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Welcome Message RCBJSF-2014-FM&NT Participants
Welcome to Latvia, welcome to Riga, the European @atal of culture in 2014!

It is my great pleasure to welcome you at the Jbitgrnational

RCBJSF-2014-FM&NT Symposium combining )
Russia/CIS/Baltic/Japan Symposium on Ferroeletiril®RCBJSF12) and
9th annual International Conference Functional Male and
NanotechnologiedHM&NT ).

The RCBJSF12 symposium is a continuation of series of meetings
on ferroelectricity, first of which took place inoMosibirsk (USSR) in 1976.
FM&NT Conferences since 2006 has been organized byutestf Solid
State Physics, University of Latvia in Riga. Netefess the FM&NT-2013
was held in the Dorpat conference centre in Tanganized by the Institute
of Physics, University of Tartu. In this year theint international
symposiumRCBJSF-2014-FM&NT is organized as an event of Riga — 2014, the Earope
Capital of culture.

Advanced materials, being central to the economoevth, prosperity and quality of life of
humans, are general topic that thematically jointh Ineetings RCBJSFandFM&NT . Materials
science is an enabling technology, forming a briblgeveen basic science and applied engineering.
It ranges from understanding and controlling atomsnaterials to making numerous innovative
products, devices and services. Ferroelectrics, gegovskite-type oxides exhibiting a broad
variable spectrum of structural, electronic and mnedig properties are on large scale
multifunctional materials. These and other actaplds will be discussed within the frames of work
program.

The purpose of the Symposium is to bring togethatenals scientists, physicists, chemists,
research staff, engineers, as well as experts mwide range of the most demanding application
areas. We anticipate having high scientific quahitgsentations at the Symposium: 5 plenary talks,
42 invited talks, 82 oral presentations and oved @0sters. The Symposium will also provide a
platform for the future collaboration promotingentisciplinary research.

The RCBJSF-2014-FM&NT symposium will take place in the new National Liyraf
Latvia building. The pyramidal structure which 8s68 meters high on the Daugava riverbank
opposite the historic city centre has been the miggtificant investment in cultural infrastructure
since the establishment of the Latvian State amhésof the largest cultural buildings in Northern
Europe in the 21st century. On 29 August 2014, Wwhécthe 95th -anniversary of the National
Library, the building was officially opened for gdidaccess.

| wish to thank International Organizing and Progr&ommittees, as well as Local
Committee members for hard work preparing the jote¢rnational symposiurRCBJISF-2014—
FM&NT.

| am looking forward to welcome and see you in Rida

Andris Sternberg,
Chairman oRCBJSF-2014-FM&NT
Institute of Solid State Physics, University of liat Riga, Latvia



Scientific Topics of the Symposium

Ferroelectricity:

Ferroelectrics and multiferroics, pyroelectricezmelectrics and actuators, integrated ferroetestri
relaxors, phase transitions and critical phenomena

Multifunctional Materials:

Theory, multiscale and multiphenomenal material efiog and simulation, advanced inorganic,
organic and hybrid materials

Nanotechnologies:

Progressive methods, technologies and design fadugtion, investigation of nano - particles,
composites, structures, thin films and coatings

Enerqgy:

Perspective materials and technologies for reneavadhd hydrogen energy, fuel cells,
photovoltaics, LEDs, OLEDs

List of Previous Events

RCBJSF FM&NT
1. Novosibirsk (USSR) 1976 1. Riga (Latvia) 2006
2. Kyoto (Japan) 1980 2. Riga (Latvia) 2007
3.  Novosibirsk (USSR) 1984 3. Riga (Latvia) 2008
4. Tsukuba (Japan) 1988 4. Riga (Latvia) 2009
5. Moscow (Russia) 1994 5. Riga (Latvia) 2010
6. Noda (Japan) 1998 6. Riga (Latvia) 2011
7. St Petersburg (Russia) 2002 7. Riga (Latvia) 0122
8. Tsukuba (Japan) 2006 8. Tartu (Estonia) 2013
9.  Vilnius (Lithuania) 2008
10. Yokohama (Japan) 2010
11. Ekaterinburg (Russia) 2012



Joint International Symposium RCBJSF — 2014 - FM&NT

Symposium Chairman: Dr.habil.phys. Andris Sternberg

RCBJSF Organizing Committee

e J. Kobayashi (Honorary chairmen), Japan e S. Mori, Japan
e Y. Ishibashi (Honorary chairmen), Japan e M. Shimizu, Japan
e B.A. Strukov (Honorary chairmen), e H. Suzuki, Japan

Russia

J. Grigas (Honorary chairmen), Lithuania

Y. Akishige (Chairmen), Japan

S. Kojima (Vice-chairmen), Japan
A.S. Sigov (Vice-chairmen), Russia
J. Banys (Vice-chairmen), Lithuania
N. Ikeda, Japan

M. Itoh, Japan

M. lwata, Japan

FM&NT Organizing Committee

M. Rutkis (Chairman), Latvia
J. Banys, Lithuania

G. Borstel, Germany

N.E. Christensen, Denmark
R.A. Evarestov, Russia
C.G. Granqyvist, Sweden

RCBJSF Program Committee

N. Ikeda (Chairmen), Japan
E. Kotomin (Chairmen), Latvia
J. Kano, Japan

H. Mashiyama, Japan

S. Mori, Japan

K. Ohwada, Japan

M. Takesada, Japan

H. Taniguchi, Japan

S. Tsukada, Japan

R. Wang, Japan

H. Yokota, Japan

FM&NT Program Committee

A. Sarakovskis (Chairman), Latvia
L. Berzina-Cimdina, Latvia

J. Grabis, Latvia

L. Grinberga, Latvia

S. Wada, Japan

E. Birks, Latvia

V. Samulionis, Lithuania
V.M. Fridkin, Russia
S.G. Lushnikov, Russia
V.Ya. Shur, Russia

A.S. Sidorkin, Russia
O.G. Vendik, Russia

Yu.M. Vysochanskii, Ukraine

D. Hovik, Norway

M. Kirm, Estonia

E. Nommiste, Estonia

J. Kulda, France

W. Lojkowski, Poland

I. Thorbjornsson, Iceland

E. Klotins, Latvia

R. Grigalaitis, Lithuania
E. Tornau, Lithuania
I.N. Flerov, Russia
S.A. Gridnev, Russia
V.P. Sakhnenko, Russia
S. Vakhrushev, Russia
T.R. Volk, Russia

V.l. Zinenko, Russia
M.D. Glinchuk, Ukraine
R. Vlokh, Ukraine

E. Kotomin, Latvia
L. Skuja, Latvia
M. Springis, Latvia
J. Zicans, Latvia



Local Committee

Liga Grinberga (Chairlady), Anatolijs Sarakovskidurgis Grube, Maris Kundzins, Raitis
Siatkovskis, Andris Sivars, Anastasija Jozepa, ABnabe, Liga Klebaha.

The Organizing Committee sincerely hopes that ghepssium will give all the participants new
insights into the wide spread development of funmal materials and nanotechnologies and will endaine

circulation of information released at the meeting.

Thank you all for coming and we wish you the mostueccessful

and enjoyable event!

Useful Contact phones
Symposium Chairman: Dr.habil.phys. Andris Sternk{engbile) +371 26183061

Secretary of Organizing Committee (mobile) +37138L6
Hotels:

Radisson Blu Daugava Hotel +371 67061111
Maritim Park Hotel +371 67069000
Hanza Hotel +371 67796040
Taxi:

BalticTAXI +371 20008500
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RCBJSF-2014-FM&NT Program

=

September 29 September 30 October 1 October 2
16:00f Registration Ziedona hall Conference halls, -1 floor Conference halls, -1 floor
Excursion 1o the 8:00 Registrgtion 8:00 R_egis_tration : 8:30 Registration
i;gg top of LNB 9:00 Opening gi)(()) Techmc:l information - ||F'iCBJSF-:|2|| - FM&|_I|\I'I};23014
: . . : urans al a al
Welcome party 9:50 Technical information/ Conference photo 950 Schweizer 9:00 lwata Kimura Hermansson
Coffee break 10:20 - 10:50 10:30 Laurila 9:30 keda Yoneda Fursikov
Colour legend 10'50 Introductory talk - O. Sparitis, Latvian Academy of Coffee break 11:10-11:40 9:45 - — Polyakov
RCBJSF-12 ' Sciences RCBJSF-12 FM&NT-2014 10:00| Akishige Vlokh Vahtrus
Theory and modelling 11:10 ”_Lh Hall 1 Hall 2 Hall 3 Hall 4 : 10:15| Pryakhina Erts
11:50 Sigov 11:40 Flerov Volk | Oberhofer| Bellucci | [ 10:30 Krylov Bondarev Andzane
New materials, thin films Lunch 12:30 - 13:40 12:10] Suchaneck| Tanaka| Kulkova | Bianconi 10:45| Samulionis Vtyurin Oras
and nanostructures Conference halls, -1 floor 12:40 Rappe Krunks 11:00 Boiko
Bulk materials: crystals| RCBJSF-12 FM&NT-2014 1255 Bussmann- | Kuroiwa Mere Chen Coffee break 11:15-11:45
and ceramics Hall 1 Hall 2 Hall 3 Hall 4 ) Holder 11:45| Noguchi Ogawa Popova M.
Characterisation of 13:40] Banys Fridkin Spohr Brik . Bujakiewicz- S 12:15| Skaliukh . . Nihei
materials 14:10 ‘IﬁaLu Kholkin Merkle Fuks 13:10 KJoroﬁska Kojima Aquilanti | Plyusheh 12:30 Molak Taniguchi Azamat
14:40] Ishibashi Takesada Kotomin Krack 13:25] Politova Eglitis | Dovbeshkp | 12:45( Yokota Li Osterlund
Colour legend 14:55| Moriwake | = Yaremchenk¢ — Lunch 13:40 - 14:50 13:00] Nuzhnyy Zhu Kirchner
FM&NT-2014 15:10] Mamedov| Rybyanets Macias Bjoerhgin 15:00 - 23:00 13:15| Macutkevic| Bagdzevius| Mannsberge
Theory and modelling 15:25 | Zhukovskii Glinchuk Niklasson Bandurg Excursion and conference dinner Lunch 13:30 - 14:50
Coffee break 15:40 - 16:10 14:50 Laguta Tsuda Rutkis
Nanomaterials and 16:10| Tsujimi Shur Schwartz | EvarestoV 15:05| Grigalaitis -
nanostructures 16:40 . Chan . 15:20 Ivanov Bogdanov
Multifunctional materiald | 16:55 Roleder | - Lushnikov Pishtshgev Galdikas 15:35| OvchinnikoVv Trepakov gzols
and technologies 17:10] Tsukada Ehara Kuzmin Shunir 15:50| Starkov Svirskas Saldan
Energy 17:25] Burkovsky| Yashchyshyp  Shalapskd Porsev 16:05| Popova E. Anspoks Vembris
17:40] Chezgano Delimova Smits Hgvik| Closing 16:30 - 17:00
Refreshments 18:00 - 18:30 17:00 - 18:30
Poster session 18:30- 20:30 Farewell refreshments
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September 30

October 1

October 2
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. 8:00 Registration 8:00 Registration 8:30 Registration
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photo 9:50 Schweizer 9:30 lkeda 9:30 Yoneda
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10:50 IntroQuctory talk - O. Sp_ﬁritis, Coffee break 11:10 - 11:40 10:14 Pryakhina -
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Theory and modelling 11:10 It_oh 11:40 Flerov 11:40 Volk 10:45] Samulionig 10:45 Vtyurin
11:50 Sigov 12:10] Suchaneck| 12:10 Tanaka Coffee break 11:15-11:45
New materials, thin films and Lunch 12:30 - 13:40 12:40 Rappe 11:45] Noguchi | 11:45 Ogawa
nanostructures Conference halls, -1 floor 12:55 Bussmann- | 12:40( Kuroiwa 12:15 Skaliukh 12:15]  Taniguchi
Bulk materials: Crystals anpl Hall 1 Hall 2 ' Holder 12:300 Molak ' -~ aniguen
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Plenary - 40 min 15:10] Mamedov | 15:10f Rybyanets 14:50 Laguta 14:50 Tsuda
Invited (Inv) - 30 min 15:25|Zhukovskii | 15:25| Glinchuk 15:00 - 23:00 15:05 Grigalaitis '
Oral (Or) - 15 min Coffee break 15:40 - 16:10 Excursion and conference dinner 15:200 Ivanov 1520  Trepakov
16:10f Tsujimi 16:10 Shur 15:35|Ovchinniko ' ~repaxo!
Ziedona hall, O floor 16:40 Roleder 16:40 Lushnikov 15:50| Starkov | 15:50 Svirskas
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RCBJSF-12 Plenary presentations (in alphabeticrprde

Pl—1| M. Itoh Strategy for the New Ferroelectric Materials inrdiaedral System

Pl — 3| J Purans Beyond the Quasiharmonic Approximation: Local Stuue of Perovskites
' with Negative Thermal Expansion

PI-5]| A. Sigov Charge Transport Mechanisms in Ferroelectric Hetawotures

RCBJSF-12 Invited presentations (in alphabeticrde

Cooperation of Latvian and Lithuanian Scientists 8tudies of

In-1)J.Banys Ferroelectrics and Related Materials
In-2| I. Flerov Phase Transitions and Caloric Effects in Ferronzs Multiferroics
In -3 V. Fridkin Ferroelectricity and the Bulk Photovoltaic Effettlze Nanoscale
In-4| N. Ikeda Ferroelectric and Electronic Property of RBge
In-5| M. Iwata Electric Field Effects in Pb(Z2aNb23)Os-7%PbTiQ Solid Solutions
i . Nanoscale Piezoelectricity due to Symmetry Breakamg Atomic Force
In - 6| A. Kholkin Microscopy Study
. Neutron Diffraction Study of Magnetism and Ferragieity in RMn:Os
In-7 | H. Kimura (R = rare-earth, Bi, Y) Multiferroics
In-8| S. Kojima Broadband Terahertz Time-Domain Spectroscopy afoeérctric Crystals
. Valence Electron Distributions of Ferroactive ldnsPerovskite Oxides
In-9 | Y. Kuroiwa . . :
and Polar Lattice Distortions
) . Central Peak and Quasi-Elastic Light Scatering inbi€ Relaxor
In - 10| S. Lushnikov Ferroelectrics
in-11! Y. Noguchi Defect-Polarization Control for Enhancing Piezo#lec Properties of
- Nog BaTiOs-Based Single Crystals and Ceramics
In-12| T. Ogawa Evaluation of Elastic Constants in Piezoelectrica@®ecs by Measuring
-9 Acoustic Wave Velocities
In - 13| K. Roleder Do We Understand Why Antiferroelectric Order is Resl in PbZrQ and
PbHfG;?
In-14| V. Shur Domain Shape Instabilities and Fractal Domain Ghowt Uniaxial
' Ferroelectrics in Highly Non-equilibrium Switchir@pnditions
In - 15| G. Suchaneck Materials and Device Concepts for Electrocalorifrigeration
Broadband Light Scattering and Second Harmonic @d¢ioa in
In - 16| M. Takesada Ferroelectric Nanocrystals
In-17| H. Tanaka Valence Electron Density and Electrostatic Poténiia Ferroelectric

Materials Evaluated by MEM Analysis of X-ray Diftréon




In - 18| H. Taniguchi Ferroelectricity Driven by Twisting of Silicate Tahedral Chains
Phase Transitions in Antiferromagnetic TrianguldurBe-Capel Model
In-19| E. Tornau : .
with Hard Core Exclusions
) Electronic Structure, Optical and Dielectric Spestopy of TbMn@
In - 20| V. Trepakov Multiferroic
Study of Nanoscale Local Structural Fluctuationg-@rroelectrics Using
In - 21| K. Tsuda . :
Convergent-Beam Electron Diffraction
In-22| Y. Tsujimi Broad Doublet Spectra in the Quantum Paraelectate®f SrTiQ
Generation of Optical Vortices via Electro- and Z8i®©ptic Effects in
In - 23| R. Vlokh . . .
Ferroelectric-Type Crystalline Materials
Planar Microdomain Patterns for Nonlinear-Optical pphcations
In-24|T. Volk Fabricated in Ferroelectric Crystals by Microscoplethods (AFM and
SEM).
In-25| v Yoneda Atomic Pair-Distribution Function (PDF) Analysis oFferroelectric

Materials Using Synchrotron X-ray

RCBJSF-12 Oral presentations (in alphabetic order)

Dielectric Properties and Phase Diagram of..{8a).Nb,O; Single

Or-1] Y. Akishige Crystals

or-2| A Anspoks Local Structure Studies of Ti for SFD; and SrTi#¥0; by Advanced X-
' P ray Absorption Spectroscopy Data Analysis

Or - 3| &. Bagdzewius Structural and Electrical Characterization of Exally Strained

Bao.7Sr0.3T103 Thin Films Deposited by PLD

Or-4

V. Bondarev

Cooling Method Based on Electrocaloric Effect Re=di in Periodically
Switching Electric Field in Triglycinesulphate

Or-5

R. Bujakiewicz-
Koronska

Searching of New Multiferroics on the Base of CopPd BaTiQ

Or-6

R. Burkovsky

Lattice Dynamics and Incommensurate Phase in PpHfO

Or-7

A. Bussmann-
Holder

Revisiting the Fascinating Properties of Eufiéhd Its Mixed Crystals
with  SrTiOs: Possible Candidates for Novel
Multiferroicity

Or-8

D.V. Chezganov

Temperature Dependence of Isolated Domain Shapéhium Tantalate
Single Crystals

Electrophysical Properties of Integrated Ferroele@apacitors Based on

Or-9) L. Delimova Sol-gel PZT Films

i True Operational Range of Lead-Free and Lead-B&Rezoelectric
Or-10| Y. Ehara Actuators
or-11! M.D. Glinchuk New Room Temperature Multiferroics on the Base dfigle-Phase

Nanograined Ceramics with Perovskite Structure

Functionalities and



Dielectric Properties of Barium Titanate and NieKelc Ferrite

Or-12| R. Grigalaitis Multiferroic Composites

Or - 13| Y. Ishibashi On the Conical Point Crossing

Or - 14| M. Ivanov Dielectric Properties of BaT#¥2KNbOs; Composites

Or-15| A. Krylov Temperature Phase Transitions in CsSCfystal
Multiferroicity and Superparamagnetism in the Newadvletoelectric

Or-16| V.V.

r V.V. Laguta Pb(Fe/;Shy)Os
or-17!p. Li Research on Electromagnetic Interference Resistaric®iezoelectric
' Vibration Acceleration Sensor with Printed CircBard

Or - 18| J. Macutkevic Dielectric Properties of AgLiNb©

or-19| A Mamedov Optical _Propertles of the Narrow-Band FerroelestriFirst Principle
Calculations
Electric Current Relaxation and Resistance Switgghim Non-

Or-20) A Molak Homogeneous Bismuth Manganite

Or- 21| H. Moriwake F|_rst-pr|nC|pIes Ce_llculatlons of Ferroelectricitp Murtzite Structured
Simple Chalcogenides

i Porous Pb(MgiNb23)Oz Ceramics: Experiment, Modelling and

Or - 22| D. Nuzhnyy Simulation

or - 23| s. Ovchinnikov Glant_ La’gtlce Expansion in GdCaQ@ue to the Multiplicity Fluctuation
Contributions

Or - 24| E.D. Politova New Multiferroic Oxides with Corundum-Related Sture

Or - 25| E. Popova Ferroelectricity in Minerals

Or - 26| V.I. Pryakhina Formation of Charged Domal_n_WaIIs in Lithium NiobaCrystals with
Inhomogeneous Bulk Conductivity
Ferroelectric Oxides for Visible-Light Photovoltai@and Engineering of

Or-271 A. Rappe Shift Current

Or - 28| A. Rybyanets Nanoparticles Transport in Ceramic Matrices

Or-29

V. Samulionis

Ultrasonic Studies of Piezoelectric Response indeéectric; Crystals of
SnP.Ps Family

The Construction of Domains Density Distribution tie Simulation of

Or - 30| A. Skaliukh Process Polarization in the Ceramics
Or - 31| A. Starkov Giant Piezocaloric Effect in PZT Ceramics
i = . Dielectric, IR and Raman Spectroscopies of (0.4ay}RliosTiOs-
Or-32) S. Svirskas 0.6SrTiQ-yPbTiO; Solid Solutions
Or - 33| S. Tsukada Critical Points in KF-Substituted BaTO
Or - 34| A. Viyurin Structural and Magnetic Phase Transitions

in Rear Earth Ferroborate Crystals — Raman Saagt&iudy

10



Or-35

Y. Yashchyshyn

Prospects of Ferroelectric Ceramic-Polymer Compesit Sub-Terahertz
Applications

Or - 36| H. Yokota The Evidence of Monoclinic Structure on Zr-Rich PbdixO3
Or - 37| X. Zhu Characterization of Extruded Ferroelectric Film BE4TrFE)
Or - 38| Y. Zhukovskii First Principles Simulations on Stoichiometric $)3 Nanowires

11



RCBJSF-12 Poster presentations

Theory and Modelling

Modeling of Piezoelectric Elements with Inhomogamed®olarization in

R-1| A. Soloviev ACELAN

R-2 | E. Petrova A_ Novel Approach for Optimization of Finite Elemektodels of Lossy
Piezoelectric Elements

R-3 | J. Timoshenko Local Structure of Multiferroic Mp.Co.WO, Solid Solutions Revealed by

the Evolutionary Algorithm

Dynamic Nonlinear Optical Processes in Some Oxygetahedra

R-4 | A. Mamedov Ferroelectrics: First Principle Calculations
First Principles Calculations of the Diffusion amkfgregation of F
R-5| R.I. Eglitis Centers, as Well as Bulk and Nano-Surface H Ceine€@ak, Bak and
Srk
R-6 | R.I. Edlitis First Principles Calculations of SrT4(BaTiCs, PbTiQ and CaTiQ (001),
1 EY (011) and (111) Surfaces
R-7 | P Konsin Semi-Microscopic Vibronic Theory of the Propertied Quantum
' Paraelectrics and Ferroelectrics of SrFigpe
New materials, thin films and nanostructures
R-8 | A. Rybyanets New Piezoelectric Materials and Transducer Desigos Energy

Harvesting Devices

R-9

R. Grechishkin

Surface Relief And Domain Structure Of Ferromagn&hape Memory
Alloys

R-10

N. Hasegawa

Dielectric Behavior in A-site Ordered PerovskiteQoal'i40:2: Effect of
A'-site Doping

i : Multicaloric  Efficiency of  Ferroelectric-Ferromagie Volume
R-11] E. Mikhaleva Composites (X)LaPly.sMnOs-(1-x)PbTIQ

The Nickel and Cobalt Ferrite Nanopowders and itm@osites with
R-121 1. Bochkov Polycarbonate
R-13| R. Mackeviciute Dielectric Properties of Diammonium Hypodiphosphi@dels).H2P.0Os

R-14

E. Pawlikowska

Influence of Powder Milling on Properties of Bariugtrontium Titanate
Particles and the Ferroelectric Ceramic-Polymer pasites

R-15

A. Naumenko

Losses and Dispersion in Ceramic Matrix Composites

R-16| A. Sigov Porous PZT Films Prepared by PVP Assisted Sol-geld3s
R-17| S. Aplesnin Magnetodielectric Properties of BLa,FeQ Films
R-18| D. Jablonskas Microwave Dielectric Measurements of Mn-Doped Pskite-Type

SrTiOs Nanopowders

12



Effects of Long Term Annealing on the NanostrucsuF®rmed in Cdl

R-19 | A. Popov Crystals
Characterisation of materials
i Cathodoluminescence Characterization of PolystyBagrQ® Hybrid
R-20 | A. Popov Composites
. . . Y .
R-21| A. Badalyan An Observation of Nano Sized Effect on EPR of*Mand C#* in SrTiOs
Powders
R-22| W. Zapart Phase Transitions in Li-Doped KSc(Mg®
R-23| S. Tsuge X-ray Diffraction Intensity Influenced by Transverglectric Field in TGS
R-24| M.B. Zapart Optical Studies and Birefringence of \RbSc (MoQ)2
R-25| A |vanova Optical Anisotropy and Domain Structure of Multifeic Ni-Mn Based
Heusler Alloys
i Dielectric Behavior of Monoclinic Rb(##Do.3)PQs Under Constant
R-26| M. Fukunaga Hydrostatic Pressure
R-27| S N. Kallaev Ther_mal I_lefUSlon and Heat Conductivity of BiFge@nd Bp.gslap.osFeQy
Multiferroics at High Temperatures
R-28 | I. Sluchinskaya Local Structure and Oxidation State of 3d Impusiiie Cubic (Ba,Sr)Ti®
R-29 | M. Antonova Photoelectric Current and Dielectric Properties Bdrium-Strontium
' Niobate Ceramics under UV and Visible Irradiation
i Preparation and Electric Properties of Barium Ziiaon Titanate
R-30 | M. Antonova Ceramics
R-31| K. Godziszewski Characterization of Ferroelectric Ceramic-Polymeymposites in Sub-

Terahertz Frequency Range

R-32

M. Livinsh

Electrical Characterization of Fe Doped BadiOeramic by Impedance
Spectroscopy

R-33

B. Garbarz-Glos

AC Impedance Spectroscopy Study of Barium Titand@ased

Electroceramics

Study of Dielectric Properties of Europium DopedriBan Titanate

R-34| D. Sitko Ceramics by Impedance Spectroscopy

R-35]| S. llyashenko Heat Losses and Thermal Imaging of Piezoelectecghts

R-36| M. Dunce Interpretation of the Electrocaloric Effect in NESTF-PT Solid Solutions
Bulk materials: Crystals and Ceramics

R-37| A Akhmatkhanov Polarization Reversal and Domain Kinetics in MgOpBd Congruent and

Stoichiometric Lithium Tantalate Crystals

R-38

A. Akhmatkhanov

Time-Dependent Conductivity and Dielectric Permityi in Lithium
Niobate Crystals with Charged Domain Walls

13



Relaxor Behavior of the Surface Layer of BaJiOrystals, Grown by

R-39| E. Dulkin Remeika Method
Critical Slowing Down and Elastic Anomaly in Rela®ased
R-40 | M.A. Helal Ferroelectric PMN-53PT Crystals Proved by BroadbaBdllouin
Scattering
I The Pyroelectric Properties of Calcium Barium NigbaCrystals of
R-41| V. Lisitsin Different Composition
R-42 | E. Palaimiene Conductivity Investigations of PMT-PT Single Cryista
R-43| S. Paviov Phenomenological Model of Phase Transitions in pENEgR]-MnCls
Crystals
i : Raman Studies of Stoichiometric and Congruent WwthNiobate Crystals
R-44| N.V. Sidorov at Temperatures Within the 100 - 450 K Range
R-45| N.V. Sidorov Structural ar_ld_ Optical Homogeneity in Lithium NisdaCrystals of Low
Photorefractivity
R-46 | D.S. Petukhova As-Grown Domain Structure @fglycine Single Crystal

R-47

P.S. Zelenovskiy

In Situ Observation of Polymorphic Phase Transfeionain Glycine
Crystal

R-48

M.N. Palatnikov

Electrical Properties of Congruent LiTaSingle Crystals

R-49

M.N. Palatnikov

Synthesis, Structure, Electrical and Mechanicalr@ttaristics of Ceramic
ND2(1-y)Ta2,Os

R-50| K. Bormanis Thermal Properties of Relaxor PhMb2:0s Solid Solution Ceramics

R-51| K. Bormanis The Slow Relaxation of Polarization in
' (Ko,sNao,5)(Nb1xSh)Os+0,5mol%MnQ Ferroelectric Ceramics

R-52| A. Kalvane Electronic Properties of Hexagonal SrMyCeramic

R-53 | D. Karpinski Phase Coexistence iniBPrFeQ Ceramics

R-54| A.H. Segalla Development of Ceramics for High Temperature Aglans

) . Influence of Compressive Stress and Aging on Didedroperties of

R-55| J. Suchanicz BiFeO; Ceramics

R56 | W. Bak Dielectric Behaviour of (BaNay)(TiixNb)Os Ceramics Obtained by
g Conventional and Mechanochemical Synthesis

R-57 | D. Gabrielaitis Dielectric Relaxation Processes in RdFeNhO:s and BaEuFeNkO:s

Ceramics
R-58| M.S. Shashkov Dielectric Properties of Cromium-Containing Bismukhanate Ceramics

with the Layered Perovskite Type Structure

R-59

0. Malyshkina

Effect of Bismuth Oxide Dispersivity on the DieldctProperties of Zinc
Oxide Ceramics

R-60

E.V. Barabanova

Pore Effect on the Switching Processes in PZT Ciesam
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Porous Piezoelectric Ceramics: Complex Representatf Material

R-61| M. Lugovaya Properties
. Mechanical and Electrical Properties of Li Dopeddi@m Niobate
R-62 | W. Smiga Ceramic System
] _ Aging and Memory Effects in Electro-Optical PLZT68/35 Ceramics
R-63 | V. Dimza Modified with 3d Transition-Metal lons
Re64| E.1. Gerzanych p,Tx — Diagram Ferrielectric Crystals Cul8eS.«)s in the Range

0=<x<1.0

Dynamics in Incommensurate Phase Transition in € 2@ Polytypes of

R-65| A. Salnik TIInS; Ferroelectric
R-66 | A. Salnik On Photoinduced Phase Transition in FerroelectgiA8Ss
i Investigation of CulnSs Family Layered Crystals Under High
R-67| O.V. Shusta Hydrostatic Pressure
R-68| Al Susla The Influence of an External Electric Field and &kial Pressure on the
w Dielectric Properties of Co- and Cu-Doped TGS Gilgst
R-69| Y. Vysochanskii Ab Initio Characterization of Pressure-Induced Meta State in

Ferroelectric Sii?-Ss

R-70

Y. Vysochanskii

Tricritical Point and Virtual Ferroelectricity ifPg,Sni.y)2P>Ss
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FM&NT-2014 Plenary presentations (in alphabeticeoyd

PlI-2

T. Laurila

Hybrid Carbon Nanomaterials for Electrochemical dagbn of

Biomolecules

Pl—4

S. Schweizer

Multi-functionality of Luminescent Glasses for EggrApplications

FM&NT-2014 Invited presentations (in alphabeticend

Heat Resistant Unfired Phosphate Ceramics with @afifanotubes and

In-1| S. Bellucci Boron Compounds for Electromagnetic and lonizing iefsimg
Applications
Nanoscale Phase Separation in Two-dimensional kaypethe Limit of a
In - 2| A. Bianconi Few Unit Cells Controlling Material Functionalitiénveiled by Scanning
Submicron XRD
In-3| M. Brik A Review of The Structural, Electronic and Elaftioperties of Spinels
In-4| R. Chen Surface-controlled Transport Properties in 1D and\N&nocrystals
In-5 Evarestov Theoretical Study of Single- and Multi-Walled Namoés Rolled-up from
' Group IV Metal Disulfides
In-6| D. Fuks Controlling the Figure of Merit in TiNiSn Half-Heles Alloy: DFT Study
In-7| A Galdikas Diffusion Processes in Nanostructured Three-Wayomuative Powder

Catalysts

In - 8| K. Hermansson Ceria Chemistry at the Nano-scale
In-9 . Krack Electronic Structure Simulation of Uranium Dioxide
In-10]| S. Kulkova Influence of Interstitial Impurities on the Griffitwork in Ti-based Alloys
Mixed Conducting Perovskites as Solid Oxide Fudl Cathode
In-11| R. Merkle A i
Materials: Insight from Experiments and Theory
) A Theoretical Description of Photo-Catalytic Wateplitting on Metal
In - 121 H. Oberhofer Decorated Oxide Surfaces
In - 13| M. Popova Materials for Optical Quantum Memory
In-14| M. Rutkis Devglop'ment of NLO Active Organic Molecular GlastasPhotonic
Applications
In- 15| K. Schwartz Irrad_lathn Induced Nanostructures in LiF Crystaind Possible
Applications
In-16| E. Spohr Simulation of Oxide Nanostructures for Energy Cosian
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FM&NT-2014 Oral presentations (in alphabetic order)

Fabrication of Bismuth Chalcogenide Nanoribbonlayalyst-Free Solid-

Or-1)J. Andzane Vapor Technique
Or - 2| G. Aguilanti In-operando XAFS Analysis of Li-sulfur Batteries
Or - 3| D. Azamat Spin-Phonon Relaxation Processes of Transition IM&ta in ZnO
Or-4| A. Bandura Phonon Spectra of Single-Walled Bi@anotubes
Or - 5| T. Bjoerheim Defect _Thermodynamlcs of BazgOfrom First Principles Phonon
Calculations
Or- 6| V. Bogdanov Water-Like Anomaly of Elastic Properties of Inorga@lasses and Their
Melts
Or-7] V. Boiko New Materials for Nanobiophotonics Based on Phat@rystals
or-8!| L chan Nonpolar ZnO Epilayers and ZnO/ZiMgxO Multiple Quantum Wells
' 9 Grown on LiGaQ@ by Molecular Beam Epitaxy
or-9| G Dovbeshko Grap_her_1e Sheets Versus Carbon Nanotubes: SynthBsoperties,
Applications
Or-10| R. Eqglitis Towards a Practical Rechargeable 5 V Li lon Battery
Or-11| D. Erts Space Charge Limited Current in.8 Nanowires
i : Nanostructural Properties of Holmium Oxide Prepdngthe Thermal
Or-12| P. Fursikov Decomposition of Organic and Inorganic Precursors
Or-13| D. Havik Impact of Nanotechnology on Green and Sustainabtevtd: Micro- and
' Nanofibrillated Cellulose. A Nordic Case Study he OECD
An Innovative EBL Writing Strategy for High Speedda Precision
Or - 14| M. Kirchner Lithography of Large Circle Arrays for Microfiltr@an and Photonics in
Solar Cells
) . Challenges in Energy Applications of Non-stoichidnee Complex
Or -15 | E.A. Kotomin Perovskites
Or - 16| M. Krunks Transition Metal Doped Indium Sulfide Films by Cheat Spray Method
Or-17| A. Kuzmin High-pressure X-ray Absorption Spectroscopy Stuidyio Tungstates
i . Electrical Properties and Redox Stability of Nbsitbhted SrvVQ as
Or-18) J. Macias Prospective SOFC Anode Material
Or - 19| M. Mannsberger XPS Depth Profiling of Organic and Organic/InorgaNMultilayer Systems
Or-20| A. Mere Plasmonic Solar Cells by Low-Cost Chemical Sprayhde
or- 21| H. Nihei Optimization of Optical Parameters for Qubit Opieamin Photonic
Crystals
Or - 22| G. Niklasson Electrochemical Measurements of the Electronic idgio$ States
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Manipulation of Nanoparticles With Different Morgogy Inside a

Or-23| S. Oras Scanning Electron Microscope

Precise Tuning of the Photonic Band Gap Using Nayléred Inverse

Or - 24| L. Osterlund Opals

Dark Relaxation of Holographic Gratings in Azobemze and

Or-25| A. Ozols Chalcogenide Films

Electronic and Optical Properties of Magnesium @adtium Hydroxides:

Or-26| A. Pishtshev The role of Covalency and Many-Body Effects

Or - 27| A. Plyushch Electromagnetics of Tannin-based Carbon Foams
Or - 28| B. Polyakov Silver and Gold Nanodumbbells for Tribological EXpeents
Or-29| V. Porsev First-Principles Calculations ofX@s Nanotubes

GaAs and GaAlxAs Overlayer Formation on GaAs (111) Sbstrate Plane

Or-30| I. Saldan by Organometallic Vapor Phase Epitaxy

Luminescence, Energy Migration and Energy TrandPeocesses in
Or - 31| T. Shalapska Gd:SiGs and (LUGd)SiOs Single Crystals Doped with €g EF* and TB*
ions

Electromechanics and Electromagnetics of CNT- amdpkene-Based

Or - 321 Y. Shunin Nanoporous Materials: Interconnects and Nanosersori

Or - 33| K. Smits Praseodymium Luminescence in Zirconia NanocrystatsSingle Crystals

Shape Restoration Effect And Enhanced Fractureskesie of Ag/Si®

Or - 34| M. Vahtrus Core-Shell Nanowires

Energy Levels of Glass Forming Low Molecular Weigltrganic

Or-35| A. Vembris Compounds in Thin Amorphous Film

Phase Stability and Thermochemical Expansion ofsBasCa.sFe.20s5

Or- 36| A. Yaremchenko Mixed-Conducting Ceramics Under Oxidizing Condigon
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FM&NT-2014 Poster presentations

Theory and Modelling

F-1| T. Plank Technet_nano: The Cooperation Network of Clean RBanilities in BSR
i Ab Initio Modelling of Ag Adsorption on the Mn®and LaO-terminated
F-2 | A. Abuova LMO[001] Surfaces
Ab Initio Simulations on N and S Co-doped Titaniandtubes for
F-3 | A. Chesnokov . o
Photocatalytic Applications
E4 Zablotsk Numerical Simulation of Thermo-Magneto-Osmotic FloWwFerrocolloid
' y Through Ordered and Disordered Permeable Structures
F-5| E. Trutnev The Consideration of Virial Corrections in the Digfon Equations
£.6 Usseinoy Electronic Effects on Hydrogen-Adsorbed Surfaces &fO: First
' Principles Study
£.7 Sergevev Calculation of the Excess Current and the PseudogapCuprate
' gey High-Temperature Superconductors by the Monte Qddthod
F-8 | E. Shidlovskaya Theoretical Modeling of Nanodevices Using Embediikedecular Cluster
Method
F-9 | A. Platonenko Ab Initio Simulations on Frenkel Pairs of Radiatidafects in Corundum
F-10| S. Lukyanov First-Principles Calculations of Tibased Consolidated Single-Walled
Nanotubes
F-11| S. Kulkova The Peculiarities of Halogens Adsorption ofB%001) Surface
£.12 Klotins Relativistic Time-resolved Approach for Phonon Assd Interaction
' Between Electron and Intensive Radiation Field
F-13 Gopeienko Ab Initio Calculations of Interactions between Yda® Impurity Atoms
- 50P€) and Vacancies in bcc- and fcc-iron Lattices
F-14| D. Bocharov R and M Mode Softness in Cubic ScPredictions From First Principles
, Ab-Initio  Study of Cation-rich InP(001) and GaP(p0ISurface
F-15| A. Bakulin . . .
Reconstructions and lodine Adsorption
i Quantum Chemical Investigations of Oxide Nanostmed for Energy
F-16| M. Wessel Conversion in Aqueous Solution
Nanomaterials
F-19 | B. Polyakov Plasmonic Photoluminescence Enhancement by SilaaoWires
F-21| A. Chodosovskaja Silver Nanoprisms Self-Assembly on Differently Ftianalized Silica
Surface
F-22 | E. Abkhalimov A New Preparation Method of Size Controllable GHEhoparticles Using

Hydrogen
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Self-Assembly of Gold Nanoparticles and Poly(dipfamine): A

F-23| D.W. Kim Versatile Approach to One-Step Synthesis of Pabf{enylamine) and
Gold Nanoparticles
F-24| S Cornaia The Novel Au/TiQ and AuCeQ, Nanocomposites Synthesis. The Study
' J of Their Physical Properties and Catalytic Activity
F-25 | 3. Grabis Microwave Synthesis of Nanocomposites in ZnO-ZBdD/Ag System
' and Their Photocatalytic Activity
F-26 | T Tamulevigius Layers of Two and Three Dimensional Metal NanopkrtAssemblies for

Plasmonic Sensor Applications

Polarization Effects in Layers Of Dense Short-Ra@gdered Plasmonic

Carbon

F-27| J. Prikulis Nanoparticles
F-28| R. Poolausks Dense Arrays Of Nanometer Holes in Thin Metal Filots Anodized
- 7op Aluminum Oxide Membranes
F-29| V.I. Pryakhina Colloid of Metal Nanoparticles Produced by Lasetafibn in Liquid
) . . Ultra Thin TiG; Films with Gold Nanoparticles by the Chemical Spra
F-30| 1. Oja Acik Pyrolysis Method
i Microwave Assisted Synthesis and Photocatalytip@nies of Sulfur and
F-31| R. Drunka Platinum Modified TiQ Nanofibers
F-32| A. Knoks Synthesis and Photocatalytic Activity of Ti®anotubes
F-33 | D. Kuruch Water Adsorption on SrTigSingle-Walled Nanotubes
F-34 | I. Zalite Hydrothermal Synthesis of Cobalt Ferrite Nanosizediders
ZnO Nanorods Grown Electrochemically on Differentetsl Oxide
F-35| I. Gromyko
Underlays
F-36| V. Teil Structure and Stability of WC Nanorods
F-37| J. Kalnhacs Graphene Nanosheets Grown on Ni Particles
F-38| 1. Reinholds Structure and Propertles_ of Functionalized
Nanotube/Polypropylene Composites
Investigation of Hard Wear Resistant Nanostructur@€drbonitride
F-39| U. Kanders Coatings Based on Ti-(Nb,Hf)-C-N Quarternary Systeeposited by DC
Magnetron Sputtering
i Tribological and Mechanical Properties of SputteepbDsited Carbon-
F-40] U. Kanders Copper Composite Films and their Structure
F-41| R. Meija Humldlf[y Induced Resistive Response Behavior ofnBith Sulfide
Nanowires
i Synthesis and Properties of Magnetic Iron  Oxideifplen
F-42| V. Serga Nanocomposites
F-43| 1. Seqal Magnetite Based Nanoparticles with Immobilized Hetgclic Choline
- o€ Derivatives as Potential Anti-Infective Agents
F-44| L. Pukina Optical Forcing of Magnetostatic Patterns in FduidfLayers
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F-45

A. Jarmola

Enhancement of the Optical Signal from Nitrogenaraxy Centers by
Coupling to Surface Plasmons in Nanostructures

F-47

F. Muktepavela

Structure, Nanohardness and Photoluminiscence 6f @rramics Based
on Nanopowders

F-48| A. Moskina Cathodoluminescence Studies of Nanostructured ABNAIN/CsI
£-49| A Fomin Inductlo_n Heat _Tregtment and Technigue of Nano-&amic Coatings
Production on Titanium
F50| J. Zicans Dielectric and Mechanical Relaxation in the Modifi€arbon Nanofillers
' Containing Polyvinyl Alcohol Composites
F-51| R. Merijs Meri Structure, Rheological and _Mechanlcal Propertiesvieft Compounded
Polypropylene Nanocomposites
F-52| J. Macutkevic Dielectric Properties of Graphene Like/Polyureth@oenposites
F-53 | |. Kranauskaite D|elgctr|c Properties of Composites with Carbon dtabes in PMMA
Matrix
) . Detecting VOC with Diferent Polymer-NanostructuredCarbon
F-54 | S. Stepina Composites
F-55| A. Volperts Highly Porous Wood Based Carbon Materials for Scgeacitors
F-56 | M. Petrenec Nanostructure Characterization of Fatigued IN738ISTiperalloy at
Elevated Temperature
. Control of Thickness and Residual Deformation inad.eSelenide
F-57| O.l1. Davarashvili Nanolayers

Multifunctional materials and Technologies

Multifunctional Properties of Kl Crystal at Lattic&ymmetry Lowering by

F-58 K. Shunkeyev Low Temperature Elastic Stress
i . Sheet Resistance Parameter Optimization of Lighandmitting Welding
F-59] K. Vanyukhin Electrodes Made of Indium Tin Oxide
F-60| K. Smits Comparative Studies of Alumina Coatings on Aluminimepared with
' Electrochemical and Plasma Electrolytic Oxidati@mutes

F-61| A. Mamedov SbSI Based Photonic Crystal Superlattices: Banac&ire and Optics

F-62 | L Maksimov Comparatlvg Stud_y of Nanoscaled Fluctuation Inhosnegies in Main
Glass Forming Oxides

F-63| L. Maksimov Electrooptical Fibers

F-64 | M. Baitimirova Fabrication and Properties of Graphene/Bismuth ¢iusnide Layered
Structures

F-65| A. Gerbreders Optical Properties of the Low-Molecular Amorphouso&hromophores

F-66 | M. Reinfelde Kinetics of Diffraction Efficiency During the Holegphic Recording of

Surface Relief Gratings
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Recording of Surface Relief in Azobenzene Cont@nilow Molecular

F-67] K. Klismeta Weight Organic Glasses
Analysis of Excitonic Mechanism of Defect Formatioin Insulating
F-68 | E.A. Kotomin Materials - Generalization of Rabin-Klick Diagrdor a Whole Family of
Alkali Halides
F-69 | R. TrukSa Integrating Sphere Produced by 3D Printing and GMNiing
£-70| M. Manins Study of _Performance of Hybrid Fiber (Hemp/Polypiepe/Glass)
Woven Reinforcements
F-71| E. Pentjuss Properties of Carbonized Na-Al-Si Glass Fiber Fabri
72| A Lusis A Comparative Study of Natural Fiber and Glass FHabrics Properties
' with Metal or Oxide Coatings
F-73| S. Vihodceva Durable Hydrophobic Sol-Gel Finishing for Textiles
F-74| K Ozols Mechanical Pressure Induced Capacitance Changes
' Polyisoprene/Nanostructured Carbon Black Comp&ataples
F-75| G. Kaptagay Rgsearch of Interaction Fluorine-Dopeds@p(100) and (111) Surfaces
with Water
F-76| P. Rubin Insulator-Metal Transition in FeA€aused by Substitutions
F-77| S. Zazubovich Low-Temperature Delayed Recombination i#B¥0s:Ce and LuSiOs:Ce
F-78| R. Zabels Depth Profiles of Indentation Hardness and DislocaMobility in MgO
' Single Crystals Irradiated with Swift Kr and N lons
F-79| L Wan New Insights into Charge Transfer Transitions inW@dh: Covalency,
' 9 Polarizability and Charge Effects on Energy Posgio
F-80 N. Mironova- Template-Based Synthesis of Nickel Oxide
Ulmane
) . Synthesis, Structure and Electrical PropertiesiafTLi«P.O7 (x = 0; 0.1)
F-81| A. Dindune Pyrophosphates
F-82| E. Sproge PrO(_juctlon of Glycolic Acid from Glycerol Using Nel Fine-Disperse
Platinum Catalysts
F-83| B.E. Park Fabrication and Electrical Characteristics of P(VDIFE) Films on
T Si(100) Substrates using Cyanoethyl Pullulan Bufgeyers;
F-84| G. Chikvaidze Method for Purifying Silicon Using Electron Beamchaology
Importance of FTIR Spectra Deconvolution in AmorpfoCalcium
F-85| A. Brangule Phosphate Analysis
F-86 | J. Belovickis Ultrasonic Wave Propagation in PDMS with ZnO Narrtipkes
F-87 | A Eedotovs Angular Dependence of Recombination Luminescenceedied EPR in
ZnO Crystal
F-88| A. Antuzevics EPR Spectra of SgF
F-89 | D. Jakovlevs Gallstones Studies by Raman, EPR and EDX Specipesco
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F-90| M. Oja EPR Spectroscopy of C3A
F-91 | M. Polakovs Detgrrr_nnatlon of Methemoglobin in Human Blood é&ft lonising
Radiation by EPR
F-92 | M. Baizhumanov Color Center Creation in LiF Irradiated with 12Cdabh30Xe MeV lons:
' Dependence on Energy Loss and Absorbed Energy
F-93| | Jonane EXAFS Study of the Local Structure of CrystallinedaNanocrystalline
' Y203 Using Evolutionary Algorithm Method
i : Local Structure and Lattice Dynamics of Cubigd¥. an X-ray Absorption
F-94| K. Lazdins Spectroscopy Study
F295| A Cintins ODS Steel Raw Material Local Structure Analysisrigsk-ray Absorption
Spectroscopy
F-96 | J. Gabrusenoks Vibrational Spectra of Tungsten Oxytetrachloride
F-97 | R. Grants Kinetic Properties of Grain Boundary with Ridge<Zim Bicrystal
F-98 | A. Kuzmin Preparation and Characterization of Tin Tungstdii@ Films
F-99 | P. Zajev Electronic Properties of Polar and Nonpolar Zn@nBibn LiGaQ
i - Optical Properties of Polar and Nonpolar ZnO ThifmE Grown on
F-100) P. Sajev LiGaO, Substrate
) . Measuring the Brightness of the Retinal Reflex tdaudg the
F-101) V. Karitans Accommodative Response of Stimuli with Various S distribution
F-102| S, Fomins Adapt.lon of Liquid Crystal Shutters for Infrared nBcular Eye Pupil
Tracking
F-103| M. Ozolinsh Smart Model Eye on Base of PDLC for Continued Stagtaract Studies
F-104| E. Butanovs HOPG Patterning Methods for Graphene Transferririg the Substrate
) : Optimization of Deposition and Characterization @faphene Oxide
F-105| A. Dravniece Monolayers and Films Obtained by Langmuir-Bloddetthnique
F-106| V. Kampars Thermal Deoxygenation of Graphite Oxide at Low Tenagure
F-107 | K. Pudzs TTT Thin Film Morphology and Electrical Properties
F-108| V. Skvortsova Optical Properties of Natural and Synthetic Bergstals
i : Optical and Structural Studies of Zn-Ir-O Thin FsnDeposited by
F-109) M. Zubkins Reactive DC Magnetron Sputtering
. 3 . .
F-110| J. Grube Exar_nmmg Temperature Influence on*ErLuminescence in NalLaF
Matrix
. Influence of Different Crystal Field Environments the Luminescence of
F-111| A. Sarakovskis NaLak: Er**
F-112| S.H. Kwon Synthesis and Luminescent Properties of Blue EmitCaAbSi,Os:EL?

Phosphor
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Thermally Stimulated Luminescence of Undoped antt Deped GdSiOs

F-113| A. Zolotarjovs and (LuGd)SiOs Single Crystals
i Luminescent Properties of TeDoped SrLaMgTa®Phosphor for White
F-114) G. Yue Light-Emitting Diodes
F-115| A. Trukhin Luminescence of Coesite
F-116| D. Spassky Luminescence and Energy Transfer in RE(INl.,)O4, RE =Y or Gd
F-117| U. Rogulis Luminescence of Eu lons in Oxyfluoride Glasses @labs-Ceramics
F-118/| L. Grigorjeva Luminescence of Er/Yb Doped HAp-FAp Nanocrystald @eramics
F-119| Y.W. Seo Synthesis and Photoluminescence Propertiess¥{B80s)s: Dy**
F-120| V. Pankratov Excitation Luminescence Spectroscopy of Rare-Hadped NalLak
Enhanced Up-Conversion Emission of Core-Shell $tred o-
F-121)J.H. Oh NaYF:Yb*/Er*@SiO;
F-122| E. Elsts Luminescence of Terbium Activated Nalaf Oxyfluoride Ceramics
F-123| D. Millers Radioluminescence and Cathodoluminescence of TiCirstals
F-124| B. Berzina AIN Based Composite - White Light Emitter
F-125| K. Chernenko Photoluminescence Properties of'BLenters in Yttrium Oxide
F-126| E.O. Kim Improved Optical Photoluminescence by'Blo-Doped in CaMo@Eu**
F-127| |. Kudryavtseva Luminescence of Complex Terbium Centres in CaSO
F-128| T. Koketai Thermally Stimulated Luminescence of KPROs-doped TT lons
: Thermostimulated Luminescence (TSL) and TemperaBivelies of the
F-129) V. Levushkina 1|, v, pay:Cé* Solid Solutions
i Hexagonal Boron Nitride Luminescence Intensity Dejmnt on Ambient
F-130| V. Korsaks Vacuum Level
F-131| R.R. Rosul The Study of the High-Pressure Phase of TllGfystal
ENERGY
Novel Method for Feedstock Production For High &énhcy FZ c-Si
F-132| An. Kravtsov Photovoltaics
F-133| Al. Kravtsov New Feedstock for c-Si Photovoltaics
Sequentially  Deposited Perovskite  Solar  Cell Emiplgy
F-134/ I. Kaulachs CHsNH3Pbls.Cly Light Absorber
i : Research on Controlled Porosity Composite Thin tsiygad Systems for
F-135] J. Kleperis Energy Storage and Conversion Applications
F-136| I. Dimanta Bacteria Produced Hydrogen Storage Possibilitiederal Hydride Alloy
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Structural Studies of Graphite-Containing Divertdaterials by Raman

F-137 1. Rundane Spectroscopy and by Quantum Chemical Calculations
: Floor Tile Tritium Accumulation at Various JET Fasi Device Divertor
F-138| M. Halitovs Configurations
. Thermal Treatment of JET Carbon Dust Mixtures Ciniig Long-Chain
F-139| L. Avotina Hydrocarbons
i - Structure and Photocatalytic Properties of ;FM@O; Composites Prepared
F-140] I. Liepina by Electrophoretic Deposition
Yttrium Doped Hematite Nanograin Thin Films as Aaollaterial for
F-141] M. Vanags Solar Water Splitting
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Labochema Company Groupoperating in the Baltic States for over 10 yearsne of the
biggest company groups in the Baltic States setlgtop quality chemical reagents, consumables,
laboratory equipment, furniture, and implementinglividual laboratory installation projects.
Labochema Company Group is offering a very larg@idsent of laboratory equipment, which
consists of just world known and recognized comfgpyoducts. We offer only high quality and

I TESCANJ:

PERFORMANCE IN NANOSPACE

reliable equipment for your laboratory as

Instruments
ning electron microscopes atomic force microscopes

1:,

ThermoFisher
SEIENTIFIC
MICROSYSTEMS )
microanalysis, electron microscopy and other stereo/digital/light and confocal
analytical equipment microscopes

in

Instruments @l akeShore.

thermal analysis and thermophysical property probe stations, Hall Effect systems and
measurement systems electromagnets

hielscher

Ultrasound Technology ¢

uoii}oayiad o) Buiysay

ultrasonic homogenizers

force and torque measuring systems

Labochema Company Group - The reliable supplier fayur laboratory in the Baltic States
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Elpa Research Institute and Pilot Line JSC

Elpa Research Institute and Pilot Line J8Cone of the oldest Russian companies
involved in the development and manufacturing @zpelectric materials, piezoelectric elements,
piezo technique products and acoustic electrorocselectronic equipment, control systems and
monitoring mechanisms and structures

COMPANY PROFILE - RESEARCH, DEVELOPMENT AND PRODUCT ION OF:

o piezoelectric materials;
o piezoelectric elements;
o piezoelectric devices;
o acoustic electronic devices.
A number of new high-performance piezoelectric malke for the following applications was
developed and produced:

o emitting and transceiver emitting hydroacoustieang;
o multi-layered and flexural piezo actuators;
o high temperature piezo actuators and vibration@sns

In recent years a family of high performance piezoelectric maiksrifor general and
specialized applications was developed: PZT-43,-B&TPZT-47, PZT-48, PZT-50, all of them
exhibit high dielectric, piezoelectric, and elasti@mracteristics. A specialized piezoceramic malteri
NPZT-2 having et = 800 pC/N , e3s'/eo = 4600, Tc= 140 °C and exhibiting low sintering
temperature was developed.

Unique piezoceramic material TCVC-2 withsd= 340 pC/N, & = 520 pC/N was developed, its
working temperature equals 320

JSCResearch InstitutéElpa” is the only Russian research and produatmmpany, owning
piezoelectric film casting technology and having tfull manufacturing cycle for multilayer
piezoceramic actuators and sensors.

Contacts:

AddressRussia, 124460, Moscow, Zelenograd, Panfilovskospect, b.10.
Phone: +7 499 710-13-10;

Fax: +7 499 710-13-02;

e-mail:ddd@elpapiezo.ru

internet:www.elpapiezo.ru
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WORK EXPERIENCE
2012 Acting Rector of Vilnius University
2007 Vice Rector for research of Vilnius University
2003 Dean of the Physics Faculty, Vilnius University
2003 Professor, Department of Radiophysics, Faculty of Physics, Vilnius University
2000 Associated professor, Department of Radiophysics, Faculty of Physics, Vilnius University

EDUCATION AND TRAINING
2000 Defended habilitated doctor thesis

1993 - 1995 A Humboldt scholarship and research in Leipzig University in Prof.G.Voelkel laboratory.
1990 PhD thesis and obtained doctor degree.

1989 - 1990 Soros scholarship and research in Oxford University, England in Prof.A.M.Glazer laboratory.
1985 Graduated Vilnius University

SCIENTIFIC DIRECTION
Main directions of the research are: lattice dynamics, ferroelectrics, structural phase transitions,
dipolar glasses, relaxors, dielectric spectroscopy.

Publications More than 240 IS published papers from 1990.

Presentations Participated in conferences in Germany, Russia, France, Italy, USA, England, Czech Republic,
Projects Poland, Spain, Brazil, Japan, China etc., and have more than 400 contributions to the

conferences.

Received the Lithuanian National Prize in Science 2002.

P. BrazdZitinas Award in Experimental Physics of the Lithuanian Academy of Sciences in

2003.

Member of the Lithuanian Physical Society

Member of the Lithuanian Materials Research Society

Member of the Lithuanian Academy of Sciences

Foreign member of the Latvian Academy of sciences

Foreign member of the Saxony Academy of sciences

Member of the international advisory board of ECAPD (European Conference on Applications

of Polar Dielectrics)

Member of the international advisory board of EMF (European Meeting on Ferroelectrics).

Chair and Organizing and Program Committee Member in Lithuanian national and

international conferences.

Coordinated numerous projects of Lithuanian Research Council, had FP6, FP7 projects,

coordinated NATO, European Defense Agency projects.

Memberships




RCBJSF In-1
Cooperation of Latvian and Lithuanian Scientists inStudies of Ferroelectrics

and Related Materials

J. Banys, A. Sternber§ M. Antonova, S. Bagdzevius, E. Birkg, K. Bormanig, M. Duncé,
R. Grigalaiti$, K. Kundzing, and J. Macutkeut

IFaculty of Physics, Vilnius University, Lithuania

2Institute of Solid State Physics, University of iat Latvia

e-mail: juras.banys@ff.vu.lt; stern@Ilatnet.lv

Recent years have witnessed the fruitful collabomabetween Lithuanian and Latvian
researchers in the field of ferroelectricity. Twaim institutions were involved in the scientific
work — Faculty of Physics, Vilnius University anteketInstitute of Solid State Physics of University
of Latvia.

Lithuanian team is concentrated on the broadbael@catric spectroscopy techniques which
extend from milihertz range up to 120 gigahertzjfirency. These experimental methods allow to
investigate the dipolar relaxation which gives calicontribution to the properties of ferroelectric
and related materials.

On the other hand, Latvian team in the frameworkhi§ cooperation is focused on the
synthesis of high quality ferroelectric ceramicsd dbasic characterization of the material —
crystallographic structure by means of x-ray didtcametry and microstructure by TEM and AFM.
Furthermore polarization, dielectric, electromedbaln electrocaloric parameters are studied. As a
result, phase diagrams of complex solid solutisiesys were determined.

A lot of effort was devoted to the relaxors, inghglcanonic relaxor lead magnium niobate
(PMN), lead scandium niobate (PSN) and their ssdilditions and other materials possessing B-site
chemical disorder. Afterwards it was extended ® Alsite substituted relaxors which had sodium
bismuth titante (NBT) as a main component. Furtlteenthe collaboration involving additional
experimental and theoretical investigations wenestitgped [1, 2].

Subsistent presentation will shed the light on ghevious work which have been done as
well on the current status and future perspectiVég presentation is dedicated to commemorate

the 18" anniversary of Lithuania’s and Latvia's EU memibéps
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2. J. Macutkevic, S. Kamba, J. Banys, A. Briling&sPashkin, J. Petzelt, K. Bormanis, and A. StergbPhys. Rev. B
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at SISSA, Trieste. He worked as Research Associate at Brandeis Univ., Waltham,

MA, USA (1983-1985); as visiting researcher at M.L.T., Cambridge, MA, USA
(1985-1986), at Univ. of Maryland, USA (1986-1987), at Univ. of California at Davis,
USA (1987-1988). He was appointed as a Tenured Researcher (Research Staff) at INFN
(Istituto Nazionale di Fisica Nucleare) Laboratori Nazionali di Frascati (LNF) in 1987. He
was appointed as INFN First Researcher (Senior Research Staff) in 2005. He coordinates
all LNF theoretical physics activities. His research interests include theoretical physics,
condensed matter, nanoscience and nanotechnology, nanocarbon based composites,
biomedical applications. His lab cultivated over 20 between PhD and master students in
theoretical physics, condensed matter, nanoscience and nanotechnology. He published
over 400 papers in peer-reviewed journals with h =40, http://scholar.google.com/citation
s?hl=en&user=m0q8urEAAAAJ, and more than 10 invited book chapters. He is the Editor
and/or co-author of 10 books with Springer. He appears in the list of Top Italian Scientists
published by the VIA Academy.
He received the B.W. Lee Prize at Erice School of Subnuclear Physics (Erice, Italy) 1982. In
1980 he was selected as Summer student at CERN (Geneva).
He is Series Editor of Springer Lecture Notes in Nanoscale Science and Technology, and
biannual (2012-2014) Associate Editor of Nanoscience and Nanotechnology Letters. He is
Editorial Board Member of the many scientific journals.
He is Director of the NATO Emerging Security Challenges Division, SPS Programme project
“Development of Biosensors using Carbon Nanotubes”. He is INFN scientist in charge of
EU projects “BY-NanoERA-Institutional Development of Applied Nanoelectromagnetics:
Belarus in ERA Widening”, “NAmiceMC—Nano-thin and micro-sized carbons: Toward
electromagnetic compatibility application”, and “FAEMCAR—Fundamental and Applied
Electromagnetics of Nano-Carbons”. He is LNF Spokesperson of GSS Supersymmetry
project and INFN National Spokesperson of SEMS Condensed Matter Theory project.

D r. Stefano Bellucci obtained in 1986 his Ph.D. in Physics of elementary particles
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Heat Resistant Unfired Phosphate Ceramics with Cartin Nanotubes and Boron

Compounds for Electromagnetic and lonizing Shieldig Applications

A. Plyushch, D. Bychanok, P. Kuzhit, S. Maksimenkd K. Lapka, A. Sokof,
J. Macutkevié, J. Bany3, F. Micciulle?, A. Cataldd, S. Bellucct

IResearch Institute for Nuclear problems of BelamiState University, Belarus
2Research Institute for Physical-Chemical problefrBadarusian State University, Belarus
3Vilnius University (VU), Lithuania
“INFN-Laboratori Nazionali di Frascati, Italy

e-mail: Stefano.Bellucci@Inf.infn.it

Many modern industrial applications
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ranging from electromagnetic (EM) interference ® Re(s) 0O Im(:

o . . . ®m  d=8-15nm ]
shielding to nuclear energetics require the design e d=20-30 nm
A d=30-50 nm

and fabrication of new materials with controlled :
physical properties, including hardness, mechanical 1o’
strength, high thermal stability, electrical % -
conductivity, etc Because of their advanced

physical properties phosphate based composites

10° |
could be very interesting for different practical

. . ........ TR FEEEETT IR TTT B AR
uses, e.g. as a matrix for effective EM and/or 10° 10° 10° 10" 10°

... . . Frequency, Hz
ionizing radiation shields. Phosphates working
Fig.1. Comparison of experimentally measured

temperatures could reach 1600-170D, whereas dielectric spectra (dots) and its modeling (soiit$)

for composites containing MWCNTs of various
the curing can be done at room temperature. SO meter at the constant concentration 1.5 wt. %
of the developed phosphate composites have beehassthermal insulation plates in Energiya-Buran
spacecraft [1]. Filled with boron compounds, pha@dplboron composites were proved as effective
materials for slow neutrons absorption and collioraf2]. Here we report the fabrication of phosigha
ceramics filled with multi-walled carbon nanotul§@8NCNT) of different diameter by energy-efficient
method. It has been observed that the percolati@shold shifts into the lower concentration rafage

MWCNT with smaller diameter together with increa$¢he absolute values of electrical conductivity.
References

1. Ph. Krylova, et al, High-temperature glue conims, Patent2066335. RU. Bulletin No 25, September 10 (1996)
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Antonio

BIANCONI

Full professor of Physics since 1986 in I'Aquila University and Rome University in Italy.
Has held the Chair of Biophysics at the La Sapienza University of Roma (1992-2012).

Visiting Professor in the Stanford University in USA, Univ of Paris VI in France, Tokyo University in
Japan.
Antonio Bianconi is Director of the Rome International Center for Materials Science Superstripes.
President of the association for scientific culture Superstripes, associated at the Institute of
Crystallography of Italian National Research Council.
He has been member of the Scientific Committees of various international institutions, and of many
international conferences. He is in the editorial board member of several international journals.
He has been main lecturer in many international conferences.
His main scientific interests are in local lattice fluctuations in complex materials.
He is a pioneer of synchrotron radiation research first at Frascati syncrotron 1972-1975; Stanford
SSRL 1976-1980; Frascati Adone storage ring 1980-1987; and later at the synchrotron facilities of
Lure (Paris), Photon-Factory (Tsukuba), ESRF (Grenoble), and Elettra (Trieste). He has invented the name
XANES spectroscopy in 1980, having identified the key role of shape resonances in x-ray absorption
spectra near the absorption edge. He has identified many body effects in core excitations of correlated
electronic systems. He has resolved the local structure of active sites in metalloproteins, of complex
oxides and of high temperature superconductor. In the field of high temperature superconductors he
has first identified the charge carriers as holes in the oxygen orbital and the stripes scenario of local
lattice fluctuations.
He is chairman of the Series Int. Conferences on Stripes, and director of the Superstripes schools at
the E. Majorana Center in Erice.
Recently has showed the key role of nanoscale phase phase separation in unconventional high
temperature superconductors developing a new experimental method: scanning micro x-ray diffraction.
Quantitative valuation:

e following ISI: Researcher_ID: J-3997-2013; author of 424 Articles;

e H-index =53,

e Sum of the Times Cited: 9213

e http://www.researcherid.com/ProfileView.action?returnCode=ROUTER.Unauthorized&querySt

ring=KGOUuZjN5SWkAbUEghFfNvmNOSHWIWERGHy 7k6%252F0pLs%253D&SrcApp=CR&Init
=Yes

Following google scholar profile:

e http://scholar.google.it/citations?user=98JhimQAAAAJ&I=it
He has a total of 13706 citations, h-index=56

Prof. Antonio Bianconi graduated in Physics in Rome university in 1969.
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Nanoscale Phase Separation in Two-Dimensional Layem the Limit of a Few
Unit Cells Controlling Material Functionalities Unv eiled by Scanning
Submicron XRD

A. Bianconi
RICMASS, Rome International Center for Material$eBce Superstripes Via dei Sabelli 119A, 00185 Rditady

e-mail: antonio.bianconi@ricmass.eu

The emergent functionalities in two-dimensionalei@y in the limit of a few unit cells is
becoming a hot topic both for fundamental new lowergy physics and for new exciting applications.
Novel heterostructures at atomic limit show uncorimal ferroelectrics, magnetic and
superconducting properties which can be tuned bwinstand photo-induced effects. Recent
breakthroughs have led to intense research insetferoelectrics and more generally ferroic materi
Understanding the ferroelectric properties of seagineered thin film systems requires taking into
account the interfaces with electrodes, substratesatmospherel, the use of piezo-effets allows
nanoscale domain writing [2,3] and strain engimeemllows significantly change values of remnant
polarization, coercive field, or the Curie temparat[4,5]. The scientific interest is now focusita
networks where superconducting, magnetic and feleotric nano-domains compete. New materials
made of atomic layers intercalated by differentatolayers show nanoscale phase separation with co-
existence of ferroelectric, magnetic and supercotigly phases, where defects, and strain tune the
material functionality. We have addressed our egeto develop a new method to get the spatial
imaging of the fluctuating order in the k-spacearsung micro x-ray diffraction (8XRD) [6-11] in
these multi-phase materials. We have developetstat methods of data analysis ofi>8RD to get
new information on the statistical physics of tl@mplex nanoscale phase separation taking place in
these novel functional materials [6-11]. UsingX®D we have shown that statistical physics of the
spatial distribution of the grains controls the ema functionality, in the case of unconventional

granular superconductors with the key role of platemn.

References

. M. Dawber, K. M. Rabe, and J. F. Scott, Rev. M&luys. 77, 1083 (2005).
. S. V. Kalinin, et al. Rep. Prog. Phys. 73, 05680210).

. I. Infante, et al. Phys. Rev. Lett. 105, 05762110).

. D. G. Schlom, et al. Annu. Rev. Mater. Res. 3B, @®07).

. K. J. Choi, et al. , Science 306, 1005 (2004).

. M. Fratini, et al. Nature 466, 841-842D(10

. N. Poccia, et al.Nature Materials, 10, 733-738L(Q0)

. N. Poccia, et al Proc. of the Nat. Acad. of Bcés 109, 15682012
. A. Ricci, et al. Scientific Reports 3, 2383 (2013)

10. A. Bianconi Nature Physics 9, 536-537 (2013)

11. Ricci et al. New Journal of Physics 16 0530311¢)

OCOoO~NOOOUITDWNPE

35



(Krasnodar, Russia) in 1995 and his Doctor of Science (habilitation) degree from

the Institute of Physics, Polish Academy of Sciences (Warsaw, Poland) in 2012.
Since 2007 he has been taking a Professor position in the Institute of Physics, University
of Tartu, Estonia. Before that, he had been working in Kyoto University (Kyoto, Japan),
2003-2007; Weizmann Institute of Science (Rehovot, Israel), 2002; Asmara University
(Asmara, Eritrea), 2000-2001; Kuban State University (Krasnodar, Russia), 1995-2000.
His area of scientific interests covers theoretical spectroscopy of transition metal and
rare earth ions in optical materials, crystal field theory, ab initio calculations of physical
properties of pure and doped functional compounds. He is a co-editor of two books,
author of 10 book chapters and about 250 papers in the international journals. According
to Google Scholar, he has more than 1900 citations with h-index=23. In 2006 he received
the Dragomir Hurmuzescu Award of Romanian Academy; in 2013 he received the State
Prize of Republic of Estonia in the field of exact sciences. He is also an Honorary Professor
of the Hong Kong Institute of Education.

Professor Mikhail G. Brik received his PhD degree from Kuban State University
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A Review of the Structural, Electronic and ElasticProperties of Spinels

M.G. Brik
Institute of Physics, University of Tartu, Riia 14artu 51014, Estonia

e-mail: brik@fi.tartu.ee

The crystals with the spinel structure form a lagyeup of technologically important
materials. The spinels with the halogen atoms asathions are typical semiconductors with a
narrow band gap, whereas the oxygen-based spinstegs considerably wider band gaps, which
make them suitable for doping with rare earth

and transition metal ions. In the present work a 124 , gfj,'gg:s

review of the structural, electronic, optical and %”' N f;’ﬁﬁ:ggz Y 2l
elastic properties of a large group consisting of §10- *_ Nitrides

185 ternary and binary spinel compounds is ;% o

given. At first, a simple empirical model based g’ 8-

on the ionic radii and electronegativities of the % 74

constituting ions was developed [1]. The average AR

Modeled lattice constant, A

relative error between the experimental angigi. cCorrelation between the modeled and

. . 0 experimental lattice constants in the group of 185
modeled lattice constants is less than 1 %. Thc%jbic spinels, which were classified accordinghe t

model allowed for a prediction of the |atticeanions (oxides with O, sulfides with S, selenidéhw

Se, tellurides with Te, nitrides with N).
constants of new spinels [1]; moreover, the
criteria of stability of spinel structure were segted that can be used for narrowing the search
space when looking for new spinels. As a furthepsthe ab initio and semi-empirical methods
were used to analyze the electronic, optical aadtiel properties of pure and doped spinels, like
ZnAlS4, ZnGaOs [2-4], CdInSs [5]. Special attention was paid to the locationtied impurities
energy levels within the host band gap; suggestetbmation of the semi-empirical and ab initio

techniques gives a complementary description oedopaterials.
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National Taiwan University of Science and Technology (Taiwan Tech), Taiwan and

his group have special expertise in the formation of single nanostructure device of
metal-oxides and IlI-V nitride semiconductors. He is also experienced in crystallographic
structural analysis and structure property correlation in measuring as well as
understanding optoelectronic properties of single nanostructures and extracting various
device properties meticulously. Additionally, he was one of the pioneers in the studies
of the surface photoconductivity and high-gain transport in lll-nitride nanowires when he
was a postdoc working with Dr. Kuei-Hsien Chen (Academia Sinica) and Dr. Li-Chyong
Chen (National Taiwan University). His acumen in the understanding of nanoelectronics
has helped the group laurel with number of very important publications. Over the past
decade, he has published near 40 papers, two review articles, and one book chapter.

