o

corresponds to a UV luminescence with fast decay
time of ~1.5 ns. This last emission looks simitar t

the GeODC luminescence of silica glass. Besidekig-1 Photoluminescence spectra and decay curves

_ ) _ (insertion) ofy-ray irradiated Ge-doped-quartz
the old STE Iluminescence remains in th@nder | excimer laser (15@m). The decay with ~1
ms corresponds to triplet-singleansitions of the
self-trapped exciton near Ge, whereas componeht wit
nm) is used as a probe excitation. However, clear-120us corresponds to triplet-singlet transitions in

the induced GeODC like luminescence.

differences are obtained regarding the induced

irradiated sample when an Excimer laser (157

center with respect to the well known twofold caneded Ge center. The excitation under KrF laser
does not provide decay time constant of about )bBut generates blue luminescence with a fast decay
time of about 4us. The ArF laser pulses also excite this blue beoohponent. The observed
organization is connected to the multiformityyefay created centers in amorphous areas of the Ge-

doped crystal.
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Investigations of the heat treatment influence ba tuminescence of nanocrystalline
zirconia doped with europium were performed. Z#Q.0 mol.% Eu nanopowder with an average
crystallite size of 5nm and Specific Surface A(&SA) of 160 Vg was synthesized using
hydrothermal-microwave synthesis method [1]. Thevger was heated in air at temperatures in
range 400-85{C during 1 hour. We ascertained that grain growith &SA decrease occurred in the

samples annealed at temperature

higher than 40‘@: At 850’C the Spectra after annealing directly before measurement.
average crystallite size reache B I A 1 -not annealed
ge ey | = it 2 - 400C
12 nm and SSA diminished uj ao000] 2 T 3-550C
A : 2% ‘l f (_‘.I ""I‘I{'?* 4 - 70(?0
to 35nf/g. The higher was the = Al ) 5-8s0C
annealing temperature, the low« s i s '
was the intensity of europiun 0]
luminescence. The luminescenc
5000:
spectra for nanopowders as 1
function of the temperature o u:
400
annealing are presented in Fig.: A nm

This work was supportec Fig.1. Luminescence of the ZyQ0 mol.% Eu heat treated nanopowders
_ excited by a 402 nm LED
by the project Eranet-

MATERA “OXYNANOSEN".
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The Luminescence of Eu Doped Zr@Nanocrystals
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The time-resolved luminescence of undoped as wsedusopium doped Zrdree standing
nanocrystals (nanopowders) obtained by Sol - Gethote were studied. Samples with Eu
concentration from 0.1% mol till 20% were prepar€dntamination of Eu in sample and type of
crystalline structure were verified by x-ray fluscence and XRD methods. The different excitation
sources (x-ray, YAG laser (4th harmonic) 4.66 eptiaal parametric oscillator (OPO) laser and
deuterium lamp) were used in experiments.

Our previous studies show the activator lumineseeaad structure dependence on
activators concentration [1]. The electronic exmtas in zirconia are mobile, so with increasing of
activator concentration the intrinsic defects mfialuminescence band intensity decreases and
activator luminescence intensity increases untgdiches the saturation. On the one hand Eu acts as
phase stabilizer on the other hand as the luminégcebe.

The main luminescence bands due to transitiBgs 'F; and’D, - 'F, of the Ed" and the
excitation spectra of these bands where analyzepeilding on excitation energy energy transfer to
ions incorporated in tetragonal or monoclinic phasepossible.

The differences of intra-centre and recombinativaihescence were observed. The use of
different excitation sources allow to determine ithke of direct excitation of luminescence centers,
energy transfer by excitons to these centers and barriers trapping involved in the creation of
excited states of the luminescence centers. Thehanésms of excited state creation and the

possible models of luminescence centers in theargsials will be discussed.
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There is a large interest in rare-earth doped theorma to obtain up-conversion
luminescence material for biological labeling [X] w&ell as for other applications. This interest is
partially because of high chemical and physicabiita of zirconia as well as due to relatively low
phonon energy of the matrix especially among ox{d@esut 470 ci) which is an important factor
for the efficiency of the up-conversion processea material.

A set of undoped as well as Er and Yb doped,&@nples at different concentrations was
prepared by sol-gel method. For the synthesizegpkanthe study of both the stationary and time-
resolved luminescence was carried out. The dopantentration impact on the up-conversion
luminescence as well as the upconversion luminegcdependence on the temperature was also
studied. The correlation between Er and Yb relatedtetragonal or even cubic structure
stabilization and intrinsic defect concentratioamte was analyzed.

It will be shown that the incorporation of Er and Yons leads to the stabilization of
tetragonal and cubic phase of zirconia. The ininkefect concentration impact on upconversion
luminescence band change is provided. The possiblels and mechanisms of upconversion in
ZrO, was studied using time resolved luminescence meesus. Possible application of the rare-
earth doped zirconia in temperature measurementsditmgical applications will be discussed.
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We have studied cathodoluminescence spectra andydémes of the following
oxyfluorides:

o Tb activated sodium - containing composition $i@l.0; - N&O - LaF; - NaF,

. Tb and Ce activated lithium - containing composit®iO, - Al,Os - LioO - Laks.

Cathodoluminescence decay times of the terbiunvatetl sodium - containing samples are
65 - 330us at CL 380 nm band and 815 - Q&bat 545 nm CL band [1]. Terbium activated lithium
- containing sample’s decay times are 1i85at 380 nm band and 9 at 545 nm band. Cerium
activated lithium - containing sample’s decay timaes 2.4us at 380hm band.

Lio,O - containing terbium activated glasses have nstable cathodoluminescence than
Na&O - containing glasses. Decay times of cerium attid oxyfluoride glases are considerably

faster than terbium activated, but also less iens
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The Yttrium Alumina Garnet (YAG) doped with RE ioissknown as a laser host (YAG:Nd;
YAG:YD), as a scintillator material (YAG:Ce, YAG;Rias a material for white LED and other photonic
applications. The quality of laser ceramic has begroved noticeably since in 1980’s the technology
of transparent ceramics fabrication was developggdahd the quality of laser ceramic has been
improved noticeably. For the ceramic sintering tfaoscaled YAG material is used as a starting
material and its characteristics play importang iialthe fabrication of laser and luminescent céacam

The current study focuses on the YAG nanopowdethggis process, characterization of
obtained powders by XRD, SEMg& and EDX analysis. The studies of luminescence git@s of
YAG nanocrystals were carried out by means of tresslved spectroscopic methods.

The YAG nanopowders were prepared by the sol-geltemperature combustion method [2,
3]. The starting materials were aluminum nitrat#riym oxide, ethylene glycol, nitric acid and aemn
or europium nitrates. The solutions of the preawrseere mixed and heated at 80(@5 The mixture
was evaporated at 90-1W0 The dry powder was combusted at temperature550C for 4 h. The
powders were calcinated at 10G0for 3 h in air obtaining powders with YAG crydiaé structure.
According the §t method, the grain sizes of powders are 30-35 rmwekier the SEM images shows
the agglomeration of nanocrystals.

The spectra of cathodoluminescence, photoluminescand radioluminescence were studied.
The luminescence of intrinsic defects localizeditexs (LE), antisite defects () were compared in
undoped and RE doped YAG nanocrystals. The lumerese spectra and decay times of RE ions

luminescence as well as energy transfer efficisadopand ions were studied.

References

1. H.Yagi, T.Yanagitani, K.Tankaichi, K.Ueda, A.Karskii. Opt.Mater29, 1258 (2007).
2. L.A.Diaz-Tores, E.De la Rosa, P.Salas, H.Des@paMater., 27,1305 (2005).
3. J.Grabis, D.Jankaia, |.Steins, A.Patmalnieks. Material Science For6®®-637 697(2010).

97



PO-8
Multicolor Up-Conversion Luminescence in Rare-EarthDoped NaLaF,

G. Doke M. Voss, J. Grube, A. Sarakovskis, M. Springis
Institute of Solid State Physics, University of iat Latvia

e-mail: guna.doke@gmail.com

In the past years many scientists have studiedonpersion (UC) processes in the rare-
earth doped materials related to the emissiongifdrienergy photons (VIS and UV) when excited
by lower-energy photons (usually IR). By applyingricular rare-earth ions in the materials it is
possible to get separate red, green and blue lscenee light or mixture of these colors, for
example, white light under IR excitation.

In this work we tried to achieve white UC

luminescence color based on 1931 CIE diagram. U e e s e e e e e e
100 ] |~ Yb-Er-Tm (20-2-0.5 mol%) ]
) ) —a— Yb-Er-Tm (25-0.25-1 mol%)
To do that we synthesized NalaBoped with ] o "
80 4
different EF*, Tm** and YB* concentration. UC o

luminescence was measured (Fig. 1) and main

Intensity, a.u.

luminescence bands from *%rand Tni" in red, ol

green and blue spectral regions were observed.

. . ‘e . 0 L B e e T T
The relatlve IntenSItIeS Of the Iumlnescence bands 350 375 400 425 4\;:0 4;5 500 525 550 575 600 625 650 675 700 725 750
) Wavelength, nm
were found to be dependent on the doping levels _ o
Fig.1 UC luminescence of NalgFwith different

of rare-earth ions. Moreover minor changes in theb**, EF* and Tmi* ions concentration under 980nm

) . excitation
UC luminescence color could be achieved by

applying different IR pump power density.
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Fluorides are known to be effective hosts for défe rare-earth ions particularly the ones to
be used in up-conversion applications. Due to smpiatinon energy of most fluorides the multi-
phonon relaxation in rare-earth ions could be reduwhich is important if the material is
considered to be used in up-conversion applicatitimvever for an efficient up-conversion
process suppression of luminescence quenching thyrbalti-phonon relaxation and presence of
guenching centers is also required.

Our previous resultssuggested NalLafEr® as attractive media for up-conversion
luminescence [1]. However the material sufferednfrdifferent types of oxygen related defects,
which are believed to be the common quenching ceofehe luminescence in fluorides.

In this report we present a novel, inexpensive elfective synthesis route of oxygen free
NaLaR:Er** material without using hazardous hydrofluoric adimt elimination of oxygen
impurities. Along with the description of the syasiis route, luminescence spectra and decay
kinetics of both traditional and up-conversion lnescence of Ef will be presented for different
Er** doping levels. It will be shown that the increa$&r** concentration leads to the shortening of
Er* luminescence lifetime and enhances energy-trapstérability in the up-conversion processes.
It will be also shown that the elimination of oxygeémpurities strongly influences the up-
conversion processes in NalLdi'* and improves the efficiency of the up-conversion

luminescence.
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Generally commercially available retroreflectiveRRmaterials lack instructions on usage
and the average purchaser lacks knowledge on gegformance and constructive differences.
Three different types of RR’s were evaluated [IM'3 Scothlite 2 - 3M™ Diamond Grade3 —
microprismatic RR Chief-light CO, Ltd]. Five

different colors of microprismatic RR’s were =g/ 45 0 15

A Retroreflectance optical indicatrix of white microprismatic retrorefl.

compared (white, yellow, green, orange and red).q;
The evaluation was based on finding weather the,, |
construction and color of sample significantly o, |/ =

affect the retroreflectance optical indicatrix by o,

tilting the RR (Fig.1. A). The performance of g g
samples was evaluated by creating deviated |
lightning conditions of the RR’s. Reflectance
spectrum of all samples was measured and
compared.

Electron-microscopic estimate of the size
of RR’s active regions were made (Fig.1. B).

| | i P | |
N ~ Fig.1 An example of study: A — white microprismatic
proposed. In addition to performance detectioRR’s retroreflectance  optical indicatrix; B

. . . . microscopic size evaluation of the same sample.
with technical support, psychophysical studies are

Interpretation of diffraction effects has been

scheduled.
Significantly different changes were discovered agdifferent types as well as colors of
RR’s.
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Colorimetric analysis of color deficiency teststie main technique for analysis of used
pigments according to the dichromate confusionsliffeg.1) [1]. Perception of color is influenced
by lighting conditions and spectral characteristicd the illuminant. Many of the

pseudoisochromatic plates are designed for

daylight illumination [2]. However, there are -£
tests (Rabkin polychromatic plates) with noQ:

specialized type of illumination mentioned. Four = ¥=——_.....

o,
o

different illumination sources were chosen forFig_1 Dichromate confusion lines in CIE xy

analysis of Rabkin test for color deﬁciency,chromaticity diagram [3] C_Zoordinates of the copahct
convergence pomts are given.

including typical halogen light source (~3000K),

diffuse daylight (~6500K), modern warm light emmtji diode bulb (~3000K), and fluorescent

lamps (~4000K). Acquisition of color deficiency tepectral images was provided by CRI Nuance

Il VIS multispectral camera for 420 to 720 nm ramjevisible spectrum. Colorimetric data of the

each pixel of the test image is calculated andidigion of color coordinates is analyzed for each

illumination conditions in CIE x,y chromaticity djeam.
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Measurement of optical aberrations requires a eafestate against which these aberrations are
measured. This referent state is an absolutelyaplaravefront. Absolute calibration of the Shack-
Hartmann wavefront sensor (SHWS) has been descalveddy previously [1]. The referent state in
adaptive optics is created when a collimated beatere the SHWS. However, the optical system of the
SHWS may not be achromatic and spot pattern inréierent state may vary depending on the
wavelength at which it is set. We investigated \Wwhethe measured wavefront aberrations depend on
the wavelength at which the referent state is Beé optical scheme for setting the referent state i
shown in Figure 1.

Results reveal variations in measured defocus vafaen choosing different referent states.
Variations are less than 0.1 um. For a 3 mm pik@lih our case it corresponds to about 0.3 D chang

in spherical equivalent. The RMS of L2

defocus was the smallest when ‘
Incoming

measured against the referent state set 'ager beam

532 nm but increased towards the end of ——— Single mode

. . . . . fiber Shack-Hartmann
the spectrum. This is insignificant L1 wavefront sensor

. . . . Fig.1 Setting the referent state in adaptive opfas measuring
refractive error in optometrist's practice yavefront aberrations. A lens L1 focuses the lagam on one end

; ; : of a single-mode fiber while the other end is pthde the focal
and is about the just nOtlceablepoint of an aspheric lens L2. When a collimatednbemters the

difference in the refractive state of anwavefront sensor the referent state is set.

eye [2].

A possible source of variations in magnitude of gfeant aberrations may be chromatic
dispersion in the lenses of the SHWS - relay leasdghe microlens array.

The authors are thankful to the European SociabRmeject “Support of Doctoral Studies at
the University of Latvia”. Project No. 1DP/1.1.2¥09/IPIA/VIAA/004.
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Photoluminescence (PL) in 8-300 K temperature ramge been studied in nominally pure
alumina (ALOs) nanopowders. AD; nanoparticles were prepared by evaporation of ceroial
available coarse grained alumina in inductively pted air plasma. The prepared samples were
calcinated at 800-1400°C for 2 h.

Temperature of calcination determines phase Energy, eV
6000 1;9 ' 1;8 ' 1;7 ' 1;6 ' 1;5 ' 1;4

composition and grain size of the samples,
which grows from 13 to 80 nm. Accordingly

to XRD analysis the as-prepared samples
3000

contained weekly crystallized 6-Al;0s.

2000

Calcination of samples up to 100C had a

Luminescence intensity, a.u.

little influence on phase composition. Phase 1000

transition and formation of-Al,O3 started at

T T T T
650 700 750 800 850 900

1200 °C but pure a-Al,Os; particles were Wavelength, nm

obtained only at 1400C high temperature. Fig.1.Photoluminescence at 8 K of,®k nanopowders
However, from PL measurements it followscalcinated at 800 °C (1), 1300 °C (2) and 1400L)C (
that even the sample calcinated at 12D®esides: phase contains al€ophase.

It was found out that luminescence properties afmaha powders are determined by
uncontrolled impurities, mainly iron and chromiubuminescence spectra of the samples Wit ;03
phase have a broad band in the 700-900 nm regiibed to emission from Beions. In the samples
with 8 + o phases F& luminescence band diminishes and disappearsaihsitere emerges two narrow
bands corresponding to Cremission in alumina wit® phase (680 nm) and phase (694 nm).
Excitation spectra of Béand CF* ions contain bands inherent for absorption tramstof these ions,
besides there is a common band at 320 nm. It isvass that 320 nm excitation band is connected with

an exciton type state, which depending on lattlz@sp causes either titanium or chromium emission.
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Due to new technological possibilities to sense\aadalize processes at a nanoscale, a new
experimental field of bionanophysics has develop&he of its directions deals with
nanodosimetry. Since the primary targets of intawacof radiation with biological tissue are DNA
and other biomolecular structures which have naestimensions, it is important to have a sensor
of corresponding nanovolume. One approach offerssea thin film dosimeter, which consists of
nanodots embedded in a solid thin film matrix. Thenodots are supposed to be a radiation-
sensitive substance.

This experimental research studies the effects lwhuwiolet radiation on zirconia films
doped with PbS nanodots (Zr®bS films). The films were fabricated using sal-tgchnique.
ZrO,:PbS films were irradiated with UV light with waeelgths 250 — 400 nm during 50 minutes.
Photoelectron emission from the surface of thedilwas studied and band structure of the films
was calculated. It was found that quantity of lomad states decreased after UV irradiation while
density of localized states was dependent on caraten of PbS nanodots. The observed changes
in band structure of Zr&PbS films after UV irradiation allow to suggesathhe films may be
considered as an effective material for UV radmatidosimetry, PbS nanodots being the UV

sensitive substance of such a dosimeter.
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Several nanocrystal (NC) based solar cell architestwere demonstrated in recent time.
Main architectures are Schottky type [1], blend\N&@ and polymer [2], blend of two different NC
materials [3], and Gratzel type solar cell [4]. Gvfanost significant advantage of NC based solar
cell technology is synthesis from solution, whishmuch cheaper in comparison with conventional

vacuum technologies used for silicon solar cells.

It is well known that band gap of nanocrystals rbay

© PbS nanocrystals
o CdS nanocrystals

tailored in wide range varying its size due to duan

Absorption, a.u.

confinement effect. Sulphide materials have rataege Bohr
radius (18 nm for PbS and 2.4 nm for CdS). Anothgrortant

material characteristic for solar cell engineeriigy work w0 a0 so  wo 70 s

0.2 4

Wavelength, nm

function. Ability to modify work function of NC isssential for
] ) o Fig. 1.Optical absorption of PbS
increasing solar cell efficiency. and CdS nanocrystals

In this study we report Kelvin probe measuremelfits o

work function of chemically synthesized PbS and @dBocrystal thin films.
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Most of the organic compounds emit light from setgétate. Electrically exited molecules
can be in singlet and in triplet states. From spatistics follows that only 25% of exited statal w

be singlet, other 75% triplet states. It means

Me,

N
that quantum efficiency of organic light N —/
emitting diode (OLED) in the best case could O

be only 25%. Metal complex emit light also
from triplet state due to the singlet — triplet

coupling. That is why such materials could be
O

more promising in (OLED) devices. Fig.1 3-N-(N’,N’-Dimethylformamidino)benzanthrone

In this presentation we will show
optical properties of solution and thin films ofN3¢N’,N’-dimethylformamidino)benzanthrone

(see Fig.1) [1] ligand which contains Cr atoms.
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Organic molecules become more popular in electt@alp devices, like organic light
emitting diodes (OLED). Glass forming low molecutanganic compounds could be perspective
due to easier synthesis and thin film processiogfsolution. Fluorescence decay time constants
and quantum vyield are important parameters to estimapplication possibility of organic
compound in OLED device.

In the work we were measured fluorescence kindéticsix glass forming styryl-4H-pyran-
4-ylidene fragment containing derivatives in sauatand thin films. Dichloromethane was used as a
solvent for preparation of solutions and thin filnfi$ e concentration of molecules was between
10° to 10° mol/l for solutions. Thin solid samples were premhby spin coating method. The
thickness was from 400 to 600 nm. Picoseconds dasky with wavelength 375nm was used as
excitation source.

Fluorescence kinetics in solution consists of axoaential decay but in thin solid films at
least of two exponential decays. The slowest potiege constant is 1 to 2 nanoseconds and fastest

one is several hundreds of picoseconds.
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In this report holographic recording of polarisatiand surface relief gratings in Disperse
Red 1 (DR1) doped polyurethane polymer films waslisd. In this material DR1 is chemically
bounded to polyurethane polymer main chain. Pa@#on holographic recording was performed by
orthogonally linearly and circularly polarized tvb@ams. Lasers with 532 nm and 632.8nm were
used for that purpose. Photoinduced birefringersca iprecondition for polarization holograms
recording, therefore a detailed study of a photeted birefringence and changes of optical
properties was performed. The lasers with wavelengt 375nm, 448nm, 532 nm and 632.8 nm
were used as pumping beam for sample excitatior plmotoinduced birefringencan was
measured at 532 nm and 632.8 nm wavelengths. Omeasid numeral values of photoinduced
birefringence and their dependence on the pumpgagnbwavelength and intensity were evaluated.
The relaxation of photoinduced birefringence inaakdand under light illumination was studied.
Surface relief grating (SRG) formation was obserdeding polarization holographic recording
process. A profile of SRG was studied by AFM. Aatinship between SRG formation and

photoinduced birefringence has been discussed.
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Polyisoprene-nanostructured carbon composites (BN@Cknown for their potential use as
piezoresistive and volatile organic compound senséor better theoretical understanding of
physical and chemical processes taking place frdift manufacturing stages of PNCC as well as
for practical development of sensors with higher ™7

1mp

4amp

8mp

sensitivity, studies on optical properties of the ™]

12mp

16 m.
80 e

composites were conducted. The goal of thi

ensitf) a.u

study was to find out how the concentration of *]

. . . . £ 40 4
nanoparticles and vulcanization duration of
. - 20
polyisoprene — nanostructured carbon composites
inﬂuence their Optical propertieS. umuu 1100 1200 1300 1400 1500 1600 1700

Raman shift, cm_1

FTIR spectroscopy was used to investigat€ig.1 Raman spectra of composites with different

) concentration (m.p. — mass parts) of multi-walled
the development of molecular bonds in PNCGarbon nanotub.

an

AN

samples with different vulcanization duration. Tdhemeasurements have confirmed that, during
vulcanization phase, chemical breaking and linlohgnolecular bonds takes place. The conducted
measurements indicate a possible change of FTIBtreap@eak height as aging process of PNCC
samples takes place. In addition Raman spectroscopgsurements were made. Analysis of

different peaks in FTIR and Raman spectra is chwig. Further optical studies are in progress.
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This work is devoted to the topical issue — phaotidiced formation of relief in thin layers of
chalcogenide vitreous semiconductors (ChVS) withHolldwing complicated chemical processing.
Direct holographic recording technique is on of diwanced methods for surface relief structuring
in light sensitive materials. Because of the higjitl and electric field gradient it is possible to
obtain structures directly in time with illuminatioln this report the study of direct mass tranefer
ChVS like As-S, As-S-Se has been presented. Expeatsnwas performed by 532nm wavelength.
Also the mechanism of the direct recording of stefeelief on amorphous chalcogenide films

based on the photo-induced plasticity has beemusksd.
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Three main mechanisms of impurity emission exatativere revealed earlier for harmless
luminescent materials based on Ca86ped with RE" ions. A RE*ion could be excited via direct
photoexcitation and due to the energy either texnsfl from an excited oxyanion ($Q [1, 2] or
released at the recombination between electronshales formed by photons of > Ey= 9.5 eV
[2]. There is a need to perform a further comprehen investigation of the recombination
mechanisms. A series of Ca8RE>",Na" (RE®* = Tb**, G, EU*" and N4 ions were used for
charge compensation) and CaS®E>",F (RE** = Tb®* or GF") phosphors have been synthesized
(see also [2]). The excitation spectra for différemission lines and bands as well as for
phosphorescence have been measured in the reglbb-to2 eV at 80-400 K. Photo- and thermally
stimulated luminescence (PSL and TSL) have beersuned at a sample heating from 80 to 500 K.
The shape of the stimulation spectra (2.2-3.0 @VPSL of RE" in the phosphors preirradiated by
photons ofhv > Ey is similar to that for binary metal oxides. ThelLPS8ises at least in part due to
transfer of the energy, released at the recombimdtetween optically delocalized holes with some
electron centres, to RE Gd&* ions serve as electron traps and®*Gdentres formed in the
preirradiated samples are stable up to ~200 K.Ti3le peaks at 110 and 160 K are connected with
the thermal release of holes. A role of a compengia’ or F) on the luminescence and TSL of
CaSQ:RE* is analyzed. The contribution of electron-hole #ude-electron recombination (i.e.
either an electron or a hole acts as a mobile giaatit) to the energy transfer to BHons is

discussed.
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Earlier it was shown that vibrational spectroscopn serve for detection of structural units of
oxide glasses (as of inorganic polymers) that vedle@ constant stoichiometry groupings (CSGs) [1].
Vibrational spectra of glasses are interpreted asuperposition of relatively small number of
unchangeable spectral forms (principal spectral pmrants (PSCs)) belonging to CSGs. The
composition dependences of the concentrationseoCBGs afford an opportunity to explain, calculate
and predict new crystalline compounds [2], dependsrof refractive index, density, the fraction of
atoms in different coordination, Kerr coefficiemtdaother properties of glasses and even in the alase
glass forming systems characterized by so-calledrfalous” property-composition dependences. It is
found that CSG concept made it possible to detexnosmmposition of glasses built from CSGs of a
single type only (“pseudo single component” glagsdmracterized by minimum Rayleigh scattering
losses which can be lower than those of silicasgld$e latter seems valuable for elaboration of
communication fibers and effective Raman amplifiérgpected correlation between values of Rayleigh
scattering losses and band widths of vibrationakcsp has been demonstrated for glass formers and
multicomponent sodium borate, phosphate, silicategermanate glasses enriched in CSGs of a single
type.

Analysis of Raman scattering spectra of sodiumsgsiten “disilicate glasses” doped with
niobium oxide evidenced that the intensity of thieration band at 600 cfnrelated to the Nb—O—Nb
bridging bonds in CSG N@&:-Nb,Os clusters correlates to Kerr coefficient of thesgks. This result
may be used for designing novel glasses with therdeof Kerr coefficient and for manufacturing of
electrooptical fibers and glass ceramics [3].

This work was supported by grants from the RFBRj@ts N09-03-0075%; N10-03-00323).
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The KDP (KHPQy) crystals obtain color after irradiation by UV-ration or X-rays. This is due
to the formation of defects. Currently in KDP cajstthe following radiation defects are establisteed
form: the self-trapped holes (B-radicals;R@,°), holes with hydrogen vacancy (A-radicals, HRO
interstitial atoms of hydrogen (Bl and PG ions [1]. The radiation induced absorption bantls a
temperature of liquid nitrogen have maxima at 289 890 nm and 550 nm (5.39 eV, 3.18 eV, 2.25
eV). In [2] it is suggested that absorption bantls a D
3.18 eV, 2.25 eV are associated with B-radical& Th

nature of the absorption band at 5.39 eV was not,
‘D 0.6
established.

ical dens

o
~
T

We obtained absorption spectra for pure g
KDP monocrystals at &0 before and after 0.2r

irradiation by X-rays. The results agree well vittle %0

:II.20 ‘160 I200 2;10 é8W,K
data in [2]. In the figure the thermodiscoloration

curves for all radiation induced absorption bands aFig. 1.The curves of thermodecolouration absorption
bands with maxima at 2.26B (1), 3.173B (2) and

shown. 5.755B (3)
It is clear that the radiation induced absorptiands with maxima at 2.28 and 3.17B are

annealed in 110-130 range of temperatures, and with a maximum at 55 at about 200K.
Comparison of these curves to the data on EPRIWsto establish that absorption bands at 226
and 3.1/5B are caused by B-radicals, and 5B5— by interstitial atoms of hydrogen. Thermoanmesli
of absorption bands at 1KGllows to reveal an additional absorption bandhwitmaximum at 2.8B.
We assume that it is associated withsP@ns. We also suggest the mechanisms of reconitinef

radiation defects.
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NiWO, belongs to a group of the isomorphous seriesrgdiates MW@(M=Mg, Cd, Mn,
Fe, Co, and Zn) with the monoclinic wolframite sture [1]. Below 67 K, NiWQ@ undergoes
cooperative transition to antiferromagneticallyenetl state [2]. The lattice dynamics of NiVMaas
been studied in the past by Raman spectroscomoat temperature [3] and interpreted using the

first principles calculations [4].

In this work we have performed th IxEX:éSOnrln | | NiIV\/OI
Raman scattering study (excitation by 8: 10K4 1
nm) of polycrystalline NiWQ@ from 10 K to 70K
300 K. It was found for the first time that a s \ oK

\ \ 120K
of new peaks at about 570, 790, 1030, ¢

1090 cnt* appears in the Raman signal belc

90 K. The origin of new peaks and the QE . . . . : : :
0O 200 400 600 800 1000 1200 1400
Raman shift (cm ™)

Raman Intensity (a.u.)

relationship to the magnetic structure
NiWO, will be discussed.

Fig. 1. Temperature dependent Raman spectri
polycrystalline NiwQ
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In the present work we report results of investayet of iron proteins (methemoglobin,
transferring) in blood of Chernobyl clean-up woskdéry EPR (Electron paramagnetic resonance)
spectroscopy. EPR can detect the concentrationedfhaemoglobin and transferrin ions of more
accurately than any other technique [1]. The sasplevenous blood were received from the
Center of Occupational and Radiological medicin€ @@tradins Clinical hospital of Latvia, where
Chernobyl “liquidators” are examined. Retrospecitilgsimetry was performed for all Chernobyl
clean-up workers donated blood for our study a$ [2e3].

The EPR spectra of frozen blood were measured BREKER EMX-6/1 spectrometer
equipped with an Aspect 2000 data system. The Hfhalsintensities in blood were measured
against fixed standard signals using the standgsdat MgO (CrF") placed in resonant cavity.

These processed data show that methemoglobin andférrin levels in the blood of
Chernobyl clean-up workers is above normal. Methgdoton or (ferric form of hemoglobin) is the
form of hemoglobin, when iron Eein the heme is oxidized to the*Fderric state and this form of
hemoglobin is not able to bind oxygen. We assuraeitn F&" heme hemoglobin is oxidized to

the F&" in heme by radiation.
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Cadmium iodide single crystals, Gdlbelong to the class of compounds having layered
structure. These crystals can be considered aditwensional systems and their investigations are
important for the physics of low-dimensional stuuets. Besides that, Gdhlso has relevance from the
practical point of view as a prospective scintdlavith subnanosecond luminescence decay timesir u
in electromagnetic calorimeters. Cadmium cluster€dkL layered crystals and their influence on the
optical properties were recently reported in [1,2].