Prof. Ruei-San Chen, of Graduate Institute of Applied Science and Technology,
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Surface-controlled Transport Properties in 1D and ® Nanocrystals

R.S. Cheh K.H. Chen, L.C. Chen

INational Taiwan University of Science and Techngl¢Baiwan Tech), Taiwan
2Institute of Atomic and Molecular Sciences, Acadei8inica, Taiwan
3Center for Condensed Matter Sciences, National dminiversity, Taiwan

e-mail: rsc@mail.ntust.edu.tw

We give an overview to the surface effects on ed@at transport properties in the low-
dimensional material systems. For one-dimensiahia) 6ystems, photoconduction (PC) properties
are dominantly controlled by the surface depletiegions in group-lll nitrides (e.g. GaN, InN, and
AIN) and metal-oxide (e.g. ZnO, SpOTIO;, WO;s, etc.) nanowires. Electron-hole spatial
separation and oxygen sensitization PC mechanisensv® major causes resulting in the several
orders of magnitude higher PC gains and carrietitifes in the nanowires in comparison to their
bulk counterparts. In addition, a remarkable thedsidependent conductivity was generally
observed in quasi-2D layer semiconductors such a§;MMoSe, and WS. A probable higher
surface conductivity and electron surface accunuurlaare proposed to explain the anomalous
dimension effect.
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Fig. 1 (a) The photoconductive gain as a functiérsiae for the GaN NWSs (solid circles) and thinnfd (open
diamonds) at 400 V/cm applied field and 4.0 eV @tmn with 10-12 W/n? power density. The “effective size” is
defined by the values of the NW diameter and tm fhicknes$-? (b) The schematic band diagram shows the spatial
separation and direct recombination efip in the SDR and neutral region, respectiv@ly(c) The electrical
conductivities for the MoSemultilayers with different thicknesses ranged frérto 2700 nm measured by two-probe
(black solid star) and four-probe (black open stagthods. Inset: The AFM image of a MeSaultilayer device with a
thickness at60 nm fabricated by focused-ion beam (FIB) approach
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physicsist in 1960. He obtained his PhD in the Department of Theoretical Physics

at St. Petersburg State University in 1964 (supervisor Prof. Marija Petrashen),
Habilitation degree -in the same Department in 1977 “"Molecular models in the electronic
structure theory of crystals”. From 1968 he woks at the Department of Quantum Chemistry
of St. Petersburg State University (Professor — from 1979). In 1990-1994 he was Director
of the Chemistry Institute of St. Petersburg State University, in 1994-1998 he was First
Vice Rector of St. Petersburg State University. Since 1999 till present time he is Head
of Department of Quantum Chemistry of St. Petersburg State University. His research
interest cover symmetry of crystalline solids (the monograph “Site Symmetry in crystals”
has been published by Springer in 1993, second edition in 1997). He is interested also
by the application of quantum chemistry methods to perfect and defective crystals (the
monograph “Quantum Chemistry of Solids” has been published by Springer in 2007,
second edition in 2012). Now his interests cover symmetry and quantum chemical study
of monoperiodic nanostructures (nanotubes, nanowires). He is Foreign Member of Latvian
Academy of Science ( from 2005), Humboldt Foundation Awardee (1998). His publication
list includes over 260 papers indexed in WOS and cited more than 2600 times, his Hirsh
index is 24 (Web of Science data, March 2014).

Robert A. Evarestov graduated St. Petersburg State University as theoretical
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Theoretical Study of Single- and Multi-Walled Nanotibes Rolled-up from
Group IV Metal Disulfides

R. Evarestov, A. Bandura

Institute of Chemistry, Quantum Chemistry Divisi@t, Petersburg State University, Russia
e-mail: re1973@rel1973.spb.edu

In recent years, nanometer-sized dichalcogenides irsensively studied as they are
promising building blocks for engineering and faildring nanoscale structures. Among the
dichalcogenides, group IV metal disulfides haveaated a great attention and the corresponding
nanotubes (NTs), nanowires, and nanobelts have ygehesized.

The structure and properties of single-walledT&hd Zr$-based NTs have been studied in
[1, 2] using the first-principles calculations. tlis work we consider the structure and stability o
the single-, double- and triple-walled rolled up $\Ndonstructed via folding of hexagonal layers of
ZrS; and Sng Choice of these two crystals allows us to complaeeproperties of the NTs formed
by sulfides ofp- andd-elements. Calculations have been made within émsity functional theory
using the hybrid exchange-correlation functional &calized atomic basis set.

The obtained results show that the atomic structfir&rS and Sng NTs is very similar;
however, the electronic structure is different. Blorer, the formation and strain energies of tin
disulfide NTs are 1.5-3 times greater than thoseirgbnium disulfide NTs, thus demonstrating the
lower stability of the SnStubes.

It is known [3] that some inorganic multiwalled manbes can exhibit the polygonal cross-
section. Our analysis of the relaxed shape of dsudnid triple-walled ZrSand SngNTs indicates
a noticeable deviation from the completely cylicdtishape. This deviation is negligible in the case
of zigzag NTs, but it becomes significant in thenoost shells of the armchair NTs and it is

enhanced with the shell radius increasing.
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In recent years much attention has been focusedeooelectrics, ferromagnets and
ferroellastics showing monocaloric effects (CE)oassted with the reversible change of entropy
or/and temperature under external field (magneliegtric, mechanical stress). The main reason is
that such materials are highly promising to be us®avorking bodies in thermodynamic cycles of
the effective alternative solid-state refrigerati@echnologies. The greatest CE in ferroics can be
realized in the temperature region near phase iti@ms close to the tricritical point and
characterized by large values of entropy changesasdeptibility to external field. Electro(ECE)-
and magneto(MCE)-caloric effects are the most esttety studied compared to baro(BCE)-caloric
one. However the latter effect associated with at leenission or absorption at changing external
pressure is the most universal because it candbeed in solids in spite of their physical nature.

In this paper, we present a short review of sorenestudies results evidently showing that
along with a searching for new effective solid igerants, it is profitable also to seek for the way
of caloric efficiency elevating in known ferroicetonly by the increase of external field. Because
phase transitions in many ferroelectrics and feergmets are followed by the unit cell deformation
(do not obligatory associated with the symmetryngfgd, one of the most efficient directions is to
use a twofold CE (ECE + BCE, MCE + BCE) generatethe same ferroic material by two distinct
external fields. Another way is associated withngsthe CE effects in multiferroics. Owing to
magnetoelectric coupling between two monoferroibsystems there is possibility to realize the
multicaloric effect (ECE + MCE) by one of the extarl fields. But the monophase ferromagnet-
ferroelectric materials are characterized not opfiently by rather low values of magnetoelectric
coefficient. That is why it is worth to give muchltemtion to compositional materials, especially
when the transformation temperatures in ferroaleend ferromagnetic components are close to
each other. In such a case, using magnetic orrieldéigtld, one can generate the total multicaloric
effect consisting of ECE, MCE and BCE. The lattéfe@ results from the elastic mechanical
interaction between magnetostrictive and piezoetephases introducing stress in each other.
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Ferroelecric films at the nanoscale (1- 10nm) shaesy peculiar properties, including
switching kinetics and coercive field scaling. Tégsoperties could be successfully explained by
the Ginzburg-Landau phenomenology for the homogeséeithout domains) medium.

One of the most remarkable properties of the féeadecs at the nanoscale is high
efficiency of the bulk photovoltaic effect.

The experimental results are obtained for polymanid perovskite ferroelectric films at the

nanoscale.
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Research is devoted to the study of different aspects of application of quantum mechanical
and statistical thermodynamics approaches to the analysis of the properties of solid bulk
materials, surfaces and the interfaces. The research is based mainly on the Density
Functional Theory (DFT) which is considered nowadays as one of the most powerful tools
in the study of the nature of bonding in materials.

The topics that are intensively investigated nowadays are:

a) Structure and properties of the interfaces; b) Stability of intermetallic compounds;

¢) Thermodynamics and kinetics of phase transitions in metallic alloys and perovskites;
d) theoretical aspects of wetting phenomena; e) adsorption in catalysis;

f) growth of thin metallic films; g) refining of the structure and understanding the nature
of new uranium-based multi-component compounds.
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TiNiSn half-Heusler (HH) alloys are considered asnpising materials for application in
thermoelectric devices. Improving their figure okt may be achieved by increasing the Seebeck
coefficient and/or by reduction of thermal condutyi. The magnitude of Seebeck coefficient depends
on the shape of the electron Density of states (D@Sthe vicinity of Fermi energy, therefore
engineering of DOS may improve thermoelectric fegaf merit. Morphology of material influences the
thermal conductivity, and this is an additional weyy manage the thermoelectric efficiency. The
promising method is to reduce the thermal condiigtiby varying the average grain size in the
sintering of nano-particles. The important quesiiithis context is how the nanocrystalline stroetu
influences their electronic properties. The aimtlois presentation is to examine the improving
thermoelectric figure of merit by Density Functibndheory (DFT) calculations and statistical
thermodynamics.

Investigation of different types of antisite defechows that Ni antisite defects are more
preferable energetically in comparison with othetisite defects. Influence of this defect on DOS is
studied. Changes of DOS due to doping with iron aopgper are presented pointing that alloying
element may change the type of conductivity.

The analysis of the stability of TiNiSn with grong Ni contents is carried out forAD0 by
combining the DFT calculations with statisticalnmedynamics. The approach bridges the gap between
the quantum mechanical calculations of the phasalisy in the ground state and the behavior of the
alloys at elevated temperatures. The quasi-bindgse diagram beyond T=0K for TiNiSn-T{#Sh
solid solutions is calculated with the energy paetars extracted from the calculations of the omdlere
structures on the Ni sublattice.

It is shown that the decomposition of the off-shosenetric Ni-rich HH alloy in the
stoichiometric phase and Tiin with the deficiency of Ni occurs at elevated penatures — an effect
which is confirmed by recent experimental data.stence of the miscibility gap between TiNiSn and
TiNi>Sn leads to phase separation in the nano-scal¢oaratiuction of thermal conductivity recently
found in experiments. It is discussed also howfdinemation of TiNiSn compound with grain boundaries

may influence the conductivity of this material.
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is focusing into three main fields: 1) analysis of mass transport processes taking place
during plasma nitriding of stainless steels and cobalt chromium alloys (it was proposed
novel mechanism and model based in barrodiffusion phenomenon), 2) modeling of phase
separation and encapsulation processes in growing films (formation of nanoclusters
during plasma deposition) and 3) modeling of mass transport processes in nanostructured
powder catalysts for automotive exhaust gas (three way automotive catalysts). Recently,
the novel model which involvs grain boundary diffusion process in polycrystalline particles
of powder was proposed and verified for perovkite catalyst.
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Catalytic properties of nanosized perovskite Laga@d LaMnQ powders are considered
experimentally and theoretically. For the purpokthe use of those catalysts in automotive exhaust
gas conversion the kinetics of oxygen atom trartgparcesses from/to gas phase and catalyst are
experimentally analyzed by isotopic oxygen exchamgéhod. Molecular oxygen isotop®. gas
is introduced into reactor with powder of cataly$he process of exchange is performed at
temperature 40C. As a result of oxygen exchange between gastakysthe molecular species of
oxygen 80,, 800 and '°0, appears in gas phase which kinetics is registéngdmass
spectrometer. Monocrystalline and polycrystallinewder particles are prepared [1,2] are
considered.

The obtained experimental kinetic curves of pagralssures of oxygen species are fitted by
proposed real time kinetic model based on rate temnsa Model includes processes of chemical
reactions (complex and simple heteroexchange) aiffilisibn of oxygen inside powder
nanoparticles. The diffusion process is introducedsidering the bulk diffusion adapted for
powder catalysts [3] and diffusion in grain bounesrfor polycrystalline particles. The main
attention is paid on grain boundary diffusion.

Calculated curves are in a good agreement withrarpatal points for all three types of
catalysts. In the case of polycrystalline powdertipi@s both bulk and grain boundary diffusion
takes place, while in monocrystalline case onlkhliffusion occurs. This assumption is realized in
model. From the calculated results the kinetic Kk@xge rate constants, diffusion coefficients of
bulk and grain boundary diffusion) and thermodyrafaictivation energies of exchange reactions

and diffusion) parameters are obtained.
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The chemistry ofCeQ (ceria) is rich and intriguing, and has importaethnical
applications, for example in solid oxide fuel celad for the purification of exhaust gases in
vehicle emissions control — all of this largely ansequence of ceria's exceptional reduction-
oxidation properties enabled by the duality of @erj which easily toggles between‘Cand Cé*
thanks to its #lelectron.

In this talk we will discuss ceria clusters and oyarticles in reducing, oxidative and humid
environments and the powerful analyses and predistihat can be achieved though computational
materials modelling. Realistic materials modellicglculations need to be able to mimic these
intricate details and at the same time treat léage dynamic) systems. This is a challenge.

We have used a range of theoretical methods to/ steda, including DFT, DFTB (DFT-
based tight-binding), as well as force-field cadtidns with a newly parameterized reactive force-
field — all within a multi-scale simulation envinment.[1-4] Based on the quantum-chemical
calculations, we find that small ceria nanoparticté certain (CeOn)n
shapes (such as perfect octahedra) under low-tertuper 5
conditions can be stabilized through the adsorptiboxygen G0
molecules in the form of superoxo spedi@sagreement with  4nx
experimental studies; blue the figurg, and water in the form

CO
of hydroxo species. Moreover, based on force-fedulations

we can predict the relative stabilities of very girceria (CeOs.).e 21505
nanoparticles of different shapes. These and atkamples will

be discussed.
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RFe0s (R=Y, Ho-Lu) [1,2] consists of the stacking
of triangular lattice of rare earth and iron iorsssiown in
figure 1. The equal amount of #eand Fé" existing in the
iron double triangular layer drives a kind of dmr
frustrated state. It is considered that the chénggtration

realizes a ordering of Feand Fé&" in the triangular plane,

where the charge arrangement become polar [1,2].

There is long discussion for the presence of t

R (B)

ferroelectricity in this material[3,4]. We reporurorecent © ()

Fe (C)

experimental results as, high quality single crhygtawth, o Eg;
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measurement of the Fermi level, Magneto Electspoase o (B)
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Recent our summary on the stability diagram of pskidtes ABQ with octahedral system [Fig.1]
has pointed out the importance of chemical bonds-Gf as well as B-O in perovskites[1]. Tolerancet®a,
which is a useful parameter to consider the stractund the stability of the perovskite, gives atuitive
image of deformation of B§system from cubic (e.g.
SrTiGs, BaZrQ) to tetragonal (e.g. BaT#DKNbO:;,

BOj tilting (zone boundary) B off-center (zone center)

(> Ferroelectric
PbTIQ) in the region t>1. GdFeQ—type 0, Nanbo [ ]Quantum paraelectric (like)
orthorhombic Pnm3g distortion is generally known 5

to appear in the regiakl due to the tilting of B®

Most important result of Fig.1 is ferroelectri ——
materials appear both in regiotssl andt>1. The
ferroelectricity of ABQ in t>1 is intuitively clear Fig.1 Tolerance factort vs. dielectric/ferroelectric
from the uniaxially elongated oxygen octahed properties of perovskites.

Famous and important ferroelectric materials sigBi&eQ, BiMnOs; (metastable), BiCo©(metastable),
PbVGQO; (metastable), and CdTif2], some of which have larger electric polarizatimomparable to that of
PbTiO;, also exist in the regiotcl. Chemical bonds between A-O triggers the feexekity in the
materials witht<1 and the caused polarization is not small contbtwethe materials in the regidnl, as
clearly seen in Fig.1. These results encourage asrisider new materials with distorted polyhedratber
coordination numbers, different from perovskitesur{3], five, and seven. Recently we have reported
FeAlO5[4] with mixed coordination numbers of 4 and 6. Boecently we have just begun the evaluation of
the potential of wurtzite system, which was firgidsed by prof. Sawada’s group [5]. Moriwake al[6]
have calculated the possibility of polar materiatsjuding wurtzite materials, switching to ferreetric by
the applied electric field. Detailed calculated adatill be presented at the presentation to expthee

possibility to get new ferroelectric in the tetrdha system.
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Solid solution systems such asX{Pb(ZnsNbz3)Os-xPbTiOs (PZNXPT) are known as
relaxor ferroelectrics. Among them, PART having the morphotropic phase boundary (MPB) is
a technologically important material mainly duethe giant dielectric and piezoelectric responses.
A theoretical model for such physical propertieam®&PB was proposed on the basis of the
Landau-type free energy functidh. It was also reported that temperatute(T)-fie)dphase
diagrams including the critical end point(CEP) denqualitatively reproduced using the Landau-
type free energy functiof.

In our previous work, we investigted T-E phase dhags in PZN-9%PT near MPB, and
found that the diffuseness of the phase transitidqd-x)PZN-xPT considerably decreases when the

dc biasing field is applied, implying that decreadeheterogeneity owing to the applied electric

field may make the phase transition sh#rp.

To clarify the bulk property related to an 6 P
. . E "'.f °

avarage structure, we investigated the phasg Vi
transition by using such an electric field effect% TR ' ’

= . of
Fig. 1 shows the T-E phase diagram with the2 /i ™™, '

g 2y « /p . 1
electric field along the [113Jirection in PZN- & |OMy) v J C(R)
7%PT, where the measurment is carried out on | P L J

100 150 200

heating or on changing the dc field after field Temperature [°C]

. . . Fig. 1. Temperature-field phase diagram under the
cooling in PZN-7%PT.The stable region of the dc biasing field along the [11}dlirection in PZN-

orthorhombic phase under the electric field wa$”PT

clarified.
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Electromechanical coupling is ubiquitous in natanel directly underpins sensing/actuating
functionalities of various systems. Rapidly devaigpPiezoresponse Force Microscopy (PFM) and
Electromechanical Strain Microscopy (ESM) techngjoeéfer an amazing opportunity to explore
electromechanical activity at the nanoscale witliea@ nm resolution that allows to uncover
fundamental mechanisms of the local piezoelectnenpmena. Piezoelectric coupling may arise
locally due to symmetry breaking in small dimensi@nd at the interfaces. In this presentation, |
will briefly overview the new features in PFM an&M® as of today and present our recent results
on nanoelectromechanical imaging in several nowaknals to be used in multifunctional devices.
The materials range will include centrosymmetricopskites (such as SrTgand manganites with
charge order states), hydroxyapatite thin filmg] deformed graphene. The results are interpreted
in light of the possible symmetry breaking indudsdthe highly inhomogeneous electric field and

mechanical stress.
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RMn20s (R = rare-earth, Bi, Y) is one of the most famous pmatotypical mutiferroics. In
this system, ferroelectricity or magnetism can betiolled by external field such as magnetic field
or electric field, which is called as a magnetogleceffect. Since electric polarization can be
induced only in antiferromagnetic phase, magnetdeiohas been thought to be a primary order
parameter for ferroelectricity.

We have carried out neutron diffraction study undegnetic fields for many types of
RMn2Os single crystals to elucidate microscopic mechanigth magnetically induced
ferroelectricity. The study have shown that feregéilic phase transitions simultaneously occur with
magnetic phase transitions induced by magnetid,fisuggesting that the magnetic structure
consisting oR3* spin, Mr?* spin, and MA" spin induces the electric polarization in thistegs Our
magnetic structure analysis using neutron diffaactclarified that the arrangement of #Mrand
Mn** spins commonly seen regardless of the typB6fions essentially contributes to the electric
polarization. On the contrary, the direction défrdagnetic moment oR®* site strongly depends on
the type of rare-earth elements (electronic sstgyle ion anisotropy, and so on), indicating tihat
4f magnetic moment plays an important role for a wnehiety of magnetoelectric effects in this
system.

We recently have found in EuM@s that magnetic phase transition is induced by apgly
hydrostatic pressure, where the ferroelectric ttemmsoccurs and the electric polarization enhanced
Magnetic structure analysis under pressure haveated that the suppression of cycloidal magnetic

structure increases the electric polarization is thaterial.
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The far-IR spectroscopy has been extensively appite various kinds of ferroelectric
materials to investigate IR active soft optic phonand relaxation process of polarization
fluctuations. By using the incoherency of light sms, the many far-IR studies were reported on
the frequency-dependent absorption, but not theaed imaginary parts of dielectric constants.
The new technique of coherent terahertz generainaibled to determine real and imaginary parts
of dielectric constant uniquely, and terahertz tshoenain spectroscopy (THz-TDS) attracted much
attention. However, the most of the THz spectral motv were measured between 0.5 and 3 THz,
where 3 THz is equivalent to 100 d(wavenumbers) [1]. Recently widely tunable monoohatic
Cherenkov phase-matched terahertz (THz) wave gemeraas developed recently, arttle
frequency range of THz-TDS has been extended up Téiz in organic materials [2,3]. In this
study, broadband THz-TDS was applied to variousikiof ferroelectric crystals from 0.2 to 6.5
THz. Both transmission and reflection spectra waeasured to determine real and imaginary parts
of dielectric constants in the far-IR range, anel tbsults were shown on technologically important
ferroelectric crystals such as LiTa@iNbOs[4], SrTiOz[5], andB-Gd(M0O4)s.
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M. Krack
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Reliable simulations for actinide materials are amant as a complementary alternative to
experimental investigations, because experimenth wuch usually hazardous materials are
difficult and costly. During the recent decades siignfunctional theory (DFT) has proven to be
such a method for condensed phase actinide systeowgever, the accurate description of the
strong correlation of the 5f electrons still poseshallenge for current density functionals and in
fact a plain DFT method predicts uranium dioxid®g)Jto be metallic. As a remedy Anisime¢
al. [1] proposed the addition of a Hubbard-like U taorthe DFT functional. This term introduces
an energy penalty for the delocalized 5f electrwhgch “encourages” the 5f electrons to localize.
This so-called DFT+U method improves indeed manyspal properties with respect to the
experiment, but, unfortunately, it creates alsoamifold of possible localization patterns for the 5
electrons at each uranium site which causes ther@ite of metastable states. Several recipes
have been devised in the literature to tackle grsblem to ensure a convergence to the true
electronic ground state for a given atomic configian [2-5]. In this work fully unconstrained cell
optimizations of UQ bulk model systems are presented using the DFTaplementation in the
CP2K code [5,6]. Different effective & values are employed in the framework of the DFT+U
approach proposed by Dudarev [7] for various ebeatr density guesses. The detected low-lying

states are presented and their properties arezathly
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It is known that segregated impurities can inducdmtiement of materials. For example,
even small concentration of H reduces the mechhsitangth and may limit some industrial
applications of advanced materials. In order toeuwsidnd the grain boundary (GB) cohesion it is
necessary to find general rules for the descriptibthe relationship between microscopic features
and macroscopic material properties. In this woekimvestigate the influence of the interstitial (H,
B, C) and substitutional (Co, Ni, Pd, Al) impurgien the chemical bonds at the GB and surface in
the series of the B2-TiMe alloys, where Me=Fe, Bp,Pd. The atomic and electronic structures of
TiMe alloys with £5(310) GB and (310) surface were investigated bg hlane-wave
pseudopotential method. The change of the Griffidtk (GW) due to an interstitial impurity was
calculated as the difference in GW for impurity ddpand undoped systems or the difference
between segregation energies of the impurity téasarand GB. The influence of impurities on H
sorption properties was also studied. It was shdvat hydrogen sorption energies at the grain
boundary and surface depend strongly on the H lecaironment. The most preferential sites for
both B and C segregation are the same as for Hamhbysis of the electronic properties allows us
to establish the microscopic nature of the chemlwahding of interstitial impurities at the
interfaces. It was found that H decreases the sairnergies more significantly than the GB
energy, which results in decrease of the Griffittrkvand indicates also the decrease of the strength
of the grain boundary. The segregation of H at@ie makes intergranular fracture much easier
because the bonding between metal atoms, whicheag@bors of H, is weakened. In contrast to H
other impurities (B or C) lead to opposite effenttbe Griffith work. Our estimation of the Griffith
work for the alloy containing both B and H atomsag its increase in comparison with undoped
alloy but the effect of carbon on the GB strengthgmuring hydrogenation seems to be negligible.
The contributions of the chemical and elastic maimas to the binding energies and GW are

discussed.
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The polar lattice distortion and the lattice sti#pilof perovskite-type oxides with the
chemical formulaABOs are strongly influenced by substituting other idoisthe A- and/orB-site
ions. For example, primal 2nd-order (pseudo) Jadifefl distortions are caused in BatiBy the
octahedrally coordinated high-valedftness Ti ion at th@-site, whereas a structure with a large
tetragonal distortion is stabilized up to highenperature in PbTi®by cooperation of the Ti ion at
the B-site and the Pb ion with lone pair electrons a Ahsite. Most of valence electrons in
perovskite-type oxides are distributed in shellsorygen ions in general, while a small part of
valence electrons of such ferroactive ions remairteeA- and/orB-sites to form covalent bonding
with oxygen ions. The chemical bonding betweenféneactive ions and the oxygen ions is a clue
for understanding phase transitions in perovskipetxides.

Our group has been devoted to visualizing the edaatlensity distributions of perovskite-
type oxides by analyzing the synchrotron-radiakenay powder diffraction (SXRD) data measured
at SPring-8 using the maximum entropy method (MEN®tveld method [1, 2]. In this study, the
distributions of valence electrons in the outerllshef atoms are derived accurately from the SXRD
data of various perovskite-type oxides to provedharacteristic chemical bonds which govern the
ferroelectric phase transition. The obtained rasplovide direct experimental evidence that the
hybridization of orbitals forming th&-O bonds weakens the short-range repulsion fornd, a
causes the polar lattice distortion on B@s octahedron.
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It has been estimated that currently up to 27 ¥hefadult population in Europe are affected by
mental and neurological disorders [1]. Many of thedisorders are directly related to different
neurotransmitters, specifically to the amount afro&ransmitters present in different parts of brain

Carbon based materials have frequently been useih witro experiments for detecting
neurotransmitters. Recently, promising results ime tfield of electrochemical detection of
neurotransmitters have been achieved by usingrdiffetypes of electrodes coated with thin films of
diamond-like carbon (DLC) [2-4] DLC is a metastabldem of amorphous carbon of which properties
are determined by the ratio of sp2 and sp3 bohé@samount of hydrogen and the deposition method of
DLC [5]. All the different DLC types display somd the typical properties of diamond, such as
stability, good biocompatibility and resistancebtcterial adhesion [2], making them feasible maleri
for biomedical applications. However, the sendyiaf the DLC electrodes is typically not high egbu
to detect the very low concentrations of neurotnatiers present im vivo conditions.

Thus, there is a clear need to combine DLC thmdiwith other more electrocatalytic forms of
carbon or to induce enhanced reactivity to the Bu@ace by some other means. In this communication
we will present three methods to realize the reguhligher sensitivity: (i) carbon nanotubes (CNT’s)
grown directly on top of DLC electrode, (ii) chemily reduced graphene oxide combined with DLC
electrode and (iii) introduction of surface topqgm to DLC by using Ti adhesion layer underneath th
electrode material. We will show that all of thee approaches can provide the much increased
sensitivity towards our benchmark molecule, whgldopamine, over plain DLC electrodes. However,
there are also clear differences among the thiestyf thin film materials with respect to staliind
electron transfer rate, for instance. Finally, wi# discuss about further possibilities to fabrigatther

hybrid nanocarbon materials.
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In our report results of studying of PbMiNb2z0s (PMN), PbMg/;Taz03 (PMT),
PbSa;Tai203 (PST), and NaBi12TiOs (NBT) crystals by Raman and micro-Brillouin light
scattering are presented. Need to note, that PMUNI,FPST and NBT crystals are cubic relaxor
ferroelectrics.

It is clearly seen in temperature behavior of the-frequency vibration spectra: the velocity
anomaly and corresponding broad maximum of dampinglaxors well correlate with the main
dielectric maximum in the vicinity of a diffuse p®transition temperature. The anomalies are
absent in BaMgsTa303 crystals where the acoustic response is determiyednharmonicity.
Unusual frequency dispersion of the longitudinaliestic phonons (LA) in PMN and PMT crystals
was observed in our experiments that were in a ggodement with mode-coupling phenomena in
neutron scattering. Investigation of the Brillowsnattering by Sandercock type tandem system
gives possibility for correct analysis of the lowedquency part of the vibration spectra of the
crystals. We observed quasielastic light scatteaing) separated this addition contribution from the
scattering spectra of the studied crystals vs. &atpre. It was found that quasielastic light
scattering in relaxors has a complicate structncetamperature behavior.

Presence of the quasielastic scattering with suopepties (relaxation mode) shows that
despite previous expectations order-disorder bel@a\plays an important role in the dynamics of
the diffuse phase transition.

In present report we would like to discug$) Our results of broadband light scattering
studies(2) Relation of our observation with previously pubbsl neutron and light scattering data
[1-4].
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Slow kinetics of the oxygen reduction reaction e tathode is one of the main limiting
factors for the performance of solid oxide fuell€elhe cathode material should not only conduct
electronic carriers, but also transport ions betwtbe electrolyte and the interface to the gas e@has
allowing the reaction to extend beyond the elegtedélectrode/gas triple phase boundary. Thus, for
fuel cells based on proton conducting oxides sushYeadoped BaZr@ mixed proton/hole
conducting oxides are highly desired. The defeetmabtry of such materials will be discussed on
the example of BaSi.sFe.eZno. 2035 (BSFZ) perovskite based on thermogravimetry expenits
[1] and numerical simulations. Trends concerningewacorporation into related perovskites will
further be analyzed with the help of ab initio cdddions.

The kinetics of the oxygen exchange reaction foFB®n Ba(Zr,Y)Qs electrolytes is
investigated on dense thin film microelectrodesrmgedance spectroscopy [2]. The results indicate
that the proton conductivity of BSFZ indeed suffide transport protons from the Ba(Zr,¥%)O
electrolyte through the dense BSFZ film to the gdsrface, where ©is reduced to water. This
also means that oxygen is not necessarily incotpdnato the perovskite to perform the reduction
reaction. The results are compared to cathode ralste&n oxide ion conducting electrolytes (YSZ,
CGO). For perovskites such as (La,Sr)MrQr BasShsCosFen035 on YSZ, the reaction
mechanism is quite well-understood based on exgatah correlations [3] and ab initio

calculations [4].
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The properties of ferroelectric materials are gonedrby domain (polarization) structures and their
dynamics with respect to external stimuli. It hagb reported that engineered domain configuratiotisa
fine domain structure enhance piezoelectric andedtiéc properties®! These enhanced properties are
suggested to originate from a large response Méttree field €) around domain-wall (DW) regior®. It
has been reported that charged DWs show a gidetttie and piezoelectric response Wi’

One of the other intriguing characteristics of defectrics is a photovoltaic effect. The photovalta
charge separation has been reported to operatéheefarroelectric DWs with a distance of 1-2 Rin.

The defect-polarization control is defined as thendin engineering based on defect chemistry. This
concept originates from the strong attractive exdon between ferroelastic DWs and oxygen vacancie
(Vo). 68 Our DFT calculations show that the energy of @Ws in PbTiQ is largely reduced by
introducing \6** from 37 mJ/m(perfect crystal) to 11 mI/iPbTiOxs39. In this study, BaTi@(BT) single

crystals are chosen as model materials and thenglagfi an acceptor of Mn is selected as a means for

500 nm

introducing \6** into BT. 800 . @

Figure 1 (a) shows the piezoelectric strain coiffits _ *° '&. . .
(d) (the slope ofS at low E's along <110>) as a &*° B "
function of Mn contentx). Mn (0.1 %)-BT showedd > 5% 11

4 69 oV E /I <1105,

of 630 pm/V, which was much larger than that of °00 02 04 05 08 10

Mn content (x) (mol%)

undoped BT (69 pm/V) and single domain BT crysta&lg.1. (a) Piezoelectric strain coefficien) @s a function of
Mn content X) and (b) PFM phase image (in-plane) of
.
(86 pm/\7). Mn(0.1 %)-BT crystals poled along the <110> diretio

Figure 1 (b) shows the piezoresponse-force micpsd®FM) image (RCBJSF In-plane, phase) of Mn
(0.1 %)-BT crystals poled along <110>. Mn-BT hggeguliar domain

structure with a size of 20 ~ 40 nm. This domabe svas much smaller than that of undoped BT pdietba
<110> (0.02 ~ 0.03 mm). These results show thatittmain size of BT-based crystals became much emall
by the Mn doping.
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Efficient, sustainable production of molecular lggen---a promising alternative to
batteries in terms of energy storage---is stillumsolved problem. Implementation of direct water
splitting using only sunlight and suitable metaletephoto-catalysts so far has been hampered by
poor photon absorption properties of the mateaald low reaction efficiencies. To understand the
microscopic processes involved in photo-catalysidrbgen production we implemented an implicit

solvent model and a solid state QM/MM

e ————
embedding scheme based on ChemShell into the 5| .............. 0. ... . 1O, ratle 1110}

all electron DFT code FHI-aims.[1] This allows

us to study defects and charged systems--@sz_s_Ooo ° ]

occurring in electron-hole driven water splitting--D'é AR R iole at 10, wutile {001} " e
. . . . o ©

-without any spurious interaction between >} -

periodic images, while at the same time yielding ... . . . . . Hole at TiO, anatase {001}

i i PP IR B S BRI B |¢
the correct electrostatic potential and solvent 1.55——bmsbbi bt T} Sarface
Au Cluster size [atoms]

screening in the QM region. Fig 1: First screening results for TiO2 napatterne

T with Au nanoelusters. Clusters lying below a cen
In order to overcome the limitations Ofdotted line are predicted to be cgtadally active on the

current water splitting setups we study the use &frface.

small metal clusters as co-catalysts, the micrasceffect of which is still poorly understood in
literature. We develop an enhanced version of leentodynamic approach pioneered by Ngrskov
and Rossmeisl,[2] of water oxidation reactions oetahclusters in the non-scalable size regime

(less than 55 atoms) and compare with the baren@&teoxide surface.[3]
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Piezoelectric ceramics including lead-free were estigated from viewpoints of
relationships between piezoelectricity and elastiostants such as Young's modulus4y and
Poisson’s ratiod). Recently, we developed a method to be convernigenteasure acoustic wave
velocities suitable for disk samples (dimensiond@f15 mm diameter and 1.0-1.5 mm thickness)
by an ultrasonic thickness gauge (Olympus Co., M88BL) with high-frequency (30 MHz and 20
MHz) pulse generation [1, 2]. Figure 1 shows tHatienships between planar coupling factorg (k
vs Young’'s modulus (¥%F) and Poisson’s ratios] in alkali niobate (abbreviated to “SZ”), alkali
bismuth titanate (“KBT” and “BT") lead-free ceramsicompared with “hard PZT” and “soft PZT”,
and with lead titanate (“PLT” and “PT”) ceramicdeaffully DC poling. It was confirmed that
higher k values appeared at lowegs¥ and highew values. The origin of high piezoelectricity was
due to the mechanical softness of materials indthextion perpendicular as well as parallel to the
poling field. This work was partially supported bByGrant-in-Aid for Scientific Research C (No.
21560340) and a Grant of Strategic Research FowmdaBrant-aided Project for Private
Universities 2010-2014 (No. S1001032) from the Miiry of Education, Culture, Sports, Science
and Technology, Japan.
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Much effort is given at present to implementatidnoptical quantum memory (OQM)
which is supposed to be an essential part of @ffequantum informatics devices, in particular, of
guantum repeaters intended for increasing the teafyailready functioning quantum cryptographic
communication lines [1]. Any scheme of optical gwam memory is based on a so-called three-
level A system. Among different systems investigated sptfe ground-state hyperfine levels of
rare-earth (RE) ions in a crystal, combined witth&d (metastable) level in optical frequency
region are considered as the most promising catetida realize an efficient three-levekystem.

I'll briefly discuss what requirements should betniy materials for OQM and what
characteristics of particular materials should bedied. Those are precise level positions, the
optical density, coherence times of hyperfine Isydife times of metastable optical levels,
hyperfine structure (HFS) of the energy levels,omlogeneous broadening of spectral lines. A
resent successful demonstration of the gradienv ¢gpbe optical memory where the bandwidth
limitations come from the HFS being unresolved hak put forward a task to search for crystals
with resolved HFS in optical spectra.

My group, in collaboration with other institutionsm Russia and abroad, studies
spectroscopic properties of RE-doped crystalsyvagiefor applications in OQM. I'll review our
recent results on the HFS studies in different tatgs[3-5] and on specific peculiarities of an
inhomogeneous broadening which have to be takenaotount when considering applications in
OQM [3,6,7].
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The interest towards Re@ype perovskites has been recently renewed bylieovery of
large negative thermal expansion (NTE) in cubicsZtRucture in a wide temperature range [1], to
be compared with a much less intense effect meddareghe cubic Re®[2]. At present, the great
difference between the isostructural compounds ot yet explained, but it is found that the
materials correspond to cases of strong anharneffacts.

Anharmonicity is of general importance in condengsedtter in relation to thermal
expansion, structural phase transitions, soft madésrroelectrics, melting and related phenomena.
Usually anharmonicity in crystals is weak enoughl #ws so calleémplicit anharmonisity can be
described in the framework of Quasiharmonic appration (QHA) as variations of the phonon
frequency due to the change in volume with tempeeadr pressure. However, this might be not the
case for stronglgxplicit anharmonic systems, like perovskites with NTE. €kplicit anharmonic
effect links the phonon frequencies to the ampétatithe atomic vibrations.

Synchrotron radiation EXAFS studies of local stawetwith femtometer accuracy [3] offer
the possibility to study implicit and explicit arm@onic effects for perovskites with NTE. The
temperature dependent EXAFS measurements include doharmonic effects. The relative
contributions of these two effects can be estimaigdthe extent to which quasiharmonic
calculations of amplitude of the atomic vibratioeproduce the experimental EXAFS data. In my

talk a description will be made of the most impottachievements.
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In spite of over 60 years of investigations contegrantiferroelectricity in oxidic perovskites
ABOg3, it cannot be claimed that we understand the ptrassition mechanism(s) leading to this state.
Lead zirconate PbZrO3 and lead hafnate PhHi€long to the so calledassical aniferroelectrics.
While the latter has been intensively studied m ldst few years, the former one suffered for longp
from the lack of systematic investigations. The tmiogportant reason was certainly a lack of good
quality single crystals and their large enoughsize

After intense investigations of single crystalstloése antiferroelectrics, a hypothesis has been
put forward that an antiferroelectric state (ordarABOs perovskites is not realised directly but only
through a transient phase of polar (ferroelecpioperties spreading out through a temperatureerahg
few degrees belowT It is due to strongly competing zone center amikzboundary instabilities being
induced by strong anharmonic lattices. These tvetabhilities, i.e. softening of the long wave length
transverse optic mode of almost displacive type thiedaccompanying softening of a zone boundary
related to transverse acoustic mode are the oafprecursor effects in the form of static (stable)
clusters/domains of non-centrosymmetric symmetsyaAesult, an anomalous temperature dependence
of the elastic stiffness coefficients has been olegk before the transition point at T1], and the
structure of the paraelectric phase can no longecdnsidered as a pure paraelectric one [2]. The
following results will be presented: the the pdaahility model used for calculations, the birefremge
in single PbZrO3 and PbHfO3 crystal, structuraladgemperature dependencies of dielectric and
electromechanical properties, and elastic stiffeessficients determined by Brillouin spectroscopy.

All the statements above would not have been censilj if earlier investigations on the pre-
transitional phenomena in BaTiO3 [3] and Sr7{@] had not been detected. While the stable (9tati
and non-centrosymmetric (birefringent) microregiomnsre visible above d in BaTiO3, which is
entirely ferroelectric below d; considerably different behaviour was observeaase of SrTi@ in
which precursor effects are related to long wavgleand zone boundary acoustic modes instabilities,
and exist even 80K above the transition pointO&tkl
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Over the last two decades increased interest indtheslopment of organic photonics and
optoelectronics is driven by demand for new costative high performance materials which are easy t
process. Most of attention is focused on such egfitin areas as photovoltaic, lighting and optith
processing. The key process in manufacturing ocgaimotonic device for above mentioned applications
is preparation of uniform thin films. In generakth are two methods to prepare such films — thermal
vacuum vapor deposition and solution based methkelspin coating. For the first one high cost of
equipment and processing are characteristic. ®olutiased thin film production processes are less
demanding therefore became more and more populasngnmesearchers in field of organic
optoelectronics and photonics. Nowadays polymerd polymer composites are most intensively
employed in attempts to create devices via solutesed technology. Among them there has also been
increasing interest in so called “organic molecglasses” as photonic thin film materfsflsCompared
to polymeric systems, organic molecular glassesndb need complicated chemical synthesis or
purification processes and has a well-defined sirac

Within last decade our attention is paid to devedgganic materials for nonlinear optical (NLO)
applications. During our research it came to diengion that the presence of triphenylmethyl and
triphenylsilyl substitutes noticeably enhances ghous phase formation of low molecular weight
moleculed. Exploiting this molecular motif large amount giiss forming structures with different
active chromophores, are synthesized at RTU.

With scope of above mentioned applications thermaljcal and NLO properties of these
compounds are intensively investigated at ISSP ldlthis contribution we would like to present our
investigation results and discus possible strucun@perty relations within this new class of low

molecular glasses.
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Lithium flouride crystals with simple ionic bindirend a large band gap (14.6 eV) played an
important role on understanding of radiation dampgecesses in dielectric materials [1 — 4]. A

detailed study of heavy ion irradiation in LiF dgis (from“He up to?%®8J) shows that after

creation of single Frenkel pairsFH) and ¢-I)) the
concentration of single F centers saturabes<(10'° cn
% and at higher absorbed energy (fluences) complex
color centers-nand larger aggregates (dislocation loops, &=
vacancy and fluorine clusters, colloids etc.) axedpced ‘.
[1-3]. The formation of nanodefects depends on ithens
of the absorbed energy and/or ion energy loss ¢(JE/d
The nanodefects are produced both in single iotk$ra

) Fig.1. AFM image of nanocrystallites in LiF
(above the threshold of dE/dx) as well us underoaf sample irradiated with 15 MeV Au ions at

track overlapping. Irradiation with heavy ions ledd a zltfhr;ﬁg 518 Aufenr after chemical

large absorbed energy in the central part of thekt{core) with a strong gradient of the absorbed
energy and defect concentration around the ion ph#io). At high absorbed energy the

concentration of nanodefects is comparable to timeentration of color centers [1-3]. Nanoclusters
are observed also under ion induced sputtering T role of self-trapped holes during the

electron-hole relaxation in ion tracks in LiF ciistis analyzed [4]. Applications of color centers

and nanoclusters are discussed [6].
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Luminescent glasses gain increasing importanceptital devices, such as fibre lasers or
light emitting diodes. In this work, series of raarth doped glasses are investigated for their
potential application as photon converters for ptioltaic (PV) and solid state lighting (SSL)
applications.

Solar modules have a poor response in the bluemeadultraviolet (UV) spectral range due
to thermalization losses and absorption in the cgless and the front contact layer. To overcome
this problem, luminescent glasses are used as ,cadéch down-shift the incident blue and UV
photons to photons of a wavelength more effectiatlgorbed by the solar cell. Apart from photon
down-shifting, rare-earth doped glasses can alsoskd for photon up-conversion, where a high-
energy photon is emitted after sequential absamptiotwo (or more) low-energy photons. Here, a
practical application is in concentrated PV syst&hsre the efficiency can be further improved by
using an up-converting layer on the backside tccapvert the far-infrared photons to a more
suitable wavelength in the near infrared or eveth@évisible spectral range.

In light emitting diode (LED) applications, lumirent glasses have the potential as
encapsulating material for the generation of whgkt. There are two possibilities how white light
can be produced by using commercial LEDs: In théyedays of the LED lightning technology,
white light was generated by the primary colourd, igreen and blue. Another possibility can be
achieved with a phosphor or a luminescent glassgzhwtonverts a part of the blue light from the
LED into yellow light. Mixing the two complementagplours blue and yellow in the correct ratio

yields to the emission of white light.
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The kinetic approach to evolution of the ferroalieatiomain structure, based on the analogy
with the first order phase transition, allows topkn the formation of the metastable domain
structures with energy essentially exceeding theilibgum ones. The screening of the
depolarization field stabilizes any non-equilibritomain pattern. It was shown that the screening
retardation changes drastically the domain strectawolution. The highly non-equilibrium
switching conditions characterized by ineffectivdkbscreening lead to formation and evolution of
the self-assembled nanodomain structures [1,2].dOnmeain structure evolution has been studied by
joint application of optical microscopy, confocahfRan microscopy, scanning electron microscopy
and piezoelectric force microscopy for domain visaion in the uniaxial ferroelectrics lithium
niobate LINbQ, lithium tantalate LiTa@ lead germanate BBe:O11, and relaxor ferroelectric
strontium-barium niobate BaixNb20s. The role of the residual depolarization fieldfammation
of the self-assembled fractal micro- and nanodorstinctures have been demonstrated [1-3]. The
effects of domain wall shape instabilities and fation of the nanodomains in front of the moving
walls have been discussed. The special attentierbban paid to formation of the self-assembled
nanoscale and dendrite domain structures in highly-equilibrium switching conditions [3]. All
obtained results have been considered in framewfoithke described kinetic approach to the domain
structure evolution.

The equipment of the Ural Center for Shared Used&ta Nanotechnology”, Ural Federal
University has been used. The research was madéfs part by RFBR and the Government of
Sverdlovsk region (Grant 13-02-96041-r-Uayl-by RFBR (Grants 13-02-013%1-14-02-01160-

a).

References

1. V.Y. Shur, A.R. Akhmatkhanov, D.S. Chezganou,. Aobov, I.S. Baturin, and M.M. Smirnov, Appl. PhyLett.
103 242903 (2013).

2. V. Shur, V. Shikhova, A. levlev, P. Zelenovskiy, Neradovskiy, D. Pelegov, and L. Ivleva, J. Apphys.,112,
064117 (2012).

3. V.Ya. Shur, D.S. Chezganov, M.S. Nebogatiko8, Baturin, and M.M. Neradovskiy, J. Appl. Phykl2 104113
(2012).

95



Fellow Member of the Russian Academy of Sciences (RAS), Honored Scientist of the

Russian Federation, Doctor of Physics and Mathematics, Full Professor.
Alexander Sigov is one of the most influential Russian specialists in solid state physics, solid
state electronics and materials research.
He is best known for the research of defect contributions to the anomalies of various
physical quantities near second order phase transition points. His monograph co-published
with A.P. Levanyuk “Defects and Structural Phase Transitions” (New York, 1987) became an
encyclopedia for all researchers in this field.
A. Sigov was educated at Moscow State University, Chair of Quantum Theory of the Faculty
of Physics and graduated with honors in 1968. He works at the Moscow State University of
Radioengineering, Electronics and Automation (MIREA) since 1972. Same year, he defended
his PhD thesis, and in 1985 he became a Doctor of Sciences. In 1987 he had attained the
rank of full professor, in 2006 he was elected a Corresponding Member (and in 2011, a
Fellow Member) of the Russian Academy of Sciences, the Nanotechnology and IT Division.
He held the position of the Dean of the Department of Electronics and Opto-electronic
engineering from 1985 to 1998, and was a Rector of MIREA since May 1998 up to June
2013. Now he serves as the President of the University. He also is the Head of the Chair of
Condensed State Physics.
A. Sigov is the author and co-author of more than 300 scientific papers, six monographs, nine
textbooks and over thirty inventions. He supervised more than 25 PhD students, while 17 of
his colleagues became doctors of sciences and full professors under his supervision.
Alexander Sigov is a member of the Security Council Scientific Committee of the Russian
Federation, member of Bureau of the Joint Council of the RAS on condensed matter physics,
member of a number of Boards and Councils of the Ministry for Education and Science of the
Russian Federation, member of the European Physical Society, Institution of Engineering and
Technology, IEEE, MRS, as well as member of editorial boards of “the RAS News (physics
series)”, “Microsystems Engineering”, “Integrated Ferroelectrics” and many others.
The 4-th degree Order of Service to Motherland and several state honorary medals have been
conferred to Alexander Sigov. He is a winner of the State Award of the Russian Federation,
and 3 governmental awards for sciences, engineering and education.
He is married, has two children and 3 grandchildren.

Alexander S. Sigov (born May 31, 1945 in Donetsk)- President of the University,




PI-5
Negative Conductivity in Thin Ferroelectric Films

A. Sigov, Y. Podgorny, P. Lavrov, and K. Vorotilov
Moscow State Technical University of RadioenginegriElectronics and Automation, Russia

e-mail: sigov@mirea.ru

The current-voltagel{V) characteristics of some ferroelectric thin filfingquently exhibit
regions with an apparent negative differential eariyity as it is shown at Fig. 1. To describe this

phenomenon Dawber and Scott have suggested thsidiff current model [1]. However this model

does not fully describe redtV characteristics 1x102

2.

In this report we consider |-V

y (AIP)

dependences taking into account the polarizatiorz

S 1x10%

td

relaxation. The polarization relaxation in thin

ren

ferroelectric films can reach about tens percent.g

Thus, in spite of the pre-polarization of the

ferroelectric structure before the measurement, 1xw0*

0 100 200
the total current in the structure consists of the The field strength (kV/cm)

leakage current and the polarization recover\?ig-1 Experimental |-V dependencies (points) of PZT
IIms with the negative differential conductivity

current components. region and the fitting curves taking into accoums t
__ recovery polarization curre
We have shown that the probability

density of the Weibull distribution simulates wélle polarization recovery current. A maximum
value of the polarization recovery current is olsedrin the vicinity of the coercive field.

A technique is proposed that enables to excludelaripation recovery current component
from thel-V data. A method of recovery charge determinatiodifférent voltage ramp speed is

discussed as well.
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The design of usable and photocatalysts for efficmnversion of sunlight to hydrogen
from water is a formidable task that has been appred at various levels in recent years.
Conventional photocatalyst electrodes such asidardioxide can operate with high efficiency
under ultraviolet irradiation, but it remains a Iage to drive them with visible light. Many
attempts at adjusting the semiconductor band gaperally through doping, have been made in the
past, but this often leads to electron and holppirey. One possible approach to overcome this
challenge is the synthesis of nanostructured eldes in which photon propagation and charge
transport are orthogonalized, which can be realihesligh wire arrays or other nanostructures with
large surface-to-volume ratios.

In our work we have performed hybrid density fuantl theory calculations of hollow
SrTiOs nanotubes with the goal to identify the most sadihgle- and multi-walled structures. We
found, e.g., that stable single-walled nanotubdsicivshow a widened band gap relative to the
bulk, can be folded from SrT¥Ql10) nanosheets of rectangular morphotogye recently
extended this study to an investigation of variale&fect structures with cationic and anionic
dopanté and found that the electronic structure of botl®;Tand SrTiQ nanotubes can be
modulated remarkably by substitutional impurityet#$. These and other related results pertaining
to inhomogeneous oxide systems in one and two difaes will be discussed in this presentation

in more detail.
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Electrocaloric (EC) basic research is mostly fodusa materials with a first-order phase
transition providing a large EC temperature chand@e.. However, near the Curie temperatiite
in the ferroelectric phase, the spontaneous angcedl polarization contributions to the EC effect
partially cancel each other out. Additionally, thés a peak of dielectric losses in this tempeeatur
region. Dielectric losses affect not only the heatince, but they also make the temperature change
of adiabatic heating larger than that of adiabatioling. This is not suitable for devices subjected
to repeated thermodynamic cycles.

This work considers EC device operation above #mperatureTm of the dielectric
permittivity peake(Tm). The complex physics of ferroelectrics and refaxdose tolnm is replaced
by considering a modified Curie-Weiss law predigiia/oT as a function of four parametee$Tm),
the intercept of they(T)? vs T line with the T-axis, To, the parametef) characterizing the
distribution of local Curie temperatures of matsriahich exhibit a diffuse phase transition (DPT),
and the DPT diffusenegs The requirements to electrocaloric materialswaglion this bases(Tm)
> 3000,0 = 20-50 K,y = 1.2...3, are fulfilled by relaxor single crystals, relaxceramics and
ferroelectric or relaxor thin films deposited byadced technologies. Refrigerators using reverse
Brayton, Ericsson and Stirling cycles are compared.

The field dependence afTec is shown to be determined by the field dependasice
Perovskites with a nearly ideal close-packed stinecpossess field induced paralectric-ferroelectric
(aboveTc) or antiferroelectric-ferroelectric phase trarsis. This results in a Clausius-Clapeyron
contribution toATec due to the latent heat of the field induced fosder phase transition. The
critical field of field-induced phase transitions in the order of a few V/um. Therefore, the
Clausius-Clapeyron contribution is of relevanceydal bulk ceramic-based EC refrigerators.

Since the cooling power densitg/dt characterizes a thermal flux determined by thie Kt
the temperature span to the total thermal resistafnche device, a comparable to bulk ceramics
dg/dt may be realized also using thin film devices which operated with higher cycle frequency

employing the lower thin film thermal relaxatiomts.
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A stability of ferroelectricity is important in thpractical application with reduced spatial
dimensions in the nanometer size regime. Much estdnas focused in recent years on ferroelectric
nanostructure crystals, because of the clarificattd the physical origin in the size effect of
ferroelectricity and the technological developmantthe miniaturization of multilayer ceramic
capacitors (MLCC) and ferroelectric non-volatile meey devices. The correlation length of
polarization fluctuation was estimated as 10-50afmave the ferroelectric phase transition point.[1]
From the viewpoint of the polarization fluctuatitme size effect should be remarkable below the
correlation length. Furthermore, as a new topicdeofoelectric nanocrystals the toroidal like
ferroelectrisity has recently been proposed in BaEnd related materials from ab initio study by
Naumov and Bratkovsky.[2,3] In the present studtyg property of polarization fluctuation and
symmetry breaking has been studied in BaTm@nocrystals with sizes of 17 nm and 30 nm using
broadband light scattering and second harmonic rgdoge

(SHG). The temperature dependence of broadbandt ligh

scattering spectra on a log-log plot was obtairmedrigure 1.

The spectra have a central peak component. Thewlidt of

Intensity

— 300K
f——330

—— 360
F—— 420

central peak shows anomaly around 350 K at which th

temperature dependence of SHG signhal also showsapo - - -
Frequency Shift (GHz)
Figure 1. The broadband light

be discussed in BaTghanocrystals in comparison with one ofscattering spectra in BaTiO
nanocrystals.

The dynamical behavior of the ferroelectric phaaadition will

a bulk BaTiQ sample.

References

1. M. E. Lines and A. M. Glass, Principles and Apgitions of Ferroelectrics and Related Materiabsfo@l 1977.
2. 1. Naumov et al., Natu#32, 737 (2004)
3. 1. Naumov and A. M. Bratkovsky, Phys. Rev. La#d1, 107601 (2008)

103



Title: Valence electron density and electrostatic potential in ferroelectric materials
evaluated by MEM analysis of X-ray diffraction

Prof. Hiroshi Tanaka
Dept. of Materials Science, Shimane University,
1060, Nishi-kawatsu-cho, Matsue, Shimane 690-8504, JAPAN

Education:

1987 MS of Engineering from Dept. of Applied Physics, University of Tokyo

1993 PhD of Engineering from Dept. of Applied Physics, Graduate School of Engineering,
University of Tokyo.

Employment:

1987-1996 IBM Research, Tokyo Research Lab.
1995-1996 Japan Atomic Energy Research Institute
1996- Dept. of Materials Science, Shimane University

Research Interests:
Theoretical Physics, Mathematical Physics, Computational Physics




RCBJSF In-17
Valence Electron Density and Electrostatic Potentian Ferroelectric Materials

Evaluated by MEM Analysis of X-ray Diffraction

H. Tanaka

Department of Materials Science, Shimane Univerdiypan

e-mail: h.tanaka@riko.shimane-u.ac.jp

The maximum entropy method (MEM) analysis of X-thffraction data is a powerful tool,
which enables us to reprodutmal electronic charge density in detail from a limitedmber of
experimental data [1]. Kuroiwa and coworkers amptize method to PbT¥)and showed the first
experimental evidence for covalency between Pb@ndns [2]. Thevalencecharge density is,
however, more informative in many cases from trewpioint of materials design. Then we have
proposed a smart method evaluating valence chamgsitg, and shown an example for crystalline
Si [3]. It is now improved, and applicable to amystal structures consisting of most kind of atoms
in the periodic table.

We also developed a method evaluating the eleatiogiotential and electric field on the
basis of MEM, and applied it to PbTiOVisualized electrostatic potential and electredd on the
isosurface of charge density distribution give r&cti evidence for the dipolar polarization of the P
ion. They show close agreement with result@bynitio calculations [4]. We extended the scheme
in order to deal with materials showing large atiguic thermal vibrations.

In this talk, we explain how to evaluate the vakenbharge density and electrostatic potential
from the synchrotron radiation data by using MEMd ashow some new results for Pb3iénd
BaTiOs. They are compared with those obtainedabyinitio calculations, and reliabilities of the

method will be discussed.
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To date, ferroelectric materials have been widgipliad in various electronic devices,
including actuators, non-volatile memory, and sessd-erroelectric materials traditionally
comprise oxygen octahedral units, such as thosadfan perovskite-type oxides. The strong
covalency of the cations in the perovskite strieguplays an important role for achieving robust
ferroelectricity with a highFc and a large spontaneous polarization. With thismind, recent
ferroelectric devices typically rely on the useledd-based compounds such as Pb(Zr 3 {(FfXT)
to achieve such robust ferroelectricity. Mindfultbg toxicity of Pb, there is an increasing demand
for sustainable and environmentally friendly elentc devices, free from toxic elements. As such, a
new guiding principle for designing ferroelectri@atarials is necessary.

In the present study, we demonstrate the occurrehderroelectricity in a silicate-based
compound, BiSiOs, by direct observation of polarization switchinghe novel mechanism of
ferroelectricity in B}SiOs has been elucidated from comprehensive studiedoging Raman
scattering, transmission electron microscopy, X-gaywder diffraction, and first principles
calculations. The obtained experimental results aattulations clarified that the observed
ferroelectricity in B$SiOs stems from twisting of the one-dimensional Sit@trahedral chain.[1]
This recent discovery opens up a new frontier E8ighing functional oxides based on "tetrahedra-
engineering”, as opposed to conventional "octahedganeering”. Furthermore, it also provides a
guiding principle for the development of sustaimabhd environmentally friendly electronic and
electro-mechanical devices, as compounds comprisinghedral chains are widely found in rock-

forming oxides, which are abundant in the earthist
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Using Monte Carlo simulation we analyze phase ttams of three triangular Blume-Capel
(BC) models with antiferromagnetic (AFM) interacig First model is a standard BC model with
AFM interactions between nearest neighbours (1NIWo other models have AFM interactions
between third nearest neighbors (3NN). One of the® hard core exclusions between the 1NN
particles (3NN1 model) and the other - between 1&d second-neighbour particles (S3NN12
model). Finite-size scaling analysis reveals thahese models, as in the 1NN AFM BC model, the
transition from paramagnetic to long-range orddR@) AFM phase is either of the first-order or
goes through intermediate phase which might bebated to Berezinskii-Kosterlitz-Thouless
(BKT) type. We show that properties of the low-tergiure phase transition to the AFM phase of
INN, 3NN1 and 3NN12 models are very similar in giterval of a normalized single-ion
anisotropy parameted, except the first order phase transitions regidue to different entropy of
the 3NN12 and 3NN1 models, their higher temperabeteaviour is different from that of the 1NN
model. Three phase transitions are observed foBi¢12 model: (i) from paramagnetic phase to
the phase with domains of the LRO AFM phasé&cat (ii) from this structure to diluted frustrated
BKT- type phase afl> (high-temperature limit of the critical line of ahBKT- type phase
transitions) and (iii) from this frustrated phasethe AFM LRO phase &t (low-temperature limit
of this line). For the 3NN12 modét > T>> Ti at 0 < < 1.15 (range I)Jc =T >Tr at 1.15 <
<1.3 (range Ill) and. =T =Ty at 1.3 <9 < 1.5 (range Ill). For 3NN1 mod@L=T>> T at 0 <o <
1.2 (range ll) and.=T>=Ti at 1.2 < < 1.5 (range lll). In range Ill there is only firstder phase
transition. In range Il the transition & = T» is of the first order, too. In range | the traimitat Tc

is either a weak first-order or a second-order phemnsition.
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Remarkable family of orthorhombically distorted @eskite-like rare earth manganites
RMnOs (R = La, Pr, Nd, Sm, Eu, Gd, Th, Dy) has beeraeting a plenty of attention exhibiting
new diverse properties, of high fundamental acadeamd application interests (e.g. colossal
magnetoresistance). Among of them, magnetoeleatnidtiferroics (or ferroelectromagnets)
manganites with R = Eu, Gd, Tb, Dy are turned ouid the objects of the peculiar interest now. At
room temperature they are paramagnetic ones. Itethperature region of T < 30- 40 K they obey
magnetic ordering followed by induced long orderdelectric phase transitions. Close proximity
of ferroelectric and magnetic phase transitions/igies strong coupling magnetic and ferroelectric
degree of freedom, intricate interplay of the taticharge, orbital, and spin, emergence of unique
properties and effective magnetic control of a s$poeous polarization. In this regard,
orthorhombic TbMn@ has attracted a special considerable attention.eNastudies this material
led to discovery of a new class of multiferroicsthwispin-spiral driven ferroelectricity (new
mechanism of ferroelectricity), and efficient swiittg phenomena. In this report we present recent
results of spectral ellipsometry, thermooptics, ihescence, and low-frequency dielectric
permittivity studies of TobMn@single crystals. The main attentions was paid terd@nation of
electronic structure, elucidation of the naturenwin optical transitions, phase transitions related
properties, obtaining experimental evidences ofttedaic contribution in ferroelectric phase
transitions of TboMn®@and nature of an unusual dielectric dispersion feasd in the region of
ferroelectric phase transition. It was shown thbsesved dispersion is caused by pronounced

magneto-electric coupling.
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It is well known that BaTi® undergoes successive phase transformations frencuhic
paraelectric phase to three ferroelectric phasgsagonal, orthorhombic and rhombohedral ones.
Coexistence of the displacive and order-disordaraitters in the phase transformations of BaTiO
was pointed out from many experiments and theoHesvever, local structures related to the order-
disorder character were discovered neither in atystructure analyses using neutron and X-ray
diffraction nor by TEM observations. In the presstdy, the convergent-beam electron diffraction
(CBED) method [1] was applied to examine nanomstate local structures of BaTiO

Rhombohedral nanostructures were observed in tth@riombic and tetragonal phases of
BaTiOs using CBED [2]. It was found that the symmetrytioé orthorhombic phase is formed as
the average of two rhombohedral variants with déife polarizations, and that of the tetragonal
phase is formed as the average of four rhombohedumahnts. These results indicate an order-
disorder character in their phase transformations.

Similar rhombohedral nanostructures were also foimdhe ferroelectric orthorhombic
phase of KNb®[3], while it was confirmed that the ferroelecttetragonal phase of PbTi@oes
not have such rhombohedral nanostructures [4].

We also proposed a combined use of STEM and CBEfhaods (STEM-CBED method) to
observe the nanostructures of polarizations [5ingthe method, two-dimensional distributions of
the rhombohedral nanostructures, or nanoscaleufitions of the polarization clusters, were
successfully visualized in the tetragonal phaseBaliO:. We are also planning to apply this

method to the orthorhombic and cubic phases.
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In 1995, Hehleret al discovered the strange spectral peak called ‘@Bmraublet” (BD)
appearing only in the quantum paraelectric stateSQof SrTiQ.[1] The frequency of the BD is
lower than that of the transverse acoustic mode) (dRlowest frequency. This fact is very
interesting, because any excitation should nott exithe frequency region lower than TA mode’s
frequency. Hehelert al proposed that the physical origin of the BD isexond sound, and
Koreedaet al supported their proposal.[2] On the other haadpe negative reports for the second
sound scenario have been published.[3]

In order to clarify the physical origin of the Bine have performed the light scattering
experiment with a scattering vector @f/ [001} and observed the BD under the uniaxial stress
o (along the [01Q] direction). Figure shows the results of the paktion analyses (VV, VH, HV,
and HH 180light scattering spectra) performed under 19.4 kgf/mm at 16.5 K. The intensity of
the LA mode is almost the same both in the VV amtidpectra, whereas the intensity of the BD is
much stronger in the HH spectrum than in the VVcspen. If the BD is the second sound, it

should behave like a LA mode (the 2000 -+ 6000 - , —
_ , o~ LA VVi i HH |
second sound is the density wave o 2 | 1 4000
phonons) and should not show any g0 1 2000
anisotropic behavior in the polarization —% o ,JLEQJ . .
analyses. We can conclude without an)ESOO T Ny T
assumption that the physical origin of '@
g 250 - 420 - _
the BD is not the second sound. In this = W |
|
conference, we are going to discuss 0 il L‘ﬂ‘M oJ : u oinhons
. L. -80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80
what the real physical origin is. Frequency Shift (GHz)

References

1. K.A. Muller and H.Burkard, PRB 19 (1979) 3593[2] A. Koreeda, R. Takano, and S. Saikan, Phys.. IReit. 99,
265502 (2007). [3] e. g.: Y. Tsujimi and M. Itoh, J. Korean Phgnc.51, 819 (2007).

115



Professor, Habilitated Doctor, Director of the Institute of Physical Optics
of the Ministry of Education and Science of Ukraine

Rostyslav Vlokh has obtained his MS Degree at the Lviv National University in 1987,
the PhD Degree at the Uzhgorod National University in 1990, and his Habilitation at the
Institute of Physical Optics in 1996. Up to 2000, he has occupied a position of Professor
at the Lviv National Polytechnic University. During 2001-2009 he has been the Deputy
Director and, beginning from 2010, the Director of the Institute of Physical Optics.

The scientific activities by Professor R. Vlokh are concerned with the optical properties of
crystals in the course of structural phase transitions, the methods for studying the optical
phenomena, the optical materials, the effects of parametric optics, the crystal optics, and
the singular optics.




RCBJSF In-23
Generation of Optical Vortices via Electro- and Pieo-Optic Effects in

Ferroelectric-Type Crystalline Materials

R. Vlokh, I. Skab, Y. Vasylkiv, and M. Smyk
Institute of Physical Optics, Ukraine

e-mail: vliokh@ifo.lviv.ua

The aim of this work is to report the recent achieents in generation of optical vortices
that bear an orbital angular momentum, using tlgstalline materials subjected to inhomogeneous
electric fields and mechanical stresses [1-6]s Ishown that the optical vortices with different
topological charges can be generated as a resthledbllowing factors: (i) the torsion and bending
stresses, via the piezo-optic effect, (ii) the ically’ shaped electric fields, via the Pockels and
Kerr electro-optic effects, and (iii) the acousfatio diffraction in crystals possessing the optical
activity effect. The conditions of generation oétbptical vortices are analyzed for the crystals of
different point symmetry groups. The singularitafsoptical wave fronts and the induced optical
vortices are revealed experimentally for a numberygstalline materials. The efficiency of optical
vortices generation is analyzed for different ailste materials. It is found that the ferroelectri
crystals are among the most efficient materialgldse this aim (see [7]). The results obtained are
discussed, considering the fact that the angulanembum linked to optical beams represents one of
their fundamental properties, which have been widélidied in the recent years. There is a great
interest in ‘spinning’ and ‘twisting’ of light as amifestations of the two rotational degrees of
freedom of any photonic flux, in the spin and abiangular momentums associated with the
guantum properties of light. They can be used inumber of novel areas of application, e.g.
information processing, quantum cryptography, queant teleportation, manipulation of

microparticles and creation of non-diffractive bea[i8).
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1D and 2D microdomain patterns of specified desigme attracted increased attention in
view of their applicability for nonlinear-opticaldquency conversion. We summarize our results on
recording planar microdomain patterns by meanfhi@fAFM method and electron-beam of SEM.
Experiments were performed inxBeai.xNb2Os (SBN) and LiNbQ crystals and He-implanted
planar optical waveguides.

In the AFM method, the local polarization reversaturs under standard AFM dc-voltages
applied to the tip. In SEM method it is caused pace-charge fields induced by local e-beam
irradiation. We investigated the regularities apecficity of the domain formation under these
conditions. Shaping of domain gratings and other @dterns with specified parameters was
elaborated. Stable domain gratings with spatialoger3 - 7um, several microns in thickness and
dimensions up to 500 x 300m? were recorded. The recorded patterns were examisid the
nonlinear-optical methods such as SHG microscopyramlinear diffraction.

The results obtained are promising for developmehtthe domain engineering by

microscopic methods, in particular in optical wavielgs.
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Since the domain structure exists in a ferroelectraterial, there is a difference in average
structure and local structure inside a domain.he s$olid solution system from which average
structure tends to be cubic structure, in ordemumalerstand a ferroelectric mechanism, local
structure analysis is required. We performed atopaic-distribution function (PDF) analysis of
BaTiO3 — KNbO3 solid solutions as an example of ltwal structure analysis. The characteristic

local structure, which appears in a phase boungasy/found out.
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Dielectric Properties and Phase Diagram of (SxBax)2Nb2O7 Single Crystals

Y. Akishige, M. Kamada, and S. Tsukada
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SpNb2O7 (SN) is one of the highlc

ferroelectrics with the perovskite slab structure. 50075 (I:mczl 'v | Cm'@l s
- T 22 Tmmmmmm— v -4
The crystal structure is orthorhombzncmin the 400 _\ &y ]
paraelectric phase abovie (=1615 K) (pase ) £ Commensurate ]
and it becomes orthorhomb@m@; in the 9300:- .
= [ Incommensurate i

ferroelectric phase belowlc (phase II): the |- [if 6=0, Pbr2,

200
spontaneous polarization along thexis is ca. 9 C

uClen? at room temperature [1]. An 1004 if 6=0, Pb11l (Srl-xBax)ZNb207_:

Incommensurate phase transition occurs Tat ok g’lb . . . . .
(=488 K) accompanying with a weak dielectric 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
anomaly in dielectric constaat. along thec-axis. Ba Concentration x

In the incommensurate phase, the modulatiofig. 1 Phase diagram ¢8n.xBa)2NbO7

wave propagates along theaxis with a wave vector af = (1/2-v)a*. If the misfit parametep is
zero, the space group beconis?;. The dielectric constard, along theb-axis exhibits a large
anomaly aflz (=100 K) and the ferroelectric polarization vectomewhat tilts to thb-axis. Below
Tz the space group is probaliNpll. As for Ba doped SN, (&Bax).Nb2O7, the Tc decreases with
x [2]. Forx=0.32 crystals, the low temperature ferroelectramsition atTs disappears and a new
ferroic phase transition occurs at 465 K [3].

In order to reveal the phase diagram of the Ba-dd&l¥, we prepared single crystals with
different x up tox = 0.32 by a floating zone method and measureddiblectric constant in a
temperature range from 10 K to 600 K. As shown ig. A, both of the phase transition
temperature3> andTsz decrease monotonously withand the incommensurate phase disappears at

aroundx = 0.15. Above this Ba concentratiaf, shows anomaly at ca. 465 K.
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Strontium titanate (SrTi§¢) is a model S, 0.045

o -z . STO16 XANES p. "B" 170
quantum paraelectric in which in the region ofa é’% o STO18XANESp."B" | _
o - . 8 o STO18 SHG 168 =
dominating quantum statistics the ferroelectricg %040} /5 3
P P 150 X
(FE) instability is inhibited due to nearly;m o /‘ w2
. . x 0035} 17
complete compensation of the harmonics ﬁ/ c
g (o] A 30 2
contribution into FE soft mode frequency by theg . =
’5_0.030- .;’/ 120 1)
zero-point motion [1]. The enhancement otu,j 1{;;;3../.; 11n 3:’
atomic masses by the substitution'® for'®0 % s PP
. ] ] 5 0 50 100 150 200 250 300
decreases the zero-point atomic motion and low- Temperature (K)
e . . . Fig.1 Temperature dependence of the XANES pre-
8
T ferroelectricity in SrTi°0s is realized [2]. peak "B" for STO18 (red dots) compared with that of

?TOlG (blue triangles) and optical second harmonic

We report on the local structure studies Ogeneration signal from STO18 (green circles).

Ti in SITit03 (STO16) and Srf0Os (STO18) by

Ti K-edge extended x-ray absorption fine struct(|XAFS) and x-ray absorption near edge
structure (XANES) spectroscopy, supplemented bycabtsecond harmonic generation (SHG)
measurements at low temperature (6 — 300 K). Adx@dmoethods of EXAFS analysis [3] aad
initio XANES modeling allowed us to reveal the local atstructure and dynamics around Ti

near the ferroelectric (25 K) and antiferrodisto#t(105 K) phase transitions.
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Thin Films Deposited by PLD
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The aim of this work was to investigate processtogditions and deposit epitaxially
strained BST70/30 (BaSr.3TiO3) thin films with smooth and well defined interfacdepositted
thin films were analysed by structural and eleatricharacterization techniques. Influence of
deposition temperature, laser fluence and repstitio
rate, ambient pressure on growth mode, film
crystalinitty and electrical properties were saali

BST70/30 thin films were deposited on 001
oriented SrTiQ@ single crystal substrates with LSMO
(Lao.sSr.2Mn0Os) electrode by pulsed laser deposition
with KrF excimer laseri=248 nm). BST and LSMO
ceramics were used as the targets. Substrates wergs
etched in buffered HF acid and annealed in oxygen :
flow at 935°C [1] to get atomically smooth surface.
Best quality BST films were obtained at 750-800°C

Fig.1 AFM images of BST thin film

deposition temperature range, with 3 Hz |aseBST/LSMO//STO (BST thickness - 76 nm,

” _ LSMO - 13 nm). Vertical scale is 1.5
repetition rate and 40-42 mJ energies. The oxygen nm). Vertical scale is 1.5 ni

pressure was 0.15 mBar during deposition and wasd&o 1 mBar during cool down. Both LSMO
electrode and BST thin films showed good epitaxyg.(E) and crystallinity, XRD BST 002 reflex
rocking curve FWHM was 0.12° (BST film thicknessmi@, LSMO electrode thickness 13 nm).
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Cooling Method Based on Electrocaloric Effect Reatied in Periodically

Switching Electric Filed in Triglycinesulphate
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Recently there was suggested a cooling method lmsetkctrocaloric effect (ECE) realized in
periodically switching electric filed in nonequitiom thermal conditions [1]. It was pointed outath
optimal cooling process takes place at proper seteof working temperature point on non-linear

0y/oT(T) dependence because of nonequality of

absorbed and emitted heat amounts induced by 0%
applying and removing electric field, respectively o0s
[2, 3]. In this work, the experimental data
concerning ECE in triglycinesulphate (TGS) in =l
nonequilibrium (Fig.1) and adiabatic conditions are o002 )

presented. Applying an electric field in the o \

0,00 T T T T

adiabatic conditions to TGS crystal causes we W We M B W
T,K

temperature increase. This effect is highlyrig.1 Electrocaloric effect in crystal TGS at ditfat

ibl b | d .femperatures in field at 2000V/cm. The open and
reversible, ecause an equal an OPPOSH§osed circles represent the adiabatic temperature

temperature change is observed upon subsequé&R&nge upon applying and removing the electriclfiel

removal of the electric field. However, it has bdeand, that in the nonequilibrium conditions ofttbo

para- and ferroelectric phases the temperatureiggaadf the sample leads to the appearance of
polarization which was detected by thermopolar@aturrent. Due to both ECE and the temperature
gradient, periodically switching electric field tsato periodical heating and cooling of the sanapld
directional heat flux appears as the result of snfthence. Such effect causes insignificant caplirf

the sample in the nonequilibrium temperature coorakt
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New ceramics material BaPlv.osTiO3:C003 (BPTC) has been prepared by the
conventional hot-sintering method in the aim ofkiog for new multiferroics which could be
useful for the electronic industry. The experimémésults showed that substituting?Plons in

40 ; - T - . .
i . BPTC
temperature [1]. The co-doping with €dons 3

A—site is very useful tool to control the Curie

reduces high dielectric losses related to the *r
structural phase transition in BPTC. ThePind

DOS

0

Co®" doping ions diffuse the ferroelectric-
paraelectric phase transition. TB®TC exhibits
-20

relaxor-like behaviour in the temperature range
from 125 to 225 K, checked by dielectric test. It

40 L I . H A 1 . 1 L 1

shows the existence of the polar nanoregions, £ V)
e

which originate from the presence of acceptorFig.1 Diagram DOS with spin polarization. There are
_ ) . differences visible between spin down and spin up.

oxygen vacancy Co6-Vol dipoles in highly

polarizable lattice [2].

Ab initio calculations were performed within DFT using GGAdd_CAO with localized
basis set in the form of spherical functions aslémnted in SIESTA 3.2 code together with spin
polarization (Fig 1). Theesults of DOS calculations and magnetic measurenalow to classify
BPTC as a multiferroic of | type, since weak conglibetween ferroelectric and magnetic

properties occurs.
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Lattice Dynamics and Incommensurate Phase in PbHf©
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We report the results of a combined diffraction amelastic X-ray scattering study of lead
hafnate. We find that this crystal is a first cheatdisorder-free and non-magnetic perovskite with
an incommensurate (IC) phase. The IC phase is dieaized by transverse modulations with a

wavevectorqi=[q,q,0], whereq is a temperature 25

. . A TAalong <100> PbeOé, T=500 K
dependent parameter of magnitude slightly larger ¥ TO along <100> :
201 o
O

TA along <110>

than 1/7. The formation of IC phase is precedec%‘ TO along <1105

by the softening and increase of damping‘;w ------------ SRR EF ------- -----

constant for a hybridized anharmonic transverse%’ 1o : i
0 :

phonon branch along almost the whole <110>§

direction of the Brillouin zone. This branchisa 5[ """~ %’ """ A‘ﬁ'é"ﬁﬁ“m'é‘é“a‘a """

continuation of the smati-acoustic branch and

. . . . 0 0.2 0:4 0:6 0.8
is thus marked simply as TA in Fig. 1. The TO g-vector magnitude (r.l.u.)

mode, on the other hand, is ternperatur?ig.l Dispersion relations for the two lowest eryerg
nsverse phonons polarized and propagating in

01} plane, T=500 K. The data are obtained at ESRF
clearly distinguished. It cannot be distinguishedP28.

independent in the whole range where it can

close to the zone center, where it is expectedet®dit in accord with the observed growth of
dielectric permittivity, and badly distinguishedsé to M-point, where it is heavily damped with
damping constant being increased on cooling. Ngtahke anisotropy of the TO dispersion is the
opposite with respect to the anisotropy of the TéAden In other words, it is stiffer in directions
where the incommensurate modulations are going fotmmed. Among the yet reported low-energy
spectra in perovskites the one corresponding t@xMirection in PbHf®@ hast the most similarity
with the one corresponding to <100> direction inkdQN [2]. This might suggest that despite a lot
of differences the mechanisms of phase transitiorisad-based and lead-free perovskites can be

indeed very similar.
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The research in perovskite oxides is ever incrgasince their discovery in 1945. The
number of compounds with this rather simple stmectis growing continuously since then and
fascinating properties ranging from magnetic vigletitric and superconducting have been reported
for them. While an extreme research activity hasnbdevoted to SrTi€from its discovery on, its
analogue EuTi®has attracted rather little interest until recgniere we concentrate on the recent
results from studies of this perovskite and itsedixrystals with SrTi@and demonstrate that novel
interesting properties are related to it. Spedifjoae provide evidence for the existence of hybrid
paramagnon-phonon coupling at elevated temperat@médsits manifestations in bulk sensitive
experiments. In addition, the phase diagram ofnhe=d crystal series is presented where pressure
and temperature effects are included. A novel mddegnetic order is discovered which is tightly
bound to the oxygen octahedral rotation and folldiws temperature dependence of the soft

acoustic mode.
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The temperature dependence of the shape of isoldethins and its evolution after
merging during polarization reversal in uniformatte field have been studied in lithium tantalate
crystals (congruent CLT and stoichiometric SLTXémperature range up to 280 The obtained
shape evolution has been analyzed in terms ofikiapproach [1].

The domain patterns revealed after partial poléianaeversal by HF selective etching after
removal of metal electrodes were visualized by agbtimicroscopy and scanning electron
microscopy. The observed change of the growing dosiaape with temperature increase in CLT
from triangular with X oriented walls (3X) to cirar through hexagonal (6X) has been attributed to
increase of the relative input of isotropic ionmnductivity [2]. This fact leads to increase of the
role of stochastic nucleation of the steps at thalswand to more effective screening of
depolarization field. It was shown that X orientatiof the domain walls existing in CLT at
temperatures below 19Q results in their nonstop motion and independ@mhain growth after
merging in contrast to jerky wall motion and therdon shape stability effect obtained in SLT and
lithium niobate with Y oriented walls [3].

The computer simulation of the domain growth takimg account the competition between
determined and stochastic nucleation mechanismsnaodplete screening of depolarization field
has been successfully used for explanation of tmeaih shape change with temperature increase.
The obtained results confirmed the applicability toé kinetic approach to explanation of the

domain shape.
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We study Pt/Pb(Zr53Tio.s7)Os(PZT)/Pt/Ti/SiQ/Si capacitors, where PZTilms were
prepared with 15% excess of Pb by sol-gel depasitiche capacitors C1 and C2 differ with
annealing conditions and type of Si substrate. (Ii4) textured polycrystalline films are shown by
scanning spreading resistance microscopy to haneomaluctive PZT grain boundaries, the current
flows inside the grains. Ferroelectric hysteresiepk, transient current-voltage characteristics,
short-circuited photocurrent under illuminationtbé films by light with the quantum energy of 2.7
eV are measured. To control a preliminary polaiarabf the film, before each measurement the
film is depolarized by application of the exterpablonged decaying sinusoidal voltage, after that i
is poled in a certain direction.

With theexternal biaglecay upon depolarizing the capacitors & measured polarization
is found to tend not to zero, but to the stabl@&®aifPyep= -16uC/cn, directed from the top to the
bottom electrode. We explain this result in ternfisflexoelectricity and assume that substrate
downward bending generates a strain gradient actiessfilm thickness which creates the
downward self-polarization [1]. Application to ttigms a positive bias of ~2 V together with a
sinusoidal one or illumination of negatively polétin in a short-circuit state can switch the
negative self-polarization into a state with pesitor zeroPgep Capacitors C2 do not show initial
self-polarization.

In transient current-voltage curves all the capasitshow peaksear values of coercive
strength, the current is larger in case the divestiof the bias and polarization coincide. Thislltes
agrees with the current behavior in epitaxial PAmg [2] and is the opposite to the current
behavior in polycrystalline PZT films with conduati grain boundaries, where current is larger

when the directions of the bias and polarizati@napposite to each othE].
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Strong electromechanical coupling makes ferroatecieramics ideal candidates for high
precision, fast response, and high force actugiplication [1]. Among the most important actuator
figures of merit, which also define their operatbmange, are the free displacement that can be
achieved at a given electric field without an exéroad and the maximal force that the actuator
can produce in a fully clamped state (blocking &rdue to nonlinear electrical and mechanical
constitutive behavior of ferroelectrics [2] the ogtgonal range, as it is currently defined, strgngl
depends on the loading history and is, therefath-dependent, which is not taken into account by
the currently utilized measurement methods [3].sTimay result in inaccurate prediction of the
actuator’s complex operational range and consiteepsformance decrease, e.g., due to deviations
in impedance matching of the actuator to the extdoad [4].

In order to determine the true operational ranggi@foelectric actuators we present a novel
experimental procedure utilizing the proportionabading method, which enables full
characterization of a piezoelectric material uralgual operating conditions. The method was used
to investigate well-established lead-based materislich as Pb(Zr, TiD as well as selected
BaTiOs- and (Bi,Na)TiQ-based lead-free compositions. The determined tpeeh ranges will be
compared and discussed with respect to differertham@sms responsible for the unipolar strains.
Moreover, the materials will be evaluated in terafselectromechanical conversion efficiency,
showing large room temperature values of some fiesd€compositions, making them promising

candidates for actuation applications [5].

References

1. K. Uchino, Ferroelectric Devices, Marcel Dekk2d00)
2. T. Fett, D. Munz, G. Thun, Ferroelectrics 264(2002)

3. K. G. Webber, D. Franzbach, J. Koruza, J. Ama@e Soc., submitted (2014)

4. L. D. Mauck, C. S. Lynch, J. Intell. Mater. SyStruct. 75811 (2000)

5. D. R. J. Brandt, M. Acosta, J. Koruza, K. G. \Weh J. Appl. Phys., submitted (2014)

132



RCBJSF Or-11
New Room Temperature Multiferroics on the Base of ifigle-Phase Nanograined

Ceramics with Perovskite Structure

M.D. Glinchuk, E.A. EliseeV, A.N. Morozovsk&?

Institute for Problems of Materials Science, NASJsfaine, Kiev, Ukraine

2Institute of Physics, NAS of Ukraine, Kiev, Ukraine

e-mail: glin@ipms.kiev.ua

The search of room temperature magnetoelectricifentiics is known to be a hot topic for
researchers and engineers working in the fieldosfehfunctional devices fabrication [1]. For the
majority of these devices operation at room tentpegaand significant magnetoelectric coupling
are especially vital. Until recently such charasteaxs were demonstrated on multiferroic
heterostructures. The discovery of single phasenrtemperature magnetoelectrics on the basic of
solid solutions of ferroelectric antiferromagnet®(FRa Taw2)Os and Pb(Fe:Nby2)Os with
Pb(Zn2Ti12)Os3 seems to be very important.

However the magnitude of the magnetoelectric (M&)pding in conventional ceramics
appeared to be a few orders smaller than thatdtarbstructures. Investigations for Ph(Hea2)—
(Zr12Ti12)1x0O3 nanograined ceramics [2] revealed the value ofcéffe ME coefficient close
enough to that obtained for heterostructures. Theipal reason of this important for applications
phenomenon stays unexplained up to now. To findtastintriguing phenomenon physical reasons
it is necessary to clear up the mechanisms of feagmetic, ferroelectric phases appearance and
their dependence on temperature, solid solutionposition x for given value of nanograined
average radiuR. Therefore the description of phase diagram walldiven and compared with
observed one. The proposed theory appeared possible applied to the bulk materials in some
cases, e.g. fox=1, due to our approach generality, since it tamio account polarization,
magnetization, elastic and magnetoelectric properiihe comparison of the developed theory with
experiments establishing the boundaries betweeaefgtric, paramagnetic, antiferromagnetic,
ferroelectric, ferromagnetic and magnetoelectriagas, as well as characteristic features of the

observed ferroelectric domain switching by magntticl are performed and discussed.
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In recent years, there is a tendency to searcimdgel multifunctional materials. It is not
surprising that multifunctional multiferroic matals have gained a lot of attention and are being
intensively studied. Due to restrictions @frbital occupancy the synthesis of new single-phas
multiferroic materials is not very promising andogfs are made to search for a new two-phase
multiferroic composites, being nowadays the moggrsively studied multifunctional materials.

The present work is dedicated to the comparisorbrofdband dielectric spectroscopy
results ofxBaTiOs-(1-X)Nio.sZno sFeOs composite ceramics synthesized from powders peepay
using two different methods — co-precipitation aade-shell. Particle morphology and composite
microstructure was confirmed in each case by XREM&nd other devices [1, 2]. Various devices
and broadband dielectric spectroscopy methods useé in experiments to cover the wide range of
temperatures and frequencies, spanning from 1@300 K and from 20 Hz up to 50 GHz.

The samples prepared by co-precipitation methoglassignificantly higher values of
dielectric permittivity than those having core-shstfucture. Moreover, three peeks visible in the
temperature dependencies of co-precipitation sanpén be associated with phase transitions
occurring in pure barium titanate, while in corellsamples such behavior is not present anymore.
The behavior at low frequencies is primarily deteed by more conductive low-permittivity
material (nickel-zinc ferrite). At higher frequeasi a nearly Debye-type relaxation process can be
observed. This shows that the preparation methggols able to modify dielectric properties

significantly in a very broad frequency range.
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The conical point crossing is a form of the endeyel crossing, where the level crossing
occurs two-dimensionalfy? It has been concretely exemplified by usingnapsé lattice vibration
model of the hexagonal lattice only with two atomsa unit cell, each atom interacting with the
nearest neighbor atoms (Fig. 1), that the conicadtcrossing occurs in the K-point denotedkay
(1/3, 1/3, 0)inside the Brillouin zone of the hexagonal lattice (FR). Near the K-point, the

dispersion relation is givenas
o of ==K [|a+ol]a )]

whereM is the mass of atom& the force constanta)g the w?-value at the K-point, }1| the

distance (non-dimensional) from the K-point in tleeiprocal lattice, an®( | 4 ? ) implies the
terms higher than the second ordertin

It has been shown that the conical point crossppearing in the hexagonal lattice remains
even in the orthorhombic and monoclinic latticeduiced by the proper or improper ferroelastic
transition, where a small strain is involvedn the present paper we discuss how the conimat p

crossing will change according to lowering symmetry

Fig. 1. The hexagonal lattice. FRy The reciprocal lattice vectors.
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Barium titanate (BT) is a classic ferroelectric lwdverage properties. Inserting potassium
niobate to BT structure creates stresses thataeeszsdomain wall count and in result piezoelectric

coefficient [1]. Although ferroelectric PZT has

taken a substantial share of piezoelectric market™ [« &r o
H o KN/BT0.22 __."'"---"'.A an
i i i i icticeE | 4 KN/BTO0.25 L A% An
due to its high piezoelectric characterlstlcsglooo BT 05 | e Y
. . L. 0] =) A -
KNBT has comparable piezoelectric coefficient,g _5-@“ “’!.!
thus making it a great substitute. The fact tha® * .
. . . . % rr,"ﬁum“’ %
KNBT is lead free ceramic makes it of highs M,.«»"’ o
interest for both researchers and engineers due % 100 - ™~
< 1001
. ]
environmental concerns. x 80 100 200 300 400 500

. . ] Temperature, K
Composites were prepared in two StepStig 1. Temperature dependence of real part of

. dielectric permittivity for:
compact BT particles were heated to 1@@or BT with 60% relative density.

2h to create low-density ceramics, then KN wer&N/BT 0.22 with 53% relative density
KN/BT 0.25 with 79% relative density
epitaxially deposited to BT structure. [2] KN/BT 0.5 with 60% relative densit
In this presentation dielectric properties of KNB/th different KN molar ratios will be
presented. From Figure 1 we can observe that thgebithe KN/BT ratio is, the more obscured
phase transitions of BaTiO3 become. Low dielegiecmittivities in KN/BT with molar ratios of

0.22 and 0.5 can be explained by its low relatiepsity.
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The aim of this work is to a comprehensive studyheftemperature of phase transitions in
the CsSckcrystal. The CsSaFerystal presents a typical example of a layeredyskite structure.
It is formed by square layers of Safctahedra connected via common F atoms, and segawéh
Cs ions in interlayer holes. According to x-ray al@nd macroscopic measurements, the space
group of its high-temperature phasePd/mmm the highest symmetry for such an arrangement.

Cooling below T =475 K results in a new phase

a) P4/mmm

with P4/mbm symmetry. A second phase 1 —
transition appears at>F 317 K leading to a , , .

ScF, Cs

phase witlP4/mmnspace group. ’ T ymer)

b) P4/mbm ‘f"n

At the first phase transition SgF —y ¢ <

F R eadhas

b

octahedrons with are rotated with jump @
which accounts for a first-order transition. There

¥ M2+ (1) © X2<(5,, &)

are no any other rotations or heavy atom o emm

displacement. At the second phase transition two

new rotations are appeared: aroumdb axis on

angle y1 and arounda-b axis on angleyz. Fig.1 Fig.5. Different projection of crystal struce:

Atoms Cs1 and Cs2 move along c. Mechanism & tetragonalP4/mmmparent phase, b) tetragonal
P4/mbm distorted phase; c) orthorhombiemmn
all phase transitions have displacive distortiodistorted phase,
nature.
Phase transitions are accompanied by condensdtieofitomodes in Raman spectra, one at
first phase transitioniland two at second phase transition T
The results of investigations by powder X-ray d@ifftion, Raman and IR vibrational

spectroscopy, Brillouin scattering and NMR will ppeesented.
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Multiferroics are materials having two or more arg@rameters (for instance, magnetic,
electric or elastic) coexisting in the same phasasong them, magnetoelectric (ME) materials that
exhibit coupling of electric polarization and matination are very promising for spintronic and
magnetic random access memory applications.

In the present study we report a detailed studynadnetic, dielectric and ME properties of
new magnetoelectric multiferroic Pbiz8203 (PFS). It belongs to the rich family of Fe-based
double perovskites A(ReM12)Os with nonmagnetic ions A=Pb,Ca,Sr,Ba, and M=Nb,ba,B
these compositions, Feand M* cation positions may be ordered or disorderediwgimple cubic
B-sublattice of the perovskite structure ABMBY employing high-pressure high-temperature
synthesis we obtained PFS ceramics possessinghadbmyee (up to 0.9) of chemical ordering of
the FE* and SB* cations. This results in several interesting proge In particular, PFS shows
unexpectedly strong high-temperature magnetic atiert. We explain this relaxation by the
creation, at high temperatures, not less than 250fkKjiant superspins, owing, curiously, to the
antiferromagnetic (AFM) superexchange interactimiween F& spins. These superspins are
capable of strong magnetic relaxation down to ali®t K, where they transform into a superspin
glass phase, and, on further cooling, the materpérience transition into the ordinary AFM phase
at Tn=30 K. We have also found that PFS undergoes facto@ phase transition at 195 K. Its
remanent polarization experiences substantial (sirfB0%) variations below the Neel temperature

indicating extremely strong direct ME coupling.
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Because of the importance of the electromagnete&ference resistance in the modern life,
the electromagnetic shielding of the piezoeleatiiiration acceleration sensor with printed circuit
board(PCB) is analyzed in this paper. The shethefpiezoelectric vibration acceleration sensor is
taken as a rectangular cavity with aperture. Theldihg effectiveness of the shell irradiated by
plane electromagnetic wave is modelled using trasson line theory. In the modeling process,
incident angle and polarization angle of the platectromagnetic wave are introduced, and the
scattering voltage produced on the aperture imtakethe radiation source. The aperture is taken as
the asymmetrical coplanar stripline and the reatéargcavity is taken as a rectangular waveguide
with one end completely open and another end cdsliplelosed. The PCB is taken as a dielectric
slab with certain dielectric constant and electreznductivity. The shielding effectiveness of any
point in the cavity is calculated using transmisdioe theory. Compared to the others before, this
method improved the completeness of the model headcdmputation speed which supplied good

reference for engineering practice.
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Fig. 1 The shielding effectiveness curves when tlkeg. 2 The shielding effectiveness curves when the
position of point P gets different value thickness of PCB gets different value
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X-ray, electron diffraction, dielectric, Raman, ahoimain structure studies showed that in silver
niobate (AgNbQ@) the following phase transitions are observedeatperatures: 340 K—from the
orthorhombic M to the orthorhombic ¥ 540 K—from the orthorhombic Mo the orthorhombic I
626 K—from the orthorhombic Mto the orthorhombic © 634 K—from the orthorhombic o the
orthorhombic @, 660 K—from the orthorhombic

O- to the tetragonal T, 852 K—from the tetragonal ————
1400 - R

T to the cubic C [1]. The M phase exhibits —— AgNbO,

ferroelectric properties, the phases &hd M are 1200 e 1

antiferroelectric and phases;,00;, T and C are 1000 | AdoodbioosNDO; 0,
Ag, o,Li; ,NDO,

0.08

paraelectric. All phase transitions are mostlytezla 800 AgycLis,NbO,

with Nb ions dynamics, however the role of Ag and *

O ions should be also not neglected. Therefore it i eoor X7

very interesting to investigate dielectric propesti W N 1
of various mixed systems like AgLixNbOs in 200 T \MM, |
wide frequency range [2]. In this work results of 100 200 300 400 500 600 700 800
dielectric investigations of AgdLixNbO:; (ALN) Temperature, K

solid solutions for Li concentration rangex3®0.1  Fig.1 Temperature dependence of the static diétectr
are reported in very wide frequency range (20 Hz -Bermittivity of Agi-LixNbGs.

THz). They show a perovskite structure and exhtet orthorhombic symmetry at room temperature.
Three predominant aspects of Li substitution wetafl (Fig. 1). The first one is associated witniét s
of M1-M> dielectric anomaly to the low temperatures, thenaaly completely vanishes for8.6. The
second one is related to a gradual increase obrbade(T) maximum associated with the transition
between disordered antiferroelectric &hd My phases. The third one is related with dipolarglasase
appearance for compositions with 0.848.6. The dipolar glass behaviour completely varsshe
together with disappearance ofiiMl,> phase transition. The Li substitution influencediscussed in
terms of the appearance of electric dipole moméinteed with the occupation of the off-centre
positions by Li ions.
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Based on density functional theory, we have stuthedstructural, mechanical, electronic,
and optical properties of narrow-band ferroelectciempounds — (Ge,Sn)Te. Local density
approximation has been used for modeling exchangelation effects. The lattice parameters,
bulk modulus, and the first derivate of bulk modu(to fit to the Murnaghan’s equation of state) of
considered compounds have been calculated. Thenderder elastic constants have been
calculated, and the other related quantities ssde Young’'s modulus, shear modulus, Poisson’s
ratio, anisotropy factor, sound velocities, Debgmperature, and hardness have also been estimated

in the present work. The calculated electronic doatructure shows that GeTe and SnTe

compounds have an direct forbidden band gap oB 6Mand 0.35€V. The real and imaginary

parts of dielectric functions and hence the opticahstant such as energy-loss function, the
effective number of valance electrons and the gffeoptical dielectric constant are calculated. We
also calculated some nonlinearities (tensors o$telaptical coefficients) under pressure. Our
structural estimation and some other results agneement with the available experimental and

theoretical data.
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The bismuth manganite ceramics has been obtainbdybytemperature sintering [1]. The X-ray
pattern analysis has shown that the ceramics ¢smdisentro-symmetric orthorhomifbamandcubic
123 phases Such result is consistent with former electron ropecobe analysis of the chemical
composition [1] and non-ferroelectric features adMBOz compound [1, 2]. Impedance has been
measured at radio-frequenciés=(100 Hz — 1 MHz) in 85-570 K range in the paiadiecuit modeC,-

Gp. The resistancdRy(T) temperature dependence was checked repeatedly etctroformation
procedure carried out at 800 K, at ambient airséweral hours [1].

The marked step-like anomaly in tbH€T,f) occurres in 100-250 K range and it corresponds to
peak anomaly, both in dielectric loss coefficiegabXT,f) and imaginary part of electric modulus
M"(T,f). This anomaly has been assigned to electric oudigpersion or relaxation since it moves with
frequency and temperature [3, 4]. The relaxatiomesi r temperature dependences have been fitted to
Arrhenius law. Estimated activation energy vatie= 0.20 eV corresponds to the semiconductor-type
electric conductivity activation enerdgss = 0.20 eV [1]. Estimated value of relaxation cluteastic
time 1o ~10* s indicates polaronic mechanism of conduction. ®tieer anomaly distingushed in the
tand(T,f) and M"(T,f) dependences, in 270-320 K range, relates to forgjaxation timestw ~108 s)
and it can be assigned to an ionic process, whaalributes to the electric conduction [3].

The high temperature electroformation induced #sstance switching to metallic-like state,
which was stable for several weeks at room tempegailhe resistance temperature dependence has
been fitted to formulaV”(T,f). Ri{T) = Ro(1 + aT + T2 ). Recently proposed model for the resistance
switching induced in the aged and rejuvenated alystvhich is related to vortices at ferroelectric
domains structure [5, 6], is not applicable duentm-ferroelectric features of the ceramics studied
herein. Hence, we propose to relate the resistamitehing in bismuth manganite ceramics to extended
defects, which occur in vicinity of interfaces [[drmed in the bismuth manganite ceramics studied
herein.
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Binary compounds with the wurtzite structure (SB:m¢g have a polar crystal structure
due because the system is non-centrosymmetric. Srycftals have been assumed to be non-
ferroelectric because of the rigid tetrahedralsuhiéld together by strong covalent bonding, so that
its electric polarization cannot be switched by an
electric field. For this reason, wurtzite struedir
compounds are categorized as consisting of nont e

ferroelectric polar crystals. However, if we

consider the relative displacement of the cation |

relative to the anion along the c axis, as P6;me P6;/mmc P6;me
P=+P P=0 pP=-P

Figure 1. Wurtzite structure ZnO in two polar state

paraelectric state corresponding to space grouleft and right), corresponding to space grd&famc,
compared with ZnO in a non-polar state (center),
P6s/mmc is found to exist between two polarcorresponding to space groupés/mmc If the
- .. _Jpotential barrier is suffiiciently low, the eleari
states (the original P63mc symmetry of wurtzite)ggjarization can be switched between the two polar

Sstates via the ne-palar structure

illustrated in Figure 1, a centrosymmetric

If the potential barrier of this displacement i
sufficiently low, the direction of electric polaation can be switched between these two equivalent
polar statesR6smq via this paraelectric state. If this is the catbes wurtzite structure should
represent a new class of ferroelectric materiate possibility of ferroelectricity in the wurtzite
structure was not examined. It is thus still annsweered question whether wurtzite structured
compounds can exhibit ferroelectricity or not. mststudy we report a series of first-principles
calculation of wurtzite structured phases of MXIchgenides (where M = Zn, and Be, X = O, S,
Se, and Te), in an attempt to answer this questiba.calculation results of the potential surfate o

poralization switching will be presented.
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We produced a set of Pb(MgNb23)O3 (PMN) relaxor ceramics with different porosities
from a pure perovskite PMN powder [1] by varying #intering temperature and isostatic pressure.

We measured the room temperature infrared (IRgegflity of corresponding 7 polished ceramics.
Several IR reflectivity spectra are shown in Fig.1.

We fitted experimental data and obtained the

effective  dielectric response, which was

o©
o
1

discussed using several effective medium models.

Reflectivity
o
+

The best results were obtained using the

o
N

Lichtenecker model [2]

0.0 T T T T T T
0 100 200 300 400 500 600 s — _ 4 a < <
Wavenumber cm™) Eefr (I —x)ef +xef, ~1=a<1

Fig.1 Room temperature IR reflectivities of PMN

ceramics with different porosities. for the positivea both components are partially

percolated for all compositiong and for the
negativea neither of the components is percolated, agaiepaddently ok. The simulation using

the finite element method supported the same model.
We found that the Lichtenecker model with= 0.2 produced reliable values of low-
frequency permittivity for all samples and confinintae independence of the degree of porosity. It

indicates that the different sintering conditionslg the same topology and shape of pores in the

ceramics.
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We have investigated the X-ray diffraction (XRD),agmetic susceptibility and head
capacity of GdCo®in a wide temperature range. Two phases of the symmetry with different
lattice parameters corresponding to the low spi®) (and high spin (HS) states of don have
been revealed based on the analysis of XRD peageshaomalies at 200K<T<800K. From
magnetic measurements we have obtained the temapeddpendent spin gap between HS and LS
states and the thermal occupation numbers for HIS_8nstates. We found a smooth spin crossover
at 800K.

By ab initio DFT-GGA method we have calculated the volumesefltS and HS unit cells.
We have model the unit cell volume at arbitrary penature as the average between HS and LS
with temperature dependent occupation numbers. \Alee hreproduced the measured thermal
expansion and found the giant thermal expansioffficieat ~10* contrary to the anharmonicity
contribution ~1@®. The origin of this large multiplicity fluctuatiorcontribution is the 10%
difference in the HS and LS ionic radii of €aon.

The other effect of the temperature induced LS-HfSspver is a smooth insulator — metal
transition. Our multielectron LDA+GTB energy stru calculations have found the insulated
bands with the activation energy for conductivigceasing with temperature due to increasing HS
concentration. The insulator gap tends to zero 88K7 and the measure heat capacity has a

maximum at this temperature.
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Intensively studied transition metals containingdes with multiferroic properties mainly have
perovskite-related structure. However, the seanclttdmpositions with other structural types in whic
multiferroic behaviour may occur, is still of fundantal importance.

In this work, single crystals of BlieGs andNi2InSbQs prepared by the gas-transport reactions
and complex oxides PBSbQ; (B - Sc, In) and (Cu,NiFeGs solid solutions prepared by the solid state
reaction method were studied. Crystal structurengerties of ceramics were studied using X-ray an
Neutron powder diffraction, calorimetric, second rrhanic generation (SHG) and magnetic
measurements. Dielectric properties of sinteredrogrs were measured at frequencies 100 Hz — 1 MHz
in temperature range 300 - 1000 K.

Antiferromagnetic (AFM) ordering was found inaieGs with corundum-related structure. This
oxide has a noncentrosymmetric structure which esiggthat ferroelectric ordering above room
temperature is possible. At room temperatureBEbQ (B - Sc, In) compounds have a trigonal
structure. The magnetic susceptibilities showed Af#avior for both compounds withJd60 K (Sc)
and 76 K (In). Neutron diffraction patterns confedha long-range magnetic ordering below $HG
measurements at room temperature confirmed thaetlkempounds possess a noncentrosymmetric
crystal structure. The pronounced dielectric peakse observed for NTeQs samples near 1000 K.
These peaks may correspond to ferroelectric phassition. It should be also noted that dielectric
properties of all ceramics studied revealed typiekxor behavior at lower temperatures.

Dielectric anomalies related to structural phaseditions were revealed at ~800 K, and AFM
ordering was determined at temperatures 50-70 tien(Cu,NixTeGs ceramics. The factors governing
the observed structural and magnetic propertidsi-tfased compounds will be discussed and possible
role of structural distortions of the Ni-cation fatlices on dielectric and magnetic properties ‘el

considered.
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One of the novel and quickly developing directiafigesearch in the physics of condensed
matter is the investigation of the relations betw#e phase transition dynamics and the processes
that occur in the Earth’s crust and mantle. It bh@sn shown that the olivine-spinel phase transition

can be a trigger mechanism for the Earth’s deepest

17,95 ¢

earthquakes that occur in the subducting oceanic ool

lithospheré. Investigations of the dynamics of 1785}

phase transitions in minerals as natural compounds __ 81

17,75+

1/£'(10°%)

help to understand different phenomena in the ool

Earth’'s mantle, such as the anomalies in the 176l

behavior of elastic waves detected in seismic  *"%f T = 157K
investigations_ 1 80 100 120 140 160 180 200 220 240 260
T(K)

On this report we will discuss the phase

. ) . . Fig.1 The temperature dependence of the inverse
transitions into the ferroelectric state in natiyral static permittivity in loparite-(Ce). Dashed line a
occurring minerals of the order-disorder andesu“Of"J‘IO'NOX'mat'on by the Curie-Weiss law.
displacement types. Ferroelectric transition ofalite-(Ce) (the mineral of perovskite family with
complex composition (Ce,Ca,Na)(Ti,Nk)Oaccording to our results of dielectric and Raman
spectroscopy and X-ray single crystal diffractiomvastigations is the phase transition of
displacement type. The origin of ferroelectricity lawsonite CaAlSi,O7)(OH)*H.0O and

colemanite Ca[BO4(OH)s]*H 20 is related to the dynamical ordering of profohs
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Formation of the charged domain walls (CDW) dumpadarization reversal has been studied
in lithium niobate (LN) single crystals with inhogeneous bulk conductivity produced by
irradiation of the polar surface by glow dischaigeplasma of Af ions and high temperature
annealing in vacuum.

The conductivity of the thick surface layers of garent and MgO doped LN have been
increased by annealing at 700-850°C or polar sarfaadiation by glow discharge in plasma of
Ar* ions (energy 2-5 keV, time 2-8 min) in vacuum [Ihe spatial distribution of the bulk
conductivity has been extracted from the surfaceduaotivity values measured by two-probe
method using repeated removal of 10 to k060thick surface layers by polishing. The electrgdd
distribution in the bulk had been measured by apiisterferometry [2]. The local change of the
interference pattern is proportional to the localue of the applied electric field due to linear
electro-optical effect. The analysis of the recdrdeterference patterns allowed to extract the
electrical field distribution.

The polarization reversal in the bulk leading tonfation of CDW has beem situ
visualized by optical microscopy under applicatidrihe field pulses using liquid electrodes. CDW
have been studied by optical microscopy on crosgBeses after selective chemical etching and by
analysis of the domain images obtained at diffedamth by Raman confocal microscopy [3]. The
main stages of CDW formation in the crystal bulkédndeen separated. The field dependence of

CDW parameters have been revealed.
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Ferroelectric oxides have recently attracted mutdnaon as photovoltaics because they can
separate the photo-excited charge carriers welltdube strong inversion symmetry breaking. They
can generate above band gap photovoltages whicterabe power conversion efficiencies beyond the
maximum possible in a conventionpin junction solar cell. However, further improvemenn
photovoltaic efficiency have been inhibited by theide band gaps (>2.7 eV). We design and make [1]
a family of single-phase oxides using conventiaudid-state methods: [KNR{).x [BaNiz2Nb1/203-5]x.
These oxides exhibit both ferroelectricity and a@evvariation of direct band gaps in the range 181-3
eV. In particular, thex=0.1 composition is polar, has a direct band gapl80® eV, and has a
photocurrent density 50 times larger than thahefdlassic ferroelectric (Pb,La)(Zr, Tg@aterial. This
provides strong benefits for solar energy absonpttonversion and other applications.

In a homogeneous noncentrosymmetric single-phageriaa the charge can be separated
spontaneously by the bulk through the shift curnereichanism. Here we also study the effects of
vacancy, composition and cation arrangement orskfi current response using a simpler material
Pb(NKkTi1x)Osx. [2] As the electronic transitions at the band edgeolve more of the TidBand Pb 6
orbitals, the shift vector direction flips, allowgrthe shift current from differert regions to propagate
along the same direction.

In addition to ferroelectric perovskites, we alspart the properties of polar rocksalt structure
materials. Inversion symmetry breaking can arisenfistrain due to lattice mismatch. Heteroepitaxial
superlattice materials can induce interlayer striading to symmetry breaking. We therefore study
sulfide rocksalt superlattices for new photovoltaimaterials, since binary sulfides form rocksalt
structures more readily than oxides and since #m&l lyaps of sulfides are lower than those of oxides

We calculate various combinations of (Ag,Bi,Pb)eslattices using first-principles calculations.
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The results of practical implementation of a newthrod for porous piezoceramics, and
ceramic matrix piezocomposites fabrication were spnded. The method was based on
nanoparticles transport in ceramic matrices usimplggmer nanogranules coated or filled with a

various chemicals, with successive porous ceramig:

fabrication processes.
Different types of polymer microgranules|

filled and coated by metal-containing nanoparticleg . ’
were used for a pilot samples fabrication. Polym
microgranules were examined using transmission
and scanning electron microscopy as well as by :
EXAFS and X-ray emission spectroscopy. Pilogl h :
. 3

samples of nano- and microporous ceramics and ;

Mag= 78.14KX 2000m EHT= 300kv WD= 16mm Signal= 1.000 SignalA= inLens

Date 7 Jul 2005 File Name = per_1_18_06.4if Signal B = InLens

Fig.1 SEM micrograph of internal surface of

piezoceramics compositions (PZT, lead-potassiugiosed pore in PZT piezoceramics covered by Pd
) ) ) ) nanoparticles.

niobate and lead titanate) as a ceramic matrixsbase

composites were fabricated using differen

Resulting ceramic matrix piezocomposites were caagay super lattices of closed or
open pores filled or coated by nanoparticles ofafsetoxides, ferromagnetics etc. embedded in
piezoceramic matrix. Dielectric and piezoelectrergmeters of a pilot samples were measured
using piezoelectric resonance analysis method. Newily of nano- and microporous
piezoceramics and ceramic matrix piezocompositescharacterized by a unique spectrum of the
electrophysical properties unachievable for stathd@ZT ceramic compositions and fabrication
methods.
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The ferroelectric crystals of »Ss family are promising multifunctional materials for
functional piezo-electronics. In this contributiare present applications of ultrasonic method for
characterization of these piezoelectric crystats. this purpose we applied pulse-echo ultrasonic
method for detecting of piezoelectric sensitivity. [In conventional transmission ultrasonic system,
the receiving ultrasonic transducer is replaceglate of material under investigation. Piezoelectri
signal which appears on the plate under ultras@xcitation is proportional to appropriate
piezoelectric constant. In this case the tempezatmd DC electric field dependencies of
piezoelectric effect can be measured. Ultrasonjicaéitected piezoelectric signal revealed clear
step-like anomalies at the ferroelectric phasesit@ms. Field-induced piezosensitivity in the
ferroelectric phase increases with bias DC fielehtlsaturates, and after reversion of voltage the
piezoelectric signal decreases, at field near comrchanges sign, and saturates again at high
voltage of opposite polarity (hysteresis loop is@tved). In the paraelectric nonpolar phase due to
electrostriction there is only linear dependencepazoelectric signal on DC electric field.
Therefore using our ultrasonic method we couldsthée polar state of the crystal and measure the
values of coercive field. By means of this eleatmastic method we investigated piezoelectric state
of new (Sn,PBP.Ss crystals and solid solutions, obtained after stistn Sn to Pb, Sn to CuBi, or
S to Se [2]. The phase diagrams were constructethése systems. It was shown that at room
temperature electromechanical coupling constéhtas high as > 30 % could be obtained in
(Sn,Pb)P.Ss family crystals after appropriate poling. The aggtion of our method for studies of
other multiferroic materials, using ultrasonic dagien of piezoelectric sensitivity on a surface

barrier of crystal or ceramic, also is discussed.

Acknowledgment

This research is funded by the European Social lndeér the Global Grant measure.

References

1. V. Samulionis, J. Banys and Yu Vysochanskii, &fas Science Forung36-637 398-403 (2011)
2. V. Samulionis, J. Banys, A. Dziaugys, et al.réelectrics.419, 97-102 (2011)

151



RCBJSF Or-30
The Construction of Domains Density Distribution inthe Simulation of Process

Polarization in the Ceramics

A. Skaliukh

Southern Federal University, Russia

e-mail: a.s.skaliukh@gmail.com

To describe the nonlinear properties of irreveesiiblarization processes in polycrystalline
material we have to use such a model where in i@septative volume it is considered complete
information about the mechanical and electricdtieabout the distribution of domains, about the
size of the crystallites, their influence on eateo, on the impact of charges on domain walls, etc
For example [1], in the models that uses mathematethods of plasticity we have to store the
information about the surface polarization. In Baeh methods we have to store- the information
about the boundaries of the region of integratiothe half plane of intensive and coercive fields.
the method of Jiles - Atherton is used a domairsridution function based on Boltzmann
statistical laws, and moreover, in this model westmanly store information about the residual
polarization.

In this study we attempted to create a mathematnzadel, in which had to be taken into
account at least the information about the rempalarization, on the one hand, and functional way
to describe distribution of the domains in a repngstive volume on the other hand. We used the
energy criterion of domain switching and simple meatatical mapping all domains to a spherical
shell. With every domain we bind not only the oreter but triple of vectors that define its vector
of spontaneous polarization and its possible doastfor switching after polarization. The domains
distribution function was constructed as functidriveo parameters: electric field intensity and the
angle between the direction of vector of the spwewas polarization and the direction of the
electric field. To describe this function, deperdon the module of the electric field, was used the
law of population dynamics described by a logisticve. The developed method is designed to

further finite element analysis of nonhomogeneopsiiarized ceramic elements.
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The lack of progress in the realization of

cooling devices based on classical caloric effects °f

(CE) provides a strong incentive for a move towards !

-2

a more effective use of these phenomena. One such |
Xz

=
=
v
b~

an option is the employment of interaction of vaso

caloric effects [1], i.e. the multicaloric effect

-6+

(MultiCE). According to thermodynamics, any
Pb(Zr,Ti)0; Ceramics

temperature dependent coefficient of the Gibbs free |

energy of a multiferroic system contributes to 3, 350 200 250 <00 50

. . : TIKI
MultiCE.  Moreover, the interaction of the rig 1 The temperature dependence of the isothermal
?ntropy change at piezoelectrocaloric effect fof PZ
ceramics. The calculations were performed for an

materials is described using magnetoe|ectri(§|ectric field of 48kV/cm anc pressureof 0.3GP..

electromagnetic and elastic fields in this type o

piezomagnetic and piezoelectric coefficients. Idiain to these coefficients, terms responsibletiier
interaction of the fields with their gradients, .eflgxoelectric, are usually included in the freery as
well. The total number of terms induced by thenpliy of the fields is large. As a consequence, the
temperature dependence of the coefficients in thesaes leads to the corresponding caloric effects.
From the above effects, according to our estimaiply, piezoelectrocaloric effect (PECE) can reach
significant values. This fact can be explained bg temperature dependence of the piezomodulus.
Results of the theoretical calculation of PECE tfee PZT ceramics are presented in Fig.1. We can
conclude that magnitudes of electrocaloric effeE ) [2] and PECE are approximately equal. Hence,
in this sense PECE might be called gigantic. ltusdhdoe noted that the existence region of PECE is
substantially narrower than of ECE. In additioregh effects have different points of maxima - 509K
for PECE and 515K ECE. Thus, the interaction ofdleetric and elastic fields may result in a douodpli

of the isothermal entropy change and adiabatic ézatpre change at CE. Such fascinating findings

appear to be promising for the improvement of thielsstate refrigerators on caloric effects.

References

1. A. S. Starkov, O. V. Pakhomov, I. A. Starkovrieetectrics430, 108 (2012)
2. A. Mischenko, Q. Zhang, J. F. Scott, R. W. Whatmand N.D. Mathur . Appl. Phys. Le#9, 242912 (2006)

153



RCBJSF Or-32
Dielectric, IR and Raman Spectroscopies of

(0.4y)Nap sBiosTiO 3-0.6SrTiOz-yPbTiOs Solid Solutions

S. Svirskal T. Ostapchuk M. lvanoVt, J. Pokorng, M. Duncé, E. Birks’, M. Antonova,

J. Banys, S. Kamb3 A. Sternberg)
Wilnius University, Faculty of Physics, Satekio av. 9, Ill b., LT-10222 Vilnius, Lithuania
2nstitute of Physics, Academy of Sciences of thedbzRepublic, Na Slovance 2, 182 21 Prague 8, CRephblic
3Institute of Solid State Physics, University of tiat Kengaraga street 8, LV-1063 Riga, Latvia

e-mail: sarunas.svirskas@ff.vu.lt

Lead-free solid solutions which exhibit morphotophase boundary have drawn much
attention due to their enhanced piezoelectric ptegseand demand for high performance materials
in order to replace the outstanding lead zircotitapate (PZT) [1, 2]. Despite of the progressrehe
are still many challenges concerning not only tedbgy, but also fundamental science.

In this work we present broadband dielectric spsciopic measurements from 1 mHz to 45
THz at temperatures ranging from 30 K to 500 K.atidition to this, Raman scattering spectra
taken between 80 and 600 K will be presented.

The dielectric relaxation of polar nanoregions (BNR the samples containing 0, 10, 20,
30 % of lead titanate in the relaxor phase showeslgal shift to the higher frequencies and the
distribution of relaxation times narrows with inasing temperature. The insight to the relaxor-
ferroelectric phase transition from the point agwiof infrared and Raman spectra will be presented
as well. Finally, the system will be compared wvitie 0.4NBT-(0.6-x)ST-XPT solid solutions which

show rich behavior and a crossover from glassyoglatate to the ferroelectric phase [3].
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The origin of large ferroelectricity in of BaT¢®s attributed to be the strong Ti-O covalency.
Therefore, the substitution of O by F which has thegest electronegativity can control the
ferroelectricity. We have fabricated B& TiOs.F« (KF-BT/X) single crystals and have reported the
critical slowing down [1], the large annealing effeon Tc [2], and the enhanced piezoelectric and
dielectric properties ak =0.10 [3]. The reason why these properties areamcgd atx =0.10 is
interpreted so far as a result of the existencéiofitical point (TCP), however, the details artdl s
unclear. As is known today, understanding of malerproperty by connecting them with critical
phenomena is essential to develop materials scidhce

In the present paper, tikeE-T phase diagram of KF-BX/s established by measuring dielectric
constant under an electric field. Figure 1 shovestdmperature dependence of dielectric constargrund
an electric field ak=0.023. Judging from the peak height in FIG. 1, GEPlaced at 380 K and 4
kV/cm. The electric field is smaller

KF-BT/0.023
than that of BaTi@ The x-E-T
8000

phase diagram indicates that -0 kV/cm "2 kV/cm "4 kV/cm .6 kV/cm - 8 kV/cm
60001 1 1 I ]

electric  fields necessary for _
4000
polarization rotations significantly

2000t
decrease as the CEP approaches

usage environment (0O V/cm, 300
100 200 300 400100 200 300 400100 200 300 400100 200 300 400100 200 300 400

K), thus showing that not only the T (K)

existence of the TCP but also that
FIG. 1 Temperature dependence of the dielectristamh along [004}

of CEP are at the heart of thedirection,s, obtained in a KF-BT/0.023 single crystal at vas external

. i electric fields along [00%}direction. The probe frequency is 20 Hz. The
enhanced piezoelectric and measurement is performed on heating.

dielectric properties in KF-B¥/at
x=0.10.
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Crystals of theRFe3(BOs)4 family (R is rare earth

ion) were reported to possess multiferroic features |

demonstrating both structural and magnetic phase ol

60

transitions [1-4], where transition points may laeied by

50

rare earth composition. In this work we used Rama

Raphn shift,cm

40

spectroscopy to study kHoxyNdFex(BOs)s (x =0, 0.22,

0.38, 0.75) crystals. Measurements were performekde ol

P S S S SRS R R R
50 100 150 200 250 300 350 400

temperature range 10-400 K. The aim of this stgdypi ’ Temperature K

investigate possible existence of a soft mode edlab Fig. 1. Soft modes restoration below magnetic
structural order parameter and effects of magnefail{%(:qd\ljijlgg(ggsﬁ E?;igl. ranstions
transitions on Raman spectra. Structural transtimanifest clearly by soft mode restoration and
new Raman lines appearance below 366 K and 203Kxfe0 u x=0.22 compositions
respectively. In Nd-doped crystals significant nfigdition of Raman scattering was induced by
magnetic ordering below the Neel temperature (adOuK), that include both magnon scattering
and strong intensity redistribution of high freqograttice modes. Analysis of vibrational spectra
and its numerical simulation demonstrate that bigg#l volume of Nd-containing solid solutions
provides bigger displacements of oxygen ions inGs Broups below the Neel temperature that
results in stronger magnetoelastic interactionss Teads to the appearance of additional linekén t

Raman spectra and rapid increase of their intemsttyincreasing magnetic order.
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Tunable ferroelectric ceramic-polymer composites ®&ery promising in sub-terahertz
applications. Thanks to the possibility of changithg permittivity they may be used in, e.g.
antennas with electrically controlled parametelsage shifters and tunable filters [1]. In [2] the
concept of microstrip scan antenna on a ferroetestibstrate without phase shifters was presented.
Another possible application is a combination watiner materials, e.g. liquid crystal polymers
(LCP) or low temperature co-fired ceramics (LTCG)arm multilayer structures in which one of
the layers could be electrically tuned. It is afsussible to achieve flexible, durable as well as
environmentally friendly composites. In this cagds very important that developed composites
should be characterized by high tunability, lowskes and good mechanical properties.

In [1] was shown that materials with desired petimiy values can be synthesized by
suitable selection of the proportions of ingredseahd the use of appropriate technology process.
Presented composites consisted of barium strortitamate (BST) and polymeric binder have high
tunability (up to 100%) and low losses in sub-THnge and as a result they are competitive to
other state-of-the-art tunable materials.

Designing of tunable devices based on ferroelecgramic-polymer composites needs to
resolve problem connected with the deposition efdcmtors on the surface of the composite. It is
possible by using e.g. ink jet printing technolo@¥is technology is based on deposition of ink
containing metallic nanoparticles without using itithography. In [3] was shown that good
quality conductive structures can be made on thiase of composite material using this low cost

and simple technology.
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A true crystal structure of PbZiTixOs (PZTx) is still in a mystery in spite of a vast
research. Our current understanding of PZT is thxtune phase of more than two phases ina whole
area of the phase diagram. High resolution neudiffraction experiments showed the existence of
monoclinic phase even at the Zr-rich reginwhich had been considered as a single rhombohedral
phase. However, there still has been argument whétie monoclinic phase is a real phase or an
artifact. Here, local structure of PZT with Zr-ridoncentrations was studied by pair distribution
function analysis (PDF). Time of flight neutron paev diffraction data were collected by GEM at
ISIS. Reverse Monte Carlo modelling was carriedwaitih 10 by 10 by 10 rhombohedral unit cells
based on the Reitveld refinement. The comparisongxXperimental and simulated Bragg profile,
PDF and total structure factor show good agreenfient
whole range. Figure 1 shows the Pb atom displaceimier
PZT-0.3 on a stereographic projection. A largennsily of
Pb atom displacement is observed along [111] rhdradal
direction. Additionally, a triangle shape distrilaut around
[111] direction can be seen in Fig.1. It suggdsésexistence

of local monoclinic displacement which is averaged to a

long-range rhombohedral structure. The same telydenc
obtained for PZT-0.2 and PZT-0.4 instead the raéowveen fjqre 1 Stereographic projection of
Ma and Mk changes with Ti concentration. The details PP atom displacements for PZT-0.3

measured at r.t.
PDF analysis will be discussed in the presentation.
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Ferroelectric copolymer poly(vinylidene fluoride cartrifluoroethylene) [P(VDF-TrFE)]
have been attracted much attention for its advastaq flexibility over ferroelectric ceramics. The
ferroelectric performance of P(VDF-TrFE) derivedrr spin-coating, Langmuir-Blodgett and cast-
stretching has been comprehensively investigatedfibjvever no ferroelectric performance of
extruded P(VDF-TrFE) films has been reported yethis work, P(VDF-TrFE) films was extruded
from melt and was hot pressed at different tempegatup to 12@ to obtain smooth and uniform
films. Morphology results show that the P(VDF-TrHEns have compact banded structures where
the crystal grains stack closely together, suggegstine structure was not disturbed by the hot-

pressing process. The film is highly crystallized the

ferroelectric low temperature (LT) phase and conéd by

the X-ray diffraction (XRD). The extruded film wita hot- ’ w/,
pressed processing at 22Gchieved higher crystallinity than - . ‘l -
that without a hot-pressed process, as shown il Fithe 7 “//\,’/

/
/

films show good ferroelectricity with a remnant gatation {(

around 0.07C/m2. Our research presents that tHedEd:  Foirs 1 DG 1o of cxotatod firms

(black) without hot-pressing and (red)
hot-pressed at 120.

film technique is a simple way to prepare P(VDFH)Fhin

films with a good performance.
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The increasing demands to reduce the sizes of eleatonic ferroelectric devices motivated
synthesis of SrTi@(STO) nanowires (NWs) and their theoretical sirtiates. Meanwhile, the onlgb
initio study of STO NWs has been reported so far [1]figoration of which has been considered to be
symmetric non-stoichiometric described Dy, point group. Unlike those non-stoichiometric ST@/N
configurations, we have simulated for the firstdithe properties of stoichiometric Srgi@anowires
(Fig. 1) of different thicknesses with a lower syetmy as compared to the former and described by
point group Co. To generate them, the cubic Sr3i@rystal has been cut along the [001]
crystallographic axis, the lateral size of whicls lieen equal to a period of bulk. STO NWs contain
{100} and {010} facets, with two possible terminatis by the SrO and Ti&tomic layers, respectively.

For optimization of equilibrium STO NW structuresida simulation of their numerous
properties, we have performed large-scale DFT LGx@&f@ulations within the hybrid PBEO exchange-
correlation functional using CRYSTAL14 code [2].

The computational details of the method applied ar Sr
the same as in recent SrgiBGulk calculations [3].

The dependence of 1D lattice parameter, the energ' Ti
gap, the formation and surface energies on the NW
thickness is studied for the stoichiometric

nanowires consisting of 5, 20, 45, 80 atoms in 1D ' O

d:ig. 1. Axonometric image of stoichiometric [001]-
oriented SrTiQ NW terminated by both SrO and
in the Computer Center of St. Petersburg StafBO. facets with 22 extension of the thinnest

. . possible nanowire (5 atomper UC). Left panel
University. contains labels of constituent atoms.

unit cell. All the calculations have been performe
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The paper presents the results of the calculattohaomonic oscillations nonuniformly
polarized transducers using the finite element EIgACELAN. As an example, we considered
the two-dimensional problem of longitudinal rod nabions with the transverse inhomogeneous

polarization and taking into account the damping.

It is shown that the nature of the distribution mi <>

vector residual polarization is closely associated '

|

with vibration modes, that it is shown in Figure 1.5~ S SRy

ALY

In particular, for the second vibraton mode = "~

electromechanical coupling coefficient can be,

increased more than three times, if the nature gfg.l The displacement, longitudinal strain anddfie

the field of residual polarization is selected agf polarization on the second eigenmodes.

shown in the same figure.
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In recent years low-Q piezoceramics and piezocoitgpasaterials are widely used for
wide-band medical and NDT ultrasonic transducerth viigh sensitivity and resolution. The
majority of these advanced materials are lossy @inect use of IEEE Standards for material
constant determination leads to significant errors.

The modeling and design of piezoelectric devices by
finite element methods, among others, relies onatt@iracy
of the dielectric, piezoelectric and elastic caméints of the
active material used, commonly an anisotropic fEaciric
polycrystals. The accurate description of piezaoéra must
include the evaluatiorof the dielectric, piezoelectric and
mechanical losses, accounting for the out-of-phasgerial
response to the input signal [1]. .

Standard finite element modeling (FEM) packages tha
are widely used for modeling of piezoelements apdiaks
don't take into account losses (mechanical loss&s loe
included in calculations by implicit manner). Sefsmaterial
constants used for FEM calculations also do notatorosses
data, except for @ for radial mode of vibrations. As a result,
FEM calculations of real piezoelements and deviazes give
inadequate results for lossy materials (composipsous
ceramics etc.) [2]. Fig.1. Examples of representative

In this work, a novel approach for optimization of‘ég'r‘gﬂses “‘:‘J?edzgc::reffn';’i'c?sf"C“'g)t'onsg)f’?':
finite element modeling (FEM) of lossy piezoceramliements connectivity, porosity 80%; b) 3-0
has been proposed. connectivity, porosity 20%.

In this paper, a novel approach for optimizatiorfioite element modeling (FEM) of lossy
piezoelectric elements has been proposed. Procefloimization has consisted in sequential and
iterative application of FEM and piezoelectric negoce analysis to complex electric impedance
spectra of piezoceramic elements. For validationpodposed optimization procedure, FEM
calculations of standard shape piezoelements (dslear plates, bars, and rods) made from porous
PZT-type piezoceramics were fulfilled using FEM AKX software package.
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Manganese tungstate MnW@s a multiferroic material with wolframite-typerstture,
isomorphic to the antiferromagnetic CoW(]. At low temperatures MnW{undergoes three

successive magnetic phase transitions to antifexgmetically (AF) ordered states. In the AF2 state,

o Experimental data
= RMC/EA-EXAFS

existing in the temperature range between 7.6 K2

2

and 12.7 K, MnWQ has also a simultaneous '

ferroelectric polarization. It is known that thé 0

»n
£

presence of Co ions in the MnWattice allows < .1 ,:

X

one to tune its magnetic properties [2]. However, ,

. , , _ 4 6 8 10 12 14 16
the relation between multiferroic properties of Mn WAVENUMBER k (1/A)

25 . . .
<CaWO;4 solid solutions and their structure is still ,,

debatable.
Recently we have addressed this quest@no

using the Mn(Co) K-edge and Ws-kedge extendedé 5

X-ray absorption fine structure (EXAFS) %0 45 =0 25 o8 o8 &
. DISTANCE R (A)

spectroscopy [3]. However, the conventiongl.1. Experimental T=6 K) and calculated by t

. .RMC/EA method W bk-edge EXAFS spectra f

EXAFS data analysis does not allow eXtraCt'%WQ; and the radial distribution function (RLC

l?éound tungsten, calculated from the RMC/EA results

1/A)

16

information beyond the first coordination shell d
to complex structure of the material. Thereforethis study we report on the results of the local
structure reconstruction (Fig. 1) using the advdnapproach based on the reverse Monte Carlo
(RMC) and evolutionary algorithm (EA) techniqueg [4
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The nonlinear optical properties and electro-opitects of some oxygen-octahedric
ferroelectrics are studied by the density functidheaory (DFT) in the local density approximation
(LDA) expressions based on first principle caldolas without the scissor approximation. We
present calculations of the frequency- dependemiptex dielectric function and the second
harmonic generation response coefficigf®)(-2m,»,) over a large frequency range in tetragonal
and rhombohedral phases. The electronic lineartretgatic susceptibilityy(2) (-w,»,0) is also
evaluated below the band gap. These results aexll@s a series of the LDA calculation using
DFT. Results fog(2) (-w,,0) are in agreement with the experiment belowbidwed gap and those
for y(2)(-20,0,0) are ) compared with the experimental data wheadable.
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Our hybrid B3PW calculations show that fhe&enter diffusion barrier is equal to 1.84, 1.67
and 1.83 eV in S Cak and BaFk crystals [1-3]. During thd= center diffusion, the trapped
electron is more delocalized than that in the ragtlcenter case, and the gap between the defect
level and CB in the alpha spin state decreases.FTbenter in Caf; Bak and Srk is strongly
localized inside vacancy, it contrasts wkhcenters in AB® perovskites, for example KNRQO
where twoF center electrons are considerably delocalizedThég calculation of total energies of
different nano-surfackl center configurations in Bakmplies thatH centers have a trend to locate
near the surface [5]. The energy difference betw¢eenters with different orientations show that
the H centers oriented in the [111] direction in SrEak and Bak crystals are the most stable

configuration [6].

References

1. H. Shi, L. Chang, R. Jia and R. I. Eglitis, CarnpMater. Sci79, 527 (2013)

2. H. Shi, L. Chang, R. Jia and R. I. Eglitis, Ay® Chem. .16, 4832 (2012)

3. H. Shi, R. Jia and R. I. Eglitis, Solid Stateits187, 1 (2011)

4. R. |. Eglitis, Int. J. Mod. Phys. B8, 1430009 (2014)

5. H. Shi, R. Jia and R. I. Eglitis, Phys. Rev8 B 195101 (2010)

6. L. Yue, R. Jia, H. Shi, X. He and R. I. Eglitis,Phys. Chem. A14, 8444 (2010)

166



R-6
First Principles Calculations of SrTiOs, BaTiOs, PbTiOz and CaTiOz (001),
(011) and (111) Surfaces

R.l. Eqlitis'
lnstitute of Solid State Physics, University of Viat Latvia

e-mail: rieglitis@gmail.com

While the (001) surfaces of SrTiOBaTiOs;, PbTiQk and CaTiQ have been extensively
studied during the last decade, much less is kratvaut the (011) and (111) surfaces [1-3]. For the
(011) surfaces, | consider three types of surfaesjinating on a TiO layer, a Ba (Pb, Sr or Ca)
layer and O layer. The surface relaxation enerfpe8aTiOs;, PbTiG, CaTi and SrTiQ (011)
surfaces for all terminations are considerablydatyan for (001) surfaces. | predict a considerabl
increase of the Ti-O chemical bond covalency nearATiOs (011) surfaces as compared to both
the bulk and the (001) surfaces. My calculated GsTBaTiC;, PbTiQ and CaTiQ (111) surface

energies are considerably larger than the (001)@htl) surface energies [4-6].
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A semi-microscopic electron-phonon (vibronic) mewdkm of the structural ferroelectric phase
transitions in oxide perovskites of BakiGtype has been proposed [1,2]. At this, some ptiggan the
paraelectric cubic, ferroelectric rombohedral pkaaee described and explained (for the tetragonal
phase spontaneous polarization is calculated in@sdL]). In this report the semi-microscopic vibronic
theory of quantum paraelectrics and ferroelectrisfs oxide perovskites (Sr¥i0;, CaTiQ,
SITi(t0®01)3, KTaGs, TiO2) has been developed further. It is shown that éhextron-lattice
couplings of the filled Ay and empty F electronic states of the B@Iluster in ABQ perovskite oxides
lead to the renormalization of these electronitestay the potential ferroelectric soft mode with &y
(T'15) symmetry at thé point and the f (I'2s) zone-boundary phonon mode (at the R point). &t tihe
interband vibronic interactions-hybridizations withe By mode cause the antiferrodistortive phase
transition at T=105K from the cubic ©to the Dy phase in incipient ferroelectric SrTiO ' he electron-
acoustic phonon interactions lead to the supereigstproperties of SrTi@ —type systems. The
Helmholtz free energies of the quantum paraelectind ferroelectrics for these cases are obtamed i
which also the strain and stress terms are derf@dthe explanation of the temperature dependehce
the staggered rotation of oxygen octahetiralso the deviation from the mean field approxiomatis
considered. The antiferrodistortive structural siian in SrTiQ is due to static oxygen octahedra
rotations around one cubic axis, the rotationsrradting from cell to cell in all three cubic direxts
(see also [3]). The generalized Barrett formulaetlie dielectric constants,c are derived. At this, the
effects of the zero-point motion are taken intocat, which are connected also with the vibronic
couplings. The oxygen isotope effects are studiedriTi(t0«'%01x)s . The pressure effects in quantum

paraelectrics at the quantum critical point are aisestigated.
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In this paper a comprehensive review and criticahgarison of different piezoelectric
materials and devices designs for energy harvestopdications were presented. Various types of
energy harvesting piezoelement and transducer resigcluding multilayer stacks, cantilevers,

flex-tensional elements, and shear-mode elements
50 . -

and stacks were examined. Empirical criteria of | i

piezoelectric materials efficiency for energy 40+ -

harvesting devices were discussed. Several types

T
e
<3
=

[°9A] @630

30
of hot-pressed and conventionally sintered PZT E

T
w0
=

| A
@
=

. . . . &
piezoceramics, porous PZT piezoceramics, and 5 2

multilayer PZT/PZT ceramic piezocomposites "

[
=

with diverse ferroelectric “hardness” were

T
o

fabricated, optimized and tested. 0 0 40 60 80 1000

Systematical ~ experimental results Resistive Load [ko]

.. .. . Fig.1 Output power R and voltage ¥as as a function
comprising electric impedance and capacitanc§ resistive load Bu for piezoelectric generator with

measurements, cyclic loading at different Ioa(JjZ”t|=300 kohm.

resistances, frequencies, and mechanical stremsearfous types of piezoelements were presented.
Original design concept for energy harvesting deviwith higher overall efficiency, stability, life-
time and low self-cost, based on both new materfplsezoelectric, pyroelectric and electret
ceramics and composites) and new physical pringigggant field-induced piezoelectric and

pyroelectric responses, multimode vibrations andpmlex deformations) were discussed.
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In recent studies [1-2] it was shown that the $tmat, thermal, magnetomechanical and
mechanical properties of ferromagnetic shape merfiBMA) alloys may be substantially affected
by defects at or near the surface introduced bferdifiit surface treatments such as abrasive
grinding, spark eroding, wire cutting. In the pmasgork we examine another type of surface
effects manifesting themselves in surface corrogatiuring thermal cycling of initially planar
FSMA samples [3]. This specific feature is inherenESMA alloys and is basically a consequence
of martensitic phase transformation not necessadhnected with surface defects of the material.
The key experiments were performed by examinatioth@ surface relief structure and magnetic
domain structure during thermal cycling with thd af optical profilometry, differential polarized
light microscopy and SEM. The analysis was fad#ithmaking use of auxiliary reference grids

applied to the surface of the samples. An examipiki® technique is given in Fig. 1.

(a) (b)
Fig.1. Microstructure of NiigMnossGa FSMA alloy observed at RT (martensite state) dall after
transformation into the austenite stateTat 370K (b). The arrows show the points of martensite twin
boundary intersections with a square grid of stxegdn (a) and the points of the grid inflectior{li
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A huge dielectric constant has been found in GaGO1> in the wide temperature region
from 100 K to 600 K, although it drops drasticallyabout 100 below 100 K [1,2]. CagliuOs2 is

a complex perovskite wheresite ion andA’-site ion order in a chemical formuwe 3Ti4O12. This

compound is consisted of eight &iOctahedra and 3f % 1'04 T =0 ]
six CuQy planer molecules in the cubic unit cell [3]. % 2_100kHZ x=0.01_
The characteristic feature of this crystal struetisr

that all TiG octahedra are linked tightly by CuO I ~=0.05
due to Cud - O2p hybridization, in contrast to a 0 X 103 ; —
typical ATiO3z perovskite. In this paper, we will 10¢

report the effect of doping with small Be ion (ioni 2

radius 0.27 A) instead of Cu ion (ionic radius 0.57

A). Furthermore Be ion has ribelectrons, which 00 100 200 300
modifies the nature of Cu-O bondand may Temperature(K)

produce an extra space in the tightly-packed crys$ig.1 Dopant dependence of dielectric constantesf B
doped CaCyinBexTisO2 (=0, 0.01, 0.03anc
structure. 0.05).
Figure 1 shows the Be-dopant dependence of diseminstant of CaGuxBesxTi4012 in
the low-temperature region, where the real padiefectric constante() decreases exponentially
with increasing Be-dopants . The relaxation timd aativation energy show 50% of decrease and
8% decrease by Be-doping respectively, which suggesme structural relaxation in crystal. We

will report also the effect of stress on the higiettric behavior in CaGiii4O12.
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In the recent studies of magneto(MCE)- and baro(B€#Horic effects in ferromagnet
Lap.Pln.aMNnOs3 [1] and electrocaloric effect (ECE) and BCE inré&lectric PbTiQ [2] we have
shown that caloric efficiency of monoferroic masdsican be elevated using two from three distinct
external fields (electric, magnetic, mechanicasd). Such a way is promising also for multiferroic
materials involving two or even three subsystemsratterized by different ferroic nature
(ferroelectric, ferromagnetic, ferroelastic). In ngle-phase materials, magnetoelectric,
magnetoelastic or electroelastic coupling arisesctly between the two order parameters. On the
other hand, the interaction between two monoferpbiases can be enhanced through their strain-
mediated indirect coupling in composites. In suctanals, the electric, magnetic and elastic order
parameters arise in separate but intimately coedqatases.