Here, we will present the results of the compreivenstudy of Bi nano-inclusions in cadmium
iodide layered crystals. AFM, SEM and spectroscapiestigation were performed in order to analyze
cluster morphology and the effect of nanoclustersttee luminescent properties of the host crystal.
Obtained CdikBil3 crystals contain 1 mol. percent of Bghase which is inhomogeneously distributed
over the sample volume. Samples, wherg Biintent is higher, are dark red while those wats|Bik
phase content are yellow. Microphotographs ofdbi@ined crystals confirmed the luminescence from
small areas (clusters) with linear dimensions oksal microns. Optical absorption study indicateat t
several absorption peaks are present in the spafati@k red crystals and yellow crystals do ndtikit
such absorption bands. Absorption bands in crystals higher Bik concentration exhibit slight
dependence on temperature. We have also obsereednission peaks at 2.1 eV and 3.1 eV in the
luminescence spectra of GdBil 3 crystals. Their origion will be discussed. In clusion, both direct
observations and spectroscopic studies show theemfe of embedded clusters on light emission and

absorption processes in Bdoped Cdi.
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The perovskite-type ternary oxide BaZr@ materials of relevance in various fields of
technology. Its refractory properties are of impade for high temperature applications, such as in
the form of thermal barrier coatings. When it ipm@priately doped, it has gained attention as
potential high temperature proton conductors wghligabilities in fuel cells or hydrogen sensors.
Zirconates in particular are used as insulatorghim electroceramic industry and are gaining
importance for heterocatalysis.

The purpose of this talk is to report new datala luminescence properties of BaZrO
under synchrotron radiation.

Luminescence of BaZrDwere studied under vacuum ultraviolet (VUV) andrawiolet
(UV) synchrotron radiation (3.6 — 25 eV) emittedrfr DORIS Il storage ring at SUPERLUMI
station [2], HASYLAB DESY, Hamburg, in the widemterature range of 10-293 K.

As it is well known, BaZr@experimentally determined band gap energy is E§=¥, and
thus use of synchrotron radiation provides ideatditions for the multiplication of electronic
excitations, when each absorbed photon producestwtore electronic excitations. To study this
effect, we have measured the appropriate excitatactra of the complex luminescence band
(2.15-2.90 eV). In particular, a prominent thrddghior excitation multiplication at about 13.5 eV
(as high as 2.5 Eg) was discovered. The luminesceesults obtained are compared with that
obtained under electron irradiation

The experiments at DESY leading to these resulte heceived funding from the European

Community’s Seventh Framework Programme (FP7/200Z3Runder Grant agreement #226716.
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Silicon carbide (SiC) is a wide band gap semicotmusuitable for high-voltage, high-
power, and high-temperature devices from dc to owewve frequencies. However, elementary
processes of multiplication of electronic excitagainder irradiation by synchrotron radiation have
not been studied yet in these type of the materidie aim of the present talk is to report on the
investigation of multiplication of electronic exaitons processes and luminescence in cubic 3C-SiC
crystals with theoretically well-studied electromsitucture. For these reason the luminescence and
excitation spectra of as grown and neutron 3C-Si@ell as the appropriate reflection spectra were
studied under vacuum ultraviolet (VUV) and ultrdeto(UV) synchrotron radiation (3.6 — 25 eV)
emitted from DORIS 1l storage ring at SUPERLUMasbn, HASYLAB DESY, Hamburg at 10
K.

Results obtained demonstrate that there is cldéfareince between as grown and neutron-
irradiated crystals. Luminescence mechanisms lam@ppropriate role of neutron-induced defects
will be discussed in details. The results obtaiaesl compared with the reflectivity and valence
electron-energy loss spectroscopical data. A coisgarwith the results of electronic structure
calculations is also presented.

The experiments at DESY leading to these resulte heceived funding from the European

Community’s Seventh Framework Programme (FP7/200¥3Runder Grant agreement #226716.
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Comparative analysis of the luminescent propertt#s nanocrystalline MgO with
macrocrystalline powder analogues and a singletarysms been performed under excitation by
pulsed VUV synchrotron radiation. Special attentiees paid to VUV spectral range, which is not
reachable with commonly used lamp and laser sources

The nanopowder of magnesium oxide (MgO) was prepdne the extractive-pyrolytic
method at the Institute of Inorganic Chemistry,aSplls. The X-ray diffraction measurements have
been performed in order to investigate the crys@lstructure and to provide an average crystallite
size of nanoparticles (10-15 nm). Single crystaldMgO were grown by the arc-fusion method at
the Institute of Physics, Tartu.

Luminescence spectra and the excitation spectrdifferent emissions have been studied at
the SUPERLUMI station of HASYLAB at DESY using symotron radiation of 3.6-25 eV from
the DORIS 11l storage ring in a wide temperatunegeof 10-293 K.

Results obtained show clearly a distinct differeircéhe excitation spectra for nano- and
macrocrystalline samples, especially at the ensm@xeeeding the energy gép.

Differences in the spectral region related to thdtiplication of electronic excitations are
also demonstrated and discussed.

The experiments at DESY leading to these resulte heceived funding from the European
Community’s Seventh Framework Programme (FP7/200Z3Runder Grant agreement #226716.
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The size effects for free excitons which are resgah the form of quantum confinement,
interference of coherent excitons, etc. are walllisd for the quantum dots in semiconductors. The
conditions for quantum confinement effect manifesta for self-trapped excitons with radius
commensurable with cell parameterd@ A) in wide bandgap particles of nanoscale siz&Q nm)
are not satisfied. In a case of wide bandgap itsulparticles the size effects connected with
relationship between the free path of band chaageets and nanoparticles size can considerably
influence on self-trapped excitons, which are resgme for fundamental absorption edge and
intrinsic luminescence of materials [1].

In our work we present low-temperature (10 K) luesicent properties of pure LalPO
nanoparticles with different size (8-50 nm) studiedder vacuum ultraviolet and ultraviolet
synchrotron radiation (3.6 — 20 eV) emitted from RIS Il storage ring at SUPERLUMI station,
HASYLAB (DESY, Hamburg).

The significant dependence of intrinsic lumineseemdensity of LaP® nanoparticles on
their size and the energy of exciting quanta iseoled. Upon the excitation in the range of optical
creation of self-trapped excitons the luminescemtensity decreases at the decrease of the
nanoparticle size, however this decrease is nashswp as upon the excitation in the range of
recombinational creation of excitons. Practicalhg luminescence of self-trapped excitons is not
excited by quanta with energieg<t <2E, for nanoparticles of 8-16 nm size; in the sameetthe
self-trapped exciton emission of low intensity uptre excitation in the range of photon
multiplication onsetE >2E) is remained yet. The luminescence peculiaritresdascussed in the

terms of the electron excitation radius, the frathf electrons (holes) and the nanopatrticle size.
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In recent years among scintillation materials mregearch efforts have focused on cerium
doped crystals of Uglstructure due to their outstanding scintillationperties such as light yield,
energy resolution etc. Eldoped single crystals also show very high valdeigbt yield (above
100,000 photons per MeV for SgGind Srj hosts) [1].

In our work we present low-temperature (10 K) luescent properties of Lagl
microcrystals activated by divalent europium iomsbedded in NaCl host, which were studied
under vacuum ultraviolet (VUV) and ultraviolet (U8ynchrotron radiation (3.6 — 25 eV) emitted
from DORIS Il storage ring at SUPERLUMI stationABYLAB (DESY, Hamburg).

Single crystal of NaCl-La@ll mol%)—-EuCi(0.1 mol%) composition was grown and
annealed by means of technique described in [2{hdh work the feasibility of the formation of
LaCl; microcrystals doped by cerium ions embedded intda&l host has also been shown on
NaCl-LaCk—CeC} system.

In our case the luminescent spectrum reveals ivensarrow band peaked at 410 nm
typical to 5d—4f emission of Eticenters in LaGlhost [3]. At the same time, the absence of the 428
nm photoluminescence band, which is typical tG"Ezenters in NaCl:Eu system, indicates that
most of europium ions are entered into Lad@lcrocrystals. The possibility of the determinatiof
divalent europium level location is discussed. Eatmn energy transfer mechanisms to’Eu

centers will be explained as well.
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Photocatalytic water splitting using solar energguld be one of solutions of
environmentally friendly and clean ways of hydrogemoduction. The basic material for the
production of ‘solar hydrogen’ is water that isem@wable resource and on the earth it is enough
and easy to access.

However, there are many problems that must be dobefore this technology become
economically feasible. The choice and synthesia photocatalyst material plays a key role in the
effective photocatalytic Hproduction. It should be corrosion resistant, cicaity stable, visible
light harvesting.

Nanoscience and nanotechnology opens differentroppmties in the development of highly
active, nanostructured photocatalysts with largéase areas and other positive properties. Multi-
component metal oxides with perovskite structuiks have suitable band structures for visible
light water splitting, since more metal elements cantribute to the construction of valence and/or
conduction band.

Different additives and synthesis methods allowustilig bandgap and band positions.
There are several ways of band engineering whexentbst common ones are: cation doping,
valence band modification and solid solution foriomt

In this work solid state reaction method for namedi phtocatalyst Ni/KNb®is reviewed

and the optimisation of the process is discussed.

Acknowledgement: Thanks to European Social Fund jepto Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 for finaatsupport.
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The photocatalytic process is based oh hydrogegkxyevolution on oxide electrodes in
the water cell under the light of Sun. So far thetpcatalytic water splitting has been criticized a
being uneconomical compared with other hydrogemycion systems, due to its inherently low
efficiency [1]. In order to resolve these problems Anodic Ti0; onto Ti
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and make photocatalytic hydrogen production o
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effect on photocurrent and photopotential ofinodic TiO2 film

Tatsuma et all [3] found the plasmon absorptiorgig

Au25-modified TiQ electrodes with related sensitivity shift to visiland NIR region.

We obtained nano-structured thin i anodic oxidation process using Ti foil as anode
and platinum coated Ti foil as cathode. The eldggowas composed of 0.14M NaF and 0.5M
HsPO, and anodic oxidation was carried out at 20V fan80with following annealing at 50T in
air. Very thin film of Au was evaporated onto anleeaTiO, film using thermal vacuum
evaporation method and used as plasmon light atisormitiator. Influence of surface plasmon

light absorption on hydrogen evolution intensityceldl was studied.

AcknowledgementsAuthors acknowledge National Research Program ardsnfor support.
LG thanks European social fund project Nr. 2009232DP/1.1.1.2.0/09/APIA/VIAA/141
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Efficient hydrogen storage for on-board automotpglications is not solved yet and much
effort has been dedicated to investigate diffengossibilities for hydrogen storage. Molecular
hydrogen can be stored as physisorbed on low weigtérials with a large specific surface area,
such as: carbon nanotubes, activated carbons, deadlerived carbons and other carbon
nanostructures, alkali-doped carbon nanotubes andstructures and metal-organic frameworks
[1].

In our experiments we used ON 5 s5y40°-

pyrolytic method both type samples 3.5x10°1
X 3.0x10°1
- 2_5)(10‘5__ ,,,,, I i

PPN M O I S SO S S
results obtained from the study on s5.ox10°4

——SiO2Pd |-
--- empty

surface silicate gel. Using extractive

&%

were coated with 10 wt% of nanosize
Pd.

Conc

This research presents the

~s

OO_' SO et _._.,;...... T _ I I S S

hydrogen sorption experiments on raw

T T T T T T T
) , 0.0 0.2 0.4 0.6 0.8 1.0
and activated samples. The experiments Time (hours)
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Expressed gas adsorption, ion—exchanging capalaitity catalytic behaviour of different
zeolites have made them as an interesting matenadlifferent life science, environmental and
industrial applications [1]. Zeolites are crystadli aluminosilicate materials with ordered
nanometer-scale pores built in network from Aléhd SiQ tetrahedra network and exchangeable
alkaline and alkaline earth metal cations (normbly, K*, C&*, and Md") in addition to water in
their structural framework. The physical structiggoorous, containing interconnected cavities in
which the metal ions and water molecules are coathiClinoptilolite is one of the natural zeolites
used to remove cations such as heavy metals anaaimm ions from aqueous solutions.

Our idea is to test clinoptilolite as potential naetbr storage the hydrogen and hydrogen-
rich gases (ammonia, methane). The loading of mtdsdnto the zeolitic channels were performed
in two different ways — using high pressure sorptiesorption equipment PCT Pro2000 and
electronic balance Kern. Pore diameter and digiohuas well pore volume was determined with
nitrogen adsorption method using sorptiometer BEZA SEM analysis revealed that clinoptilolite
is with lamellar structure. Generally two typespofosities such as primary porosity and secondary
one are observed. The primary porosity may be défiis microporosity presented by nanotube
system of the clinoptilolite 3-dimensional alumiilicste framework. The secondary porosity is
formed by meso- and macropores, where the firss @re presented by slot pores determined
mainly by cleavability of the zeolite crystallitgd. This research presents the results obtairad fr

the study on dynamic adsorption experiments onaiasvacivated zeolite.

Acknowledgements: Thanks to research project 08.189 atvian Council of Science for
financial support.
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When a conductive material is subjected to a timwging magnetic flux, Eddy (Foucault)
currents are generated in it and generate a magfelil of opposite polarity as the applied
magnetic field. The interaction of the two magndigtds causes a force that resists the change in
magnetic flux. However, due to the internal resistaof the conductive material, the Eddy currents
will be dissipated into heat (Joule heating). Cartimal domestic water heaters utilize gas burners
or electric resistance heating elements to heatvtter in the tank and substantial part of the heat
that is generated is wasted. The use of electroat@gimduction heating of a liquid could be used
to heat water. Another way to use Eddy currenti;istruments for the measurement of electrical
conductivity. The value of the electrical conduitivof a metal depends on several factors, such as
its chemical composition and the stress state ®fcrystalline structure. Therefore, electrical
conductivity information can be used for sortingtat® checking for proper heat treatment, and
inspecting for heat damage.

Our idea is to use wind mechanical energy to géadr@at. Wind turbine rotor with rotating

strong (B, = 14T ) NdFeB permanent magnets creates a time-varyirgnet& flux inducing Eddy

currents in heat exchange camera connected witerveailer. Generated heat power dependence
on parameters such as changing magnetic field émoyuw , magnetic field inductiorB, electrical
conductivity of the materiab , charasteristic size of the material are analy&gebcific material is
needed to allow generating of high Eddy currentd @mick heat removal. Material evaluation is
performed using mathematical modelling. 2 dimeraidimite element model is made to compare

analytical and numerical results.

AcknowledgementsAuthors acknowledge National Research Program ierdgnfor support. 1D
acknowledge European Social Fund for financial sufpp

References

1. J.H. Bell. US Patent 6011245 (2000).
2. S. Caramori, V. Cristino, R. Argazzi, L. Medald®.A. Bignozzi, Inorg. Chem9, 3320 (2010).
3. K. Yu, N. Sakai, and T. Tatsuma, Electrochemjst6, 161 (2008)

129



PO-40
Behaviour of Tritium in Carbon Fibre Composites under Action of JET's

Plasma

M. Halitovs', G.Kizane', A. Vitin&', E. Pajustk L. Avotina', G. lvanov, J. Gabrusenoks
Ynstitute of Chemical Physics, University of LatvRiga, Latvia
ZInstitute of Solid State Physics, University of viat Riga, Latvia

e-mail: gunta.kizane@Iu.lv

Carbon based materials, such as carbon based ddmosites, are planed as plasma facing
materials for future fusion power reactors. Impottasues are related to plasma wall interactiatgsses.
The main disadvantage of carbon based materials chemical erosion under fuel particle bombardmen
and accordingly with this the ability to accumul#ege quantities of tritium and deuterium alsaislwell
known that accumulation of plasma fuel componeritisitn and deuterium is going on a surface and in a
volume of divertor tiles. Tritium retention in tligvertor tiles is an important issue not only fregological
point of view but also from view of economics. Deténation of tritium retention in plasma facing
components of the divertor is of high priority inder to understand the mechanisms of fuel retention
Plasma facing components Concept | used as divewberials of JET are manufactured by Dunlop Ltd an
in this study we represented investigations on ghamf a fibres of the divertor tile and tritiuncamulation
in the CFC tile 14 BWG 4B of the MkII-SRP (septueplace plate) divertor of JET exploited in the péri
2001-2004. In this period D +D plasma campaign baen realized and tritium had been pushed in the
vacuum vessel of JET. Structural changes analyg&Ed1 have been observed in CFC tile both in tabid
and poloidal directions. A diameter of fibres irases from the middle part of the tile to backsitii# op to
30 %. Changes of graphite structure had been ofdefter exploitation of the tile in vacuum vesseJET.
The characteristic lines of graphite at 1588'@nd 1355 cm in the Raman spectra change their position
and width, a Fourier-transform infrared spectra badn analysed in this study. The highest reterdion
tritium had been observed on the shadowed parheftite. Important part (98 — 99 %) of accumulated
tritium is located on plasma facing layer (~ 1 nimickness) of the tile (tritium activity £6- 16 Bg/g).
Relatively small quantities of tritium penetrateeddn the tile. Tritium mass activity in the middpart is
~10* Bg/g and is rather even in poloidal and toroida¢ation of tile. A higher tritium activity had bee
detected on the backside part of the tile (tritativity 10 — 10 Bg/g), which is caused by erosion material
transport beneath tiles through gaps between aitek technical boreholes within. Observed that tleerm
desorption of tritium starts approximately at tenapare 473 K, a maximum of release rate are at93kK,

but tritium release rate decreases very sharpgnaperatures above 950 K.
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Lithium orthosilicate has more physico-chemical gedies widely used for resolution of some
today’s technical and future problems. Lithium ostlicate is foreseen as tritium breeder matenoaltiie
helium cooled pebble bed (HCPB) blanket being dgped in the EU. One of the key parameters of lithiu
orthosilicate for future fusion reactors is relativhigh tritium breeding ratio as lithium densify56 g.cnt,
is good compare with others lithium containing comompds. The second advantage of lithium oprthosdica
is a relatively high possibility to absorb €Qup to 36.7%) from different temperature mediund an
selective reaction with CQOwhich is reversible at temperatures higher thed°@5 In this study physico-
chemical properties of lithium orthosilicate nanaers had been investigated under action of mastur
Nanopowders of lithium orthosilicate with partickéze 100+10 nm and specific area 24-gh were
synthesized in high temperature plasma of nitrogdranges of composition of high temperature plasma-
synthesized stoichiometric and nonstoichiometribidim orthosilicate nanopowders depending on heat
treatment and air humidity on the basis of therraegnetric (TG), differential thermal analysis (DTAhd
powder x-ray diffractometry (XRD) results are obh&sl. In high temperature plasma synthesized
stoichiometric and nonstoichiometric nanopowders lighium orthosilicate main phase is lithium
orthosilicate, but minor phase is lithium metasilec Formation of lithium metasilicate in “stoichietric”
nanopowder could be explained by producing of dithimetasilicate as by - product of plasma stage
synthesis: Thermally treated (600°C for 2 hourgjckiometric and nonstoichiometric nanopowders of
lithium orthosilicate atmosphere with a reduced.§%) and elevated (77.6%) humidity in isothermal
condition 19C up to 10.75 days gradually sorb airborne atmasplgases - KD and CQ. Absorbed gases
in nanopowders of lithium orthosilicate facilitatémrmation of monohydrate of lithium hydroxide hitim
metasilicate and lithium carbonate. Characterigtitexes of main phase — lithium orthosilicate dittte
reflexes of minor phase — lithium metasilicate hagn observed in the XRD difractogramms after tlaérm

treatment.
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TiO2 has shown great potential as a photocatalys2][in various environmental applications.
TiO2 also finds use as coating on “self-cleaningtl anti-fogging glasses [3]. The greatest challenge
connected with using TiO2 as a photocatalyst iddnedgap, which is 3.2 eV for anatase and 3.0 eV fo
rutile. This inhibits greatly applications usinghight, because solar irradiance intensity in tegon is
relatively low. Therefore great efforts have beesdmto narrow the band-gap of TiO2, to make use of
its good photocatalytic and light induced superbptiilic properties under visible region more
effectively.

In present work copper doping was employed to shétabsorption edge of titanium dioxide to
lower energies. The films were prepared using singbl-gel method as described in our previous work
about nickel doped titania films [4].

Hydrophilicity of the films was investigated withb@additional UV irradiation, in normal
laboratory conditions. Good hydrophilic propertiesntact angles as low as 5°) were achieved without
any additional UV irradiation. Photocatalytic adivof films was estimated using degradation of
rhodamine 6G under UV irradiation. Photodegradatomperiments showed that pure titania films
degrade rhodamine 6G 3-6 times faster than copgeedititania films.

In conclusion it can be stated that copper as amtopdds an additional absorbance structure
prior to the optical absorption edge of anataseiaactases hydrophilic properties of titania filrbsit

does not help to improve photocatalytic propemestania films under UV irradiation.

References

1. Jean-Marie Herrmann, Heterogeneous photocatalygsidamentals and applications to the removahabus types
of aqueous pollutants, Catalysis Today 53, 115-(2999).

2. K. Osunada, Y. Kikuchi, K. Hashimoto, A. Fujista, Bactericidal and detoxification effects of Bi@hin film
photocatalysts, Environmental Science & Technol@gy726-728, (1998).

3. T. Watanabea, A. Nakajimaa, R. Wanga, M. MinaBedoizumia, A. Fujishima, K. Hashimotoa, Photatgic
activity and photoinduced hydrophilicity of titamudioxide coated glass, Thin Solid Films 351, 263;21999).

4. V. Kisand, U. Joost, V. Reedo, R. Péarna, T.e[@t Shulga, A. Saar, L. Matisen, A. Kikas, I. Kiinfluence of the
heating temperature on the properties of nickekedopiO2 films prepared by sol-gel method, Appliedf&ce Science
256, 4538-4542, (2010).

132



PO-43
Preparation and Photocatalytic Activity of Modified TiO, Nanotubes

R. Drunka J .Grabis, Dz. Jankaia, A. Patmalnieks
Institute of Inorganic Chemistry of Riga Technithiiversity, Latvia

e-mail: reinis_drunka@inbox.lv

Titanium dioxide is very promising material for pboatalysts, decomposition of organic
compounds, splitting of water, for manufacturindf-skeaning materials and dye- sensitized solar
cells. It is generally concluded that the photdgétaactivity depends on the specific surface area
degree of crystallization of the titania particlpease composition and presence of dopants, which

promotes absorption of visible light. In recenfEEEEENEERSSEN RN

years considerable efforts was directed forwar
preparation of TiQ nanotubes. Despite the :
considerable number of papers, there is lack @
investigation about photoactivity of TiO '
nanotubes, especially in the presence of dopants

In this paper the characteristics of %iO %o
nanotubes and their photocatalytic activity wer : 25kv’x30000 O—W»r—n( 0000 T o
studied by varying conditions of anodization of TiFigl. Micrograph of Ti@nanotubes layer
foil and introduction made of NMnd WQ dopant.

Self-organized Ti@ nanotube-layers were formed by electrochemicatlaation of titania
foil in a (NH,).SOJ/HF electrolyte. The prepared by anodization JJi@notubes were fully X-ray
amorphous. The crystalic anatase nanotubes withedex about 30-250 nm and length about 7-9
um (Fig.1) were obtained after additional calcination at 80@uring 2 h.

Doped with WQ nanotubes were prepared by additional anodizatigeroxotungstic acid
sol and ethanol-water electrolyte or by anodizatwin Ti foil rubbed with W powder in
(NH4).SOy/HF electrolyte. The doped with nitrogen nanotutvese obtained by their treatment at
500°C per 2h in NHor N, flow.

The catalytic activity was determined by degradattb MB solution under UV and visible
light illumination.
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As electronic appliances increase in functionaditd decrease in size, the energy storage
systems that power them must follow suite. LiFeR@#eries are becoming increasingly popular
due to the material’s high charge/discharge cappalahd excellent electrochemical properties.
Recently a lot of attention has been directed & ptoperties of material when deposited in thin
layers either by magnetron sputtering [1] or lagbkation [2], and the texture effects of said
material. One of the chief issues of LiFePO4 thiels which still remains to be solved is the poor
electrochemical performance of as-deposited lagaesto low crystallinity.

In this research laser crystallization has beemmax@d as a perspective alternative to
thermal annealing. LiFePO4 thin films with varyirmgrbon content deposited via magnetron
sputtering were annealed with UV/visible laser igking varying power density and scan speed.
To increase the visible light absorption of thentfiims attempts were made to exploit surface
plasmon resonance by depositing a 20 nm Ag layeidd via thermal evaporation [3].

The structure and morphology of the thin films weneamined with SEM and XRD
analysis. Electrochemical analysis of the annealbth layers was performed in a
LiFePO4/LICIO4/Li cell with a Li reference electredvoltampere and charge/discharge curves

were analyzed.
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To modify the properties of LiFeR thin films they have been deposited on Si and
stainless-steel substrates by radio frequency ntemmesputtering using different sputtering
conditions (residual pressure, bias voltage, digghgower) and subsequent annealing in argon
atomsphere (500-700 °C). It is known that
suitable preparation conditions resulted in films
with finer grains and pure olivine phase [1].
Obtained results showed that LiFeffO thin
films deposited at higher power exhibited
reduced crystallization, grain sizes and
conductivity as compared with films deposited
at lower power. Higher sputtering power lead to

dense-packed film structure composed from

granular crystals (Figure 1). Film cracking was
observed after annealing in argon atmosphere gh1 " SEM image from LiFePOthin film with
700°C, but lower annealing temperatures don gharacteristic granular structure.

revealed improved crystallinity. Charge-dischargd ayclic voltammetry curves were measured in
three electrode cell. The films with higher crystély displayed higher initial charge capacity tha
those without annealing or annealed at temperaan@md 500 °C. However, the cycling stability
is greatly improved for denser films. This probalsigicates on the importance of the mechanical
strains at the substrate - LiFeO thin film interface on the film structural mdéidations and

cycling stability [2].
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Boron nitride (BN) is a promising material for vaus applications, such as optical devices in

the UV-range, surface acoustic wave devices andlaiisg

coatings. Hexagonal boron nitride (hBN) has inténgs

hBN (0002)
A0, (0006)

properties such as good electrical resistance, el gap (~

AL,O, (0003)

6 eV) [1, 2], low dielectric constant, piezoelecity and good

hBN (0004)

Int (a.u.)

stability at high temperatures [3]. Further, hBN czasily be

AL,O, (0009)
hAIN (0004)

doped p- and n-type for electronic applicationswieer, hBN

is, perhaps, the less investigated material of ghaup Il
nitrides. In this study growth of hBN using CVD ¢hout
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plasma or other enhancements besides heat) withréoeirsor Fig. 1 XRD of hBN sample grown on t
gases NH and triethyl boron (TEB), using (0001) sapphire saagjphire with AIN buffer laye

substrate is presented. The typical growth pressase100 mbar, the temperature in the range 1300 —
1500 °C and the N/B-ratio between 600 — 1000 byyampgp an AIN buffer layer. An AIN buffer layer
was formed by nitridization [4] of the sapphirefage by introducing NKlinto the reaction chamber at
growth temperature and 10 minutes before introdudi&EB. The AIN buffer layer circumvents the
formation of less ordered hBN, so called turbost@N (tBN). The characterization of the grown f8m
was done by X-Ray diffraction (XRD), high resolutiokRD (HR XRD), Raman spectroscopy,
photoluminescence (PL) and Elastic Recoil Detecfioalysis (ERDA). XRD measurements in the

20 configuration showed (0001) oriented hBN (Figabhd HR XRD confirmed epitaxial growth. High

growth temperatures (1600 °C) lead to polycrystallAIN, which prevents growth of hBN.
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Sputtered Ni-Fe (81+0.5) alloy layers do not have

uniform nonporous structure. Therefore, a topissLe is
electrodeposition of these alloy layers. Using devgalt
electrolyte (E1) and complex potassium pyrophospha “‘
electrolyte (E2) in the presence of an inorganiduoer,
which prevents oxidation of Ee Ni-Fe alloy layers
(thickness 0.5-1.5um) containing 75-85 wt.% Ni were
electrodeposited. From electrolyte E1 at pH 1.%land
the cathode current density j - 1.2 Afgrthe Ni content in
the Ni-Fe alloy was 79.7-81.1 wt.%. From electrelf2 at
pH 7.4-7.6 and j - 0.6-0.8 A/dimthe Ni content in the Ni-
Fe alloy was 79.4-80.5 wt.%. X-ray diffraction seglwith
a Bruker D8 ADVANCE diffractometer with DIFFRAC
Plus Evaluation software (Package Release 2007-E

b) E2 Fe-Ni (80.9) pH 7.5; j-1.7 A/dm

V13) determined the fact that the Ni-Fe alloys]

approximately correspond to FeNcompound with the

electrodeposited from both electrolytes E1 and E
crystal size 10-15 nm. Structural studies with 1Q00S e

w

Ni 80.9 E1

transmission electron microscope showed that thé&eNi —
layers containing 76.4-85.1 wt.% Ni had a globulart:f%

Ni77.7 E2

structure, which is characteristic of amorphougitay The

™ — T T T
45

relief of the globular structure depends on thectebyte c)

Fig.1 Fe-Ni structures (a, b) and XRD

composition and the cathode current density. patterns (c)
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This work presents electron paramagnetic resondB&R) studies of the oxyfluoride
composites based on alkaline silicate glasses mattostructured fluoride compounds, obtained at
the Institute of Solid State Physics of Universtly Latvia. Glass ceramics exhibit interesting
properties as host materials for up-conversiongsses related effects [1, 2] and also could be used
as storage phosphors [3].

The aim of the work was to study radiation indudetkects in nanocrystals embedded in the
oxyfluoride glass matrixes. Radiation defects pomilin nanocrystals could potentially affect
optical performance of these materials. We used EeRniques to investigate structure of these
defects and location in particular crystalline stmmes. EPR spectra were measured prior and after
X-ray irradiation at room temperature and at 77 K.

There are obvious differences between EPR signakyfluoride glass material and in the
glass-ceramics. Radiation induced defects in owyitle glass ceramics, in which crystallites have
not been yet created, show no explicit EPR hyper i) interaction related spectra. However, in
glass ceramics, which already contains fluoridestetlites, thehf structure characteristic to fluorine
nuclei appears in the EPR spectra. The prelimiaaglysis of the experimental spectra left several
guestions unanswered [4]. In the present work eeseEPR spectra have been analysed in more

details, and their further interpretation will bieaussed.
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Spinel cobalt ferrite CoR®, (CFO) ceramic belongs to class of magnetic maserighis
kind of materials attract attention due to its lsswide applications in the future. CFO sample
was obtained by a conventional method from highitpueagents.The performed EDS study
revealed that the sample was perfectly sintered ememically homogeneous. The EPMA
investigations confirmed its high quality. It hardtontains glassy phase and its grains are well
shaped. The average values of grain size (meabyrté linear intercept method) is . X-ray
studies were carried out using an X'Pert PRO (PAtial) diffractometer with the CukKradiation
and a graphite monochromator.

The sample CFO persists the cubic structure (s@nfdin the temperature range 85- 360 K
without any traces of distortion. Lattice paramegews from 8.3757 A at 85 K up to 8.3901 A at
360 K, which corresponds to the change of theaglitvolume ~ 0.5%.