In the present paper, volumetric ferromagnet -ofectric compositescLao. Plp.sMnOs3 -
(1=)PbTiOs with x=0.85 and x=0.18 were prepared. For all samplesethas obtained the
detailed experimental information on MCE, BCE, metggation, heat capacity, entropy, thermal
dilatation, susceptibility to hydrostatic pressuvtulticaloric efficiency of composites is discussed
and compared with that of initial b&Pk3VMNnOz and PbTi@ compounds. Variation of a
relationship between components can significamtyraase both barocaloric and magnetocaloric
efficiency of compositional material due to the imagical stress appearing between grains of
different ferroic phases under magnetic field.

The results obtained allow us to suppose that ri@agmetic—ferroelectric composites are
really promising materials for their use as effeetsolid-state refrigerants in magnetic as well as

multicaloric cooling cycles built on MCE and BCE.
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The materials, containing ferrites, are widely &apin life sciences, biochemical processes
(magnetic liquids, hyperthermia etc.) and speaddtings (antistatic, electro-magnetic interference
shielding). In the current research attention gotked to the synthesis of nanostructured ferrites b
sol-gel auto-combustion method and by high frequeslasma route. Structure of the synthesized
ferrites is analyzed by X-ray diffraction methodaetic properties of the synthesized ferrites are
analyzed by vibrating sample magnetometry (VSMijs fiound that all the synthesized ferrites are
nanocrystalline single phase materials with spedfirface area of 30-40%m and calculated
particle size of 30—40 nm. Ni and Co ferrites sgsthed by high-temperature plasma route are
characterized by saturation magnetizatiors Mf 44,2 emu/g and 75,4 emul/g, remanent
magnetization Mof 10,0 and 32,0 emu/g and coercivity &f 74 Oe and 780 Oe, respectively.
Magnetic properties of the samples obtained witkgsbself-combustion method differ from which
the plasma products have. Selected nanopowderd@m. %) are introduced in a polycarbonate
matrix by melt compounding. The effects of the rfdleo type and concentration on structural,
mechanical and magnetic characteristics of thegaobonate based composites are investigated. By
SEM-EDX investigations it is shown that desirabispérsion of the investigated nanocrystalline
ferrites in the polymer matrix has been achievedheythermoplastic compounding technique used.
By VSM investigations it is demonstrated that dertanagnetic traits are assigned to the
investigated polycarbonate nanocomposites alreddferate content of 2 wt. %. By tensile
investigations it is shown that considerable inseedby 26 %) in tensile modulus of the
investigated polycarbonate nanocomposites is obdeat/ferrite content of 10 wt. %, although gain
in tensile modulus decreases by rising ferrite eéontabove 2 wt. %. Considering previously
mentioned, one can conclude that polycarbonate ositgs are successfully modified with ferrite
nanopowders and have enhanced elastic, thermalnaghetic properties in respect to neat

polycarbonate.
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The connection between ferroelectricity and organilecules started in 1920 with the
discovery of the first ferroelectric crystal, Rotlbesalt, containing organic tartrate ions [1]. @ngc
ferroelectrics, such as diammonium hypodiphosptaiEhP) [2], could be important not only for

fundamental approach but also for versatile o0

technical applications. 800 F
600 F
Dielectric measurements were performed-,, sl

200 -

in 100 — 300 K temperature and 20 — 1 GHz

frequency range. Frequency dependence of the izz

= 173K

real and imaginary parts of dielectric permittivity 2,100 -
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could be divided into three frequency ranges: the
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frequency range (400 Hz —6iz) and the low Fig. 1. Frequency dependence of the real and
) imaginary parts of dielectric permittivity of ADhP
frequency range (20 Hz — 400 Hz) (see Fig. 1krystal

> 10° 10

10

high frequency range (8®z — 18 Hz), the mid-

The Cole — Cole equation perfectly describes thexation process which is observed in the high
frequency range and this process could be relaieithe ordering of Nk cations. The Cole —
Davidson equation describes the dispersion at tliefrequency range, which is related to the
domain wall formation and motion. Despite the et we can only observe the end of the low
frequency process, it is necessary to describepttoaiess, due to the fact that all of the observed
processes are overlapped together and they infuesach other considerably in the whole
frequency range. This process is described by #iey® equation and could be related to the other

type of the domain wall motion.
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Ceramic-polymer composites based on ferroeleBaigum Strontium Titanate (BST) have
a correspondingly low dielectric constant allowiog effective tunability by changing the intensity
of the polarization. The electrical behavior of BST extremely dependent upon its material
properties, including its stoichiometry and crystlicture. Ceramic powder obtained by the solid-
phase synthesis requires the mechanical milling

treatment. Its effect was tested as well as reducin

the stress generated in the crystal lattice asidtref
relaxation during the annealing BST powder. Use of
a combination of ceramic powder with the polymer
allows to obtain a tunable thin film having a ~
thickness of between 0.2-1mm, and low loss tangent
values by tape-cating method[1l]. Additionally,
obtained tapes are flexible and have high mechlnigag.1 Fiexible ceramic-polymer composite tape
strength parameters(Fig.1). based on ferroelectric Barium Strontium Titanate.
Several methods were used for characterizatiowoléatric BST and based on it ceramic-
polymer composite: XRF for stoichiometry, XRD fotrusture, SEM for film thickness and

characterizations of solid phase concentrationigradh the composite.
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The multiphase ceramic composites are very compbgacts for theoretical modelling NDT
inspection, and ultrasonic measurements. Changeseimical composition on the phase interfaces
as well as microporosity appearance during cogdimf composite components can alter elastic,
electric and mechanical properties of compositgmti&l dispersion can distort ultrasonic pulse
characteristics and make ultrasonic
measurements ambiguous [1]. Therefore, a
comprehensive study of different composnes'f
structures with strong spatial dispersion and:
high losses (porous piezoceramics, compositgt's_f
ceramics/ceramics  and ceramics/crystalSj'
including finite difference 3D simulations, == g

impedance spectroscopy characterization arrdg 1 Opt|ca| and SEM micrographs of porous PZT
ultrasonic measurements were carried out @fnﬁgfgsram'cs (a,b) and P&FAIZO3 composites (c.d)
this paper. The Wave 3000 Pro computer

software package based on finite differences methasl used for full time-domain solution of the
3D viscoelastic wave equations. Complex sets dftieladielectric, and piezoelectric parameters of
the porous piezoceramics and ceramic matrix pignposites were determined by impedance
spectroscopy method using Piezoelectric Resonanedysis (PRAP) software [3]. This software
uses a generalized form of Smits’ method to deteenthaterial properties for any common
resonance mode, and a generalized ratio methatidaiadial mode valid for all materiaiG. By
analyzing on each harmonic, complex material ptoggeras a function of frequency can be
determined.Microstructure of polished, chemicatished, and chipped surfaces of porous ceramics
and piezocomposite samples was observed with o scanning electron microcopies. The
simulation results were compared with the experialetata obtained by ultrasonic pulse-echo and
through-transmit methods.

It was shown that pulse-echo measurements of freyugependencies of elastic properties
for dispersive and lossy ceramic composites arecurate and ambiguous. In its turn, piezoelectric
resonance measurements (PRAP) give accurate amobuefble results that well agree with the
results of 3D finite-difference simulations. Anomeal of sound velocities and attenuation near
corresponding elastic percolation thresholds wewend out. Microstructural and physical
mechanisms of elastic, piezoelectric and dieledtsses and spatial dispersion in ceramic matrix
piezocomposites were considered and discussed.
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Sol-gel process of porous Phl4éTio.s20s film formation on Pt/TiQ/SIO/Si substrates is
studied. Polyvinylpyrrolidone (PVP) is used as aogen agent destroyed after annealing.

The films were prepared from PZT film-forming sadut with 0 — 20 wt.% PVP (the
average molecular weight of 29000) by spin o

deposition. Each layer was dried after depositibn
170°C and 400°C, after deposition of each five laye
the film was annealed for 20 min at 650°C. Maximu
layers number is 30.

Ellipsometric  data, dielectric hysteresi__. %
(C
dependencies using mercury probe were obtained a

behavior, and the capacitance—voltage

deposition of each five layers. X-ray diffractionda Figure 1. SEM image of PZT film (6.6 % PVP,
microstructure were studied after formation of fina?0 lavers)
film thickness.

Porous structure of the PZT film with the 6.6 % PigBhown in Figure 1. Volume porosity
reaches 33 % at 20 % PVP content. Grain size isedsed and voids are observed in the films
structure at higher PVP content. An increase okaling temperature (up to 750-800°C) leads to
intensive shrinkage and formation of dense fineng structure.

Despite dramatic changes in the film structure villee of remanent polarization practically
does not depend on PVP content, but the hysteiesgisshape is changed in porous films. These
loops have specific saturation region as a resudlbmain pinning by defects. At the same time, the
dielectric constant reduces with increasing filnigsity as a result of film density decrease. Other

properties of the films with different thicknessdad®VP content are discussed as well.
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Discovery of high polarization, magnetization, gielectric coupling, magneto-electric and
photovoltaic and exchange bias make Bike@e of the widely investigated materials. Theugi
state of BiFe®@ can best be represented as cycloidal spiral wiplereod of approximately =62
nm[1]. The thin of films LaBi1xFeQ is 160 nm
and is equal to 2.b. Small magnetization at the

0.12 Ll
film surface leads to the domain walls as result of [/ \

\
magnetostatic interaction. Under an external 010 /_/ '\
. A | | l\

electric field the domain structure of an epitaxial

(e(H)-5(0))/=(0)
[ ¢

)
film is reconstructed and lead to the ferroelectric AR
0.08 1 L \

switching. The influence of La ions substitution R

for Bi and action of the external electric field on
0.06

the magnetodielectric effect of thin films were 20 30 400 440
T,K

investigated. Real and imaginary parts of the

. ) Fig.1 The magnetocapacitance i.BiLaxFeQ for
permittivity were measured in the 90 K < T <XEO'1 at a freﬂuencwglos Hz . He0.8 T in bias

1000 K temperature range at frequencies of 1, 1§29 U=0.5 V as a function on temperature.

and 100 kHz in magnetic field$1I=0.8 T and without of field for L&BiixFeQ films.
Magnetocapacity has maximum at T=350 K and smalb @t 400 K under external field 5 V/cm in
the region of 300 K < T <420 K (Fig.1). Thegroefsmagnetocapacity is observed at frequency
decreasing. Dielectric loss is increased in magreatid decreased in electric fields particularly at
low temperatures. The anomalies in H#i€) u tgd temperature dependences are observed at high
temperature and the origin of these anomaliesss@ated with magnetic phase transition in

LaxBil-xFeQO3.
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The Mn-doped SrTi® (STO) is in attention of material researchers itsr intriguing
polarization response, low-temperature dielectataxation, polar behavior and magnetoelctric
multiglass properties in lightly Mn-doped STO [TJhere is technological interest in moderately
doped STO:Mn as new magnetic, semiconducting, facibic and “spintronic” material [2].
Heavily Mn-doped STO deserved a special interestres of the materials, with which Matthias
formulated rule, is circumvented by showing thaABBO3z perovskite magnetic B-site ions can be
forced offcenter [3].

The aim of this work is to characterize the digiegproperties of STO:Mn nanopowders.

The nanopowder form of the material allows toé€ ' '

m
. . - . . - 2
avoid the technological difficulties, which occur a&g:'m%{ 999000000300, TIIPI¥?

making bulk heavily Mn-doped STO. The sizes of6
particles of the powders are 10 — 80 nm. The method

4+
of production and structural analysis of STO:Mn are |

discussed in [4]. The dielectric measurements at

room temperature in 100 MHz — 40 GHz frequencyo o
10° 10° 10"  f/Hz

range of SrTixMnxOs (x = 0, 0.3, 0.4, 0.5) are Fig.1 Frequency dependency of complex
dielectric permittivity of SrTi.,,Mn,Os (x = 0, 0.3,

shown in fig. 1. strengthening of charge relaxation, 4 0.5) at room temperature

related dispersion with increase of Mn is observed.
The analysis and further measurements will be ptede

References

1. V.A. Trepakov, M. Savinov, V. Zelezny, J. Pokparat. al, J. Phys. Conf. Ser. 93 (2007)

2. P. Galinetto, A. Casiraghi, M.C. Mozzati, C.Bzz&ni, et.al, Ferroelectrics 368 (2008)

3. J.M. Rondinelli, A.S. Eidelson, N.A. Spaldin,y8hRev. B 79 (2009)

4. V. Trepakov, M.Makarovaa, O. Stupakova, E.A.€Bhina, et.al., Mater. Chem. and Phys. 143 (2014)

179



R-19
Effects of Long Term Annealing on the Nanostructure Formed in Cdl. Crystals

. Bolestd, I. KarbovnyK, I. Rovetsky, S. Velgosh, 1. Kityk, A.l. Popdv
!Department of Electronics, National University ofit, Ukraine
3Institute of Solid State Physics, University of iat Latvia

e-mail: popov@ill.fr

Layered cadmium iodide (Cgl crystals [1] are known to be good scintillatotdy
photochromic materials and efficient phosphors [Phese crystals are highly anisotropic and
exhibit ferroelectricity under certain conditionf®r(example, see [3]). Structural anisotropy also
gives a motivation to study the mechanism of imguntroduction into the crystal lattice. It has
been shown that upon crystal growth various namstefiformations are likely to be created in £dl
[4]. These nanoclusters have influence on many ipalyproperties, including optical absorption
and luminescence [5]. However the reliable modethef light-cluster interaction in Cdls still
under development.

In this report the effect of aging (or long termnaaling at room temperature) on the
structure and optical properties of nanoclustersaidmium iodide anisotropic crystals is reported.
Modification of 3D topology of cleaved crystal saceé and respective changes in luminescence

from CdI2 crystalline samples due to aging areudised
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The luminescence properties and structure of hyboishposites based on suspension of
polystyrene (PS) and nanocrystals of BazZi8ZO) (d < 50 nm) has been studied using
cathodoluminescent spectroscopy and X-ray diffoactit was found that for BZO-nanocrystals a
strong cathodoluminescence (CL) is developed. RorBZO-PS composites a modification of CL
spectra is observed: the low energy bands and la éngrgy band (near 4 eV) are appearance
together with significant reduction of the CL inséty. The decrease of the lattice parametésr
BZO phase in the composite and the modificatio@lospectra indicate a change in the structure of

nanocrystals under the influence of polymer.

181



R-21
An Observation of Nano Sized Effect on EPR of Mt and Cr®* in SrTiO3

Powders

A.G. Badalyah D.V. Azamat, V.A. Trepakov?, M. Makarova, J.Ros4 A. Dejneka and
L. Jastrabik

Yoffe Physical-Technical Institute, RAS, 194021, Btersburg, Russia
?Institute of Physics AS CR, 182 21, Prague 8, CRghublic

e-mail: andrey.badalyan@mail.ioffe.ru

The studies of size effects on ferroelectric properhave great significance because of
Curie temperature, electrical polarization, coexdreld, switching time etc. depend on particlessiz
or, generally, correlational length [1].

The method of electron paramagnetic resonance (HRR)been applied to the study
dimensional properties of SrTiOfine powders which were doped by fInand C?* ions.
Previously, this method was used for research @i@aand PbTiQ ultra fine powders, activated
by manganese and chromium [2, 3].

The SrTiQ:Mn:Cr powders of 100, 50, 20 nm have been studiexping the fine SrTi®
powders by manganese ions appears appropriate deecaanganese substitutes fof* Twithout
any charge compensation. Mrions on Tt lattice sites were identified, with spin-Hamiltani
parametersgfactor and hyper fine structure constant

The broadening effect of linewidth has been obgkrVéhen the particle size decreases the
linewidths increase and line amplitudes decreaserdimgly. The broadening effect may be traced
back to changes of the small parameter of finecgiraD due to its dependence on the particle size
of the individual nanocrystallite. The critical sinf the particles, which can be carried out phase

transition during 105K, is discussed.
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Ferroelastics belonging to the family of trigonautlle molybdates are characterized by a
two-dimensional structure [1] and at the high-terapge phase they have a common trigonal
structure with the P-3m1 space group. These naddeare of great interest because of the existence
in them the sequences of ferroelastic phase transit

This paper presents the results of electron paraetegresonance (EPR) studies of
structural phase transitions in case of isostrattueplacement of Kions by Li" ions in
KSc(MoQy)2. Earlier microscopic observations in the polarihigtit have revealed the occurrence
of three ferroelastic phase transitions inKixSc(MoQy). crystals with a low lithium concentration
(x=0.05) [2]. As the paramagnetic sonda in EPR stigations of K.od.io.0sSc(MoQy). the trace
amounts of & and F&" were used, which occupy the positions of*'S€he behaviour of the EPR
spectra versus temperature confirms the existefdbree ferroelastic phase transitions in this
crystal. Temperature measurements of the positadnthe split resonance lines show that the
separation between the edge EPR lines can be lbeddyy a relation (FT)? where the value df
is bigger than the one in pure KSc(Mg©

References

1. R.F Klevtsova and P.V. Klevtsov, Kristallografiy5, 953 (1970)
2. W. Zapart, M.B. Zapart and N.M. Nesterenkaré&lectrics462, 1 (2014)

183



R-23
X-ray Diffraction Intensity Influenced by Transverse Electric Field in TGS

S. Tsuge, T. Kikuta, and T. Yamazaki

Graduate School of Science and Engineering, Unityes§ Toyama, Japan

e-mail: tkikuta@eng.u-toyama.ac.jp

Triglycine sulfate, abbreviated as TGS, is a fdecoeic with spontaneous polarization
along theb-axis. The amount of the remanent polarization eleses by prolonged application of the
electric field along the direction which is not abel to theb-axis. Furthermore, the reduced value
is maintained even if the transverse electric fledd been removed [1]. The original properties will
not be restored unless the sample is annealed @hevphase transition temperature. Since the
reduction process significantly depends on tempezgi?], free electric charges flowing into the
sample by the application of the transverse eledteld seem to play an important role for the
reduction process.

Because X-ray diffraction intensity includes infation about positions of atoms in the unit
cell of the sample crystal, a direction of the dgsowhich quantify the polarization can be
distinguished [3]. To get the reason why the remapelarization decreases, the direction of the
dipoles which are influenced by the transverse tetedield has been investigated by X-ray
diffraction. Three kinds of diffraction intensitynder electric fields along theaxis, which are an
AC electric field, a positive and a negative DCctie fields, were observed before the application
of the transverse electric field and after the neemd polarization becomes sufficiently small,
respectively. The intensity under the AC electric
field shows average one of that by positiveTable 1 X-ray diffraction intensity before

) _ _ _ application of transverse electric field and after
domains and that by negative domains which ar@rolonged application under different electric di!

f tly switched. The intensity under the DE tk counts)
requently switched. the intensity under the DEe ectric Field Before Influenced
electric field shows one by positive or negativeAC 132752 124438
single domain which is oriented by the DC electricpos't'\,’e 123384 124003

Negative 141430 124795

field. Table 1 shows an example of thé
observation. Two kinds of intensity under the D@célic field become same value when the
remanent polarization is small. This implies tlmgre are no mobile dipoles in the sample.
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Mixed KixRbSc(MoQy). crystals belong to a family of the trigonal doulbt®lybdates,
compounds which have attracted a great deal ofesiten recent years because of their simple
structure and ability to undergo ferroelastic phasasitions. In KSc(Mog). three structural
phase transitions leading to ferroelastic phas@samoclinic symmetry are observed [1,2]. For the
low concentration of rubidium (x=0.03) the sequeotphase transitions resembles that revealed in
pure KSc(MoQ): [3,4]. However for x=0.1 and 0.2 only one phasmsition is observed down to
the liquid nitrogen temperature [3,4]. Optical nowcopic observation has revealed that the phase
transition in mixed crystals is characterized bghange from uniaxial to biaxial upon cooling and
appearance of ferroelastic domains.

The contribution presents results of the spontasmdmmefringence measurements in the K
xRbSc(MoQy). crystals using the Senarmont method. The temperatlependence of the
birefringenceAn has been measured for the light propagation tibrealong the c-axis between 77
and 300 K. The disposition of optical indicatriximmipal axes has been determined in the
ferroelastic phases of all crystals under invesiiga It has been shown thah(T) is given by a
relation (Tc-T} where the value ofi changes with the concentration x. The last resaits
compared with the temperature dependence of théirgplof the EPR lines as found upon

transition to the ferroelastic phase in thesetaty44].
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A study is made of the optical anisotropy and mégrd®mmain structure of martensite twins
of ferromagnetic shape-memory alloys (FSMA) onlthse of Ni and Mn making use of polarized
light microscopy in the visual range. Observationghe reflected polarized light turned out to be
very convenient for studying the martensite twiruaure of multiferroic materials [1]. In the
present work we study the mechanisms of polariggd Image formation by an example of some
Ni-Mn-based FSMA. It is shown that polarizationiopt method has a number of advantages for
studying both the crystal twin structure and magngdmain structure in comparison with electron
microscopy or AFM.

Fig. 1 illustrates the
dependence of the reflected light %1
intensity on the angle of sample g::
stage rotation. The measurements 332

were made in a localized field of

(o2 B
o O
1 1

view separately for two adjacent

(2}
o
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reflected light intensi

[$2)
(5]
!

martensite twins. It is seen that the

a
o

. _ 0 2b 4'0 6'0 8'0 160 1é0 14'10 1230 12%0
optical contrast C =I{ — o) /(1 + stage rotation, degrees

) may be set to zero, be Fig.1. Dependence of the reflected light intendidy two adjacent
’ martensite twins of NihdVinggGa alloy (micrograph at the right) on
maximized or inverted simply by the anale of sample stage rotation in crossediaels

rotation of the sample on the microscope stages. diso evident that the symmetry of this optical
effect differs from that of the magnetooptic pakarr effect which is invariant to sample rotation.

This feature opens the way of enhancing the caditifor both martensite and magnetic domain
structure observations by the digital methods tiédential polarized microscopy [2].
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Measurement of the dielectric constants of monaxliRb(H.7Do.3)2PQs under various
hydrostatic pressure was carried out at a frequafcy MHz. The temperature dependence of
dielectric constant was measured in a temperatanger covering the ferrielectric transition
temperaturelc at various pressures below 0.45 GPa. The presiengative of the transition
temperature T/dp was estimated to be -22.3 + 0.4 K/GPa. All diglectonstants at various
pressures of Rb@+Do.3)2PQs show a pronounced deviation from the Curie-Wess. | The
dielectric property of Rb(bDo.3)2PQsis consistent with those of RBBQ; and CsHPQ,, and is
explained by the quasi-one-dimensional nature[193je dielectric constant is given by the
following the quasi-one-dimensional Ising model tloe antiferroelectric case except the vicinity of
the Tc; e=¢+A/(Te’!"T-B) wherel” and B arerelated to the intrachain interaction energy d th

nearest neighbor electric dipole moments and the

. . . 600 i ! ) . _ '
interchain coupling energy as the long range Rb(H, D, ),PO,
500 :

interaction, respectively. The ratie-//B represents oGPa

0.1GPa 4
0.3 GPa
0.45 GPa 1

the relative strength of one-dimensionality. The 4%

characteristic parametefs B and¢ were estimated to @ 300 %

st S
aA o
i s

£r 2O
A S

be 977 K, 4.92 K and 199 at ambient pressure, 200-%&@;

respectively. The pressure derivative of charastieri 100f

parameterg, I"andB can be obtained in the present 0 L L L L
260 280 300 320

study for Rb(H.7Do3)2PQu. The values oflr/dpy, Temperature (K)

dB/dp anddé /dp near zero pressure were estimategc')gnftZ'nI?nmé’s(ra:gzeajgFc’)fE‘:ﬁgﬁg:igfs'ec”'c
to be -311 K/GPa, -0.4 K/GPa and -48 (GPa) Nydrostatic pressures.

respectively.
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In this work, the thermal diffusion (phonon diffaai coefficients) and heat conductivity of
BiFeO; and BbgslLao osFeQ multiferroics are studied in a wide temperaturegeof 300—1200 K,
including the regions of high-temperature phasesitins. As far as we know, the heat transport
properties of these materials have not yet beahestu

The thermal diffusion and heat conductivity wengdgtd using the laser flash method on an
LFA-457 MicroFlash setup (NETZSCH, Germany).

The dominant mechanisms of phonon heat transfethénregion of ferroelectric and
antiferromagnetic phase transitions have been lede@he temperature dependence of the mean
free path of phonons has been determined. The @asali/the results obtained in this work together
with the structural and acoustic data indicates libeal distortions of the crystal lattice, whictea
caused by the distortions of oxygen octahedra GkFad polar shifts of B and Fé+ ions from
their initial positions, constitute the main mecisam of the scattering of phonons in BiFe@&hd
Bio.os_a0.0s~eQ multiferroics. It has been found that doping wahthanum, which is a rare-earth
element, leads to a significant change in the teatpee anomalies of the thermal diffusion and heat
conductivity near phase transitions, namely, tostinearing of the ferroelectric transitidnand the

appearance of a minimum in the region of the amtifeagnetic transitioi n.
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In recent years, doped ferroelectric perovskitalesihave attracted much attention due to the
developing of a new type of solar energy converteased on the bulk photovoltaic effect. Recent
theoretical studies have shown that the substitutd Ti at the B site of PbTiQ by vacancy-
compensated divalent impurities with ttfeelectron configuration reduces the band gap tdetels
optimal for effective energy conversion [1].

The aim of this work was the study of Fe-, Co- &hdloped BaTiQ using X-ray, XAFS and
optical techniques in order to understand the mashes on the influence ofd®lements on the optical
properties of BaTi@ To prevent the formation of the hexagonal phd€adiOs when doping with @
elements, Ba atoms were partially substituted bgt&ms.

Samples B&Sih.2TiOs with the impurity concentration of 3% were prephitey solid-phase
synthesis at 1500°C and additionally annealed @01. Since the impurities can enter both Ahend
B sites of the perovskite structure and stay in tivedifferent oxidation states [2], XAFS spectroggo
was used to determine their local structure andasion state. XAFS spectra were measured at the
KMC-2 station at the BESSY synchrotron radiatiomrse at theK edges of Fe, Co and Ni in the
fluorescence mode at 300 K.

All the samples had the cubic perovskite strucair@00 K. Analysis of XANES spectra showed
that Fe and Co impurities in Bgr.TiOs are in the 3+ oxidation state. The Ni impurity in
Ba0.sSh.2TiOz is in the oxidation state intermediate betweera@d 3+. To determine the local structure
of impurities, EXAFS spectra were analyzed. Thet lgeement between the experimental and
calculated spectra was obtained in the model irchvthe impurity atoms form complexes with oxygen
vacancies and are shifted from the Ti sites. Thiarpaters of the local structure were determinegtiis
work. Optical studies showed that the doping of #3& 2TiOs samples with @ impurities improves the

overlap of their absorption spectra and the spettiisolar radiation.
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The study is focused on the photocurrent kinetiod dielectric response to infra-low
frequencies in SrsBa.2sNb20s (SBN-75) relaxor ceramics under visible and shavievradiation
in the vicinity of the broad phase transition. Toenpound, either in ceramic or single crystal form
has a heterogeneous structure containing polananpolar phases coexisting over a wide range of
temperature determining its high sensitivity toeemal agitations. An amorphous phase might also
be present on grain boundaries in ceramics detarghim difference in reaction to light between
ceramics and single crystals.

Since there is a number of processes contributinghtotocurrent (pyroelectric current,
formation of space charge, anomalous photovoltaiceat, and other), the ratio @f) = (Imax -
Jst)/Imax (WhereJmax is the maximum value of the photocurrent drd- the stationary value upon
the end of the transition about 50—60 s after adrdpop) is chosen in the present study to assess
the behaviour of the photocurrent and the diffemmttributions over the range of the broad phase
transition in SBN-75 ceramics.

The photocurrent as a function of time excited By (400 nm) and visible (white) along
with the dependence af] on temperature A4J(7), are examined. Kinetics of the photocurrent in
ceramics is found to be similar to what is obseriredrystal (particularly at UV irradiation) the
AJ(T) deviating from a monotonous pattern. The maximuinthe 4J(7) curve shifts to a
considerably lower temperature under UV.

Results of the study of the kinetics of photocurrand the infra-low frequency dielectric
response at different temperatures are discussttk asfects of the defected structure of ceramics

and non-equilibrium carriers on relaxation of p@ation in the range of the broad phase transition.
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Barium titanate is a well-known, intensively stulli@nd technologically important
ferroelectric material with a perovskite structuf@arium zirconium titanate - has attracted
considerable attention both as bulk ceramics and fttms, due to its potential applications for
various devices in particular as piezoelectric starcers, tunable filters, phase shifters, teradstri
and satellite communications (operating in the om@ve frequency range), the GPS system and
radiolocation. Substitution of Ti with Zr** in BaTiO; exhibits an interesting behavior in the
dielectric study. All the three phase transitiongesponding to pure BaTiare merged or pinched
into single phase transition depending on the cindé zirconium. Therefore, in this study the
structure and dielectric properties of pure barititanate and selected compositions barium
zirconate titanate ceramics of were investigateldes€ ceramics were prepared by solid-state
reaction from oxides and carbonates using the cdioreal method. The structure and morphology
of sintered samples were characterised by X-rayragtion (XRD) and scanning electron
microscopy (SEM). The dielectric measurements, ine tfrequency range between
20 Hz and 1 MHz, were performed by means of QUATIRIRIO 4.0 temperature system together
with precise LCR Agilent 4284A meter, BDS 1100 st and WINData 5.62 Novocontrol
software. The data were taken at stabilized tentyergpoints within the range from 500 K to
140 K with 5 K step. The application of dielectpectroscopy made possible to determine
independently both real and imaginary parts ofrdgponse function of various excitations related
to polarization in solids in particular the studygoantitatively ferroelectric dispersion.

191



R-31
Characterization of Ferroelectric Ceramic-Polymer Gmposites

in Sub-Terahertz Frequency Range

K. GodziszewsKj Y. Yashchyshyh E. Pawlikowsk3 M. SzafraRd

nstitute of Radioelectronics, Warsaw UniversityTefchnology, Poland

2Faculty of Chemistry, Warsaw University of TechrplpPoland

e-mail: K.Godziszewski@ire.pw.edu.pl

Ferroelectric ceramic-polymer composites are emgrgiaterials that can be used to design
tunable and flexible electronic devices operatingub-terahertz frequency range. However, to be
able to use developed materials their electromagpsetperties have to be known. For this purpose
appropriate quasi-optical measurement setup has bemted. It is based on Vector Network
Analyzer with six pairs of Frequency Extenders.sT$et is completed by horn antennas and Teflon
lenses used to focus the beam of electromagnetiatian. The setup allows to measure complex
permittivity of materials in the frequency range tgp 500 GHz. Competitive method — Time
Domain Spectroscopy (TDS) widely used in terahand sub-THz frequencies does not enable to
obtain accurate results below 300 GHz due to lomadyic range. The proposed measurement setup
and methods of extraction of electromagnetic prigedo not have this limitation [1].

The research team from Institute of Radioelect®mnd Faculty of Chemistry, Warsaw
University of Technology is working on developingw ferroelectric composites for sub-THz
applications [2]. The composites are consistedasiun strontium titanate (BST) and appropriate
polymeric binder. Many different samples of develdp materials were fabricated and
characterized. Measurement results showed thatpbssible to obtain flexible, high tunable and

low loss materials that can be an alternative berotommonly used tunable materials.
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The ABGs-type compounds with perovskite structure are dné@ most interesting group
of materials. Among them, the titanates are of tgrgarest from the point of view of fundamental
research as well as regarding their possible agmics. Barium titanate BaT§D(BT) was the first
developed piezoelectric ceramic material and evem due to its excellent ferroelectric properties
and the high electric permittivity at room temparat it is still widely used as capacitors,
thermistors, chemical sensors, and piezoelectrds.

The electric behavior of the Fe-doped and undoed®@ was investigated as a function of
frequency and temperature. The ceramics were meégdar solid state reaction. Scanning electron
microscopy (SEM) Hitachi S4700 with a field emissend a Noran Vantage EDS system was used
to observe the microstructure of the polycrystellisample surface. The performed EDS
investigations revealed that the all investigatpdcimens were perfectly sintered. They contained a
little glassy phase and their grains were well skdafhe impedance measurements were carried out
in the temperature range from 150K to 600K, anthefrequency range from 0.1Hz to 10MHz. All
the electric measurements of the samples wererpggtbusing an Alfa - AN modular measurement
system with a temperature control system Quatro Krd. Based on these parameters the electrical
properties of the grains and grains boundaries wescribed. The grain and grain boundaries
relaxation frequencies were shifted to higher fezguy with increasing temperature. Bulk resistance

of ceramics and the thermal activation energiegwletermined.

193



R-33
AC Impedance Spectroscopy Study of Barium Titanat®Based Electroceramics

B. Garbarz-Glos
Institute of Technology, Pedagogical UniversityGsacow, Poland

e-mail: barbaraglos@gmail.com

Ferroelectric ceramic materials belonging to thet Yamily of perovskite-type structure, are
characterized by the extreme values of physicalarpaters sensitive to external factors
(temperature, pressure, electric field strength) #re conditions of preparation. The correlation
between the chemical composition of the solutiomh isscrystal structure, and the domain structure
and electrophysical properties has a significarpacot on the optimization of the properties of
ferroelectric ceramics. Not without significancetiee fact that its electrical properties can be
controlled within a wide range by means of varielmmental additions, what results in enhanced
control over dielectric characteristics. These abgaristics depend on the type of the substitution,
isovalent or heterovalent ions and its locatiomhi& crystal sublattice: for Ba (A-site) or for B-(
site). Ferroelectric ceramics based on barium diarwere prepared by solid-phase reaction of
simple oxides and carbonates using the conventioeamic method (CMO). This method is
considered to be a very economical and therefasedbnstantly modified. Phase composition and
crystal structure of the samples was studied bwyydiffraction. The experiments was performed
using X-ray diffractometer with X'Pert PRO (Panatiahl) with CuKa radiation and a graphite
monochromator, at various temperatures in the teamtye range between 140K and 500K.
Impedance spectroscopy (IS) method was used fdrinqgothe relaxation processes during the
charge transport in the prepared electroceramies.efuivalent circuits were applied as a series of
lumped elements (i.e. resistance and capacitarare¢sponding to the grain boundaries or the
within grains. IS measurements were performed bgnmeef a Alpha-AN modular measurement
system together with cryogenic temperature cordystem - Quatro Cryosystem and WIinDETA
Novocontrol software, at frequency varying from 6i4 to 10 MHz and at temperature range from
140 K to 600 K.
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A small change of the dopant concentration canifstgntly change the microstructure, thus
influencing electrical properties of the specimdnghis work the differences between the physical
properties of barium titanate (BaTdOand the BaTi@+ 0.1wt.% EwOs were identified. The
BaTiOs and BaTiQ+ 0.1wt.% EuwOs ceramics were prepared by a two-stage hot-pressing
technology in the Institute of Solid State Physatshe University of Latvia. The structural studies
were carried out by an X-ray diffraction techniqii@e dielectric behaviour were investigated in a
wide range of temperatures and frequencies. Thesumements of dielectric permittivity were
performed during cooling cycle. Investigations @lectric properties were performed by means of
a Alpha-AN modular measurement system together wanjlogenic temperature control system -
Quatro Cryosystem and WIinDETA Novocontrol softwarethe frequency range from 0.1Hz to
10MHz and at temperature ranging from 150K to 600Ke results of measurements show
frequency and temperature dependencies. The cowithugbirocesses were determined by the
Arrhenius behaviour of relaxation time) @nd a possible cause of the processes was discudse
dielectric data suggest that the incorporation wbpium ions has a significant influence on the

dielectric characteristic of the investigated mater
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Piezoelectric actuators are finding their use great variety of devices. In order to obtain
maximum displacement of the actuator an appliedtritefield of the order of 1 to 3 kvV/mm and
working frequency up to several kHz is usually reggh Such conditions lead to large heat

generation affecting the reliability and limiting
1200 Vicm

the applications [1-2]. In the present work we 1257
study the heat generation produced by typicals’ 1001

piezoceramic elements including multilayer & 7°7

thin-film actuators, piezoelectric macro-fiber £ 5

Temperature

composites (MFC) and experimental samples 2°

0 4 8 12 16 20

with varying porosity. Different from the t, minutes

previous studies in the present work weFig.1. Effect of the AC electric field on the heatiand
temperature distribution of the piezoceramic PZ$kdi

complemented the measurements of themple

sample temperature with direct observation of

its distribution over the sample surface (Fig.19r Fhe latter purpose a thermovision infrared

videocamera (FLIR Research IR MAX) was exploited. dddition these measurements were

accompanied by the observation of dielectric hgstierloops evolutions with the aid of Sawyer-

Tower scheme.

The results of the study show that typically theirmmeontribution to the heat losses in
piezoceramics is that associated with the domaih mvation [3]. Among the main sources of

nonuniform heating is the piezoceramics porosity.
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The relationship between polarization and electoma effect is analysed in
0.4Na/2Bi12TiO3-(0.6-X)SrTi-xPbTiO: (NBT-ST-PT) solid solutions. Earlier a wide st#il
range of the relaxor state depending on PhTi@hcentration was found in these solid solutions.
The pronounced electrocaloric effect at high cotregions of PbTi@ as well as extremely low
values of the electrocaloric effect at low concatdns of PbTi@Qwere observed, which does not
correspond to the variation of polarization depegdon PbTiQ@ concentration. The measured
values of the electrocaloric effect do not correspto the values, calculated from frequently used
thermodynamic equations. It is shown that, in #lexor state, the observed temperature change of
the electrocaloric effect as a function of polaima AT(P) and the measured values can not be
explained by reorientation of polar nanoregionsy éime role of the surrounding media in the
physical properties should be reconsidered. In fdreoelectric stateAT(P) has rather unique
dependence independently of temperature, indicativay the measured polarization is solely

responsible for the observed electrocaloric effect.
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The domain kinetics was studied during polarizattemersal in 1 mol.% MgO doped
stoichiometric lithium tantalate (MgOSLT) and 8 m36IMgO doped congruent lithium tantalate
(MgOCLT) single crystals. These representativelitliim tantalate family are the most promising
candidates for high-power second harmonic generaligvices.

All samples were z-cut and optical grade polishéthe sample's dimensions were
10x15x1 mm. The liquid (saturated aqueous solutidniCl) and metal (chromium) electrodes with
diameter 2-3 mm were used. The experimental sdtawed to apply the external field pulse of
arbitrary shape with simultaneoussitu recording of the domain kinetics and the switchingent.

The hexagonal isolated domains with Y oriented donvealls appeared in MgOSLT in
contrast to triangular domains with X oriented wal MgOCLT [1]. The analysis of the switching
current data by modified Kolmogorov-Avrami approd2h based on the visualization of domain
kinetics has allowed to reveal the main stagesomhain structures evolution and to extract the
parameters of domain kinetics. The dependence eofctiercive field on the field ramp rate for
polarization reversal by triangular field pulsesmdmstrated the power-law growth with factor
about 0.18 for both crystals. The limiting lowesiue of coercive field for quasi-static switching
(for dEey/dt approaching to zero) is equal to 1.2 kV/mm KMgOCLT and 0.15 kV/mm for
MgOSLT.

The equipment of the Ural Center for Shared Use d&ta Nanotechnology”, Institute of
Natural Sciences, Ural Federal University has hessud. The research was made possible in part by
RFBR and the Government of Sverdlovsk region (Giah02-96041-r-Urak), by RFBR (Grants
13-02-01391a, 14-02-01160-a) and with the financial supporyofing scientists in terms of Ural

Federal University development program.
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We present the experimental study of time depereleht¢he abnormal conduction current
appeared during polarization reversal in stoichimimeand MgO doped lithium niobate single
crystals with charged domain walls in temperatarege from 120 to 250°C.

Recently, much attention is given to study of tle@ductivity along the charged domain
walls (CDW) in thin film multiferroics and ferroat&rics due to possible applications in memory
storage devices [1-3]. The conductivity increasel alecrease have been studied by partial
polarization reversal by high field (creation of llrdomain state with CDW) and subsequent
immediate measurement of the conduction curreniow field using the setup equipped with
software-controlled relays.

It was shown that the arising of abnormally highnaaction current correlates with
appearance of the through CDW and its maximal vl 4-5 orders of magnitude higher than in
initial single domain state. Two stages of currehbinges have been revealed: increase and
subsequent slower decrease. The analysis of theetatnre dependence of the time constants for
conduction current increase and decrease allowedttact the activation energy 1.1 eV [4]. The
strong increase (above 100 times) of the low-fregyealielectric permittivity has been revealed in
the crystals with CDW. The obtained effects havenbattributed to bulk screening of the
depolarization field produced by bound charges.

The equipment of the Ural Center for Shared Use d&ta Nanotechnology”, Institute of
Natural Sciences, Ural Federal University has hessud. The research was made possible in part by
RFBR and the Government of Sverdlovsk region (Giah02-96041-r-Urak), by RFBR (Grants
13-02-01391a, 14-02-01160-a) and with the financial supporiofing scientists in terms of Ural

Federal University development program.
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Remeika method provides the Bati€ystals grow over a very wide temperature interva
(from 1180 to 900°C). As temperature decreaseXEhéux viscosity changes and the impurities
concentration varies in the crystals volume sat ithahe surface layer the K ions concentration is
5-8 times greater than in the bulk [1]. While1Riéx2Lax2TiOs compound is well-known to be a
relaxor [2], one could expect the presence of mldaatures in the surface layer of Bafifystals,
grown by Remeika method.

4000 T T

Earlier such the BaTi@ crystals were — o oika
Bw| '

== 10Kz
--- 10.0kHz |

20

scrupulously studied using the dielectric and

5 L 15
acoustic emission (AE) methods [3]. It was z:z ;.w;
established that the Curie temperature of the o 20 10 é
surface layer T°) occurs on some degrees below % :Z ’ oz |, E
than the Curie temperature of the bulk’). In the ° 50 N L oo
present work the surface layer of Ba%iQystals S w 'mo P
are studied in dependence on frequency. Temperature ('C)

. . S b
transition in T, detected by AE, occurs on 13°CAE count rate of both surfadg’and bulkT; of
BaTiGC; crystal, grown by Remeika meth.

below in comparing withT"and independent on
frequency. In contrast, the maximum of imaginaryt pa of dielectric permittivity of the surface
layer T slightly shifts to higher temperature as frequemyreases. Thus, the surface layer of

BaTiOs crystals, grown by Remeika method, demonstratesetlaxor behavior.
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Dynamical properties of PbTiOrich relaxors were studied by high resolution biimend
Brillouin scattering technique. The temperatureeteience of quasielastic central peak (CP) of relaxo
ferroelectric 0.47Pb(MgNb2/3)Os—0.53PbTiQ (PMN-53PT) crystals have been measured over a wide
temperature range of 25-500°C. The temperatureutwonl of CP in both VV and VH scattering
geometries are shown in Figs.1 and 2. We obsehatdboelow 358C, both the components of the CP
become narrower significantly indicating markedwsta@y down of the dynamics of the relevant
polarization fluctuation. The Debye-relaxation tifag) estimated from the CP with comparable orders
of magnitude indicates the dynamical slowing dov@8D) near the Curie temperaturé&:)( The
guantitative analysis of the DSD with Vogel-Fulchew gives us the reasonable valuesopt andTve
in comparison with other relaxor and relaxor-basedoelectrics [1].Further using the empirical
equation of stretched slowing down given by S.Kajieh.al. [2] with stretched inde® = 1.0, critical
slowing down in the vicinity of¢ is clearly observed. These finding strongly sutgésat the physical
origin of the observed CP is polar nanoregions (PNRs also observed that CP appears mainlyen th

VH scattering geometry due to the spectral selactite.
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Fig.1. Polarized (VV) Brillouins cattering spectth  Fig.2. Depolarized (VH) Brillouin scattering spectr
a PMN-53PT single crystal of a PMN-53PT single crystal.
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The calcium-barium niobate (Bea1xNb2Os (CBN) crystals are allied to strontium barium
niobate SiBai«Nb20s (SBN). In contrast to SBN crystals, which may Ibevgn in a wide range of
X, the CBN materials exist in a crystalline formarrather narrow interval of 0.2x< 0.4 [1]. In

the present work we studied the pyroelectric priogperof the .41y, 10" C/m’K CBN32

Czochralski grown single crystals of CBN with noaiinES: a CBNSO
concentrations of calcium in the solution 28% (CBIN230% 401 , lserst
(CBN30) and 32% (CBN32). The measurements of pgoigt 28 /: i ﬁ
response were carried out in a broad temperaturgerasing a 187 R 2 T% x—t/t-‘;!'

. : , 300 350 400 450 500
dynamic method (Fig. 1) (the heat flux modulaticaswl0 Hz).

It is found, that above of the maximum of the pyeotic Y 4. 10% CImPK CBN30
current and only in the vicinity of the negativellgarged surface izg cana2 f
of the poled samples of CBN32 and CBN30, a chamgéhe 89 P
direction of the polarization takes place. Aft@okng from the ig: ; ‘CABNZS
paraelectric phase a system of antiparallel domaiises in the zg’ _opel HZAMLM‘%L
crystals of CBN30 and CBN32. Very similar effectshaitherto 0 300350 40g éSO %00

been observed in SBN61 crystals [2]. The occurreoteéhe Fig1 Temperature dependence of
the pyroelectric coefficient for
CBN crystals with various Ca

pyroelectric current maximum temperature appear®wbehe concentration. The side
corresponding to the positive (a)

maximum of the dielectric permittivity of these maals (~ 9 K and negative (b) ends of the
polarization vector was heated.

for CBN32 and CBN30; and ~ 75 K for CBN28). Afterating the

CBN28 crystal becomes completely depolarized.

surface depolarization layer is confirmed by thet fthat the
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The (1-x)PbMg@3zTaz03 — xPbTiQ ((1-X)PMT-xPT or PMT-PT) single crystals were
grown of the perovskite structure by the flux meth®he nature of the phase transition in these
crystals is highly dependent on the compositionthwhe increase in the Ti content the dielectric
anomaly gradually changes from the typical relalsehaviour to the normal ferroelectric phase
transition and moves to the higher temperatures [1]

In this work we present broadband dielectric spaciopy results of 0.9PMT-0.1PT single

crystals. Dielectric  measurements  were

0.002}
performed in wide temperature region (25 K — M

800 K) at 20 Hz — 1 GHz frequencies. We will %1

discuss results in terms of conductivity, and 0.000

electrical modulus (Fig.1). At high temperatures
(above 650 K) the electrical transport is

dominated by two conduction mechanisms,

which are most probably caused by oxygen

Frequency [Hz]
vacancies diffusion in the material. The relaxoFig.1 Frequency dependencies of the real) (4hd

) . . ) imaginary (M) parts of electrical modulus at
related dielectric anomaly (which is observediifferent temperatures for 0.9PMT—-0.1PT single

. . crystals.
below 650 K in our frequency range) will be also

discussed in the presentation.
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[N(C2Hs)4]2MNCls crystals undergoes two first-order phase transtiat 1=224 K and
T.,=200 K [1]. The aim of the present work is to const and investigate a structurally stable

phenomenological model that describe the

temperature dependence of anomalies of =

calorimetric properties of [N(#Eis)4]2MnCla 7

crystals near the points of both phase transitions.

20

Group-theoretical analysishows that the phase

AS [J/molK

transitions  from tetragonal phase into "

orthorhombic one are induced by two-

o ="

dimensional irreducible representation. The 20 215 o 2 2o 2% 200
- - - . - T[K]
rational basis of invariants consists of twoOFig.1 The temperature dependence of the entropy

. . .2, 2 _ 2 changeAS for [N(GHs)4]oMnCls crystals. Solid line
invariants: 1=n1*2” u l=mnz®, wheren1 and  i'tpe theoretical curve of the modstuares are the

n2 are the components of the order parameter. &Perimental data of [1].

structurally stable thermodynamic potential is deieed by the catastrophe theory methods [2]. It
has the form:

D=gl1+apl1*+agl > +aul 1*+a511°+ael 1°+b1 2+ ol 2 +Hbsl P+l 1l o+ Col 12l 2+ Cal 1122+ Cal 12122,
whereas=a:)'(T — To), >0 and ¢>0. Phase diagram of the model has the regionsamharphic
phase transitions and the liquid-vapor criticalnp®i When thermodynamic path passes near these
regions, on the temperature dependence of physiogkrties appear anomalies, characteristic for
overcritical behavior. Such a situation is appdyeatcurs in [N(GHs)4]2MnCls crystals. Fig. 1
shows the theoretical and experimental dependehtteeaentropy. Low-temperature anomaly one

can be interpreted as the supercritical behavidrnbt as a first-order phase transition.
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Raman spectra of congruent and stoichiometriculithniobate crystals studied within the
temperature range of 100 + 450 K are presentedb@hds of fundamental vibrations of the crystal
lattice only are observed in the spectrum of tlmcktometric crystal. In the case of congruent
crystal, apart from the bands of fundamental lattrdrations allowed by selection rules for the
Csv® (R3c), Z=2 space group, the Raman spectrum containgextra" band of low intensity
corresponding to oscillations of “forbidden’ &pe of symmetry and bands belonging to acoustic
phonons of two-particle states with total wave weatqual to zero. A linear dependence of
frequency and bandwidth on temperature is obsdrvéte 100 + 450 K range. However, the width
of the band corresponding to oscillations of(TRO) symmetry of the Liions is much less
dependent on temperature as compared with baratedeo oscillations of Niiions of the same
symmetry indicating to a quite unusual substamtidarmonicity of the heavier Ribions along the
polar axis. Anharmonicity of the vibrations of Nlons is shown to have a significant contribution
from O ions characterized by anharmonic potential fluibtms which, according to calculations
from the first principles, mix with vibrations ohé NIF* ions. Anharmonicity of & ions is
confirmed by a strong dependence on temperatutieeofy(TO) bandwidth of & ions vibrations
perpendicular to the polar axis. This result i®atglicative to some insignificant contribution to
ionic conductivity of Li cations at T < 450 K and the dominant role of gnstand small polarons.
At a significant contribution of "hopping" Lications to the ionic conductivity within the
temperatures of 100 + 450 K the temperature depmedef the width of the LiA1(TO) band
would be close to exponential. Intensity of thedsaaf fundamental vibrations is not a monotonous
function of temperature while the intensity of theatra" bands has a strictly linear dependenas. It
such a behavior of the fundamental vibration bamensities the is possibly related to presence of

clusters and microstructures in the crystal.
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The structural and optical homogeneity of lithiumobate crystals (LiNbg) of
stoichiometric, congruent (LiNbfbng), and single-crystals of LiNb{rontaining cation admixtures
of Mg (0.078, 0.89 wt .%), Zn (0.03, 0.52, 0.62.%4), Cu (0.015 wt .%), B (0.12 wt .%), Gd (0.51
wt .%), Y (0.46 wt .%), Gd (0.23 wt .%): Mg (0.75 Wbo), Mg (0.86 wt .%): Fe(0.0036 wt .%), Ta
(1.13 wt .%): Mg (0.011 wt .%), and Y (0.24 wt .9%)g (0.63 wt .%) was studied by Raman
scattering, photo-induced light scattering (PIL&3er conoscopy and optical spectroscopy. Having
a low photorefractivity the crystals are promismagterials for frequency and broadband converters
of coherent optical radiation. Position of the opliabsorption edge in modified crystals LiIND®
(0.46 wt. %) and LiNb@ Y (0.24 wt. %): Mg (0.63 wt. %) is found to matttte absorption edge of
congruent crystals. Disclosure of the PILS indigadf these crystals proceeds very fast - durirgg th
first second of laser irradiation, qualifying thexm potential materials for holography, electro-opti
modulators, and optical switches. A noticeable uiefice of the photorefractive effect on the
conoscopic patterns is observed along with a smalfgle of the transmission curve in the
LiNbO3:Y(0.46 wt.%) and LiNb@Y(0.24 wt.%):Mg(0.63 wt.%) crystals, as comparedhwa
congruent crystal. indicates of a significantly &aeptical homogeneity.

The asymmetry of the PILS indicatrix of LiNBQrystal is shown to be the result of
birefringence of the exciting laser radiation prggéng perpendicular to the polar axis of the
crystal, and the asymmetry of the Raman spectrutheasresult of the presence of spontaneous
polarization and birefringence. The shape of tHheSRlattern depends on the difference between the
values of refractive indicedn = n, - ne and the ratio of the energi€sof the ordinary rfo) and
extraordinary e) rays. If Eno >> Ene, the PILS picture is a round three-layer spot. HVit
approximately equal energies the shape being a symoa number eight. AEn, <Ene the PILS

pattern is asymmetric.
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The domain structure geometry with neutral and gédrdomain boundaries has been
systematically studied by high-resolution metho@-igycine single crystals.

Glycine is the simplest amino acid crystallizesatbient conditions in three polymorphic
phasesu, B andy [1]. Piezoelectric response, domain switching aysteresis loops ifi-phase of
glycine has been demonstrated recently [2]. The alonstructures inp-glycine have been
visualized by piezoresponse force microscopy (Pksihg probe laboratory Ntegra Aura (NT-
MDT, Russia). The faceted crystals with in plan&apaxis (typical thickness about ah and area
about 200x50um) were grown from aqueous solution by drop dryorg Pt/SiO/Si substrate at
ambient conditions with controlled relative humydiThe polymorphic phase and orientation of the
polar axis of the crystal were confirmed by confoBaman microscope Alpha300AR (WiTec
GmbH, Germany).

The obtained PFM images on non-polar crystal sarfadbowed to reveal the as-grown
domain structure consisted of domains extendedgaio@ polar axis separated by neutral and two
types of charged domain walls. The steps existingthte charged domain wall allowed us to
determine the direction of domain growth. Detaittddy revealed the topographic features at the
charged walls - shallow wells of 0.2-1 nm-depth aadout 150 nm-width. PFM response
perpendicular to the polar axis at the boundarycatdd its complex structure. In contrast the
topographic features near neutral walls were abs€hé results are discussed in terms of

phenomenological theory.
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In the present work we demonstrate flrey polymorphic transformation in glycine single
crystalin situ visualized by piezoresponse force microscopy (PFM)

Glycine amino acid (NtECH2COOH) is considered as an advanced material fopdeactric
[1], nonlinear optical and piezoelectric applicasg2]. At ambient conditions glycine crystallizes
in three polymorphic phases;  andy [3]. Metastablg3-phase can irreversibly transform into the
o or y-phases under the presence of moisture [3]. Therosgopic mechanism of such
transformation still requires detailed investigato

Scanning probe microscope Ntegra Aura (NT-MDT, Ry)swith a Ti/Pt-coated tip was
used for PFM measurements. Polymorphic phases ébedod after the transformation were
confirmed by confocal Raman microscope Alpha300A®RTec GmbH, Germany) equipped by
488 nm solid state laser in backscattering geometry

B-glycine crystal was grown by evaporation of aquesalution on Pt/Ti/SieSi substrate
at ambient conditions with relative humidity of aiba24%. Transformation intg-phase was
visualized during gradual decreasing of relativenldity from 30 down to 25%. It was shown that
the transformation occurs for relative humidity e®®5%. Analysis of the time dependence of
ratio B to y phase area obtained from PFM images allowed teatethe averaged velocity of the
phase boundary motion. Raman analysis of the phasedary allowed to provide a microscopic

model of the process.
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The study is focused on the dependence of darkumbindy on temperature in virgin and
vacuum-reduced congruent single crystals of LiF40N). Detailed experimental data obtained
after the samples of either kind are heated ugbtbKican be simulated by assuming existence of at

least two types of charge carrie () =|:_¢'GX[{—E]'J+BGX[{—E_ZI_J:|- The temperature dependence of

ko

the conductivity of the reduced samples is charaetg by activation energids=(1.25 £ 0.05) eV
andE>=(0.48 + 0.04) eV, in virgin samples the activatemergies are equal E2=(1.01 + 0.02) eV
and E>=(0.29 + 0.04) eV. Since no information is avai@ldoncerning the effect reducing in
vacuum has on electrical properties of LT crysttis, data from LiNb® (LN) crystal reduced in
vacuum are analyzed instead. The data demonsttagesvell-known fact that the reducing in
vacuum increases the conductivity of LN crystal§=a293 K by some orders. Nevertheless, the
value ofc at T=293 K in virgin LT samples exceeds that of redusathples and is equal to
(12+2)x10Y(Q-cm)?. The values of activation energies of electric drativity in reduced LT
samples at low temperatures demonstrate a polaconiductivity the highest valug; being close

to activation energy of the diffusion of oxygen &acies \é. On the other hand, the highest value
E:1 in virgin crystals is typical for proton condudatiin LT and LN crystals, while the value &
indicates to hopping electron conductivity. Ouradabnfirms a strong diffusion and volatility of
hydrogen reducing LT in vacuum at 830 K. In additia partial loss of oxygen caused by reducing
is observed leading to recharging transition matgburities to the lowest valence state and
blocking the hopping electronic conductivity. Aftilting of electron traps, the process of small

polaron formationTa;; starts. So the increase of the activation enefgy(©) at high temperature

in reduced LT samples is a result of increased balkcentration of ¥ and decreased content of

hydrogen.
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Optimization of the physical properties of ceramitdes NbOs and TaOs and their solid
solutions (Nbq.y)TayOs) is of current interest due to usage as constmatiaterials of high heat
resistance and as functional materials in micréedacs. Results of a comprehensive study of
ceramic Nbq.y)TayOs obtained from co-precipitated oxides includinglpng microscopy, Raman
scattering, impedance spectroscopy, and treatnyecricentrated light flux (CLF) are reported.

The modulus of elasticity, micro-hardness, dielecpermittivity, and features of self-
conductivity of the microstructure in the seriescefamic Nb1-y)TayOs solid solutions are affected
by the change of the polycrystalline structure vtttk content of tantalum. A serious change of
structure manifested in spectral characteristicghef Nb.y)TaeyOs ceramics is revealed after
treatment by CLF.

Most strongly affected by CLF treatment is thexNbzes)l & (0.3630s compound, the least —
Nb2Os. Perhaps the effect is due to a higher degreassbdation in the Nip.yTayOs structure
under CLF. The melting temperature of mixed NpTayOs oxides rises with the tantalum
concentration being the reason why after meltindeunCLF the crystallization proceeds much

faster compared with NDs.
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Ceramic ferroelectric relaxors of specific crysséucture and unique physical properties
make a promising class of functional ferroelectraterials the multicomponent perovskite solid
solutions of mixed oxides, such as PbhiIb230s, being special interest. The studies of the
behavior of heat capacity and dielectric permityivof PbNisNb2z0s-PbTiOs (PNN-PT) solid
solutions over a wide temperature range from 130K are reported.

The temperatures characterizing the anomaliesedédaric permittivitye(T) and of heat
capacity G(T) are found for the (1-x)PNN-xPT system at x 3,®.4, 0.5, the temperaturegs of
the maximums of dielectric permittivity of whicheaaround 315, 385, and 455 K, respectively. The
0.7PNN-0.3PT composition has a noticeable frequelependence of the broad phase transition
peak of dielectric permittivity not being obserniadcompositions of x = 0.4 and 0.5. The extended
shape of the anomaly of heat capacity @315 K in the 0.7PNN-0.3PT composition is typical to
ferroelectric relaxors.

The temperature dependence of the heat capag(fy Gf the 0.7PNN-0.3PT ceramics has
anA anomaly at 225 K another anomaly being discovered extendiogn fr250 to 650 K around
T~520 K. A quantitative analysis of the temperaturepehdence of heat capacity and
separation of the anomalous contribution from pmooontribution, as in most cases, is made by
estimating the phonon heat capacity of the compsuasl the sum of the Debye and Einstein
functions the anomalous component being found asdifference between the measured and
calculated phonon heat capaciti®€=C,-C,°. Local distortions of the structure revealed ie th
Brillouin scattering spectra are found in two rewmf theAC(T) anomaly: 250-450 K coinciding
with the ¢(T) and within 450-650 K. The temperature dependean temperature of thaC
anomaly separated from the phonon contributionescdbed by expression for the Schottky heat

capacity of two-level states separated by an engagyer.
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Solid solutions of niobate compounds near the marppic boundary are known to be the
most appropriate ferroelectric materials withowtdecompeting in electrical properties with the
PZT systems. However, particularly the niobate esyist have multiple phase transitions at which
phenomena of slow relaxation are manifested. Thegnted study of dielectric response to low and
infra-low frequencies under DC bias field-JEs aimed at the slow relaxation processes of
polarization.

The samples of hot-pressedo@ao.s)(Nb1-xSh)Os+0.5mol%MnQ ferroelectric ceramics
made for dielectric measurements of the sizex8k6.9 mn? were furnished with silver electrodes
to study dielectric permittivitye’(E=) under reversing the bias field over a wide rarde
temperature including the structural phase traositA considerable rise of the dispersioredis
observed at increasing: &fter the samples are held at constant temperatuteonstant bias (Fig.
la) possibly pointing to increased number of relassa at repealing the phase (not domain)
boundaries since the maximum applied bias field® teeen below the the coercive field value.

230 a70
220 AR5
—+— 1000
210 &80
20 55 | :Etart
190 T T 850 T B, :
=10 5 b 5 E=.EVicm 10 -10 -5 ] £ EVEm g

Fig. 1.¢'(E-) curves of KNN-5 at different frequencies (a) amgosure to constant bias field before the
measurements (b).

A minimum on theg’(E=) curve is observed at the bias field intensity thkie of which is
equal to that applied to the sample at the temperatof the ¢'(T) anomaly of
(Ko.5Nao.5)(Nbo.9sShy.05)Os+0.5mol%MnQ (KNN-5) (Fig. 1b). Appearance of the minimum at
repeating the cycle (Fig. 1b) is an evidence of fieel memory effect specific to ultra-slow
relaxation processes of polarization in ferroelestof broad phase transitions.
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The strontium manganite (SrMap

)

shows a lot of interesting magnetodielectric X ;mi.'.’v.
. ANIAWa%C)
properties [1,2]. Recently, we prepared the “!.1\.5 1‘.
— A

SrMnGs ceramic using the conventional sintering
method. The XRD tests and dielectric
measurements were performed which confirmed
the hexagonal structure at room temperature
(Fig.1) and two contributions in the complex
impedance originating from grains and grain
boundaries. The electronic and magnetic
structures were investigated by Siesta 3.2 code

[3] in the formalism of the density functional

theory. The calculations showed an existence of a

o Nk Y™
band gap about 0.5 eV at 0 K. Contribution of ¢ . "'g ":A
exchange-correlation energy in the total energy is A‘ " — €
b
about 30%. a gSr © Mne O
Fig.1 Relaxed unit cell of the hexagonal 6H-SrMnO
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BiixPrFeQ ceramics across the rhombohedral-orthorhombic gplwasindary have been
studied by X-ray diffraction, transmission electranicroscopy and differential scanning

calorimetry. The structural phase transitions inxBikFeQ driven by doping concentration and

0.875" ~0.125
those in BiFe® compounds doped with } xrD
390°C

temperature are significantly different from Lg: p, Feo
3

425C
400C
390C
380C

other rare-earth elements2 The detailed

Intensity (arb.un.)

study of the crystal structure evolutiong |

] o, "\ o 370C
clarified the ranges of both single phase an%l I e
phase coexistence regions at differerﬁ I
temperatures and dopant concentrations. Ff)r_ o
x=0.125 compound extraordinary three- r« 0 i ::‘:T“‘"
phase coexistence state has been observed ih — A
the narrow temperature range about %00 ) " 20 deg) ? i

Fig. The XRD pattern of the Bz 10.129-€ compound at
The three phase coexistence state stable 330 °C. The insets show thermal evolution of tracstiral

peaks characteristic f@,- andO:- phases.
the temperature range is thermodynamically
self-consistent if one will consider non-equilibmucharacter of the antipola®4-) orthorhombic
phase. It is assumed that specific character osthectural transitions observed in tRe-doped
BiFeO: ceramics is caused by significant covalent compboé thePr — O chemical bonds and
low structural stability of the dominant rhomboha&diR-) phase. High mechanical compliance of
the rhombohedral phase estimated for the componeaistheR - & structural transition results in

the enhanced electromechanical properties.

References

1. 1. O. Troyanchuk, D. V. Karpinsky, M. V. Bushkys O. S. Mantytskaya, N. V. Tereshko, V. N. SRQ11) J. Am.
Ceram. Soc. 94: 4502

2. D. V. Karpinsky, I. O. Troyanchuk, O. S. Manaya, V. A. Khomchenko, A. L. Kholkin (2011) Sol&tate
Commun. 151: 1686

214



R-54
Development of Ceramics for High Temperature Appliations

E.D. Politovd, G.M. Kaleva, N.V. Golubko, A.V. Mosunoly V.S. Akinfie?,

S. Yu. Stefanovict?, A.H. Segallé
IL.Ya.Karpov Institute of Physical Chemistry, Obukhsst., 3-1/12, b.6, 105064, Moscow, Russia

2Lomonosov Moscow State University, Leninskie gdryMoscow, 119992, Russia
2ELPA Company, Panfilovsky pr. 10, Zelenograd, 12448oscow, Russia

e-mail: politova@cc.nifhi.ac.ru

Demands of various industries simulate search &w piezoelectric materials for high
temperature applications. In this work, dielectaind piezoelectric properties of perovskite oxides
based on (1-x)BiScO3 — xPbTiO3 (BSPT) with x = 0:68.65 and KO0.5Na0.5NbO3 (KNN)
compositions close to the MPB were studied. To camspte Bi3+, Pb2+, K1+ and Nal+ cations
loss and to regulate functional properties of BSRBid KNN-based ceramics complex approach
was used that included modification of compositibgscation substitutions and overstoichiometric
additives (various oxides and clorides).

The samples were prepared by the solid state ogactethod. Structure, microstructure, and
functional properties were studied using the X-mjfraction, SEM, SHG, and Dielectric
Spectroscopy methods. Piezoelectric parametersu@&t were determined.

Dense single-phase ceramic samples with differemihgize were obtained, the influence of
additives on dielectric properties an@ Values was revealed.

The changes of the TC values observed correlatdd ttve phase content and unit lattice
parameters regulated by doping of the BSPT- and fiddkd ceramics.

Effects of dielectric relaxation were observed @amples prepared at high sintering
temperatures due to the presence of vacancies imn8l- oxygen sublattices. Suppression of
relaxation effects was observed in modified samplesacterized by decreased to more than one
order of total conductivity. High piezoelectric éogents d33 up to ~ 500 pC/N and kt ~ 0.65
values were measured in the BSPT ceramics prepantincement of piezoelectric properties will
be discussed in relation to the preparation cambtitype and content of dopants.
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Multiferroic materials usually possess the ferrotle, ferromagnetic and ferroelastic
properties simultaneously. These materials havacitd much attention, because of its potential
applications in sensors, transducers, magneticradag media and spintronic. Among a few
multiferroics, BiFeQ@ exhibited both ferroelectric and antiferromagnepiioperties at room
temperature. The external stress (0-1500 bar) digmee of dielectric properties and aging effect of
BiFeO: ceramics have been investigated. The electric iparity and dielectric losses first
increased and then decreased with uniaxial presgqpied parallel to thac field direction, while
increased with the stress applied perpendicultdriyas suggested that hopping conductivity can be
mainly responsible for these changes. The agingcefiollowed a logarithmic law and can be
explained by migration of defects, which influentles electric conductivity and by the relaxation
of the domain structure towards an equilibrium gunfation. The aging rate was found to decrease
with increasing frequency and can be a result feficethe electric conductivity and the pinning of
polarization components by defects field.
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The (Ba-xNa)(Ti1xNbx)Os (BNTN) ferroelectric ceramics have been prepared by stdic
reaction using the conventional method. Mechanodat@ntreatment based on the high-energy
planetary ball milling has been used as an altemahethod of synthesizing of the ceramics. The
structure and morphology of the investigated samplere characterized by an X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Phaaasitions parameters of investigated
ceramics were described. In order to better unaledsof the phase transitions character in BNTN
ceramics the calorimetric measurements were alstorpeed. Characterization of electrical
properties of BNTN samples within the temperatumage 130 K + 600 K were performed by
means of dielectric spectroscopy method withinftequencies from 0.1 Hz to 10 MHz. Analysis
of temperature and frequency dependences of rehimaaginary parts of dielectric permittivity,
electric modulus as well as impedance, providedhtwe details about specific features of physical
properties of ceramic samples. According to compfapedance/electric modulus analysis, the
grain’s interior dominates the electrical respomsehigh frequencies (~§Mz), but dielectric
behaviour in all the frequency range is relatednterfacial relaxation phenomena (Maxwell —
Wagner type). This relaxation is due to displacenoérthe trapped charge in the interfaces that is

development in heterogeneous ferroelectric ceraasssciated with grain boundaries.
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The tetragonal tungsten bronze (TTB) ferroeledtrily attracted much attention in recent
years. It is a promising material with many appealproperties that make it a good candidate in
search of relaxors, ferroelectrics and even muitfes. TTB structure is based on interconnected
octahedra, leaving three open channels of diffgpgsetido-symmetry [1]. This offers a more open
crystalline network allowing multiple substitutiongvarious cations, thus opening up a wide range
of interesting compositions [2, 3].

Dielectric measurements of BddFeNhO:s and BaEuFeNkhO:sceramics were carried in a
frequency range from 20 Hz to 37 GHz, upon hea#ind cooling. Temperature dependencies of
complex dielectric permittivity for both ceramicghebit unusual shifts of permittivity maxima
(ranging over 50 K) associated with ferroelectrltage transition. Both compound also have a
second ,relaxor like” permittivity dispersion regi@t lower temperatures, which might indicate an
appearance of a second phase. Two separate, teumpetapendent dielectric relaxation processes
were distinguished by examining measured frequelepgndences of complex permittivity. Further
investigation of these temperature dependent psesemight give an explanation for observed

cooling-heating hysteresis loop formation and p#mitly maxima shifts.
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Complex oxides of bismuth titanate with a structafdayered perovskite doped by Cr in
accordance with the stoichiometric formulas 4TBiosCro.02011.09 BiaTi2sCros011.75
Bi4Ti1Cr1.2011.4 Were measured in the frequency range from 30 Hidiz at the temperature of
296 K. The polycrystalline samples were preparedhieyprocedure of solid phase synthesis in air
using BpOs (99.99%), TiQ (99.999%) and Cr203

(99.9%), in stoichiometric ratios. 12000
13-,
In paper were obtained the spectra of the dielectrllgggg \..\_
permittivity (¢) (Fig. 1), the dielectric losstgd), the 6000/ \H\
o . 4000 | .
complex conductivity ) and the diagrams of"(g'). 20001 , T
Analysis of the experimental data was performedgitiie R

_ _ ) 10° 10% 10° 10° 10° 1
fractal-power universal law for the dielectric respe [1]. f.Hz

. , . Fig.1 Frequency dependence of the
It is shown that the type of the dispersion curepehds digectric %ermi%ivity pfor compounds:

T 1 - BisTi2.96Cr0.0011.99,

on the concentration of substitutional atoms. 2 - BiTi» €CroO11 753 - BisTi1Cr1 011 4

difference of the dielectric permittivity betweeansple
with x = 1.2 and compositions with= 0.02 and 0.5 depend
on a different number of BDs layers.

The surface microstructure of bismuth titane
ceramics was investigated by AFM method (Fig. 2)e T
tendency to the formation of the conglomeratesraing and

a large concentration of pores was shown. The geegeain

size was measured on the obtained images. It waslfthat Fig. 2 Microstructure of Bili1eCri.20114
. ) ceramics. The image size is 20x2.
the pore density of the compound correlates with ...

concentration of substitutional atoms (Cr).
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Bismuth oxide (BiOs) is an important additive necessary for the pradacof zinc oxide
(Zn0O) varistors. In the present work we study tiffect of Bi-Osz dispersivity on the dielectric
properties of zinc oxide ceramics. The structurel alement
composition were studied with the aid of scanninigcteon
microscope JEOL JSM-6610LV. The distinctions dudifferent
Bi>Os dispersivity are clearly revealed by the imageslatéral
cleavages of ZnO ceramics obtained in the regimeaok scattered
electrons (BEC) (Fig. 1). a

In spite of the decrease of both dielectric peimwiiyt and
dielectric loss tangent values which are observdeenwfinely

dispersed BOs is used for the preparation of the samples instéad |

standard ingredient, the shape of the correspondlieguency

. , : b
dependences remains unchanged. Two regions havffggedt g 1| ateral cleavage imag@sO

ceramics for ordinary (a) and
finely dispersed BDs (b). Scale

distinguished at the dispersion diagragi&’). The frequency of mark length 5Gum

behaviour of the complex dielectric permittivity ynabe

~ 8 kHz corresponding to the change of the dispersipe is independent of the-Bk dispersivity.
In the low frequency region a linear dependencéhefimaginary component on the real part of
dielectric permittivity is observed, while in theégh frequency region this dependence may be

approximated by a circular arc (Fig. 2).
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Fig. 2. Dielectric permittivity dispersion diagratits ordinary (a) and finely dispersed.8 (b)
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Comparative study was made of pore-free PZT-19nter@amples and those containing
specified volume of pores (25%). Earlier it wasrfdyl] that dielectric hysteresis loops of PZT
ceramics with varying porosity differ significantly their values of coercive fields and remanent
polarization. In comparison with pore-free sampthe porous ones possess lower remanent
polarization and higher coercive field values. A¢ tsame time in porous samples the hysteresis
loop itself is more rectangular, i.e. the remarpmiarization Pis close to spontaneous polarization
Ps.

In addition, the heating and aging effects occudaogng the exposure of the samples in AC
fields of constant amplitud were studied. The sa&npmperature was rnonitored with the aid of
thermal imager Testo—875-1. The sample heatingstpkeece with the enlargement of the hysteresis
loop and attains a maximum when the hysteresis hmmmmes satrurated. It is important to note
that the dielectric loop saturation occurs at défe ratios between the applied and coercive fields
EJEc of a given sample. So it was possible to obtaisaturated loop of the porous sample atE
1,6 &, while the saturation of the pore-free sample &hed at E= 2 E. In the latter case the
sample heating is more intensive and the maxinmapé&gature of heating is twice as high as that of
the porous sample for the same time of exposurtndory the area of the dielectric hystesis loop is
related to the energy losses during one cycleetd thanging [2]. So far as both the hysteresip loo
area and heating temperature of the porous samglwaer than in the pore-free one it may be

inferred that the losses in pore-free samples igteehthan in porous ones.

‘ ) ==
Figure 1.Dielectric loops of PZT pore-free ceramics (a, il éhat with porosity of 25% (c, d). At the initial
moment (a, ¢) and 3 minutes later (b, d) afteryapgla field. Scale OX: 200 V/div; OY: 5 V/div.
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Demands on medical and NDT ultrasonic transducgopeance have increased in recent
years. Low€) piezoceramics and piezocomposite materials arelyidsed for wide-band NDT
ultrasonic transducers with high sensitivity andotation. Some of these advanced materials are
lossy, and direct use of IEEE Standard for materaaistants determination leads to significant
errors. The accurate description of
piezoceramics must include the evaluation of
the dielectric, piezoelectric and mechanical
losses, accounting for the out-of-phase e 10
material response to the input signal. 18007 '

Numerous techniques using complex ¢
material constants have been proposed to takes
into account losses in lo@y materials and N 90
to overcome limitations in the I|EEE e
Standard. Iterative methods provide a means 3001
to accurately determine the complex 0+
coefficients in the linear range of poled

. . . Frequency, KHz
piezoceramics  from  complex Impedancq:ig.l. Impedance spectrum and PRAP approximation fo
resonance measurements. thickness extensional mode of porousPCR-1 disk.

The piezoelectric resonance analysis
method and program (PRAP) has been proposed forfulheset of standard geometries and
resonance modes needed to complete complex chéatitm in a wide range of materials with
very high and moderate losses [1].

In this paper a line of porous PZT piezoelectri@o@cs with 3-0/3-3 connectivity types and
relative porosity up to 60% was systematically ®dd Both the IEEE Standards and the
piezoelectric resonance analysis method (PRAP) weesl to determine material constants [2].
Complex sets of elastic, dielectric and piezoelectoefficients of the porous piezoelectric
ceramics were measured by impedance spectroscoihwdseusing (PRAP) software. The PRAP
iterative method enables complete automatic armlgbiresonance impedance spectra to derive
complex elastic, dielectric, and piezoelectric mnties of the piezoresonator. Material constants
obtained by the different methods were compared.

The results show that the PRAP method gives reshi#is are more accurate and allow
taking into account elastic, piezoelectric, andedigic losses.
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The perovskite niobates constitute a very intemgsgroup of functional materials, because of
their extreme physical parameters sensitive toreatdactors. Some solid solutions based on a sodiu
niobate have i.a. a very good piezoelectric proggrimoreover, they contain no lead and so thdy &ul
very important demand of high technology industpnaerning a reduction of the environmental
pollution. One of the most interesting and exteslsivstudied system is a lithium niobate -sodium
niobate solid solution (LiINb®@NaNbQ).

Pure and 4 mol% Li-added sodium niobate ceramice weepared by a two-stage hot-pressing
technology in the Institute of Solid State Physitshe University of Latvia. The preliminary strucl
studies were carried out by X-ray diffraction teicjue showed the formation of single perovskite phas
in the investigated compositions. The effect otlbping on a microstructure and mechanical propertie
of the Li.oANa.9seNbOs solid solution was investigated at room tempegatiihe microstructure and
EDS measurements were performed by means of scpmt@ctron microscope with field emission
Hitachi S4700 and microanalyses system Noran-Vantd® determine the elastic constants (the
Youngds modulus E, the shear modulus G, bulk modulusdthe Poissos ratio v) of Li.oANao edNbOs
a method of measurement of the longitudinal) (&d transverse Y ultrasonic wave velocities for this
type of material was developed. The electric progeiof NaNbQ and Lb.odNao.egNbOs ceramics were
investigated in the frequency range from 100 H2@06 kHz and from room temperature up to 750 K,
both in the process of heating and cooling. Botcteic permittivity and conductivity exhibit an
anomaly as a function of the temperature and frecyuelhe a.c. electric conductivity as a functién o
angular frequencyg(w) follows the relatiors(w) = Aw®. The local minima of electrical conductivity

were observed, which are probably associated withlaronic transport mechanism.
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Most of ferroelectric materials exhibit aging etfda time-dependent gradual change of
physical properties) in their ferroelectric state.

The effects of aging and memory have been studi@dnumber of jobs, for example, PLZT
without admixture - [1-3], PLZT with Mn - [4], theoroposed interpretation of effects is
controversial.

The aging process of relaxor electro-optical PLZ8585 (La 8) ceramics modified with
Mn, Fe, Co, Cu (Me) additives was studied in thasky

Specific details were investigated in the agingcpss changes for PLZT 8/65/35 (La 8)
ceramics doped with different concentration of Mididive (Mn = 0.01, 0.1, 0.3, 1.0 and 3.0 wt. %)
and Cu admixture.

Cu additive is interesting because th&'Qans are both Jahn-Teller ions and ions, sensitive
to EPR.

The sample with additives structure changes wengralbed by SEM and XRD methods.

Aging effects were studied by measuring the completectric permeabilitye*=¢'-ig”
temperature and frequency dependencies (the freguange 130 Hz to 1 MHz) and polarization
loops P(E).

It was found that aging is significantly reducedvi = 1 wt.%.

The mechanisms of the phenomena are discussedasuchigration of oxygen vacancies
Vo, reorientation of dipoles like M&Vo, polar nano region growth and their merger in teltss
(domains), interfacial space charge polarizati@nndTeller ions (M#, F€*, Cc?*, C/#") role in

aging process is discussed.
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The influence of hydrostatic pressure on the flackeic phase transition crystals
CulnP(SeSi1x)s in the range €<1.0. A p,Tx-diagram is constructed and the limits of the
existence of para- and ferrielectric phases arnmek@f It is shown that in the region 8:X81.0 baric
coefficient shift the Curie temperature — is neggtiand it is positive in the regior0.7. There

is inversion of the sign of the coefficiedT_ /dpatx= 0,75.

It is established that phase transitions in fegoic crystals CulnfS and CulnPSe; are
the transitions of the first type. Isovalent replaent of $>Se atoms leads to the formation of solid
solutions CulnKS&Si«)s. Thus, the Curie temperature decreases, both tr@msulphide so
selenide compounds, while blurring the phase ttiamsi In the area of concentration of | -
(0.75%x<1.0) dT_/dx< O, and in Il - (0.35x<0.75) and Il - (&x<0.35) dT_/dx> 0. Under the

influence of high pressure, Curie temperature charsp that in the area of I, /dp< , @nd in

Il and 11l - dT,/dp> 0. Concentration change of coefficient of the presshift of 7. is equal in
: dT. K . .
the area of concentrations H—<— =130—— . In papers [1,2] it was shown that in the

dp-dx GPa- ml.fate

areas lll and | corresponding coefficients are étua70 and 110.
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In present work the crystal structure ©fand Z TIlInS2 polytypes was investigated by
single-crystal four-circle X-ray diffraction methoid the temperature range 190-250 K. The
scanning of reciprocal space ©fand Z polytypes was performed in directiortd(L] and HHL]
under quasistatic cooling. It was found for C-pghg the existence of satellite reflections with
scattering vectoi§(4 + §;0;5+ 0.25) (6=0.04+0.01) which correspond to incommensurate @\(#)

[1]. These satellites arise as weak lines at teatpers 242—-244 K which is much higher than 214
K (avowed temperature of IP creation). Furthermtre,active formation of IP in polytype does
not occur at a fixed temperature of 214 K, but e ttemperature range of 212-217 K.

Measurements of temperature dependences of

the incommensurability parameteé(T) shows
that below 201 K there occurs an
incommensurate phase transformation, at which
the modulation wavelength increases in the

direction.

Unlike polytypeC, IP satellites were not

observed at temperature 190-240 K i€ 2 Fig.1 2p-intensity distribution in directionHPL] of

polytype. But an additional maxing{4:0;5+ 0.5) rehciprocal space. The satellite{2;2;3+ 0.5)are
shown

and G(223+05) were observed at all

temperature for this polytype (Fig.1). They areic¢gbfor doubling of the unit cell parameterAt

the same time, the anomalies on a dependarf€gsestify about existence of IP inCzolytype in

a range of 190-230 K. The model of incommensurhtse formation i€ and Z polytypes was
proposed.
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Proustite AgAsSs crystals are well-known materials for nonlineaticg but the effect of

optical irradiation on physical properties of these :
crystals is rather contradictory. That is why theB‘;;;A:
temperature dependences of the unit cell parameterzo-
8,718+
8,716+
8,714+
temperature range 100 — 300 K in dark mode argy12-
8,710
_ 8,708+
that thec value increased oAc=(0,002-0,003) A at ;1
Tp=(145-147) K at the cooling under laser irradiatiors 704-
100 120 140 160 180 200 220 240 260 280 300

(1]

a(T) andc(T) of AgsAsSs were measured by X-ray Ae=0,0024

dilatometry method with high precision in

during laser irradiatiom\(= 532 nm). It was revealed

(Fig.1). Such an anomaly may indicate the existence
of a first order phase transition (PT) ina#AgS at  Fig. 1. The dependences(T) under laser
laser irradiation. rradiation

Also it was investigated the temperature dependeateelative intensity(T) some X-ray
structure maxima. In particular, for (312) refléxnas established miscellaneous charactd(Tof
dependences at laser irradiation and in dark mieldeeover, experimental dependend€l) and
c(T) demonstrate anomalies at the same temperatuge far 145+ 160 K, so these results
confirm the possibility of existence photoinduc®d in AgAsSs. Observed effects are explained
in terms of the redistribution of silver ions orettwo groups of vacant crystallographic positions i

the unit cell.
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The investigation of CulndSs crystals has showed that &310K the first-order phase
transition occurs, which is connected with the hogpnotion of the Cu ions [1]. The enrichment of
the crystal by indium CulndP-Ss increases the phase transition temperature=880 K [2], and
the replacement of copper to argentum in &Guo0dnNP-Ss crystals leads to a change in the phase
transition temperature {6=300 K.

The influence of the high hydrostatic pressure loa dielectric properties of Culp®,
Culn+dP>Se and Ag,05Clo,0sdNP-Ss crystals was investigated. It was found that thase transition
temperature of each of these crystals is increaséér pressure, this is typical for order disorder
type of phase transition. We also investigatedrifisence of pressure on the relaxation behavior of
dielectric permittivity at low temperaturéB<180 K and the pressure behavior of Curie-Weiss
constant and Curie-Weiss temperature.

The p,T phase diagram for Culp® family crystals was built and its peculiarities reve
defined. It was established that the deviationh& phase diagrams of the linear law could be
connected with the influence of free charge casragrhigh temperatures.
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To change the properties of the Triglycine sulfdt&S) crystals they are doped by metallic
or organic impurities. There are relatively fewalan research of Co- and Cu-doped TGS crystals.
Therefore, the aim of this paper is to study theleditric properties of TGS+Co and TGS+Cu
crystals under the influence of an external eledield and uniaxial pressure.

In both types of crystals the applying of an exakrelectric field and mechanical stress
reduces the maximum value of the dielectric coristdarewith, the temperature of this maximum
increases under the influence of an external ételotid whereas it — decreases under the influence
of uniaxial pressure. The field dependences ohtagimum temperature of the dielectric constant,
the values of this maximum and phasgT-diagrams of the crystals under consideration were
constructed.

If was shown that the increase in the atomic maskped impurities leads to the increase
in the phase transition temperature. Thus, for TG&S+Co and TGS+Cu crystals it was,
respectively, 321,9 K, 322,9 K and 323,6 K.

The displacement of the phase transition temperaturder the influence of uniaxial
pressure along the ferroelectric axis of dopedtatyswas less than for the undoped ones. The
pressure coefficients of the shift the phase ttemstemperature for TGS, TGS+Co and TGS+Cu
crystals were, respectively, —7,5, -5,2 and -5Kb&v.

This effect can be accounted for by the existerfigeternal electric fields in doped crystals,
the value of which is determined by the presencengiurities [1, 2]. Therefore, the macroscopic
field, which emerges due to the piezoelectric ¢ffander the mechanical compression inside the
crystal is smaller. The presence of such interiedd leads to a change in the temperature of the
maximum of the dielectric constant even in the absef external fields, mechanical stresses and

blurring dependenciegT).
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The second-order ferroelectric instability in thexf5Ss (SPS) is driven by non-linear
interaction of the low-energy polar,Bnode with full-symmetry mode A/1]. The relaxation of
lone-pair electrons on 3ncations leads to the three-well potential enengyase [1]. /A inito
derived effective Hamiltonian [1] was used in Mgiobs Monte Carlo simulations of the
temperature—pressure phase diagram. Modeling redeadtaotic phases as well as phases with
guadrupolar ordering in addition to experimentdhown tricritical point on the transitions line
between paraelectric and ferroelectric phases. rReweutron and X-ray scattering experiments
[2,3] testifies appearance of weak first order ratof the phase transition, which is induced by
hydrostatic pressuréb inito band structure and phonon spectra for both phafsBsP.Ss are in
good agreement with available experimental datanabient conditions. Calculated spontaneous
polarization fits well with experimental value o iC/cnv.

Calculated athermal equations of state revealdirdér phase transition from polar Pn to
non-polar P2Zn phase, which occurs near 0.7 GPa. For ambiesspre energy gap is about 2.2
eV. For pressure above 37 GPa energy gap is closedyonoclinic non-polar phase is in metallic
state, in accordance with experimental observdddnFor the pressure above 37 GPa calculated
phonon spectra point out on drastic changes in-@igrgy phonons. This is result of increasing
covalency in S-S interactions. For pressure ab@@PBa transition to triclinic P-1 phase ofBi%s
with one formula unit in the cell was revealed. Batructure calculations and phonon structure for
this new phase point on significant decrease oflemt P-P bonding in moleculap$ anions.
Metallic behavior of this phase occurs already poessure above 11 GPa, while at ambient

conditions this metastable phase is semicondudtbremergy gap about 1.6 eV.
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In SnP>S family crystals the ferroelectric ordering is detened by stereochemical activity
of tin lone pair electrons [1]. The local three-iygbtential in ground state could be related to the
Blume-Emery-Griffiths model with dipolar and quapalar order parameters that predict
coexistence of metastable paraelectric phase vatlodlectric ground state [2]. At this, the
tricritical point and discontinuity of the ferroeleic transition appear at their temperature longri
by compression or by variation of composition. Unbgdrostatic pressure, which suppresses the
stereoactivity of tin ions, the tricritical poindrf SpP.Ss was found [3,4]. Similar influence on the
ferroelectric transition is expected at tin by leadbstitution that also lowers covalence of chemica
bonds. By dielectric, ultrasound and Brillouin $edhg investigations the change from continuous
to first order transition was found in (8m.y)2P>Ss mixed crystals at growth of lead concentration
more than y= 0.2, when the phase transition temperature lowetsw 250 K. For composition
with y = 0.45 clear first order phase transitiomiserved with wide temperature range (near 30 K)
of the phases coexistence. At lead concentrationealp = 0.61 the centersymmetric state exists till
4.2 K. At low temperatures, the dipole glassy cdaddobviously presented [5]. For the endmR8es
compound some evidences of possible virtual feeigtity were found. For this crystal the lowest
energy Raman scattering spectral lines lower tlhiequencies at cooling. Here it have been also
found a growth of the lattice anharmonicity accogdboth Raman and Brillouin scattering data.
Moreover, the most important fact is that dielecsusceptibility of P#.Ss crystals increases at

temperature lowering.
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Bismuth chalcogenides (Hies and BpSe;) are narrow band gap layered semiconductors with
room temperature thermoelectric properties. Thehggis and physical properties of these materials
have been widely studied for more than half a agritecause of their applications as active elemiants
thermoelectric micro-generation, local micro-coglend infrared detectors [1].

The efficiency of thermoelectric materials can fgioved by creating structures where one or
more dimensions are reduced, such as nanowiregribbans or thin films. Such nanostructured
materials show better thermoelectric propertiestdueduction of their thermal conductivity ancklae
same time enhancement of electron conductivity [2].

Previously, high crystalline bismuth chalcogenidmaribbons were fabricated by Au-catalysed
vapor-liquid-solid synthesis [3], but catalyst-fregpor-solid synthesis process was developed amly f
ultra-thin bismuth chalcogenide nanoplates [4].

Here we present simple catalyst-free vapor-soltt®sis method for fabrication of bismuth
telluride and bismuth selenide nanoribbons. 99,9®i%e; and BpSe; powders are used as source
materials. The synthesis process occurs underQdlwvTorr) pressure and does not require constant ga
flow. Fabricated nanoribbons had high-crystallitrecture proved by investigation under transmission
electron microscope. Nanoribbons were up teus0long and 20-500 nm wide. Their thicknesses varied
in the range from 20 up to 100 nm. Electrocondectwnd thermoelectrical properties of fabricated
nanoribbons were investigated under IR illuminatisnowing potential perspective application as IR

detectors.
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Rechargeable Li-S batteries are most promisingtisoldior automotive applications. Advanced
lithium sulphur cell for automotive use with higimezgy density, charge efficiency and durability,
meeting or exceed the safety and low cost standardsbeing developed within the EU project
EUROLIS (www.eurolis.eu). The principle of Li-S baty operation has been known for several
decades [1], however, it has not been successtoligmercialized yet, mainly due to fast capacity
fading and very low columbic efficiency.

One of the key points for a better understandinthefmechanisms of battery operation, which
can lead to the technical solutions to optimize blad¢tery performance and design of Li-S cathode
materials with superior properties, is the knowkedyg the nano-structuration and electrochemical

processes in the cathode material and in the elgrduring battery Lhage | dgctaree
Operatlon . pé)LIysulphide shuttle mechaﬂim

In this work we demonstrate that in operando sulpgfuedge ' '
XANES and EXAFS analysis are powerful and indisjpéies tools for Tuw

&E
w

the characterization of the redox chemistry and monitor the
formation of Li-polysulphides and unwanted bypradua the cathode
and those diffused away from cathode material dudgharging and
discharging of the battery [2]. Different sulphuongpounds that
coexist in the battery (elemental sulphur, sulpbelysulphides and Lo o
suphur bound in electrolyte) can be efficientlytidguished, and their h
relative amount in the cathode can be monitoredigety during the
battery operation with sulphur XANES analysis. Aduhally, sulfur
K-edge EXAFS analysis gives direct insight in tm¥isonment and coordination of sulphur atom and
allows identification of sulphur byproducs.

The methodological approaches for efficient in-apelo XAS experiments at sulphur K-edge
(2472 eV) in fluorescence detection mode are pteden the limitations and sources of potential
systematic errors in sulphur K-edge XANES and EXAd&alysis due to small and strongly energy
dependent penetration depth of X-ray beam andabsibrption effects in the sample are discussed.

wniyy)
&
membrane/separator

®

Acknowledgement

This work was supported by the European Union SvEramework Programme under grant agreement N&b 18
(EUROLIS).

References

1. J.M. Tarascon & M. Armand, Nature, 414 (20019.35
2. M. Patel, I. Arcon, G. Aquilanti, L.Stievano,Nli, R.Dominko, ChemPhysChem 15 (2014) 894

234



FM&NT Or-3
Spin-Phonon Relaxation Processes of Transition Mdtéons in ZnO

D.V. Azamat, A.G. Badalyah L. Jastrabik, J. Lagok!, M. Fanciulli* % A. Dejneka
Unstitute of Physics AS CR, 182 21, Prague 8, CRahublic
2loffe Physical-Technical Institute, RAS, 194021, Btersburg, Russia
SLaboratorio MDM, IMM-CNR, 20041 Agrate Brianza (MBjaly
“Dipartimento di Scienza dei Materiali, Universitagll studi di Milano-Bicocca, 20125 Milano, Italy

e-mail: azamat@fzu.cz

Diluted magnetic semiconductors based on ZnO wéhsition metal ions are widely used
nowadays as model objects for testing conceptsspantronics applications. Thed3 transition
metal ions such as Feand Mrf* with electron spirS=5/2 potentially provide a spin multiplet for
use in the implementation of quantum algorithmsceRédy, systems with the same ground state
electron configuration as Mhin single-crystal MgO [1, 2] and in colloidal Zn§dantum dots [3]
have been suggested for quantum computing applicatiHere, we report the spin dynamics of
transition metal ions in ZnO investigated by thdsBtElectron Paramagnetic Resonance (Pulse-
EPR) technique.

Inversion recovery with electron spin echo detectias been used in order to measure the
spin-lattice relaxation tim@: for FEé* and Mrf* ions in hydrothermal grown ZnO single crystals.
The relaxation of longitudinal magnetization wasniltated by the sum of two exponentials with
two time constants. To estimate the relaxationsrate consider direct (one-phonon) and a two-
phonon Raman processes. The fitting of these @atmaled a Debye temperature fof'Fand Mrt*
significantly lower than the value known for theshaonatrix. The presence of a second fast time
constant in inversion recovery data indicates ¢thass relaxation transitions betweer*rend Mrt*

ions provide an essential contribution to the ratepn at low temperatures.
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The ab initio quantum mechanical methods have sstady been applied to study of the
structure and physical properties of oxide nanaubel's) [1, 2]. The first stage of NT theoretical
calculations provides the properties based on tbengl state energy and its first derivative on
atomic positions and cell dimensions. The nextestaf NT simulations should provide more
detailed information about the properties defingdthie second energy derivatives. These are the
guantities which govern the mechanical and thermanyc stability of nanoobjects. Vibrational
frequencies are the first and foremost of them.

In this work we present the first-principles resutir the phonon frequencies in the selected
TiO2 nanotubes obtained for the first time. We havesmmred the two NT morphologies: (1)
hexagonal generated by folding of (111) layershefftuorite TiQ phase with chiralitiesn( n) and
(n, 0), and (2) rectangular generated by foldingl®fl) anatase layers with chiralities ) and (,

-n). Calculations have been made within the densihgctional theory using the hybrid exchange-
correlation functional and localized atomic bast$ and a direct (frozen phonons) method for
estimating frequencies. Comparative classical féiedd [3] simulations allow us to extend the
scope of treatable NT periods and diameters. Therstry analysis of the calculated frequencies
has been made via the induced representationaetliimmetry groups in twio-points " and X)

of 1D Brillouin Zone.

The results obtained indicate that NT stability elegls on its morphology, diameters and
chirality. Thus, the presence of imaginary frequesiéndicates the structural instability of, Q)

NT with hexagonal morphology at low diameters (-4 In stable cases the lowest (doubly
degenerated) frequency gradually decreases torden the NT diameter rising.
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Y-doped BaZrQ (BZY) is a state-of-the-art high temperature pnotmnductor with potential
application in for instance intermediate tempemaolid oxide fuel cells. In BZY, effectively pasi
oxygen vacanciesrf') and protons@Hg,) constitute the dominating charge-compensatingasgf with
hydration proceeding according to

H,0(g) + 05 + v, = 20H,,

The corresponding hydration enthalpy and entrefys,H~ and 4g.4,5 °, depend both on
dopant concentration and type [1, 2, 3]. Trendsjp;. H “ with dopant type are usually rationalized by
higher charge density on oxide ions in the vicimfyhe dopant [1, 2]. 200

Understanding trends iy .5 = with dopant type is, however, more Undoped BaZrO,

intricate as it contains vibrational contributiofiem both 0OH; and 100} S.

vga. In this contribution, we investigate the defelserimodynamics, T

including vibrational contributions, of undoped aadceptor doped s ok __—75 -

(Sc, Y, In, and rare-earths) Baz@rom first principles phonon § 0

calculations. B\ e
All calculations are performed using Density Fuocél

Theory (GGA-PBE) within the VASP code. Phonon specare 200} s

obtained from force calculations using the finitepthcement method, TR H’jzoo

from which vibrational contributions to the thernyodmic properties Temperature / K

are derived. The calculations are performed undsh ktonstant .

volume and pressure conditions. E'ngdorl,eg a!;;”;fg?fjﬁ;ﬂg t(r):;

The calculated electronigdy, ./ amounts to -74 kJ/mol for individual contributions from
undoped BaZr@ and becomes more exothermic in the orde!;r);;éOafng&g(r?ghr:;rggatgg. of
Gd->Y->Sc due to trapping of botbH;, andvy’, in line with previous
experimental and computational studies [1, 3]. emt the calculatediy, .5 of undoped BaZre
(Fig.1) is also in good agreement with experimergallts [1, 2]. The calculations show that thegést
contributions tody,.4,.5 are loss of BHO(g) and filling ofvy". The large vibrational contribution from}’
is related both to local structural changes anthiige negative formation volume (-20w%). Finally,
we discuss the effect of dopant choice on the titomal properties offHy andv .
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The present paper is devoted to three questiontheoanomalous (“water — like”) temperature
dependence of sound velocity in $i@eQ, B:03 and in silicate, germanate and borate glasses and
melts with the rich content of S¥0GeQ, B.Os; on the similarity of elastic properties of watand
water solutions with the silicate, germanate andtgoglass melts, and on the nature of the fromen-i
nano scale inhomogeneities in oxide glasses.

What means water — like anomaly (WLA)? Well knowattsound velocity decreases with the
temperature practically in all solids and liquisclusions are bD, liquid BOs, Al>Os, liquid Te, Sb,
glassy Ge@ SiOG; where velocity increases with the temperature ,S&2Q, B.Oz glass melts at high
(Brillouin) frequencies and at high viscosity rangiso show WLA. How to explain anomaly? What
about this anomaly in other glasses and melts?

Measurements of temperature coefficients of ulwadovelocities (TCV) as a function of
modifier concentrationn B.Oz, Si0;, GeQ, in a number of binary and ternary germanategags,
borate glasses and melts, where glassformer eghiter - like anomaly (positive TCV), are reported

WLA is found in pure glassformers of “long” or “stig” type where the existence of a network
structure is usually assumed. In these substantdsi¥\found both in liquid and glassy states. WLA
or, at least, tendency to it, is seen in both ltuainal and shear elasticity of such glasses. Agldinic
modifiers to the glassformer (which is supposeldraak up the network) diminishes and eventually
destroys WLA. It is not yet clear whether it is pite to separate a common for all systems main
mechanism of the anomaly. It is assumed that waiing temperatur€ a structural rearrangement
(often modeled as the increasing content of thergkstructure) takes place leading to a denserimpgck
and higher instantaneous rigidity. These effectstrba sufficiently strong to show against the
background of “normal” temperature dependence —redesingv with raising7. Increasing the content
of metallic oxides-modifiers in the glass destrthes network by substituting ionic bonds for covalen

ones, and then WLA is weaken.
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Photonic crystals (PC) are nanostructured mateniaiich posses a periodicity on the length scale
comparable with the wavelength of light. Probapilitf spontaneous fluorescent emission in the PC is
defined by the matrix element of the correspondimgystate transition |<i].«|n>| and the density of optical
states available to the photon emitted)d(]

Whm = (2/h)- [<mHindn>F- g().

The spectrum of spontaneous emissian) 3 determined completely by the spectral distitiuof
frequencies of molecular transitionsn and the density of optical statesoy(In the case of frequenciesn
lying in the area of photonic band gap, where)g{ O, the spontaneous emission is absent. Weteegisthe
maximum of reflectance and minimum of transmittarmespectively, in this case because the lightrazn
escape from PC being localized in the cavities ©f P the frequency of optical transition of an mt@r
moleculeonn is near the edge of photonic band gap, the effagieof the process of interaction of light and
atom (molecules) inside PC could be increasedfgnily. In this case the bound state of the ph@od an
atom or molecule forms and emitted photon is kepide the crystal by means of Bragg reflection ged
absorption.

Described effects were used for amplification ahinescence of the molecules introduced into the
cavities of PC. The luminescence of biological otigDNA, bases, cells) were located near the efigee
band gap of PC. That is why we could enhance thénkescence signal from DNA in 100 or more times.
Possible applications of this effect include craatof optical materials, based on the PC and aeaif

highly sensitive sensors of biological molecules.
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LiGa0, (LGO) (100) and (010) substrates have demonsttagegotential for growing nonpolar

ZnO epilayers [1-2]. The lattice mismatch is 4.286 [1010]zno //[100].co, 2.0% in [1210]zn0
//[010].co and 4.0% in [000%}o//[001].co, respectively, which are low compared to thossamphire.
For Zn.MgxO (ZMO) epilayers in which 45% Zn is substituted g, the lattice mismatch will

change to similar values of ~2.6% in both direcgiom this work, m-plane ZnO epilayer and multiple

quantum wells (QWSs) having (1) and (1210) azimuth 25 10— T— T T—T—T— T
orientation, respectively, were grown on LiGa&lbstrates ok i
by plasma-assisted molecular beam epitaxy. Fogtoeth maws | || epiaver 6
of QWSs, a ZnO buffer layer of 30 nm was first defsabon
the substrate followed by a layer of 40 nmi.4vigxO,

where x=0.45 for the m-plane QWSs and x=0.16 for dhe

1510°f

Intensity, cps

-

N

Ob
T

5000 -

plane ones. Subsequently, multiple QWs were growh w j

the well width thickness of 1.1 nm. A 10 nmiZNgxO cap 0 L

250 300 350 400 450 500 550 600 650

layer was finally deposited on top of the structure Wavelength, nm

anLg 1 Room temperature
cathodoluminescence spectrum of the

of the epilayer and the QWs samples are showngnJFilt epilaver and the QWs samr
indicates that both QWs samples exhibit a strorag band-gap emission peak with different blue shift
of 0.10 eV for the a-QWSs and 0.27 eV for the m-QWise shift is probably due to effects combining

the positive quantum confinement effect and thelued strains.

Room temperature cathodoluminescence spectr
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A discovery of carbon nanostructures namely, fales, carbon nanotubes and graphene,
has opened up a new era in scientific researchrahutrial applications. In this work we present
the data on cheap production, certification and mamative analysis of the multi-wall carbon
nanotubes (CNTs), graphene nanoparticles (GNPs)phgne flakes and graphene oxide for
different application with the emphasis on bionacbhology. The carbon nanostructures were
characterised by conventional Raman spectroscolggtrenic microscopy, Fourie-Transform
Infrared (FTIR) spectroscopy and atomic fourth msoopy (AFM). Mechanical property study and
guantum-chemical calculation were also used

We discuss the following points: 1 ) Which kindsafpport, CNT or graphene, is better for
SEIRA and SERS spectroscopy for analysis of exthesraall quantity of molecules [1,2]; 2) The
suitability of graphene and CNT/CexOy, CNT/CexOyAgomplexes as catalytic agents for
converting alcohol-containing materials (primarycadols, aldehydes, esters) to ketones; 3)
Applications of CNT/DNA/protein complexes as thestie implants; 4) Usage of CNTs and
graphene as interceptors of biologically active poands [3]; 5) Usage of CNTs and graphene as
anticancer agents; 6) Usage of CNT-based blackrhingp coatings for pyroelectric and other

thermal detector application [4].
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Current Li-ion batteries are the state-of-the-astver sources for consumer electronics
operating mainly in the 4 V regime. One frequenlicussed direction to improve the performance
of such batteries is the development of a family50¥ cathode materials. | report here a Full
Potential Liniarized Augmented Plane Wave (FP-LARculation for LiC0:Mn3Og in the Fam
spinel structure [1]. My calculated battery voltage this material is around 5 V. This result is
stable against interchange of positions of Mn anda@ms as well as the choice of the position of

the Li vacancy.
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Semiconductor nanowires have been studied intdysifice applications in electronic
devices as field effect transistors, chemical senaad optoelectronics requiring well established
contact properties and nanowire electrical charesetiton. Frequently, obtained data show
nonlinear characteristics often attributed to Stiyobarriers. Previous works aimed to electrical
characterization of nonohmic semiconductor nanowlegices draw attention on space charge
limited currents (SCLC). Reducing the wire sizentmoscale, causes large surface to volume ratio
of the nanowires and presence of charge traps eahhair sensitivity to SCLC [1].

There have been several reports on SCLC regimesnimcenducting nanowires having
nonlinear (V) behaviour at higher applied voltagesl deviation from Ohm's law. Information of
the trap energy distribution and trap density candbrived from nonlinear (V) characteristics.
Here we report on SCLC conduction ob&i nanowires.

Individual BkSs nanowires were transferred to the substrate aneléztrode fabrication
electron beam lithography was used. Electrical messents were performed irflde refrigerator
to measure temperature dependent (V) charactevisti

At temperature of 300 K all nanowire devices showdnic behaviour. Transition from
Ohmic to SCLC conduction was observed in range 28 to 140 K and calculated characteristic
trap energy is 0.1 eV. (V) curves at fixed tengpere for several distances between contacts
leading to different radius to length ratio werealgeed. Well pronounced voltage steps were
observed for distances 300 nm and shorter whidlcates presence of discrete trap levels or impact

of surface states.
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Like other lanthanide sesquioxides §03), holmium oxide of theC-form, C-H02Og, finds
its use in various optical, ceramic, and chemiggliaations. Nanocrystalline microstructure in this
solid is of particular interest, because when ttystallite size decreases down to nanometer scale,
the ratio of surface to bulk atoms increases suhbatly to endow HeOs based materials with
novel features. Li©Osz can be prepared by a variety of techniques, imstudhe thermal
decomposition of various precursors, and low deasitipn temperatures being favorable for the
formation of nanocrystalline solids. However, thregaration and study of nanocrystalline-8¢
have been given small attention from researchers.

This work aimed at studying the effect of the nataf precursors and synthesis conditions
on structural properties of holmium oxide. Powdairfiolmium oxide were prepared in bulk from
the thermal decomposition of holmium nitrate, clder acetate and, first, carbamide-containing
complex of Ho [1] as precursors at 600 and 7001 powders obtained were investigated by X-
ray diffraction, elemental analysis, thermogravimeTEM, IR- and Raman spectroscopy. The
crystal phase of the solids corresponds to bcdalrgsructure ofC-Ho.Os and consists of nano-
sized crystallites, except for the case of holmicimoride which was a well-crystallized powder.
XRD analysis and Raman spectroscopy consistentljcate that the bcc lattice parameter of
nanocrystallineC-Ho.Oz exceeds that of the well-crystallized holmium @xid/lain impurities in
the nanocrystalline powders of holmium oxide ardewand surface adsorbed carbonate species.
With the use of HRTEM observations other microstical features of the powders of #® are

also discussed.
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Nanotechnology and cellulose fiber can be key facto speed up forest industry again. It
shows a new Nordic study to be included in an OEf@port. The point to unique industrial
opportunities presented by the Nordic Countriegomeaw materials from the forest. This case study
was prepared as a part of a wider OECD projecteptexy Countries Initiatives for Nanotechnology in
Green Growth. It is describing the environmenteeggdly the policy environment, in which Micro- and
Nanofibrillated cellulose (MFC/NFC) are being deopd to contribute to green and sustainable growth
in Finland, Norway and Sweden.

From trunk to micro- and nanoscale fiberkibre structures in wood [2]
and chemical components [1]

Structural Size Approximate
b element number of fibrils
per fibre cross-
section
Complete fibre| 13 micrometer 1 (one)
diameter
Macrofibril 0.75 micrometer 236
Microfibril 0.15 micrometer 5902
Nanofibril 10 nanometer 1,330,000

Figure 1. Structure and relationship between filmeswood log

The potential and the main applications of nanatetdyy for green growth is discussed, - how
nanotechnology is being included in the broadeemgrowth policy agenda, and finally developing
“good practices” and tools for policy makers toleage the impact of the technology on green growth
in socio economic and environmental terms.

The financing of the necessary steps from pilokesgp to the production scale is a pervasive

problem in all three Nordic countries, accordinghis study.
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With a growing world population, nanotechnologyoise approach to address the rising
demands for improving the quality of food and foeen energy.

Nano sieves for micro-filtration are proposed toseea growing demand for filtration, e.g.
for beer or milk production. Many groups have ale@dicated that perforated membranes with
sharply defined cylindrical pore diameters will baa broad range of applications, such as sterile
filtration (particle and bacteria) and size examsbased separation.

In green energy, solar cells are seen as a prognmsethod for energy generation; but their
cost and efficiencies would need to be drasticafigroved in order for them to become a viable
option. Controlling the scattering of photons i thbsorbing material by adding photonic crystal
arrays or other periodic nanostructures can patiynenhance the efficiency of these devices.

In both applications, the large circle arrays cawmet significant areas (over several square
centimeters), and writing times by patterning vatmventional Electron Beam Lithography (EBL),
“stitching errors”, and pitch control between adjaic“stitched” fields could be issues, especially
for photonic crystal arrays.

To meet the needs of these applications, we presghtliscuss the differences between two
EBL patterning modes, one being the conventionadhshg EBL, and the other being a new and
unique “stitch-error-free” EBL writing strategy &ad “Modulated Beam and Moving Stage”. We
demonstrate that this technique can produce largle arrays for nano sieves and photonic crystals
with uniform pore size distributions, fast EBL patting times, and with virtually no stitching
boundaries and high pitch accuracy.
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Two ABOzs-type perovskite solid solutions (BSCF: 1B&rCor.yFg0sz5 and LSCF: LaxSxCos-
yF8035), mixed ionic — electronic conductors, recentlywédattracted a lot of attention because of a
wide range of potential applications in modern tetbgies, e.g. gas separation membranes, solie oxid
fuel cells (SOFC), etc. The structural defectsstfiof all oxygen vacancies and antisite defects in
perovskites, affect many properties and worsenopadnce of the perovskite materials in specific
applications.

In this study, we present results of first prinegplcalculations of the perfect BSCF and LSCF
crystals, the crystals containing basic point dsfécation and anion vacancies, cation exchangg®, an
antisite defects), disorder (Frenkel and Schottlyld a set of relevant solid-solid solution reatgio
[1,2]. Our DFT modeling reveals that oxygen FrenKefects, full Schottky disorder and partial
Schottky disorder accompanied by the growth of & mphase (e.g. a parent perovskite) all have
relatively low formation energies and are favorablEhe obtained cation exchange energies are very
low for both the A- and B- sublattices of the pesiate structure; this leads to a formation of new
phases or interphases.

We explored and analyzed in great detail the oxygmrancy formation energies in the cubic
and hexagonal phases of BSCF and demonstrated thigh concentration of vacancies (oxygen non-
stoichiometry), in fact, serves as a stabilizingtda that governs the preference of the cubic pbase
the hexagonal phase. We also discuss peculiaoitigee oxygen vacancy diffusion in BSCF and LSCF.
We established that th&/B-site cation size mismatch in BSCF leads to thesually low oxygen
vacancy formation energy, which causes a consiteerabn-stoichiometry, and facilitates vacancy
migration with a prominent charge transfer at taagition state. The smaller mismatch betw&eand
B-site cations in LSCF results in twice higher vaiaformation energy and higher migration activation
barrier, which give rise to a smaller oxygen vagarancentration and thus a slower oxidation reactio
as compared to BSCF.

Based on the above-discussed results of first jptes calculations of the defect formation and
migration energies, as well as oxygen atom and catdeadsorption on perovskite surfaces, we
calculated the diffusion-controlled kinetics of gen reduction reaction (ORR) as a function of
adsorbed oxygen and surface vacancy concentrafjns This allowed us to determinghe rate-
determining stepgwhich is important for improvement of fuel cell carpermeation membrane
performances) and suggest interpretation of availakperimental data.
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Indium sulfide films prepared by several chemicatl hysical methods are recognized
buffer layers for chalcopyrite absorber solar ceAscording to quantum calculationB;In>Sg
where In atoms are partially substituted by tramsitmetals (TM) is able to sustain the two-photon
absorption processes [1].8:TM is a likely absorber material for an intermedi@dand solar cell.

It has been shown that single-ph@isk,Ss films

can be deposited by low-cost chemical spray T =290 °C

pyrolysis (CSP) method considering the s~ 4%

<

formation chemistry introduced in [2]. gf 1600 In,S;Ti (10%)
In this paper we study the deposition of m{'i
Ti-doped InS; thin films by CSP method. of_—i 800
InoSe:Ti films were prepared using In€las
Indium source, titanium alkoxide complexes and 15 zﬁ’v (ev)zjf’ 39

titanium terachloride as Titaniun source and
SC(NH)2 as Sulfur source. We studied the effecﬁI
of the titanium source type and concentration and

ig.1 Determination of Eg for 8 and InSs:Ti
ms deposited by CSP method at 2€D.

the film growth temperature on film properties. eTfims are characterised by means of XRD,
SEM/EDX, Raman and optical spectroscopies. Spraghdghe solutions containing stabilised
titanium acetylacetonate or chloride reduces uglitvolume of InS; films and decreases width of
the band gap (indirect transitions, Fig.1). Phaseposition, structural and optical properties & th

sprayed films depending on the titanium sourcessussed.
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Tin tungstate (SnWg) has two polymorphghe low-temperature orthorhomhiephase and
high-temperature cubif-phase, which transform into each other by a diffasontrolled phase
transition mechanism at ~670°C [1]. At the sameefif:SNWQ, can be stabilized at room
temperature by rapid cooling that makes its ingasitbn more practicallhe two phases have small
band gaps (E1.7 (2.6) eV in a-SNWQ (B-SnW(Qy)) and unique band structures, strongly
influenced by the second-order Jahn-Teller eff8QJT) due to the W-O partially covalent bonding
and the presence of the lone pair of Sn 5s elez{a8].

In this study we have conducted room-

b ' ' OGIPa_

temperature pressure-dependent (0-25 GPa) x- | ] m

ray absorption spectroscopy at the Wadnd ’3‘ .y g / \/—N:;—

Ls edges ofi-SnWQ, andB-SnWQ, using the  § j; 15 Jm

s [// 5L/ m

dispersive set-up of the bending-magnet,: ﬁ/ 2 _/m_

SOLEIL ODE beamline and high-pressureg/: e g//—f\

edge 4 i 0.5GPa ]

nano-diamond anvil cell. The detailed analysis j/ W:sdm?o j WL edge '8
I in B-SnWO,

of experimental data suggests that upon 12100 12120 12140 12100 12120 12140

. . . Energy (eV) Energy (eV)
increasing pressure a displacement of tungsteFri19_1_ Pressure dependence of the Wetige x-ray

atoms by about 0.2 A towards the center of th@bsorption spectra in-SnWQ, andB-SnWa,.
WOs octahedra occurs in-SnWQ,, whereas the coordination of tungsten atoms changes from
tetrahedral to distorted octahedraPuSnWQ (Fig. 1). The obtained results will be discussaseul

on the results of our first-principles calculatidBf
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Perovskite-like SrV@s exhibits high electrical conductivity under redugiconditions and
good resistance to sulfur poisoning and carbon slBpn, and can be considered, therefore, as a
promising parent material for solid oxide fuel q8IOFC) anodes [1-3]. Its applicability is however
limited due to a rather narrow p{astability domain of the perovskite phase coinnideith fuel
atmospheres. Under oxidizing conditions, SgM@nsforms into insulating ¥-based compounds;
this transformation is not fully reversible at T 000C and is accompanied with significant
dimensional changes. The present work was focusabeoeffect of Nb substitution into vanadium
sublattice on the stability domain, electrical coctavity and thermal expansion of Sry¥©

SrViyNbyO3s ceramics were prepared by solid-state reactionter@ssisted with high-
energy milling, and sintered at 1500°C in 1086 atmosphere. XRD analysis in combination
with microstructural studies (SEM/EDS) confirmeditithe solid solubility range of Nb cations in
SrV0Oss cubic perovskite lattice under applied conditiansresponds to ~ 25% of vanadium sites.
The characterization of ceramic materials includedasurements of electrical conductivity as
function of temperature, peP and time (in redox cycles), and controlled-atnihesp
thermogravimetry and dilatometry. Substitution witiobium was found to result in a moderate
decrease of electrical conductivity, but also sappes to some extent high thermal expansion,
characteristic for SrVéx, and shifts the perovskite phase stability boupdar higher oxygen

partial pressures.
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Devices based on thin organic or polymer layersba@ming increasingly important in a
wide variety of applications; from OLEDs, touchsame and electronics, to medical implants and
consumer products. These devices are typically osegbof complex stacks of thin/ultrathin layers

of novel organic or organometallic compounds, tbgetwith inorganic materials. There is an

increasing requirement for compositional profilioiggthese devices.
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Fig.1 Cls spectra of polyimide. (a) as received, afber 200s sputtering in mono mode, (c) afters200
sputtering in cluster mode

Traditional methods using argon monomer ion pmadilresults in a high degree of damage
to the underlying chemistry of the surface and seaface region which contributes to the XPS
spectra, as shown in figure 1. The Thermo ScientifiMAGCIS dual mode source (www.Xxps-
simplified.com), capable of operating in both mamaic and cluster ion modes, overcomes those
deficits and allows depth profiling of polymer-bdsstructures, cleaning metal oxides without
change of the oxidation state, and analysis of ¢exnmultilayer devices. In this presentation we

will illustrate with examples, how MAGCIS enablésse types of analyses.
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The surfice plasmon resonance effect could becttlafor the incresing absorption ability
of the thin film absorber layer in thin film soleells [1]. Plasmonic solar cells were grown entirely
by chemical spray pyrolysis using an extremely thiss/CulnS as buffer/absorber to uniformly

cover either planar ZnO or ZnO nanorod layer.
1.0

Gold(lll) chloride trihydrate (HAuGI3H>0) was " .

i 0.8+ . "
used as precursor for the synthesis of gold ) with gold NP-s
nanoparticles [2]. Au-nanoparticles were formed % 0.6 .
. iy g ]
via thermal decomposition of HAuL3HO S 54l /
solution at 0.01-0.1 mol/L concentrations. §02_ without gold NP-s "
Current-voltage characteristics and external

0.0 T T T T T T

guantum efficiency were used to evaluate the cell 400 500 600 700 800 900 1000

Wavelength, nm

output. A relative increase of 20% in short circuit
current density is achieved using plasmoni€ig.1 External quantum efficiency spectra of spdaye
. ] . . ZnO/InSy/CulnS solar cells with and without gold
particles in the cell with planar layers, while 15%anoparticles in CulnSbsorber layer
relative increase is obtained for cell on ZnO nader EQE spectra (Fig.1) show increased carriers

collection in long wavelength region due to plasmesonance effect caused by gold nanopatrticles.
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The realization of quantum bit (qubit) using twaciéed states of an atom (or a quantum dot)
embedded in photonic crystals is one of the chgifgngoals in the area of physics and the theory of
nanostructures [1]. A significant issue for camgyiout qubit operation is to cause a strong osictia
between the excited states. The strength of atiofi depends on two optical parameters: the deguni
(o) of the atomic transition frequency from a photobhand edge and the strength)(of the control
laser for coupling the excited states. A strongliagion requires a high laser strengthX>0) and the
atomic transition frequency to be deep inside tB& s <<0). However, a high laser strength causes a
wide Rabi splitting leading t@ — 0, so that we should optimize and Q[2, 3]. Figure 1 shows the
time-averaged probability of finding the atom ortiged states as a function of the laser stremyttor
various values of the detuning. Furthermore, Figure 2 shows a contour plot ef time-averaged
probability for s andQ. It also shows that the time-averaged probabiléy a ridge fitting to a link.

The fitting lineL maximizes the time-averaged probability, whichvies the optimum value of a pair
of § and Q for causing strong oscillation between the excséates. These results are useful for

determining the designs of a qubit based on sadite photonic crystal systems.

5=-10d, - 5= -54

Time-averaged probability

0 g ]‘.0 iS ‘20
Laser strengtt/a”

Fig. 1 Time-averaged probability: is a scaled  Fig. 2 Contour plot of the time-averaged probapilit

parameter [3].

-20

Detuning §/ o2
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The electronic density of states of metal oxidea @a many cases be measured by
electrochemical techniques [1], such as chronopiot@etry or impedance spectroscopy. When
small ions such as protons or Li ions are intetedlanto a material, which is used as the working
electrode in an electrochemical cell, electronstnesinserted from the back contact to maintain
charge neutrality. These electrons will enter ipteviously unoccupied states and the Fermi level
will shift upwards in energy as intercalation preds. Provided that the rigid band approximation
holds, measuring the inserted charge during tlasgss will give an image of the electronic density
of states over 1 to 2 eV from the band edge.

We have compared the so called electrochemicaltgieristates obtained by this method to
density functional calculations for a number ofd®es. The electrochemical technique is able to
give results in qualitative agreement with caldolag. We have studied a number of metal oxides
such as W@ TiOz, V205, Sh:SnQ, In:SnQ, IrO- as well as some NiO based coatings.

There are a number of questions that need to Herb&tderstood in order to make the
technique fully quantitative, though. A limitatias that the number of ions that can be intercalated
in a given material is restricted. In addition, thas do not distribute uniformly in the coatingtbu
probably exhibit a gradient in concentration, doesliow kinetics of the process. In addition, the
validity of the rigid band approximation is largedy open question.

The technique will be useful for screening the dgraf states of a large amount of coatings
in the laboratory. Then interesting materials apdcgnen can be selected for further studies by

advanced techniques, such as photoelectron or Xgegtroscopies at synchrotron facilities.

References
1. M. Stromme, R. Ahuja and G.A. Niklasson, Physv.R_ett. 93 (2004) 206403.

254



FM&NT Or-23
Manipulation of Nanoparticles with Different Morpho logy Inside a Scanning

Electron Microscope

B. PolyakoV, S. Vlasso¥?3 L.M. Dorogirf3, J. Butikova, M. Antsov3, S. Ora$® R. Saat?,

. Kink? and R. Lohmus®
lnstitute of Solid State Physics, University of Viat
2Institute of Physics, University of Tartu, Riia 142014, Tartu, Estonia
SEstonian Nanotechnology Competence Center, Riia 3414, Tartu, Estonia

e-mail: sven.oras@ut.ee

Polyhedron-like gold nanoparticles (NP)
and sphere-like silver NPs on an oxidized Si 4¢-5
substrate were manipulated with a XYZ

. = _7
nanomanipulator to analyze the dependence of 10
c

. .. . o
static friction and contact area on partlcle:gm_g

geometry. The experiments were carried out™

inside a scanning electron microscope thus 0 100 200 300 400

providing visual guidance for the experiment ~ Radius (nm) _
Fig. 1 The static friction forces of Ag NPs on a Si

while force was simultaneously measured with &afer as a function of particle radius. It can keers

) ) that the friction forces determined by different
QTF based force sensor with a sharp tip glued t@ethods (dots and circles) are between theoraticall
curves calculated by DMT-M model (dashed curve)
and frozen droplet model (solid curve).

trajectory with the interaction force between tipdaNP and enables to distinguish between

it. This allows for the correlation of particle

continuous and abrupt motion. The general behasiokg and Au NPs during manipulation is
very similar.

The theoretical static friction forces were calteth by various methods. For Ag NPs
contact areas were calculated using both Frozepletrmodel and DMT-M model while for Au
NPs the contact areas were determined by apply@gogngtrical considerations on the polyhedron-
like particles. The theoretical friction force w#sen compared with experimentally measured
friction force. It was shown that experimental d@neloretical data was in good agreement with each

other both in case of Au and Ag N#s
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Inverse opals are photonic band gap (PBG) strustwith a periodic arrangement of voids with
low refractive index (air) in a high-refractive ex dielectric media with sub-wavelength periodicity
Inverse opals have recently been suggested in pdwalgsis applications. Here the idea is to mateh t
edge of the PBG with the electronic band gap afraisonductor to allow for efficient light absorptio
Here we present a novel approach to tune the positnd shape of the PBG by purposefully deposit
multilayers of oxides with controlled thicknessestbe inside walls of the inverse opals. This asoid
technical problems of changing diameter and mdsedaathe opals. The fabrication involves a three-

[xrrmsnire—>-[aon H‘;ht>lbUnﬂ' m>

particles by volume dip coating; atomic layer O O O

step process: Self-assembly of polystyrene (PS)

inverse Alumina 10nm

deposition (ALD) of metal oxides (4Ds) to fill the U ’rﬂ J\,\\,r\ f\,uu 7
voids between PS particles; and subsequent Ar+ ion - J W wl ’M
']' J" \

etching and calcination to crystallize and develop

f t || §
I

| L
- V\ i | ‘
2| ! ! S
make multi-layer structures of T¢Qvith controlled | ' _ LL, ,‘

Transmission

the inverse opal structure. ALD is then repeated to

. . . | \
thickness. The inverse opals were characterized by .. \ L] J U ;
0pt|ca| Spectroscopy, XRD, electron m|CroscopyFlgl Flnlte dlﬁerence .time-domain numerical
electromagnetic  simulations of inverse opal
and profilometry. In addition, band structureAl,0sTiO, multilayer structures for different TiO
leul f th | de b layer thicknesses. The experimental results are
calculations of the inverse opals were made by th@produced with a Ti@layer thickness t = 2 nm,
plane-wave expansion method together with finite!attice spacing D = 190 nm.
difference time-domain simulations of the transioisspectra (Fig. 1). Our method is versatile aaua c
be used to fabricate multilayer inverse opals with reactive nanoparticles on the inside wallsyels

as plasmonic nanoparticles embedded in the lagesHitiently absorb slow light.
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Studies of transmission holographic grating (HGdxation (recorded witls-s, p-p, 9, L-
L, L-R laser beam polarizations ) have been carried mwrganic molecular azobenzene glassy
films W-50, W-75, K-RJ-9 and chalcogenide glaséy fa-A3s film. HG with the periods of 0.50,

2.0 and 8.6um were studied in these films. It is 14

found that recording efficiency in the same

sample depends on both recording polarizations

1

and HG period. The HG stability in the course of

wr 09 e

relaxation also depends on these factors. In °¢ 5 | | B
almost all cases the maximum recording N 5 o S S

o N N s MNETI
efficiency was achieved withp-p or L-R ' ; ; | | |
polarizations at 2.qum period. The HG stability by

. ) . o Fig.1 The dark relaxation time dependences of
did not correlate with the recording efficiency,relative diffraction efficiency® of HG recorded with

. different recording beam polarizations in azobepzen
and in most cases correspondedsts or L-L  fin w.75 with the period of 0.5Qum. The ¢=1

value corresponds to the initial diffraction eféiocy.
Similar oscillating time dependences were observed

the samples with higher glass transitiorlso in other case

polarizations at 8.eum period. It was higher in

temperature, Ty . In other experiments, whose co-authors were Vaf®kand K.Traskovskis,
Kleinman’s second-order nonlinear coefficiels¢ was also more stable during the relaxation in
the case of the films with high&g values.

The HG dark (relaxational) self-enhancement of H&% wbserved in the case of W-75-R
polarizations 0.5Qum (Fig.1); s-s polarizations, 2,0m] and K-RJ-9 (p-p polarizations, 8.m)
samples. In the latter case the dark self-enhanteaiédHG was also observed in reflection mode.

Relaxational effects are explained in terms of ypesbrding mass transfer.
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In the present work, within PBE-GGA and range-safeat hybrid functional schemes we
have carried out DFT electronic structure calcal&i on magnesium and calcium hydroxides
X(OH)2 (X = Mg and Ca). Concerning the overall bondingtyme, it was shown that a crystal-
chemical integrity of the hydroxides is governedtive oxygen via a bridging combination of the
strong covalent bonding in the hydroxyl anion ahd X-O ionic connection. This feature is a
principal component of the multifunctionality of ®&H). compounds because it provides the equal
utilization of electronic characteristics such aggé band gap and low refractive index (relevant to
purely ionic systems) and the covalent contribigilom the oxygen. Electronic structure analysis
shows that (i) the X(OH)hydroxides are direct band gap insulators; (& ¢halculated fundamental
band gaps are in the range of 7.7 - 8.3 eV for Mt)g&nd 7.3 - 7.6 eV for Ca(OH)(iii) effective
masses of carriers in vicinity of the band extreare strongly anisotropic, and for the electrons are
similar to those in ZnO. Optical properties of thalk crystalline X(OH) hydroxides have been
studied by using the many-body Hedin's GW approtionacombined with the numerical solution
of BSE. The existence of excitonic states possgdange binding energies of 0.46 eV for Mg(QH)
and 0.85 eV for Ca(OHhas been predicted for the first time. Our analysdlicates that the origin
of the excitons is attributed to the strong locatian of the hole to oxygePypy, 2py occupied states
and the electron to oxygen and metaimpty states. The potential of applicability of @rystalline

X(OH)2 compounds in semiconductor device engineeringoghakelectronics is discussed.
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Tannin-based rigid foams and their carbonaceoustequarts are new, easily fabricated,
cellular solids based on renewable resources [Hpdted from raw, commercial, mimosa bark
extracts as a major component, and being cheagdigimaveight, they are able to compete with

more expensive synthetic polymer foams [2]. , R R ,

Broadband dielectric analysis of tannin-based **’ '\% ]
carbon foams produced at 7 different densities, "] P \.:,_::f_:ﬁi:f:::':-*——:::::ii'f::::: 1
ranging from 0.048 to 0.114 g/émwas carried ] « 30 GHy ]
out in wide frequency (20 Hz — 35 GHz) and ] ~—+—R |
temperature (25 — 300 K) ranges. ] :Z ]

The average values of electromagnetic

0"77;,,.,,,.;. — — ——e o

(EM) attenuation at 30 GHz for 2 mm thick oo o005 oo o7 o0os o085 oto o1 o

density, g/cm3

carbon foam was -18 -20 dB (see Fig.1). Such Fig1  Absorption/transmission/reflection  (A/T/R)
fficients measured and calculated at 30 GH2 for

absolute values are higher than those present%?gi thick carbon foams vs thelensity

by polymer composites containing high
concentrations (5-20 wt.%) of nanocarbons [3]. &s&ic permittivity (and therefore EM
interference shielding ability) has been obsereede almost temperature independent in the range
200-400K.

To conclude, being environment-friendly, cheapraxely lightweight, chemically inert,
thermally stable and at the same time highly cotideign static regime and providing very good
EMI shielding ability in microwaves and in wide tperature range, tannin-based carbon foams

should be an interesting alternative to variousmentialized EM shields and filters.
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In this work, metal nanodumbbells (NDs) have beeméd by laser-induced melting of Ag or
Au nanowires (NWs) on an oxidized silicon substratad their tribological properties have been
investigated [1]. ND formation is a complicated dgmc process, which involves extreme temperature
gradients, and includes rapid heating and meltitg@ends of NWs, contraction of liquid dropletoi
spheroidal bulbs followed by rapid solidificatiohhe mechanism of ND formation is proposed and
illustrated with Finite Element Method simulations.

Nanodumbbells (ND) are highly attractive objects faanomanipulations and tribological
experiments. ND can be roughly
considered as two spheroid NPs

connected by a NW. NDs can be

produced by pulsed laser processing of | [€
metal NWs. If the distance betweenZz ™ /1
the rounded ends of NW is short® / |\
0 / k N
enough, the dumbbell rests on the o 28 s 75 10 125 1 175 2

Time, s

rounded ends mainly. Thus, ND ends  Fig. 1. Example of Ag ND Nanomanipulation insideMSE
ensure relatively small contact area, reduced aain@sd static friction. Therefore, NDs can be lgasi

manipulated, and different types of motion can isérdyuished: rolling (fig. 1a), rotation (fig. 1db-
Tribological measurements consist of controllat#al rtime manipulation of NDs inside a
scanning electron microscope (SEM) with simultasedorce registration. More information on
experimental technique can be found in our previmesk [2]. The geometry of NDs enables to
distinguish between different types of motion, ra@ling, sliding, and rotation. Real contact areas
calculated from the traces left after the displasetmof NDs, and compared to the contact areas

predicted by the contact mechanics and frozen dtopbdels.
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Nanotubes (NT) of divanadium pentoxide (or i@ general case) are the subject of an
intensive research due to their promising physiaatl chemical applications. The reported

syntheses of the MONTs and experimental studies of their propertiesraimerous. However the

theoretical studies of XDs NTs are restricted to a few publications,ﬁ,?f"?\r'\,é S5ssasacesazasasn

- P ’rﬁ’+?+$¥f+f+f*§4f«

(see [1] and references therein), where the extehtigkel theory } ”j 3280858 E888882808
A e Sacasasssssssses
has been used. e S RRRRANRAN

P D A I riTiTiTiTd
e gasdstetetetetere!
A L5 0 0 B I A

In this work we present the results of hybrid DFF-H (s0)av.0,

calculations with PBEQ exchange-correlation furmwio of the y FaShr S ,ﬁiﬁggé
structure and energetics of2® nanotubes. The basis of atomi¢’ "!‘ bhbEELL
orbitals implemented in CRYSTALO9 computer code fi2ls been I o j{ =
used in our simulations. ’(s,d)ﬁ/z:

We have calculated the nanotubes rolled up fron{i? +avV§$TT<;>
both the layers o#-V20s (a-NT) and layers of-V20s (y- gg A, . ;VONT((O))
NT) with (n,0) and (Oy) chiralities. The simulations have .} | Y0, N0
been performed for the chiralities from (4,0) t&,d and : % I
from (0,9) to (0,25), correspondingly. 13 ‘

The obtained data show that the strain enétgy ]? \
of NT with (n,0) chiralities are close to zefor the both ~ © ©° * * . 5 o s

phases due to unique flexibility of treonsidered layersEsyr of NTs with (On) chiralities are
considerably larger. It should be noted, thatEhevalues of the relaxe@tNTs arelarger than those
of they-NTs.
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The mechanisms of GaAs overlayer growth with ctiggeaphic orientation (111) by
MOCVD at low pressure have not been fully clarifigc]. Therefore the aim of the research was
to study the temperature and element (#@nd B) ratio influences on the structural and electrical
properties of the deposited overlayer.

The GaAs and GaAlxAs epitaxial growth on GaAs (111A) substrate plavas carried out
by organometallic vapor phase epitaxy at pressuf@ Forr. The regime of a quantitative
modulation of trimethylgallium, Ga(Gs, gas flow was applied to optimize the atomic ratio
between A' and B’ on the substrate surface while the tangential rasvéhal components of the
growth rate were comparable. Deposited GaAs angh&b@As overlayers with crystallographic
orientation of (111A/B) were obtained at ~0.1-0.@rfTpressures of arsine, AgsHgas and low
crystallization temperature ~570-620 °C. Their obs#¢ morphology and proposed mechanism of
the defect-free GaAs and G&lxAs surface crystallization was discussed in det&lyysical and
electrical properties of the obtained epitaxial enals were studied experimentally.

Technological approach to form structurally perfeetrlayer with high-quality morphology
and good electrical properties is proposed basedhenexperiments. The results can provide
valuable data to perform GaAs and 1GA&lxAs epitaxial growth on the substrates with

crystallographic orientation (111) in practice.
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Rare earth oxyorthosilicate single crystals arel vestablished commercial scintillator
materials which have found a number of importargliaptions in high energy physics, nuclear
physics, tomographic medical X-ray imaging, etcnow to their high light yield, high density,
effective atomic number and fast decay time. Thediss of gadolinium containing
oxyorthosilicates have shown that a strong oveofafhe absorption and emission bands of'Gd
leads to an effective energy migration through @e* sub-lattice with the subsequent energy
transfer from a G ion towards an adjacent impurity ion. In Gdoped gadolinium
oxyorthosilicates, these processes result in tlhemsement of the scintillation efficiency, but lead
to the appearance of an undesirable slow componetite decay kinetics of the Eeelated
emission [1, 2]. Similar phenomenon is found also EW*- and TB*-doped gadolinium
oxyorthosilicates, which can be considered as gmodlidates for lighting applications [3, 4]. The
aim of this work is the investigation of peculia# of the energy migration and transfer processes
in GA&:SiOs and (LUGH)SiOs crystals doped with Géand Ed* or Tb** ions having different outer
electron shell¢5d and 4, respectively). For that, the steady-state ane-iesolved emission and
excitation spectra as well as the luminescenceydkiceetics are studied at 4.2-300 K in the-s
time range. It is concluded that the3Gd> EW** and Gd" — Tb3* energy transfer occur only in the
closest pairs through a short-range exchange ottena while the G&#" — Ce* energy transfer is

possible also in more separated pairs mainly duleetdong-range multipolar interaction.
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Electromechanical and electromagnetic propertiecCHTs and graphene-based nanoporous
materials are essentiédr various nanotechnology applications, e.g. fogieeering new classes of
ultra-light, highly conductive nanomaterials withxceptional
mechanical strength, flexibility, and elasticity. e\Wpay major
attention to CNTs, graphene nanoribbons and nasrsfilfGNR
and GNF), CNT and graphene-based aerogels (CNTBA, GBA)
CNT- and graphembased 3D-nanofoams and carbon-based
polymer nanocomposites, as to the basis for thequeni
nanoelectronic devices, revolutionary membrane nadgée(due to
their strength and atomic thickness) and nanosen&articular
properties of carbebased nanoporous systems in dependence on
porosity extent, morphology and fractal dimensidiova finding
practically useful correlations between their mewtal and F'9- 1. Structural model of GBA:

) . covalent bonding in interconnects
electrical properties. between statistically parametrized

Nanoporous systems are considered as complicatédR and van der Vaalse type
ensembles of basic nanocarbon interconnected etemerg., Ponding of GNR layers.

CNTs or GNRs with possible defects and danglingnbemy bonds) within theffective media type
environment (see Fig.1). Interconnects are esdignitgal quantum objects and are evaluated in the
framework of the developed cluster approach baseith@® multiple scattering theory formalism as well
as effective medium approximation[1], which allowalculating the above mentioned nanosized
systems’ local electronic densities of states, ootidity, force interaction constants, etc. Teclugital
interest incontacts of CNTs or GNRs with other conducting eata in nanocircuits [2], FET-type
nanodevices, CNTBA and GBA, carbbased nanofoams constitutes the reasorestimating their
electromagnetic properties including interconnegpedances, which depend on chirality effects and
electromechanical properties as some integratedtedsf macroscopic structural deformations.
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The study of time-resolved luminescence of Y siaddl as well as Pr ion activated zirconia
single crystals and free standing nanocrystalsh(\lie same contamination) was carried out.
Zirconis single crystals were grown by skull medtiprocess, the nanocrystals were synthesized
with the same contamination of activators by Sokl @Gnd microwave driven hydrothermal
methods. To exclude the Y impact on Pr luminescealse Ca stabilized and Pr codoped
nanocrystal samples were prepared.

The different excitation sources (e-beam, x-rageta 6,42eV, 4.66eV and 3.67eV) were
used in experiments. The previous research shavsrininsic defects in nanocrystals and in single
crystal are the same, however the defect concemiratnd distribution is various [1]. The
comparison of Pr doped nanocrystals and singletalsygives additional information about the
defect type and distribution. The RE ions are ugeduminescent probes to analyze the local
symmetry and energy transfer.

The intrinsic defects related and activator lumoeese bands were observed. The RE ion
luminescence showed that this luminescence decefiés depends on both activator and intrinsic
defects concentration in nanocrystals. The inttindéfect affected Pr ion luminescnece were
studied using Pr line fine structure at low temp@es. Different Pr sites were found and defect

impact on dopand luminescence will be discused.
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Silver nanowires (Ag NWs) are promising materiat ftanoscale systems due to their
excellent electrical and thermal properties, pérfestructure and easy syntheses. Potential
applications of Ag NWs include waveguides, senseddar cells and transparent, flexible and
conductive films. As Ag NWs are subjected to meate stresses and deformation in many of
these applications, improvement of mechanical pt@se is essential for performance and
reliability of the devices. One possible way tongigantly enhance properties is by combing Ag
NWs with oxide materials in one core-shell hetetggures.

In the present work core-shell structures were fagized by covering commercially
available Ag NWs (BlueNano) with SiGshells by sol-gel method. Cantilevered beam-bendin
technique was used for mechanical characterizaiaybtained heterostructures. In plane bending
of single core-shell nanowires were carried out3By nanomanipulator (SLC-1720-S, SmarAct)
equipped with a self-made force sensor installstiena SEM (Vega-Il SBU, TESCAN). The force
sensor was made by gluing an AFM cantilever wigharp tip (ATEC- CONT) to one prong of a
commercially available quartz tuning fork [1]. Atldhal bending tests were conducted inside a
high resolution FEI Helios Nanolab SEM using pataprdinate manipulator (Kleindiek MM3A-
EM) without force sensor. Remarkable mechanicaperties of Ag/SiO2 core-shell nanowires
were demonstrated. Strong dependence of deformgoEnon deformation rate, shape restoration
effect promoted by electron beam, as well as sapdrtirability was noted.
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Energy levels of molecule in molecular crystals éhdoeen intensively investigated few
decades ago by E. Silinsh, V. Capek and other2][1Experimental methods for energy level
determination were developed at that time. Nowadaysganic optoelectronic devises mostly use
polycrystalline or amorphous thin films where naered structure is. This is especially true for
amorphous films where molecules are aligned ipadisible directions.