There was employed the infrared spectroscopy (wawéer range of 4000 —400&in
order to investigate low temperature phase tramstin CFO ceramic sample. The middle infrared
spectra collected in the temperature range of 380K-were measured with Bruker VERTEX 70v
vacuum Fourier Transform spectrometer. The powadempde was prepared as KBr pellet. CFO was
cooled from 300 K at the constant rate of 3 K/nairdésired temperature and then stabilized for ca.
3 minutes at this chosen temperature before thetrsjpe was measured. The band positions and its
shape are the same in the wide temperature rangeth® current level of knowledge the

polycrystalline CFO does not exhibit phase traositn the temperature range from 300 to 8 K.
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An experimental study of radiation-modified blerafshigh-density polyethylene (PE) and
chlorinated polyethylene (CPE) exposed at constagnetic field with inductio8 equal to 0.7,
1.0, 1.4 and 1.8 T is presented. Preliminary iaadn has been done usigpgadiation absorbed
doses equal to 50, 100 and 200 kGy. The main fotdsis S

research is devoted on deformation (elastic ancoeisstic) b e .

properties of the material. The gained data sh@netfect of ,s\%_‘__r___

et . . . . 500 .
the absorbed dose piradiation and magnetic field inductiol \c’\oi‘
on the modulus of elasticify and creep of the investigated “[ 2 °

BT

polymer composite PE/CPE with m.% ratio 80:20 urttier ** > " o
influence of constant tension. It is shown thahatinduction [ & D_“::i
B=1.8 T the value oE decreases 1.25 times for the no 15</3_":/_/:‘r———
irradiated composite. Increasing the absorbed dufsg- AT e
radiation up to 200 kGy the value & remains almost .| .
constant, in contrast to the non-irradiated samplas o BT

. . . . s o 0,5 10 1,5 20

induction in the range of 0.5 to 1.8 T. A signifitaffect of Fig.1. Dependence of the modulus of

elasticity £ (a) and creepe (b) on the

magnitude of induction of uniform

determined and is in accordance with several ifyatgpns Magnetic fieldB for non-irradiated (o)
and y-irradiated samples (absorbed

[1, 2]. Pre-radiation modification minimizes thdesft of the doses: 50 &), 100 @) and 200 ¢)
kGy) of polymer blends PE/CPE

the magnetic field on the creep of non-irradiatemtenal is

magnetic field on the creep.
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Temperature (29880K), polarized BLC, B|| C, where orientation of magnetic field
according to opticaC-axis) as well as concentratiae=0+4.0, wherex means amount of hydrogen
atoms in one formula unit of the crystal) NMR intrgations (NMR spectrometer Bruker
AvancelM %) of HyGaSe and kinSe hydrogen intercalated GaSe and InSe singktatsyand
their powder enabled us to confirm the model dgyedioin [1] that describes presence of hydrogen
in these layered compounds as interlayer and ayeal particles being predominantly in the H
molecular state. There are two clearly pronouncetb in HGaSe powder spectra [2], which are
split by slightly polarized pair of doublets in thase of HGaSe single crystals. With increasing
the temperature up to 380K (at temperatures ur@g Znd permanent pumping down hydrogen is
really deintercalated from InSe layered crystal§, [dne can observe a reverse proportion in the
temperature dependence both of the energy shiftbamd splitting, which is indicative of the
increased mobility oH, molecules inside intralayer and interlayer spadegsase crystal. And vice
versa, growth of the hydrogen concentratiomesults in the increased energy shift and band
splitting, which testifies the growing influence ofystalline field on hydrogen molecules and
preservation of their rigid orientation relativebymagnetic fieldB.

The increase of a lattice parameter and interlagace that take place in InSe according to
GaSe single crystals resulted in increasing of l&vindth of H, bands in NMR spectra and to
reduction of their chemical shift and splitting.idt also indicative that compare to GaSe crystal
reduction of a crystal field influence @ty molecules in InSe crystal increased their mobiliide

intralayer and interlayer spaces.
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Planar intermediate temperature solid oxide fuds {&OFC) or membranes with mixed
ionic-electronic conductivity (MIEC) should be peedbly designed as laminated thin-layer
composites to decrease their internal electristasce and, hence, their performance. In this ease,
supportive component is necessary to ensure relalgostffness and stability. A concept with a
porous metal support brings many additional besefitcluding the thermal shock resistance and
elimination of the temperature gradients.

A novel substrate concept described in the presentamplies the following. The substrate
consists of two layers. A thick stiff supportive/dat (2-3 mm) is made from open cell foam with the
composite strut structure (ceramic core and metahell). This composite microstructure structure
ensures a combination of high electric conductjvibermal conductivity, structural stiffness and
eliminates the corrugation when heating. The satestthermal expansion can be adjusted via the
control of the metal/ceramic ratio. Analytical ejoas to control main substrate properties were
derived from simple models. Another (thi500 um) layer with the pore size of about tens of
microns facilitates the deposition of functionajdes. This thin layer can be manufactured via the
plastic deformation of conventional metal foams aimtiered to the thick one.

The substrates (in a form of bi-layer structured amgle-layer compressed foams) were
studied in different processes as catalyst sulestifar the hydrocarbon steam reforming to syngas,
substrates for the intermediate temperature SO&@sstrates for the high-temperature multilayer
MIEC membranes. Their corrosive resistance in #aetion media was found to be satisfactory,

and no remarkable effect upon the contacting actaalytic layers was found.
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Composite membrane consisting from two differentypers — SPEKK and PVDF was
used as two-phase sample for investigations witimit force microscope (AMF). Three AFM
modes were used for analysis — scanning of repbfise and surface potential. Theoretical
advantage of all three methods used for same sampp®ssibility to provide more detailed
information on different material phases. AFM résuwf surface investigation for pure SPEKK
showed small fluctuation in height and phase (alifference about 5°) what means that material is
homogeneous. For composite membrane sample withFPAddition the changes in both diagrams
are much more significant: for height it reache® 60On, but for phase — 20° (Fig. 1). Surface
potential from this region of composite polymer géanclearly identifies some areas as SPEKK

3,00 ym 0 3.00 um 1.00
pata type Hedght Data type Fhase R
Z range 30,0 an Z range a0.00 @

Fig.1 AFM images of SPEKK with 20 w% of PVDF comjizesmembrane: surface profile (left), phase
(middle) and surface potential distribution (right)

Data Type Potential

2 Ly
Z range 0.2000 v

polymer while in relief and phase images thesegdaue identified as PVDF polymer. This can be
explained with the fact that polymers dissipatergaanot only from surface but also little in depth.
Even with such small potential contrast the surfaceential mode of AFM can be used to

determine polymer structure not only on surfacedsn in a layer under the surface.

Acknowledgements: Author (JH) acknowledges EuropSanial Fund and DBU for financial support and GKSS

Polymer Institute for possibility to make experirtedrpart.
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Proton-conducting hybrid membranes composed of (polyl alcohol) (PVA) and
phosphotungstic heteropoly acid (HPA) were prepdrgdolution-blending. The effect of HPA
doping on the membrane proton conductivity and wapeake was investigated.

Using Fisher titration method we

showed, that composite membrane under —_ T.” o T j:
unhumidified conditions was able to contain // o
from 7 to 30 molecules of water per HPA §1E_s_ /-/. :S
molecule, depending on HPA concentration in ;% ./ 25 ;:'5
polymer matrix. Fig.1 shows the dependence of § 164 < \\ 5 :: §
water uptake and proton conductivity of the T
composite membrane on volume ratio of HPA 10 2 0 “ s 5

HPA, Vol%

under 43% relative humidity. One can see, thatig.1 Dependence of proton conductivity ar
maintenance of water per single HPA molecu@,iffgﬂj’;ﬁ ?-f:s\,'\gg?r on system composition under
in region from 40 to 60 vol. % of HPA in
membrane is close to 12 molecules and constans. vidlue is in agreement with composition of
HPA hydrate under the same conditions, so we s@pploat all these water molecules form a water
shell of HPA molecules, which organize continuoasducting network. Increase of conductivity is
due to rising concentration of protons in this oegi

While the HPA concentration decreases, conductatgark collapses despite the increase
of water amount per HPA molecule, so there is drastuction in conductivity of the system when
volume ratio of HPA is about 25%.

Under high relative humidity (RH=75%) proton contiuity of composite membranes,

synthesized in this study, comes up to I¥*Bm/cm at room temperature.
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Different formats of monolithic polymer materialseashown - classical polymer monoliths
obtained using thermal polymerisation and poroysflaopen tubular (PLOT) capillary columns
obtained by photopolymerisation. Such monolithituomns can be used in chromatography and
other separation methods. Quite often monolithidase is coated with polymeric nano-particles
with the aim to increase the surface area andfflogeacy of monolithic columns in separations.

In 1992 Svec and co-workers has pioneered the fisgormus polymer monoliths as
alternative column materials for chromatography. [Mpnolithic materials as stationary phases
offer several advantages in comparison to parpeleked columns (better mechanical stability,
range of different pore size and different surfelsemistries available).

PLOT columns are a form of open tubular capillaojumn
where the wall is coated with porous polymer. PL&Iumns often
replace packed columns in gas chromatography. Plo@gillary

columns could be used as capillary micro-reactenzymatic reactor

53400 200V 61.0mm x303 S

function is shown as an application example for thatained _ _
Fig.1 SEM imageof PLOT

methacrylic PLOT columns. Pepsine A was graftedl@nmonolith column in  fused silica
. . . ] capillary, i.d.10Qum
column surface and digestion of myoglobin was catetll with

subsequent on-line ESI-TOF MS analysis of the pmalegest [2]. Digestion efficiency of obtained

PLOT columns is comparable with that of full motiuikc columns [3].

* Current address: Australian Centre for ResearohSeparation Science (ACROSS) and School of Chgmist
University of Tasmania, Hobart 7001, Australia
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Small organic molecules with electron transfernreacited state are widely adopted in such
fields of photonics as materials for creating molac electronics elements, organic magnets, solar
cells and organic light emitting diodes (OLEDS) foll display panels. However, the production of
light-emitting layer is still complicated and expére due to the technological film-forming process
as OLED systems are mostly made by thermal evaporaf small organic molecules in vacuum
[1-2].

In this work we present new organic glass-formin@3-3tyryl)-5,5-dimethylcyclohex-2-
enylidene) malononitrile fragment containing
material IWK capable of forming a thin solid O O
amorphous film from volatile organic solvents N N
(chloroform and DCM). D

N=
The synthesized glassy material IWK

have VIS absorption in the region between 400 .
nm to 600 nm. It absorption maximums show e CH, WK

batochromic shift going from less polar to polar O
solvents. Material IWK is also characterized witkensive photoluminescence, which maximum is
dependant on solvent and is between 600 nm to 6V 3roperties of IWK make them perspective
in technological processes constructing electrah@stent devices by laying OLED emission layer
with simple “spin-coating” method.
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In the design of a new molecular structure of thebanzene (Fig.1) derivatives we have
developed our investigations in the field of macelifi azobenzene derivatives showing high
reversible cis/trans photoisomerization. We hawaused our attention on the dependence of the

photosensitivity of azobenzene carboxylic acidsdnations of the substituents in the sulfonamide
moiety.

HOOC(CHZ)SOON\\
N SO,N
A-45
HOOC(CH2)504©7N\\ FaHg
N SO,N
H

A-46
Fig.1 Azobenzene molecules
Several azobenzene derivatives with bulky cyclohgtyenyl and butyl groups were chosen
to investigate its influence on photoisomerizatiprocess. The samples with 1 to 10 wt%
azobenzene molecules in polymer matrix were madgpby— coating technique. The efficiency of
photoizomerisation process was studied by the resptime and changes of optical absorption of
trans band due to the irradiation of different wawgths.
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Research towards potential applications of small

molecular organic materials (molecular glasses)aas QQ Q @

linear optical (NLO) components in optoelectronic O\/\N/\/O @
devices face certain unsolved problems: unsatmfact ©
_ _ _ _ _ Azo(1) R=H
thermoplastic properties and excessive dipole-dipol N Azo(2) R=Br
/
interactions diminishing molecular order achieved b N R
external electric field polling. Introduction of Ky ©/

NO,
substitutes into small organic molecules createsdcst

forces between chromophores inhibiting unwanted@@ QO
interactions between them. This results in incréase @ "0~ N~O7 @

amorphous  phase stability and reduced dipolg z0(3) X=C ©

interactions. Azo(4) X=Si N

We present novel design of molecular glasses - NO,
triphenylmethyl and triphenylsilyl substituted sinal Q O
molecular  N,N-dihydroxyethyl  derivatives. As O
chromophores series of azobenzen&m(1-4) and @Q QO
benzylidene 1,3-indandioned(1-2) were synthesized SO 07 @

(Fig. 1). Compounds show good solubility and

Ind(1) X=C

amorphous phase forming abilities. Ind(2) X=Si

Results of quantum chemical -calculations,

Fig. 1. Chemical structures of synthesized
N,N-dihydroxyethyl derivatives

obtained linear and nonlinear optical properties of

synthesis, chemical characterization and experiatignt

materials will be presented.
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Study of charge carrier transport in organic photiaic (OPV) devices, and organic field-
effect transistors is one of the most importaninfgi Many organic materials with high charge
carrier mobility both for electrons and holes argler investigation. Among them derivatives of
carbazole became the subject of numerous investigat

In this work, we have studied electrical propertesd energy structure of carbazole

oligomers with different electrodes. We used “saictiivtype samplegsee Fig.1.)consisting of

““N .,
|/| I
il

I,

NN

Fig. 1. “sandwich” type sample

derivative of carbosole oligomer as an active lssgmdwiched between top contacts of different
metals and gold bottom contacts.The organic filnesewprepared by vacuum evaporating method
with the thickness of order of 0.5 to 0.9 um. lbais applying space charge limited current method
to characterise charge carrier injection and eneligyribution of traps in the thin films. The
electrodes (Au, Pd, Al, Cu) were chosen in ordenject electrons or holes in carbazole filmssit i
known that from Au, Pd, Cu electrodes in JS100rake holes can be injected, but from Al -
electrons. The work functions of metal layers amdfase potential of oligomers films were
obtained by Kelvin probe technique. The thermalemglences of electrical conductivity were
investigated in space charge limited current regifine dependence of activation energy on voltage
allows to characterisize energetical structureoél trapping states.

This work is supported by the ERAF Project No. 20262/2DP/2.1.1.1.0/10/APIA/VIAA/009
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The task of this work is to design, elaborate anestigate polymer nanostructured carbon
composite (NCC) for polar organic solvent (ethanapour detection. Both polyethylene glycol
(PEG) with molecular weight 40000 and ethylene-vegetate (EVA) with different vinyl acetate
content (29,7%, 25% and 11,6%) were used as matfotrecomposite production. Carbon black
nanoparticles (CB; PRINTEX XE-2; mean size of nartiple: 30 nm; specific surface: 950 m2/g;
DBP absorption: 380 ml/100 g) were used as condedimgredients for composite material.
Ethanol was chosen as less hazardous solvent fnenpalar organic solvent class for vapour
sensing effect testing. When sensor material sehsesthanol vapour the electric resistance rises i
30 seconds and exponentially returns. The changleeoélectrical resistance has been observed at
different values of ethanol concentration.

PEG-NCC and EVA (29.7%)-NCC samples with differgmitkness were produced. It was
found that PEG-NCC and EVA(29.7%)-NCC ethanol vapgensitivity increases with decreasing
thickness. Ethanol vapour sensing effect of EVA-N@ith different vinyl acetate content 29,7%,
25% and 11,6% has been determined. EVA-NCC ethaapbur sensitivity increases with
increasing vinyl acetate -content in the copolynfes.copolymer consists of two repeating units
ethylene (non-polar) and vinyl acetate (more pdike), ethanol vapour sensitivity would be
observed better for composition with larger vingetate content The PEG-NCC shows better
ethanol sensing effect than EVA(29,7%)-NCC with shene content of CB and similar thickness.
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There is need for new sensor materials, becaudealgkechnological development is
increasing. For this reason we search for compatéas material, which could be produced with
minimal expenses. Here we present polyvinylacatatenostructured carbon composite (PVAc-
NCC) as a sensor material for ethanol vapour detectWhen the composite senses the ethanol
vapour the composite electrical resistance inceeasshort time (30s) and relaxes fully, when the
composite is removed from vapour. This compositéena was made from PVAc matrix and
defined mass parts of carbon black (CB) nanoparfiter. Samples with varying thickness have
been produced and ethanol sensor effect has béemmdeed (see Fig.1.). As thinner is the sample
of PVAc-NCC, as better sensor effect it has.

Various content of plasticizer was added *~
PVACc-NCC to improve the sensitivity of PVAC -

0030

C.02e - / — PVAG/10m.d.CB; thickness 10um|

NCC. When 1% of plasticizer di-n-octyl sebace om0l ey e ompininis o §|

(DOS) was added to PVAc-NCC, an improveme ool B C ]

in ethanol sensitivity has been noticed. But th&t b o010 1

sRIR,

sensitivity have been determined for PVAc — NC 0005 |
with 15% DOS. oo - 4

i . 0 00 znl:lu 300
We also tried to make composite mater 1s)
. . . Fig. 1.Relative electrical resistance change iretim
with polyethylene glycol with molecular weigh for PVAC-NCC with various thickness

6000 (PEG6000), but a smooth coating o.

PEG6000 did not form. So we used matrix of both B\&Ad 20% PEG6000 and another composite
with the same materials with inverse proportior@itent of matrix components. In this case better
sensitivity for PEG 6000 with 20% PVAc has beeredwsined.
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The new polyurethane azo-polymers based on potgalene diisocyanate and Disperse
Red 1 (DR1) azo dye were synthesized through sgesidp method. The difference between the
present described method and previously descriloedinear optic azo-polymers is in chemical
bonding of DR1 molecules through toluene diisocyana the main polyurethane chain. Thin films
of the polymer were obtained by casting from sohsiin organic solvents on glass substrate. The
thickness of dry films was in the range of 3.0 8 (dfm. The optical absorption spectra and photo-
induced birefringence of the films were studiede Tolarization holographic recording and direct

surface patterning were realized on the synthesiastples.
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Proinflammatory cytokines are known to increasectiavicular fluid from patients with
periimplant disease and mediate bone loss [1, @lvd¥er, there are no complete data about the
expression of cytokines into the tissue arounditmgant in bone. The aim of our work was to
research on the distribution and appearance oanmfiatory cytokines and anti-inflammatory
proteins in the bone of jaw of experimental rabbfter Hap implantation in different time periods.

Material was obtained from 5 rabbits in lower javartd 8 months after Hap implants. The
control consisted of bone tissue of other sidevath just drilled hole in the bone without implant.
Tissues were proceeded for immunohistochemicakteteof IL 1, IL, 6, IL 8, IL10, and defensin
2.

Results demonstrated practically unchanged exmresdilLs between both — experimental
and control side 6 month after implantation. Howewedividual variation could affect IL8 and Il
10 expression only into the experimental side. drid IL 8 notably decreased 8 months after
implantation in experimental side, while Il 10 demsed in both sides, but expression of IL 6 was
similar to such in 6 month. Defensin 2 was detectdgt in control side.

Conclusions. Bone with Hap implants mainly expresie10, moderately — IL1 and 116,
while IL8 shows scarce expression independentlyinoplantation time that proves local anti-
inflammatory (IL10) and anti-resorbtion (IL1,6,8}teons of bone around the implants realized on
basis of almost absence of antimicrobial proteins.
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Organic thin films with semiconducting propertieavl been intensively studied in
nowadays due to very promising applications in pigaelectronics, for example, organic
photovoltaic. Among organic semiconductors, grotippdandiones with their electrical properties,
thermal and chemical stability are good candid&iesise in design of novel molecular electronic
devices.

Goal of the work is based on design of heterojanctibetween two different
dimetilaminobenziliden-1,3-indandion (DMABI) deriwges which may be realized due to the
occurrence of an energy barrie

between both molecular materia Eg (tBu-DMABI-dPh)

| /
with shifted highest occupiec S, 0.008 1 ! /}
molecular level (HOMO) and z | E }
G 0006
lowest unoccupied molecular leve g | % \ %/
o !
(LUMO). E qou- %\ E/
We have investigatec S ﬁ\}ﬁ/ﬁ/
hotoconductivit antum T e A
P u Yy qu u ] .} / — — Linear Fit of p*°
efficiency and its  spectra o000 L. /. , . ) .
2,0 25 3,0
dependence of several DMAB E (V)

derivatives. Value of the threshol Fig 1 The band gap determination
energy kg from spectral dependence of quantum efficiencpladtoconductivity is obtained. The
values of the surface potential of thin films of BB derivatives are compared with oxidation

potentials and HOMO values according to the RiFnitio calculations.

This work is supported by the
ERAF Project No. 2010/0252/2DP/2.1.1.1.0/10/APIAAX/009
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For production organic bulk heterojunction polynsefar cell one of the best materials is
regioregular poly-3-hexylthiophene (P3HT), whichaiglely used as a donor molecule and a hole
transporter, with soluble fullerene derivative 0 0,5 1 15 2 25

(PCBM) as acceptor and electron transporter. To o
= 0%
extend the spectral range of the cell up to 850 nig .

hydroxygallium ~ phthalocyanine GaOHPc ands -o%

PCBM blend was used as additional layer becaus;%'“%
. . = .20%
GaOHPc has strong and wide intermoleculat 2

%

charge transfer (CT) absorption band around 8306 30% -
- a n

5
850 nm. S .35% L2 Al
o
H = -40% 1 ~-35m
The highest photocurrent EQE values . —+4 5m (for P3HT:PCBM cell)
have been obtained by Bd#la top electrode o Applied voltageat ITO electrode (V)

Fig.1 Photocurrent EQE dependences on the applied

(curve 1), but the cell exhibited low open circuitexternal voltages for bi-layer bulk heterojuncticeil
ITO/PEDOT:PSS/GaOHPc:PCBM/P3HT:PCBMI/(Ba

voltage (Voc) and Voe0.48V. Therefore we look F2/in or Al or Sm) (curves 1-3) and for

_ _ ITO/PEDOT:PSS/P3HT:PCBM/Sm (curve 4).
for more appropriate top electrode. The cells with
Al top electrode exhibited higher Voc value ~0.8\0. but very low fill factor as seen in curve 2.
The best Voc values have been obtained by samadpnelectrode, where Voc exceeded 2 volts
(curve 3), very close to value expected from MIMdeb But quite different Voc value was
observed for monolayer P3HT:PCBM bulk heterojunctaell, where Voc was ~0.8V (curve 4),

practically the same as for Al top electrode.
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The direct magnetoelectric effect (ME) is an elegpolarization response of a material to an
applied external magnetic fieldP = adH, wherea is the magnetoelectric coefficient [1]. In compesi
materials comprising piezoelectric and magnetdstacomponents, the ME effect is generated through
the magnetic field-induced strain of the magnetctste phase which is mechanically coupled to the
piezoelectric component subjected to stress chanbieh are transduced to a voltage. Thus, the ME is
described as a product property since neither magimnietive nor piezolectric phase is magnetoeiectr

In an effort to maximize sensitivity, typically Tenol-D alloys with giant magnetostriction are
chosen as the magnetostrictive material [2]. In phesent work we used an alternative method to
maximize sensitivity with the aid of a Metglas-typeagnetically soft rapidly quenched and
thermomagnetically annealed ribbons 88 thick with a modest magnetostriction (35 vs 1H5@én of
Terfenol-D), but a very large magnetic permeabi(ity to 400,000 vs ~10 of Terfenol-D). Flexible
macrofiber composites (MFC) with piezoelectric dansdsz ~75 ppm/V (Smart Material Corp.) were
chosen to serve as a piezoelectric component otéhgposite. In this way flexible ME laminated
structures were prepared (Fig. 1). Very high (ddaamanotesla range) sensitivities are achieved when

exploiting these structures as magnetic sensolserOt

possible applications include micropower ener
harvesting devices, mechanical strain sensors, etc. Fig. 1 Flexible
magnetoelectric
Metglas/MFC 3-
layer sandwich
Sensor.

This work was performed within the Feder

Target Program "Research and Research-Pedago §

Personnel of Innovation Russia for 2009-2013".
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Ags:AsS—As,S; chalcogenide glasses differ among the other blg bh@nductivity, making
them promising materials for solid state ionic. ®gsis of compounds in A§sS—As,S; glassy
system were carried out at a temperature of’@@uring 24 h with following melt homogenization
during 72 h. Melt tempering was held at coolingtlom air (at room temperature).

Structural studies were performed using scanniegten microscopy (SEM) technique
(Hitachi S-4300). Optical transmission spectra watuelied in the interval of temperatures 293-500
K by an MDR-3 grating monochromator. The measurdémen complex electrical conductivity
were carried out in the range of frequencies 16-B3zGHz in a temperature interval 300—400 K by
a coaxial impedance spectrometer set-up.

Temperature measurements of the transmission ceeffiat fixed 850 nm wavelength
show that transparency of (sS3)x(AsS:S3)1-x glasses withx=0.3-0.6 decreases sharply down to
zero at7>440-450 K. During the subsequent cooling of thesgés transparency do not recovers
and glasses keep opaque for the optical radiafidhisowavelength. Thereby, the structural studies
of heated to more thai>450 K and cooled to 293 K glasses were carried lowestigations,
carried out by the SEM technique, helped to reaeaanostructural formation on the glass surface
that leads to a sharp decrease of a transparency.

Compositional studies have shown that the eled¢tdoaductivity of (AGASSs)x(AS2S3)1-x
superionic glasses with increasing of 3AgS; content nonlinearly increases with maximum at
x=0.5. It should be noted that the activation eneagyy value increasing nonlinearly decreases,
besides the most noticeable change of activatienggn/decreasing more than 24%) is observed at
transition from (AgASSs)0.4(AS2S3)0.6 10 (AGASS)0.5(ASS3)0 5.
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MgF; is important wide-gap optical material with numesaapplications. We present and
discuss the results of calculations Fofcenters in its bulk and at surface. These calculatare
based on thab initio Hartree-Fock (HF) method with the electron cotietacorrections and on
density-functional theory (DFT) calculations withfferent exchange-correlation functionals,
including DFT-HF hybrid techniques. Both approachiss the localized Gaussian basis set and
allow us to obtain the MgFbulk band gap of 9.5 eV [1] in good agreement veiperimental
value. In order to understand the behaviour ofrtfaerial with respect its optical properties, we
performedab initio calculations of the electronic structure, atomeometry, and formation energy
of the F center in MgEk. For the bulkF center we used several supercells, with latticgtore
extensions 1x1x1 and 2x2x2, thus containing 6 aBdabms, respectively. We performed also

surfaceF center calculations in MgHRocated on the neutral (001) surface.
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Magnium fluotire (MgF) is unique optical material with high radiatioralslity. It is
believed that this occurs due to unusually high iliigbof hole (H) centers and efficint
recombination with the complementdfycenters.

To shed some light on this problem, we presentdascliss the results of calculationstbf
centers in Mgk The calculations are based on the so-called thydfrHartree-Fock (HF) method
with the electron correlation corrections and tlemgity-functional theory (DFT). The results of
these first-principles calculations of the electcastructure, atomic geometry, migration barried an
formation energy of théd center in Mgk are analysed and discussed. We have used several
supercells, with lattice vector extensions 1x1xH &x2x2, thus containing 6 and 48 atoms,

respectively.
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H center, a hole trapped at an interstitial anitey placed on the (111) surface of Bdfas
been studied by means of density functional theotlty hybrid exchange potentials B3PW [1]. Two
different configurations of surface H center areestigated. Both surface H center systems have
strong relaxations because of the surface effecthé configuration that the interstitial fluorine
atom is within the surface, named case 1 in thpepél], the unpaired electron is almost equally
distributed onto the two atoms of the H center,ohis quite different from the bulk H center case.
The other configuration with one of the F atomstlug H center located above the B4E11)
surface (case 0) has a more polarized chargeldistrh as compared to that obtained in the bulk
case and case 1. The calculation on total enedfiedifferent surface F center configurations
implies that H centers have a trend to locate tleasurface. The creation of a surface H center in
BaF, results in a nevp-hole band located at tHe point 3.99 and 2.70 eV, for the cases 0 and 1,
respectively, above the top of valence bands. Alingrto our calculations on density of states, the
constituents of the defect bands are cleared afgitiole band is primarily composed of grbitals

localized on the H center.
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The ground state of H-center systems for the, $rifstal is simulated with two different
arrangements, which are oriented along either [DO(JL11] axes. The calculations are based on
hybrid Hartree-Fock and density functional theorghenge functionals by using Beckes three-
parameter method combined with the nonlocal careglafunctionals of Perdew and Wang. The
energy difference between H centers with diffentations shows that the H center oriented in
the [111] direction in alkali earth fluorides isethmost stable configuration [1]. The geometric
relaxations of the neighboring atoms surrounding lth centers are presented. The combination
energy of an H center and the formation energyhef related F-H pair in both alkaline earth
fluorides are discussed. We report also the eleictretructure of the H center systems. The
effective charges and spins of the substitutiondl iaterstitial fluorine atoms show that the hde i
located at the interstitial fluorine in the systeuith the [111] orientation of the H center. The dan
structures are illustrated. With the help of stadyithe total and partial density of states, the

constituents of the defect bands are clarified.
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| present total-energy results for nonferroelediiaOs; as a pure crystal (concentrating on
the frozen phonon calculations) and that with Lipurties. The magnitudes of off-center Li
displacements and the relaxation energies relategborientation of Li are calculated and compared
with experimental estimates and earlier calculatresults [1]. The spatial extent of lattice
relaxation around Li impurities and contributiolrr different neighbors to the relaxation energy

are discussed.
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In [1-7] the electron-lattice theory of displaciferroelectrics with an order-disorder component in
perovskite oxides is developed. In the present wbkk electron-lattice (vibronic) theory of quantum

paraelectrics is developed. The vibronic interaciitduces paraelectricity. According to the presbebry

the ferroelectric phase transition temperatuganTquantum paraelectrics is imaginary, i'.%z. <0 . The

0

dielectric susceptibility in quantum paraelectricsour approach has the formzﬁ , Where G is
+

2
(o]

the constant. Such temperature dependence is chystite electron-lattice coupling between oxygen 2p
states and empty 3d titanium states (in KJa® Ta electronic states are actual) and the amdrac
phonon-phonon interaction between TO critical $o#tnch and TA acoustical vibrations. The ionic reass
also determine the paraelectric state of oxideJi@a KTa0;, SrTiO; and TiQ). The oxygen isotope effect
in these compounds is caused by the electrondaititeraction and the quantum fluctuations (zeroHpo
motion). In KTaQ the oxygen isotope effect [8] is absent becausthe@fmasses of K and Ta. We have
calculated the temperature dependence of dielestigceptibility of SrTiQ KTaG,, CaTiG; and TiQ and it
correlates with the obtained in [9]. The Barrefigyformulae are also obtained if the coupling betwthe
TO optical branch and TA acoustical vibrations &al and the vertex electron-phonon correctionsaden
into account. The photoinduced effects in quantumna@lectrics are considered. The change of the
population of electronic states induced by lighpmarts paraelectricity. In the strong laser fiektk t
renormalization of the vibronic hybridization coasts leads to dielectricity.