In the work energy levels of glass forming pyradgh and indandion derivatives in thin
films was measured and analyzed. Two types of sesnpére made. Spin coated thin film with the
thickness of 300 nm on ITO substrate were madepfortoelectron emission measurements.
Sandwich type samples (ITO/ organic compound/ Aérevprepared for photoconductivity and
temperature modulated space charge limited curfEM-SCLC) measurements. Organic layer
about 600 nm was spin coated on ITO substrate and-tsansparent Al layer was thermally
evaporated in vacuum.

lonization energy of molecule in thin film was ob&d from threshold value of
photoelectron emission spectral dependence. Therehice between molecular ionization energy
and electron affinity energy is adiabatic energy géuich could be obtained from threshold energy
of photoconductivity spectral dependence. Thesermgasurements give possibility to obtain hole
conductivity (molecule ionization energy) and etentconductivity (electron affinity energy) levels
of thin films. TM-SCLC method provides informati@about local trap states between hole and
electron conductivity levels. Energy level correlaton molecular structure and its made thin film

will be discussed.
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Perovskite-like BasSh.sCodFen 2035 (BSCF) attracted attention in the last decade as a
prospective material for dense ceramic oxygen séipar membranes and solid oxide fuel cell
cathodes. This work addresses the thermochemigadnsion behavior of this material, which
determines the compatibility with other solid oxidell materials as well as dimensional stability
under gradients of oxygen partial pressure or uetlstrode polarization, and stability of BSCF
perovskite structure at elevated oxygen partiadgurees.

Thermal and chemical expansion were evaluated én #{Q) range 1d-1.00 atm in
combination with the data on oxygen nonstoichiognd®). BSCF exhibits rather high thermal
expansion coefficients — (24.1-24.5)1B ™ at 773-1273 K and p@= 0.21-1.00 atm. This puts
constrains on applicability of BSCF in single-phas®ous electrodes as well as planar mixed-
conducting membranes. On the other hand, BSCF detnates favorably small chemical expansion
compared to many other mixed conductors, origigatrom the smalled variations with p(®Q),
and larger unit cell less sensitive to temperasume nonstoichiometry changes.

Another limitation of BSCF is the stability of peskite lattice at oxygen pressured atm.
Apart from well-known issues of BSCF lattice insti&p at temperatures close to 1073 K, this
mixed conductor was demonstrated to undergo aaparéinsformation to additional oxygen-rich
phase at elevated pfOOn heating in pure oxygen at ambient presshig,ttansformation occurs
at 410-470C; once formed, the oxygen-rich phase is stableoup950C. As formation of this
phase seems to be limited mainly to the surfade,nlay affect the surface exchange kinetics and
therefore may result in degradation of performan€anixed-conducting membrane or SOFC
cathode.

The effect of partial substitution with zirconium wiobium into B sublattice of BSCF on

thermochemical expansion and perovskite latticeil#iais also evaluated.
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A Baltic Sea Region (BSR) programme
[1] project “Technet_nano - Transnational

network of public clean rooms and research

got the opportunity to access the clean rooms and . , _
Fig.1 New building of the Institute of Physics.

related scientific facilities for their business.The inauguration of the building is scheduled on 25
Estonian partner in Technet_nano project Wa'guguSt 2014
Institute of Physics, University of Tartu (IPUT).

What IPUT learned from Technet_nano project?

1. Our own clean room in the new building of IPUT (Bigis in the process of state tender at
the moment. Experience and knowhow of partnersshagpto build that clean room to fully
respond the present and possibly also the futueeshef IPUT avoiding the mistakes the
partners made building their clean rooms.

2. After the end of EU financing, five Technet_nanatpars continue the cooperation in the
field of clean rooms. At the final conference ofchieet nano in March 2014, the
memorandum of understanding was signed betweenretsiiy of Latvia, Kaunas University
of Technology, University of Tartu, Acreo Swedis€Tl and University of Southern
Denmark, Mads Clausen Institute.

3. Processes/objects we are unable to investigaterisroall clean room, we can investigate in
partner's clean rooms. The same is valid for EstorSMEs who ask us for clean room

service.
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The flexibility of the perovskite structure provglesignificant technological advantages for
making fuels cell cathodes and permeation membrares perovskiteABO;z lattice allows for a large
variety of chemical elements to be used in desgtie material and hence crafts a playground for
achieving targeted mass and charge transport giepéy manipulating chemical compositions.

Metallic silver is a potential component for the BD cathode operated at less than 800°C
because of its good catalytic activity, high eleetr conductivity, and relatively low cost. Differe
methods have been used to prepare functionalizegbasite cathodes with improved electrochemical
performance and long term stability at reduced ajpey temperature. [1] In addition, even far beltsv
melting point, silver is relatively mobile. Thereéo these concerns should be addressed prioraioga |
term application of silver-based cathodes in SOFCs.

To overcome this problem Zhoet. al presented (L&Sr.2)0.95A00.0MNOs5 as a high
performance intermediate temperature cathode ragtemi which the contained Ag functions as an
effective catalyst through an intercalation/deicaédgition mechanism. [2] Under cathodic polarizgtion
Ag moves out of cathode to be deposited as smalbalasters of Ag metal, leaving the remaining
(Lao.8Sr0.2)0.9sMNO35 as a catalyst carrier. The Ag nanoclusters whieh5a15 nm are very active and
stable in catalyzing the cathode reaction evenratdaced temperature. Under anodic polarizatios, th
Ag moves back into the deficient sites of the LSMis permits an easy regeneration method to restore
Ag nanoclusters which may become degraded overhliinfasing together, thereby losing the activity.

We present results @b-initio calculations of Ag adsorption on the LMO [001] gobkurface.
The most energetically favourable adsorption sitesboth MnGQ- and LaO-terminations have been
determined. Electron charge transfer between trsorbdte and the adsorbent has been analyzed.

Optimized interatomic distances have been measured.
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Titania (TiQ, band gap ~3 eV) is the most attractive photogsttgbroposed for water-
splitting applications. To dissociate water analbdain hydrogen under visible light irradiationeth
band gap 4sy) of an efficient photocatalyst must be adjusted the range of 1.23 dg;< 2.5 eV.

In comparison with conventional catalysts, titaménotubes (NTs), which morphology corresponds
to anatase phase, possess a larger specific surfe
area and, consequently, have a better adsorption
capacity and a higher photocatalytic activity.

Using hybrid exchange-correlation
functional within the density functional theory
(DFT), we have predicted that both S- and N-
doped TiQ NTs (Fig. 1) may enhance their
photocatalytical properties with respect to pristin
titania nanotube. In this study, we have carried

out calculations on real band structures of titania

nanotubes co-doped with both nitrogen and sulfur

ig.1 Electronic charge redistribution in S-doped
nia nanotube leads to enhancement of its

results of our simulations, we conclude that sulfuphotocatalytical properties [1].

as a substitute for oxygen atoms. Based on tlﬁ

and nitrogen co-doped titania NT with the bottomcohduction bands positioned slightly above
standard hydrogen electrode level can be the mottbte catalyst for photocatalytic hydrogen

generation under influence of visible light.
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Fluidic actuation, mobilization of particles andxmig are important problems on micro-
scale, especially in microfluidic applications. $3ere driven actuation is challenging in high
surface-to-volume ratio microsystems and methodsutif forcing (for example, electroosmosis)
attract great interest.

We show by numerical simulations that
colloidal solution of magnetic nanoparticles can be
actuated in a system of fixed non-magnetic micrpgco
inclusions by simultaneous application of temperatu
gradient and homogeneous magnetic field. In sucl_?
conditions, the temperature gradient creates a
stratification of the colloid concentration throusgfnong
colloidal thermophoresis. In turn, the applicatioh
magnetic field induces a complicated pattern ofrimél

demagnetizing fields in the vicinity of the inclass.

The combination of imbalance of concentration of
magnetic nanoparticles and internal gradients Féfl. Demagnetizing field (left) within
disordered permeable structure and streamlir
magnetic field creates magnetic force and convectivermo-magneto-osmotic flow (right).
flow of solution through the porous structure. Téffect is similar to osmotic phenomena.
We report results of pore-scale numerical simuteti@f ferrocolloid thermo-magneto-
osmosis in generated ordered and disordered pelestibctures and membranes with different

porosity.
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Diffusion is one the most general physical processed phenomena underlying a lot of
transformations and processes in solids. The argidiéfusion theory does not explain a number of
effects during the diffusion of the interstitialoats with high solution energy, causing a

considerable deformation of the crystal lattice

in the first coordination spheres. Such atoms,

%,

750°C, 40h

o 4

strongly interact with the nearby atoms of thez
o )
solvent crystal lattice and each other, thatx 2
(8]

becomes considerably apparent in a number of : ' .
special effects, particularly, these are B e

anomalies of atom redistribution within the 5

diffused zone, a special character of theZ

™

o,

1020°C, 10h

O (wt

influence of lattice defects on the diffusiong; ! o)

kinetics, stress diffusion and so on. 0 i 2 3

X {mm)

distribution as a function of the

pass from phenomeno'ogu:a' descnp“on Oﬂiffusion Iayer depth in iron after annealing ineth
temperature rangeskFe (a) and-Fe (b) [1]

diffusion processes to microscopic (i.e. if we

In our research we took an attempt tq:ig 1 The boron

speak about interatom interaction). The aim of Wsk is to specify the impurity diffusion model,

strongly interacting with the lattice, as well & tconnection of the diffusion coefficient with the
interatom interaction force law by means of confadion integral. The results of the theoretical
calculations will be used to explain the anomatibserved in concentration-penetration diffusion,

in iron-boron system, in particular.
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Understanding of the atomic and electronic strctof defective/doped ZnO is of great
importance for improving performance of electrodesptoelectronic devices based on transparent
conducting oxide<.g.,light-emitting diode (LED). Particular interesttims case is connected with
clarification of a role of hydrogen impurities pérading into ZnO thin films from plasma.

We report results adb initio modeling of atomic hydrogen adsorption onto the tvwnpolar

010) and @120) surfaces of ZnO positioned into two sitesatop surface O atoni) atop surface

Zn atom. Our calculations of the corresponding Bpescells have been performed using the hybrid
DFT method (using PBEO exchange-correlation fumetip within the formalism of linear
combination of atomic orbitals (LCAO) as incorp@atinto the CRYSTAL-2009 computer code
[1]. This approach allows us to obtain very acauclculations of the optical gap and defect level
positions therein. The defect-induced electroniargh redistribution, lattice distortion, adsorption
energy as well as the density of electronic stdd€3S) and band structure have been calculated for

both @010) and @120) surfaces of ZnO.

As a result, we have shown that energetically fabler position of hydrogen atom on both
surfaces is atop the surface oxygen with similadgorption energies, whereas hydrogen locations
atop the surface Zn is unstable. It should be nated that hydrogen incorporation induces the
defect states, which contribute below and withie tsurface conduction band. Thus, it is
characterized as a shallow donor. Analysis of tharge redistribution has shown that hydrogen
atom forms strong chemical bond with surface oxygesm, unlike that in bulk. Based on our

calculations, we have shown that hydrogen adsorpéads to decrease of botto10) and @120)

surface relaxations and reduces the surface enanggonsistence with results of other DFT
calculations [2].
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Within the model of local pairs [1] using the Mon@Barlo method, the dependences of the

and the excess current,. of cuprate high-temperature

*
norm

normalized pseudogap (PGA
superconductors (HTSC) YBCO and Bi2223 on tempezatuere determined. PG quantity was

Calculated by the eXpreSS|0n Superconducting Pseudogap Transient BEC-state
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conductivity was calculated using the Monte
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Carlo method as a pseudo-random process. It is B T.K

Fig.1 Transformation «Tightly Bosors Fluctuation
yCooper Pairs> Cooper Pairs» in HTSC in the
proportional to the PG: temperature rang& < T T* and the dependence of
the pseudogap and the excess current on temperature

known that the excess current is directl

Iexc(T)ooerexp[m), where k, —
ke T kT
the Boltzmann constant.

As can be seen, the maximum value of the PG carneipg toT , coincides with the deviation

of IeXC(T) from linearity (Fig. 1). The results of the modelimre in good agreement with the

experimental data [1,2].
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When we theoretically describe nanodevice we haveeat the whole quantum system as
two subsystems: small finite fragment of the systemtaining nanodevice (cluster) and the rest of
the system containing electrodes. Problem "clusténe field of the rest of system" is successfully
solved in the frameworks of embedded moleculartefuEMC) model withorthogonal wave
functions. We have modified EMC model treating tdtu£mbedding problem in the frameworks of
one-electron approximation withon-orthogonalwave functions. We have proposed new cluster
embedding scheme based on our approach [1].

Our present aim is application of our cluster endoegl method for quantum-chemical
modeling of processes in nanosystems and calcolafi@lectrical properties of nanodevices. One
of the approaches for theoretical description afaukevices is quantum transport theory developed
by Gross with co-workers [2]. We study possibiltty combine our approach with approach of
Gross et al [2] based on time-dependent DFT (TDDRVE demonstrate [3] that our cluster
embedding method is compatible with DFT Kohn-Shaethod. We conclude that our embedding
scheme may be combined with TDDFT if electron titeorss are described correctly: occupied and
vacant cluster states are localized in the clugigion in the same manner. To get occupied and
vacant states of the same localization degree, ave modified [4] our initial cluster embedding
equations [1]. We demonstrate that our cluster eldiibg method is compatible with electric
current calculation method based on TDFT [2] andppse approach for calculation of electric
parameters of nanodevices. Possibilities of ouraggh for theoretical modeling of nanodevices

from the first principles are discussed.
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Corundum is a wide a) b)

band gap (8.8eV) insulator
widely used in optical devices
being also alternative dielectric
for complementary metal oxide
(CMOS) gate stacks. Due to
high radiation-resistance,o-

Al2O3 is also considered as a o o O

Al O interstitial O
Fig.1 Atop and across images of either Frenkel fairor O interstitial in
regards to selected fragments @fAl,O; (0001) crystallographic plane,
respectively. O vacancy is shown as a black-limmiteated square.

Radiation-induced changes in structural and opfcaperties of exposed corundum are mainly

perspective material for high-

energy nuclear applications [1].

associated with oxygen vacancies and complemerfaeykel pairs of defects (vacancy +
interstitial atom) [2] as shown in Fig. 1.

In this study, we have performed DFT-LCAO calcuat of Frenkel pairs of radiation
defects inn-Al 203 within the hybrid B3PW exchange-correlation fuontl using the CRYSTAL14
code [3]. The basis sets of Al and O were sele@rd optimized, toachieve a reasonable
compromise between the size of supercell and caatipatl time.

As a result, good agreement has been achieved é&rtihie calculated and experimental data for
parameters of a pure corundum lattice, its elastiestants and band gap. The most stable position
for interstitial O atom has been found simultangpusth the defect formation energy and lattice
distortion. Lastly, the calculations of Frenkel rgaat different mutual separations have been
performed, accompanied with the determination ef énergy barrier for back recombination, in

order to suggest interpretation of experimentahdat
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A new method of theoretical modelling of the polgted single-walled (SW) nanotubes
(NTs) based on consolidation of walls in the rolilgdmulti-wall (MW) nanotubes is proposed. The
molecular mechanics and ab initio quantum mechameghods are applied to investigate the
merging of walls in nanotubes constructed fromdHerent phases of titania with anatase, rutile,
fluorite and lepidocrocite morphology. Quantum negbal calculations have been performed
using the density functional theory and hybrid exaye-correlation functional PBEO, as
implemented in CRYSTALO9 code [1]. The GULP computede [2] has been used for the
molecular mechanics simulations.

It is shown that the SW constituents of the MW Nifs inclined to merge together when the
interwall distances become sufficiently small. T®yenmetry of the resulting consolidated single-
wall (CSW) nanotubes is significantly lower thae symmetry of initial coaxial cylindrical double-
or triple-wall nanotubes. The wall thickness of therged nanotubes exceeds 1 nm and approaches
the thickness of the experimental patterns. Codatdd single-walled nanotubes acquire greater
stability in comparison with the initial multi-waN'Ts. Moreover, in many cases the merged CSW
NTs prove to be more stable nanostructures thataylees which they are folded from.

The obtained results indicate that the CSW NTsiotagrate the two different crystalline
phases forming a newall arrangement. Thus, the relaxed wall structiréhe individually merged
fluorite and rutile based multi-walled NTs includiée structural elements of both the rutile and

fluorite crystals.
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For modern nanotechnologies, it is important toetigy an atomic-layer (“digital”) etching. In
binary A®B® semiconductors, atomic layer etching can be redlizy adsorbates selectively reacting
with cation or anion atoms. In general, halogend bhalogen-containing molecules are used for this
goal. Despite the intensive implementation of at#ayer etching, the microscopic mechanisms of the
halogen interaction with semiconductor surfacesstiieunder debate. We present a comparative study
of halogen (F, Cl, Br, 1) adsorption on the catienriched AB®(001) surface for the series of
semiconductors (GaAs, InAs, InP, GaP, etc.) in ddpace on the halogen concentration. The energy
stability of the surface reconstructions for semuhactors were re-examined by the projector augndente
wave method within generalized gradient approxiarafor exchange-correlation functional (GGA-91).
The estimation of charge transfer from semicondustibstrate to halogens was performed. Our study
reveals a strong ionic bonding between halogendamérized cation atom in the surface layer at low
coverage by halogens. It was shown that irrespectithe surface reconstructions halogens prefeeto
bounded with cation dimerized atoms. A weakeninghef cation-anion bonds in the surface layer is
discussed. The influence of the halogen coveragaqune monolayer) on the atomic and electronic
structures of semiconductor surface wiif#x2) reconstruction was studied in details in ca$e
GaAs(001) and InAs(001). It was found that two gelo atoms (F or Cl) can be bonded with one cation
atom of the surface dimer. The most preferenttaksior halogens with increase of their concerurati
were determined. It was shown that the monohabdesbe formed up to halogen coverage of 0.75 ML
but the formation of dihalides is possible if theverage reaches to 1 ML. It was shown that the
breaking of cation dimers with increase of the palo concentration is observed. The change of the

binding energies of surface atoms with substratsu@logen adsorption is discussed.
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This work is addressed to the dynamics of electrole- pair in a dielectric excited by strong
time-dependent laser field. Motivation of this waskbased on modern understanding of the Diracs
point-like particle model revealing that electrooléh pairs are expected to be important within the
Compton wavelength at which the concept of a sipgi@t-like particle breaks down completely. It is
the case of dielectrics with electrons and holeshatt distances obeying relativistic conditiond &me
formalism of quantum field theory (QFT). The matlaital tool used here to describe electron-hole
pair without resorting to perturbation theory ig tQFT based oscillator representation formally give
by complex scalar Klein-Gordon equation [1]. Thauation is derived from dispersion relations for
electron and hole (considered as an antipartictbacelectron) and the band gap as input entittesre
computed or found experimentally. Recent solut®mefined on hypersurfaces formed by dispersion
relations and allows including the electromagneddiation in the distribution function for electrand
hole quasiparticles. The resulting observablegteeonductivity and polarization currents constity
QFT background for optical properties: susceptipilabsorption and relevant physical quantities far
from equilibrium.

We report here on the phonon assisted kineticslaaftrens and holes as an improvement
addressed to more realistic models. Unlike thetelewagnetic radiation which is an extrinsic entity,
this kind of the quasiparticle-phonon interactisintrinsic and heavy depends on the propertiesnid
subsystem. Nevertheless, we will show that bothelleetromagnetic radiation and the quasiparticle-
phonon interaction contribute in the kinetic enedyy equal footing, thus extending the QFT based

oscillator representation for indirect opticartsitions.

Acknowledgment
This work was supported by National Research Progrl atvia Nr. 2014. 10-4/VPP-2/ and Grant Nr.22/2.

References
1. S. A. Smolyansky, M. Bonitz, A. V. Tarakanov yBits of Particles and Nuclél, 1075 (2010)

281



F-13
Ab Initio Calculations of Interactions between Y and O Impuity Atoms and

Vacancies inbcc and fcc-iron Lattices

A. Gopejenké, Yu.F. Zhukovskit, P.V. Vladimiro#, E.A. Kotomirt, Yu.A. MastrikoV,
V.A. Borodir® and A. Méslang

1| atvijas Universiites Cietvielu Fizikas Instits, Riga, Latvija
2Karlsruhe Institut fir Technologie, Institut fir gewandte Materialen, Karlsruhe, Germany
3NRC “Kurchatov Institute”, Kurchatov sq. 1, 12318®scow, Russian Federation

e-mail: agopejen@inbox.lv

Oxide dispersion strengthened (ODS) structures emfuced activation ferritic-martensitic
(RAFM) steels are found to be promising constructimaterials for fusion reactor applications.
Development of the ODS steels strengthened b@s:Yprecipitates as more suitable materials for
reactors instead of non-modified RAFM steels pesrtatincrease the operating temperatures of blanket
structures by 100°C. Both size and spatial distidiouof oxide particles significantly affect mecheal
properties and radiation resistance of ODS steblshware produced by mechanical alloying, followed
by a hot isostatic pressing (hipping) at tempestuound 1000-1200°C and pressure ~100 MPa. On the
other hand, the mechanism of the ODS particle ftionas not completely understood yet.

Theoretical approach for atomistic simulations luk tprocess is performed in the two steps.
Firstly, ab initio calculations on different complexes of Y and O umfy atoms and vacancies have
been are performed [1,2]. Calculations performedbidx5 Fe supercells (SCs) have reproduced both
qualitatively and semi-quantitatively the resuétseived for 44x4 SC. The results of these calculations
have been used in the lattice kinetic Monte CdtkMC) simulations of ¥Os particle growth inside
Fe lattices of both phases. Binding energies betwlegects and diffusion barrier energies are ingrt
parameters in the LKMC modeling of the ODS partidemation. To perform diffusion barrier
calculations, the nudge elastic band (NEB) methamekbeen used (as implemented within the VASP
computer code). The calculations of different Yfudifon trajectories have been performed. The lowest
calculated energy of the diffusion barrier is abbinseV. The high values of diffusion energies prov
that the increased concentration of vacanciesgsimed for Y diffusion and the increased size & th

supercell is required for this purpose.
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Sck is a perovskite-type material with a cubic Re@pe structure (space grolm-3n).
Recently it was found that Sgkindergoes strong negative thermal expansion (NOVEj a wide
range of temperatures from 10 to 1100 K [1], thenefan understanding of its electronic structure
and lattice dynamics is of key importance to slgit lon the NTE origin.

In the current activity the electronic structurarfd structure, DOS, charges analysis), lattice
dynamics, and phonon anharmonicity of Saefere studied within the framework of the first-
principles approaches (LCAO and PAW, HF-DFT) usidgystall4 and VASP programs. Our
results predict that the Sc-F bond has consider@ablalent nature due to a hybridization of the F
2p and Sc @ states. The band gap obtained in HF-DFT calculatie equal to 8-10 eV and is in
good agreement with that experimentally observed.

It has been found that the position of scandiunmaton the middle of regular SgF
octahedron is stable, and that the modes af 'thed X points of the Brillouin zone are harmonic,
whereas whose at tHe and M points are soft modes. Griineisen parameters ofnsofles and
coefficients describing mode’s anharmonic potestiate found to be strongly dependent upon
calculation technique used. Simple model that aatsofor static lattice energy and a contribution
of oscillator R soft mode) is capable to describe NTE at low tematpees. This suggests that NTE
occurs due t&®r andM mode softness. In order to prove this conclusi@enciianges in the phonon

DOS calculated foPm-3mand hypotheticaim-3 phases of Sefwill be compared in discussed.
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It is well-known that AB® semiconductors are widely used for modern nanatdolgies. The
A®B®(001) surface exhibits a large number of surfac@nstructions depending on surface treatment.
The cation-rich surface geometry attracts spediainon, because it is preferable for depositién o
ferromagnetic metals and may be used in spin eleics devices. For this goal it is desirable topkae
atomically smooth surface morphology. In the etakdul techniques halogens and halogen-containing

molecules are used. In this work we reexamine the (. mixed dimer (4x2)

stability of surface reconstructions of both
semiconductors and study new possible ones. T

results of comparative study of iodine adsorption o |

InP(001) and GaP(001) surfaces are presented alsp. g
Atomic structure of about 20 surface reconstrustion |

were calculated by the projector augmented wave;

method implemented in program code VASP. A

. ) .. Fig.1 Equilibrium atomic structure and considered
analysis of the electronic characteristics allowsdo  5qsorption sites marked by cros

identify the iodine bonding mechanisms on the atergid reconstructions. It is shown that on ghe
(4x2) surface the largest adsorption energy cooredp to iodine M1-position over one of dimerized
cation atoms (Fig. 1). In the casep@-(4x2) and (2x4) mixed dimer surface the prefeatmositions

for iodine are H3 and T2a (Fig. 1), respectivetygeneral, independently of the surface reconstmict
iodine prefers to be bonded with In or Ga in on-twbridge positions above dimerized cation atoms
due to large charge transfer from substrate sudtmas to the adsorbate and rather strong hybtidiza

of I and cation states. A weakening of the chenticaids between surface atoms is important condition
in the initial stage of dry etching process.
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The recent years exhibited a rising interest indésign of efficient photocatalysts for the
conversion of sunlight to hydrogen from water. Fi@erforms as an electrode in such a process
with high efficiency under ultraviolet irradiatiobut lacks performance under visible light. One
approach to overcome this is the introduction afopant, but this often leads to the problem of
electron and hole trapping. The synthesis of nancstred electrodes offers a solution to this
problem as the charge transport and the photoragedmn are orthogonalized.

In our previous works, we studied [1] the bandgbfrdiOs nanotubes in comparison to the
bulk and we investigated [2] the effect of dopin@Zand SrTiQ nanotubes with both cations and
anions.

Now, these oxide nanotubes are investigated unadee mealistic conditions using density
functional theory calculations. We study the bebariof the SrTi@ nanotube in water and

furthermore we investigate possible pathways ofgronigration on the Ti@nanotube.
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The collective excitation of the electron gas ire tbonduction band of the metal
nanoparticles/nanowires can result in strong optiesponse known as localized surface plasmon
resonance (LSPR) and representing considerableestten the field of nanophotonics and
plasmonics [1]. Coupling of LSPRs can create regmiconcentrated electric fields, “hot-spots”, in
the gaps between metal nanoparticles/nanowiredjnigao the photoluminescence enhancement

from nearby quantum dots (QDs) or dye molecule3][2,

Fig.1. Confocal (left) and spectral (right, at #5@) images (size 24x29 um) of Ag nanowire

placed above the silver film on glass substratewanibrmly covered with CdS nanocrystals.

In this study we report on the investigation of fwheminescence enhancement phenomenon
for CdS nanocrystals and Ruthenizer 535-bisTBA @ tlyes caused by silver nanowires. Samples
were prepared by depositing nanowires on a gldsstrsttie with square patterned silver film, and
then coated by a thin layer of nanocrystals or dydaximal enhancement effect was detected on

nanowires placed on the silver film (Fig. 1), andhe region of crossing nanowires.
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Silver nanoprisms (NPRs) are one of the most isterg nanoparticle type, because of wide
tuneability and high intensity of surface plasmasanance (SPR) band [1, 2]. Manipulating
particle thickness and edge length, possible taioBPR peak position in 400 — 1300 nm range.
These properties opens the gateway for applicatiamear infrared working technologies [3], or
surface enhanced Raman spectroscopy (SERS) [4].

In this work we have made colloidal Silica/Silvanoprisms (NPRs) composite coatings.
We synthesized porous silica coatings by Sol-gel thotk and silanised by
(3-Aminopropyl)triethoxysilane (APTES),
N-[3-(Trimethoxysilyl)propyllethylenediamine(AEAPTS), (3-Mercaptopropyl)trimethoxysilane
(MPDMS). Nanoparticles where synthesized via

seed-mediated method, and high yield of 94 n
average edge length silver NPRs were obtain
Composite coatings formed by self-assembly
silica coated-functionalized surface. Coating
were characterized by scanning electrofisis
microscopy, dynamic light scattering, wate

contact angle and surface free energy methods

Results have sowed that most homogeneoud® I ; ,
Fig.1 SEM images of silanised composite coatings:

even distribution composite coatings obtained oA- APTES, B- AEAPTMS, C- MPDMS, D-
. . . ) i nonsilanised coating
APTES functionalized silica coatings (fig. 1).
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In the absence of gold nanoparticles, moleculardg@eh cannot reduce AufClions in
aqueous solution [1]. It is established that thesence of 3 nm gold NPs in solution catalyzes the

reduction of AuC4 ions by hydrogen. The rate of

the catalytic reaction is proportional to Lo
concentration of gold NPs. Figure 1 illustrates the  **] /,/i’fz/'—'l
kinetic of this process. : - /'/
The TEM and DLS data are shown that 05 /-//.
the reduction of AuGl ions is accompanied with : “ //
a growth of size of gold nanoparticles. Thus, w/ e

nanoparticles can act as «nanoelectrodes», at first b

Fig.1. Kinetic curves of the process of the redurti
Q\uCIﬂ; ions by hydrogen in the presence of gold NPs
ith different concentration: 1 x 104 2 -2 x 104,

—3 x 10% 4 —4 x 10* M. Solution content: Au(lll)

of AuCl4- ions. There is a typical -4 x10*M, Sodium citrate- 1 x 10° M.

taking electrons in the process of hydroge

ionization, and then giving them for the reductiorﬁ’

electrochemical reaction of charging/ionizationeTeature of the reaction is that it is realized on

the cathode and on the anode which are «belongimegsame gold NP.
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Composites of polydiphenylamine and gold nanopadievere chemically prepared from
solutions which containing methane sulfonic acidS@ with the addition of gold chloride
trinydrate as the oxidant by a one - step synthasisource for initiation of polymerization and
generation of Au nanoparticles. Gold was subsetyjuanchored onto the host matrix by reducing
the respective metal salts with the amine sitetheénmonomerPolydiphenylamine decorated with
noble-metal gold nanoparticles were synthesizedessfully and exposure of the solutions to
caused polymerization of diphenylamine to polymenwth gold salt. The nanocomposites were
characterized for the structure, morphology andtedaic properties through X-ray diffraction
analysis (XRD), Fourier transform infrared speatapsy (FT-IR), transmission electron microscopy

(TEM) and UV-visible spectroscopy.
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Mean d: 8.67 nm

The work is devoted to the synthesis and the stfdihe

physical properties of the novel Au/Ti@Gwu/CeO, nanocomposites, \,‘

as well as testing their catalytic activity in themaction of glycerol ¢ l;lu'zlo.s-nlii—s'u‘en
oxidation. Glycerol is a major by-product of bicefuproduction. A .
number of important products can be obtained in pghecess of
glycerol catalytic oxidation by molecular oxygenypical TEM

microphotography and the corresponding histogranfs the ~ Fig- 1. TEM of 1%Au/Ce®

»
96 nm

synthesized nanocomposites are presented in Figurand 2. %=
Electronic microscopy revealed that the Au nandgaed posses |I
I

0 m

higher contrast and are spherically shaped. ThenAwmoparticles *- o

could be distributed in the interval of 2 to 26 nfoalescence
between metal particles occurs in all of the sas)pnd bigger
particles (50 — 100 nm) or clusters of metal plsiavere found in
separate regions of the catalysts. The effect eéheanocomposites Fig. 2. TEM of S%AUTIQ

synthesis parameters on their catalytic activity an

selectivity was studied in this work. The effect dau | dau Glyceric
Glycerol .
; ; Catalyst by by conv acid
the gold nanoparticle sizeAg, nature of support, y TEM | XRD | oo select
. e mol%
composites’ specific surfacess{s and gold load nm nm -
1%Au/CeQ | 9 20-23 | 83 61
in the composite on its activity and selectivityswi soau/Tio, | 10 10-15 | 78 68
studied as wellAccording to the data presented | S%AUTIO, |26 | 22-25 | 61 3

the Table glycerol conversion increased from 619%83% in the presence of the novel nanocomposites
when Au particle size decreased from 26 to 9 nngc&lc acid was obtained as a main product with

high selectivity.
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Zinc oxide and zinc stannate nanoparticles as agetheir composites due to their attractive
electrical and optical parameters are promisinglicktes for a wide range of application in solar
cells, sensors, photocatalysis for the degradaifoorganic pollutants. The photocatalytic activity
of oxides depends on their particle size and mdggyo crystallinity and used dopants.

The aim of the present work was to prepare pagtieuhanocomposites with different
content of the components in the ZnQ&MQ/Ag system by using microwave synthesis and to
compare their photocatalytic activity in degradatad methylene blue solution.

Zn0, Zn0-ZnSnQJ/Ag system nanoparticles were prepared by heatix¢unes of the salt
solutions in the presence of the citric acid, u&sOH or NHHCOs in microwave reactor
(Masterwave BTR, Anton Paar) at 160-T80for 2-10 min. Doped with Ag nanocomposite were
prepared by adding silver nitrate water solutiomiature of oxides in ethanol with following Ag
reduction by formaldehyde.

The specific surface area of the prepared nanocsit@sownas in the range of 19-28/gin
the dependence on the phase composition. Crystallie of the oxide and Ag particles was in the
range of 30—60 nm and 30-70 nm, respectively. Toweders were composed of tetra-pode shaped
or rod-like particles of ZnO and cubic particlesZobSnQ,. The silver particles were situated on the
surface of oxides.

The photocatalytic activity depended on ratio & domponents, content and crystallite size
of Ag. The highest photoactivity showed ZnO/Ag, Za@GSnQJ/Ag.
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Metal nanostructures support resonant modes ofgehdensity oscillations or localized
surface plasmons (LSP), which redistribute thedeit radiation and can produce high electric field
near surface. In particular silver and gold nantiglas have LSP resonances in visible frequency
region. Plasmonic refractive index sensors canuik loy utilization of resonance frequency shift
depending on effective dielectric function of sumding medium.

In this work we analyze interaction between pagtdin dense assemblies in two (2D) and
three dimensional (3D) layers. Gold and silver 2ibays were obtained by masked deposition
through anodized aluminum membrane [1], whereasrsilanoparticles embedded in diamond like
carbon (DLC) films [2] were used as 3D structutaesall cases the particle size is in 20 nm range.
The thickness of 3D layers is few hundred nm. Eyel structure is of short range ordered nature
with center separation ~50 nm. The 3D samples Iseewhat broader size distribution and
individual particles have different orientationspace.

Due to strong near-field interaction, mentioned aparticle layers produce complex
interference patterns, which change rapidly withamariations in experiment conditions. We
utilize this sensitivity to develop a new type @ffractive index sensor. Coupled dipole model
calculations produce results, which are consisigiiit experimental observations [3]. We compare
various aspects of 2D and 3D nanopatrticle layersdasor applications, e.g. the DLC film protects

the silver nanoparticles from chemical reactiond alfows sensor regeneration for repetitive use.
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We report on optical properties of dense short-eaoglered nanoparticle arrays produced
by masked deposition through anodized aluminumenrigmbranes [1]. Depending on membrane
synthesis process parameters, mainly electrolytk aaodization voltage, the achievable particle
diameters can be below 20 nanometers and centarasigm in 50-100 nm range. Silver and gold
nanoparticles are particularly interesting sinceytlare strong light scatterers in visible spectral
range.

The obtained nanoparticles have similar size (stahdeviation approximately 10%) and
are assembled in non periodic short-range ordemaysa For simulation of optical properties we
use coupled dipole, model, where each particleheracterized by ellipsoid polarizability and
responds to incident radiation and dipole fieldsalbbther particles [2]. Experimentally the optica
scattering is measured using dark-field microscgiap using either white light or laser source.

The simulation results are consistent with expentaleobservations. Most importantly,
there is a significant change of polarization, vahioould be absent in non-interacting particles- Far
field imaging of depolarized scattered light froletarrays shows a granular structure, which
changes rapidly with wavelength and is sensitiventoute changes in refractive index of sample
surrounding medium. This effect can be used foetigment of sensor applications. In comparison
to earlier work by our group [1,2] we extend thedst to systems, where nanoparticle arrays are

stacked on top of each other forming multilayenctures.
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Nanoporous anodized aluminum membranes are usguidduction of dense hole arrays in thin
Au films. The membranes are prepared using two @teyalization in sulfuric acid. DC voltage of 20 V
is used for pore formation, resulting membranekiiéss using sulfuric acid is 60-100 nm [1]. AAO
membrane thickness is reduced using ion etchingini2Au layer is deposited on anodized aluminum
oxide (Fig. 1.).

Tiny holes, similarly to nanoparticles, supportdliwed surface plasmon resonances. Depending
on membrane thickness, hole diameter, hole demasity gold layer thickness, the resulting structure

reflects light in different intense colors. This

indicates strong coupling to incident radiation
Theoretical treatment of hole arrays in thin meta
film is more complex than for similar size |
nanoparticle arrays since propagating plasmaf
modes provide additional means of interactiom
between individual scatterers. Moreover, interactio®
with aluminum substrate must be taken intg
account. The pore ordering is also expected t :
influence the optical properties, in particular,,:ig1 SEM image of a gold film on anodized
angular distribution of scattered field. aluminum oxide membrane.

In this work we characterize the multilayer struetaonsisting of hole array in metal (Au) film,
aluminum oxide, and bulk aluminum and test the ilisaldor plasmonic device applications, e.g.

sensors or field enhancing substrates.
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Over the last decade, the major effort has beerthenproduction of stable colloids of small
nanoparticles (NP) with narrow size distributionsl @ontrolled surface chemistry by laser ablatiohquid
[1]. The size dependence of the NP propertipens their wide application in microelectronicgtics,
catalysis and medicine.

We have produced the stable colloids with differemricentrations and sizes of metal NP by pulse
laser ablation of metal target (Ag, Au, Cu) in dered water. The Yb fiber laser with 1064 nm wanglh
and 100 ns pulse duration has been used [2].

The NP size distribution function and colloigpotential have been measured by dynamic light
scattering (DLS) using Zetasizer Nano ZS. Analysisize and morphology was carried out by scanning
electron microscope CrossBeam Workstation Auriga.

The effect of the target surface treatment by la&sanning on NP sizes have been studied. The
obtained essential size decrease during first #ogneycles has been attributed to removement of the
amorphous surface layer of the target producechgublishing. It was shown that the proper number o
treatment cycles prepared the target for produabibthe spherical NP with diameter 40+£10 nm for Ag,
50+10 nm for Au, and 100 nm for Cu NP.

The morphology of NP after ablation has been charmgelaser irradiation of the colloid without
metal target (fragmentation). The two stage fragateon have been used for Au NPhe first stage was
applied for termination of the aggregation and esakincrease of-potential value. Thus the subsequent
increase of the colloid concentration by partialinly did not change the sizes of NP. The secongesta
allowed to produce the stable colloid with the sma Au NP of required sizes. The variation of
technological parameters allowed to change the k€% $n wide range. The application of the optirdize
parameters allowed to produce the Au colloid withaentration of 0.5 g/l with narrow size distrilmutiand
stability over several months.

Currently, much attention is paid to synthesis afOCNP of various shapes. We have studied the
evolution of CuO NP parameters during heating. Dh&surements showed that at elevated temperatures
(above 50°C) the average sizes of NP increased, reabe the
{-potential decrease. The detail study allowed weakethe growth of CuO nanocrystals (“nanospingles”
the temperature about 68°C. The composition wafromed by energy dispersive X-ray analysis.

It was shown that short-time fragmentation (abdutriin) of CuO NP colloid reduced niticably the
NP sizes and increased the colloid stabiligpgtential above 40 mV), whereas the long-time ritagtation
(about 30 min) leads to increase the NP sizes gganied by change of the colloid color due to foiorabf
“nanospindles”. This effect can be attributed wé&ase of the colloid temperature.
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Noble metal nanoparticles are perspective for niatibn of light absorption and scattering
in optical materials. Optical films doped with nebhetal nanoparticles have been used for more
effective light harvesting in solar cells.

In the present study, the chemical spra

pyrolysis method was used to deposit ultra thi
TiO> films with gold nanoparticles (Au-NP). The
TiO2 spray solution was composed o
titanium(lV) isopropoxide (0.2 mol/L) and
acetylacetone in a molar ratio of 1:2 in ethano
Gold(lll) chloride trihydrate (HAuGI3H.0) was
used as precursor for the synthesis of Au-N - a0 0mm
HAuCls3H0O (0 or 5.4 mol%) was added into

Fig.1 SEM image of the ultra thin Au:TiCfilms
the spray solution for incorporation of Au-NPdeposited at Tsn= 300°C by the chemical spray
into TiOz films. Ultra thin TiQ films with Au- "0 >° MM

NP (Au:TiO) were deposited onto glass and ZnO nanorod |agtessibstrate temperatures in the

range of 260-400 °C using pulsed spray solution fgeilse consisting of 1 s of spray and 1 s of
pause).

The effect of the deposition temperature on thepimalogy, optical and structural properties
of the ultra thin Au:TiQ films was characterized. According to XRD, Bifdms are amorphous at
temperatures below 400 °C. According to SEM stuldg,size of the Au nanoparticles varies from
20 to 50 nm. The growth of the ultra thin Au:Bi@ms on glass and ZnO nanorod layers are
discussed. It is planned to adapt ZnO nanorod lageerd with ultra thin Au:Ti@ films in the

generation solar cells.
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Photocatalytic activity of Ti@ nanoparticles strongly depends on its crystallgyecific
surface area, morphology of the particles and wkgohnts. Promising are materials with high
specific surface area and with modified

composition. In the present work formation of
active TiQ nanoparticles in microwave synthesi
and their modification with sulfur and platinum
were studied. Anatase nanopowder and 10
KOH solution were used as raw materials
Microwave assisted synthesis method permited
obtain TiQ nanofibres and nanowires with a
diameter of 10 nm and a specific surface area
the range of 70- 150t g. In order to improve

SEM MAG: 100.00 kx  Vac: Hivac T R
EMHV: 15.00kV  WD: 127180 mm 1 pm MIRA\ TESCAN

. .. . 3
the photocatalytlc act|V|ty of nanofibers underoate(m/d/y); 07/16/13 Det: SE Detector Riga Technical University
d:ig.l SEM micrograph of Tignanofibers.

visible and UV light, the samples were modifie
by their treatment at 380 in hydrogen sulfide gas streams for differentetimtervals. In order to
modified TiG; nanofibers with platinum it was stirred inPPtCk solution under UV irradiation.
Photocatalytic activity was determined by degramatf the methylene blue solution under UV and
visible light irradiation. The obtained sampleswhd higher photocatalytic activity with respect to
pure TiQ nanofibers. The doped Tihanofibers were appropriate for degradation ofrtfialr

organic compounds as well as for hydrogen prododiowater splitting.
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TiO2 is commonly used material with a wide range ofgesdt is also known that under
irradiation of solar light Ti@ nanostructures show photocatalytic activity. Theee such kind of
structures can be used for purification of air awader and hydrogen generation.

Different TiO; nanostructures can be

-350 4

made by vacuum evaporation, sol-gel and —a%m]

-400
d=42nm|

electrochemical methods, spraying, and others. .

-500 / - \

s

Electrochemical anodization is one of the most % ’

efficient and cost-effective method for the ° ‘

preparation of nanostructured TGiQayers on -

titanium substrate. Moreover the surface T Ve T

morphology of nanostructures can be easilg.ig'1 Open circuit potential dependence of NTs
lameter.

varied by changing temperature, applied voltage,
composition and other chemical and physical pararaet

In this work TiQ nanotubes were grown on Ti foils using electrocicamanodization
process. Before the anodization samples were maaiigntreated with polishing paste and then
chemical cleaning in HF:HN£H>O were performed. Nanotubes were grown in 0.14M Ha&
0.5M HPOy electrolyte applying different voltage for diffetesamples.

Obtained TiQ nanotube structures were investigated with X-réfrattometer, Raman
scattering spectrometer and scanning electron stope. Photoactivity of samples was defined
using UV and VIS irradiation and potentiostat. Opeincuit potential and current density

measurements were studied and hydrogen produciemwere determined.

Acknowledgement

Authors acknowledge State research program IMI8-2he financial support.

298



F-33
Water Adsorption on SrTiOs Single-Walled Nanotubes

A. Bandura, R. Evarestov, D. Kuruch

Institute of Chemistry, Quantum Chemistry Divisi@t, Petersburg State University, Russia

e-mail: di_ma_rex@front.ru

A low-temperature hydrothermal treatment is onahaf main techniques of oxide-based
nanotubes (NTs) synthesizing. This method has Iseenessfully applied to generate strontium
titanate NTs with relatively thin walls. As it ciie supposed, the presence of water molecules is an
important factor which can govern the inorganic $ifucture and stability.

In this work we consider the results of the firstiaitio calculations of water adsorption on
the surface of the NTs rolled up from the strontititanate layers. The structure and properties of
bare perovskite-based NTs have been consideredurimp@vious works [1] using the density
functional theory and hybrid exchange-correlatiomnctional. Similar computer modeling
techniques have previously addressed to the adsorpt water molecules at the flat surfaces of
perovskite-type strontium titanates [2]. For ouegant study we have chosen the relatively thin
NTs folded from stoichiometric 4-layer SrTi@lab with chirality (12, 12). Water molecules have
been placed on the internal and external surfatésed\Ts, corresponding to both SrO and JiO
termination compositions. The full optimization &@f atomic positions in the considered systems
has been performed.

Our calculations revealed that the structure of Mith adsorbed water molecules differs
significantly from that of the non-hydrated NTs.€elbresence of water molecules promotes a
disappearance of cylindrical symmetry and formatbtubular polyhedral objects. In all cases, the
adsorption of molecules is accompanied by exothemfiiect and leads to lowering of the NT
formation energy. We have found that the adsorptioergy of the water molecules depends on the
curvature of surface in the vicinity of the adsaptcenters. Obtained data confirm a significant
role of aqueous environment in stabilizing the exiNTs. It has been proved that the water
molecules adsorbed on the SrO-terminated surfaicBS'® are more inclined to dissociation than
the molecules adsorbed on thin flat layers.
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Recently ferrites have an increased scientific rese and demand for the material in
different ways. The most significant usage of tegiis

in optic, electronic, mechanic and other fields. [1] Sample 1D HT Cos 250C 1h

Ferrites are of great importance in medicine, fo 80-% g, emulg
60 £

biomedical purposes and in chemical catalysis. 40

In this research the cobalt ferrite nanopowder 2U}f'—’—
synthesis, prepared by hydrothermal method ana the m—’_jf ; 10
mechanical and magnetic properties has been studied P ke

Synthesis of cobalt ferrite nanoparticles wa: s0&

performed by co-precipitation technology, combineeig.1. Magnetic properties of the cobalt ferrite
with the hydrothermal synthesis method. Firstly thé)?:t?,pe(;\ilfer' prepared by hydrothermal
precursor was prepared by hydrolysis of kedid by

co-precipitation of Fe and Co hydroxides. Thendbh&ined mixture of hydroxides was treated by
hydrothermal way at different temperatures. Aftgdrethermal treatment, the suspension was
washed and dried at 4G.

All samples were analyzed with X-ray diffractomefatvance 8 (Bruker AXS). Crystallite
size determined using Scherer’'s equation. Magrnatperties analyzed with Vibrating Sample
Magnetometer (Lake Shore Cryotronics, Inc., mod&d47 VSM). Specific surface area (SSA)
determined with BET method.

The all samples of cobalt ferrite obtained by hyldeomal synthesis have the same results of
XRD and BET data, except sample No 1. This sampig synthesized at 200 of temperature by
hydrothermal method and on the XRD pattern shovd®teé phase.

However, the mode of synthesis influence on thematig properties and a coercive force of

samples. Thus, the magnetization force of the sasriplin the range of 50-60 emu/g.
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For hybrid organic/inorganic solar cells with “ITi@dcking layer/ZnO nanorod/absorber
layer” structure, it is highly important to synties series of ITO/blocking layer/ZnO nanorod
structures by simple, inexpensive and low tempeeatechnique. In order to increase the solar cell
performance, it is desired to obtain high aspetd n@latively conductive ZnO nanorods. In this
study we present results on growth of ZnO nanonodlifferent seed layers, such as ZnO with
different morphologies, ZnS, TiO2 compact thin &lnproduced by spray pyrolysis on TCO
substrates. Also blocking layer could be deposdrda top of ZnO nanorods grown onto TCO
(transparent conductive oxide) directly, thereforehis work we also deposited ZnO nanorods by
electrochemical deposition method directly on sathesen TCO substrates. All ZnO nanorod
layers were grown electrochemically using ZnCl2 eaans solutions (c=2 mmol/l) at the bath
temperature of 800C during one hour. Dependinghenseed layer morphology, ZnO rods with
different dimension, density were obtained. Theicttiral, optical properties and morphology of
seed layers and ZnO nanorod layers grown on thera stadied by scanning electron microscopy
(SEM), x-ray diffraction spectroscopy (XRD).

The dimensions, orientation, shape and densityhef tods depends strongly on the
properties of the used substrate or seed layersobstrate.

Morphology and conductivity of the initial subs&aplays an important role in ZnO
nanorods dimensions, orientations and shape. Bbanoe, larger rods (d=170, L=700 nm) were
obtained on conductive substrates, such as ITZafdIn substrates/ITO glass substrates and FTO
substrates (d=250 nm, L=600 nm). Smaller rods (d6€anm, L=400 nm) were obtained on
nonconductive smooth, uniform and fined-grainedssnalbes, such as ZnS and TiO2. Various ZnO

seed layers resulted in ZnO nanorods with diffestaipes, sizes and distribution on the substrate.
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Tungsten carbide (WC) exhibits an excellent comtimnaof unique physical and chemical
properties, such as low electrical resistivity,ywaigh hardness and melting point, high bulk and
Young's modulus, and good corrosion resistance.rnBmesized forms of WC can provide further
improving of physical properties and the generatibnew materials with promising applications.

In this work we present for the first time the éswf ab initio calculations of the atomic
and electronic structure of WC nanorods (NR) fadigd from the cubic and hexagonal phases of
WC. All calculations in this work were performed fiyst-principles method based on density
functional theory (DFT) with using of a hybrid exslge-correlation functional PBEO, as
implemented in CRYSTALO9 code [1]. Prior to studf MR structure, the bulk and surface
properties of cubic and hexagonal WC polymorphsehbeen examined. Obtained structural,
energetic and elastic properties of both the blhilkses agree well with the available experimental
and theoretical estimations. The values of suriwergies calculated for thin layers parallel to
(100) crystallographic plane in cubic phase anlprto (100), (110), (101), and (001) planes in
hexagonal phase are close to those obtained imtrélceoretical work [2]. In accordance with
experimental observations, both the bulk and naedsiforms of WC possess the conductive
capacity. It has been found that accounting of gpa-polarized states may be important for
specific nanolayers and NRs.

The obtained results indicate that NR stabilityetegs on its morphology, translational axis
direction, and facet indices. The lowest formagmergy was found for six-facet NRs cut from the
hexagonal phase along the [001] direction by {10}0}, and {110} crystallographic planes. The
symmetry of these NRs is described?ym2 rod group.
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Ultrathin graphite sheets or/and grapheng

nanosheets were obtained on the surface
particles of Ni powder. The new method base
on well known dissolution and precipitation

mechanism of graphene formation on catalys

mix#50 1565 20140224 1440F D60 x3,0k  30um

[ > . .
mixk9 0437 20130625 1922H D76 7.0k  10um

surface is reported. Fig.1la presents the Ni powd€ig. 1. SEM images of the particles of Ni powder
. . after annealing with appropriate conditions (a).
particles with as prepared graphene sheetSurface of the carbon sample after Ni dissolution.

Graphene nanosheets can be seen on the surface

of Ni beads as grey coating on light beads. cus

Freestanding graphene sheets were obtained after ™ B o \
dissolution of Ni. Upon dissolution of the Ni SEWMMW
powder is possible disintegration of the coating =
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or_Nr_40_2 dvf“,l«[,w}‘)‘f v W 1.19%“
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into the individual graphene sheets or the Y
VLT TV

graphene sheets are formed the carbon body in °, % %

Position [°2Theta] (Copper (Cu))

the form of the original ingot sintered powder of
Fig. 3. XRD patterns of the graphene nanosheets

Ni. In the first case graphene samples wersamples, with different (002) diffraction peak
obtained by vacuum filtration, in the second afte?roademng'

drying of carbon body. SEM images (Fig. 1b) reveéalkat surface of the bodies consist of
randomly aggregated, crumpled sheets closely agsdcwith each other. The thickness of these
sheets was determined with XRD by (002) diffractak broadening (Fig. 3). The quality of the
sheets was estimated by Raman scattering spedtain®d by us layers can be defined as a
graphene nanosheets. Number of graphene monolaygrsse nanosheets controllably varied from

7 to 40.
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Structure, thermal, and mechanical properties werestigated for composite materials of
polypropylene (PP) and acetic group functionalizedlti-walled nanotubes (FCNT) at FCNT
concentrations of 0.1%, 0.5% and 1.0% by weightt &ahe composites were compatibilized with
maleic acid anhydride grafted polypropylene (PPA}Mt concentration of compatibilizer of 3
wt.%. Researched compositions were laboratory rrade masterbatches of PP/FCNT and PP/PP-
g-MA/FCNT solutions in o-xylene, which were sonited, precipitated in methanol, dried and
melt mixed with the same matrix of PP. The compas# were compression moulded in to film
samples. Structure changes and the propertiesrmpasites were researched by the methods of
tensile tests, differential scanning calorimetryS@), X-ray diffraction (XRD), Fourier infrared
spectrometry (FTIR), and the measurements of draecharacteristics. Effect of FCNT
concentration in compositions as well as the eftddPP-g-MA compatibilizer was researched in
detail.

The present study by structure changes confirmadRR-g-MA compatibilizer served as an
adhesive and affected improvement of FCNT dispersio PP matrix greatly improving the
mechanical properties. The stress—strain charatitsri of PP/PP-g-MA/FCNT compositions
revealed remarkable effects of the FCNT additioheady at 0.1 wt.%. At this FCNT
concentration, the Young's modulus and tensiledysttess increased by 13.5 and 17% that is by
1.5-fold greater increase of tensile yield stressgared to that of PP/FCNT. It should be noted that
PP-g-MA compatibilized PP/FCNT compositions remdiry 5-fold higher elongation at break
even at FCNT content of 1.0% compared to unmodi#Bd=CNT. XRD data showed formation of
ordered crystals consistent with the monoclinichalphase of PP for all the compositions. The
changes of DSC measurements indicated a reduceelagdecof crystal ordering of PP with increase
of FCNT in the presence of PP-g-MA. The change$-DIR spectra for PP-g-MA containing
composites indicated the interaction of FCNT cagbaroups with maleic anhydride functional
groups and their influence on the interfacial adiredbetween FCNT and polypropylene, that

confirmed increase of mechanical properties.

304



F-39
Investigation of Hard Wear Resistant NanostructuredCarbonitride Coatings
Based on Ti-(Nb,Hf)-C-N Quarternary System Depositeg by DC Magnetron
Sputtering

V. Mitint, U. Kander} V. Kovalenkd, P. Nazarovs D. Ertg, J. Manik$
High-Tech Company Naco Technologies; Riga, Latvia
2Institute of Chemical Physics, University of LatvRiga, Latvia
3Institute of Solid State Physics, University of Viat Riga, Latvia

e-mail: ukanders@nacotechnologies.com

Ti-based nanostructured coatings such as Ti-Nb-#&@ll Ti-Hf-C-N have been deposited by dc
reactive magnetron sputtering in [Ar]/[zNgaseous mixture on a variety of steel substratesel
mosaic type sputter targets have been designedaofum matrix and Nb/Graphite or Hf/Graphite
inserts to generate 3-component Ti-Nb-C or Ti-HfiGh energetic sputtered vapor flux during reactive
deposition process. Sputtering resp. depositiom aatl energetics of sputtered particles affechgtyo
film growing conditions, its structure, mechanieald tribological properties. Using conventional DC
magnetron sputtering techniques without directdaogoling system discharge power density could not
be raised higher than 10 W/&mHowever, recently high power ion-plasma magnetspnttering
(HIPIPMS) sources have been designed allowing asgelischarge power considerably higher than 60
W/cn? in average but reaching even 200 W/amithin race track maximum [1]. In turn, mechanisofis
formation and properties of Ti-(Nb,Hf)-C-N films gat high deposition rate are not investigated
sufficient enough until now.

Within this investigation sputter deposited Ti-(NB;C-N film structure, mechanical and
tribological properties have been modified by meahshanging reactive DC HiPIPMS technological
parameters. Mechanical and tribological propesigsh as adhesion to substrate, toughness, hardness
stiffness, friction coefficient (COF) and wear r{W,) of deposited Ti-(Nb,Hf)-C-N films have been
studied by Vickers hardness testEg¢S-50, HVS-1000B, nano-indenter G200, Teer Co Ltd thickness
tester BC-2, scratch tester ST-30, and tribotd3@D-2. 1,5+5,4 um thick Ti-(Nb,Hf)-C-N films as ldar
coatings for cutting tools deposited at approprgpigttering and growing conditions on high speeeélst
and cemented carbide substrates demonstratedestcatinesion, hardness up to 38 GPa and Young
modulus up to 520 GPa. In humid air, COF andvdlues dropped down as low as 0,21 and 0,18E-17
m3/(Nm) respectively even at long friction path, >005m.
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Sputter deposited amorphous carbon-copper comp@si@®Cu) films on a variety of different
steel substrates have been investigated with redpetheir tribological and mechanical properties.
Deposition rate affects film growth conditions, itdructure and tribological properties. Using
conventional DC magnetron sputtering techniquehdisge power density usually does not exceed 10
Wi/cn? thresholds. However, recently high power ion-plasmagnetron sputtering (HiPIPMS) sources
have been designed allowing increase of dischasgepconsiderably higher than 60 W/cim average
[1]. In turn, mechanisms of formation and properti¢ a-C/Cu films obtained at high deposition aate
investigated insufficient until now.

In this work various parameters for depositionivh$ by HiPIPMS were applied. Pressure of
sputtering gas mixture with Ar, Ard-and Ar/Nowas varied in the interval p=0,1-0,7 Pa, electrgiaiv
discharge voltage wasq3400-680 V, and currentg41-3,5 A. Novel mosaic type sputter targets
designed of copper matrix and carbon inserts has lbged for deposited a-C/Cu films. The a-C/Cu
films have been deposited onto faceted and poligied steel discs made of cast iron, bearing steel
100Cr6 and cemented carbides.

Mechanical and tribological properties of a-C/Cim§ have been matched with their nano-
structural features in order to understand mechaniow amorphous carbon matrix interact with
copper nanoparticles (Cu-NP) and how they deteriiimetribological properties such as coefficierfit o
friction (COF), wear rate, W, and wear resistance&wability as wear distance, S, at low COF until
Pin-On-Disk testing ball penetrates the film andFGOmps up. a-C/Cu films deposited at appropriate
sputtering and growing conditions manifest low C@®,1) and W (<0,3E-15 #{(Nm)), but wear
durability, S, reaches 1450 m. a-C/Cu film nanoheass$, H, and Young's modulus, E, demonstrate such

values as about 4 GPa and 80 GPa respectively.
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During last decade semiconductor nanowires hava beestigated as structural elements
in relative humidity (RH) sensor devices [1]. In shoases the demonstrated nanowire sensors react
by change of their surface properties. Due to largeowire surface to volume ratio, this factor
determines the advantage for application in seremwisnfluences the transport properties.

In previously reported studies, relative humiditgnowire sensing devices convincingly
show linear response to RH in a broad measureraager[2]. However, this linearity fails in some
specific conditions indicating an unusually strosigface impact to electrical transport. So far,
bismuth sulfide (BiSs) nanowires have been studied for application iygex and hydrogen
sensors [3,4], but relative humidity impact was aalyzed. Here we focus on humidity controlled
Bi>Ss nanowire electrical properties.

Individual BLSg nanowires were drop-casted to a pre-patternedrsidsnd electron beam
lithography was used to fabricate contacts. RHisgrtsehavior was measured in the range from 5-
90% in inert atmosphere and constant temperature.

Measured devices show nonlinear resistance depeadéithe nanowire changing RH from
5 to 90%. In specific RH region from 40-50% reveisiresistive behavior change is observed.
Therefore resistance of the,B: nanowire and type of the major charge carriersbeatuned using
appropriate relative humidity level.
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Magnetic composite nanoparticles produced on tlse lod ferromagnetic iron oxides with
noble metals are of particular interest for appiass in catalysis, sensor materials and biomedicin
[1].

In this work, an iron oxide nanopowder
was synthesized by the extractive-pyrolytic
method (EPM) and used as a carrier for the
further synthesis of Pt-containing
nanocomposites by the EPM. The Pt content in
the composites was 1.2 wt%, 2.4wt% and 4.8
wt%. The phase composition, morphology and
magnetic properties of the produced materials

were investigated. XRD analysis and magnetic

measurements showed the dominance of the i)

magnetic phase - @4 magnetite — in a carrier

150

Number

sample produced by the pyrolysis of iron

100 H

carboxylate, but hematite FexOs was present as

an admixture. It is found that at the production of

Pt-containing composites, the phase composition °To 2% 6 s 10 12 14 16

d, nm

of the carrier has not practically changed, but the, _ _ _

Fig. 1. TEM image of iron oxide/2.4 wt% Pt
metal particle size there varies from 3 to 9 nmcomposite and the size distribution of Pt nanoplesi
Fig. 1 illustrates the TEM results for a composite

with the 2.4 wt% Pt content.
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The aim of the present study is synthesis and tigasn of nanoparticles based on natural
components: magnetite, oleic acid, and biologicalijive heterocyclic alkanolamine derivatives,
structural analogues of choline

The parent alkanolamine,2-hydroxy-1-[3,4-dihydroisoquinolin-2()-yllethane, was
modified by introduction of undecyl substituent afutther quaternization of the modified
substance. Magnetic particles were obtained bysymthesis. The method of magnetogranulometry
and DLS measurements were used for determinatiorsizé and magnetic properties of
nanoparticles prepared. The water-soluble magnemoparticles synthesized were screenednfor
vitro antimicrobial properties against Gram-positiveai@megative bacterial and fungal strains
using the agar dish diffusion method.

New water-soluble nanoparticles, containing biatadly active derivatives of heterocyclic
alkanolamines, which are immobilized on the surfatkiocompatible, pre-coated with oleic acid
iron oxide magnetite nanocarriers, have been peepaand evaluation of efficacy of these
nanostructures as antimicrobial agents has beeledtult was found that diameter of iron oxide
core ranges within 6.2—10.5 nm, and magnetic flolotsined possess antimicrobial effect.

Introduction of long chain alkyl substituent inteetmolecule of the second surfactant is an
attractive and original approach to the lipophilicincrease and better interaction with lipophilic
chains of the first coating. The wide possibility fariation of alkyl substituent in the alkanolai

can promote finer selection of perspective biolalijycactive iron oxide based nanoparticles.
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Colloidal solutions of magnetic nanoparticles —déuids — are systems capable of unique
pattern forming behavior. Spontaneous phase séparand formation of ordered and disordered
patterns in layers of magnetic colloid may occudaemthe influence of external magnetic fields [1].
These patterns are the consequence of magnetidedipmle interactions and the reversible
agglomeration of the magnetic nanoparticles. Hexedemonstrate experimentally how certain patterns
can be selected through optical forcing and sustblny magnetostatic interactions.

The experiment was carried out with the continulas®r forced scattering setup in combined
scattering mode. The sample is put into a solesoithat its magnetic field is oriented normallythe
walls of the ferrofluid layer. The low power reagiifle-Ne laser beam has the same direction through
the sample- all reading optics is adjusted to ggeeated structures in the sample. Our ferrofluid
contains FECoOy particles, the mean magnetic diameter of which 8.nrh.

Ferrofluid layers with different thickness @, 10Qum, 20Qum, and 50Qm) were initially
exposed to the external magnetic field. If the nedignfield is applied, the magnetostatic interactio
occurs, tending to create a hexagonal patternradgarticle agglomerates (Fig. 1, left).

In turn, the optical forcing is created by Nd:Yagér beam, which transmits the sample layer
from above in order to exclude the thermogravitaticonvection. The beam forms a periodic
temperature grid within the sample, which also celua corresponding particle concentration grid
through colloidal thermophoresis. The achieved #@oge of the concentration modulation is less than
1%.

If the temperature grid by the Nd:Yag laser is icetliafter the magnetic field is switched on the
Soret effect is too weak to alter the created hemastructures. On the other hand, if the tempesat
grid is induced first, the created concentratiod ghapes the pattern of aggregation when the niagne
field is applied afterwards (Fig. 2, right). If tloptical forcing is now switched off, the aggregati
pattern remains in place, supported just by the me@gtatic interaction. Thus, in this way
magnetostatic patterns, which have not been obddéretre can be created.

Fig. 1. Phase separation patterns: left — magfietetprior, right — optical illumination prior
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Nitrogen-vacancy (NV) centers in diamond have nesbiintensive interest in recent years
because of their potential applications to quantaformation [1] as well as magnetic field
measurements with high spatial resolution [2,3]e Thplet ground state of NV centers can be
polarized by optically pumping the spins into the=0 level. The intensity of the red fluorescence
observed after excitation with green light depeonshe spin state of the center. Thetl levels
in the ground state are separated fronntked level by 2.87 GHz, and undergo Zeeman splititing
a magnetic field. As a result, probing the NV cemntgith microwave radiation while observing the
optical fluorescence allows the NV centers to beduss magnetic field sensors.

The optical output of these NV centers can be ammd by coupling to plasmon-active
nanostructures, which enhance the field of thedewi radiation and reduce the lifetime of the
excited state by coupling the fluorescence lightstoface plasmons that propagate in metal
nanostructures [4]. Layers of gold and silver namnasures with plasmon resonances in the visible
spectral range were produced by metal depositiaugi porous anodized aluminum oxide [5]. We
will present the results of the study of the effe€tdifferent nanostructure parameters on the

fluorescence of the NV centers in diamond.
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Properties and applications of ZnO ceramics astiumal material for optoelectronics
largely are determined by the structural stateingse&ze, porosity and quality of grain boundaries.
Moreover, for ceramics based on nanopowders thendton process of structure due to
aggregation and initial GB formation depends on tye, and morphology of powders [1,2].
Present work shows that the problem of aggregatsonbe solved by using uniaxial hot pressing
(UHP) of grained powders or high temperature singe(HTS) at 0.4-0.64 of powders with 3D
tetrapod morphology. The UHP is very energy-intemsnethod which allows to obtain transparent
ZnO ceramics [1]. Nanoindentation, SEM, AFM and fudies were carried out on the obtained
ZnO ceramics. Comparative analysis of results sdatiat all ceramics have recrystallized grains
with sizes for UHP d=5-30 um and for HTS d=2-4 pWithin grains at depth range 50-500 nm
hardness size effect was observed. Influence of lizZBssoftening character and at depth range 0.5-
2um hardness decreases from 5 GPa to 2-3 GPa withdgtlerdess for both ceramics. Young's
modulus was 100-120 GPa for HTS ceramic and 150 fGPEHP and the latter coincides with
ZnO single crystal. In HTS ceramics the photoluregance (PL) spectrum at 12 K revealed a
narrow exitonic band with LO phonon satellite pedksO_ Ex states) and almost negligible
“green” luminescence. However, in UHP ceramicsritaén PL is in “green” spectral region and is
due to point defect stateRResults are discussed in terms of defects distobuduring
recrystallization processes. The differences icapaind structural properties define differentdse
of ZnO ceramics applications. Transparency of UldRamics allows it to be used as scintillators,

and HTS ceramics as sensors.
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Cathodoluminescence (CL) spectra of the aluminutridei nanotubes and nanopatrticles,
synthesized by using a highly nonequilibrium dc-pl@sma method have been measured at 80 K
and room temperature (RT) under electron irraditiath 9 keV energy. Low-temperature CL
spectra of nanostructured AIN have been compardd twose of the commercially available AIN
powder. The significant difference between emisspactra of the three investigated samples has
been established. Commercial AIN has been foundnid a band peaked at 3.47 eV which is
commonly ascribed to oxygen impurities. Emissiontted AIN nanoparticles is centered around
3.66 eV while CL spectrum of AIN nanotubes show ptaxr character with at least three peaks at
2.2, 3.0 and 3.5 eV in the photon energy range.®t+13.8 eV. CL intensity of the nanostructured
samples has been found to decrease significanBy amost probably due to a combination of non-
irradiative relaxations at the surface, electroosmin interactions and the reabsorption of the
emitted light. CL of AIN-nanotube/Csl-scintillatatomposites has been also studied. Energy
transfer from Csl scintillator to AIN nanotube isrdonstrated
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In medical practice, titanium and its alloys arelely used when intraosseous implants are
manufactured [1]. It is important to obtain biocatiple coatings improving osseointegration on
medical items. The substrate of implants has @sist to mechanical loads of distributed type.

When installed with an interference fit into the

prepared bone bed there is significant shear force
causing  coating  delamination.  Hence, |1
biocompatible coatings should have high
morphological heterogeneity of micro- and
nanostructure [2,3].

The surface structure of titanium medical
alloy after induction heat treatment (IHT) has

high morphological heterogeneity  and

mechanical properties. The optimal parameters of . g
Fig.1 Titania coating and in vivo testing result

morphology and hardness (10...15 GPa) are (cell structure are shown by arrows)

achieved at 800...1000°C and holding for
30...120 s. Titania coatings with nanocrystals are lyighbcompatible, that is establishadvivo
(Fig.1). Oxidation at IHT and colloidal modificatiowith hydroxyapatite nanoparticles form
mechanically strong structure of porous titaniarmatnd bioceramic filler [2].

The research was carried out with financial suppgnant RFBR 13-03-00898 “a”, 13-03-
248 “a”, SP-1051.2012.4, project No. 1189 (basit pathe state educational task for institutions

of higher education; Ministry of Education of thedgian Federation).
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Allotropes of carbon, such as graphite, graphemkcanbon nanotubes, are one of the most
promising materials for development of functiondllefs for advanced composites, particularly
polymer composites [1-3]. By modifying carbon nanostures it is possible to tailor it
electromagnetic, electrical, thermal, mechanicadl ather properties according to the needs of the
customer. Modification of carbon nanofillers aidisoain improving of it compatibility with
polymer matrix, being the most important preredaifor development of successful polymer based
nanomaterials.