This work is supported by the Estonian Science Bation grant No 7389.
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Substantial attention is paid nowadays to prodaatibtransparent electroconducting materials that
can be used, for example, in relatively cheap so#dis. Zinc oxide doped with a few different métal
elements may be considered as a suitable candwfathis role: in visible spectrum range it keepoa
light absorption index while its resistivity (fa2 cm) is found to be quite small as compared to Zm@, a
wide-gap insulatorfg., = 3.68 eV) [1].

The current study aims to investigate influencélond Ga dopants on the structural and electronic
properties of ZnO as well as to show trends of¢hmr®perties with respect to the defect concentrator
this purpose, large-scabb initio calculations based on the density
functional theory (DFT) have been performed, todgtiboth the
structural lattice relaxation and electronic chargdistribution in
fully-optimized structures of ZnO doped with Al arida atoms,
which substitute Zn lattice sites with concentnagitls and /-, per
super cell. For these calculations, the hybrid k8ham&Hartree-
Fock exchange-correlation Perdew-Burke-Ernzerhofctional
(PBEO) has been used as implemented GRYSTAL-09

computational package [2] within approach of thealzed atomic

basis sets (LCAO). Fig. 2 Horizontal and vertical sectiol
of Ga-doped ZnO lattice.

Our results qualitatively confirm earlier publishddta for
perfect ZnO single crystal on the lattice parangetbulk modulus, cohesion energy as well as engagy
Substitution of Zn by either Al or Ga atoms in diént concentrations results in noticeable elextromarge
transfer from the impurity towards the nearest @ygtom (0.3—0.4 per point defect) reducing both Al-O
and Ga—O bond lengths. This is also confirmed byresponding plots of the electronic charge
redistributions in Al- and Ga-doped ZnO.
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Oxide dispersion strengthened (ODS) structuresedficed activation ferritic-martensitic
(RAFM) steels are considered as promising constmuchaterials for further applications in fusion
reactors.

Large-scale first principles calculations have bperformed on the-Fe lattice containing
pairs of Y impurity atom with either Fe vacancyYratom and different configurations of three-
atom clusters Y-O-Y. Results calculated foc Fe lattice clearly demonstrate a certain attractio
between the Y substituted atom and Fe vacancy wahkere binding has been found between the
two Y atoms [1]. Results of calculations for difat Y-O-Y cluster configurations show that not
only a presence of oxygen atom favors a certaidibgnbetween the impurity atoms inside {hEe
lattice but also the increased concentration of&eancies is required for the growth of thgd¥Y
precipitates within the iron crystalline matrix [2]

The found significant influence of Fe-vacanciestha binding energies resulted in the
interest in studying the interactions between twevkcancies in Fe lattice as well as in performing
the calculations of two Y substitute atoms withvaeancy.

In order to start the LKMC calculations it is nesay to perform the modeling of all
possible combinations of pair defects. Currentbsthcalculations include the modeling of Y-O, O-
O and V-V (two Fe-vacancies) interactions.
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Application of actinide nitrides as a fuel in thasf transmutation reactor offers potentially
enhanced performance as compared to conventiotaidgcoxide fuels [1, 2]. These fuels are recegvin
renewed attention across the world since the comement of the Generation IV initiative.
Unfortunately, one of the problems with actinidérides is their interaction with the oxygen which
results in an effective fuel oxidation and degramatTherefore, it is significant to know more abou
chemical properties, reactivity and oxidation meusiam of UN surfaces as well as processes on grain
boundaries in polycrystalline UN.

In this study, we present results of UN(110) swfaalculations performed within the DFT
plane-wave formalism as implemented in VASP code $&ab model and ultra-soft pseudopotentials
combined with the Projector-Augmented-Wave (PAW}hod have been used for this aim. The non-
local exchange-correlation functional within thed®v-Wang-91 Generalized Gradient Approximation
(PW91 GGA) has been applied.

We perform spin density and full geometry optimiaatwithin the supercell of fixed linear
dimensions. The effective atomic charges, atonspldcements, average magnetic momegiof U
atoms, surface energi&sg,; for defect-free slabs of different thicknessesvali as formation energies
of surface nitrogen vacanciég, have been obtained.

Comparison of both UN(001) [4] and UN(110) surfasksws that the former is energetically
more favorable. Depending on slab thickness, thiace energies equal to 1.22-1.44 Jfor UN(001)
vs. 1.83-1.98 J-mfor UN(110) surface. Energies of the nitrogen vagaformation on the uranium
mononitride surface are close for both (110) ar@l)Gaces althougE;m is ~0.5-0.7 eV smaller for

(110) face. Possibility of the U10)/(110) interface formation used as a simplest sigma-motlel

grain boundary is discussed too.
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We have performed a detailed analysis of the magetllinear and noncollinear) ordering as wellthe
atomic and electronic structure of UO2, PuO2 and &ilNthe basis of density functional theory with tHebbard
electron correlation correction (DFT+U). It is shothat the 3-k magnetic structure of UO2 is stabdifor U = 4.6 eV
(Ueff = U — J is 4.1 eV), consistent with experirtggrwhen Dudarev’s formalism for exchange-correfafunctional is
used. UO2 retains a cubic shape in this structhiether UN nor PuO2 show the energetical prevelédiocethe
rhombohedral distortion, in contrast to UO2, aruyst complex 3-k magnetic structure does not ocourthese
materials having the AFM tetragonal <001> structukenumber of properties were analyzed for UN vagythe
Hubbard U-parameter: the lattice parameters, the apd total magnetic moments, and the densitytates. The
metastable states typical for actinide compoundeevearefully analyzed, in order to reproduce priypéne UN
magnetic and structural behavior. The metastakitestappear in the range of U-values between dX2dmeV (at
fixed J = 0.125 eV). The

material is characterized by
: -20.081 —e—4 atoms FM 0.4 .
several U atom magnetic -
/ 0] =2 2 atoms cubi

moments and lattice \
L5 2012 S >

parameters at each U within = AN © 01

LE -20.14] \.f‘ uj 00 e ———————
this range of energies (fig. s016] \ / IR / """"""""""""""

o -0.14 o
1a). We have demonstrated | N 0] —
the crucial role of spin-orbit 092 094 096 098 100 102 1.04 1.06 0 1 2 3 4 5
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interactions for reproducing Fig. 1. a) The total energy as a function of lattparameter ratio c/a for the FM and

the magnetic moment of AFM 4 atoms unit cells andg = 2.37 eV b) The total energy difference with esp

UN. The optimized value of to the AFM unit cell with spin orbit interactionsdluded as a function ofle
parameter.

the effective Hubbard Ueff =

U - Jis 1.875 eV (fig. 1b). This value allows peopdescription of both the magnetic moments and the

antiferromagnetic ordering in UN. A comparison witie previous DFT+U calculations for UN is alsoegiv
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The study is addressed to the extension of conwaaitidensity functional theory (DFT)
toward systems other than translationally invar@rtdensed phases.

Formally the single-electron self-consistent eigdug problem for Kohn-Sham equation is
preceded within the discrete variable represemtati®VR) defined by integrable functions that
satisfy the Kronecker, orthogonality and complessnproperties on appropriate selected spatial
grid addapted to realistic types of boundary coon [1].

Unique feature of this DVR approach is the unifredl-space treatment of system-size
effects and the potential for advancements towagcetectronic and spectroscopic properties.

How and to which extent the DVR is possible in pinactice is demonstrated by algorithmic
and software details for the self-consistent Kolhiat8 eigenvalue problem with special emphasis
on the Laplacian operators for kinetic energy etc#bns, the Hartree potential for direct Coulomb
energy and solutions of Kohn-Sham equations.

Expected applications of DVR for condensed statkide nanostructures, violated disorder

in complex oxides [2] and other long-standing peois of atomic ordering.

This work was supported by the Latvian State retearogram, Project #2 and ESF project Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141.
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When we theoretically study nanosize system we kaweat the whole quantum system as
two subsystems: small finite fragment of nanowirenanotube and the remaining part of it. There
is another problem of this kind in the solid stdtteory - cluster with a point defect and the rdst o
crystal. This problem is successfully resolvedhe trameworks of embedded molecular cluster
(EMC) model [1] withorthogonalwave functions. We have treated cluster embedgioglem in
the frameworks of one-electron approximation witbn-orthogonalwave functions. We have
developed modified cluster embedding scheme ana lieamonstrated that this scheme may
radically reduce boundary effects in EMC model [2].

To use our cluster embedding method for theoretreatment of processes in hanosystems,
we should overcome limitations of one-electron agpnation. It may be done by configurations
interaction (Cl) and perturbation theory (PT) mekhar in the frameworks of DFT Kohn-Sham
approach. For this purpose we need occupied arahvatuster states of the same localization. Our
initial embedding equations [2] are establishedite localized in the cluster region occupied state
and delocalized vacant ones [3]. To get the sama@ifation degree for the both states, modified
equations are proposed [3]. Our embedding equadonsompared with the equations obtained in
the frameworks of the theory of pseudopotentials A& the result, after some modification our
embedding scheme became compatible with DFT andr ®&T. It gives us possibility to use this
scheme for theoretical treatment of electron tteors and excited states. We demonstrate that our
embedding scheme may be applied for theoreticalystf transport phenomena and propose

approach combining this scheme with the methodsdtmulation of electric current in nanodevices.
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The line symmetry groups for one-periodic (1D) retnactures with rotohelical symmetry have
been applied for symmetry analysis of double-walldm nitride and titania nanotubes (DW BN and JiO
NTs) formed by rolling up the two stoichiometricayperiodic (2D) slabs of hexagonal structure with t
same or opposite orientation of translation andathiectors in both single-wall (SW) constituerdgéct or
inversed morphology, respectively). We have comeidi¢he two sets of commensurate DW NTs with either
(n,ny@(m,m) (armchair-type) orn(,0)@(m,0) (zigzag-type) chiralities. To establish the iBoum inter-wall
distances corresponding to the formation energyimanwe have varied chiral indices andn of the
constituent SW nanotubes [I[o analyze the properties of DW NTs, we have paréat theirab initio
LCAO calculations using the hybrid Hartree-Fock/ikeBham exchange-correlation functional PBEO as
implemented irCRYSTAL09 code [2].
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Fig. 1. Cross-section and aside images of hexagoRa. 2. Cross-section and aside imges f ‘heagonal
DW BN NTs (9,0)@(18,0) with optimized diameter®W TiO, NTs (10,00@(20,0) with optimized
for inversed morphology of zigzag chirality diameters for direct morphology of zigzag chirality

Stability of DW NTs depends mainly on the inter-mdistance ADyr) and the diameter of the
internal shell. To estimate an influence 4Dyt on the nanotube stability, its formation energy.() has

been chosen as a criterion. The Morse-type potantiaesEs,(4Dnt) for double-wall nanotubes of both

chiralities permit to estimate their equilibriumndigurations.
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The pulse cathodluminescence spectrum of Li¥ifystals lying in the range of 3,8 - 5 eV.
This is the spectrum of self-exciton luminescerteonsists of two bands with maxima at 4,2 and
4,75 eV, half-width of 0,49 and 0,57 eV, respedtiv&inetic characteristics of luminescence are
equalized.

In his article [1] W. Hayes pointed out the feastpiof four possible ¥ centers, suggesting
the possibility of localization and migration ofaions in four possible directions. However, from
experiments on a puls spectrometer was found thiatlh configurations are realized, and one of
these directions is perhaps the most probable.e$bthis hypothesis, we resorted to computer
guantum-chemical simulation using the software pgekCAChe Workspace, CAChe Worksystem
Pro Version 6.1.12.33, Software licensed to L.NnBjov Eurasian National University, Customer
Serial #: 1503000354, Copyright 2000 Fujitsu Lirdjt&989-2000 Oxford Molecular Ltd. A model
of the crystal LiYR was constructed. Because of the inability of thee felectron model, we
resorted to simulation of the hole-type compondrthe exciton. The first step was the simulation
of localized on the fluorine atom hole in the caystolume. Energy of this system is E = -1486, 1

a.u. The following models are the two related finer
Table 1. The results of the computer quantum-

atom, one of which is localized hole that is vergikar to chemical simulation.

the W center. These ¥centers were located in thre d | Ew, a.u. AE, a.u.
ibl ca (1l 1 1). Trsailt a (100) -515,56 970,54

possible ways: a (100), b (010) and c (001). Tiselte b (010) 815 355 670.745

are shown in Table 1, where d — is the directiothef\i | ¢ (001) -950,287 | 535,843

center, kg — is the system energ&E — is the difference
AE =Bk —-E.

As it seen from the represented datac¥nter is localized and migrate along the axi30d.)

with the highest probability.
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Non-proportional response of scintillators is onk the key factors restricting their
efficiency and energy resolution. In scintillatdtee CdWQ,, CaWQ or PbWQ, whose operation
is based on luminescence of self-trapped excit&TE]), the effect of non-proportional response
originates from quenching of STE luminescence duké¢ mutual interaction of excitons created at
high densities in particle tracks [1]. Modeling dits of STE interaction under high-density
excitation conditions were performed for CdW@ing high-power pulsed femtosecond lasers for
excitation. The model of Forster’s dipole-dipoléeraction of excitons was used for a quantitative
description of experimental data on STE lumineseetecay kinetics [1, 2]. However, under the
conditions of extremely high-density excitation theeraction model has to be modified to account
for the possible saturation effect in absorptiomiclr can cause a non-exponential decrease of
intensity with penetration depth [3].

In the present study, the three-dimensional spdigtibution of excitons was calculated
taking into account the saturation effect for aption near the center of the incident laser beam
with Gaussian transversal profile. Self-focusintgefs are not considered in this approximation.
The model was verified experimentally for excitaeation in CdWQ by 80 fs laser pulses in the
region of weak excitonic absorption of the orderl6f-10° cm*, where the saturation effects are

explicitly well pronounced.
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Nonlinear vibration interactions are well localizeas a consequence, intrinsic localized
modes (ILMs) and other types of nonlinear excitadi@an exist in perfect crystal lattices. On the
contrary, linear interactions in 3D systems strgrigpend on long range forces (LRF), which make
unsatisfactory MD simulations based on a clustaisteration of nonpolarizable ions. In [1-3], an
analytical theory of ILMs was developed, which kd&RF into account. Here we present a method
of MD simulations, which allows include both nomarity and LRF. The method is based on the
nonlinear equations of motion in the site represt@ot, the harmonic (long-range) forces included
via the phonon Greene functions.

The proposed method was used for the investigaticdhe formation of radiation defects,
following the recoil of scattered neutrons and Xstdt was established that in alkali-halide crigsta
the threshold recoil energy of the defect formatioes not exceed 1 eV. LRF can also qualitatively
change ILM properties: instead of ILMs with thedoency in the gap of the phonon spectrum, one
may obtain self-localized modes with the frequealogve the phonon spectrum. Such an effect was
found to exist in simple metals where electronireening together with Friedel oscillations can
cause a remarkable reduction of the odd anharmi@sicOur MD simulations in Ni and Nb crystals
allow to conclude that the nonlinearity-induceddlixation of vibrational energy may exist more

widely than it was believed to take place on th&idaf theories neglecting LRF.
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Lead scandium tantalate single crystals (PST) lgetonperovskite structure with general
formula ABB'1.,0s. This work present ab initio calculations of strral and dynamical properties
of PST ordered crystal. To perform the first-prplei DFT-B3PW calculations the CRYSTALO6
computer code was used.

Calculated phonon frequencies show instability of3f lattice for F1g and F1lu phonon
modes, phonon mode F2g is also close to instabBitgsible crystal R-3m, R-3 and R3 lattices in

connection with these unstable modes are analysed.
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Nanosized silicon cluster have attracted a bigréstedue to the photoluminescence effect
revealed in these materials. The origin and charitics of their luminescence is related not only
with the size of the nanoparticle, but also itspghand surface. Hydrogenation of the cluster sarfac
allows you to save the configuration and the bpsiperties of nanosilicons, but it can not prevent
the oxidation of silicon nanoparticles in the &ffective way to stabilize the surface of particles
and their photo luminescent properties is an intplaon of the organic monolayer on a hydrogen
saturated surface of the nanoparticles by the tsytitation reaction. However, in general it has not
previously been possible for blue-emitting silicaanoparticles (1 nm in diameter). Organic
functional groups on the cluster surface reducetimgé¢he surface atoms with oxygen molecules.
Nevertheless, at present there is no microscopigeinaf such saturation, the degree of saturation
and its influence on the stability of the clustaddand performance. In this report we present the
results on silicon nanoparticles containing 29 a&omhich surface dangling bonds are saturated
with hydrogen in various combinations. To calculttte spatial and electronic structure of the
clusters, we used a nonconventional tight-bindireghod, recently developed by Khakimov [1].
Also Skg cluster with the surface covered partially or fullyith methyl groups have been
considered. In the case of partial saturation efdlwrface atoms with methyl groups, the rest of the
dangling bonds are saturated with hydrogen atorgdrddienated silicon cluster with 1, 2, 4 and 24
methyl groups on the surface have been computedie that an increase of the number of
hydrocarbons on the surface lead to the clusteorbes stable in positively charged state. In the
case of full coverage of the Si29 cluster by methgups ((Siy (CHs)24), double positively charged
state is prevailed.
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The mathematical modeling is now widely establishedone of development instruments
for the industrial silicon single crystal growth theds (Czochralski (CZ) and floating zone (FZ))
for electronic needs. The models include tempesgaturd velocity fields in the melt, the mass
transport of impurities and dopants, heat exchavigeradiation in the system, the usage of
electromagnetic fields for silicon melting and foe influencing the melt motion, the segregation
process at the crystallization front etc., see[&]g[2] and Fig. 1.

Because of needs of photovoltaic power industryadays intensive research is carried out
for the development of economical mass productiethods for the producing of solar grade
silicon (SOG-Si) from metallurgical grade silicoMG-Si). The present paper analyses the
possibility of application of previously developetathematical models (for CZ and FZ) for the
process of production of SOG-Si from MG-Si by usklgctron beam melting and directional
solidification, see e.g. [3] and Fig. 2.
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Fig.1 Example of the modeling of FZ process. Fig. 2 Continuous melting by electron beam, [3]
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Reverse Monte Carlo (RMC) simulation method alloovge to determine a 3D model of the
compound atomic structure by minimizing

the difference between its structure-related i
experimental and calculated properties, e.g., <3
extended x-ray absorption fine structure * f
(EXAFS) [1]. In this work we present the 0
RMC modelling scheme, designed to probe i
the local structural and thermal disorder in 23
crystalline materials by fitting the wavelet at
transform (WT) of the EXAFS signal [2], ;

thus accounting for the signal behaviour in

both energy ) and real R) space. We

-
N

believe that the proposed method will

f(¢; (a.u.)

improve the efficiency and accuracy of

12 16
L kA" ¢ (deg)
Application of the method to the Fig.1 Example of the RMC modeling for ReGhe WTs of the
: . } experimental and calculated Rg-édge EXAFS signalstdp
interpretation of the Ge K-edge [3] and ReIeft panel3; the atomic configuration, obtained by the
Ls-edge [4] EXAFS signals in crystalline simulations {op right pane); experimental and simulated

. . .. EXAFS spectra Hottom left pang] calculated bond angle
germanium (Ge) and rhenium trioxide gisiributions in Re@(bottom right panel)

(ReQ), respectively, will be addressed with

4 8

currently available data analysis approaches.

special attention to the problem of thermal disoraled related phenomena. The obtained resultsbsill
compared with those from previous molecular dynamimulations [5, 6].
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Super-Very-High-Frequency (SVHF) electromagnetioperties of 1D nanosystems are
presented. Frequency properties in the range ffota THz have been considered.

The main goal of the work is the implementationha circuit model (Fig.1) for the study of
CNT’s electromagnetic properties taking into acaquussible interconnects in novel nanodevices

[2].

Magnetic Kinetic
inductance inductance
‘C M ;C K C Q =p— Quantum capacitance —

C === Clectrostatic capacitance =~ ——

Fig. 1. SW CNT circuit model [1]

It is shown that forac circuit model in the range of up to GHz, kinetructance and
guantum capacitance can be neglected. For the fidduéncy electronic quantum effects become
significant. The resistance of SW CNT is too higid &or interconnects it is technologically
reasonable to use CNT bundles. A parallel connecfdCNT gives an essential decrease of kinetic
inductance and quantum capacitance, which can djeated.

Wide-scale simulations @fc CNT electric properties have been carried out.
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Aluminum oxide being high-temperature structurataogics owing to its mechanical
characteristics, heat resistance and chemicahiesstis used in many practical applications, ssch a
microelectronics, instrument engineering, catalys@rosion protection, etc. Interfaces between
metals and ceramics play a vital role in many pgees and have been studied rather intensively in
recent decades. To control processes at interfacestheir behavior under different conditions,
including deformation, and understand adhesionhennicroscopic level it is necessary to know
the electronic structure a@f-Al,O3 low-index surfaces. The Ni/Al, O3 interface can be described
by the following orientational relationships: [0QPfL11], [I 100]|[[112% [1120]||[110], and
according to available experimental data Nb growstlee oxide surfaces almost strain free and
forms a highly ordered crystal structures. Atomma a&lectronic structures of theAl,0O3(0001)
have been studied rather intensively usafginitio methods but the surfaces (1 100) and (112 0)
were devoted considerably less attention. In oukwioe atomic and electron structures of (0001),
(1100) and (112 @)}Al,O;3 surfaces were calculated within the density fumaliotheory. The
interaction between ions and electrons was destribye ultra-soft Vanderbilt pseudopotentials
implemented in VASP package [1-2]. The structural alectronic properties of the oxide surfaces
and the chemical bonding of the niobium films offedent metal/oxide interfaces are discussed. A
relationship between electronic, geometrical factmnd mechanical properties of three Nb/Q3|
interfaces was studied. It is shown that the niobfilms adhesion strongly depends on the type of
the oxide surface.

Financial support was provided by the Russian fatind for basic research under grant No.
09-03-00523. Computational resources for this meteavere provided by the Interregional
computational centre of the Tomsk State Univer$&tgIF-Cyberia).
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It is known [1], that positrons effectively probee¢ nanoobject volumes (basically
vacancies, divacancies and pores) with the size400 nanometer both in metals and alloys, and
in semiconductors and porous systems. We receitkeohasis of model of movement of a particle
in a plane limited by round cylindrical absoluteitgpenetrable wall, more correct formulas for
definition of radiusesR. cylindrical (symbol)c and the specified formulas of radiuses spherical
(symbol) sg of nanopores in the width a component of angulstridution of annihilation photons

(ADAP) ¢,,, and energie€,. and E, of the basic parapositronium state, annihilategares in

porous silicon and aluminium dioxyde

o 211 o (3058 )"
R°[A]‘el,z[mrad]’R[A]‘(Elc(eV)J | @
0o 166 o (1885 |
Rl Al = (6y,)[mrad] ol A (Eisp(ev)j ’ @)

where R and 4,,, are expressed in A andrad accordingly. Let's note, that in formulas (1), (2)
and further in (5), (6) numbers 16,6, 18,85, etvehdimensions [A] while valud,,, in [mrad]

actually is size dimensionless.

For experimental value in porous silicey), =  ®@ax [1], have received average value of
radius of cylindrical timesR~26 4A ~3 nanometer. Their concentration in a porous laye h

appeared equal 56-10° cm®. Approach of spherical pores gives Sikg, ~ 20,75 A =2

nanometer andN,, ~ 13-10"sm”.
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Recently we have reported on preparation of magne#inoparticles bearing model
organosilicon choline molecules. These moleculestatn hydrophilic head and long lipophilic
tails, which are able to deepen inside the first . 1
surfactant shell (oleic acid), forming bilayer
membrane like structures. The influence of th
silyl group nature and the hydrophobic alky

chain length on the sorption process and on tl

properties of the desired nanoparticles has bef 7

examined [1-2]. Here, using the develope

methodological approach, we present the

Fig.1. X-ray powder diffraction pattern with Miller
fhdexes and profile fitting results of the initia&;0,

biomedical application, functionalized with "anoparticles

preparation othe same type nanostructures fo

more complex silyl pro-drugs — N-@methylalkylsiloxyethyl)-1,2,3,4-tetrahydro-isoquiines.
The oleic acid has been used as inter-mediatorcémering of iron oxide nanoparticles with
biologically active compound.

Structural conclusions and size determination yottsesized nanoparticles are drawn based
upon methods of magnetogranulometry, DLS and Xdd#fraction analysis (Fig.1). Average

domain size of the particles was#07
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Nickel ferrite as typical soft ferromagnetic ma#ras a large number of application in
high frequency transformers, recording tapes, itatac heterogeneous catalysis and gas sensors
[1]. However the physical characteristics of ferrstrongly depend on the particle size and shape
[2].

The aim of the present work is to study structurnel anorphology of nickel ferrite
nanopowders by analytical electron microscopy ancydiffraction methods in dependence on
preparation procedure and to establish connectietwden their structure and magnetic
characteristics. The last are performed employing
the vibration sample magnetometer at room
temperature in the magnetic field from —10 to +10
kOe.

Three kinds of nickel ferrite nanopowders
have been prepared: 1 — NiFe204 obtained by
combustion synthesis; 2 — powder (1) covered

with copper; 3 — NiFe204 powders, obtained by a
plasma chemical technique. Detailed examinatiofig. 1. Microdiffraction patterns from powders

of particles allows get information about the°Ptained by chemical (a) and plasma (b) routes.
dependence of morphology and structure of powdarshe conditions of their preparation. The
investigation of magnetic properties of the obtdiferrite powders shows that the plasma powders
have larger magnetization but its coercivity is fass then that one obtained by the chemical

method.
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The ferrite nanoparticles obtained by wet method cbhiemical coprecipitation are
investigated. This method is prevalent for synthetagnetic fluid [1], but particle size distributio
in the samples is not enough narrow for some agipbics. To obtain narrow particle distribution
the nanoparticle set may be transformed to stalilcolloidal solution in liquid matrix. Then it may
be fractionated by centrifugation or by gradiengmetic field.

In this work the centrifugation at acceleration G@Owere used for separation narrow
fractions from colloidal solution of nanoparticleBhe alternative way was a separation on thin
ferromagnetic wire in external magnetic field wiellewn as High Gradient Magnetic Separation.
The solution under investigation was a colloiddugon nanoparticles of maghemite and magnetite

in hydrocarbon, which was stabilized by oleic
12% -
10% -|
The particles sizes of obtained fraction , go -

01
-2

acid.

£
were determined by different methods. These are2 6% -
4% -
2% -

(magnetogranulometry), X-ray diffraction line 0% -

\Y

magnetization curve analysis

broadening, electronic microscopy, Dynamic 4. nm

Light Scattering. On Fig. 1 the sizesrig.1. Ferrite particles magnetic sizes distributib —

S iginal le, 2 and 3 - light and dark part raft
distributions from magnetogranulometry are.o o SEMPIe: £ an 'ght and dark part rafte

centrifugation
shown for original sample and for different

fractions after centrifugation.
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V-VI group semiconductor nanowires grown in ordeagadized aluminium oxide (AAO)
membrane are perspective for applications in eneagwersation, sensors, and nanoelectronics.
Bi,S; and SbS; nanowire arrays used in our experiments were growide AAO pores with
diameter 20-200 nm.

In the work, we have combined various techniquesidgestigation of conductive and
photoconductive properties of encapsulated nanswinmside AAO. Macroscopic contacts were
used for characterization of groups of nanowiresde AAO. Optically transparent conductive
electrode was deposited on the top surface ankl &udilm on bottom side of nanowire arrays.

In-situ Adapted SmarAct GmbH 13D-manipulation and prolsggtem inside a Scanning
Electron Microscope (SEM) Hitachi S-4800 and atofieice microscope with conductive probe
were used for characterization of individual namewi Electron beam lithography also was used for
fabrication of Ti/Au contacts on individual nanoesr deposited on the surface. Individual Bi2S3
nanowires were obtained by dissolution of AAO matwrhile freestanding Sb2S3 nanowires were
used for characterization.

Resistivity of individual nanowires was determirfeaim 1(V) characteristics. Samples were
illuminated with different wavelengths and interest to induce optoelectronic processes.
Photoconductivity, kinetic components, responseetimn-off ratio and stability were measured

using all above methods.
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Characterization of conductive properties andnigliquality of nanowires incorporated
inside anodized aluminum oxide (AAO) membranes ngartant for applications in nano,
optoelectronics and sensors. The main aim of theegustudy is electrochemical characterization
of nanowire arrays by Electrochemical Impedancec®pscopy (EIS).

In order to measure the fragile samples of XX nokthAAO, a special electrochemical cell
using the total volume of electrolyte up to sevedabplets was developed (Fig. 1). Various
parameters of EIS spectra were investigated ftadfiand empty AAO membranes with different

pore sizes (50-200 nm).

The complex electrochemics

T Ptwire

impedance and double layer capacitar] © Pt- Anode,
Ag/ AgCl il
were calculated for the whole area | reference electrode | Electrolyte
\ 0.1 M sodium acetate
investigated membrane electrode, as W
Cathode, lamii f
. . E‘IECDJ sl
as for individual nanopores or nanowirg hanowire
Additionally for the characterization o foge Lamina of Au
Pt wire

nanopores and nanowires electr

microscopy mapping was used. Nanow Fig. 1 Schematic drawing of a drop electrochentedil

resistivity was calculated using Lew
method.

The experimental results show that the EIS parametiecell with AAO membrane can be
interpreted in terms of equivalent circuit denotsdR(RQ)((CR)(RQ)), but with sintered Au and
Bi,S; nanowires as R(RQ)(RQ). We show that EIS methad be applied not only for
measurements of electrochemical impedance paraneternanomaterials, but also for the

conductivity calculation of individual nanowire am array.
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The ambient atmosphere contains millions of torofesolid matter and smoke aerosols of
different size and content. Aerosols from interc@bustion engines, coal fly ash originated from
combustion, dust from mineral formation, metallimdasmoke nanoparticles containing different
metallic elements belong to such particulate mattat is complex chemical mixture. Commonly
fine PMy 5 and coarse PN airborne patrticles are fractionated, and latelyreneased attention is

being paid to ultra fine particles RM1, 2].

Black carbon, which is considered as
important component of nanosmoke and airborne
particles, is investigated relatively for a longné,
but only a few papers are describing the

investigation of impedance spectra of atmospheric

0 1

4

particles [3]. The investigation of electrochemical 2 kot

ig.1. Impedance data for airborne aerosol particle
amples with black carbon (BC) concentration as a

competence regarding electro stationary angprameter after 30 min of immersion under statistic
conditions in a 0.1 M SO, solution (using Pt

electro dynamical properties of particulate matterlate electrodes): applied polarization potential -
_ ' 0.35 V; 1 — filter with PM, BC 0.7 pg-cm2 —
The methodology of particle sampling and theiter with PM, BC 1.8 pg-crif; 3 — filter with

. PM, BC 2.4 pg-cifi 4 — filter with PM, BC
sample preparation was developed to obtaifiy g.ci%: 5 — filter with PM, BC 6.1 pg-cha

impedance spectra would help to acquir

electrochemical impedance spectra of aerosol
particles. The principles of the electrochemicall'sestructure and the relationship between
parameters obtained from impedance spectra and bE®on mass concentration present work

describes (Fig.1).
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Carbon nanotubes (CNT) and their mechanical prigsetiave been investigated from
1990s. CNT have the Young's modulus of 1 TPa, ngkirem ideal reinforcement for different
composite materials. Nowadays CNT-reinforced aluunmalloys have promising perspectives for
an application in many industrial sectors such a&sospace, marine and land transport.
Unfortunately the material data provided by manufiars very often do not contain all necessary
information to predict the behaviour of nanocomf@msnaterials using different analyses tools.
Additionally, due to high costs of nanocomposité®ir experimental testing with conventional
fracture methods suffers from high expenses tooth3nreason non-destructive techniques for the
material properties characterisation have beentaddpr testing of hanocomposite samples with
small dimensions.

Static approach using three-point-bending testtarmddynamic methods, namely, impulse
excitation method and inverse technique based @pldnning of experiments and response surface
methodology have been applied to study strengthdesxipative material properties of aluminium
alloys with different CNT volume content. Threeqmobending test allows to determinate the
elastic modulus of the material in terms of the suead centre deflectioh the applied load P and
the geometry of a beam. In order to keep this agmgtranon-destructive, this technique is only
applicable for the elastic behaviour of compos#arhs which can be obtained usually for a strain
less than 0.5%. Vibration test based on the impelsstation is adopted for the determination of
elastic properties of nanocomposite beams. In itie¢hod the main requirement is to establish
dimensions, material density, and experimental dmmehtal flexural and torsion frequencies of a
beam with free-free boundary conditions. The inedechnique based on vibration tests is applied
to estimate storage and loss moduli of nanocompositerials. This approach consists of the
experimental set-up, the numerical model and théemah parameters identification procedure
developed by applying a non-direct optimisation hodtbased on the planning of the experiments

and a response surface method in order to conbigetacrease the computational efforts.
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In recent years, inorganic fullerenes-like struesui(IF) and nanotubes have been made using
numerous compounds with two layers dimensionalctires, such as MgSwhich are unstable in planar
form [1]. The purpose of the present work was teestigate a method of synthesize inorganic nanstabd
fullerenes-like nanoparticles in a reactor of hianient assisted chemical vapor deposition (HF-CVYDis
process used mineral oil and
camphor diluted in acetone,
hydrogen and high
concentration of nitrogen. The
oil was comercial MolykoteA2

that is a stable suspension of

particles of molybdenum
disulfide (MoS) tiny in neutral Fig.1 FESEM images of inorganic nanotubes withedéht magnifications

SEl 50KV X3000 1um  WD56r SEI 50KV X50,000 100nm WD 56mm

mineral oil. Silicon substrates

have been used. After cleaning, the substrates baga coated with MolykoteA2. In the sequence, the
samples were immersed in the CVD system reactiambler and fed with a mixture of camphor and acetone
diluted in hydrogen (15 % vol.) and nitrogen (85v@t.). A total flow rate of about 100 sccm, regelhty
precision flow meters, and a total pressure of al3@umbar were maintained throughout. The depasitio
temperature, measured by a thermocouple positiandgk reverse side of the substrate, was se3aK7Z].

The produced samples are evaluated in relatiorhéontorphological data obtained by Field emission
scanning electron microscopy (FESEM), High resohluttransmission electron microscopy (HRTEM),
Energy dispersion x-ray spectroscopy (EDS) and Raspactroscopy.
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One-dimensional gallium nitride (GaN) nanostructusee promising material for nanoscale
optoelectronic of blue and ultraviolet nanodevidas to its wide direct bandgap [1]. In the present
work GaN nanowires (NWs) were successfully grown \Bgpor-Liquid-Solid (VLS) growth
mechanism on GaN template using metal-organi(zgl ; V. 7L v, g!ﬁ . ‘:s
vapor phase epitaxy (MOVPE) technique (Fig.l).;;,’ "7 Vg Wawy e ‘.f;’ .

F 4

High purity trimthylgallium and ammonia used as g #*

NWs ranges from 100 to 200 nm and their Iengtb £ o“y._i

is up to few microns. Fabricated NWs weré )""h"’.'i’i e
i RS | & B AN
characterized by scanning electron microscopy ., ‘¥ . 2 ’??‘ ;’

(SEM) and X-ray diffraction (XRD) where XRD ﬁh N og- 8000 &

. . Fig.1 GaN nanowires grown on GaN template using
reveals that the GaN NWs is of single-phasgocvp technique

wurtzite  structure. We investigated the
temperature influence on the NWs growth and founad growth conditions are strongly dependent

on the substrate temperature.
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Vertically oriented nanowires (NWs) of single-cialihe wurtzite GaN have been
fabricated on sapphire substrate, via metal orgaméenical vapor deposition (MOCVD) process at
800 °C using trimethylgallium and ammonia as sounegerials. Large and small GaN NWs (~100
nm in diameter) are formed by a vapor-liquid-sgrdwth mechanism where tapering tips of larger
NWs are attributed to the simultaneous epitaxiahgin.

Herebay we preserx situinvestigations on the orientation and structureywn GaN
nanowires on GaN(0001) surface using reflectionhhégergy electron diffraction (RHEED).
Compared to X-ray based technigues RHEED has deagvantages: high surface sensitivity, the
de-Broglie wavelength can be easily adjusted aadtr®ins have a much higher cross section. Also
the relative low cost of the experimental setup @sak suitable for daily work in laboratory
conditions. While RHEED is a standard tool far situ investigations on crystal and thin film
growth it has been scarcely used fex situ nanostructure investigations, although it gives

simultaneous information on properties of surfaog supported nanostructures [1].
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Nickel oxide thin films find a variety of applicatis, for example, in electrochromic and
memory devices, gas and spin-valve giant magnestaese (GMR) sensors, and p-type
transparent conducting electrodes. In this workpvesent the results for nanocrystalling D thin

films, produced using reactive dc-magnetron

sputtering for different Ar/@gas ratios on '
three different substrates (silicon, glass, u_.,v...' ol '
polyimide tape). '

X-ray diffraction patterns for all

orientation with the nanocrystallites size of &
~20 nm, ~15 nm, and ~6 nm, according to ',
the Scherer’'s analysis. The morphology '-.:
the films depends on the substrate type (Fig; ;
1 (a,@) and sputtering conditions (Fig. . ' —
Fig.1 Confocal images of NiQ thin films sputtered on
1(a,b,c)). glass  (a,b,c) and polyimide film 'fa with the
The local structure around nickel nanocrystallites size of (a) ~20 nm, (b) ~15 nrh~@ nm.
atoms in nanocrystallites was studied by the Nidges x-ray absorption spectroscopy using
synchrotron radiation from the HASYLAB DESY C1 bamgtmagnet beamline in the temperature
range of 10-300 K. The experimental EXAFS signakrav interpreted using (i) conventional
approach, based on the single-scattering approximaand (ii) molecular-dynamics simulations
taking into account multiple-scattering effects.[IThe obtained results indicate nanocrystallites

volume expansion and the presence of large ststcder.
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An abnormal magnetic crossover, closely relatetthédattice expansion, has been observed
recently in NiO nanocrystals at room temperatune farticle sizes smaller than 50 nm [1]. To

clarify the mehanism of structure change in

nanoparticles, we performed an accurate o Apessasensy
comparative study of local atomic structure andi 2ub 4+ g "t ;2’% ig\w
lattice dynamics in  polycrystalline  and % 208 & @ 8 @ ° '2'95§
nanocrystalline NiO in the temperature range fromg 2-09;? & o 5 & & 6 1294 g
6 K to 300 K using the Ni K-edge EXAFS £ »cs# * ¢ ¢ ® & ®lo 3
spectroscopy. 507 -

) o ) 0 50 100 150 200 250 300
Our results unambiguously indicate that (i) Temperature (K)

; i i i Fig. 1. Temperature dependence of the first shell N
the average first shell Ni{O distance in O, and second shell Nibi distances in

nanocrystalline NiO shrinks compared withpolycrystalline and nanocrystalline NiO.

polycrystalline NiO (Fig. 1); (i) the average 0.004

c—NiO' o ‘nano—llliO ' ' .
second shell Ni-Ni distance expands in 0003f o NO o NO
nanocrystalline NiO compared with < g ‘*’f’
polycrystalline NiO, in agreement with overall ﬁ S A \k
unit cell volume expansion observed by é 0.001

diffraction (Fig. 1); (iii) the thermal contributio

0.000

into the mean-square relative displacement 0 50 100 150 200
Temperature (K)
(MSRD) o is close in both polycrystalline and Fig. 2. Temperature dependence of the relative
. . . MSRD Ac?=6%(T)-6%(0 K) for Ni-O and Ni-Ni atom
nanocrystalline NiO and can be described by thgairs in polycrystalline and nanocrystalline NiO.

Debye models (Fig. 2); (iv) the static disorder isgr?: ﬁzsrﬁgg?iln%’s)_ approximation is shown by solid

250 300 350

additionally present in nanocrystalline NiO in both
Ni-O; and Ni-Ng shells due to the structure relaxation (Fig. 2).
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In this work a simple method of Zn vapor condemmsagéind oxidation in a tube furnace was utilized to
obtain ZnO powders with grained100-300 nm) and multipod-like (whiskerg}=60-100 nmJ=3-10 pum)
morphology. Powders were compacted at identicaldibions and a following sintering performed at
temperature of 1200°C. Research included structural investigations gusaptical, AFM and SEM
microscopies, a photoluminescence investigatiormafoevaluation of present defects and a nanoinitemtz
characterize a mechanical behavior and stabiligbtdined ceramics.

Ceramics sintered from the grained powder haveslgrgins — in diameter ranging from 3 to 20 um
with an average size of about 10 pm. The surfatlesoeramic is covered with large ZnO spheresiware a
product of a rapid oxidation of an escaped excesgapor. The porosity is high — polishing revedteat large
voids with a size 10-80 pm are present throughweitvblume of ceramics. Micropores are located nbt at
grain boundaries but inside grains as well. At 1Bdsides an excitonic peak this ceramic exhibitédoad
green luminescence band attributed to defect dfjadecularly oxygen vacancies or interstitial Zv)ich is in
an agreement with the SEM micrographs.

For the ceramic from the multipod-like powder graimes range from 1 to 10 um with an average
grain size of 4 um. In this case micropores areguionly in triple junctions of grain boundarid&® pores
were detected inside the volume of grains. Lumieese at 12 K revealed a narrow excitonic band with
probable satellite peak and an almost non-exigieggn luminescent band which is an evidence ofgh hi
quality of ceramic sintered from whiskers powdaviechanical properties (hardness is 3 GPa and Ysung’
modulus 120 GPa.) of these ceramics are high amgha@ble to high pressure ceramics and a singttatry
ZnO. Indentation tests have shown the specific obléhe grain boundaries in the deformation belragfo
ceramics. The effect of the powder morphology anptoperties of sintered ceramics may be expldimen

the standpoint of contacts phenomena during thersig.
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Modifications of the structure of LiF crystals idiated with swift heavy?¢®U, **®Au) and
lighter €°Ti, *2C) ions of the specific energy of 11.1 MeV/u agefiges in the range of %tto 10
cm? have been studied using the AFM, SEM, High-resmiuKRD and nanoindentation methods.
The structure was revealed by a chemical etchihg. AFM and SEM studies on samples irradiated
with heavy ions %, °’Au) showed a nanostructuring of the irradiated lajfiéne nanostructure
consists of columnar grains with a width of abod1®0 nm. In the case of the lightest iolf€],
the irradiation resulted in the formation of diddon-reach structure. No bulk nanostructures were
observed even at the highest fluence fl68 cm®. For ions with an intermediate atomic mass
(°°Ti), either a dislocation-reach structure or a rsanmture was formed in relation to the fluence
and the energy loss.

In the nanostructured layer, the rocking curvesaioled by a high-resolution X-ray
diffraction exposéhe formation of a mosaic structure with low-anigteindaries between blocks.

Nanoindentation tests show a strong ion-inducedease of hardness (up to 150-200%)
confirming the high volume concentration of stroolgstacles for dislocations, such as defect
aggregates, dislocations and grain boundaries. résalts show that strong modifications of the
structure and mechanical properties occur undeditions of a track overlapping that leads to a

saturation and an aggregation of single defects.
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Beams of swift heavy ions with the MeV-GeV ener@yd increasingly gained an interest
for their application in the structuring of matdsian the micro- and nanometre scale. Generally,
heavy ions (e.g. U, Pb and Au) cause more subatantdifications of the structure and properties
compared to lighter projectiles. However, the iratidn with swift heavy ions is accompanied by
undesirable effects of swelling and a generatiotong-range stresses. The results of the present
study show that the nanostructuring in LiF crystas be ensured also under the irradiation with
lighter Kr ions. With this aim, we used 150 MeV kns, the energy loss of which in the surface
layer exceeds the threshold for the track core danfhO keV/nm). Irradiations were performed at
the fluence 18 cm? ensuring the overlapping of tracks. Methods of iaabt absorption
spectroscopy, AFM, SEM and nanoindentation in ttesgnt study were used.

The optical absorption measurements show the $mmraf F centers (~ #cm?®) at the
fluence of 167 ions/cnf in LiF irradiated with 150 MeV Kr ions with a dease of the F center
concentration at higher fluence. In LiF crystatadiated with Kr ions an enhancement of F apd F
(F-aggregates) absorption bands via flux was olserThis demonstrates the increase of the
mutual interaction between H centers leading teetiteancement of F ang €enters.

The AFM and SEM results show the formation of bo#lnostructures in the surface layer
where the energy loss of ions surpasses the tHteshd0 keV/nm. The nanostructure consists of
columnar grains with nanoscale dimensions (~100.mw)a lower energy loss the structure
enriched with defect aggregates (e.g. prismatitodation loops, colloids, bubbles of molecular
fluorine) was found to appear. The nanoindentatests show a strong ion-induced increase of
hardness that confirms a high volume concentratiostrong obstacles for dislocations e.g. defect

aggregates, dislocations and grain boundaries.
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Humidity detection in the surrounding atmosphereofsgreat interest for industrial,
scientific and environmental application. Our mgoal is to create humidity sensor, which is small
in dimensions, flexible and which is able to measuoisture inside different materials. Interaction
of polyvinyl alcohol — high structure carbon bla@VA-CB) nanoparticle composite with water
vapor has been investigated in this work. It wastbthat under influence of water vapour the
electrical resistance of the composite changesthadchange depends on exposition time. The
humidity sensing effect of PVA-CB composite candxplained as fallows: water vapour induces
composite matrix swelling, distance between carbggregates is increased and tunneling currents

2.0 4

in thin layers of matrix are changec = In(RIR)=f(alg)

ini 1|—— Linears polinoms L
Samples containing 9 w.% of nanostructur 18 4. — LinearFit of B /“;-j
| ]
|

carbon black showed more stable initi "

16 ]

resistance and were found to be mc

14 n

n R
10 min. in humid environment (relativ( 12 ST

Adj R-Square  0.91851
11 o). 1 1 alue andard Error
humidity 99%). The effect is reversible value _|Standard E
1.0 B Intercept | 1.15463 0.03107
B Slope 17 42344 1.08007

In(R/R,)

sensitive showing 33 % resistance change

necessary time for relaxation has been fot

0.00 0.01 I 0.:)2 I 0.|03 I 0.:)4
to be equal to 60 min. Comparing resu Al
obtained from simultaneous measurements

) ) Fig. 1. The change of electrical resistance of RVBS
of the electrical resistance and the samplgnposite versus relative elongation induced by pmusite
. . .swelling in water vapour.
length with theory of charge tunneling i/ ond n water vapou
conductor-polymer composite, we can conclude thateat tunneling exists in thin layers of PVA-
CB composite among carbon nanoparticles (Fig.1)oun opinion, the existence of tunneling

currents in the composite directly enhances thsiteity of the composite to water vapour.
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Recent studies show, that elastomer compositesioom nanostructured conductive fillers
can be used as pressure sensing materials [1]theudetically they could outcompete certain
pressure sensing materials, which are used at tinecmt.

In this work the polyisoprene-nanostructured carldeck composite has been studied,
possessing both: piezoresistive and hyper-elastipgpties. The primary goal was to investigate
electrical properties of the composite, dependimgancentration of conductive filler.

The percolation threshold (Fig.1) and
its critical parameters have been determir >

at first, as it is crucial for further 10’
investigation. This has been done accordi 104

to W.Bauhofer [2]. The obtained percolatic

£
w 10°
threshold has been compared with simil °
10"
thresholds, acquired for composites usi o

oo e oo ool o soimd o vosmd sl oo soond ool s sl 1ol

different dispersing techniques and filler 1w~

Il B R B R s R B R B R I Ry B R R R |
o

) ) T 2 3 4 5 6 7 8 9 10
The time dependence of composit concentration, p.h.r
electrical resistivity has been experimentally Fig.1 The dependence of the electrical conductivity

i . of polyisoprene-nanostructured carbon black
studied and evaluated at constant strai composite on the concentration of conductive filler
(mechanical loading) as well as directly after

switching out the loading.

References

1. M.Knite, V.Teteris, A.Kiploka, J.Kaupuzs, Senshctuat. A110 142 (2004)
2. W. Bauhofer, J.Z.Kovacs, Compos. Sci. Techt®|1486 (2009)

200



PO-111
Thermodiffusion Motion of Electrically Charged Nanoparticles

A. Mezulis, O. Petrichenko

Institute of Physics, University of Latvia

e-mail: ansis@sal.lv

Nanoparticles are of great interest not only inidsgbhysics but also as colloidal
nanocarriers. Colloidal systems offer a lot of aggilons, a particular part of that is relatedhe t
particle migration at concentration and temperatgradient conditions. Generally, if the
dielectrophoretic effect is negligible, the nanajode flux is described ag =-D,, (Vc+ SrcVT),
where the Soret (i.e. thermodifussion) coeffici8ntan be either positive or negative. The sign of
the Soret coefficient governs the nanoparticle fiong the temperature gradient or opposite it.
Experimental and theoretical investigations in [Hstyears with hard particles of diameter 10...20
nm prove that the sign of thermodiffusion coeffitiés determined by applied method of particle
stabilization.

Principal theoretical investigations [1] predicathtelectrically charged nanoparticles may

have both signs @&. It depends on non-dimensional particle surfademi@l ¢ = epg /KT, which

usually is 5...10 after stabilization by Massartmoe [2], and on the ratié between double layer
thickness and particle radius. By different concaian of ions in electrolytél can be varied in
rather wide range 0.01...0.2. Actual values{otind 4 may result both signs of theoretically

calculated velocity of thermodiffusion motionwhich is linked with the Soret coefficient:

__ 3R, ¢
S ==y LT U9, (1)

where RH is the hydrodynamic radius of a particid BB is Bjerrum length.

In the present work some electrically stabilizetlatdal nanoparticle samples with different
parameters are examined. Experimental work provides/alues ot 4, Ry andSr that allows to
make a comparision between measured and theohgtiedtulated thermodiffusion coefficient by
Eq. (1). The accordance within 30% must be takera@®er good, since in the present model the
behaviour of electric double layer is considerabigplified.
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Ferrofluids are colloidal suspensions of magnetoaparticles and as such they possess
superparamagnetic properties. We will consider reogie concentration grating induced in a thin
layer of ferrofluid by interfering laser beams undlee action of the externally applied uniform
magnetic field (Fig.1). As soon as the optical
grating is focused within the layer, the
corresponding concentration grating starts to
develop due to the strong Soret effect of the A
colloidal solution. When the diffusion and

thermodiffusion reach equilibrium, the e

beams are switched off and the gratings are Fi-1. Problem setup

allowed to relax. It is suspected ([1-2]) that mmwnvective instability driven by the internal
demagnetizing fields may develop at this stageingienhanced mixing and significant increase of
the effective diffusion coefficient.

We will consider the equilibrium distribution ofntgerature and concentration and the time-
dependent base state describing the relaxatidmeafriating for different orientations of the apglie
magnetic field. We pay special attention to theeraf the transversal boundary and the
corresponding gradients violating the uniformitytbé induced grating. We determine the role of
the microconvection in the relaxation of the grgtiy means of the numerical simulations and

nonlinear Galerkin model.
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One of materials production method in nanocrystallistate is introduction nanoforming
addition. To nanoforming elements it is necessargdrry of chemical elements which do not form
binary phases with components alloy and show niéfgigsolubility. At the present stage of solubility
studying of chemical compounds in system Mg-Zras nevealed. Production magnesium-zirconium of
composites was carried out by a method of plasmaparation - sputtering a component on

molybdenum. Deuterium saturation of Mg-Zr 4299 -

composites was realized through 24 keV ién !.N 4

implantation at temperatures of ~1Kk0to doses Dg 000 “"‘*.h_____!-—f--".:'

ranging between 1x1band 5x1& Dicn?. After & e
implantation of the preset deuterium dose, theg | i
temperature ranges of deuterium desorption irg 600 ~ :

zirconium were determined by the thermalg_ . :

desorption spectroscopy technique. E 300 . . . ...“_._.

Contents of the zirconium below 30 at.% 0 20 40 60 80 100

Concentration Mg, at.%
lead to significant downturn of temperatureFig.1. Dependence of maxima temperature desorption
uterium peak from component Mg-Zr composites A

. . . d
desorption deuterium. At the same time excess gﬁuterium dose ~7.3x3D/er

this concentration is accompanied by slight
increase of temperature desorption deuterium inpesison with allocation from pure Mg.

Dependence of maxima temperature desorption daotgseak from composition a component
magnesium - titanic composites (see fig. 1) evigeshows quantum character of temperature
allocation of the same doses implanted deuteriupeidging on component magnesium - zirconium
composite elements. On the basis of the receiveéd danecopouuu hydrogen on an example of
compositions Mg-Zr it is drawn a conclusion on pexgives of search of materials of hydrogen storage
which have nanoforming.
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Transparent nanocomposite Zfr8nG; thin films(various molar ratio) with grain sizel0nm are
of significant scientific and technological imparta due to several advantages such as tailoriggpof size

and band gap for applications in optical devices[1

Such mixed-composition thin-film systems ofte
exhibits improved optical and physical properties:
against the participating component films [XRD .‘
pattern of Zr@-SnQ, (0.5/0.5) thin film prepared by
sol-gel dip-coating technique annealed at 773
shows that the films are crystalline with a paeticl
size of 10.98 nm (tetragonal ZiO 8.04 nm
(tetragonal Sng) and 14.26 nm (orthorhombic 0000 11 45 SEI

ZrSnQ). SEM shows that microstructure of theglir%'(lo 5 /gi';/'on ’l‘é‘;‘;ﬁgéagr;ssoé Cg;%ﬁggz atnh;gal
0.5/0.5 composite consists of isolated $particles at 773K

dispersed in Zr@matrix. Maximum transmittance in

UV-VIS region (> 80%) was observed for the compm$im with ZrG,/SnG, molar ratio 0.5/0.5 suggesting

a better densification and homogeneity of the fitim. ZrO,/SnQ, nanocomposite thin film with molar ratio
of 0.9/0.1 has one direct band to band transitidth & band gap at 5.25eV. This band gap decreases t
3.95eV with 0.1/0.9 ratio substantiating tailoriafband gap by varying molar ratio. The nanocomntposi
thin film exhibit improved photoluminescence (PL) emission peak2étm for excitation wavelength of
373 nm. The high density of oxygen vacancies ptesethe nanocomposite film interact with interfaci
atoms of zirconium and tin and leads to formatdra considerable amount of trapped states withén t
band gap giving rise to PL. The changes in théngiae as well as band gap , accompanied by nuadiiin

of structure, makes ZeE5nG, thin film ideal for gas sensor applications.
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The study is aimed at estimation of nano-scaledrimdgeneities in glassy metaphosphates
of alkali, alkali-earth, barium, lead, rare-eartidasome other metals and their influence on glass
parameters significant for their applications ipefi optics, optoelectronics, photonics, etc. Measur
of glass inhomogeneity is the Landau-Placzek ratloch is determined from Rayleigh and
Mandel’'shtam-Brilllouin scattering (RMBS) spectrd glasses. It includes contributions from
density, concentration and anisotropy fluctuatidft®zen-in” at glass melt cooling. These
contributions can be determined separately viaSblkroeder-Macedo formalism [1] if the high
temperature acoustic data for glass melts is kn&une and mixed glassy metaphosphates of alkali,
alkali-earth, rare-earth metals have been studyetidans of RMBS spectroscopy and their melts —
by the measurement of temperature and frequen@ndepcies of ultrasonic wave propagation.

Comparison of the data obtained with results ofa}(-scattering data [2, 3] demonstrates
that glassy metaphosphates cannot be consider@drdg chemically homogeneous pseudo single
component glasses characterized by the “frozemsmiiaric density fluctuations only. It was found
that concentration fluctuations were poorly devebbgn glassy sodium metaphosphate while
increase in atomic mass and polarizability of aahé&n led to non monotonous growth of
concentration fluctuations in glasses.

Obtained systematic data on fluctuation inhomodersein glassy metaphosphates opens
the opportunity to design multicomponent phosphglasses with extremely low Rayleigh
scattering losses for fiber optic communicationedin effective laser glasses, glasses for

electooptical fiber drawing, etc.

The study was partially supported by RFBR (Grah0#3-00323).
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The bulk PZT based piezoceramic samples find ttoe waipplication for medical instruments,
hydroacoustics and other ultrasonic devices. Torawg the electromechanical properties of
piezoelectric ceramics in the main chemical contpwsis added various oxides [1-4]. At the sameetim
in the literature are widely covered only a questad the dielectric parameter of these materials.
Information on chemical composition effect to th@apization profile of the piezoelectric ceramiss i
absent.

In the present work the polarization distributioh BZT based ceramics with following
composition: of lead zirconate titanafZ(T), PZT (75%) and barium zirconate titanate (2508 4T),
PZT (86%) and sodium bismuth zirconate titanat@{L°PNBZT) has been studied. The polarization
profile was examined with the TSW method [5].

It is shown the differences between the polariratwofiles 4y, 10° CIn’K

were measured on the samples with and without vaadeposition of Py : i

silver black layer (AgO). For ceramics with silvblack layer were 2<1

poled less than 2 months to measurement time nadace was .

observed space charge, which induces an additipogrization

0l— i i i X, mm
(Fig.1). It should be noted that deposition of silblack layer on the 0.0 02 0.4 06 08 1.0

) . Fig.1 Polarization profiles o
samples were poled more then a few months beforasungg this pzT ceramic. Samplewithout
(cover 1) and with (cover 2)
silver black. Arrow shows tt

free charge at the grain boundaries after the pptedess is quite gdirection  of  spontanews
polarization vector.

effect is not observed. A similar effect may melaat the relaxation of

long time.
This work was performed within the Federal TargebgPam "Research and Research-

Pedagogical Personnel of Innovation Russia for Z00EB".
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In solid solutions of strontium barium niobateEsxs \Nb,Os (SBN) barium oxide BaO is
replaced by strontium oxide SrO. In this connecttas interesting to study the effect of the pertege
of Sr - Ba on the pyroelectric properties and ttetesof polarization in these materials. The SBN
crystals with x<0.5 are not relaxor, whereas witf.% have the relaxor properties. It was investidat
the SBN crystals with nominal concentrations obstium in the solution 26%, 35%, 50%, 61% and 75
%. The crystals were grown by the Czochralski me{i$. The real composition, was determined using
the Inductively Coupled Plasma - Optical Emissiope@roscopy (ICP-OES) method, are
Sio3BaeND206s04  (SBN35)  SgaBaosdNbOs0  (SBN40),  Ss5:Ba.aNDOs93  (SBN5O)
StosBa 3ND05 97 (SBN61), and S Bay 29Nb,0s 97 (SBN75) respectively.

The pyroelectric effect and influence of thermoayglon the " 10™ c/m2K o

v

polarization state in the SBN crystals was examitwdseveral
methods: the dynamic pyroelectric measurement & Tmethod

[2]. In particular it is shown that at room tempera in SBN crystals

FPOoORNMWAOG O
N

without relaxor properties the value of the pyrotie coefficient is

X, mm
less than that of relaxor SBN (Fig. 1). At the saime, the question 00 02 04 06 08 10

of whether it is connected with the increase ofGgie point in SBN Fig. 1 The distributionof the
effective value of the pyroelect

crystals with smallex or due to a lower value of polarization in SB coefficient on thickness for t

, . SBN40 (1), SBN61 (2and SBN3!
crystals without relaxor properties is the subjedurther study. 3) cry(st)als. The( algolarization

This work was performed within the Federal Targetgpam direction inthe sample is shov
by an arrow

"Research and Research-Pedagogical Personnel @fdtion Russia
for 2009-2013".
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Ferroelectric materials are of high interest

. 2500 T
for both researchers and engineers due to theff*’— 2onml 5%
. . o 40 nm : v 1
remarkable properties, which makes them greatooof 60nm[ T T
. . 70 nm ‘ vvxkx : xxxv‘7
targets of fundamental research for scientists and || ~ sonm| Fn

materials of choice for a variety of devices [1§ Au

. . 1000f
a result, nanoscale size effects became of interest

in both scientific and technological fields. 500}

Size has clear influence on dielectric

00 150 200 250 300 350 400 450 500

properties of the material, as can be seen from Temperature [K]

figure 1. Firstly, maximum of dielectric 7o : .
permittivity diminishes and dispersion region sof . Eg:z
shifts to lower temperatures with smaller grain 50 : ;g EE B S S _‘
sizes. Furthermore, no relaxor-normal 40jL °_85nmj 5, ird

w

ferroelectric phase transition at 370 K is obseyved 37

which is typical for bulk ceramics [2]. However,

this graph shows remnant anomaly in imaginary o

.......... X "'*""’-'—'&'—'m::.!.-_un---""‘."‘
0

part around 370 K for grains bigger than 60 nm. fo0 150" 20 Fmpoature iy 100 4%0 500

This must mean that in this case some wea$l Temperature dependencies of the real pap)
and imaginary part (bottom) of complex dielec

interaction between polar nanoregions still takesstant for different grain sizes at 1.21 kHz freagy.

place.
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Ferroelectric ceramics are the materials most &#Btiy used in practice as sensors,
transducers, memory cell, tunable microwave deJitiksr and phase shifter), multilayer ceramic
capacitors, microelectromechanical systems andatmii Among a number of well-known
ferroelectric materials a barium titanate (BT) atsdsome solid solutions are the most interesting
due to excelent dielectric properties. One of thisnma barium titanate-barium zirconate solid
solution (BaTiQ-BaZrGs). Zr-substitution at Ti-site is an effective way improve the electrical
properties of the material. Moreover, Bajldr,Os; (BZT) solid solutions are lead-free compounds
and enviroment-friendly dielectrics with similarrfimances as many Pb-based electroceramics.
In present paper the structural and electric ptaserof zirconium-doped barium titanate
BaZrTi;xO3 ceramics prepared by conventional sintering pooese investigated. Powder X-ray
measurements were used for structure and phasgsesnal single-phase perovskite structure of the
materials has been identified. X-ray diffractiomlicate clearly the structural changes and confirm
the effective diffusion of zirconium to form BZT.c&ning electron microscopy investigations
reveals a fine grain and dense microstructure. iyoifcant impurities were detected in an EDS
spectrum and the samples are in good stoichiomgdtio. Electric properties as a function of
temperature and frequency were measured. All meammts were performed under normal
atmospheric conditions. For x>0.20 the obtainetkdiac data suggest a relaxor character of phase
transformation and indicate the existence of omlg phase transformation. Two different activation
energy values corresponding to two different regiamere observed in the Arrhenius plot, which

was attributed to two different types of trap levptesent in the BZT ceramics.
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Many solid solutions based on MNBi,,TiOs3 (NBT) were brought to the daylight of
ferroelectric society in order to find low-

lead compositions suitable for practici

8000 —rrrm—r m O 400K
applications.  Barium titanate (BT) 10 0%
. . . L ] 250 K
strontium titanate (ST) and lead titana _ ,u0 q
; [ e h K‘&t{\
(PT) were used as secondary materials 2000 =y

NBT solid solutions [1, 3]. The only repor 0

1500

on such solid solutions as NBT-ST-PT 1200 |
published in2]. It is known that PT and ST . [

600

influence phase transition of NBT 00l

- O

differently. PT induces ferroelectric phas 010

10° 10° 100 10° 10° 10° 10" 10”

transition, while ST enhances relaxc Frequency [Hz]

properties [1] So the main interest is to flrFig. 2 Frequency dependence of complex dieleceiengtivity for x = 0.1

out how these materials interact with ea&t different temperatures, solid lines are fits hwitlavriliak-Negam
formula

other in NBT solid solutions.