Consequently in the current research carbon nadewfilpolyvinylpyrrolidone treated
graphite, graphite oxide, reduced graphite oxidm)ta@ining polyvinyl alcohol composites have
been obtained via solvent casting route. The comtenarbon nanofillers in the polyvinyl alcohol
matrix has been changed within the borders betvdeand 5 wt. %. Technological parameters of
the method for manufacturing of polyvinyl alcohobneposites with aforementioned carbon
nanofillers have been optimized. The effect of tomcentration of polyvinylpirrolidone on the
dispersion ability of the carbon nanofillers in tpelyvinyl alcohol matrix has been evaluated.
Besides it structure, as well as dielectric andhmaawal relaxation properties of polyvinyl alcokol

carbon nanofiller composites have been investigated
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Melt compounded polymer nanocomposites have ceddiwantages (such as commercial
viability, mass production capacity and ease aégration in the existing recycling schemes) over
the nanocomposites, obtained by solvent castingx landin situ polymerization routes. For
manufacturing of perspective thermoplastics basgmcoomposites, one of the most important tasks
is assurance of excellent dispersion of the nancistred filler in the polymer matrix. In the case
thermoplastics based carbon nanocomposites throtigjualitative dispersion of the nanofiller in
the polymer matrix is hindered due to high visgosit the polymer matrix, as well as strong Van
der Waals interaction between the nanofiller pkasic

Consequently in the current research the effectsuoface functionalization of carbon
nanofillers as well as addition of specific procegsaids to the polypropylene matrix during melt
compounding by means of various manufacturing nth@nternal mixer, twin screw extruder,
twin roll mills) are evaluated. The effect of micktion of polypropylene matrix by neat and
functionalized carbon nanofillers has been evatlibiemeans of direct and undirect methods, such
as electron microscopy, rheometry, stress-strai@aradterization, dynamic mechanical thermal

analysis, thermogravimetric analysis and broadluheléctric spectroscopy.
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Graphene, a monolayer of?dpybridized carbon atoms arranged in a two-dimeraidattice,
has attracted tremendous attention in recent y@ansg to its exceptional thermal, mechanical, and
electrical properties [1]. One of the most prongsiapplications of this material is in polymer

nanocomposites, polymer matrix composites which

incorporate nanoscale filler materials. In this kvor 10'
10°
broadband dielectric/electric properties of graghen 10"
107
like particles/poyurethane composites are presented 1
10*
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in wide temperature range (25 - 450 K). Graphene £ 0°p 58
like particles there are consitituted of singlestay ¢ 13 ggégg@%%ig 9 vol% ]
particles of graphite made through exfoliation. 12 égznggggw zggiz ]
They were characterized by scanning electron :01?1;1 o 10 1V°:°§’6 ]
microscopy which showed that their thickness is of Frequency, Hz

the order of 0.1 mm. Laser counting furnished %fig-1gr;§ﬂgﬁ2fgo?yiﬁzpﬁaen”:e Cé‘:)ﬂ;g;f:;cogfmlig‘gm
particle size distribution histogram with an averag temperatur.

diameter of 10 mm. It was established that permoiahreshold in investigated systme is betweendl a
2 vol% (Fig.1). On heating both dielectric permityy and electrical conductivity of all composites
increases. However, the most pronouncend increasiogrs above glass transition temperature in pure
poliurethane (390 K). Above this temperature alnposites, including those are below percolation
threshold, are electrically conductive due finitelymer matrix conductivity and tunneling from
graphene particles to poyurethane matrix. Poteriarier for currier tunneling increases below
percolation threshold and decreases above. Thisbeaexplained by non-omic contact of graphene
particles and polyurethane matrix below percolatibmeshold. The electrical transport at low
temperatures, as well microwave dielectric propsrtof composites will be discussed in the
presentation.
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Dielectric properties of carbon nanotubes (CNT) posites were investigated very often,
mainly in order to find an electrical percolatidt].[Indeed, above percolation threshold the values
of dielectric permittivity and electrical condudtiwfor composites with CNT are very high in wide
frequency range, including microwave and terahieetguencies [2]. However, the relation between
CNT microscopic parameters (like length or diameteoslymer matrix and percolation threshold in
composites up to now is not clear [1]. Thereforfobe experiment it rather impossible to predict
dielectric properties of CNT composites. Generatlys expected that percolation thresholg {$
directly proportional to CNT aspect ratio, howethds relation experimentally was never observed
and more complicated formula were used in orderestablish influence of aspect ratio on
percolation threshold in composites.

In this presentation results of dielectric inveatigns of composites with CNT in
Polymethylmethacrylate (PMMA) matrix are preseniedvide (20 Hz — 3 THz) frequency range.
The mean diameter of all CNT used for compositpgraion was 9 nm, while four different length
CNT groups where used: 1) CNT with mean length alseueral tens micrometers, 2) CNT after
oxidation with nitric acid, mean length 335 nmGN\IT after grinding in mill, mean length 438 nm,
4) CNT after grinding in mill, mean length 428 nih.was establish that electrical percolation
threshold in the first and second groups was 2 wi%he third 1 wt% and in the fourth 0.5 wt%.

The influence of CNT length on composite dielecpioperties and DC conductivity will be

discussed in the presentation.
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Newest researches shows large amount of volatd@nic compounds (VOC) used in

manufacturing. Mostly workers can’t detect VOC a®rs as it's needed, creating more health

problems and if VOC concentration in air is

R i  ——EVA-SMWCNT 30 1
high enough it can be letal. Therefore advanced ,,,[ ——EVA-SMWCNT 35 |
——EVA-CB7.75

polymer - nanostructured carbon composites has g.o0s|

been developed, where ethylene vinylacetat% 0.006 |
<

(EVA) copolymer (content of vinylacetate (VA) o003
is 40%; Sigma Aldrich) have been used as ©°00r

matrix. Graphitesed nanoparticles (carbon black °**°t. . . . . . . . . . .
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- CB) PRINTEX XE-2 with average particle t(s)

Fig.1 Relative electric resistance change in ethano
9apours (2000ppm) versus time (sample thickneg$ is

part of samples. Particles specific surface™: Sample exposed in vapours 30 seconds.

950nt/g and DBP (dibutyl phthalate) adsorption: 380m0d.0 In other samples as conductive filler

size 30nm were used as conductive filler in on

was used short multiwalled carbon nanotubes (SMWCNIMWCNTs were obtained from
CheapTubes; outer diameter is 50-80 nm, inner d&mis 5-15 nm, length 0.5-gm. The
SMWCNT specific surface area is 46/g) electrical conductance 100 S/cm.

Both composite types were exposed to ethanol vafsm& Fig. 1). Results shows that the
best of the EVA-SMWCNT composites has higer sergjtto vapours than the best of the EVA-
CB composite. that can be explained by specifisratter of conductive SMWCNT grid inside
composite.

Additionaly EVA-CB composite, where exposed to fuapour. It was found that EVA-CB
is able to distinguish different oil based produetgsetrol (with octane number 95) an diesel. When
EVA-CB was exposed to petrol vapour, the compagilative electric resistance change was much
larger comaring to diesel vapour. Observed diffeeem the composite response is explained by

volatiliy of different fuel type.
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Wood based activated carbons (AC) belong to miara@t mesoporous amorphous carbon
materials. Chemical activation is a widely used hmodt for activated carbons production — its
advantage is the fact that it leads to synthestadion materials with higher specific surface \hic
is close to theoretical limits for the carbonacemagerials. Alkali metals hydroxides are one of the
most effective activating agents allowing productad carbon adsorbents with specific surface over
3000 nf/g when evaluated according BET theory. Variationraw materials and activation
conditions allow controlling total porosity, poree distribution and properties of inner volume.
This leads to alterations in activated carbons at&mand physical properties depending on
precursor and synthesis conditions.

The topical area of research is AC their applicatas electrodes in supercapacitors. The
main problem in this area is matching of carbonasematerial pore sizes with hydrodinamical
radii of electrolytes molecules, elucidation of gey surface groups role, decrease of electrodes
resistance. Low cost of AC is a necessary requintae well.

This research is devoted to the propertis of naresowood-based activated carbons for
the application as electrodes in supercapacitotls iorganic and organic electrolytes. The main
factors defining properties of carbonaceous mdtdreamocatalytical synthesis are shown: specific
surface, pores volume and width, particles dispgrsish content, and electrical conductivity, as
well as their relation to capacity and working pedpes of supercapacitors. It was found that
electrical capacity is practically independent fraatalyst addition ratio at the given mode of
thermocatalytical synthesis. On of the main facteréemperature of activation which leads to

formation of micropores with narrow size distrilmutiin carbonaceous material structure.
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The nanocrostructure characterized by trimodakidigion of strengthening’ precipitates in
Inconel 738LC nickel based superalloy after Low IE€yEatigued (LCF) at temperature 700°C was
observed. Different microscopic techniques and addetse as Scanning Electron Microscope (SEM)
equipped STEM detector, transmission Kikuchi ddfran in the SEM, transmission electron
microscope (TEM) in the bright field mode and higésolution transmission electron microscopes
(HRTEM) with STEM mode were used for charactermatiand comparison of the superalloy
nanostructure. The characteristic morphology’ girecipitates in the matrix was examined by ex-situ
and in-situ Small Angle Neutron Scattering (SAN&hmh temperatures. From all used microscopic
techniques, it was observed that the microstrudtuthe original material consisted ¢f precipitates
from two distribution of different morphology: caoid-like shape, with size around 670nm, and the
spherical shape with diameter 52nm. After the LE§tg at temperature of 700°C (and not at other
tested temperatures), the ex-situ SANS exhibiteditiadal scattering intensity coming from another
smally’ precipitates of up to 10 nm size. It was confitmesing the standardly prepared foils examined
by STEM detector in SEM, TEM and HRTEM. Evolutiohsize and distribution of these precipitates
was studied by in-situ SANS at elevated temperatutaevealed that the smallestprecipitates arise
regardless the application of the mechanical Ib&ain effect of these precipitates is that theyuafice
the low-cycle fatigue resistance at 700°C: theodistions pinning by the smallegtprecipitates was
observed by STEM detector in SEM and by TEM in STiEbde.
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Recently we have proposed to use strainedl Isalenide layers grown on KCL
substrates as the base for high-temperaturdighesensitivity photodetectors [1]. In thin PbSe
layers< 200nm thick, "negative” pressure is realized (lbad selenide layers are stretched at
arbse=6.1264, aka= 6.2901) and the forbidden gap width increases. Aprapriate doping of
lead selenide with such impurities as Cr, Id &b, the quasi-dielectric state can be redlize
and the impurity level shifts deeply into thHerbidden gap. According to the estimates, the
concentration of current carriers decreases Iy dsders of magnitude as a result of
compensation of electrically active nonstoichitmeedefects. As the critical thickness of lead
selenide layers on the KCI substrates made up,Zor formation of the supercritical unrelaxed
state, natural barriers were used for retardingdiséocations - placement of nonstoichiometric
defects in dislocation nuclei at high concemratbf defects, >18cm?[2]. During the two-
stage growth of layers by molecular epitaxyhwd “hot” wall, when at the first stage the island
emerged and merged, the basic growth took pladbetsecond stage, and residual deformations
at the level ~0.01 was realized at the lap@khess< 100nm, i.e. in the nanolayers [3]. It
should be noted that these results were mddeat the growth rate <5 nm/s at the second
stage and the temperature of epitaxy ~300°C. Elieaing two goals: to increase the level of
residual deformations in the layers and theesmponding layers thickness, the production
process was carried out in a complex way. Thel lezeesidual deformations increased with the
increasing temperature of epitaxy when the mignatibnonctoichiometric defects accelerated and
their more efficient placement in the dislocatiarciei was achieved. For preventing the decrease in
the growth rate and the thickness of layers, thieepsource temperature was somewhat increased,
and the distance between the open end of the ampeotil the source of epitaxy and the substrate
was reduced. When the growth of the layersth@ second stage made up a few nm/s, the
layers thickness and residual deformations in thgers were controlled by changing the growth
time. As a result, at the thickness of the straiRb&e layer ~ 100nm, the increase in the forbidden
gap made ugx100meV as compared with the PbSe monocrystal. €hkzation of the quasi-
dielectric state in a wider set of solid utmins of lead selenide with tin selenide wilbw
spanning a wider spectrum range in correspanbR photodetectors.
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By the method of stationary absorption and lumiease spectroscopy the efficiency of
radiation defects formation ofj- and F - centers) and the nature of luminescence in Kétatyat
lattice symmetry lowering by low temperature (1Q)GHastic stress were investigated. The main
mechanism of radiation creation &, - centers in alkali halide crystals (AHC) is a fésf the
interaction between interstitial halogen atoms iregular lattice sites[1]. Unitization process of
halogen atoms in NaCl crystal with different configtions of -Cl;, Cl; andCl, centers, which
appear at ultrahigh pressures, were shown in g]itha proven phenomenon in AHC.

Intrinsic luminescence of AHC is interpreted by tregliative relaxation of self-trapped
electronic excitations (excitons, electron-holergain regular lattice sites. Thus, on the exangble
Kl crystal, where there is a sufficient lengthtloé path of free excitons to self-trapping (at 86K
350a, where a - the lattice constant), experimgniahs demonstrated the influence of low
temperature stress on the non-radiatiMe @nd F - centers) and radiative relaxation of self-trapped
excitons. At Kl crystal lattice symmetry lowering bow temperature (90) elastic stress were
established the following physical effects:

* increase in the intensity of exciton-like emissidue to the increased probability of
excitons self-trapping, caused by the weakenint@exciton-phonon interaction;

» decrease in the concentration of radiation dsfeéct and F - centers, which are an
indicator of the efficiency of generation of anierenkel pairs.

In conclusion, the increase in the yield of intiinsiminescence of crystals is interpreted by
the growth of the potential barrier height, redgcthe probability of radiation defect formation at

self-trapped excitons decay.
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Stoichiometric composition of indium tin oxide (I7@ a n-type semiconductor with low
sheet resistance (5-10P*Ohmcm. Due to its properties, ITO film forms an ohrentact to p-
GaN, and provides a good spreading of the electmient over the contact window area.

Previously [1], various technological modes of fatian of a transparent conductive ITO
films have been discussed, its interrelation wlid parameters of the films after heat treatment has
been observed and the optimization of a post-déposannealing was performed to use them as a
contact to p-type conduction areas in GaN LEDsn§&idnnealed at 500 in air become transparent
with a sheet resistance of 450hm/sg. Subsequemtaling of this film in nitrogen with the same
parameters does not change its transparency, thutes its surface resistance to 27ohm/sq. As we
can see, by choosing an annealing atmospheredeitror air) we can affect on the film resistance
value which can be changed in both directions.his paper we show that the same trends are
applicable to the ITO films, which were obtainedtheut an oxygen inlet under a multistage
annealing in different environment$TO films were deposited by e-beam evaporation that
eliminates the negative impact of plasma on a ahg$tucture of a semiconductor. It was found that
the deposition process and the environment have slight effect on the electrical and optical
properties of the ITO film. It was found that ani@g in nitrogen environment reduces sheet
resistance of the film, but does not provide iéhgparency. Specified optical transmittance is fabou
80-90% can only be achieved by annealing in thata®0-600°C with a sufficiently low resistivity
of the filmaround (5,5-7,0)«1ohmscm.

This method allows to vary the surface resistarfcth® ITO layers in a wide range (from
20+1000hm/sq.) and to reach values specified fob IdEuctures. This provides a homogeneous
current spreading in the LED window and uniformntiination at the entire surface of the window,

which prevents overheating of a selected diodesaaad increases the diode light output.
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In past centuries the aluminum protective coatargsvery important objectives in different
industries. By coating of aluminum with alumina thesigned materials combines the lightness of
aluminum and the hardness of alumina. Alumina ogaincreases performance and an extends
service life.

Alumina plasma electrolytic oxide (PEO) and electremical oxide coatings under various
conditions were prepared for comparative studidge PEO coatings were prepared by new time

correlated profile route. The coating thicknes

were varied by preparation modes (curre
intensity in peaks and peak profiles) and alsg@
overall process time. In this first research sta
the electrolyte composition was kept the sam
however the parameters of PEO regime w.
varied.

The samples covered by alumina we
subsequently annealed and studied by a numbe
of methods usually applied for solid state. Thessthods were optical microscopy, scanning
electron microscopy, x-ray diffraction, x-ray engrdisperse spectroscopy, optical spectroscopy
and also surface roughness and hardness tests.

It was shown that the alumina morphology, strugtarel hardness strongly depends on the

selected preparation mode profiles.
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In present paper we have studied the optical ptigseand band structure in ferroelectric
based aperiodic photonic structures, namely therfabci lattices, combining ordinary positive
index materials and dispersive metamaterials. Tiuetsire present new band gap which in contrast
with the usual photonic band gap and do not basedterference mechanisms.

We also find that the width of the gap will be nrayim at an optimum filling factor. The
gap will vanish if the filling factor is greaterah a critical value. Moreover, for a given filling
factor and a metamaterial, it is interesting thatgap will be enlarged as the refractive indethef
traditional layer increases. Some distinctive atspetthese gaps are outlined and the impact on the
photonic spectra produced by the level of the germr of the aperiodic structure is analyzed.

Futhermore, we extend this result to other apetisgstems.
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“Frozen-in” density, anisotropy, and concentratilmctuations of undoped and doped glassy
SiOy, B203, GeQ, P.Os, TeG and their combinations were studied by joint aggilon of Rayleigh
and Mandel'shtam-Brillouin scattering (RMBS) spesttopy and high temperature acoustic (HTA)
measurements. Analysis of the data is based oro&dér's formulation [1]:

IR where F, IM® are the intensities of components of RMBS

RL7P=2.|MB=Rp+RC+RaniS

spectrum, Rp is the Landau-Placzek ratioy,RRc, Ranis are

the contributions of density, concentration, and anisotropy in.k

R, » -I.;_—g[(V/V org)” —1] where T, T are the glass transition and room temperatures,
and g are the extremely high and low frequency sonic velocities, correspogiy
Measurement procedures is described elsewhere [2].

Ri-p of glassy POs and TeQare found from the RMBS spectra of.la-P.Os glasses and
HTA data of RO-TeQ® glass melts [3]. It allowed to outline the compiosi range of well-
developed index fluctuations and, consequenthhtligcattering losses of Te®-.0s glasses.
RMBS and HTA data for glassy.83 with various amounts of OH groups evidencies tQét
groups causes the growth of light scattering los#gke discrepance of B of various samples of
glassy Ge@originates from dependence of G&&eO ratio on synthesis conditions. It was found
that clustering of N# ions in silica glasses causes both the growth of &d lowering lifetime
and quantum yield of luminesnce. This effect camdniced by addition of third component in the

system.
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Electro optical fibers (EO) seem promising as EQduatators in communication lines [1].
Inorganic glass compositions, drawing technologyd parameters of EO fibers are presented.
Groups with stoichiometry of EO crystal NaN&@® an alkali silicate glass led the dramatic inseea
in its Kerr coefficient. Optimal concentration obfDs in a glass batch was determined that ensured
the growth of Kerr coefficient, B, from 0B® m/V?2 (silica glass) to 100*® m/V? [2]. Usage of
the so-called bundle technology made the manufagttine trial single mode EO fiber possible [3].

Parameters of EO fibers made of inorganic and acgglass are listed below.

Material of a core Inorganic niobate glass Orgatass PMMA [1]
Diameter of a corqum 3 5
Glass transition temperaturg, P'C | 655 <230
Poling No at the drawing
EO effect Quadratic (Kerr) Linear (Pockels)
Half wave voltage WJ/d, V/um 5 5
Half wave length 1,2, m 20 384
Optical losses, dB/m\(= 0.64um) | 4 <30
Depth of modulation, % 4.5% 102 4.5x% 102
The bundle technology was used for Wavelength ]
manufacturing trial photonic crystal fiber  « > e

L[ Rod size (2h) 2.0 ym (2H=5.15mm) ‘

(PCF) from EO multicomponent glasses.
It was evidenced that PCF could keep
polarization of propagating light. Two
optical modes propagated in the PCF
within the transparency range breaking

Transmission [a.u.]

9
8
7
6
5
4
3
2
1
0

down to photonic band-gaps shown in o

Fig. The metal alloy was chosen for PV ‘ ‘ ‘ ‘

forming buried electrodes at fiber T e
drawing. [4] Fig.1 Transmission spectra measured along PCF fiber
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During past half-century, bismuth chalcogenides>$Bi and BpTes) were widely
investigated due to their pronounced room-tempegatihlermoelectric properties. Application of
these materials include thermoelectric generawon)ing and infrared detectors. Nanostructuring
these materials became a challenging task bectissieelieved that the efficiency of thermoelectric
materials can be improved by creating structuresravione or more dimensions are reduced, such
as nanowires, nanoribbons or thin films [1].

In our research, we combined bismuth chalcogeridartoelectric materials and graphene
in layered structures. Graphene — 2D crystallit&ralpe of carbon — is perspective candidate to be
used as a substrate for nanostructured bismutltazdpetide synthesis due to its lattice geometry,
allowing epitaxial growth of bismuth telluride abémuth selenide [2, 3]. Also, graphene is perfect
candidate for use as a top electrode in optoeleictrdevices due to unique combination of
properties — mechanical strength, excellent hedt edactrical conductivity and transparency for
visible and near-infrared spectrum.

Graphene/bismuth chalcogenide nanostructures wegrghesized by combination of
chemical vapor deposition (CVD) and catalysis-fiagor-solid deposition methods. Quality of
structure components was inspected by scanning@hemicroscope, Raman and energy dispersive
X-ray spectroscopy. Thermo- and optoelectrical prips of fabricated layered structures with
different bismuth chalcogenide compounds were itiya®d under ambient conditions, compared
and discussed. The presented combination of grapketh bismuth chalcogenides in layered
structures may have applications in flexible indcrsensors, thermo-power and local cooling

microdevices as well as in Li-ion batteries anodes.
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The films based on the different type of the lowlesalar amorphous azochromophores
were prepared. The optical properties of the maigrsuch as transmittance and reflection spectra
of the films, sensitivity to polarization holographecording by two wavelengths (405 and 532 nm)
were studied and compared.

The direct relief formation during the polarizatidvlographic recording was explored,
relief depth dependence on exposure and record gansity was investigated.

The holographic matrix on these materials base pvaduced without chemical etching
process; the replication of holographic image weadgomed.
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Phenomenon of direct surface structure formatiomdipgraphic recording is provoked by
photoinduced mass transport under polarized liginhination. Efficiency of recording is defined
by distribution of electric field vector of resulyj interference pattern inside the recording mgdia
2]. More profound studies showed the dependenciddro thickness and grating period. As factors
affecting the manifestation of given effect, we
should take into account the interaction between
surface tension and surface relief grating 15

formation forces created by light intensity

Pdif(0)/Ptr.

gradient perpendicularly as well parallel to
grating vector. The light propagation inside the

films volume - inner reflection and diffraction by 0

E) 25 5'0 7'5
surface relief modifying the structure of electric E, kifem?
field could be a factor affecting the surface rfelieFi9-1. Dependence of ratio for diffracted 1-st drd
orders light beam intensities on illumination doses
formation process too. In presented study wés:Ss sample thickness d = L@, recording light

. o . . intensities 1&12=4W/cn¥; grating period A=1um
consider the kinetics of diffracted light for (curve 1) and\=5um (curve 2)
different grating periods with the aim to evaluate
the possible impact on distribution of electricldienside the samples volume by appearance of

diffracted beams of higher orders.
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It was firstly shown by P. Rochoet al. [1] that stable, highly efficient surface relief
gratings can be optically induced on surface ofpagoner films. One of the used methods to
induce mass motion is holographic recording usirayelength corresponding to the absorption
band of the azo compound. The sinusoidal lightriatence pattern on the surface of the sample
leads to a sinusoidal surface patterning - a serfatief grating (SRG). As confirmed by atomic
force microscopy (AFM), these gratings are foundéovery large, with depth up to hundreds of
nanometres and they diffract light very efficien{l]

In this work azobenzene containing low molecularight organic glasses were
experimentally studied. All of the studied sampédssorb at the visible spectrum. Holographic
recording with different wavelengths in the spectruange of 375 — 671 nm and different
polarization states of the recording beams (sys,apd +48:-45°) was used. Diffraction efficiency
was measured during the recording of the SRG. Rimmaf the SRG was observed in all of the
studied samples with depth determined by AFM toupeto 600 nm. The relationship between
formation of SRG and photoinduced birefringenceisgsussed.
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In this presentation, the efficiency of excitoniechanism of radiation-induced defects
formation in insulating solids is discussed. Welyg®the condition of nonradiative exciton decay
into stable Frenkel point defects and compare éxygertal and theoretical values of primary defect
formation energies, band gap and absorption ereiga@uding wide class of materials (halides,
binary and ternary oxides etc).

In materials, containing F centers, the relatiotwlken the stable F center (anion vacancy
with trapped electron) formation yield vs matesalictural parameters under irradiation (known as
Rabin-Klick diagram) is widely used. We demonstratethis talk, how this diagram could be
generalized for a whole family of alkali halidesotto NaCl and CsCl —type structures). For this
reason experimental data on the F center produefiiciency (eV/center) vs. S/D parameter (the
ratio of the separation between halogen ions aachetier of the halogen ion) for cesium halides are
collected and analysed. We discuss also currenergtahding of the F-type center formation

process in alkali halides and oxides with a speatiaintion to self-trapping of electron/holes.
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To provide total amount of the irradiated light@minous flux, integrating spheres are used
[1]. Application of integrating sphere is helpfusa for design of light source consisting of many
light emitting elements like LEDs. It is very impant to know irradiance spectra and total
irradiance in photometric units of each sourcesTHmowledge enables us to predict light colour of
mixture when we change voltage on few LEDs apadtahat once. Also we can predict colour of
objects illuminated by our light source, becausgedab in our environment doesn’t appear coloured
till they are illuminated by proper light sourcexdellent light mixing properties are useful in amio
vision science where ability to change light souspectral properties is essential in order to get
more inside in nature of person colour perception.

In this study we design and produce integratingesplby 3D printing and CNC milling
techniques. We have designed integrated spherenvbthrdiameter with 4 openings — 3 of them are
meant for light sources and 1 of them is for spentter or other sensors.

The inside surface of the sphere is covered with-fherescent white ink. Spectral
reflectance was tested with calibratd8B4000 Ocean Opticgpectrometer and fibre optics in the
visible and near infrared wavelengths range. Thdase structure produced by 3D printing
provides more scattering comparing to absoluteaserfbut this does not influence the reflection
properties. Device is suitable for photometric easibn of small size light sources (2x2x4 cm) and
provides excellent light mixing for vision scienaed colorimetry.
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With increased strain on petroleum resouneeties are replacing traditional materials inigas
industries. Textile fibers and fabrics are increasingly beirsgdi to create fiber-reinforced plastic
composites that have the fabric structure and sarfiensity suitable for the future use of the
particular composite and in which fiber materiakls eompatible with the matrix.

Woven composites are superior to conventional nadsedue to their stiffness, strength,
stability, weight, cost, manufacturing, corrosioesistance, insulation purposes, taking shape,
etc...The main factors to evaluate when decidingethdr to use a textile composite or a
conventional tape laminate are mechanical promedied the ease and cost of manufacture [1].
Textile-reinforced thermoplastic composites havgehapplication potential in rapid manufacturing
of components with versatile possibilities of ingng functions. In structural applications, téti
composites are usually used as reinforcement dutneopossibility to tailor the load bearing
capacity through the fibre architecture. As a reil their growing potential for lightweight
applications, textile-reinforced thermoplastic casipes are becoming of greater interest for the
industry. Thermoplastic composites show a numbadeantages compared to classical composites
based on thermoset matrices, among which the plitysdd low-cost, rapid production has to be
mentioned first [2].

The aim of the research is to look for a rapid nfacturing of components with versatile
possibilities of integrating functions. The hempelis and polypropylene fibers were used for
reinforcement production. To ensure better mecl@pioperties of reinforcement, 25% or 50% of

glass roving in warp direction was added. The perémce of woven reinforcements was tested.
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Object of research is industrially produced Na-AgRss fiber fabrics having diffusion of Na
ions to surface of elementary fibers that reach @, and humidity from atmosphere and create the
shell of mixture of hydrated carbonates on glasberf [1]. It is known that trona
(NaCOs-NaH(CG)-2H20) heating over 56 °C and hydrated sodium carkeor{alaCOs-H20) heating
over 100 °C leads to its decomposition to sodiurbarzate (NaCOs) and weight loss by evolving-B
and CQ to atmosphere. There are experimentally invesidydhe samples weight retrieval at room
conditions and in elevated relative humidity enmimeent. The weight increase is analyzed by regressio
technique. In the first 0.2-0.4 h after heatingwedght increases with high degree$B.99) follows to
regression

AM (t) = Ao - Arexp (-t/t) - Azexp (-t/b), 1)
where A, A1, A2 are weight constants, t - time constants {K t). lim AM(t)=Ao if t—o0. lim AMy(t)
=Aexp(-t/)= Ar and limAMa(t)=A,, if t—0. As=A1+A, and {<t» [2]. The short time (} exponent (1)
of weight increase is associated predictable widtewand C®@ absorption on the shell surface and
second exponent with water and £dffusion inside the shell, allowing its additidrabsorption. As a
rule are i<<t, and initial weight absorption velocity:»>Vv>.. Some hours later appears the fabric
thickness growth, associated with irreversible wated CQ incorporation into carbonate molecules.
Weight recovery velocity and level are determingd emvironmental humidity level. At the low
humidity levels (15-20 %) the weight relation afbefore heating reach 1.0 after some thousandshour
Later there are observed some decrease of falicln#ss indicating to compacting structure of shell
a case of high humidity (65-70 %) relation attateanaximal value (above 1.0) after tenths homd a
then slowly decreases to a stable value (abovethiad)may be determined by increased equilibrium
content of free water of fabrics. Decrease of weguld be caused by changes in weights of mixture

components at unchanged number of Na atoms
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Sustainable development issues and rapidly growingal demand for technical textiles
(woven and non-woven) for a variety of applicatiansthe energy, automotive, aerospace and
defense industries is stimulated to develop neveras based on hybrid textiles materials (fibers,
yarns, fabrics) — woven and nonwoven. We are doargplex research on such new material based
on natural and glass fibers. In these hybrid fabvie benefit from the advantages of particular
fibers which, when combined, may satisfy specifistomer requirements for hybrid hemp-glass
fiber yarns. For that we have to investigate soemenl features related to such fibers and fabrics,
which are porous.

Recently many researchers recognized there isgstmarest in new nanostructured porous
materials based on fabrics or textiles for the i@ptibn electrochemical technologies and devices.
The fabrics have wide application as support mateor substrate for functional species.
Nanostructured textiles where conducting substaocated on porous textile fibers, are serving as
conductive three-dimensional frameworks for eletgqmosition of functional species. The actual for
textiles are topics which textiles are used botlfuastional construction material and as a support
of functional species for electrochemical devices.

A comparative study had been done of flax, hempghask fiber fabrics coated with Ni, Cu,
NiO and CuO. The fabric samples before coating beeh treated (etched) in argon plasma and
after that in the DC magnetron sputtering processbdeen coated with metal or metal oxide.

The microscopy (OM, AFM), sorptometry, TGA-DTA, Ram and electrical impedance
spectroscopy data are used for characterizatiooated fabrics.

The impedance 4) spectra and their components €) versus of metal, oxide and water
content are going over percolation threshold. Tloelehfor description of electrical properties will

be presented.
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Incorporation of the additional functionality intwaditional textiles allows adding new
valuable functional properties, finding new apgiica areas, solving ecological problems and
enhancing the quality of the consumer life, assallteof that the added value and marketability of

the product shall increase. Technical and special

use textiles often need a finishing coat ensuring
water-repellence i.e. hydrophobic features.
Natural - cellulose fibers have the highest content
of active hydroxyl groups (-OH) thus providing
most effective moisture binding properties.
Furthermore, the ability to repel water als
enables a surface self-cleaning [1-2] effect an
together with water-repellence, this provideé;:%élesgzg;a;;dfs LCOtton textile surface wettability
important additional functions in clothing as well
as these features be well in demand across ditfezgtile products for outdoor use.

Cotton textile treatment by sol-gel technology tbe obtaining of ZnO/Si®coating is
providing to cotton textiles water-repellent prapes (Fig. 1) even after 50 cycles of intensive

hydrothermal treatment of the treated material &ted is providing a surface self-cleaning.
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Electroconductive polyisoprene/nanostructured aarltack (PNCB) composites show
pronounced piezoresistance effect when subjectedetchanical deformation [1]. This effect has

been used to elaborate flexible mechanical presamsors [2].

To study changes in PNCB composites, [RRE AR T R L R T I

000 L~~~ : : A EREEE

which are induced by mechanical pressure, L s e i B

capacitance measurements of PNCB samples [ ~~-_ Gerii

were conducted while applying mechanicalg **[™w.. | 2o /
pressure. wosl i o

Relative capacitance changes depending _0_08_/\/ __EEEE;ZFEP _
on frequency and applied different values of o b ) | “'“;"Igg;gg;;gjg;
mechanical pressure for PNCB sample containing | " h . o 100 "

Fig.1 Frequency dependence of pressure induced
felative capacitance change of PNCB composite,

per 100 mass parts of polyisoprene) are shown fiqntaining 6 phr of CB.

6 phr of carbon black (6 mass parts of the fille

Fig.1. It can be seen that mechanical pressurecesdaapacitance of the sample, but values of
relative capacitance change are different at aljdencies measured (20 Hz - 2 MHz). Maximum
absoluteAC/Cy value (the maximum effect) for the sample is atbih kHz. PNCB samples
containing different amount of CB showed differaerdlues of maximum effect at different
frequencies. Samples with extremely small CB filentent (3 phr CB) or extremely large CB filler
content (10 phr CB) showed a decrease of capaeitamange effect.
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Electrochemical water splitting has attracted sufisl interest in the recent years as a key
process in hydrogen production from sunlight anldeptsources of electricity. Recent experimental
studies have demonstrated that:@ois high-promising anode material for electrochexhiwater
splitting due to its high catalytic activity in tlexygen evolution reaction (OER) [1]. In this coxite
understanding the interaction of §0n surfaces with water is an essential preliminagey shat can help
to shed light on the atomic scale reaction mechaniOur attention is focused on investigation of
Cao304 (100) and (111) surfaces which are the most amilydpresented in G@®4 nanoparticles [2].
Density functional method is applied to describertmodynamics of electrocatalytic water splitting on
the Ca0O4 (100) and (111) surfaces. We calculated free gnehginges along the reaction pathway
using the computational standard hydrogen elect{&E) allowing us to replace a proton and an
electron with half a hydrogen molecule at U = 03/SHE. The analysis performed for the free energies
is at standard conditions (pH =0, T = 298.15 KgJ &ah= 0.

Using accurate DFT+U calculations, we shown thaewadsorbs dissociatively on £ on the
(100) and intactly on the (111) surfaces. Fromdbmputed free-energy changes along the OER, we
found that the (100) surface is catalytically imeetwhile (111) surface demonstrates some
electrocatalytic activity on its threefold coordied surface cobalt ions. In this case free enengnges
along the OER is the same to corresponding valughi® most stable termination of (110) :Oa
surface. Fluorine doping of @04 nanoparticles drastically changes their interactiath water. In our
investigations solvent effects are generally exge¢d be small for neutral species, the neglechef
water environment is a rather drastic approximatifmm which the main justifications are that it
provides a qualitative description of experimentalbserved trends, and it is the first step towaate

complete treatments that include the solvent.
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In the present work, in the context of the physitsation substitutions we have carried out
DFT electronic structure calculations on the syskAs. Of the main interest were the studies of
the possible insulator—-metal transition causedifigrdnt types of defects as well as the testing of
number of relevant sustitutional impurities in artie change smoothly the value of the forbidden
electronic gap. In particular, special attentionsvagedicated to the effects of partial Ni and Mg
substitutions for Fe atoms. It was found that timsulator-metal transition occurs at 6%
concentration of impurity. The closing of the faten gap is caused mainly either due to 3d-states
of Ni or due to 2p-states of Mg. The significané¢he hybridization effects is demonstrated.
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Fig.1 Calculated total density of states (DOS _. .
FeAs. The valence band top locates at 6.38 eV. Fig.2 Calculated total dgnsﬂy of states (DOS) of
Fe&.93MQgo.0s3AS2 The Fermi level (B locates at 6.49
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Single crystals of LsBiOs:Ce and ¥SiOs:Ce can be used for fast detectionqobr X-rays
in many applications such as medical imaging, l@ghrgy physics, environmental monitoring, etc.
However, the presence in the luminescence decagtisn besides the €erelated fast (ns)
component, of slowus-s) components negatively influences the scitibilacharacteristics. The
aim of our work was to clarify the origin of thefdets and the mechanisms of the delayed
recombination processes resulting in the slow lemgerature luminescence decay of these
crystals. For that, time-resolved emission andtakon spectra and luminescence decay kinetics
are studied in the 1@is - 10 s time range. In the luminescence decayti&meboth the
multiexponential (at t<5@s) and the nonexponential (at t>pf) decay stages are found at 4.2-80
K. Mainly the Cé" emission is observed at the first stage, and thahntrinsic £2.6 eV) and the
Ce** emission, at the second stage. At t380 tunneling recombinations in the pairs of spigtial
correlated and randomly distributed electron ané henters are responsible for the nonexponential
luminescence decay.

The appearance of electron and hole centers iorjffs¢als studied has been explained in [1]
by the photostimulated electron transfer from takernce band (VB) to an oxygen-vacancy-related
electron traps. The mobile holes, appearing inMBeas a result of this process, can migrate along
the crystal lattice and be self-trapped or trappedxygen ions, located near intrinsic and/or
impurity defects, producing various-@pe hole centers, or at €dons, producing C¥ centers.
Tunneling recombinations in these electron-holespaie accompanied with the slow intrinsic and
Ce**-related emissions, respectively. Recombinationsl@dftrons, optically released from different
traps, with the hole Cé centers result in the multiexponential decay ef @€* emission at t<50
us. According to [1], the S¢f excited states of Geions are not involved into the low-temperature

delay recombination processes.
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MgO single crystals have an energy gap below

16

. . a
the critical energy for the creation of Frenkeladt$, le14 Kr.cp?
[a W
. . .. . O +
and are highly resistant to radiation. MgO is & 1
] 5e12 Kr.cm?
promising material for application in nuclear fusio § 12} N
. £ _ _ unirradiated _ _ _ _ _ "
reactors and nuclear technique. A study of the oble
10 —
electronic excitations and elastic collisions ing 15} bl, &
o el.en. loss =
structural damage and modification of 5? . s
o E10} 148
. . . . cC C f.
micromechanical properties of MgO single crystals® > g
é’ ) )
. . . i - . I 5| ® ()]
irradiated with swift ions is presented. Irradiatiwas S > 2g
. 4 o 2 vacancies " g
performed with 150 MeWKr and 24.5 Me\A“N ions 0 el 0 S
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Fig.1 Depth profiles of (a) hardness of MgO
investigations with AFM, optical absorption irradiated with 150 MeV Kr ions at fluences10

] ] ) _ and 5x1@? ions.cn? and (b) electronic and nuclear
spectroscopy, nanoindentation, and  dislocatioBnergy loss, calculated using SRIM-2008.04
Hardness measurements obtained on cross-sections.

at fluences up to 1B ions.c?. Complex

mobility methods were conducted. Optical absorptio
spectroscopy confirms ion-induced formation of Erend complex color centers. Irradiation leadario
increase of hardness associated with formatiormfinduced dislocations and interstitial clustérise
depth profiles of indentation hardness and dislonamobility along the ion path confirm joint
contribution of electronic excitations and atomisptacements by elastic collisions (increasing tiité
depth) in structural damage of MgO. The impact raam becomes dominant in the tail part of the ion

range where ion energy losses caused by elaslisi@a$ reach considerable values (Fig.1).
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Blue-emitting phosphors CdWO4 were prepared by dthermal route, precipitation
method and high temperature solid-state reactidre broad and asymmetrical excitation and
emission spectra were related to the particledizbe product and were investigated deeply. Three

charge transfer bands were obtained in the exmitapectra through Gaussian fitting.

According to the dielectric theory of th
chemical bond for complex crystals, a new factor

corresponding to chemical parameters of every W [

5 L Aem=527 nm
bond was calculated.1 Thus every charge tran:g |
band was assigned to be from one kind of W-O bcé -
within WO6 group. The emission for the tungste
groups originate from the charge transfer frc | e

excited 2p orbits of O2- to the empty 5d0 orbits - ' : ' - ' !

the central W6+ ions. Possible energy trans Wil
process was given to illustrate thFig.1 The excitation spectra of Cdweénd Gaussian
. fitting results.
photoluminescence process. The thorough study ...
charge transfer transitions of CAWO4 will be helffw understanding the energy transfer between
charge transfer band and the activator in CdWO4 waitidbe useful for the applications of the

photoluminescence of tungstates.
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Materials synthesis using various template tecleschecomes popular during last years due
to simplicity and often low costs [1]. Such approacvolves fabrication of the desired material

within the pores or channels of a template.

Fig.1 Confocal images of NiO produced by templatatlsesis based on cellulose (left) and cotton {figh

In this study we report on a facile template-basgdthesis of nickel oxide from nickel
nitrate solutions using cellulose and cotton temeslaFig. 1). We have found that thus obtained
NiO samples retain the morphology of the templases their properties can be easily controlled
by modifying the solution concentration. In partan) we will focus on the lattice dynamics,
antiferromagnetic ordering and visible (red) photoinescence of templated nickel oxide in

comparison with micro- and nanocrystalline NiO proed by other methods [2-4].
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Electrochemical properties investigation of Zi? compound shows that it has a theoretical
capacity of 121 mAh/g and is an attractive cathooaterial for Li-ion secondary batteries
[1,2].TiP.O7 has a cubic superstructure<gx3) (space group P) with Z = 108 formula units in
the supercell [2].In such superstructures cellschin be insert down to 2.2 V vs ‘i
corresponding to the reduction of*Tto Ti** [3]. According to [4] TiRO; compound is proton
conductor. The dielectric permittivity of Ti®; ceramic was investigated in the frequency range
between 20 Hz and 1 MHz from room temperature ® R7In the temperature range 473 — 573 K
and at temperature 873 K the anomalies of dietectrnstant and loss were found and conclude that
anomalies are caused by phase transitions inCOFi5]. The peculiarities of solid electrolyte
properties at Li insertion into Ti®7 and phase transitions phenomenon stimulate thestigegion
of some members of pyrophosphate family. In thesgme work we synthesized the powder of
LiaxTi1xP2O7 (x=0; 0.1) by solid state reaction and structgtablies of the powder were conducted
by X-ray diffraction (XRD). For investigation ofeadtrical properties of the compounds the ceramic
samples were sintered. The results of the invdstigan electrical properties of the ceramics ia th
frequency range (10 — 3-90Hz and in the temperature range (400-720) K byeddance

spectroscopy are presented in the paper.
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Selective heterogeneous oxidation of glycerol i® af the most frequently glycerol
transformation methods studied today. Fine-dispeoseposites consisting of noble metal and its
support are found their application as effectivialyats in the glycerol oxidation. In the glycerol
oxidation number of valuable products can be okthiand one of these products is glycolic acid.
Glycolic acid has a broad application field — itused in textile, food, pharmaceutical and plastics
industries. Unfortunately in the literature thesepoor information about glycolic acid production
from glycerol.

. . . d .

Using extractive-pyrolytic method, we hav bpt Glycerol | Glycolic acid

) _ _ _ Catalyst y conversion| selectivity

synthesized several fine-disperse platinum ann? mol% mol%

catalysts, supported on different carriers. It w_5%Pt/FeOs® 8 56 53
o | 2.5%Pt/FeO;° - 31 60
shown that all catalysts except with iron materi{ 719%Pt/FeOs> | 11-35 47 55
5.8%Pt/Fé - 48 60

as carriers were mostly selective to glyceric acia

. . . Table 1. Selective oxidation of glycerol to glyeoticid.
glyceric acid formed as the main product. Only g, tion conditions: o(CsHgOs) = 0.3 M, G(NaOH) =

. .. . . =3 b
the case of iron containing nanocomposites glyc%bﬁ ':"C’: ”(Pe(‘g’;())s)i ”(f tz,ﬂm %%%ggr/] mt(i)rlﬁ?% TOl/(l;r]a(;glyst

acid formed as the main product with go(gglcination temperaturé-300 °C,’-500 °C,600 °C;
catalyst calcination timé: %5 min,°-~30 min.

selectivity (Table 1). Glycerol oxidation was

carried out in mild conditions — atmospheric pressdow temperature. In the literature under

similar conditions glycolic acid was obtained oal/by-product with low selectivity (< 20%) [1].
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In this work, we applied a cyanoethyl pullulan (GERin film as a buffer layer and a
ploy(vinylidene fluoride trifluorethylene) (P(VDFIFE)) film as a ferroelectric layer. The C-V
characteristics of the Au/CEP/p-Si(100) MIS (Mdtadulator-Silicon) structure revealed that the
5wt%-CEP thin film had good electrical propertieslavas suitable for a buffer layer in a MFIS
(Metal-Ferroelectric-Insulator-Silicon) structuraVe estimated the EOT (equivalent oxide
thickness) value of the CEP film as about 11nm.

For the Au/P(VDF-TrFE)/CEP/p-Si MFIS structurese ttmemory window width increased
as the bias sweep voltage increased. The memodowinvidth of MFIS structures is over 6V at a
bias sweep range of +7V. The value of the leakageent density is about 3.6 x T0A/cn? for a
P(VDF-TrFE) (5wt%) thick film.
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A method for refining silicon is developed, whicbneprises electron-beam melting of
silicon using an electron beam gun, followed bywan and then oxidative purification of low-
grade silicon from impurities, such as phosphoansenic, antimony, boron, then crystallization of
the molten mass of silicon.

The method provides evidence of the possibilityptoduce solar elements from relatively
low grade and low-cost silicon through vacuum etectbeam purification and forming quantum
dots arrays, using crystallization under the deddanfluence of an electronic beam (scanning the
surface of the silicon melt under a specially depetl program) and applying additional treatment.
The material containing three dimensional quantats drrays has a higher efficiency compared to
a commercial silicon solar and may provide a b&sismproving the construction of a solar cell
with increased photo effect derived from absorlmhmfrared radiation.

The method involves the usage of electron bearmtdogy for obtaining highly purified
basic material containing nano-clusters where #reaining metal impurities concentrated upon
completion of silicon purification procedure. Pigd basic silicon has the impurity level of less
than 0.5 ppm. Due to the high content of quantuts dtusters, being small traps in the silicon
obtained through the use of the described metltddight releases charge carriers from these traps,
which leads to an increase in photoelectric curamd thus increases the efficiency of a solar
element.

Solar cells made from such silicon show increagkdency in the wavelength range of 1-2
microns and the degradation period of solar ceBsgi the quantum dots cluster effect is
considerably longer than that of regular solarscelade of commercial solar silicon.
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Amorphous calcium phosphate (ACP) plays an importasie in the formation of
biominerals. More crystalline analogues form mdebke configurations of biological apatites [1].
The diversity of possible arrangements within thatee structure requires sensitive tools to detect

changes. Tracking the bond type provides atomic

level sensitivity through various spectroscopy / \
. . . . . , ‘ Nonapatitic
techniques. This work will consider Fourier / \ (866 cm)
| | 1 Apatitic - B type
transform infra-red spectroscopy — diffuse reflacea / \ \ e em
Apatitic - A type

induced reflection (FTIR-DRIFT) for collecting the

\ (88 cm™)

spectra and deconvolution to identify changes in _ —~

bonding as a means of more powerful detection.

1 I L
0 R20 840 cm' 860 8RO 900

Spectra were recorded from poorly crystalline

. . e L. Fig.1 Separated peaks from deconvolution of the
apatites synthesized by wet precipitation. FTIR- g '\Dlzcos ban with Magic Plot

DRIFT was used to study the chemical environments

of PQy, CGs, OH ions and water molecules. Deconvolution @&csa separated overlapping bands
in thevsPQy, 12C03, v3COz and OH region allowing a closer analysis of changisin the material

at the atomic level. Poorly crystalline apatitbewsed additional bands which do not appear in
well-crystallized apatites signifying greater véilay at low structural order. Additional peaks
have been designated as “nonapatitic’ f@PQi, v2COs bands (Figure 1). FTIR DRIFT
spectrometry in combination with deconvolution dddoe used as an advanced tool for qualitative
and quantitative determination of “nonapatitic” ¢ @patitic CQ, PQ: and HPQ bands, as well as

chemical analysis and a measure of crystallinity.
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The integration of nanoparticles within a pogm is widely used to create
nanocomposites with enhanced material promerff®lymer based nanocomposites have

attracted increasing attention because of r thenique properties emerging from the

combination of organic and inorganic materials 24y

[1]. Our nanocomposite includes 203 K *
polydimethylsiloxane (PDMS) which distinquishes{\la o
from other organic silicones for its lowest glass-\g, » *°
transition temperature (168 K) and good thermaltg
stability, ZnO - a semiconductor with a relatiel ‘ ‘
0 4 8 12

high longitudinal acoustic wave velocity (6027 m/s) ZnO content in PDM$ %)

Investigation of mechanical relaxation over &rig.1. Experimental dependency of ultrasonic

attenuation on ZnO content in PDMS

wide range of temperature in PDMS-ZnOnanocomposites

nanocomposites with different concentrations of
ZnO nanoparticles (30 nm) (0, 1, 2, 5, 10 %) paormed in order to determine the interaction
between the ZnO nanoparticles and PDMS polymer.

Figure 1 shows dependency of acoustic wave attemuan the concentration of ZnO in the
nanocomposite at room temperature. It can be obddroem the figure that the height of the loss
increases with addition of ZnO. We attribute thispendency to the additional elastic energy
dissipation due to wave scattering from the diguk@nO particles similarly as it was observed in

styrene-butadiene rubber with rigid polystyrendipkas [2].
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Zinc oxide is known as a promising semiconductotema for production of transparent
electronic and opto-electronic devices. It is poigsto obtain structural changes in ZnO and other
semiconductors samples using laser-treatmentt[hhd been observed that in the laser-treated ZnO
sample the recombination luminescence (RL) spemrssist of two bands (630nm and 740nm)
with different decay times. All bands detectedhe RL-EPR belong to the RL band with slower
decay time. Using modulation of microwaves (PL-EPRJ}s possible to observe one donor band
which does not appear in the RL-EPR spectra. Thecthsl RL-EPR spectrum has a pronounced
angular dependence. The EPR measurements showngeest some transition elements in the

investigated samples. The mechanisms of the Rhdraser-treated samples will be discussed.
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Extensive experimental and theoretical studies Hmeen reported on scandium trifluoride
(Sck) cubic structure due to its distinct property @gative thermal expansion (NTE) over a
temperature range of 10-1100 K. Our electron pagaiic resonance (EPR) studies at room and
liquid nitrogen temperatures show presence of s¢gétuctural defects.

Observed angular dependences with g = 1.992 and/3 m the single crystal Segkre
caused by the Gt impurity ion embedded into Scposition. Previous zero field splitting (ZFS)
parameter values of SeBd®" at 77 and 290 K [1] are swapped in [2], therefoeereinspect ZFS
parameters and investigate, what effect NTE hashem. Parametersbsuperposition model
analysis is in good agreement with studies madetfoer cubic perovskite fluorides. [3].

EPR signals of powder samples could be explainedway overlapping spectra with
g =2.002. Defect models with S=1/2 and supertiype interaction non-equivalence and

anisotropy with six neighbouring fluorine ions wiké discussed.
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In the present work we report results of spectrpgcanvestigations of gallstones.

Gallstones could be divided on three main typeslegterol, brown pigment, black pigment
and white pigment stones [1].

The each gallstones was separated in differenplesnby gallstone’s component color.
EPR and EDX observed spectra show differencestdiolied components. We received information
about composition of gallstones by EDX spectrosd@pyO, Na, Mg, Si, Cl, Ca, Fe, Cu, Al. S, K,
Ba, I, Zn).EPR spectroscopy let us to reiceve information abtactronic states of transition metal
ions (Fe3+). EPR spectra obtained for black pigntenve two EPR signals with g-factor = 4.8
(high spin state S= 5/2 of Fe3+) and EPR signah gifactor = 2.003 (low spin state S=1/2 of
Fe3+). Micro-Raman spectroscopy also used forctieracterization of gallstones particularly
carefully researched gallstone with a white pigmest there assumed the presence of calcium
carbonate. Calcium carbonates, are to exist iremdifft polymorphs: calcite, aragonite, vateritel an
amorphous CaCO3. There are numerous examples gérbm calcite and aragonite, as well as a
growing list of discoveries of biogenic CaCO3 fotmoa via transient amorphous calcium
carbonate [2-3]. We observed Raman spectra oftealand aragonite in the gallstone with white

pigment.
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CasAl206 (C3A) belongs to a rich family of CaO-A); compounds being a wide gap (~6.5
eV) insulator. It has been shown to be a promisnagerial for doping with rare-earth ions [1]. C3A
has a cubic crystal structure and 6 non-equivadesitions for C& atoms. Only a few reports have
been published about EPR active centres in pure &8Adoped with various rare-earth ions. In
previous EPR studies lines belonging to2¥oentre [2] in undoped C3A and lines with g-factor
around 2 belonging to ‘Gand F centre in Eu doped C3A have been found at tempestbove
room temperature [3]. In this work we present rssaf EPR, thermo-stimulated luminescence (TL)
and photoluminescence (PL) studies for undoped Eud and P doped C3A, which cover
temperature range of 5 — 300 K.

C3A powders were prepared by self-propagating catitou synthesis, followed by thermal
post-treatment. Phase purity of resulted samples agafirmed by XRD. TL measurements were
performed at the cathodoluminescence setup andrERurements on the Magnettech MiniScope
MS400 X-band (9.3 GHz) spectrometer at the Ingitoft Physics in Tartu. 6 lines belonging to
Mn?* centre with g-factor ~2 and hyperfine coupling stamt ~85 G were detected in non-irradiated
samples. The splitting of these lines can be cabyedifferent non-equivalent positions of &in
while substituting C% ions. Irradiation of samples at 77 K with X-rayiseg rise to extra lines
around broad central line with g-factor ~2. Anadysf TL glow curves, PL temperature quenching
and EPR spectra at different temperatures enalite propose some interpretations for the origin of
the revealed g~2 lines in pure and doped C3A. Téwrenic properties of pure C3A, luminescence
and defect centres will be discussed.
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The study of blood and hemoglobin radiation dam&gesery important in order to
understand the biological effects of ionizing réidia. Various physical techniques are used to
determine structural damages of blood and hemaglatbéer irradiation. The new data on structural
changes of oxyhemoglobin under irradiation by Mas&p parameters to estimate the probability of
protein degradation products and proposed schemybemoglobin radiolysis processes [1,2].
Confocal micro-Raman and FT-IR spectroscopies haeen used for detection of radiation
influence of hemoglobin of patients examined by ioadotopes diagnosis (Tc99m). After
irradiation we observed some little changes of Rlagnan scattering bands which connected with
out of plane porphyrine bending vibrations, also wbkserved additional band due to
methemoglobin [3]. Radiation of blood leads to ttmansition from hemoglobin (Fe2+) to
methemoglobin (Fe3+) with a delocalization of ifbom porphyrine plane. We have chosen the
EPR method to study the effect of radiation on 8lob is a sensitive method for detecting the
valence state of iron and copper ions.

In the present work we report results of invesiaye of radiation influence on blood of
patients examined by radio-isotopes diagnosi$®JcChernobyl clean-up workers blood, human
blood before and after radioisotope®ftdiagnosis and irradiated blood in vitro using &l@mc
paramagnetic resonance (EPRBPR spectroscopy let us to reiceve information alebectronic
states of transition metal ions e It is shown that EPR spectra of blood of patieafter
examination by radio-isotopes diagnosis has sighahe ion Fé&" (methemaglobin) in low-spin
state with g = 2.0 and in the high spin state witi6.0. We can also detect EPR signals from the
metal-protein transferrin (g=4.3) that contains tien-haem rhombic iron. The EPR signal of
human blood mixed with P&" has signal F& (methemaglobin) in low-spin state with g = 2.003

only.
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Our former studies on color center creation in tifstals demonstrate a strong influence of
both the ion energy loss (£§ and the applied fluence (absorbed energy) [1TB¢ present study
compares the process in the crystals irradiatedh it MeV ?C (<&>=1.17 keV/nm) and
221 MeV 13%e (11.8 keV/nm) ions. Besides the lower

w

12, . .. LiF 221 MeV Xe
energy loss,“C ions have some peculiarities of 1000l {5 aem?

interaction with the LiF target (see [3] and referes

N

—~
& 5.0x10°
w

£
within). Irradiation with Xe ions leads to satupatiof 3
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—e— N,
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single F centers (aNe~ 10° cm?®) at the absorbed A |
energy of 1.3x1¥ eVien? (Fig. 1) and at higher Y perbed ey ey

absorbed energy no decrease was observed both gﬁg

o

Absorbed energy (eV/cms)
1. Volume concentration of F centers
the optical density at 445 nm of fz*

single F centers and/Fs* centers (the absorption of F centers vs the absorbed energy in LiF
crystals irradiated with 221 MeV Xe ions at

and E* centers overlaps, and their concentrations cannibe beam current densitv of 10 nAZ.

be extracted [2]). In LiF irradiated with 21 Me¥C ions the saturation of single F centexs {

2.3x13° cm® occurs at the higher absorbed energy of ~B%®Y/cn?. Further irradiation

decreases concentrations of both single F affes'Fcenters due to the active formation of larger

defect aggregates (colloids, vacancy clusters). d@eculiarities of the color center accumulation

under irradiation with?C and'*%Xe ions are analyzed in the framworks of the malsleloped in

[4].
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Crystalline Y-03 has body-centered cubic structure (space groupZaB6) with the unit
cell consisting of 80 atoms, where thé*Yons occupy two non-equivalent (8(b) and 24(d))

Wyckoff positions with different local environmefdi]. In this study we have investigated the local

structure of crystalline and nanocrystalline

N

............. Experiment
RMC-EXAFS

-

Y203 using the Y K-edge x-ray absorption

spectroscopy.

EXAFS x(k)k? (1/A2)

The extended x-ray absorption fine

structure (EXAFS) has been interpreted using

the recently developed reverse Monte Carlo
and evolutionary algorithrm (RMC/EA) <

14
approach [2]. The method is based on theﬂz

. . e <
random changes of atomic coordinates within
[a]

Experiment
RMC-EXAFS

3D structure model of the material with the

Wavelet transform
(Experimental data)

aim to minimize the difference between

. ) g g g 4 6 8 10 12 14
experimental and theoretically calculated IM[FT] (1783~ WAVENUMBER k(1/A)

. . Fig.1 Unit cell of crystalline ¥Os3 (upper left panel) and
EXAFS spectra (Fig.1). This approac he results of RMC/EA EXAFS calculations for crybiee

_ Y203 at room temperature: Y K-edge EXAFS spectra
allowed us to analyze thaemperature (upper right panel), their Fourier transforms (H&ft
dependent Y K-edge EXAFS spectra fronpanel) and the wavelet transform (bottom right hane
Y203 considering the influence of multiple-scatteringfeets and contributions of outer

coordination shells, as well as structural andrttaddisorder.
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Cubic Y203 (space groupa3, Z=16) is technologically important material with cplex
crystallographic structure, composed of two typegflar and distorted) of Y& octahedra [1].
Recently, the lattice dynamics of yittrium oxidesh@een studied in details as a function of pressure
in three phases: cubic, monoclinic and hexagonall{2vas shown that some Y-O bonds show
large compression upon increasing pressure andegponsible for the change of coordination
around Y atoms in the monoclinic phase [2]. Thegit#on to the hexagonal phase is displacive in
nature [2].

In this study we decided to take a

closer look at material behaviour in a wide
range of temperatures from 300 K to 1300 K

)

?

at atmospheric pressure. The local structur

R

(

and lattice dynamics of cubic 2®¥: were

2 (k*

studied experimentally using the Y K-edge x-&

ray absorption spectroscopy and theoretically °[ --- - MD simuiation

—— Experiment

. : : . -15 ¥
using classical molecular dynamics and lattice L i T - - -
o 1 2 3 4 5 6 7 8

dynamics simulations [3]. Several force-field Distance R (A)

(FF) models were choosen and vaIidatEi& 1. Fourier transform of the experimental (solid line) &
Ssimulated (dashed line) Y K-edgeay absorption spectra for cu

comparing experimental and calculated Y KzO:atthe temperature T=300 K.
edge extended x-ray absorption fine structure (EXABpectra. The obtained results on the

structural and thermal disorder in cubigOg will be discussed.
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Oxide dispersion strengthened (ODS) steels amnipiog materials for fusion reactors[1].
In this work we have studied local structure of OBt8el raw materials with X-ray absorption
spectroscopy using analysis of X-ray absorptiorr eelge structure (XANES) and extended X-ray
absorption fine structure (EXAFS).

Analysis of XANES revealed information about depmmzly of iron matrix phase on
temperature and duration of mechanical processkrgm EXAFS we reconstructed radial
distribution function and obtained local structpegameters.

We have revealed that mechanical processing of @WSmaterials influences the local
structure of the material, and that heating ofrttegerials causes phase transition in the iron matri
from a-Fe toy-Fe.
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The tungsten-oxygen compounds have crystallinecéattwith different topology of W-O
network. It determines dynamic behaviour of cryslaftice. Theoretical and experimental
investigations of the lattice vibrations of tungstxytetrachloride (WOG) have been carried out
in the work. The structure of WOCLIconsists of six-co-ordinate tungsten containing an
approximately planar W&units and linear -W--O---W--O---W- chains.

Group theoretical analysis of the symmetry of dattivibrations has been carried out.
Symmetry correlation of vibrations for differentgsible structures have been determined. Group
theory predicts four A vibrations, three B vibratsoand four E vibrations. The B vibrations are
active only in the Raman.

Calculations have been performed by using hybricharge density functional theory as
implemented within the CRYSTALO9 program to deterenithe equilibrium geometries and
phonon frequencies.

The Raman linewidth and the frequency of the g=ficapphonons over the temperature
range of 80-450°K have been measured. The resiutgmmetry and numerical calculations have

been compared with Raman spectra.
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Internal interfaces, both homogeneous and hetesmgexy often play a critical and
determinant role on the properties of polycrystallimetals, ceramics and semiconductors.
Structural elements of grain boundaries (GB): GBropores, GB facets, triple joints (TJ) and GB
ridges are especially important for nanomateri@leeir role increases during annealing when the
GB migration processes occur (at the sinteringestagf nanopowders or grain growth during
recrystallization). Evolution of polycrystalline sgm is motion of two-dimensional (facets) and
one-dimensional crystal defects (TJ, GB ridgeshe#owhich has its own mobility. Bicrystals are

well suited for the study of these little known GBgyration processes. In this paper the behaviour
of the special tilt[loio] GB system with facets and ridges was investijaitethe temperature

range 380-41%C on bicrystals of zinc which have been grown usingnodified Bridgman
technique [1]. The temperatures of faceting-rougigeransition were experimentally defined in
AFM and in situ in optical microscope using polarized light. Fbe tfirst time we observed
transition from the “rough-to-rough” GB ridge toafet-to-facet” state. The theory of the steady-
state motion of the GB half-loop with ridges is ggpeted. The expanded picture of change of the
shape and properties of a moving GB half-loop @8 ridges is given. Activation enthalpy of GB
motion withthe “rough-to-rough” (1.27eV) and “facet-to-facéd.2eV) GB ridges of the first order
have been measured. The values of activation guntlae defined by the mechanism of motion for
curved and facet grain boundary segments of ridtyésms been shown that GB ridges can control
and slow dawn the motion of GB.

The obtained results can be successfully appliexkpiain the sintering and recrystallization

processes in the hexagonal or wurtzite-type masemdnere faceting of GBs occurs.
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Tin tungstate exists at low-temperatures (below °6J0in a-SnWQ, phase, having
orthorhombic crystal structure and dark-red coldf. [It is a promising gas-sensing and
photocatalytic materigR,3], also suggested for the use as an anode ialateLi-ion batteries [4].
Thin films of tin tungstate are of significant inést because of their possible use in transparent
electronics [5].
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Fig.1. Typical x-ray diffraction patterns and midRaman spectra of tin tungstate thin films depdsite
on glass substrate at different/ & gas ratios and post-annealed at45th vacuum.

In this study we report on the preparation of timgstate thin films by dc magnetron
sputtering method. The morphology and phase coriposf the films have been studied using
several techniques (x-ray diffraction, confocal magcopy and Raman spectroscopy) as a function
of the Q/Ar gas ratio, substrate temperature and post-dingeteatment. The obtained results
suggest the formation of nanocrystallme&snWO, phase (Fig. 1). The possibility to use thesedilm

as optical recording media will be demonstrated.

References

1. J.L. Solis and V. Lantto, Sensor. Actua425 591 (1995).

2. J.L. Solis and V. Lantto, Phys. Scrifitd9, 281 (1997).

J. L. Solis, J. Frantti, V. Lantto, L. Haggstrdvh Wikner, Phys. Script&79, 216 (1999).
R. Huang, H. Ge, X. Lin, Y. Guo, R. Yuan, X. Fua Li, RSC Adv.3, 1235 (2013).

H. Odaka, U.S. Patent 7,514,023 B2 (2009).
A.

3.
4.
5.
6. A. Kuzmin, R. Kalendarev, A. Kursitis, J. PurafisNon-Cryst. Solid853, 1840 (2007).

363



F-99
Electronic Properties of Polar and Nonpolar ZnO Fims on LiGaO;

P. SajeV!, R. Nedzinskds S. Tung¢nas, L. Trinkler, B. Berzing, V. Korsak$, M.M.C. Chod,

L.W. Chand, and L.C. Cheh K.H. Chert

!Optoelectronics department, Center for Physicadr®es and Technology, A. Gostauto 11, Vilnius, wathia
2Institute of Solid State Physics, University of viat Kengaraga 8, 1063 Riga, Latvia
SDepartment of Materials and Optoelectronic Sciehtzional Sun Yat-Sen University, Kaohsiung, Taiwan
“Center for Condensed Matter Sciences, National dainiversity, Taipei 106, Taiwan

e-mail: patrik.scajev@ff.vu.lt

Hexagonal ZnO grows preferentially along the [0004xis direction. However, it exhibits a
strong lattice polarization effect along the c-aleading to build-in electric fields. This is calle
Quantum Confined Stark Effect (QCSE). It is progbg&egrow ZnO along nonpolar directions, such as
(11-20) (a-plane), and (10-10) (m-plane) to overed@CSE. For characterization of MBE ZnO films,
grown on a-, m-, and c- planes of lattice-matcheisal0>, substrates, we have applied
photoluminescence (PL) spectroscopy, time resotiierential reflectivity (TRDR) and light-induced
transient grating (LITG) techniques for charactatian of spontaneous and stimulated emission, ds we
as recombination processes. Picosecond laser palsgs5 nm wavelength were used for interband
carrier injection, while the delayed pulse at 1064 for probing their relaxation. TRDR technique
provided carrier densitgN(t) near the surface and carrier lifetime. Similadiffraction of the probe
beam on the LITG monitored lifetime integrated ovlee photoexcited layer thickness and excess
carrier diffusivity in wide range of injected caridensities (from ~28cm®to 1¢° cm?®).

Optical absorption spectra of c-ZnO are red-shiftethe band-edge region compared to a- and
m-ZnO. PL spectra of all samples measured at RTagoa sharp exciton peak at ~380 nm and a broad
defect-band peaking at 600 nm. Near band edge iemissred-shifted in the c-plane layer with regpec
to nonpolar ones due to presence of polarizatield @long the polar c-axis. A fine structure of mea
band edge emission due to excitons and phonorcasplivas observed at 10 K.

The TRDR and LITG measurements revealed the lorglestron-hole pair lifetimes in the c-
plane ZnO (up to 100 ps at lowest injections) veriw times shorter ones in the a- and m- plane
layers. Tendency of shorter lifetime correlatedwaéth larger DR decay tail amplitude. The dacaista

were attributed to defects (i. e. carrier trapsicilwere found more abundant in a-plane sample).
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Zinc oxide (ZnO) is a promising material for shasdvelength light emitting applications. The
wurtzite crystal structure of ZnO grows preferelitian the polar (0001) direction. Strong spontam&o
and piezoelectric lattice polarization along thaxes leads to an undesirable built-in electricdjethich
separates electrons and holes in a real spacetguaonfined Stark effect, QCSE) and red-shifts

emission peak of multiple-quantum well devicesthiis work, an effective approach to supress QCSE is

proposed by growing epitaxial ZnO in nonpolar di@ts along the a-plan€120) and the m-plane
(L010).

Two nonpolar a- and m-plane ZnO thin films togetheéth polar c-plane (0001) film were
grown by chemical vapor deposition on a latticeghat (100) LiGa® substrate. We have used
temperature-dependent photoluminescence (PL) aoidigilectance (PR) spectroscopy to study optical
properties of ZnO films in 3-300 K temperature randdditionally, we have examined polarization
properties of nonpolar ZnO thin films using an aViplet rotatable polarizer and achromatic deppéari
in front of a monochromator. Pulsed 266 nm lases used as an excitation and modulation source for
PL and PR experiments. PR measurements were cauted the so called bright configuration mode
using two monochromators and lock-in detectionesyst

Room temperature PL and PR spectra exhibited ma@ &xcitonic peak at 380 nm (c-plane)
and at 375 nm (a-, m-planes) together with a bdeddct-induced band centered at 550 nm. A red-shift
of near band edge emission in the c-plane ZnO wabwded to polarization field along the polarxisa
A fine structure of near band edge emission duextitons and their phonon replicas was observed and
discussed in detail. Moreover, optical data fronlapped PL and PR measurements revealed the in-

plane optical anisotropy of nonpolar a- and m-pl&n® thin films.
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It is known that that the retinal brightness depemd the refractive state of an eye.
Therefore, the retinal brightness is a functiontltdé accommodative state of an eye. Infrared
photorefraction method [1] measures the intensigglignt across the pupil of an eye. In this study,

we describe a method using the brightness of thieatereflex to measure the accommodative
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Fig.1 Left - the electronic circuit of the lighttegrator. Right - the aocnmodative response to stin
in three primary colors.

As the retina reflects only 4 % of the incidenthligve designed a light integrator [2] to
measure the light reflected from the retina. Tigétlintegrator is schematically shown in Figure 1
(left). A light coming out of an eye falls onto @&qiodiode charging a capacitor. The used
integration time is 60 [ms].

Initial results show that there are differenceseisponse to accommodative stimuli in three
primary colors (see Figure 1 right). The valueld tioptric stimulus corresponding to the peak in
the response may be somewhat shifted for stimudiféérent colors. This difference may be due to

chromatic aberration in the human eye equal to ab&uD].
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Eye pupil is a relatively slow acting system, whisha part of neural system and can be
used as indicator of neural load and visual fatiuestudy the eye pupil cooperation we developed
the system incorporating high frame rate CCD ecgdpwith IR band pass filter and narrow angle
optical objective. Band pass filter is chosen to

250

transmit the light other 850 nm wavelength. The 5
. 200t
sensitivity of CCD to infrared illumination is & |?
. ) . § 150l ‘O {3-640 x 480 px
shown in figl. Our system consists of two 4 | ©'320 % 240 px
. .2 Yo
capturing cameras for each eye and electronic 2 oo m
c L
ferroelectric shutters [1], which separate the £ 5 9‘0
BHO0..
stimuli for each eye. Studying illumination O @@
0 L L L
influence on visual fatigue it is prevalent to tkoc ° P famerste (Ho) 20

in case@g'l Sensitivity of IR band pass filter equipped

the specific spectral signal by shutter, Camera to infrared (850 nm) light source.

then cannot control directly. Liquid crystal
shutter holds also beneficial light polarizatiomperties. Signal separation allows tracking the eye
pupil latencies in fellow eye while stimulating eth Real time tracking and analysis of pupil

parameters is provided to reduce the amount of data
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We report on developed model eye for studies oérdetation of image quality, optical
system resolution, modulation transfer functiorataract eye lens using a polymer dispersed liquid
crystal (PDLC) cell as smart media allowing thectieal field inducing of scattering that
corresponds to various levels of cataract. Sinos diferent media are used for alternating of
scattering efficiency (i.e., no smart media, butelavith alternate scattering — (Donnelly, 200%) i
model eye§ Previously we have demonstratéide controlling of “cataract” scattering efficignin
visible by applying the AC electric field to a tiRDLC layer (Bueno et al., 2008).

The model eye is built using a plano-convex 503glens, glued on a sandwich element
comprised of two glass plates with a light scatigi?DLC layer filled between them. Applying the
electric field up to 30V continuously diminishesatering efficiency. The lens (effective f-number
F = 3.3) module is mounted on the platform of @igpghotocamera with Samsung 14Mpix CMOS
sensor 1/2.3' — sensor pixel pitch luh. Software allows to ignore camera built-in autofsing
function and allows to select exposure 1/2000 o Mlodel eye properties were tested regarding to
image point spread function and image line resohyteye ,contrast vision function” in presence
absence of simulated in PDLC light scattering, Ligtattering effect on detectability of model eye

lens aberrations using Shack-Hartman sensor ieogress.
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Different patterning methods of highly oriented qytic graphite (HOPG) were
investigated. Micropatterning of HOPG surface ftatis the detachment of graphene layers during
contact stamp printing. Direct pulsed laser beanbisg in air and water, nanoindenter scribing
were used to produce square patterns (with squaee down to approx. 35x3@n). Raman
spectroscopy, optical profilometer, scanning etsttrand optical microscopy were used to
determine quality of scribed graphite surface drd of pattern elements depending on the method
used.