Fig. 1 shows frequency dependence of complex dr&eguermittivity for x = 0.1. The purpose
of the report is to investigate dynamic dielecproperties of 0.4NBT-(0.6-x)ST-xPT for x = 0.1 and
0.15.
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Most relaxor materials, under nowaday investigatlmelong to the perovskite family and a
lot of them contain lead ions. It has been repotted lead-free perovskites are more flexible than
lead-containing ones because a continuous cross$mrar ferroelectric to relaxor is observed in
many solid solutions [1]. Another interesting issndhese structures is the coexistence of relaxor
and ferroelectric behavior in the same material.

Here we present our results of dielectric invesibga of novel lead-free
Ba,PrNd;FeNkO;s materials with a more open (compared with perdeskicrystalline network,
the so-called tetragonal tungsten bronze strucBagNdFeNhO;s is a ferroelectric (d=323 K)
whereas B#PrFeNhOss is a relaxor below 170 K. The flexibility of thggen TTB network allows
the ferroelectric to relaxor crossover on scanrtimg composition from Nd to Pr in these solid
solutions. We have obtained a continuous crossbeaveen these end member behaviors with a
coexistence of ferroelectricity and relaxor in theermediate range. Phase transition temperatures
are only slightly affected by Pr amount, but alsbuge cooling-heating hysteresis was observed,

which origin is under discussion yet.
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Over last decades electroceramics like PZT (RB{ZK)Os), PMN (Pb(Mg,;sNby/3)Os) or
PSN (Pb(Sg:Nb,,2)O3 attracted great technological and scientific iesérbecause of excellent
piezoelectric propertiés These ceramics are widely used in sensors, maessl and other micro
and macro electromechanical devices. However,akieity of lead oxide led to a demand for safer
materiald. One of such ceramic potentially could be sodiuatagsium niobate H#la;NbO;
(KNN) near one of its morphotropic phase bounddi?B) which is at about 50% K and 50% Na
for KNN*. The main problem with KNN is sintering: it is fifult to obtain well-sintered KNN
ceramic using an ordinary sintering process becatiske high volatility of alkaline elements at
high temperaturés

In this work we present obtained dielectric penwiif and conductivity results of KNN
ceramics doped antimony ¢kNay 5)(Nbg.93Shy 07)O3 with sintering aid Mn@(0.5 mol. % MnQ).

Its dielectric properties was investigated in bréaduency (from 1 Hz to 54 GHz) and temperature
(from 130 K to 800 K) range.

Above room temperature obtained results shows thase transitions at T=560 K and
T=425 K. Partial substitution of Nb ions with SB> lowers both of these phase transitions
temperatures compared to undoped KNN cerdmiBelow room temperature investigation
revealed one more dielectric permittivity dispensiowhich could be attributed to diffused phase
transition corresponding to phase transition inepiNN from orthorhombic into rhombohedral

ferroelectric state atgr=165 K.
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The present work concerns the dielectric charatterof (Ba.gSto.2)(Tip.75£r0.2503 (BSTZ)
for the future application. A lead-free solid sadut (Bay sSto2)(Tio.75Z2r0.25)O3 was prepared by a
two-stage hot-pressing technology. The structuce anrphology of BSTZ were characterised by
X-ray diffraction (XRD) and scanning electron miscopy (SEM).

The studies of electric permittivity were performddpending on frequency of electric
measuring field in heating and cooling processeside range of temperature (150K -500K). The
thermal bahaviour of BSTZ was studied using thdédbéntial Scanning Calorimetry.

The results obtained showed diffuse of the phaaesition in investigate temperature
region. The same evidence we obtained from thdraqoermittivity measurements. Furthermore
the electric permittivity clearly depends on freqage The maximum values @f, show decrease
with increasing of frequency. However, the lossgeamt of (BagSr.2)(Tio.75Zr0.25O3 ceramics

reveal inverse trends.
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Influence of uniaxial pressure (0-1000 bars) apblparallel to theac electric field on
dielectric properties of lanodified lead—zirconatditanate ceramics with Zr/Ti ratio of 65/35
was investigated. Applying uniaxial pressure le@ds reduction of the peak intensity of the electri
permittivity (¢), of the frequency dispersion as well as of theleditric hysteresis. The peak
intensity ofe becomes diffuse and shifts to a higher temperatitte increasing the pressure. Our
results show that applying uniaxial pressure indusenilar effects as increasing the-ibn
concentration in PZT system. We interpreted ouultesbased on the Cochran soft-mode and
domain switching processes under action of combiledtromechanical loading. These studies
clearly showed that the applied stress has sigmfianfluence on the dielectric properties of

perovskite ceramics.
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Lead-free ceramics of NgKosNbO; (KNN), NaysKos(NboosShyo9Os (KNNS6) and
Nay 5K0.5(Nbp 945k 09 O3 +0.5%MNQ (KNNS6+0.5%MnQ) have been produced by a solid phase
hot pressing sintering process. The ceramics haggr bintered at 1120-114%5

The results of the X-ray diffraction measuremertisvs that obtained samples possess
perovskite structure. The micrograph of the framtiusurface showed a dense structure ceramics,
which was in good agreement with 91-95% relativestg determined by the Archimedes method.
An average grain size decreases after Sb and Mingl@pom about 15um for KNN to about 5 and
2 um for KNNS6 and KNNS6+0.5%Mnf) respectively). Low frequency (100Hz-200kHz)
investigations revealed the diffuse phase tramstidt was found that Mn or Sb doping influence
dielectric and ferroelectric properties.

The pyroelectric and hysteresis loops measurenshtiw/ that obtained ceramics possess
ferroelectric behaviour with the relatively largemranent polarization (18-22C/cnf) and the low
coercive field (7-9 kV/cm). The obtained result® atiscussed in the framework of foreign
ions/lattice imperfections, which create local &iecand elastic fields. The obtained materials are

expected to be promising candidates for lead-flegtrenic ceramics.
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For the ABQ ferroelectrics substituting A or B cation sit ko1 or heterovalent ions can alter
electric properties of the investigated materiahef these popular composition is lithium sodium
niobate (LNN), in which the ferroelectric and dithéc properties are significantly dependent onlthe
content. In the present paper structural, mechéaied dielectric behavior in perovskite LNN ceresni
were studied. Polycrystalline samples of NasJNbO; were obtained by means of conventional
ceramic technology. X-ray diffraction (XRD) measuents followed by Reitveld analysis showed the
formation of single perovskite phase with an ortlwonbic structure at room temperature. Calculated
lattice parameters a, b, ¢, and the volume of theaell V for Lip1Nay NbO; decreased in comparison
with pure NaNb@. This is in an accordance with the fact, thatitimic radius of Li is much smaller
than the ionic radius of Nawhich causes the decrease of lattice paramefbes microstructure and
EDS measurements have been performed by meansanhisg electron microscope (SEM). The
examined sample is good quality, the grains aré str@red and there is a very small amount of asglas
phase. The EDS analysis shows the fairly homogedmisbution of all elements throughout grains.
The EPMA was applied to the analysis of the distidn of elements at the sample surface. Yolsngs
modules E, shear modules G and Poisson ratieere determined using an ultrasonic method. The
performed investigations of mechanical propertiesws that the lead-free material based on sodium
niobate solid solutionL(NN) posses better mechanical parameters than purd®aNhe dielectric
measurements were performed in heating and copliogesses for temperatures from 300 to 800 K in
the range of frequencies 100 Hz — 200 kHz. Locatimma electrical conductivity appearing is
associated with a polaronic transport mechanisne. fimimum values of this electrical conductivity
can be a results of the change in the nature ottmeluction mechanism: from the tunnel into the
hopping mechanism, that is the short-range intddhg-range mechanism. At high temperatures at all
frequencies the value of a.c. conductivity diffeitte from the value of d.c. conductivity. The aettion

energy was calculated from the Arrhenius plots.
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In the present work processing and characterizatfdead free KNN based ceramics have
been studied. Compositions with a stoichiometriomidla (1-X)(Ko.sNao.5)Nb1.ySlOs-xBaTiOs
(x=0.01, 0.02, 0.04; y=0.04, 0.07) were producedcdlid state sintering method. Manganese oxide
MnO, was added after synthesis in order to promotesithiering of ceramic samples. Presence of
MnO- in the composition lowers the optimal sinteringnpeeratures. The influence of BakiGn the
microstructure, density and electrical propertieaswnvestigated. X-ray diffraction analysis
confirmed that obtained samples had a pure pergvskiucture with no traces of secondary phase.
However with increasing content of BaTithe cell changed from monoclinic to tetragonaioam
temperature. Microstructural investigation revehkst ceramic samples have homogenous structure
with cubical grain shape; the smaller ones ~0.5parskghtly rounded. The grain sizes (0.4-2 um)
are quite similar for different compositions howeWnO, addition suppresses the grain growth.
Phase transition point:Tis shifted to lower temperatures in comparisorShesubstituted KNN

ceramics. Phase transition peak aisTbroad indicating the diffuse phase transition.
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Lead-free  piezoelectric ceramics o(#N&ays5)(Nb1«Sh)Os+0.5mol.%MnQ, where
x=0 + 0.10, with single phase structure and ortborbic symmetry at room temperature were
prepared by conventional ceramic sintering andpnessing technology. The optimal hot-pressing
temperatures of compositions were within 11201150C for 2-4 h with 20 MPa pressure. It has
been found that sintering densification occurs wvith narrow temperature range, and the density
decreases apparently when the sintering temperaligtely exceeds the optimal one. The same
tendency was observed in the case of dielectricpaezbelectric properties. MnpQunctions as a
sintering aid and effectively improves the densificn. The samples reached density from
4.26g/cm (94.0% of theoretical density) for undopedy§Klag)NbO; to 4.41 g/cmi (97% of TD)
for Mn/Sb”* co-doped hot-pressed ceramics.

Compared with undoped (Na)NbO;, the co-effects of Mn® doping and SB
substitution for NB' lead to significant improvement in the dielectripoperties:¢ at the T
increased from 6000 to 12400 (conventional ceraméhod) and from 11000 to 16400 (hot-
pressing method).
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The thermal expansion and electromechanical priegedre presented in N#ii,TiOs-
SrTiOs-PbTiG; solid solutions, possessing different stages lafxog behaviour in dependence of
PbTiO; concentration. Absence of clear declining of therexpansion from paraelectric behaviour
at high temperatures, which could be used to deterBurns temperature, is found. Instead Burns
temperature is determined by comparing behaviouthefmal expansion of compositions with
various levels of relaxor properties (different BB concentrations). The jump of thermal
expansion above certain concentration of PhTi@responds to a spontaneou’ drder phase
transition between relaxor and ferroelectric ste®@ezoelectric coefficients 3¢l and d;, are
determined in the concentration range, where fobgc phase exists without applying external

electric field.
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Quasi-static electric field dependence of polamatP(E) in relaxors with perovskite
structure  (1-X)PbMgaNbys03-xPbTiO;, Ph . xLax(Zroeslioss)Os and  0.4Ng:Biy2TiO3-(0.6-
X)SrTiOs-XPbTiO; is compared with dielectric permittivity in lowelquency range. The results
show that two electric field ranges can be distisiged in the temperature region below the
maximum of dielectric permittivity. The slope ofE)( observed at low electric fields, decreases
with decreasing temperature. While the slope, oleskerat higher electric fields, increases, if
temperature is decreased, following the trendraddr P(E), which exists at temperatures above the
maximum of dielectric permittivity. The values ofetkctric permittivity, calculated from P(E)
dependences at different temperatures, are compaitbd the measurements of temperature-
frequency dependences of dielectric permittivitheTinfluence of the bias on the distribution
function of relaxation times is discussed, usingaelence of dielectric permittivity on the bias

electric field.
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The dielectric nonlinearity observed in SBN-75 oaies is reported. Earlier studies of
polarisation switching in SBN-75 single crystals 21 had shown essential decrease (as compared
with ordinary ferroelectrics) of polarisation witach cycle in the thermal range of the relaxor
phase, which had been related to “freezing” praeessdisordered ferroelectrics.

Manifestations of similar processes were of inteieSBN-75 ceramics taking into account
that dielectric permittivity' and dielectric loss" are smaller compared with single crystal by more

than order of magnitude if measured along the potés.

Behaviour of reverse
a) b)

¢ (E-) at T < Tpand at T> & o

320- T=23% 610- T=80"C

Tm in SBN-75 ceramics is M
3104 600 4

presented in Fig. 1. a and b,

3004 590
respectively. Behaviour of
2901 580 A
dielectric nonlinearity at T < “
2 T T T ! 570 T T T 1
T., different from single -30000  -15000 0 15000 30000 -30000 -15000 0 15000 30000
’ ) L. E. Viem E. Viem
crystal, is similar to that of Fig. 1. Field dependence of dielectric permittivitydifferent temperatures for
SBN-75.

ordinary ferroelectrics — the
¢'(E=) curve is closed while at ¥ T,, the magnitude of’ practically does not depend on the bias
field E-.

Possible effects of mechanical tension on featafalielectric nonlinearity in ceramics are

discussed, suppression of relaxor properties ia ohseramic materials, in particular.
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Mathematical modelling of the distribution of strain layered quartz ceramics with
protective coating of niobium pentoxide from twdes is reported. It is found that fragmentation of
the basic layer (decreasing the area of the comiisibboarder between layers) and smoothing of
sharp edges of the base fragments should reducstrdies on the boundary between the substrate
and coating and, correspondingly, enhance the tileesistance of the samples.

Treatment of the niobium pentoxide coating by comreged light flow (CLF) induces a
network of fractal micro- and nano-size fracturbattcompensates the difference of thermal
expansion between the layers. The absolute valutheoinegative coefficient of linear thermal
expansion (CLTE) of NiDs treated by CLF decreases while the curve of raddtiermal expansion
becomes more symmetric. Due to the fractal micrat @ano-size structures forming at treatment
by CLF in optical oven the CLTE of tantalum pentixisamples exhibits a region of negative or
close to zero values. The fraction of nanometre-Biactures in case of 1@s treatment by CLF is
likely considerably larger as compared with,®k

The studies have demonstrated that possible cootlollk expansion of the material and
fragmentation of the basic layer allow to obtaipel@d ceramics and products thereof possessing
enhanced thermal resistance to withstand thernadihgy

Experimental acoustic emission studies have coefirthe increase of thermal resistance of
the samples by factor ~1.5. Smoothing the edgdéiseofragments of the ceramic substrate provides
additional increase of thermal resistance=th§ %. Containers for calcination of high purity dea
niobium hydroxide made of fragmented ceramic sabstand coated by CLF-processed,Gf
have shown improved thermal resistance. Such cwrgiwithstand thousands of fast thermal
cycles Toom <« 1000 °C.
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Safeguard from admixtures emitted by the walls efhhological crucibles deserves
particular attention at production of high purityade materials. Thermo-chemical processing of
high purity substances in crucibles provided witbratective liner or made of the material obtained
in the process is one of the ways of protectionsi@@@ng crucibles for heating cycles in a wide
range of temperature is a complex problem of matsgience. Composition of the protective layer
is pre-determined by the substance to be synthleedBasides, high thermal resistivity of the coating
IS necessary.

Complex calcitrant oxides of low thermal expansmomprise the basis of materials for
designing ceramics able to withstand sharp higlptature thermal cycles. A study of the effect
of concentrated light flow (CLF) on thermal expamsof ceramic niobium pentoxide (bs) is
presented.

Compounds of NiDs submitted to treatment by CLF are found to exh#itegion of
negative or close to zero coefficients of thermadamsion and fractal nano-structures suppressing
the latter. CLF-treated NBs ceramics of low and negative thermal expansiorfficeents have
been used constructing ceramic crucibles for catmn of high purity grade niobium hydroxide.
Such crucibles withstand thousands of fast theayeks Toom <> 1000 °C.
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A wide region of homogeneity on the phase diagraran essential feature of ferroelectric
LiNbO3 crystals the existence of which allows growingensibly pure and modified by admixtures
single crystals of diverse compositions the contjposiof congruent melt being different from
stoichiometric. Such structures usually are spattaterogeneous comprising a variety of point and
extended defects as well as defects represent@itby and nano-scale structures and fractals.

Raman studies of ordering details of structuraksuand formation of defects in various
LiNbO3 single crystals are presently reported. The weakdh bands not related to fundamental lattice
vibration modes are found to be most sensitivehtinges of composition. Anomalous narrowing of
bandwidths and decrease of frequency of the weakaR&ands of 309, 349, and 693 i observed
as the composition changes from congruent to storektric. The change of bandwidths suggests of
anomalously delicate ordering of structural unitde cation sub-lattice at disordering of it oa thhole.
The anomalous behaviour of the bandwidths is shionpe related to supra-structures of micro- and
nano-size clustered defects in the cation sulodatti the LiNbQcrystal. It seems reasonable to assume
the clusters being distributed as ordered suledattof the size of a few translation periods around
intrinsic Nh; defects, it is — as nano-size objects. The chahdglee kind and ordering of the cluster
defects can be presumed to affect parameters aflited weak Raman bands of LiNjxystals.

Further experimental precision studies of similaoraalous ordering of structural units and
computer modelling of the cluster structures argrattical interest. New information on forming
of the defected structure of LiINB@pens opportunities for more refined control & tjuality of
real single crystals and for improvement of productechnologies of high quality lithium niobate
materials, for optical applications in the firsapé.
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Within the vacancy models, the paper reports refltX-ray and Raman studies of structural
disorder and cluster formation in the cation subea of congruent and stoichiometric lithium nitda
crystals including crystals containing yttrium agddolinium admixtures. The features of cluster
formation in the crystal are theoretically studigithin the semi-classical atomistic model. Disordgr
of the crystal structure at introducing yttrium, detected by X-ray diffraction and Raman specsa, i
shown to be related to penetration of yttrium itite cation sub-lattice of the congruent crystal.ewh
Y3* substitutes NB located in the niobium site (N the NB* ion is forced into vacant octahedrons
increasing disorder of cations and vacancies aloagolar axis and distorting the octahedrons sihee
ion radius of ¥* is larger compared with ion radius of Nb

The modelling was made employing software for mising the energy of clusters of the
lithium niobate structures by moving or taking awidng “critical” atoms. Parameters used by the
software included the kind of element, formal cleavglues, and coordinates according to space group
symmetry obtained from X-ray analysis. The enerfjyclasters was calculated using the Coulomb
attraction and Born-Mayer potentials. The stepep optimisation of the critical atoms was used to
minimise the energy of clusters comprised of ugGdexagonal unit cells. Resulting data were agplie
to analyse the structures of clusters before atet afinimisation of energy. The lithium atoms being
found this way as the most “critical” is in good@gment with other data. However, increasing the si
of a cluster by translations of the elementary aklhg the crystallographic axes the structure imaso
more complicated and critical niobium and oxygeona appears in addition to lithium.

Structures of clusters of different size were ssddBy minimisation of energy of the structures
the dipoles and energies of clusters were founduastions of the number of unit cells along the
crystallographic axes. Computer experiment revealea-zero dipole moments along the X and Y

directions in small clusters gradually vanishinglescluster grows bigger.
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Results of comprehensive studies of thermal andexgmation-induced phase transitions (PT) in
the Lio.1Nag ssTa/Nby.,O3 ferroelectric solid solution (SS) system in th&2%0 "C range are reported.
The Lip1NaggslaNb;yOs compound at y = 0.1 — 0.9 is of interest due &harp increase of Li ion
conductivity at T = 400 — 450 °C and transfer t@estionic (Sl) state at temperatures above the
temperature of anti-ferroelectric phase transitibhe ferroelectric (FE) to anti-ferroelectric (AFE)
transition at 350 °C precedes the SI PT manifeltedisappearance of the strong Raman band at 875
cm* related to stretch of oxygen atoms bridging the; B®= Nb, Ta) octahedrons. The Raman bands
broaden considerably approaching the PT temperdtare below. The groups of vibration bands
related to oxygen octahedrons and cations locatedids of the octahedral structures merge int@adbro
Raman bands retaining in the spectrum of the Sk@hBrequencies of the bands do not show any
anomalous behaviour at rising the temperature stiggethat change of the quasi-elastic constants is
negligible. The 875 cithband is shown to be suitable to evaluate the éipadiering in ferroelectric
structures of oxygen octahedrons. The band abseheiAFE phase is distinctly pronounced in spectra
of the FE phase. The absence of the 875! dmnd unambiguously indicates the absence of
ferroelectricity.

The Lip1Nag gsTaNb;yO3; SS of low tantalum concentrations (y < 0.25) areng) ferroelectrics
and do not exhibit any anti-ferroelectric featua¢soom temperatures while SS compounds of y > 0.3
may occur in both the ferroelectric and the antiefelectric states. A considerable disordering peals
in the niobium and tantalum sub-lattice (due torease of the long-range order) of the SS at inorgas
y from 0 to 0.5 by which the spatial (geometrichditions for Li ion transport are enhanced. At
growing disorder in the niobium and tantalum sukda the structural transformations at heating
become less distinctive the FE-AFE phase transjimnt considerably shifting to lower temperatures.
The FE-AFE PT is also preceded by growing disomfethe orientation of the B octahedrons at
increasing the temperature. The latter is refleateRaman spectrum by decrease of the intensity and
broadening of the 80 chband into the Rayleigh wing. Frequency of this datecreasing
monotonously points to softening and supports irejahe 80 crit band to symmetric librations of the

BOs octahedrons: the soft mode belongs to the most®tnic and lowest frequency vibration.
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The ABG; ferroelectric (FE) solid solutions (SS) of peratskstructure on the basis of
sodium niobate exhibit a number of properties gg&ng for application: relatively low values of
density and dielectric permittivity, high ultrasowelocity and good piezoelectric performance, and
a wide range of mechanical Q-factor. Presentlyltesai dielectric and conductance studies over
the thermal range of 290 — 700 K and frequencyeaf®5 - 18 Hz in Lio o/Na.03Ta.1Nbo.¢O5 and
Lio.oMNap 93T a.111Nbo 8803 perovskite FESS are reported. Electric propertied phase transition
parameters of kigNap.93Tayp1Nbo.oOz and Lb oMNay.gsTan.111Nby gsfO3 FESS are found to depend
substantially on the way the initial mixture is Hyesised. A first-order FE phase transition
proceeds in the bibANaygsTa1Nby O3 and LpoMNaggsTan 111Nbp gsfO3 FESS within the observed
range of temperature. The co-precipitateg,Nlby1.,yOs pentoxides being used for synthesis of the
LioomMNaposTan.11NbpgsfOs FESS it is possible to achieve rather high valwésdielectric
permittivity at high frequencies while the Curieiqtoshifts by ~ 75 K to a lowelemperature as
compared with LgoMNaygsTaiNby O3, synthesised from mechanical mixture of theCsaand
Nb,Os oxides, which cannot be explained by the mindied#ince in proportions of the ingredients
in the final SS. Techniques of obtaining the inibaides has also a substantial effect on the ion
conductivity of the Lj.oMNagoesTay.1Nbp O3 and LboMNap.gsTan.111Nbp ss3 FESS. The activation
energy of ion conductivity in the g4NayosTan.111Nbogsds FESS is lower while its value —
considerably higher compared withybiNay 93T ay.1Nbp ¢Os. The different thermal behaviour of the
real part of dielectric permittivity and conductivibetween the LipANay 93Tap1Nbp O3 and the
Lio.omNay.g3Ta.111Nbp ssfO3 FESS are obviously related to the way of obtairtimg initial oxides
TaOs - Nb,Os and TayNby(1.y)Os.
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Cobalt nanoparticles have long been used in maelgsfi of research for their attractive
magnetic, catalytic and biochemical properties J[1¥8e usually adopted chemical methods to realize
nano-particles dispersion are generally based errd@buction of a precursor containing the cation in
guestion by means of an organic or inorganic ed@ationator in aqueous medium.

In the field of hydrometallurgy, cobalt precipitati from zinc salts solution with a cementation
method by more electropositive elements was thdrigugvestigated and it was found that the kinetics
of the relevant electrochemical reaction are stsoaghanced by the presence of host cations aBd\i,
Cu, in the precursor. In his pioneering works [4-8lcKinnon pointed out that the aforementioned
kinetics of cementation are extremely slow whendbkalt is present alone in the liquid solventror i
the presence of organic impurities, a finding theypresents a crucial limitation in the use of a
cementation technique in the synthesis of cobalbparticles.

To circumvent this drawback, we have analyzed aetgation process when a cobalt salt is
dissolved in an organic solvent (ethanol) with alnmvater content (less of 10%) and we have checked
the role of several surfactants according to thb&mical structure. In particular, the use of catio
surfactants proved to be particularly useful asythave an unexpected enhancing effect on the
cementation kinetics. The yield in metallic cob#ite geometries of the metal nanostructures and the
relevant scale length have been investigated egpect to the main parameters of the process such a
temperature, the energy dissipated in mechanicalngt and the concentration of surfactant and
precursor. The obtained nanostructures were claizet by means of X-ray diffraction (XRD),

scanning electron microscopy (SEM) and transmissleatron microscopy (TEM).
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Over the past decadeBiOg photocatalytic activity has been extensively stddiue to the
potential application for photo-degradation of arigacompounds and water splitting under visible
light irradiation. At present bismuth tungstate legn prepared by solid-state of oxides at high
temperature or by hydrothermal synthesis. It isl webwn that activity of photoctalysts depend
strongly on particle size and crystallinity. Frommist viewpoint development of it preparation
methods of nanosized BVO; is actual task.

Due to the development of green chemistry thered#ferent materials needed which
ensures sustainability of used materials. One @h smaterial is bismuth tungstate ;¥IOg
nanopowders and it ceramic materials. Bismuth tiagBpWOs is commonly known as mineral
called Russelite had it has showed several goattipahproperties. For example high potocatalytic
activity not only under UV irradiation but also wrdvisible light and the good success for water
splitting for future energy, also it has been usesemiconductors as most of tungstate materials.

Bi,WOs nanopowders for photocatalytic usage have beepaped with wet chemical
methods — modified sol-gel self combustion method &ith microwave assisted sol-gel synthesis.
In both methods the commercial salt solutions ameed together with organic fuel (ethanol,
glycine, ethylene glycol) and nitric acid and sys#ized by varying heating techniques. The XRD
patterns shows that obtained material is high afiysé but during synthesis some impurity phases
can occur — W@ BiW20, BiisWO,4, which can be avoid by further calcinations preces
temperature 650 - 80U temperature. The calcinated bismuth tungstat@pwmders have high
crystallinity and specific surface area (BET) imga of 12 — 22 flg depending on used fuel and

calcinations temperature.

229



PO-137
Description of Model and Verification Experiments or Hydrogen Evolution

Reaction: Dependence on Electrode Material

M. Vanags J. Kleperis, G. Bajars, A. Lusis
Institute of Solid State Physics, University of liat Latvia

e-mail: kleperis@latnet.lv

Hydrogen has high demand in industry as a genergose chemical in production of
ammonia, hydrogenation processes and also asrfuakl cells for generation of electricity. On
commercial scale it is produced by steam reformohdpydrocarbons, but in case of sustainable
productin hydrogen can be produced from water ebsis using electricity from renewables. The
economics of this process can be improved onlyfbgient electrocatalysis so as to minimize the
overpotentials and Coulombic heat (IR), see eqndtoapplied voltage: o= Ec + | +na + IR.
Considering the overpotentials and the IR drop,dperating cell voltage is about 2.0 V for steel
and Ni electrodes in the cell, although the equitim cell voltage for decomposition of water is
1.23 V. Overpotential for ©evolution on nickel is ~0.5 V, what is a majousa for excessive
consumption of electrical energy. If we can repliicenode or modify it with an electro-catalytic
nano-material so as to reduce the overpotentiai eyed.1 volt, the current produced will be more
than 10 times the initial value and will cause éamyverall savings during production of both
hydrogen and oxygen from water.

In our studies we have proved that pulse voltageepsupply increases the efficiency of
water electrolysis comparing with commercial ava#aalkali electrolysers. Using short time and
high voltage pulses (143s, 500 V), the current behavior is investigatechgsvater electrolytes. It
is observed that current pulse changes polarityh wirtcreasing water dissociation degree
(concentration of electrolyte). This effect is eaipkd with assumption that electrons are tunneling
from cathode to an electrolyte under influence ghhvoltage pulse. Emitted electrons can be
discharged with ions in an electric double layert, ibthe number of ions is too low, electrons can
diffuse back to the cathode. Results are descabedt the dependence of this effect from material
and his surface roughness. Nanostructuring of thdace is improving the efficiency of

electrolysis.
Acknowledgementd1V acknowledges European Social Fund for suppdrguwthors acknowledge National Research

Program in Energy for support and V. Nemcevs fohmécal assistance.

230



PO-138
Crystallization Processes of Amorphous Si by Pulsddaser Processing

I. Tale, J. Butikova, G. Marcin#é\. Muhins, B. Polyakov, A. Voitkans

Institute of Solid State Physics, University Latvia

In order to investigate crystallization kineticsasBi layers, sets of programmed YAG laser
pulse exposures have been applied. AmorphousrSiiltihs sputtered on sapphire and Sidated
Si wafers have been used in this study. It has pegposed that the heating rate and heat diffusion
in a-Si layer can be controlled during annealingcpss using sets of short single pulses of
programmed frequency and set-to-set delay. Depgndm single pulse energy and pulse set
duration both the initial sample surface layer temapure and the depth of exposed layer can be
controlled.

Crystallinity and surface modification of a-Si laybave been investigated by Raman
spectroscopy and atomic force microscopy respdgtii@ determine crystallization depth profile
of Si layer after laser processing, chemical eglaind Raman measurements have been performed.

It has been stated that increase of the laser pmsegy and decrease of pulse set duration
accelerates growth rate of nanocrystals sufficyerithus, the probability for Si atoms to penetrate
the nucleation energy barrier is governed by tloalltemperature. Increase of pulse repetition rate
during processing results in increased size of oystals.

At an initial stage, a pulsed laser processingltesa nucleation of Si nanocrystals inside
the amorphous Si matrix. Nanocrystals are settledr rthe a-Si layer surface. The size of
nanocrystals depends on the pulse energy signilyjca®i nanocrystals obtained during the pulsed
laser processing can be used as seed particlethdofollowing laser stimulated processing to

produce poly-Si layer.

[.T, J.B., AM.,, B.P., A\V. supported by ERAF Nr.2010/082/2DP/2.1.1.1.0/10/APIA/VIAA/009
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The purpose of present investigations is developraEoptimisation methodology for an
active vibration control to obtain composite stames with maximum damping and minimum
actuator quantity and energy applied, extendingthog way the structural life and reducing
operation costs. In the first stage the parametnalysis is carried out for a one-dimensional
problem to study an optimal placement of piezoeleetctuators for the vibration reduction. It is
well known that an active control is more effectimeapplication to operate with lower structural
modes.

Vibration control of a clamped-free beam under afsle harmonic pressure is realized
through piezoelectric actuators bonded on the p&ielulations of an active control are performed
in ANSYS environment. The shell elements (SHELL8) used for the modelling of piezoelectric
actuators and beam. Since an investigated paniins the thermal analogy is applied, where
piezoelectric coefficients characterising actuater examined as thermal expansion coefficients.

Using results of a parametric study (Fig. 1), abfgm for the optimum placement of
piezoelectric actuators has been formulated for tih@dimensional case presenting an active

control of laminated composite plate.
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Composite laminates are used extensively in thespace industry, especially for the
fabrication of high-performance structures. Theedatnation of stiffness parameters for complex
materials, such as fibre-reinforced compositesmisch more complicated than for isotropic
materials. A conventional way is testing the coumpecimens, which are manufactured by
technology similar to that used for the real, lagjeictures. When such a method is used, the
guestion arises of whether the material propedtgsined from the coupon tests are the same as
those in the large structure. Therefore, the datetion of actual material properties for composite
laminates using non-destructive evaluation techesdwas been widely investigated.

A number of various non-destructive evaluation teghes have been proposed for
determining the material properties of compositaiteates. In the present study, attention is
focused on the identification of the elastic praesr of laminated plate using vibration test data.
The problem associated with vibration testing isnv@sting the measured modal frequencies to
elastic constants. A standard method for solviig ghoblem is the use of a numerical-experimental
model and optimization techniques. The identifmatfunctional represents the gap between the
numerical model response and the experimental Dhis. gap should be minimized, taking into
account the side constraints on the design vasgplastic constants). The minimization problem is
solved by using non-linear mathematical programntéotpiniques and sensitivity analysis.

The results obtained were verified by comparing thegperimentally measured

eigenfrequencies with the numerical ones obtairyeldEM at the point of optima
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Method of evaluation of deformational charactetstby compression or tension of thin
polymer films shaped as cylindrical shell was relygproposed [1-2].

The aim of present work was to approve the suitgbdf this method for the repeated
multiple assessment of changes of deformationaracheristics caused by certain structural
transformations in a single sample. An expectatomeach this goal was based on the fact that
values of actual relative tensile deformation reakcim test are small (< 0,03) and for large majorit
of polymer materials practically reversible.

The dependence of elastic modulus of polyvinyl latdofilms prepared by casting
(containing different amount of plasticizer — diéne glycol) on absorbed water content was
studied. Sample in flat shape (30 x 110 mm, theskn160+ 5 um) was kept in desiccator
(providing relative humidity of ~ 55 %) for certaithme to reach definite water conteaqy
(weighing), then gently fixed in specially designest bench as cylindrical shell (diameter - 35
mm) and tested. The value of elastic modutusvas calculated according [1]; accuracy of
measurements: force 0,01 g, displacement- 0,02 mm. Then sample was returned in desiccator
(again in flat shape) to reach higher water cordentthe cycle repeated once again.

Series of curve& versusc, of acceptable acuracy and reproducibility wereamigd. E
values of dry samples were in the range 5 — 10 (sser at higher plasticizer content). As
expected, significant drop dE values with increase of water content was observddthe
equilibrium water conterf values were even more then an order of magnimaerl

Multiple measurements (including repeated fixatom relief) for the same sample kept in

constant conditions (no changes in structure) coenwell.
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The processing of lignocellulose (LC) residuesaatss increasing attention, first of all, due
to the solution of ecological safety issues and dlabdoration of new principles of the complex
utilisation of all components of renewable plardrbass, and the creation of novel materials. The
approach, incorporating the use of lignocellulosgtanals for producing low-cost high-efficient
nanoporous carbon materials (NCM) by the methothefmochemical activation, using sodium
hydroxide as the activation agent, is attractiveneW developing fuel elements, supercapacitors
(EDLCs) are regarded as especially promising. Deipgnon the treatment conditions and the LC
properties, NCM with a great specific surface (mihr@n 2000 rfig according to the BET theory)
and low oxygen content (below 10%) will be obtairiedinvestigating electrochemical processes.
The retaining of charging was tested by the galstaiiw charge-discharge voltage cycle
(potentiostat-galvanostat Autolab-Ecochimie PGSTA0) at the current density 1 and 100
mAcm’.

The obtained results have shown that the capauttyeased with increasing NCM surface.
Besides, the uniformity of nanoporous sizes (1-3 and the oxygen content are the necessary and
decisive indices. It is shown in the experiment tine cyclic voltagrams for the carbons have a
right angle form over wide regions of the investigghranges. It is observed that the holding of the
obtained carbons at a high current density is amtib the case of other commercially activated
carbons, which are used for the production of stggacitors The NCM obtained in the present

work were investigated using the Raman scattetundys(excitation by 514 nm).
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Previously polymer-nanostructured carbon compdBINCC) electrical resistance response,
when the composite is exposed to different volatkganic compounds (VOC), has been
investigated and determined. As PNCC electricaktasce change is a result of VOC molecule
diffusion in the composite and subsequent swellingn analyte diffusion behaviour evaluation is
essentially important.

According to classical analyte diffusion theoryoirdolymers, diffusion behaviour can vary
from Fickian to non-Fickian type diffusion depenglion the structure of the polymer (amorphous-
rubbery, amorphous-glassy or crystalline). Diffusitype indirectly characterizes mobility of
polymer segmental unit. Rapid PNCC response to \AQC fast electrical resistance recovery can
be enabled by choosing polymer matrix with highnsegtal unit mobility. To determine analyte
diffusion type into the composite and correlatefusifon characteristics with PNCC electrical
resistance change, experimental setup has beeahwittil possibility to register simultaneously the
PNCC sample mass, length and electrical resisteamaege.

VOC diffusion characteristics (diffusion velocityn@ type) into the composite sample
depending on used nanostructured filler materiath@n black nanoparticles or carbon nanotubes),

filler content, matrix material structural statevasl|l as type of analyte have been evaluated.
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Creation of adsorbents with the large specific m@uof pores and relatively identical pore
size will allow solution such problems, d32 storage [1], or separation certain carbon
nanostructures from graphite arc discharge soot [2]

One of methods for production such adsorbents agrelific carbonization of organic
precursor in micro channels of porous templatesh s1$ zeolites or silica gelShis kind of carbon
structures are termed as templated carbon or T.C [1]

As a porous template we used zeolit& IBlags [(AlO2) g6 (SIOy) 10d *H 20), with the size of
pores ~8A. As carbon precursor served FurfurgH¢O,). Carbonization was done in controllable
conditions on TG device Setsys Evolution 1750. Thmmon zeolite/carbon composite materials

where divided from zeolite by etching in fluoric 0.05

acid. The phase composition of the acquired TC

0.05

was checked by a method of the temperatures g ﬂ
a.s i

programmed oxidation. 38,003 1 L

=
For pore size distribution (PSD) 3 0.02 3
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determination, the adsorption of nitrogen at 77K by v

._—"x‘
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. . . . 0
TC samples, using device Autosorb-1, is studied. 0 20 40 60 80 100 120 140

TC samples possess porosity of 0.9 cc/g and Pore width [A]
PSD is shifted towards the smaller sizes of theorrig. 1. The pore size distribution according to the
. . . . FT method for the TC and AC samples.
in comparison with a usual activated coal AC [2? P

(Figl).
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Due to great importance to define performanceabdity and safety requirements for advanced
viscoelastic adhesives, polymers and foams a cershte effort has been devoted to the study of thei
mechanical material properties and a lot of diffiere

identification methods based on vibration testsehav

been developed in the last three decades. However’
most of them do not give the possibility to
characterise the viscoelastic material properties; “

when storage and loss moduli are frequency an

ung's Modus

N
L

temperature dependent values.

. . . o
For this reason, a new inverse technique
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based on simple vibration tests has been developed
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to characterise the nonlinear mechanical properties ° 500 1000 1500 2000
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of various Vviscoelastic materials. This novel

approach allows to preserve the frequency
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dependence of the storage and loss moduli of

viscoelastic materials in a wide range of frequesicci

or 5

and to analyse structures using high damping tests.
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The computational effort has been substantiallyz
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reduced by using an optimisation based on the

— — —  Beam 400x60x2.5

Beam 300x50x2.1

planning of the experiments and the response surfac

0.0

technique in order to minimize the error functional 0 500 1000 1500

Frequency f, Hz
In the present investigation a universality of thd-ig. 1 Viscoelastic material properties identifiedm

. . ._.Vvibration tests
developed technique is demonstrated characterising

2000

the viscoelastic material properties (Fig. 1) &M damping polymer (ISD-112) used as a core madtiria
sandwich panels with different dimensions and bawmndconditions. Fig. 1 shows that no special
geometrical requirements are necessary for tesiegles and even some structural components cagdue u

for the unknown viscoelastic material propertiearalterisation.
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The purpose of the present investigation is to axlie a method for determining the
flexural modulus of a polymer material based ondbleition of compression and tension problems
by using the finite-element method in the finiteraknt program ANSYS.

To solve the nonlinear problem by the finite-elememethod, a macros-program was
elaborated, which specifies the geometry, phydeal and properties of the material, boundary
conditions, loading, division into finite elementand the step scheme of the solution. The
deformation of a thin polymer shell is charactettizey great displacements and relatively low
elastic deformations in a large range of moveméphaallel planes. The solution obtained by finite
element method allows making the universal loadiiagram in dimensionless coordinates in the
given range of thicknesses and elastic module. titaquaf the universal loading diagram allows us
to solve the inverse problem of determination af #astic modulus according to experimental
points on the loading diagram.

The method of determination of the flexural modwéishin polymer shells discussed above
was successfully approved on a series of varioudskof thin PVC specimens by tension test. Than
specimens was tested for vibration (modal) testraler to measure the eigenfrequencies and the
corresponding modes. The flexural modules recelwed@ompressing a circular cylindrical were
verified by comparing the experimentally measurggfrequencies with numerical results from
ANSYS program.

The method enables the use of a “single specimeciple”. For example, changes in the
modulus caused by different processes affectingstheeture and properties of polymer material,
for example, different kinds of aging of polymerteréals, absorption of liquids (water) and vapors

by a certain material, and so on, can be studiea swlitary [on one and the same] specimen.
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The synthesis of cationic and anionic substitutgdrdxyapatite (HA) powders will be
presented. The chemical interaction between caltiydnoxide and phosphoric acid was chosen as
the basic reaction for synthesis of stoichiomett&. The cationic substituted HA corresponds to
the formula Ca.Mex(POy)s(OH), , where Me is Mg, Mn, Sr and Ag. Only silicate wdtained as
the anionic substituted HA and powder with the folan Cag(PQy)ss(SiOs)os(OH), was
synthesized.

The aim of our work was to test the influence ofrfate hydrogenation on the
biocompatibility of pure HA, substituted with mamgse (Mi?) and with magnesium (Mg) - all
axially pressed and conventionally sintered for & la temperature 120C, and pure HA isostatic
pressed and sintered by the microwave techniquéSenin at 1206C.

Hydrogenation was performed by the treatment of tHaterials in a hydrogen atmosphere
at high pressure with the aim to increase the mrawvork function (EWF) and therefore also the
bioactivity of the materials. Biocompatibility wasompared by enumeration of the number of
osteoblast-like cells to the materials before dtel fiydrogenation.

The results obtained demonstrate the greatestaserboth of EWF and attached cells for

manganese substituted HA after hydrogenation.
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Smectite clays are widely used as efficient soyecatalysts and matrixes for polymer
materials. The quality of these materials depemdthe smectite content in clay.

The smectite-poor clay deposits are found worldwitlge smectite content in this clay is
lower than 40%, which is insufficient for industriase. Venta basin Trias clay is an example of
smectite-poor clay.

Evidently, the utilization of the smectite-poorlar industrial production will be required.
Therefore, the new effective and simple enrichnmeethods have to be developed.

We have developed a new simple method, which allmweentration of smectite minerals
up to 70-80%. Simultaneously activation is perfadnbg replacing calcium ions to sodium ions in
the interlayer space.

The method is based on dispersing clay in a phdswdution. Treatment with phosphates
allows to separate smectite minerals from matrixai®, calcium and magnesium carbonates are
effectively removed from deposit clay. The solidtemal is separated from the suspension by
coagulation.

The increase in sorption capacity from 0.3 mmad¥§./ mmol/g was achieved for enriched
clay. The smectite content in the product is higbugh to allow efficient use of smectite clay as

sorbents or catalysts.
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Due to the promising applications of magnetic ffuid medicine (hyperthermia, drug targeting),
it is becoming increasingly important to explore ttiansport properties of magnetic fluids within a
capillary porous environment. In the present work wmtroduce recent experimental results on
thermophoretic nanopatrticle transport in nonisatteiferrofluid layer between two permeable walls.

The setup consists of two symmetrical cylindricalvnes, separated by a thin layer formed by
two permeable web-like sheets. The volumes arenibstated that allows creating and maintaining a
given temperature in each of them during the erpemi. Both the temperature and the concentration of
magnetic phase are determined by measuring thecofesistance and the inductivity of electric coils
embedded in the volumes. The layer is formed byvweb-like sheets of porosity 40 %, separated by a
distance of 1 mm.

During the experiment, a constant temperature reiffee is applied between both thermostated
volumes, both of them considered isothermal, so @ gradient is perpendicular to the sheets. An
external magnetic field is applied, so that itsensity is parallel to the gradient of temperature.
Concentration of the magnetic nanoparticles in hattumes is measured throughout the experiment.
The operation of the setup in running experimemiadle can be ensured for a period of several days, a
it is necessary for the experiment of slow partsgparation.

Exponential trend of unsteady particle separatiarves allows calculating both the mass
diffusion coefficient and the thermodiffusion coeiéént of nanoparticles. The obtained results agree
relatively well with those calculated from dynangigrves of an optically induced thermal grating. The
applied magnetic field causes strong reductioméngarticle thermophoretic mobility and simultangou
growth of the mass diffusion coefficient. Both etfeare significantly stronger than previously detd

changes in optically measured transport coeffisi@mthermal grating experiments.
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Due to their advantages of stiffness and strengtr gonventional materials, composite
materials are finding increasing use in a varidtgrmineering application. On the other hand, the
mechanical properties in composites may degradersigvin the presence of damage. Damage in
structure may cause failure leading to tragic cqusaces and therefore structural health
monitoring and damage detection in civil, mechdracal aerospace engineering constructions has
become one of the most important keys in maintgitive integrity and safety of a structure.

In the present paper a technique for damage detecatihich utilizes mode shape
information obtained from vibration analysis of daged laminated composite beams is proposed.
The basic idea of the proposed vibration-based danagtection method is that a damage as a
combination of different failure modes in the foamloss of local stiffness in the structure altiéss
dynamic characteristics, i.e., modal frequenciesdenshapes, and modal damping values. The
phenomena used for the proposed damage detectithoanis that the following relation between
mode shape curvature and flexural stiffness ofarbkolds and allows exhibiting its local changes
caused by the flexural stiffness reduction,

*’w M
of El (1)

where w is a transverse displacement, (El) is aufid stiffness of beam and M is an applied
moment. The location and size of damage is estoayeapplication of the mode shape curvature

square magnitude damage index expressed as follows

MSCSM——Z owy
N iaf (o Q.0)

" 2)
where N is a total number of mode shapes, i andyiraber of measurement points in x and y
direction, respectively.

Validity of proposed vibration-based damage detectmethod has been assessed by

comparing it to results obtained by a pulse-eclm@sibnic inspection technique.
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The main application of tungsten carbide (WC) is tise in high wear resistance parts (e.g.
cutting tools), where an excellent hardness condbingh good toughness is necessary. Titanium
carbonitride (TiGN;.) has also acquired interest due to its propertiigh hardness, good
corrosion-resistance, and high cutting-edge stghitiake it suitable for cutting tools, wear parts,
and corrosion-resistant gaskets. Titanium carbideitcan also be applied as an additive or as a
coating to WC-Co cermets.

Most of these ceramics are made from powders andftire their properties depend to a large
extent on the quality of the starting materialse Tfowder determines the processing and sintering
behaviour and the subsequent formation of the mstercture, which strongly influences many
properties of the dense materials. The mechanicgepties of materials are improving with the
decrease of the grain size; therefore one of thsilple ways for production of ceramic materialswait
fine-grained structure is the application of napediraw powders. The nanosized samples have been
synthesized by ultra-rapid condensation from treggaase in high frequency plasma.

Two WC nanopowder samples with the total carbonterdnof 6,1 and 8,1 wt.% and a
specific surface area of 37 - 38/m were used for the compacting experiments. Thedgo
consists of particles of globular shape with a @itanin the range of 10 - 20 n&lso two TiCN; .«
nanopowder samples with various chemical compasti@iG 2dNo 74 and TiG N 35) were used
for the compacting. TigN;.x samples consist mainly of idiomorphic cubic shapedicles with the
size between 20 and 100 nm.

Aim of this study is the investigation of the siig process of nanostructured tungsten
carbide and titanium carbonitride samples by medrihe spark-plasma-sintering method and to
compare the results with the data from conventiboabressing (HP).

The research was made due to financial suppott@Buropean Structural Funds

(Project No. 2009/0215/1DP/1.1.1.2.0/09/APIA/NV1A39D
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Investigation of the thermal decomposition of meteairacts is a significant part of the extractive-
pyrolytic method (EPM) [1]. Noble metals, which sixas complex metal-containing anions (RtCPdC}?,
AuCly) in acid agueous solutions, are extracted dukg@hion-exchanging mechanism.

In the reported study, solutions of tri-n-octylami((CsH17)sN) in toluene were used to produce
organic extracts of platinum. The thermal stabilif tri-n-octylammonium hexachloroplatinate
((CgH17)3NH),PtCk) was studied after removal of the solvent. Pyrislygas performed under controllable
conditions alongside with thermogravimetric andritied measurements. The gases emitted during heating
were analyzed using infrared spectrometry.

It was found from the curves of mass losses, hkates and evolved gas absorbance vs.
Temperature, that the process of thermal decompoditid three stages at temperatures about 210ar&80
270°C. The decomposition at the first and second stegascompanied by the emission of HCI, the second
and third stages produce gaseous species withatypid oscillation frequencies. The mass lossespwap
emissions and heat losses occur simultaneoushhetabove-mentioned temperatures. As soon as a
temperature of 288C is achieved, no mass loss was observed, andisf piesent in the gas carrier, ignition
takes place with the release of heat,@ad HO.

When producing platinum films, a thin layer of timetal extract was spread over glass substrates.
After hot drying, the produced organic films wersated to 200 250 or 300°C, respectively (Meaing= 10
%min). The XRD phase analysis of first two samphes shown that, although the temperature of the
complete decomposition of the organic phase {290s not achieved, platinum crystalliteb~ 5-6 nm) are
present in the film. The temperature increase °@0results in the formation of a nanocrystallinetiplam
film with the mean crystallite size about 15 nmisltfound that the variation of the pyrolysis temgtare
regime (the heating rate and treatment final teatpee) allows to vary the size of platinum crysted in

the produced films.
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Studies of tribological properties of Al-W-B comjies material by use of pin-on-disk
technique. The Al-W-B composite material has betewlied by mean of TRB CSM Instruments
with the following parameters applicable to alltsedinear test mode, linear speed 1 cm/s, normal
load 5 N and total distance 10 m. The following mled elements have been used@| steel
100Cr6 and WC.

Variation of friction coefficient and wear track aracteristics have been studied. It was
established that Al-W-B and AD; have similar tribological properties. It was obsel that in
certain friction pairs an alternate seizure occlirgias found that friction pair 'Al-W-B - 100Cr6'
has the best conformability.
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A new electron-beam technology to obtain materiaiselectrical contacts, which has no
analogues in world practice has developed.

These materials, based on copper and molybdenutim,tie addition of alloying elements
can be produced by high-speed electron-beam eatamoiof several substances simultaneously by
mixing their steam flows at a certain program apdnanaging the subsequent condensation on the
temperature-controlled surface (with a given s@bsttemperature). Separation of condensed layer
from the substrate is carried out with help of paglier caused separation layer.

On the operational life the new contacts superorithte known silver-containing ones
(tungsten-silver, silver-cadmium oxide) in 1,5 tiBes, and at the same time they are in 2,2 + 2,5
times cheaper. The developed materials are sugertbe known contact materials on the radiation
resistance, thermal stability, durability, and ates high thermal and electrical conductivity. They
are well treated by cutting, grinding, drilling,sé§ soldered with standard silver-and-silver soéde

The most effective application of the materialidctic transport (electrical contacts used in
the city’s trams, trolley buses, subway trains,olootives, trains, etc.), port cranes, mining
equipment, passenger and freight elevators and éfheg mechanisms, electrodes for welding

machines and other areas
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The possibility of silicon reduction from kaolin mig waste using non-stoichiometric
nanoscale silicon carbide and its subsequent pestrtent of electron-beam method to produce
silicon solar grade was investigated in this workhe initial products for the experiments were:
chemically purified quartzite of Kushtymsky depogite Urals), waste of kaolin production of
Glukhovsky and Turbovsky deposits of Vinnytsa regite natural graphite of Zavalevsky deposit
in Kirovograd region. Formation of thermo expandgdphite based on natural graphite of grade
GAK-2 was performed according to technique [1]. tBgsis of nano-sized non-stoichiometric
silicon carbide was performed in accordance witihtelogy [2]. The process of reduction of the
waste of kaolin production (or quartzite) to frekcen was conducted in two stages. In the first
stage liquid mixture of components was formed. eMain time of exposure was carried out to
achieve complete wetting of nano-sized particles@i-stoichiometric silicon carbide by silicon
oxide melt, and then the conditions for formatidriree liquid silicon were achieved by a sharp rise
in temperature of the melt up to 2000-2500°C. Thec@ss of electron-beam treatment was
performed in a vacuum apparatus with a graphiterim¢diate tank and a water-cooled copper
mold. It was established that the initial compaositof the mixture of kaolin and quartzite does not
affect on the process of nano-sized non-stoichiomstlicon carbide formation and also on the
temperature regime of formation of free siliconeTuse of treated waste of kaolin production leads
to lower costs as the synthesis of non-stoichiamsilicon carbide, and finally leads to the price
reduction of free silicon. Measured electro-phyisicharacteristics of the silicon ingots

corresponding requirements for silicon solar griadat
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Recent studies have shown that TiC and ZrC ultra-powders can be produced at lower
temperatures compared to traditional carbides ggmihmethods by using sol-gel processing [1-4].

In the present study, we aimed at elaboration aethZrC—TiC precursors of corresponding
metal alkoksides using a sol — gel method to prechawders that would be suitable for fabrication
of bulk specimens. For a successful sintering dbui&k composite, ZrC —TiC powder blend
properties have to be clarified. The main advantaigthe used sol-gel process is the reduction of
the kinetic barriers between the formed metal oxidée the carbon particles created in pyrolysis of
metal alkoxide polymer due to the homogeneous dispe of reactants in the precursor material.
The increased contact area of the nanograins sasudt complete reaction between the metal oxide
and carbon. The temperatures needed are lowerrégaired for conventional powder processes
and formation of small precipitates. Titanium anigicanium carbides were synthesized by
carbothermal reduction at 160C in an argon atmosphere (Carbon + Metal oxideMetal
carbide), as it is the most effective method forbikes preparation [2]. Characterization of the
powders has been carried out by X-ray diffractind acanning electron microscope measurements.
The bulk and dense composite ceramic was formetidbypressing at 1658C and an applied
pressure of 18 MPa.

Metal carbide nano-powders have a great potemntidlechnological applications as the
precursors for preparation of nanocomposites wothhdigeneous phase distribution.

AcknowledgementsThis work was funded by Estonian Science Foundajrant No 8377, 8211
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The research report is devoted to the developmérst new method of nanostructures
formation in ITO/p-Si/Al structure with powerful dar radiation and study of its optical and
electrical properties for solar cells applicatidijst was shown that after the structure irradiati
by a Nd:YAG laser second harmonic, dark currenttag®d characteristics become diode-like.
Increase of ITO/p-Si/Al solar cell efficiency aftaradiation by the laser, using photocurrent
voltage characteristic method, was shown.

Indium—tin-oxide (ITO) thin films are widely useds d@ransparent conductive oxide in
optoelectronics devices such as solar cells [lidi crystal displays (LCD) and plasma display
panels.

In this report, we investigated the ITO/p-Si/Altture irradiated by Nd:YAG laser with the
aim to form a p-n junction and to grow nanoconesaommterface of ITO/Si. It was shown that
Quantum confinement effect (QCE) in nanocones withded band gap has the main role in
increase of solar cell efficiency.

In conclusion of the experiments possibility of punction and Si nanocones formation by
the laser irradiation in ITO/p-Si/Al structure walown. The photoluminescence spectra from
irradiated and non-irradiated ITO/p-Si/Al structimgethe laser radiation have been found in visible
part of spectra and is explained by presence ohtgoa confinement effect in nanocones with
graded band gap. Study of dark |-V characteristioswed diode-like character with rectification
coefficient K = 105 at 5 V caused by laser irradiatwith intensity | = 2.83 MW/cfh After
irradiation of ITO/p-Si/Al structure by the laséhe solar cell efficiency increased by two times

comparison to the non-irradiated structure.
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Wide-gap metal oxide semiconductors (e.g..J€nQ) and insulators (e.g. ZBEOHfO,) are
attractive materials for optoelectronic and optieplplications. Sol-gel method occurs to be a
versatile and cost-effective technique for funciloshaping of such oxides [1]. Moreover, this
preparation method allows flexible doping of thestisowith optically active inclusions (e.g. rare
earth ions) for luminescence applications [2].

The aim of this work was to develop sol-gel preddibrous waveguiding structures based
on RE doped Zr@ The optical and structural properties of the dasmigvere evaluated by using
luminescence and Raman spectroscopies and XRDsanaly

Zr0,(30%)-SiQ(70%) fibers doped with 1 mol% of Sinwere pulled from sol precursor
with suitable viscoelastic properties. DevelopmehtRE-doped ZrQ@ nanocrystals inside the
amorphous silica matrix (i.e. transparent nanocmsmwas aimed by thermal treatment at
temperatures reaching up to 1000[3]. Structural analysis confirms the formatioh zirconia
nanocrystals while luminescence study suggestsntiost of the particular dopant ions were still
located in silica surrounding.

Yitria-stabilized zirconia (YSZ) microtubes dopeithwl mol% of Ed* or Sn?* ions were
prepared byinitially pulling the sol precursor into gel fibemhich thereafter were left to self-
hollow at specific conditions. The obtained mict®s were ~10 mm long and had an average
diameter of ~40um and wall thickness of ~1Qm. The microtubes remained crack-free and
transparent even after annealing at P00Microtubes heated at 800-900°C exposed alsdlerte

luminescent and light guiding properties.

References

1. V. Reedo et al., Physica Status Solidi2@3 1511 (2008)
2. C. Mignotte, J. Non-Cryst. Soli@91, 56 (2001)
3. G. Brasse et al., Optical Materi8l 765 (2009)

253



PO-161
Synthesis and Characterization of Novel Composite Bterials Prepared By

Combining Metal Oxide and lonic Liquid Micro— and Nanonetwork for

Industrial Use

R. Vilbé, V. Reedd, A. Ldhmus

Ynstitute of Physics, University of Tartu

e-mail: raul005@ut.ee

The aim of current work is to study possibilitifsnaixing polar ionic liquids and non-polar
metal alkoxides for elaboration of hybrid structire

The great interest of ionic liquids is motivatedthgir unique combination of properties like
non-flammability, negligible vapour pressure, higimic conductivity and wide electrochemical
stability. Some of ionic liquids are thermally d&@ahp to temperatures 570 K [1].

Sol-gel method offers a flexible technology for paeng ceramic materials from a liquid
metal-organic precursors. Among the other availébbthniques, the sol-gel process is one of the
simplest and the cheapest [2].

In the current work we use water-in-ionic liquid ardemulsion for preparation of metal
oxide composite materials with nanoscopic ionicuilig networks. Various metal alkoxides
Zr(OBu), Hf(OBu), Ti(OBu), or Sn(OBuw) and ionic liquids e.g.HEMIM][BF4] in different
concentrations have been tested for elaboratitwylofid metal oxide composites.

Thin sol-gel films with ionic liquid networks carebused as catalyst carrier medium, in
optics as photon crystals and in electro-opticaliaptions. We propose to cover textile fibers with
sol-gel and ionic-liquid networks in it for imprang electrical conductivity.
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Having the ability to control the surfaces of aumal fiber offers great rewards that go far
beyond pure economics as natural fibers are rerlewahd biodegradable resources.[1] The

processes of vacuum evaporation and magnetron

sputtering of ultra thin metal layers on natura
fibers textile is carried out.Technologies _ b*\\&
3 A R —
comparison results show thatetal layer on the | § 040 w ‘
0,20 1
surface of fabrics obtained by magnetron ‘ 6:60 SN . S
-20 -15 -10 -5 0 5 10 15 20
sputtering are more even, adhesion with surface angle, degrees
) ‘—O—COpper coated —— after 1.w ashing after 2.w ashing
are better than for the same textile by vacuum

Fig.1 Comparison of reflected light of coated sasapl
evaporationlt is hard to achieve even and stabléefore and after washing.

metal coating of natural fiber textile surface, dnese they offer unique challenges as not only are
their cross sections irregular, but their surfages chemically and physically heterogeneous, the
ability of a particular construction textile fabtie hold treatment depends and on surface cleanness
so that’s why it is necessary to develop textike-fpeatment technologResearch results show that:
after immersing in 80 % acetone solution for 5 mind after surface modification by low pressure
plasma surface adhesion increase twice.

To get a detailed insight into the changes of #éxgile surface properties and develop a tool
for comparative analysis the surface of samples @asmined with laboratory laser complex
(indirect method of surface examination), by measureflected and passing light. From graph
Fig.1. are seen that metal coating made by magnefpattering is influenced by first washing
(necessary to continue investigation to find solutof this problem), second washing haven't
influenced coating, reflected and passing lightiitssshow the same. It meets our expectations that

indirect method can be used for surface examinatising exploitation of textile.
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Noble metal nanoglobules on surfaces could be asealctive sites for fixation of various
nanostructures or biologically active substances.