Two methods of the graphene transfer onto the mtbsivere examined. Silicone glue and
polydimethylsiloxane (PDMS) epoxy were used fongigoreparation by mechanical lift-off of thin
layer of patterned graphite and following contadhging of graphene onto an oxidized silicon
wafer [1]. Electrostatic deposition of freshly cled HOPG uppermost layers [2] was applied to
transfer graphene sheets directly onto the substrat

Both presented methods of graphene placement irdgobatrate are a more flexible and
convenient alternative to the conventional methatlewing transferring of relatively large-surface

graphene sheets with thickness from a single teraélayers.
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In last decade particular interest has been shownusing graphene materials in
optoelectronic devices. Graphene has high opticahsmittance and electrical conductivity
therefore it is considered as an innovative aneérmditive material to produce transparent
conductive films. Single — sheet graphene (SG) m/substrates could be used in a wide variety
of optoelectronic devices, such as solar cellsjcaptcommunication devices and solid state
lightning.

In this study single — sheet graphene oxide (SG®Y, — dimensional multifunctional
material, is used for producing graphene - baseténais. SGO has been obtained by modified
Hummer's method followed by SGO — water gel lyaghtion. Langmuir — Blodgett technique has
been used for transferring SGO from suspensionltsteate. Deposition parameters and conditions
have been chosen and characterized; neverthelessland thoughtful optimization of deposition
process has to be carried out. Obtained SGO tlnims fhave been characterized by scanning
electron microscopy.

Benzene and benzene/methanol mixtures were chassmspension and spreading solvents
in order to avoid loss of material in water subgh&GO sheet size was regulated by sonication and
centrifugation with careful attention to sonicatibme and centrifugation speed; deposition was
carried out in a variety of pressures. The effectvariously treated glass substrate surface
(hydrophilized, ozonated) was observed and analyrled work to improve the quality of obtained

SGO layers is continued.
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Thermal exfoliation of graphite oxide (GO) is calesied to bea promising strategy for
realizing mass production of graphene materialevatcost and high quality [1]. If the temperature
is low the thermal deoxygenation of GO is less carafed and more easily controllable method
than chemical reduction. In order to lower the |

deoxygenation temperature we have made additionally

£R

treatment of GO, synthesized accordingly to the ifrext

Hummer’'s method [2], with acetone by ultrasonificat ¥, \

From Fig.1 it is seen that during the thermograwie }\

investigation under nitrogen atmosphere by heatates 5

40 80 120 140 160
Temperatire (°C)

ig.1 Weight loss curve obtained for
thesized graphite oxide at@/min.

Weight (mg)
o

exceeding PC/min an explosion like mass loss at P80
has been arisen, indicating the deoxygenation atg
spontaneous defoliation of graphitexide at low
temperature. The FTIR spectra of products do notstie presence obxygen atom containing
bond absorption in infrared spectra and the charatc XRD pattern at @ ~ 10
Thermogravimetric investigation of GO with heatirege of 1°C/min allows to register the mass
loss curve of the synthesised graphite oxide ttstifull decomposition (800C). The mass loss
curve consists at least of four stages of antiegh&tO, CO and CQrelease. The investigation of
the composition of evolved gases by hyphenated@&/MS method at different experimental
conditions under helium atmosphere shows that witlibe expected #, CO and C® also
sulphur dioxide and acetone has been released.

Acknowledgement
The financial support from the Program “IMIS” isaggfully acknowledged.
References

1C. Zhang, W .Lv, X. Xie, D. Tang, C. Liu and B.Yang, Carbon62, 11 (2013)
2. X. Wang and W. Dou, Thermochimica Ac289, 25 (2012)

371



F-107
TTT Thin Film Morphology and Electrical Properties

K. Pudzs, A. Vembris, M. Rutkis

Institute of Solid State Physics, University of liat Latvia

e-mail: kaspars.pudzs@cfi.lu.lv

Mankind wastes a lot of energy as low level he@D(®C). Low-cost organic thermoelectric
devices would allow direct heat-to-electrical eryefgom this vast. New organic materials are
necessary to create such devices. Tetra-thio-tateats one of the candidates for this application.
This leads to the necessity to study thin film3®T morphology and electrical properties.

In this work morphology of TTT thin films obtaineat different conditions like substrate
temperature and evaporation rate was studied. Thani thin films were made by thermal
evaporation in vacuum technique. Optical microscapg scanning electron microscopy were used
to study thin film morphology. Charge carrier mdlilwas determined by carrier extraction by
linearly increasing voltage method[1]. Space chdngéted current methods [2,3] were used to
determine charge carrier local trapping statesctital conductivity was measured by four probe
technique.

The morphology of thin film dependence on substrateperature and evaporation rate will

be shown. Electrical properties dependence on notwgi will be discussed.
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Beryl is a silicate mineral with a general chemifimula of BgAl»SisO1s. Natural and
synthetic minerals of beryl are used not only amgiene but have also practical industrial
application. Beryl crystals find application asdasand dosimetry materials. Small amount of
impurities and structural defects have a significaeffiect on the physical properties of crystals,
chemical and radiation resistance of products aewmicds manufactured on the basis of beryl
crystals. We present a study of optical propemiesatural and synthetic beryl crystals before and
after irradiation.

Absorption spectra of synthetic beryl crystals uigd three bands with maxima 270, 430 and
630 nm. Bands 430 and 630 nm are associated wttirehic transition$A.¢(F)— “T14F) and
4Pog(F)— “T2o(F) of chromium ions. If chromium concentration about 0.1% or more the
absorption spectra is characterized by sharp R-l{zero phonon transitiotAz¢(F)— 2Eq(G) in
Cr¥*ion). Natural beryl crystals have wide absorptlmand at 820 nm. The band is generally
ascribed to internal electron transitiondt (°D) — °E (°D) of Fe?*ions localized in octahedral
aluminum sites of beryl. Fast neutron irradiatisoduces additional bands with maxima 286, 370,
500 and 667 nm. Most probably these bands areadunrinsic anion defects (FF, B, R and B
centers) similar to those observed in@d [1, 2]. Under increase of the fast neutron fluetioe
intensityof the 820 nm band reduces and there appearses s¢marrow bands in the 500 - 700 nm
region. We suppose that these narrow bands belorthet complex center, which consists of
Cr**ions and radiation defects.

Wide band at 740 nm observed in the photoluminescepectra of beryl crystals at T= 300
K is connected with P& ions. Narrow lines in region from 680 to 720 nmTat 8 K belong to

single C?* ions (R- lines) and Gf- pairs (N- lines).
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One of the obstacles to further developments ofsparent electronics based on transparent
conductive oxide thin films is lack of p-type comtiurs [1].

Amorphous ZnO-Ir@ thin films deposited by pulsed laser depositiomoaim temperature
are reported to be potential p-type TCOs [2]. k& pinesent study, we have investigated optical and
vibrational properties of Zn-Ir-O thin films depted by reactive DC magnetron sputtering.

Zn-Ir-O thin films were deposited on glass, Si dndubstrates by reactive DC magnetron
sputtering from a metallic Zn (99.95 %) target withpieces on the target surface in an As+O
atmosphere. A set of samples was deposited aralitf@xygen to argon gas ratios (1/4, 1/2/, 1/1)
and at different fractions of iridium on the zirardet erosion zone (1, 3, 5, 7, 10, 13, 15 %).
Structural, optical and vibrational properties bk tZn-Ir-O thin films were studied by XRD,
Raman, FTIR techniques, as well as two beam omtmattrophotometry.

Pure ZnO films are crystalline with the grain siaé approximately 50 nm. Iridium
concentration in the range between 0 and 7 at. té¢sabtructure to amorphous and shifts the
absorption edge toward to the shorter wavelengthpewed to the c-ZnO. Increase in iridium
concentration changes the form of transmittanceecand leads to higher absorption coefficient in
the visible range [3]. In the Raman spectrum a ketnell2 crit appears after doping with iridium

and disappears when iridium concentration reaces.2o.
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Different kinds of materials doped with rare-ea(fRE) elements often serve as up-
conversion (UC) luminescence sources where phatithdower energy (usually IR) are converted
into higher energy photons (VIS, and UV). One @& tequirements for the high UC luminescence
efficiency is low material phonon energy, other xiseence of sites where RE ions can freely
incorporate within the lattice. Previous studiesenahown that NaLaFmeets these requirements
[1]. Different green luminescence spectra underouarexcitation wavelength are observed at low
temperature (15K) clearly indicating multisite natwf NaLak. At room temperature (300K) such
significant differences in luminescence spectra reok observed. Therfore in this work we will
show temperature influence on Nak##* luminescence.

In this report spectroscopic measurements at diftetlemperatures (15K-300K) for NaLaF
doped with E¥* (0.1 and 2 mol%) will be shown. Variations of $tepe of the green luminescence
(origin from #Sgp2 to 41152 transition) were observed when temperature wagased. In addition,
variation in green luminescence decay kinetics Hiterént temperatures depends on®'Er
concentration. For the low Er concentration (0.1 mol%) green luminescence dddagtics
remains nearly unchanged at different temperaf@®s-300K), but at higher Ef concentration (2
mol%) significant variations in the kinetics of theeen luminescence decay are observed.

Based on the experimental results temperature immpadcEr* spectroscopic properties in

NaLakR will be discussed.
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Low phonon energy of the matrices and multisiteureatof the crystalline lattice make
complex fluoride materials attractive for the upeersion luminescence. The aim of this work has
been to study multisite formation in NaLaEr* and the influence of the multisite structure oa th
luminescence processes in the material.

The results of low-temperature site-selective spscbpy measurements in hexagonal
NalLaFR:Er* will be shown. Three distinct luminescence spedtrathe green spectral region
associated witlSs>—%15/2 electronic transition could be extracted under phetoexcitation at
different positions corresponding to the excitawdfiF. level of EF*. It was possible to model the
experimentally obtained luminescence spectra aeanifation wavelength by a linear combination
of the extracted spectra with a tolerance betten &90.

The results of the site-selective spectroscopy esigghe presence of three different
crystalline field environments where *Erions incorporate. The analysis of the structurethef
material and time-resolved luminescence have beed to differentiate between cationic sites with
Cs and Gn symmetries in the structure of Nala&vailable for E¥* incorporation. Site-selective
excitation of E?* located at a specific site induced energy trarisfearbium ions located at other
sites has been observed in both the upconversibiraditional luminescence processes.

The enhanced energy transfer between the diffesiéas in NaLaEEr* signifies the
importance of multisite nature of the structurejolihis a key factor for an efficient upconversion

luminescence.
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The alkaline earth feldspars of M&Ii-Os (M = Ca, Sr, Ba) phosphor have drawn much
attention for their excellent luminescence propgsttiin alkaline earth feldspars, the framework
structures are formed from an array of interlinkeaner-sharing Sig) AlO4 tetrahedra, with Al

charge-compensating cations Ca, Sr, Ba occupying

the large cavities with in the structure. A solid

solution series of isostructural members with LIke
slightly different sized cations as hosts, would be
1000°C

ions. It is well known that Eti have been widely ‘
PR A (NN

an ideal system to study the effect of crystal

Intensity (a.u.)

chemical variation on the luminescence of*Eu

CaAlSi,0, JCPDS No.41-1486

used as activators in phosphor materials. The Eu 0 20 3 0 50 % 7
20 (degree)

ions show broad emission bands ranging from U\Iéig.1 X-ray difiraction patierns of CamiOREP*
to red spectral region arising from®4sdt — 4f’
allowed transition. This is strongly dependent ba trystal fields of the host lattices since 5d
orbitals are more sensitive to the ligand fieldcawalingly, the E&" becomes a very useful activator
in phosphors for applications in displays, lampd Bminescent paintings.

In this study, E&i doped CaAdSiOs phosphors were prepared by mean of solid state
reaction method. The structural and luminescenogesties of CaAlSi,0s:EL?* phosphors have
been confirmed by the measurements of their X-ifiyadtion (XRD) and photo luminescence

(PL).
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Single crystals of G&iGs.Ce (GSO:Ce) and (LUG£BiGs.Ce (LGSO:Ce) are extensively
studied as promising scintillation materials. Hoeit successful applications, the origin of crystal
lattice defects and their thermal stability paraemetmust be defined. This information can be
obtained by the thermally stimulated luminescericeL) method. In this paper, TSL glow curves
and TSL spectra are studied in the 4-520 K temperatinge for the nominally undoped GSO and
LGSO crystals, containing traces of°Gerb®*, and Ed* ions, and for C&-doped GSO and LGSO
crystals. For the first time, the TSL glow curvestioe X-ray irradiated crystals are measured
separately for the electron (Ce Tb**-related) and hole (Btirelated) recombination
luminescence, which allows the identification af fASL glow curve peaks arising from the thermal
destruction of electron and hole centers, respelgtiv

The TSL glow curves measured for the*FhCe**-related 2.8-3.2 eV emission and for the
Eu*'-related 1.8-2.0 eV emission are found to be difierFrom the comparison of these curves and
the analysis of the TSL spectra corresponding th 86L peak, the electron or hole origin of the
TSL peak is defined. The intense peaks locatedamd-110 K and 320-365 K temperature ranges
are mainly of an electron origin. They are suggestearise from thermal release of the electrons,
trapped at various oxygen-vacancy-related defestd, their subsequent recombination with the
hole TH* or C€* centers accompanied with the*Toor Cé*-related emission. The peaks located
in the 115-280 K temperature range are mainly lobla origin. They can arise from thermal release
of holes trapped at the regular oxygen ions (thetisgped holes) or at the oxygen ions located
close to intrinsic or impurity crystal lattice defe and their subsequent recombination with the
electron E&" centers accompanied with the ’Evelated emission. From the TSL data, thermal
stability parameters (the trap depths and frequéactprs) are calculated for various electron and
hole traps. The values of these parameters forthaps are found to be smaller than those obtained

for electron traps.
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Rare earth (RE) doped materials have be -

paid great attention in the field of lighting, lese — o
00T
displays and structural analysis because of theque bam”
DAL
intra-configurational f—f transitions, which cancoc 05m"

as sharp and intense emission lines. Generally,
green-emitting emission can be achieved by thef 4

transitions of TB" ions doped in a host. |

In this work, the perovskite phosphors®Fb '“”===J\ VA A

k1) 40 5 S0 5 L] B

doped SrLaMgTa®were synthesized by a solid-sta

reaction. The X-ray powder diffraction (XRD)
Figl: The uminescence spectra of SxLahMgTaOg:+

photolumlnescence excitation, emission spec T mider the extitation S o

concentration quenching, and luminescence decay

curves and lifetime were applied to characterimmshmples. The CIE chromaticity coordinates of
the phosphors were located in the green regionth&phosphors may be potentially used for white
light-emitting diodes.
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Coesite is dense (2.92 g-épolymorph tetrahedron structured modificatiorcofstalline
silicon dioxide. Tetrahedral structured asequartz (2.65 g-cr), cristobalite (2.35 g-cr),
tridymite (2.26 g-cri). The coesite single-

—x—700us

crystals were grown under hydrothermals g6l .

" TN = 10 -20us
conditions natural quartz powder and distilled3 | . —=-05ns

. 504t | | N
water. Studied samples were 0.5-0.5-0.33mm< | / /\'\
Luminescence of synthetic coesite was studiec% 0.2l ‘ / .\-\
c | = g ]

under excitation of x-ray, electron beam, Kng g‘ /'/ N
(248 nm), ArF (193 nm) and F2 (157 nm) %% 35 400 500 600

excimer lasers. It was found that under all thesFeig. L Time reso‘(\ﬁ;’i;i't\'o(;;';i(;:s)cence spectra of
excitations two luminescence bands at about 2dvesite at 9 K under pulses of ArF laser (193 nm).

eV and 4.4 eV appear. The blue band exhibits cempecay kinetics and three main decay times
are revealed. One is in ns range of time. Two stkdecay times are in 10 ps and 700 ps. First of
these components is also seen under KrF excitatltereas both are seen under ArF excitation.
Time resolved spectra mutually similar and they eweresponding to spectra under x-ray and
cathodoexcitation.

The UV band is fast with time constant about 0.5wgependent on temperature. Under KrF
laser excitation only component 2 ns and 10 usewealed for blue band. Spectrally fast and slow
components are resolved (Figure 1). Blue Lumineszetiermal quenching takes place for
temperature above 50 K with good correspondencedest intensity thermal dependences under
different excitation and that of decay time considme parameters of quenching are 0.05 eV for
energy and 6- PGs* for frequency factor. The UV band is practicaligépendent on temperature in
the range 10- 290 K. The nature of luminescencddcba determined as host defect similar to

known oxygen deficient luminescence center in giliea glass [1].
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Requirements for the functional materials with@é&nt conversion of high-energy radiation
into luminescence are determined by the demandsewf experiments in fundamental physics,
necessity for the decrease of radiation dose foemta in medical imaging, new security control
systems, etc. Crystals doped with rare-earth elesm@me usually used nowadays, however some
applications require searching for the novel materwith intensive intrinsic luminescence. New
experiments in high-energy physics require matendath high scintillation performance at ultra-
low temperatures for cryogenic scintillating bolders [1]. In such conditions compounds with the
intrinsic emission are the most perspective while tvell - known scintillation materials with
activator’'s emission becomes inefficient due togbk-trapping of charge carriers at the host. Here
we present the study of luminescence propertieseaiedgy transfer in solid solutions of tantalo-
niobates with cations of yttrium or gadolinium. Sdes of undoped yttrium and gadolinium
tantalo-niobates with common formulae RE{N&-x)O4, where RE =Y or Gd, and x=0, 0.2, 0.4,
0.6, 0.8, 1, have been obtained by solid-statetimmacThe luminescence characteristics of the
samples were measured using synchrotron radiatittimeeabranch-line FINEST at MAX-lab, Lund
and at laboratory set-up. The substituted catiooxgfnionic group participates in the formation of
intrinsic emission centers, which arise due toatade annihilation of excitons, self-trapped at FaO
(or NbQy) group. The competition between these intrinsigseian centers in the mixed crystals
was studied. As it has been shown recently an eemaent of the scintillation light yield can be
achieved for the solid solutions of inorganic cayst[2]. We have observed this effect in the
tantalo-niobate solid solutions. The modificatidnesciton creation efficiency, which arise due of
the effects of limitation of charge carriers meathpn solid solutions and might be responsible for

the effect, will be analyzed.
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The luminescence intensity of several oxyfluoritkessges and glass-ceramics is comparable
with the intensity of commercial white LED phospf¢t]. In the present work, we investigated the
luminescence spectra of oxyfluoride glasses andsgtaramics of the composition Sif>0z-
ZnF-Srk, doped with 2 mol.% Eu.

In the oxyfluoride glasses, initially only the £uuminescence lines in the red spectral
region could be observed. After the creating of thass-ceramics by a heat treatment at a
temperature of 80, the broad UV luminescence band of thé*Ehecomes dominant, and the
Eu®* lines change their relative intensities. Therefoier the investigated oxyfluorides the
europium in the Eti charge state in the glass could be nearly completnsformed to the Bt
state by creating of the glass-ceramics.

In the E&* luminescence spectrum of the glass sample, tles kttributed to the electric
dipole transitior’Do - 'F2 [2] are more intense than the lines of the magrdifiole transitior’Do -

'F1. For the glass-ceramics on the contrary, the etagulipoles lines are more intense than the
electric dipole lines. These changes in thé*Hme intensities indicate that Euin the glass is
embedded in the low symmetry vicinity, and in thHasg-ceramics comes over to the higher

symmetry vicinity.
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The hydroxylapatite (HAp) and fluorapatite (FApkasio-compability materials and the
interest to these materials is due to its biomédipalications, for example as coating material for
metallic implants, dental implantology, drug
delivery and deep tissue bio-imaging [1,2]. The

rare-earth doped HAp and FAp are prospective 5 4000] ;:gzr:rﬁi_gx_w
luminescent biomarkers, especially if the high g - 960 nm exciation
efficiency of up-conversion luminescence in § zzzz

nanoparticles (NP) will be achieved. The NP of % 1500

HAP, FAp and HAp-FAp were synthesized and & s -

analyzed by FTIR, XRD, scanning electron 000510 5% 5% 540 550 570 580 590

A, NM

microscopy (SEM, TEM). The results of up-
Fig.1. The up-conversion luminescence of

conversion luminescence studies under 980 nMAp-FAp NP and ceramic sintered from the same

diode laser excitation of Er/Yb doped HAp-FApDOWOIGr atBOCC 24t

NP and ceramics were presented.

The up-conversion luminescence spectra (Fig.1) shotegnsive luminescence of Er ion and
energy transfer from Yb to Er ions were observdee &fficiency of up-conversion process in HAp
NP is low and the substitution of OH groups to flae enhanced luminescence intensity. The
dependence of luminescence intensity and spect@H/k relations and grain sizes were studied

and analyzed.
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In recent years, DY doped phosphors

have been extensively studied due to its two
dominant emission bands. By ions have

emission bands in the blue region owing to the

*For—°®Ha3p2 transition and in the yellow region

s

Sr,Y(PO,) (JCPDS 44-0320)

XRD Intensity (a.u.)

owing to the*Foo— ®H1sp transition. It is possible

T T T T
20 30 40 50 60 70

the yellow to blue intensity ratio value [1]. S

to achieve near white light emission by adjusting

Single-component white-light phosphors havé&ig.1 XRD pattern of S¥(PO)3:0.14 mol% Dy*
attracted much attention for solid-state Iighting?hOSphor'
The single-phase full-color emitting phosphors héeen elucidated and investigated for many
hosts such as borates, phosphates, aluminatesjlaates [2]. Among these hosts, phosphates are
good candidates due to easy synthesis, chemigah@hestabiliies over a wide range of
temperatures, and low cost.

In this paper, white emitting phosphor Dydoped SyY(POs)s powder samples by solid-
state reaction method. The structural and lumimeszeproperties of the phosphors were
investigated by X-ray diffraction (XRD), field-ensi®n scanning electron microscopy (FE-SEM),

photoluminescence (PL) excitation and emission tsped-ig. 1 shows the XRD pattern of

SY(PQOy)3:0.14Dy** phosphor sintered at 130C. The XRD study confirms that the structure of

the system is cubic phase (JCPDS 44-0320).
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Wide band gap materials such as fluoride compoanel€xcellent matrices to be doped by
rare-earth ions. Such materials have a high paiefitom the point of view of abundant
luminescence applications. Recently it was showat tdalLak has relatively small effective
phonon energy (& ~ 290 cm?) and, therefore, can be a prospective host mbterize doped by
rare-earth ions and utilized for up-conversion ln@sicence purposes [1].

In the current study we apply vacuum ultravioleminescence spectroscopy for the
investigation of Et* as well as Etf doped NalLak This method was successfully employed before
for a study of wide band gap fluorides [2, 3], ®@8d4] and even semiconductors [5].

The luminescence emission and excitation measunsmesare carried out under pulsed
synchrotron radiation (5.5 — 45 eV) emitted fromxMH storage ring by means of luminescence
endstation located at FinEst (I3) beamline of thexM laboratory (Lund, Sweden). Special
attention was paid to the vacuum ultraviolet s@datange, which is not reachable in standard
commercial spectrometers and “in house” equipmiatuliarities in the emission and excitation
spectra of Etf and/or E¥* doped NaLak as well as the influence of oxygen impurities on
luminescence properties and energy transfer presess the materials in question will be

demonstrated and discussed.
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PL imaging plays an improtant role in biomedicaearch, being extremely useful for early
detection, screening, and image-guided therapyf@threatening diseases. Recently, lanthanide-
doped UC materials have attracted much attentiam tdutheir applications such as biological

labels, carrier. Among various kinds of host

materials for lanthanide doped up-conversion

emission, fluorides have many advantage such as

" J\L%

JCPDS no. 77-2042 ]

low phonon energies and long life-times, which

Intensity (arb.units)

promote an efficient up-conversion [1-2].

In the study, core-shell structured ' ' T TA
NaYF:Yb*'/Er*@SiQ» was prepared via the v w ® @ o

2 Theta )

Stober sol-gel method by coating a layer of siliC&ig.1 The XRD pattern of NaVFrb3/Er* (black
on the surface of NaEYb3/Er* particles line), and standard pattern (JCPDS no. 77-0242).

derived from a solvothermal process.
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Sodium lanthanide fluorides (NaLgFare prospective materials due to their lumineseen
properties, high refractive indexes and opticabitits [1].

Glass samples with nominal composition 18B&NaF-5Lak-7Al>03-63SIG: (mol%)
doped with 3 mol% Th¥were prepared by melting the appropriate batclenads (NaCOs, NaF,
LaFs, Al20s, SiQ, TbR). The batches of 10 g were melted in covered ahrom crucibles at
ambient atmosphere at 1500° C for 30 min. The nvedie casted in stainless steel moulds. The
glasses were subjected to different heat treatnan800° C, 700° C, 800° C for 30 min. The
temperatures for this heat treatment were estinfaded differential thermal analysis.

The properties of glass and glass-ceramics wesestigated by X-ray diffraction and X-ray
excited luminescence spectroscopy. We will anafgzemation of NaLak aswell as formation of
other crystalline phases (LaOF and glailr the samples and its influence on the lumineseenc
properties.

New technology will be developed in framework ot tBSF project “Experimental and

theoretical investigation of technologically impant materials”.
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The Bi centers in crystals and glasses were stutliedio interest for fast scintillators, NIR
solid state lasers, including optical fiber ampli§ [1,2]. The photoluminescence (PL) of* Bi
centersluminescence were early studied experimentally #mebretically [1], however the
cathodoluminescence (CL) and radioluminescence @Ré)not studied in details. It will be noted
that the energy and/or charge transfer is imporfantRL and CL since the electron and hole
creation is main process during excitation, whered3L direct excitation of luminescence centers
could take place.

TICI:Bi single crystals of 22 mm diameter and 808-1®&m length were grown by the
Bridgman—Stockbarger method as described in [l]yingr the Bi concentration and Bi
incorporation method (BigbrBi in melt).

The RL was measured under steady state x-ray &raité30 kV, 15 mA); registration
system includes the monochromator SHAMROC303 cauplégh CCD camera ANDOR iDUS
DU401A-BV. The CL was excited by pulsed electroraneand detected by PMT through
monohromator.

The results of CL and RL studies as well as thetiesolved CL studies of TICI: Bi single
crystals were presented. The broad luminescencd bmaspectral range 950-1200 nm (due to
3P,—3Py transitions of Bi* centers) was observed in RL spectrum and its iittensrrelated with
Bi concentration up to ~0.4 mol% BKCl At higher doping concentration probably the Bner
centers probably was created. The luminesceneasity is lower for TICl| samples doped with Bi
or Bi+BiClsz during sample growth.
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At present after intensive withdrawal of incandesdamps from usage the main lighting
elements available for users are luminescent lafh$ and light emitting diodes (LEDSs).
Therefore, a development of advanced light sounoeselaboration of new prospective luminescent

materials is actual.
60

The aim of this study is elaboration of
501
composite material based on mixture of pure and
40

doped AIN nano-powders inserted into the w0l

e

polymethyl methacrylate (PMMA) matrix

204

Luminescence intensity, a.u.

s

emitting white light under UV irradiation within a 101

spectral range 250-280 nm including 254 nm line 0

360 3é0 460 4éO 560 550 660 660 760 750 800
of Hg emission used in the LL. Wavelength, nm

AIN powders with average grain size of 60Fig.1. Luminescence spectrum under 263 nm UV

. . excitation of AIN based composite material (1) and
nm produced from raw material and doped Withhe Sun emission spectrum at sea level (2). Theewhi

uare demonstrates a spectral region detectable fo
man eve

excitation spectra of AIN, AIN:Mn, AIN:Tb nanopowdeand PMMA material were studied. It was
observed that under the 250 — 270 nm UV light exiah the AIN nanopowder emits blue light
(480 nm), AIN:Mn — red light (600 nm), AIN:Tb — gre light (550 nm), but the PMMA emits a

blue light around 400 nm. It allows production dfetwhite light emitter by mixing the

. . S
Mn or Tb ions were used. Photoluminescence aq@

nanopowders at definite concentrations of singlemanents.
Luminescence spectrum of final resulting compositgerial is shown in Fig. 1. It is seen
that within the spectral range detectable by humanthe composite material emits white light with

spectrum being close to that of the Sun emission.
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Luminescence properties ofBicenters have been intensively studied in varioaterals
(alkali halides, sulphates, phosphates, rare-esdttiminate and gallate garnets, oxyorthosilicates,
perovskites, etc). Yttrium complex oxides, whermilbescence arises from3Biions substituting
for trivalent yttrium ions, have been considered pgsspective materials for scintillators and
luminescence screens due to a fast and intedSee®ated emission.

In this work, the X-ray diffraction and luminescengroperties of Bi-doped yttrium oxide
(Y203) powder are studied. Temperature evolution of ¢neission and excitation spectra of
Y203:Bi as well as of the luminescence decay kinetiesnaeasured at 4.2—400 K.

In yttrium oxide, the Bi* ion occupies two cation positions with differegitrsnetry (S and
C»). It causes the presence of two bands in the lesecence spectrum located at 3.03 eV and 2.35
eV, respectively. The 3.03 eV emission is excite®.83 eV and 4.95 eV, whereas the 2.35 eV
emission has excitation bands at 3.6-3.8 eV, 4Wamd ~5.5 eV, arising from transitions to the
triplet and singlet excited states of®Bicenters. Luminescence decay kinetics and temperatu
dependences of decay times and maxima positionthefemission bands are shown to be
characteristic for the triplet emission ofBcenters.

With the use of the phenomenological model of rethgxcited states, proposed before for
the description of temperature evolution of lumgexe spectra and decay kinetics, characteristic
parameters of excited states structure are evaludhe comparison of the obtained results with the
luminescence characteristics of othef*Bloped materials (see, e.g., [1] and referencesiti)eis

presented.
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Common commercial green phosphors are

faced serious problems of stability and efficiency A

[1]. Therefore, new green phosphors of produce

IS W W AN NN U W O Y

un-doped Bi”

R S W

it is also good host for luminescent metals under @ T TN

of improved stability and efficiency are needed%

urgently. The crystal structure of CaMp®as

Ir%nsity(arb

good thermal stability and chemical stability, an

UV and X-ray excitation due to its luminescent (31|2) (zTn ‘
S Y B T

center-MoQ tetrahedron unit. Using excitation +© = 2 30 40 50 60 70
2 Theta(degree)

through this, the emission intensity of rare-earthig.1 XRD pattern of GadVoO4: Thyos™, Bioos™

. L phosphor.
doped ions can be enhanced significantly because

of energy transfer from Mo-O charge transfer to [RE In order to improve the optical property,
many efforts have been made. It has been discubaedifferent trivalent ion co-doped with b
in molybdate phosphors can improve the luminescpnugerty.

In this study, BY* and TB* co-doped CaMo® phosphor were synthesized by sol-gel
method. X-ray diffraction (XRD), field emission stang electron microscope (FE-SEM) and

photoluminescence excitation and emission specatra wsed to characterize the resulting samples.
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An interest to the luminescence of *Thcentres in CaSQOrb is connected with the
elaboration of efficient spectral transformation\dflV radiation into visible light with quantum
yield QY > 1 (see, e.g. [1]). In the present stuilhg investigation of complex (four-component)
luminescence terbium centres as well as the asabfsiechnological features of the synthesis of
small-grained wide-gap CaS®@b®*" anhydrite phosphors containing 9436 of TlP* and some
amount of additional impurity ions and radicals {NK*, Rb", NHs", F, CI;, Br) have been
continued (see also [1, 2] and references thetsimg the methods of optical and thermoactivation
spectroscopy. Highly pure (NHSQs (99.999%) and CaS0(99.993%) were used as starting
materials for a successful synthesis, which wasopeed in an extra dry air atmosphere at an
optimal temperature of 1023 K for the solid-stadaations route. Of particular interest was a
contribution of calcium ions into formation of colap luminescence centres. Ca causes efficient
dynamic hybridization of electronic states anduafice on the formation of terbium and near-
terbium electronic excitations (see also [2]).

The excitation spectra of Thcentre emission have been measured in the VUVtispec
range at 77 or 300 K. The excitation band relabetthé lowesf—d transition of TB* ions at ~5.9 eV
in CaSQ undergoes broadening toward the long-wavelength, svhen the radius of a charge
compensator increases’(k Rb"). The band at-8 eV ascribed to the excitation of oxyanions has
a different shape in CaS04.Th,K and CaSO4:Tb,Rlermally stimulated luminescence (700
K) have been analyzed for a set of anhydrite phasppreviously irradiated by VUV photons
selectively forming different intrinsic electrorecitations or X-rays at 77 and 300 K.
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This article presents results of the study

of the recombination luminescence of |

potassium metaphosphate doped by idhs.

80 -

To this the potassium nitrate addition to th

Inte@ity. au.

initial solution in an amount of 0.1 mol%. a0 f

Fig. 1 shows the spectrum of the |,

d
=]

sT

potassium metaphosphate doped iong N@We

80 1‘2D 1EI\D 26D 24‘1D 2éﬂ 320
thermally stimulated luminescence (TSL) of Temperature. K

observed a new TSL peak at 175 K in the ° > >
spectrum of KP®@NOs. It confirms the :

incorporation of the nitrate anions into thefig:-1 TSL curves ofa) KPO-NOs™ at 8K (300 kGy)

and (b) spectral composition of the TSL peaks.
lattice of the potassium metaphosphate salts.

€
13>

A® gt
A® g€

TSL peak at 175 K may be associated with changeheflevel of thermal stability of
radiation defects, localized near the impurity ibhs. We observed that two peaks (at 175 K and at
260 K) have the same recombination luminescencacéjethe peak at 260 K has an electronic

mechanism of recombination.
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Phosphates doped with rare-earth ions are well knphosphors with a broad range of
applications. The mixed crystals on the base ofsphates such as iYh«PQu:Ce* may
demonstrate enhanced luminous characteristics l{gty. output under high energy excitation) in
comparison with the characteristics of their cdosfits, as it has been demonstrated for several
solid solutions of complex oxides [1]. The physioalgin of such enhancement is connected with
the limitation of free mean path of the separatbdrge carriers at the thermalization stage of
energy relaxation. Other effects (modification bé telectronic structure as a result of the cation
substitution, appearance of the additional eleatrstates within the host’'s band gap, shift of the
electronic bands etc) strongly affect the emissienters efficiency as well. In order to reveal the
influence of these effects on the emission efficyewe have performed the study of the TSL curves
and temperature dependencies of steady emissica set of the LY 1xP04:0.5%Cé" solid
solutions, synthesized by the sol-gel method. TB& €urves were analyzed; modification of the
conduction band’s bottom was determined from thpeerents; the electronic structure of the

considered compounds was calculated to facilite#eekperimental data analysis.
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Hexagonal boron nitride (a bulk material, nanotuaed single crystals) have been widely
investigated experimentally and theoretically. Thain interests are paid to exciton luminescence
around 215 nm and phonon assisted defect luminesc@mound 318 nm. Our attention is paid to
400 nm photoluminescence (PL).

Dependence of PL integral intensity on vacuum lewebient the hBN powder with various
particle sizes was studied. The materials weretexavith 270 nm light from a deuterium lamp
under continuous irradiation. Luminescence speatea complex including the well observable
phonon structured 400 nm band. The 400 nm lumimescexcitation spectrum (PLE) shows two
main bands at 265 nm and 340 nm.

It was found that the intensity of the 400 nm Plsénsitive to vacuum level ambient the
hBN for all studied materials (Fig 1.). Experimdmasults (luminescence spectra when sample is
situated in vacuum at different levels or oxygers gagether with the mass spectrometry
measurements) were analysed. It allows conclusianthe observed 400 nm luminescence of hBN

IS sensitive to concentration of surrounding oxygas.
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Fig. 1. 400 nm luminescence integral intensity aeleet on vacuum level surrounding hBN
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A considerable interest towards TIktype crystals is related to the fact that thesterias
with ferroelectric and semiconductor propertiessess a quasi-two-dimensional structure where a
series of structural phase transformations fromaglactric to incommensurate and ferroelectric
phases occurs. Besides, TlnStudies at elevated pressures [1-3] revealed dhgpbressures
p > 550 MPa a transition to a high-pressure phas#served. However, until now this transition
and the high-pressure phase properties have notdogiciently studied.

The studies of dielectric and optical propertiesSTBhS, single crystal were carried out in
the temperature interval 150-400 K and in the hsttac pressure range up to 700 MPa. The
presence of the structure of ferroelastic domairiggin pressures enables us to claim that the high-
pressure phase in the TIln&ystal is a ferroelastic one. The transitionhis phase with increasing
pressure is achieved via a sequence of two firgphase transitions with an intermediate phase.
A number of features is revealed in the polycritiegion in the range of pressures 550-650 MPa
and temperatures 180-220 K. Thus, fhel§ phase diagram of the Tlia8rystal is redetermined.
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Efficiency of solar cells manufactured from FZ wafethanks to their purity and structure
perfection is significantly higher than if CZ or thorystalline wafers are used. High cost of FZ
silicon limits applicability of such wafers becausfea) high deprecation costs, due to expensive FZ
pullers, and b) high price of polycrystalline siicrods — FZ feedstock. The aim of present work
was a creation of rather price-efficient way of feédstock production. It requires obtaining of
crystal of cylindrical shape from raw material apable for PV applications without further
contamination during pulling.

We used electron beam monocrystals growing[1l] &ull process[2] as a basis. Electron
beam guns with cooled cathode were used. Duringhgyprocess two electron beam heaters were
used. Each beam was moved less an 180 degreestlarcawable radius. Growth was conducted
with use of seed, which was pulled upwards whil@atmg. Crucible with raw material stayed
motionless.

Next, new generation of an experimental furnace wasted. It consists of melting and
pulling (crystal) chamber, flap gate valve in betwgepulling mechanism and two electron beam
guns, each equipped with its own power systems.pfbeess is conducted under residual pressure
not more than 0,05 mbar. Batchload is placed inopper water cooled mold equipped with
elements designed for thermal field management.

Using this equipment we have shown a possibilitynahually growing crystals of diameter
up to 240 mm and purification of heavily doped csih in this kind of process. Thus, we
successfully created basis for technologies of gpethdn of competitive FZ feedstock from recycled

materials in arbitrary form like chunks, etc; aedycling of leftovers of FZ process.
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Purpose of the work was to study applicability efwfeedstock obtained by heavily doped
electron-grade silicon rectification with electrbeam for use in standard CZ and FZ processes in
order to obtain PV-grade materials.

The rectification furnace consists of chamber witloled base plate in it. Graphite crucible
with quartz crucible inside are placed on the kate. Electron beam gun is mounted on the top of
the furnace to provide heating. Scheme is describgd]. Basic principle of technology were
described previously at [2].

Three different companies tested rectified matesiadl pulled CZ monocrystals from it.
Each company used its standard process of obtai@ignonocrystals for semiconductor or
photovoltaic application. One 8" and two 6" CZ fildingth monocrystals were obtained and
demonstrated reasonable quality in terms of regigtilifetime; no defects were revealed by
standard surface tests such as Sirtl and Seccs.bath

For FZ tests two silicon rods were pulled from dolec during rectification process. Rods
had volatile diameter in 100..130mm range and weaighl5kg. Mechanical and following chemical
treatment was used in order to bring rods to ateohsliameter for further use in standard FZ
process. Subsequently, two FZ monocrystals of 66 H0 mm diameters were grown. Both
crystals demonstrated very high lifetime and adegdar photovoltaic applications resistivity
levels.

Electron beam rectification of heavily doped elenic grade material enables one to receive
feedstock which can be used directly without blagdior successful production of solar grade
silicon by well-known methods such as CZ and FzZhaut any modifications. Said methods
applied to given feedstock yield in dislocationefrerystals with reasonable resistivity and lifetime

levels.
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Recently it was shown by J.Burshka et.al. (doi:@88nature12340) that by growing
perovskite pigment directly in mesoporous metaldexiiim by two step sequential deposition of
perovskite building solutions it is possible to i@sfe 15% power conversion efficiency by using
CHsNHsPbk perovskite as light absorber; mesoporous >T#3 electron receiver and spiro-
MeOTAD as hole conducting layer. In this work wel\wresent solar cell where spiro-MeOTAD is
replaced by more cost-efficient material - CUSCN.

So our cell is build in following way: 30-40 nm tkidense Ti@ underlayer was built by
aerosol spray pyrolysis on patterned FTO-coatedsglsubstrate, then 400-500 nm thick
mesoporous anatase layer was deposited by spimgaaing commercial paste Dyesol 18NRT
diluted in ethanol. After baking this layer at 500and cooling it, mesoporous TiQayer was
infiltrated by PbC] solution in dimethylformamide and dried at'C0 After cooling it to room
temperature, the film was dipped in solution ofs8Hzsl in 2-propanol for 20-30 sec, rinsed and
dried at 70C. As the hole transporter CUSCN was depositechegrial deposition in vacuum. For
top electrode Au was evaporated in a vacuum chambpressure ~ 10mbar. All photoelectric
measurement has been made in the same home madenvacryostat where electrode was
deposited at p~1®mbar without breaking the vacuum and moving tHe ce

The spectral dependences of short circuit photeatiexternal quantum efficiency (EQE),
fill factor (FF) and open circuit voltage §¢) has been investigated in spectral range 370-hh)0
using synhro-detection technique and PC contralkd storage equipment.
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The report will be given about the planned goald abjectives of just begun collaborative
project that focuses on obtaining and investigatinigp layers of composites from controlled
porosity carbon and lithium insertion compounds d@ctrodes in lithium/hybrid batteries (LIB)
and in microbial fuel cells (MBFC) for energy stgeaand conversion applications. Objectives of
the project are associated with synthesis and stigation of separate materials to be used for
composites to obtain electrodes for LIB and MBF@rbonaceous materials from Latvian wood
with controllable pore size, lithium insertion maaés (LiFePO4, etc.), lithium solid electrolyte
materials and ionic liquids with lithium salts; mgden insertion materials (hydride-forming metals,
some transition metal oxides); selected microoigyasiand substrates for hydrogen evolution and
energy harvesting in fermentation process. Differenethods will be used: structural,
morphological, physical-chemical properties, pdsogf synthesized materials and composites;
investigation of their electrochemical and impedacbaracteristics in the form of bulk material;
development of methodology to obtain a thin layesm elaborated composites, using DC and AC
magnetron sputtering, pulsed laser deposition nasth&roject work will include synthesis and
research of new materials, as well as the selearah modification of microorganisms, as well
usage of resources available in Latvia - wood, ggufftom waste water tanks and organic waste
from agricultural industry. The project will resit new knowledge about carbon materials with the
necessary properties for electrodes to obtainddi-state and thin/thick film lithium ion battesge
hybrid batteries; lithium liquid solution electrtdy and hydrogen insertion electrodes for

fermentation reactors.
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Biological production of hydrogen using bacteriaiperspective way for alternative energy
production and it noticeably decreases the raw ma&teost. Bacteria produce hydrogen in liquid
medium under anaerobic conditions and when thermerdyc equilibrium concentration is reached,
hydrogen from the liquid phase moves to the gasqihase [1-2]. From the gaseous phase
hydrogen may be collected using a variety of ggasdion methods. We have previously shown
[3] that in a bacterial culture medium during thrernfientation process oversaturated hydrogen
solution forms and because of that it is necesgagpollect hydrogen from the liquid phase. This
can be done by using selective hydrogen-absorbiaignmals (such as metals to form hydrides) or
selectively permeable membranes. Experiments wer®mmed with powdered metals and alloys
(Pd, LaNi5, AB5, AB2) forming hydrides to test fireir facility to remove hydrogen from liquid
phase in dark fermentation process. Differentigriogravimetric method was used to measure
amount of adsorbed hydrogen in alloy — before dier ahe contact with microorganisms. The
study aims to find an optimal method / materialsHpdrogen release from the liquid phase and to
build a bioreactor prototype for more efficient te@l production of hydrogen gas extraction and

usage.
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Carbon-containing, especially graphite-containintgterials has been used in the fusion
devices as divertor materials because of the loand good thermal conductivity. However there
are some disadvantages - fusion fuel componenisntriand deuterium, accumulate in materials
and decrease the efficiency of the reaction. Tlheraalation of the fuel in the graphite crystal can

be promoted by defects being in initial material

structure and created by neutron irradiation taking
place during fusion reaction. To investigate thaaa
scale structure of carbon-based materials a theaket
model could allowing to estimate what kinds of
defects have been formed in the materials usellen t
plasma chamber has to be developed.

The aim of this research is to create a modelg. 1. Ideal graphite plates configuration
allowing comparing the structure of damaged graiphit“"’j“tl‘l”(“;:Qn““g‘s“s'USSD&WEIE
structures to a pe rfect one. For the compariserdifierence between theoretical Raman spectrum
and experimental results of Raman spectroscopy aaadanalyzed. The Gamess US program
enables to modetieal graphite with plates are in ABAB configuration the Raman spectrum of
ideal graphite only one maximum at 1582tis observablg1]. Therefore it will be possible to
estimate the disorder of graphite-like structui®g.developing the theoretical model it could be
possible even to detect the types of defects irgtaphite containing materials which are used in
the plasma chamber. The obtained results will pirtiond transitions as well as to the formation
of disordered structures on the surface and butkeimaterial. From the obtained results it will be
possible to propose the possible ways of the tiamgp fuel of fusion reaction in the substance.
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Post mortem analyses of JET divertor tiles havevshthat fuel retention is particularly important in
co-deposits found on divertor tiles, especiallyhia inner divertor (Tiles 1 and 3) and on the dwefloor
(Tile 4 and Tile 6) [1, 2]. In this work we presdghe measurement of the tritium in divertor tilesed for
various divertor configurations at JET

Carbon fibre composite (CFC) samples from threertlor configuration divertors — Tile 4 of MKkII-
SRP (2001-2004), Tiles 4 and 6 of MklI-HD (2007-2p@nd Tile 6 of MklII-HD ILW (2010-2012) — were
analysed (see Fig. 1). Samples of MkII-SRP and Ml type divertor tiles had no additional coating,
while MKII-HD ILW divertor type tile had ~ 2hm tungsten coating with ~@8n molybdenum interlayer

[3].

Examined samples of Tile 4 (MkII-SRP divertor, m@ating) have tritium surface activity from 112°
Bg-g! on the plasma exposed surface (closer to central
dome) to 1.6.0° Bgg! on “shadowed side” (closer to
inner louvre). Bulk activity is at a level of1D* Bg-g* for
the whole tile. Samples of Tile 4 (Mkll-HD divertono
coating) have rather constant tritium surface agtiof
(0.7+6.7)1C° Bg-g! and bulk activity at (24)-1C° Bagg*

, S
) : \[}
for the whole tile. Tile 6 (MKkII-HD divertor, no eting) L —

samples have tritium surface activity from-4@ Bqgg* MKIl-SRP MkiI-HD, MKII-HD ILW

to 1.51C° Bg:g? at varying surface positions while bqu(Septu?;&?)_lazc;c;?Sm e (?2'32?_3'2‘812)
tritium activity is at 210° Bgg’. Samples of Tile6  Fig. 1. Schemes of JET divertor configurations
(MKII-HD ILW divertor, W coating) show clear decisa

in tritium surface activity and have at an averagly 4.610* Bg-g. Bulk activity has mostly remained the
same at a level of #0° Bgqg™.

The divertor layout and plasma geometry has graéduathanged and plasma
x-point was shifted closer to divertor inner watilasma surface interaction of base tiles has been
significantly transformed. Comparing surface atfif samples from Tile 4 in campaigns of 2001-2604l
2007-2009, since then surface tritium activity hasome more homogeneous and by a factor of 100esmal
for Bg-g?! activity. As can be seen in [4], amount of dewtericorresponding to amounts of tritium) trapped
in different areas of JET MklI-HD divertor in 20@D09 of base tiles contains by a factor of 10 torisse
deuterium than any other divertor tile. The sameloareferred to amounts of tritium. As can be sedhe
results of Tile 6 samples, the average surfaceigchas remained roughly the same after diverfmrade.
This is both due to geometric screening by otHes tind less plasma interaction on the surfacefusian
fuel diffusion from the erosion material layer &} the surface of divertor tiles.
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Carbon fibre composites (CFC) have been used inJthet European Torus (JET) until
2009 as plasma facing material. Plasma erosioratifmaterials, transport and re-deposition cause
the formation of co-deposits which can subsequeayithg rise to the formation of flakes and dust
that might contain fullerenes and long-chain hydrbons.

The aim of research was to analyse and

compare the oxidation and sublimation processes

TG (%) CFC
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——TG (%) CFC+C,H,,
« - DTA (uV/mg) CFC
H H DTA (uV/mg) CFC+CyH,,,
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T T
& &k

tile, hexacontane (@@Hi2), pentaconatane — oFpE e

o .
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(CsoH102) and fullerene 65, were analysed by Fig.1. TG/DTA curves of CFC (dotted line) and
gnixtures with GgH122 (thin solid line), GoH1o2 (thick
solid line) addition

Samples were heated in air and inert atmosphere.

both, spectroscopic and thermal method

Analysis of changes was done for melting tempeeatiand enthalpies of separate and
mixed materials. It was obtained, that it is poestb detect the presence of the added long-chain
hydrocarbons by appearance of melting effects irAXlrves and decrease of decomposition
temperature of mixture. The results will be usedreferences for analysis of dust and flakes

collected from vacuum vessel of JET tokamak.

* See the Appendix of F. Romanelli et al., Procegdiof the 24th IAEA Fusion Energy Conference 2(8#h Diego,
us
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Due to its photocatalytic capability, low cost addemically inert properties, TiOs a
promising material for water and air contaminativeatment technologies. In this work bi-
component W@is used as a photo-electron storing material,esthe electrophoretic deposition
was carried out on steel substrates that mighesérdm corrosion [1, 2].

TiO2-WOs3 coatings were prepared by electrophoretic depositEPD) on 3x3 cm steel
substrates (316 mark) using working electric fiedges from 50 to 100 V/cm. Dispersion medium
was prepared from either HCI or charging additivenizoic acid) solution in isopropanol. After the
metal oxides were added, the dispersion was utirisated for 30 min. Deposition was carried out
for 5 to 20 min.

Among other traditional deposition methods (phylsiapour deposition, electrochemical
vapour deposition, plasma technologies etc.), EB&l't require vacuum environment and has the
advantages of obtaining coatings with homogenouaaai [1]. As-deposited films were heated in
60 °C for 2 h and then annealed at 5@0for 2 h. The phases and crystalline sizes ofiobthTiO
thin films were determinate by X-ray diffraction-rdy fluorescence was used to establishs3WO
content in thin films. Surface morphologies werealgsed by scanning electron microscopy.
Photoacatalytic properties of obtained coatingsevessessed in dependence onM@03 content

ratio.

Acknowledgments
The present work has been supported by Nationadrels Program IMIS.

References

1. J. H. Park, J. S. Kim and J. M. Park, Surf. @gatTech.236, 172 (2013)
2. J. Georgieva, E. Valova, S. Armyanov, N. Phililgs, |. Poulios and S. Sotiropoulos, J. Hazardeka11- 212 30
(2012)

405



F-141
Yttrium Doped Hematite Nanograin Thin Films as Anoce Material for Solar

Water Splitting

M. Vanags$, A. Sutk&, P. Onufrijevs, J. Kleperi$
Ynstitute of Solid State Physics, University of \iat Riga, Latvia
2Institute of Silicate Materials, Riga Technical Uisity, Riga, Latvia

e-mail: sf11053@gmail.com

From all transition metal oxides the hematiteFe&O3) has band gap at 2.0 eV, absorbing
light in the visible spectra region where solanatidn spectrum is maximal. Doping of hematite is
necessary, to increase the number of charge cgraad rare-earth metals particularly interesting
due their chemical stability and high number ofewale electrons. Yttrium iron garnetFé&012 has
been widely as material for microwave filters andgmeto-optical devices, less as photo-electrode.
Photo-electrochemical cell based on semicondudectrede anode is converting light energy
directly to chemical energy, for example, splittimgter into H and Q. Anode material must
posses the semiconductor properties, only thanli¢ie can excite electrons from valence to
conduction band, leaving holes in valence bancriate electrode/electrolyte typically has flat-
band potential region where separation betweentezk@lectrons and holes occurs, giving them
chance to participate in ox-red reactions - eledrare participating in reduction reaction, while
holes — in oxidation reaction. Spray pyrolysis noeltlis used to prepare Y-dopedbk¥€xOs (x = 0,
0.05, 0.10, 0.2, 0.3) thin films (thickness 300-400) on glass and ITO covered glass slides.
Raman spectroscopy, scanning electron microscopy-vikible absorption and photo-
electrochemical measurements where used to characté-dopeda-FeOs thin films. From all
samples the photo-current shows highest value épg¥f.103 and decreases for lower and higher
concentrations of yttrium. Mott-Schottky plot indtes more negative flat-band potential value for
Fer.oY 0103 comparing other compounds; therefore charge wamstween semiconductor electrode
and electrolyte occurs more easily, only calculateshcentration of charge carriers is lower

particularly for this compound.
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The aim of this work is to study the possible agation of electrochemical systems (ES) for
hydrogen accumulation. The hydrogenation of ESdiffrom hydrogen reaction with metallurgical
metals. First of all, the evolution of hydrogen gasthe cathode is accompanied with the formation
of metal atoms, according to equation&™ + ne — Me°(1); H" + e— H° (2); H® + H® — H: (3).
Secondly, the formation of H atoms (2) favors thaction of hydrogen with metals. Lastly, the
formation of structural defects with potentials leg than those of atoms becomes possible during
the electrocrystallization of metals. Once the difexist the H atoms can be trapped in them, and
the hydrogenation proceeds most readily. Therefthre, investigations were performed in two
directions: 1. preparation of metals and alloyshwdefect structure; and 2. doping of the defect
metal matrix with H or D (to take away the influenaf background hydrogen in the experiments).
For example, amptimal defect structure in Ni has been obtainedlbging the metal with boron
atoms, and the hydrogenation behavior of the sy$teBrH has been studied successfully [1] with
the use of structural and electrochemical kinetiasurements.

Another interesting system for doping with H(D)mely Ni—In, has been first investigated
in [2]. The composites were prepared by the elgdico codeposition and ion implantation
techniques, and the kinetics of deuterium desandtiom the doped materials has been studied by
thermodesorption mass spectrometry (TDMS) dependingthe Ni/In ratio and the dose of
implanted D (B). A highest value of the content of D in the comsipe (D/M = 2) can be attained
for composites Nblnzo by the doping aT~100 K. The shape of TDMS spectrum strongly depends
on D: at low values of Dit exhibits a single peak at ~530 K attributedhe solid solution of D in
Nizolnzo being decomposed. AtiB 3x1G’ions/cnt a second TDMS peak occurs initially at
~420 K, and as Dfurther increases it shifts toward lower temperdy seemingly due to the
formation of the deuteride phase inydiso Starting to decompose at room temperature witbak p

on the temperature-decomposition profile at ~350 K.
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One of ways of reception of

materials in nanocrystalline state is

introduction of chemical elements which

have low solubility or do not co-interaction

at all with components. According to the

Temperatute, K

phase state diagrams of systems Mg-Ti,
Mg-V, Mg-Zr and Mg-Fe of interaction of

||||||||

these components do not exist. o2 8"

0 40 60 ol
Concentration Mg, at.% 200 400 600 800
Temperature, K

_ Fig.1 Deuterium desorption temperature versus thgeW
To manufacture Mg-based composition M) for a deuterium dose of ~3>x¥@/cn?

composites the plasma evaporation{Tir-~100 K) and thermodesorption spectra of deutefiom
composites: (a) MgVos, (b) MgesVas, (C) MgeaViz, (d)

sputtering method was used enabling th&!gseVi4 (€) Mg2Vos

atom-by-atom component growth. Thus, the compositdsa wide range of the ratios of insoluble

components were obtained [1]. Deuterium introdurcti@o the samples was performed by the ion

implantation method. The deuterium desorption teaipee ranges and the deuterium storage

levels were determined by the thermo-desorptioctspgcopy.

It has been established that the introduction ofmypurity to magnesium leads to the
significant decrease of the deuterium desorptiomperature (-350 K) as compared to the release
from Mg samples (fig. 1).

A step-like form of the curve of the deuterium dpsion temperature testifies to presence
of two various structural conditions at compositég-V, Mg-Zr, Mg-Ti and Mg-Fe depending on
the relation of components. The hydrogen desormaia obtained using Mg-based composites can
be used for the further investigations into the rogeén storage materials containing chemical
elements with a low solubility in the alloy compaoitse
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Magnesium borohydride is one of the most promisipgrogen storage materials though its
kinetics and reversibility are still main challesgelhe decomposition of Mg(Bi#} occurs via
several stages [1]. The most stable intermediatmagnesium dodecaborane, MgBi2, which
eventually transforms into MgBThe geometrical similarity of the boron icosatedrame-work
in MgB12H12and that of bulk boron can be a reason for thetkirs¢ability of the dodecaborane [2],
which in turn may hamper rehydrogenation. The ssithof Mg(BH). from lower polyboranes
might be possible at reasonable hydrogen pressurdeanperature [3]. An additive that prevents
the dodecaborane formation may be one of the pbsst to improve the reversibility of
Mg(BHa4). dehydrogenation. Therefore development of thecg¥e additive for the improved
decomposition/formation of Mg(Bhb is one of the most important problems to solveokeeits
practical application. High valence transition nhéta) compounds with carbon, nitrogen, oxygen
or halogenide ligands have the ability to form ®twl hydrogen with varying stoichiometries. This
encourages the fast dissociation into atomic hyelmogy its recombination to hydrogen molecules
[4].

In the present paper TM oxides are studied asddéiee to improve hydrogen desorption
in the prepared Mg(BH>—~TMO (TMO=TIiO;; ZrO,; Nb,Os; MoOs) composites.
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Recent advances in the technology of microeleatsodemand micro power sources. Thin
film technology offer an option of miniaturizing wer sources. Most of the thin film electrode
materials used in current batteries are depositeRPB or/and DC magnetron sputtering. Other
methods include a variety of physical and chemi@gor deposition processes, such as aerosol
spray coating and pulsed laser deposition. Howalmyve mentioned methods demand high
material or energy consumption or they are relativddow processes and require expensive
equipment.

This work addresses the feasibility of an electoyptic deposition (EPD) method for the
preparation of graphene film electrode for lithiuion batteries. EPD technique has many
advantages such as low deposition temperaturecémsumption of energy as well as low cost and
simplicity of equipment. Graphene is a new classwaf dimensional carbon nanostructure owing
exceptional high electric and thermal conductiahd mechanical stiffness. New electrode is made
from sheets of graphene which is capable of accaatimy more lithium ions and therefore
delivers higher energy density than traditionaboaror graphite materials.

Graphene oxide nanosheet film was electrophorétic&posited on steel substrate from a
stable ethanol suspension using potenciostatic meide the electric field 150 V/cm. The
deposition time was varied in order to obtain filwigh different thickness. Graphene oxide thermal
reduction was performed by heating at 700 °C iromifyydrogen flow. Obtained graphene layers
were analyzed by scanning electron microscopy, YXdifraction and Raman spectroscopy. These
methods confirm the formation of homogeneous graphgheet films. The application of these

films as an electrode for lithium ion batteries wested by various electrochemical methods.
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Since its first mention in 1997 [1], LiFeR®as been one of the most intensively studied
lithium ion battery cathode materials. Nevertheléiss material itself is not fully understood [H]j.
a standard bulk LiFePOelectrode preparation a binder and, due to inllgrdow electronic
conductivity, also electronically conductive additiis used. The use of additives can be avoided in
thin films because of significantly increased scefanass ratio and better adhesion to the substrate.

LiFePQ: thin films were deposited by RF magnetron spuitgrifollowed by high-
temperature annealing step. Thin films were thearadterized by scanning electron microscopy
and x-ray diffraction. Various electrochemical measnents were carried out, including extremely
slow nA-rate chronopotentiometry. The fit of ButMolmer equation to the results at high rate
charge/discharge was very good. However, the B\itdmer equation describing electrochemical
kinetics did not fit the low-rate experimental riksuPossible explanations for such behavior were
analyzed, including parasitic electrochemical sekctions and thermodynamic aspects, such as the
multi-particle charge-discharge model describedbgyer and Gaberscek [3].
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For electrochemical devices there is a problemnafiysis of a degrading changes as the
thermodynamic and chemical stability of the stroetof advanced materials, especially those using
the nanotechnology. This problem exists at thellef/a single element (electrode) and at the level
of the entire device.

One way to study changes in the structure of

e

the material may be an analysis of self noise

generated by the electrochemical system.

0.8

Accordingly, the object of the work was to

o 0.6

determine the possibility of measuring the noise of 0
g .

electrochemical cells with advanced materials and ,,
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of the analysis of this noise. Frequency (H2)

the possibility of obtaining information on the l®&s oo
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For noise analysis, we used two approaches:

o Fig.1 Range of electrochemical noise model cell
measurement of the spectral characteristics th platinum electrodes and solid Superprotoh

electrochemical noise (Fig. 1) that allows tg-oductor (phosphotungstic getero(poly)acid).
determine the integral characteristics of the ebelet [1-2], and the analysis of correlation funetio
low-frequency flicker noise, allowing you to anatyzhe processes of degradation [3]. Noise
characteristics of the solid-state electrochemasdl with a proton conductor, and self noise of
platinized platinum electrodes in a liquid elecgtel were measured and evaluated using both

methods.
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This study is aimed at establishing a correlatietwieen experimental results on the reaction of
hydrogen with nanostructured alloys and compouradd on light metals (LM), namely, Mg, Al, Ti,
and the results of precise quantum chemical cdloa (QCC), the subject of which are clusters of
LMs, including those doped with atoms of transitroetals (TM). It is suggested that such a combine
approach enables an optimizing search of novel natgebased on LMs with improved H storage
performances.

The experimental studies involved the measuremeints/drogen sorption and desorption by
modified (by intensive plastic deformation) eutectiloys of Mg with La, Mm and Ni using-situ high
temperature X-ray diffractometry, programmed thedesmrption, metallography, etc. It was shown
how the modified microstructure, phase compositicatalytic additives, and crystallite sizes of the
materials substantially improve their hydrogen sorpand desorption performances. Metal hydride
composites based on the ternary eutectic Mg-Mmildys with nano-carbon additives were modeled
using an Avrami-Erofeev approach. The additivesavggrown to alter the mechanism of H release from
the Mgk phase in the compositesTat300°C.

Precise QCC were employed to study the hydridéiglaf metals and elementary hydrogenation
reactions. The Mgller-Plesset perturbation theoag wsed to calculate structure and propertiesvef lo
lying isomers of the elementary and hydrided foohsloped aluminides with icosahedral {Alcage
and endohedrallosaalanes with the light cations insidsoalane and related dianions: 81~ were
predicted to be stable. The potential energy sasfgPES) of the elementary catalytic cycle of early
stages of the H+ MAI 1, reaction of dissociative addition ok kb Al clusters MAIL> doped with Sc, Y,

Ti, Zr, V, and Nb in the states of different muligity have been calculated by DFT method. Theatffe
of the dopant nature and the electronic state pluity of the cluster on the energies and actati
barriers of hydrogenation reactions of Al clusteese considered. The calculated PES corresponding t
the early stages of thesH TiAl12 show no significant preference of Ti dopant as parad with other
TMs like Zr or V.

Acknowledgment
The work is supported by RFBR (gratés13-08-00642 and 14-03-01060).

413



F-149
Studies of Hydrogen Bonding to Graphitic Nanosheéstructures

P. LesnicenoKs J. Zemitis, L. Grinbergd, G. Chikvaidzé& J. Kleperi$

Faculty of Material Science and Applied ChemisRiga Technical University, Riga, Latvia

2Institute of Solid State Physics, University of iat Latvia

e-mail: peteris.lesnicenoks@rtu.lv

In our work the graphite waste as raw source natéor obtaining graphitic structure
materials of few layer thicknesses is examined.dshaeet material is obtained with plasma and
electrochemical exfoliation methods (Figure 1). Tha&lrogen bonding mechanism to graphitic
structures is examined with FTIR-RAMAN

spectroscopy, gravimetric and volumetric
adsorption methods as well as characterized &
SEM. There are at least three ways how hydrogs
can bond with nanosize graphitic materials tha

physical sorption of hydrogen molecules on .
active surface of graphene is reported far belo *g

room temperature (typically at 77 K), fi /
nevertheless the stacks of graphitic sheets a fﬁ
new material with increased surface area an

H ihik [l SEM MA(‘;: 209 x LYRA3 TESCAN|
different results are expected. Other possibibty i FsrEE S

chemisorption of hydrogen — it can be aChieveAig.l SEM image showing graphitic structure
by doping the graphitic material with catalyst, for°Ptained from base material,

example - with platinum nanoparticles, on which toggtn molecules disassociate and atomic
hydrogen can easier fill the pores of the materidird way is to adjust hydrogen adsorption
enthalpy, introducing hydride-forming material nagrains between the sheets of graphene in
stacks, for example, lithium or magnesium. All thpossibilities are tested and results reported.
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A fuel cell technology has been paid a lot of aitenas a part of hydrogen economy during
recent years, but even though it has a great patenand also need — for improvement to become
widely used. Polymer electrolyte fuel cells haveadage of comparably low working temperature,
which makes this type of fuel cells possible caathdfor portable use or any other applications,
where significant thermal isolation would be a disantage. There are a lot of works which focus
on possible ways to improve different parts of fwell indicating significant interest to the
technology.

One of the most important parts of fuel cells iscablyte: proton conductive polymer (or
polymer-based composite) membrane. Though polyimeare huge variety of possible compound’s
compositions, there are only several types withgreon conductivity. In this work attention is
paid to sulfonated polymers, concentrating on swdfed poly(ether-ether-ketone) (SPEEK) and
commercially available Nafion-like polymers for cparison. To improve membrane’s
characteristics inorganic components are used panil@nd inorganic oxide nanopowder is added
to SPEEK and reference membranes in our reseamiduCtivity dependence on temperature and

related parameters are measured to compare coat@ns and treatment’s effect on membrane.
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In this work, the sulphonated poly (ether ethepke) (SPEEK) membrane composites with
1-butyl-2,3-dimethyl-imidazolium dimethylphosphatenic liquid have been investigated as an
example of acidic ionic liquid. 1-butyl-2,3-dimethynidazolium dimethylphosphate ionic liquid
was synthesized as follows. Equivalent amount chmme was weighed into a dry Schlenk flask
and equivalent amount of tributhylphosphate wasedddropwise to ensure isothermal reaction
conditions. The reaction mixture was stirred fod&s at 168C under an argon atmosphere.
SPEEK was dissolved in DMF and mixed with ioniculdy The membrane was prepared with
different ionic liquid content by mixture castingdadrying [1-2].

Conductivity was obtained from impedance measurésnersing Autolab set-up in
temperature range 20-1%0 XRD, IR spectroscopy and thermal analysis wasd dsr structure

characterization. The impact of the ionic liquichtent and casting conditions will be discussed.
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In this work, the sulphonated poly (ether ethepke) (SPEEK) membrane composites with
1-butyl-2,3-dimethyl-imidazolium dimethylphosphaienic liquid have been investigated. Prepared
composite membrane (SPEEK/ionic liquid) is chandwtel by mechanical testing, such as tensile
test and creep test [1]. The impact of ionic ligaidelastic modulus, the creep compliance and the
tensile strength will be discussed. Those membrarnesiesigned for application in fuel cells and
other alternative energy devices. For optimal penénce, the temperature range should be between
100 and 20®C. At the same time, the mechanical strength shbeldhaintained. Large variety of
ionic liquids is suitable to provide high condudivand temperature stability [2]. However, the
ionic liquids are also polymer plastificators ahd tmpact on mechanical strength is less studied.

Also, composite membranes were studied by wideeaKglay diffraction. The shift of the
peak maximum to the lower angle is used to charaetéhe polymer interaction with ionic liquid.

In this work, the biodegradable ionic liquids wesed for composite preparation.
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Recently, organic-inorganic hybrid nanocompositetemals have attracted considerable
research interests in fundamental and applicatiodies. TiQ is a well-known substrate material
due to the superior properties such as large spestifface area, high uniformity, and excellent
biocompatibility and has been applied in a varwt{ields including highly efficient photocatalysis
[1-2], fuel cells [3-4], biosensors [5], hydrogesnsor [6-7] and hydrogen evolution [8]. It has been
reported that Pt [9] or PtRu [10] catalysts supgaron TiQ exhibited excellent catalytic activity
for methanol electro-oxidation because of the gyeiir interaction between Pt and BiO

The study here describes the outcome of the systlt#sPt monometallic, binary and
ternary catalysts supported on BONT and based on the use dry-mix method of OMCVBese
multicomponent catalysts were investigated and @etgpwith commercial Johnson Matthey 40 %
Pt/C catalyst. The results then enabled a probletiie catalysts with regards to their synthesis
route, characteristics and EC activity.
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Hydrogen fed polymer electrolyte membrane fuel ¢BEEMFC) provides zero-emission
power sources for stationary and portable poweegion as well as in transportation [1]. The
origin of the sluggish kinetics of the oxygen retilue reaction (ORR) has been extensively studied
for PEMFCs. To enhance the ORR activity and redayssrational costs of platinum electrocatalyst,
advanced electro-catalyst design by alloying Phwt and Co have been investigated. Pt-Ni and
Pt-Co catalysts with high ORR activities were sgsbdly synthesized by Organometallic
Chemical Vapour Deposition (OMCVD) method, whichfést and the stages of impregnation,
washing, drying, calcinations, and activation, acef poisoning and material transformations
activated during drying are avoided and charaadrtzy XRD, TEM, EDS and CV.
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The proton conductivity of crystalline calix [4] eare-p-sulfonic acids: 5,11,17,23-tetra-
sulfo-25,26,27,28-tetra-hydroxy-Calix [4] arené) (and 5.11 , 17,23-tetra-sulfo-25,26,27,28-
(ethoxy carbonyl methoxy) -Caliks [4] arerg)(
was studied. The high proton conductivity at
normal temperatures in a wide range of ambient 1o°
humidity and, consequently, the water content in;

the crystal hydrateis founded. At a relativei’.lo-

humidity of 10% rel the conductivity of . o

10 4 Nafion-117
compounds is I6-10° Sm/cm, reaching values v HPW.0,
of 102-10* Sm/cm with increasing of humidity to 0 20 20 50 g0 100

RH, %

70% rel. The conductivity is more, then Nafion _ . .
Fig.1 Dependence of the conductivity on humidity fo

conductivity and less dependent on the oRafior®117 and Calix [4] arene-p-sulfonic acids at
humidity/ 208k

Features of the transport properties of the ingastid compounds with changes in humidity,
probably related to the distance between the mtdsduo the anion layer planar structure: a greater
distance between the molecules in the compoundihl additional chains of substituents results in
significantly greater (2 times) the value of thetpn conductivity at high humidity, but and a
sharper drop in it at a low of humidity (condudiyvcompound Il at humidities below 10 rel.% less
than that of compound | in order).

High conductivity of these compounds makes it gaesio use them as precursors for the

preparation of proton membrane.
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