The corrosion process of complex Al/Cu,B% electrodes in the form of aluminum alloy
2024 is investigated [1, 2].

The aim of the work is development of internal #l@lgses deposition method for
fabrication of Cu nanoglobules on Al/&; surfaces. We used Electrochemical Impedance
Spectroscopy (EIS) measurement methodology andtsdeu characterization of Al/ADs. Cu and
Al/Cu-Al,0O; electrodes were evaluated. In EIS measuremertsyMaly conditions were applied:
10°-10" Hz AC frequency range and 10-15 mV amplitude of siGnal. We observed that

electrolyte nature, electrode conditioning time i 2005 . \

electrolyte before measurements and scanning 1607 : \

2

potential affect EIS results. 120%

0.1 M NaCl, CHCOONa, KkSQ,, mono- N Ny )
and diammonium citrate electrolytes are 40L S~

0 7“““‘H“H“UH"HH“H“U‘HH‘HHHHUH“HH“H“UH“H““H‘H
compared to evaluate its suitability for EIS 10 06 02 02 06 10

method.  AVAROs;, Cu and  Al/Cu-AOs Fig.1. Dependence of double layer capacitance en th

electrodes are examined. The optimal condition@/rface potential.
Labels: 1 - AIALO; , 2 - Cu, 3 - Al/Cu-AlOs.

for measuring EIS spectra are following: 1) 0,1 M

|Cs|,uF/cm
w

8of ™ vy ~

CH3;COONa electrolyte, 2) 30 min electrodes conditignim electrolyte before measurements and
3) scanning potential range from -0,11 to -0,25TWe investigation of the double layer shows that
Al/Cu-Al,O; electrode is the complex electrode (see Fig. Ii.ls shown that the Cu globules

obtained by the internal electrolysis method ardiiact contact with Al layer.
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The metal coatings are widely used for functiorslon of glass fiber fabrics for different techrica
applications. Metal-coated fabric characterizatman actual problem.

The fabrics of K-glass [composition: (18-22)0a (3-
5)Al,0; (73-79)SiQ] had been leached in water and dried at %20
[1]. Both sides of glass fiber fabrics (GF) are tedawith known

electrocatalysts — copper and nickel (Cu/GF/Ni)[»@ magnetron 108 B

10° g

10°E

3
= 4 o,
sputtering of Cu and Ni in 100% Ar. The sheet eesies for metal -t 8
coatings are 40-100 kOhm ém F CulGFNi
ical i 10t f 53 e 2000 RH
The electrical impedance spectroscopy (EIS) has bised E o hemiad 1 hour at 300 C

[ 4-1daysin 100% RH

i i - i 1 5-2d in 100% RH
for characterization of metal-coated fabrics. Téached glass fibers 10°E & Gave in 1000 RH

are porous. The porous media usually adsorbs soater virom

10—1 [ I EEETTT E EE T S R B A W R T B AWt

environment and content of moisture in fabrics havbe controlled. 18 100 100 100 100 107
) Frequency (Hz)

The impedance spectra of system Cu/GF/Ni are ceatglidue to the E:Ig/.é.F/Nl'mpedance spectra of system
u i

heterogeneous and nonhomogeneous constitution stéray There

are problems with the interpretation of impedanegadand the need for physical models. One of way® ifind
relations between system Cu/GF/Ni constitutionepamd metal type and content of moisture.

Impedance analyzer HP 4194A with dielectric testufie HP 16451B (electrode area S = 11.3)dmas been
used for measurement of EIS. The impedance spettmetal coated fabrics are senstive to moistuk dapend on
content of absorbed water (Fig.1).

The resistances of metal coated samples depenthonras of deposited metal and adsorbed water anahar
the range 16-10° Ohm. The samples, which as prepared have |Z} =10F Ohm, have metalic like conduction and
changed to ionic like after adsorption of water.eTHeposited metal particles in porous surface arenifg
electronically conducting channels with some petiah threshold, which can be changed by concéotraind size of
metal particles and water contentHmolecules separate metal particles and provitie monductivity.

Functionalization of nanostructured technical gléibers and fabrics with metal coatings requireeps

studies to explain how adsorbeddHchange the impedance spectra.
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Sustainablelevelopmenbf technicaltextilesis associatedvith naturalfibersto replacethe
oil-producingfibers In this context,it is necessary toarry outstudieson the flax andhempfiber

and fabric functionalization fortechnicalapplicationsThe natural fibers (NF) as well as fabrics (FF)
themselves are porous media. The porous medialysusorbs some chemicals from environment. One of

them is water and content of moisture in fabricgeeha

to be controled. Metal coatings are widely used for 1o Faxfabri afer 27 days in 100% s : m oA
functionalization of fabrics for different technica By W e
applications. To characterize the metal coatin@ is i ’ 2000
problem in itself. First of all, to functionalize 7
fibers or fabrics is to examine the content off " v \4//
moisture and its role on mechanical and physical ! e
properties. In this regard, ongoing studies are on I s S

Temp [C]

the moisture content determination methodologyig.1. Thermal analysis result of flax fabric

based on thermogravimetric analyses angd

108
1- HF from store

2- HF 1 day in 100% RH
3- HF 27 days in 100% RH
4- FF from store
5
6

impedance  spectroscopy. The  impedance
10’

- FF 1 day in 100% RH
- FF 27 days in 100% RH
5 7- Al/FF/Al wet

spectroscopy (IS) has been used to study moisture
FF and metal coated fabrics (M/FF/M). Thel 1°°
impedance spectra of such samples are complicate dk;os

to  heterogeneous and norhomogeneous Lot

constitution. The content of absorbed water in FF
in box with 100% RH during 27 days is 7.5 wt %
10?

(Fig.1). The water content has strong influence on™, =~ ;s 10+ 10° 10° 107

. . Frequency (Hz)
impedance modulus |Z| spectra (Fig.2). Analys&3g 2 impedance spectra of flax and hemp fabrics

of |Z| spectra with simulation of equivalent citcui

10°

|

models, the best fit have been obtained with CPEERG elements. The value of capacitance C

depends on water content and can be used for t@wtfranoisture content in flax and hemp fabrics.
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At present, significant progress has been achiewvesinthesis of catalysts of petroleum
stock destruction using nanotechnologies.

With these purposes, in particular, for obtaininghkdispersity Re/AlO; catalyst with Re
content 0,1 % mas. The method of vapour-phase esistiwas used that allows to uniformly fix
tromsition metal atoms on the surface of solidiearr

It is known that transition metals under the capndg of vapour-phase synthesis form
complexes with aromatic hydrocarbons which, asle are easily decomposed with formation of
metallic and cluster nanoparticles exhibiting ahhwatalytic activity in a number of chemical
reactions.

Cocondensation of transition metal atoms with atrteydrocarbons was carried out at the
apparatus “VS-500" of “G.V.Planar Ltd” productioguepped with an electron gun for vaporization
of metal.

Low temperature destruction of model hydrocarbomsral alkanesC,-Cs, benzene and
cyclohexane in the atmosphere of dVver the Re/AlOs; has been carried out in the impulse mode in
the catalytic microreactor connected to gas-ligthidomatograph. For each individual alkateCe
temperature regime of complete destruction wasbksteed that varied from 280 for ethane to
18C0°C for hexane. For benzene and cyclohexane temperafwomplete conversion - 220

Thus, it has been established that the stable J@fAtatalysts obtained by the method of
vapour-phase synthesis and containing 0,1% of Reéndpananometric dimensions catalyze
destruction of alkanes, cycloalkanes and aromatdrdtarbons in the atmosphere of &t the

temperature unusually low and atmospheric pressure.
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Glycerol is major by-product of bio-fuel productioh number of important products can be
obtained in the process of glycerol oxidation. @t liquid phase catalytic oxidation by molecular
oxygen can substantially decrease the cost of tmitgroducts and makes possible to realize
process in mild conditions in presence of greerdiagr. Usage of heterogeneous catalyst has
several benefits from the technological perspecsuaplified heterogeneous catalyst regeneration
process and possibility of its reuse.

Influence of novel supported palladium catalystsitisgsis parameters on the catalyst
activity and selectivity for glycerol liquid phasatalytic oxidation is studied in this work. New
extractive-pyrolytic method for catalysts synthesighich makes it possible to obtain active
palladium nanoparticles on various supports is @sed [1]. Palladium nanopatrticles size, nature of
support (Al203 (nanopowder or granules), Y203, @2}, palladium load in catalyst (0,1-10%),
number of palladium layers (from 1 to 12), precursoncentration [(C8H17)3NH]2PdCI4 (0,06-
0,40 M) and catalyst pyrolysis temperature (473K97@n its activity and selectivity is studied as
well. The structure and specific surface area délgsts is studied by mean of XRD and BET
methods. There are optimal catalyst synthesis tondiand most active catalysts composition and
their physical parameters are identified as thelres this study as following:

e Catalyst composition: 1,25 — 2,5%Pd/AlI203(nanopajvde
e Number of palladium layers in catalyst: 1

e Specific surface area: 36 — 42 m2/g

e d(Pd crystallite) = 15 — 20 nm

e Concentration of precursor (by palladium) — 0,4 M

e Temperature of pyrolysis — 573 K
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It is widely recognized that advanced biorefinefylignocellulosic non-food feedstocks,
developing by analogy with oil refinery, constituteologically smart solutions for obtaining a
series of high value green biofuels, materialsdpots and chemicals, which are of great demand
today. Lignins separated as by-products in lignatmic chemical processing are considered as
important renewable aromatic macro-monomers.

Development of the soft process for lignin oxidatenhancing its hydroxyl functionalities
content without indicative deterioration of theidgbolymer structure was the task of the present
work. The organosolv lignin, obtained by the noymlocess of wheat straw consecutive
fractionation, worked out by CIMV (France), was tigect of the study.

Heteropolyanions of the Keggin's tyf®Mo1,040> and [PMaVs0.q® were used as the
catalysts for lignin oxidation, and influence ofmjgerature, media pH, catalyst/lignin molecular
ratio and the process duration on the efficienclgoiin modification was studied.

The oxidation products were examined using chemaeallytical procedures, FTIR, Py-
GC/MS, EPR and Raman spectroscopy. The highesdserin total content of hydroxyl groups (by
1.5 times) was achieved by treatment of CIMV ligmiith [PM0204g*> (0.05 M). This effect was
obtained due to COOH and OH aliphatic groups, wdeereontent of phenolic hydroxyl groups
decreased, indicating the preferential attack @& ¢atalyst on the phenolic lignin units. The

antioxidant activity of oxidized lignin samples wastimated in DPPHand ABTS" assays.

Acknowledgement. The financial supports from the P Project BIOCORE, contract 241566 and
Latvian Budget (Grant 1547) are gratefully acknalgled.
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Extended x-ray absorption fine structure (EXAFS3amscopy is commonly known Hee
local structure probehat provides information on the nearest coordamashells around absorbing
atom [1]. Being atom type selective and independenthe presence of the long range order,
EXAFS technique is particularly suitable to stuaynrcrystalline and complex materials. Besides, it
also complements successfully diffraction methodéien local distortions are present in a

crystalline material.
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Fig. 1. Radial distribution functions (RDF)w&(R) Fig. 2. Fourier transform of the experimental Ni K-
for the first coordination shell of tungstengedge EXAFS spectrum measured in NiO at T=6 K.
reconstructed from the experimental W;-ddge The contribution from the structural peaks up to 15
EXAFS spectra in MW@ (M=Mn, Co, Ni, Cu, Zn) A's clearly visible.

compounds.

In this report we will address two questions: hoanstive is EXAFS to strong local
distortions? And how local is structural informatioontained in the EXAFS spectra? The answer
will be given on the example of recent EXAFS stsddé tungstates MWQO(M=Mn, Co, Ni, Cu,

Zn) and nickel oxide NiO compounds.
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The properties of any material are determined $yibmic structure, which can be probed
by one of two direct methods — x-ray (neutron, ety diffraction and x-ray absorption
spectroscopy (XAS). Diffraction experiments requine presence of the long range order, i.e. the
periodic structure, which is described in termsthef unit cell and symmetry operations. On the
contrary, the short range order around an atompairacular type is probed in the XAS experiment,
which provides information on interatomic distancesordination numbers, and relative atomic
movements. Thus, the two methods are considerkd tomplementary.

In the present work we propose the method, whildwal one to extract information on the
long range crystal structure from the total scattephase (TSP) of the extended x-ray absorption
fine structure (EXAFS). The method is based onsdjg unit cell parameters (cell dimensions and
fractional atomic coordinates), as in the diffrantdata analysis, till the best agreement betwieen t
experimental and calculated TSPs is achieved.

On practice, the optimization procedure is realimsthg the simulated annealing method,

and the TSPs are obtained by Fourier filtering pdoce in a desired range of tkendR-space.

The theoretical EXAFS signai(k) is calculated using the ab initio multiple-gdeaihg formalism

thus accounting for the many-body effects. Besitles,simultaneous analysis of several EXAFS
signals, measured at different absorption edgedeeérsame sample, can be performed to stabilize
the solution.

The application of the method will be demonstratadhe Re k-edge in cubic perovskite-

type ReQ@ and on the Ni K and W4edges in monoclinic wolframite-type NiWWO
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Plasma optical emission spectroscopy (OES) has beed at the ISSP for thin film
deposition process monitoring and control sincentiek 1980-s, with the films of Indium Tin Oxide
(ITO) being one of examples where the use of OE® Ieped to develop a well controlled
deposition process. High deposition cost reduchiame been obtained by deposition of doped
aluminium zinc oxide films (AZO) - used as combineithdow and contact layer for thin film solar
modules. However, commonly AZO films are DC spwtefrom expensive ceramic AZO targets.
Nowadays high deposition cost reduction can be argeby reactive sputtering of metallic alloy
targets (Zn:Al) or dual magnetron sputtering. Tqat high quality AZO coatings special
requirements are needed to stabilize the process.

In this study, transparent conducting oxide (TC@els have been deposited by DC
magnetron sputtering of metallic Zn and ZnAl (2%#d)gets in an argon and oxygen atmosphere
with the aim to develop a stable and reproducibte@ss for production of TCO-s with optimized
electrical and optical properties. Sputtering moaéh constant power and constant current have
been investigated from the process stability poinview. In both cases, the feedback based on
plasma optical emission line intensities of zind axygen has been highly valuable for improving

the degree of process reproducibility.
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Doped SrTiQ thin films are suitable functional materials foorage devices with a density
in the terabit range since extended defects a®aditbns or defect clusters with nanoscale
dimensions are considered to be the single resistintching units. Nevertheless, devices based on
these materials are still in the early stage ofettgyment. Up to now, their performance does not
fulfil the requirements for future resistive rand@rcess memory (RRAM) and the basic physical
and chemical mechanisms are not completely undetsto

XAFS measurements were performed at ESRF and HABYbA SrFgTi1.403., thin films
deposited via pulsed laser deposition (PLD) anddéed SrTiQ single crystal. The thin films
were deposited on Ti-free substrates (Ndgd@ Fe and Ti-K edge EXAFS and on a conducting
Nb-doped SrTi@ substrate to do Fe-K edge EXAFS on a thin filmstege switching device. The
single crystal was subjected to an electroformnegitment prior to the experiments, resulting in
optically colored region at the cathodic part.

Fe-K edge EXAFS and XANES, as well as EPR and Ram@&asurements on the
electroformed single crystal show a clear corretatbetween the sample color and the local
structure (six-fold coordinated (octahedral)*Fer Fé* and five-fold coordinated eV with
oxygen vacancy). It was demonstrated that EXAFStspecopy measurements at the Fe-K edge
are possible on the thin films as thin as 100 nm eontaining as little as 1% iron. This fact
becomes very important for further experimentston tilm structures for resistive switching, since
it enables us to investigate thin metal-insulatetah (MIM) structures. For these investigations, a
micro-focused beam was used to reduce the beam(5ipg¢ to the dimensions of the active
electrode area of the MIM structure, which will iropge the amount of signal detected from

electrically active areas over that detected fram-active regions of the sample.
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X-ray powder diffraction (XRD) is a powerful toobrf investigation crystalline phases.
However at the very beginning of crystallizatioystalline phase has low concentration and small
size of crystallites. Thereby X-ray diffractiontfgan in such cases has several features. Firstly,
diffraction peaks of phases with smaller average sif crystallites are relatively wider and less
intensive comparing to well crystalline substanc&scondly, nanocrystalline phases can be a
transition state, non-stoichiometric phase thabo alan blur the typical diffraction pattern. And
thirdly, the intensity of diffraction peaks is papional to concentration of crystalline phase ahd
the beginning of crystallization the concentratioh crystalline phase is low. To investigate
crystalline phases qualitatively and quantitativalyresolution of diffraction patterns should be
improved. One of solution is to increase the sizergstallites. But not always it is possible or
desirable. Moreover at the early stages of crystdibn metastable phases can form that disappear
during further crystallization.

The aim of this study was to obtain an optimal gfeKRD parameters to investigate the
crystallization at an early stage. The studied nedtevas glass in the system XaCaO-NBOs-
P,Os. DTA showed several crystallization maximums, tflass was crystallized step by step
accordingly to them. The parameters of XRD measangiwas changed till pattern intensities was
suitable for phase identification, although peaksemvide and overlapping. The metastable phases
was supposed to be £BO;) and CaP,O;. The next phase was small amount of niobium
containing phase. Further heating leads to religtiwvell crystalline NaNbgP,O3, and CaP,0;.

The results showed that with choosing appropriaeampeters the limits of conventional
diffractometer can be significantly moved to thdesof lower concentrations and smaller size of
crystallites. The most effective way of increasinggnsity of diffraction pattern is increasing time
per step or decreasing measurement speed. Theetsarseveral other parameters that should be
taken into account like increasing step size cpoeding to peak width, optimal irradiated length

and size of fixed and variable slits.
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Laser particle sizing is a method for determiniragtiole size distribution. For submicron
particles and patrticles in size of few micronsaefive index and absorption index must be known
to conduct necessary calculations [1-2]. There hlbgen several attempts to analyze multi-
component particles using laser particle sizingaoyusting optical constants for sample [3-4].
However the analysis in past works [3-4] was cohellion non-fractioned samples, i.e., larger
particles (over 10 micron) were also present.

In this work it is investigated whether analysiswidlti-component particles is feasible. Clay
was chosen as model for multi-component particldber particle size analysis methods for clay
are well developed (sedimentation methods, electrienoscopy methods), but are time consuming.
Fine fractions of clay were separated using sediatiem (pipette method) and analyzed by laser
particle sizing.

Results show that is possible to use laser pars8@eng for multi-component particle
analysis. However it is of great importance to wklitional particle sizing methods during
adjustment of optical constants to confirm adequaicgnalysis. Sedimentation analysis (pipette
method) can overestimate particle size (if parsidee smaller than 2m) in comparison to laser
particle sizing.
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It's determined that a phasic dynamics of deforamasitrengthening of single-crystal silicon
irradiated byy — quanta (with energy ~ 1,27 MeV) in the wide oegof doses (from FOup to 16
rad) by the internal friction measurement with viydenown ultrasonic resonance method. We have

detected appearance maximum on the dependence of
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w

internal friction (Q') from dose at 1Vrad in the
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samples p- Si with density of dislocations morenthe

10° cmi®. Besides it the instability of nanodimensional
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dislocation structures has been established in the | aakdd b dh A A A aad

doses interval from fOoup to 18 rad, due to the

Fig.1 Time dependence of the single-crystal
silicon internal friction after stop of the

. . . .. irradiation action.
the point like and continuous radiation defect 1) -10 rad, (2) - initial sample.

formation and accumulation in the crystal lattide o

(evolution of the dislocation densities in metalghw

rise of deformation were considered in [1-4]). ®@a temporal dependencé'(@ throughout 1,5 - 2
hours after irradiation the maximum has been estadd which position depends from ionizing
dose. We suppose that such behavior of tHé&)Qunction is connected with manifestation of
migration activity which coherent with annihilatiarfi the dislocation loops in the first 1,5-2 hours
when it's growing in 2,5 times starting from thetie up to the maximum value. At the increasing
of the observation time after stopping of the samphdiation it is observed a monotonic decrease
of Q*(t) dependence, which is obviously connected widitréasing of the radiation defects

densities in the result of their annihilation.
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At present work analysis were carried out on meidahmproperties of some constructional
materials, their stability under influence of exi@rfactors. Specifically for implementation of the
problem put by acoustic methods were attracted. Ngarmation was received on stability of

elasticity properties available for

N f(m,n) | E, 10°H/™M® | AE, 10°H/m?
reactor technology of constructional [ 1 (0,2) 6.65 0.25
materials type of aluminium alloys |2 (1,0) 7,60 0,70
o _ 3 (0,3) 6,57 0,33
SAV-1, applied in manufacturing of 4 0,2) 6,91 0.01
fuel elements’ shell for the WWR- |5 (1,1) 6,76 0,14

SM reactor in thermal neutrons USINGraple2. value of elasticity of modules for samp#&s considered
ultrasonic methods. The experimentn function of resonance frequency

was carried out in 2008 at the WWR-SM reactor vpttwer 10 Mt and active core fuel loading
UO, —Al 36% enrichment on U with fuel assemblies IRVI-8/pe on series on prepared identical
samples in the form of disks.

Data on elasticity properties were identified, éigion dependence of main normal alloy
modules before and after action of ionizing radiaton the basis of taken spectrums of bending
vibration and their main characteristics: vibraibamplitude (A), resonance frequency (f), and also
appropriate calculations. Based on data experirheatae of resonance frequency f(m, n) were
considered elastic parameter of samples (E - msdofuelasticity). As an example calculation
results on modulus of elasticity of this samplesrewn in the next table:

From this table we can obtain information on vasiatmode of the elastic characteristics of
samples depending on vibration resonance frequédtseyecessary to conclude, that obtained by
acoustic method dispersion dependence of the madulus of elasticity E (f) long term

constructional alloy indicates to insignificantitsf fluctuations.
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The some oxides materials: 8k — crystalline oxide aluminium (N 1) and oxide alaam
ceramics (N 2) is one of the prospective high-kteteinsulators und construction oxides materials.
Besides, this oxide used widely as an active el¢éroersubstrate at creation of laser, as a film
coating and receiver of IR-radiation. From hera thork aim at investigation of radiation stability
of the electrophysical properties and a structdréhis oxides after irradiated in the reactor and
cource Co® canals of a high fluence. Features of dose angesature dependencies of electric
properties (the conductivity, dielectrical pernvitty, dielectrical lose) were determined after
influence of different doses of ionizing radiatiomcrease of the dielectric permittivity and
conductivity in samples N 1 and N 2 was found rteamperatures ( 200-700 K) and high doses.
Besides, at the dose of *100° Gy the electric conductivity and at T > 1%D the dielectrical lose
was decreased. The dose and temperature deperglent¢ie conductivity this plates in function
61(1/T) u o2(1/T), 01(D) u o2(D) was found to be nonmonotonic. The problems eoted with the
possible of causes was established of the pedidmiof kinetics in the position of the existence
models is discussed on the base of these chast®@nalysis. This paper presents the results of
continue study of surface electric transfer of ipcgious samples N 2 with a high humidity in the
temperature interval of 200—450 K. Gamma-irradiaticas applied for modification of the surface
electric potential, the maximum current near 300-B9and 250-230 K was study, which is absent
in dry samples and hence is due to proton and kgdrtransport. The activation energy and
frequency factor were calculated from the experit@etemperature dependence’s of the surface
conductivity and both decreased after gamma-irtexiasignificantly. So it seems quite prospective

to apply radiation for safe obtaining and accumgahydrogen in samples N 2 oxide aluminium.
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Attraction nanotechnologies opens possibilitiesrémeption of highly effective catalysts of
new generation in which structural and dimensiochhbracteristics are regulated in area
nanometres. Catalysts with application nanoteclgiedo can be used in structurally-sensitive
reactions, which converting methane with carborxid® (the obtaining hydrogencontaning gas)
and selective oxidation of carbon monooxide (cleprof hydrogen from carbon monooxide)
concern also.

In the present thesis of the report it is inforneedsynthesis and research of nanokomposit
systems with use molekull-sieve matrixes in reactd methane conversion with carbon dioxide
(MCD) and multicomponent catalytic systems in reactof selective oxidation of carbon
monooxide.

For reaction MCD nanoparticles are received by thatkin-situ by matrix synthesis, and in
the second case - an adhesive method.

The nickel catalyst is developed for reaction MCD the basis of zeolite, connection
between physical-chemical (the superficial acidasib, oxidation-reduction) and catalytic
properties is established. It was determined, that biggest correlation dependence (r=+0,65)
between a hydrogen exit at 600D with electronoacceptor centers, but weaker caticed
dependence (r=+0,58) is between strong basic &enter

For reaction of selective oxidation carbon monoexidom investigated Mire,C0o,04
catalysts the best activity (100 % conversion eboa monooxide) has shown MnReCay 7:0..

As a result of the spent researches for the reectatalysts of the above-stated structure
which huge advantage consists that they allow toseeexpensive active components (precious

metals) are offered and provide high indicatorthefimportant technical characteristics on process.
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The nanotechnology of 1V-VI semiconductor layerstapical not only for increasing the efficiency bt
optoelectronic devices, but also as an interestpyprtunity of realization of efficient "negativeressure in the solid-
state structure [1,2].

Actually, if a thin layer of, for instance, leadle@de grows on BaF2 or KCI substrates with muaigda
lattice constants, its tension takes place and, &sult, the width of the forbidden gap increagdéshe same time, if
the layers are doped with such dopants as Cr as hell, the levels of these dopants shift deaptpé forbidden gap -
the semiconductor transforms into a quasidielestate.

The present work deals with the investigation diagh IR transmission spectra of thin layers ofdlezlenide
of different thicknesses being grown on KCI sulitsts by the method of molecular epitaxy with “a Wwall” and its
aim is optical characterization of the layers.

The refractive index, the reflection and absorptiomefficients and their spectral dependencies were
determined by the transmission spectra [3].

By straightening the2 ~ hy ~ Eg relation typical for direct zone-zone traiosis, the value of the width of the
forbidden gap was determined for the layers witfebnt degrees of residual deformations ( différénicknesses). As
the X-ray studies showed, the residual elastic rdedtions increased as the thickness of the layecsedsed, and the
“negative” pressure in the layers amounted up t&his.

The transmission spectra were recorded with thp béldouble-beam spectrophotometer “Specord-75 IR”.
When analyzing the spectra, we paid special atterit the identification of spectral peaks and ¢hkbration of the
transmission scale. If the peaks were revealethénspectrum (in the layers >0.5um thick), the ativa index was
determined from the relation 2Nd#min thinner layers, when there was not observedngerference pattern, we
estimated the changes in the refractive indlixthrough the increase in the forbidden gap widtthe stressed layer at
known deformatiomEg and refractive index derivative by energy dN(éflam the dependence of the refractive index
on the semiconductor composition)N =dN/dEAEQ.

The reflection coefficients were determined witmsideration for weak absorption in the layers belytre
absorption edge, whereas the absorption coeffeiaere determined by using the data of the trarssamdn the thin
layer which was regarded as a Fabri-Perot intenfieter.

The width of the forbidden gap, determined by thectral dependence of the absorption coefficientgased

in accord with the increase of the “negative” puessn the layers.
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The process of synthetic petroleum acids (SPA) ywtdn by catalytic oxidation of oil fractions is
one of the promising both in oil-refining and petemical industries. Main idea of the synthest® isreate
alternative way to replace natural petroleum agideh well-known as products of broad application.

The catalytic oxidation of a naphthenic-paraffiriraction of Balakhani oil in the presence of
transition metals (Mn, Fe, Co, Ni) salts has shawat the end product yield does not exceed 16%.
Moveover, along with SPA the oxy-acids as by praodure formed in quantities of 10-12%. Thus there is
substantial capacity to improve the process.

The present report describes use of metal-contnimulti-walled carbon nanotube CNT- MW (1)
containing Co in quantity of 1.5wt. % (Future Car®®mbH) as new catalyst for the oxidation of naphtb
hydrocarbons fraction izolated from Baku Balakhaihi The catalyst have demonstrated catalytic &@gtiv
which 300 times more than that of for the metalhtbpnates. It is presumed that the effect obses/dde
to intensive charges shuttled transfer betweentezcalated metal (M) and the CNT [1] leading e t
forced decay of petroleum hydrocarbons (RH) hydrexides (ROOH) with concomitant and final obtaining
SPA:

ROOH ™M™ M ™D*+ RO + "OH
RH products (SPA)
ROOH M ™D* — M™ + RO, + "H
These results are basic for improvement of thegegwof SPA production according to the accepted

modern industrial requirements.
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CoFeO, has an inverse spinel crystal structure. In thee aa an inverse spinel such as
CoFeO., the Co cation occupies one half of the octaherivatdination sites. Half the Fecations
occupy the other half of the octahedral coordimatgites as well as all of the tetrahedral
coordination sites. Magnetic fine particles of dolarrite have been prepared by method of
pyrolytic [1] and the plasma synthesis. X-ray difftion confirmed the formation of single-phase
cobalt ferrite nanoparticles in the range 6-50 fiine size of the particles varies depending on
matrix disparity and mass content in the organecprsors. Single-crystal Cof, grown by the
method of chemical transport reactions on MgO(1€@)strate, was used for comparison. The
average size of all nanoparticles was estimatea ttee BET specific surface area measurements.
Raman spectra were measured at room temperatu@e KB@hrough 50xmicroscope objective
using Renishaw inVia micro-Raman spectrometer gupdpwith laser 830 nm. According factor
group analysis are associated the cubic spinelglAEg+ 3T,y and tetragonal spinelsAgy +
3B1g + 1By + 4Eg[2]. We found that the Raman spectra the G@gaanopowers have 10 lines and
CoFe204 nanosized is tetragonal spinel.
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Glycerol is the main by-product of biodiesel fuelamafacturing. Glycerol catalytic
oxidation by molecular oxygen is one of the feasitnlethods of glycerol utilization. A number of
important and valuable products, which are usea &sedstock in various processes of organic
synthesis, can be obtained in the process of giyaexidation. Currently the supply of these
chemicals is limited due to high costs. Glycerotabdic oxidation by molecular oxygen can
substantially decrease the cost of oxidation prtsduc

Kinetics of glycerol oxidation in presence of varsogold based catalysts is studied in this
research [1]. There are new synthesized gold natidea supported on TiDcatalysts and
commercial 1,5% Au/Ti@catalyst utilized.

According to the data presented in this researctiyity of the new Au/TiQ catalyst is
dependent on the catalyst specific surface),(jold nanoparticles size Ag, NaOH initial
concentration, catalyst concentration and oxidatemperature. Activity of the catalyst increases
along with decrease of the size of gold nanopadieaind increase ofsS

Research demonstrated that new gold containindystgeare active, and yield of glyceric
acid in presence of the new catalysts is equalrtbigher than in presence of the commercial
catalyst.

Glyceric acid is obtained as a main product withhhiyield and selectivity.

Optimal parameters for the production of glyceraan closed thermostated gasometrical

equipment and in barbotage type reactor have betenndined.
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