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Welcome Message to RCBJSF 2014 FM& NT  Participants
Welcometo L atvia, welcome to Riga, the European Capital of culturein 2014!

It is my great pleasure to welcome you at the Joint International

RCBJSF 2014 FM&NT Symposium combining 12"

Russia/ClS/Baltic/Japan Symposium on Ferroelectricity (RCBJSF-12) and
9th annua International  Conference Functional Materials and
Nanotechnologies (FM& NT).

The RCBJSF-12 symposium is a continuation of series of meetings

on ferroelectricity, first of which took place in Novosibirsk (USSR) in 1976.

FM&NT Conferences since 2006 has been organized by Institute of Solid

State Physics, University of Latviain Riga. Nevertheless the FM&NT 2013

was held in the Dorpat conference centre in Tartu, organized by the Institute

of Physics, University of Tartu. In this year the joint internationa

symposium RCBJSF 2014 FM&NT is organized as an event of Riga 2014, the European
Capital of culture.

Advanced materials, being central to the economic growth, prosperity and quality of life of
humans, are general topic that thematically joins both meetings RCBJSF and FM& NT. Materials
science is an enabling technology, forming a bridge between basic science and applied engineering.
It ranges from understanding and controlling atoms in materials to making numerous innovative
products, devices and services. Ferroelectrics, e.g. perovskite-type oxides exhibiting a broad
variable spectrum of structural, electronic and magnetic properties are on large scale
multifunctional materials. These and other actual topics will be discussed within the frames of work
program.

The purpose of the Symposium is to bring together materials scientists, physicists, chemists,
research staff, engineers, as well as experts in of a wide range of the most demanding application
areas. We anticipate having high scientific quality presentations at the Symposium: 5 plenary talks,
42 invited talks, 82 oral presentations and over 200 posters. The Symposium will aso provide a
platform for the future collaboration promoting interdisciplinary research.

The RCBJSF 2014 FM&NT  symposium will take place in the new National Library of
Latvia building. The pyramidal structure which rises 68 meters high on the Daugava riverbank
opposite the historic city centre has been the most significant investment in cultural infrastructure
since the establishment of the Latvian State and is one of the largest cultural buildings in Northern
Europe in the 21st century. On 29 August 2014, which is the 95th -anniversary of the National
Library, the building was officially opened for public access.

| wish to thank International Organizing and Program Committees, as well as Local
Committee members for hard work preparing the joint internationa symposium RCBJSF 2014
FM&NT.

| am looking forward to welcome and seeyou in Riga!

Andris Sternberg,
Chairman of RCBJSF 2014 FM & NT %
Institute of Solid State Physics, University of Latvia, Riga, Latvia



Scientific Topics of the Symposium

Ferrodectricity:

Ferroelectrics and multiferroics, pyroelectrics, piezoelectrics and actuators, integrated ferroelectrics,
relaxors, phase transitions and critical phenomena

Multifunctional M aterials:

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

Nanotechnologies:

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

Energy:

Perspective materials and technologies for renewable and hydrogen energy, fuel cdls,
photovoltaics, LEDs, OLEDs

List of Previous Events

RCBJSF FM&NT

1. Novosbirsk (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) 2012
8.  Tsukuba (Japan) 2006 8. Tartu (Estonia) 2013
9.  Vilnius (Lithuania) 2008

10. Y okohama (Japan) 2010
11. Ekaterinburg (Russia) 2012
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L ocal Committee
Liga Grinberga (Chairlady), Anatolijs Sarakovskis, Jurgis Grube, Maris Kundzins, Raitis
Siatkovskis, Andris Sivars, Anastasija Jozepa, Anna Grube, Liga Klebaha.

The Organizing Committee sincerely hopes that the symposium will give all the participants new
insights into the wide spread development of functional materials and nanotechnologies and will enhance the

circulation of information rel eased at the meeting.

Thank you all for coming and we wish you the most successful

and enjoyable event!

Useful Contact phones
Symposium Chairman: Dr.habil.phys. Andris Sternberg (mobile) +371 26183061

Secretary of Organizing Committee (mobile) +371 27038016
Hotels:

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

BalticTAXI +371 20008500



Organizers:

Publishers:

Sponsorsand Exhibitors:

@ LaboChema

Elpa Research Institute and
Pilot Line JSC



RCBJSF 2014 FM&NT Program

Poster session 18:30- 20:30

Farewell refreshments

September 29 September 30 October 1 October 2
16:00 | Registration Ziedo ahall Conference halls, -1 floor Conference halls, -1 floor
Excursion to the 8:00 Registrgtion 8:00 R_egis.tration : 8:30 Registration
i;gg top of LNB 9:00 Opening 9:00 Technlcsl information a”RCBJSF-lZa“ FM&I\;rl-2014
: . . 9:10 urans Hall 1 Hall 2 Hall 3
Welcome party 9:50 Technical information/ Conference photo 9:50 Schweizer 9:00 lwata Kimura Hermansson
Coffee break 10:20 - 10:50 10:30 Laurila 9:30 Ikeda Yoneda Fursikov
Colour legend 10:50 Introductory talk - O. Sp r tis, Latvian Academy of Coffeebreak 11:10- 11:40 9:45 - - Polyakov
RCBJSF-12 ' Sciences RCBJSF-12 FM & NT-2014 10:00| Akishige Viokh Vahtrus
Theory and modelling 11:10 Itoh 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 12:55 Bussmann- | Kuroiwa Mere Chen Coffeebreak 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- o 12:15| Skaliukh . . Nihel
materials 14:10| Tornau Kholkin Merkle Fuks 13:10 Koro ska | Kogjima AR AR 12:30 Molak Taniguchi Azamat
14:40] Ishibashi Takesada Kotomin Krack 13:25| Politova Eglitis | Dovbeshko| | 12:45| Yokota sterlund
Colour legend 14:55| Moriwake | = | Yaremchenko| — Lunch 13:40 - 14:50 13:00| Nuzhnyy Kirchner
FM&NT-2014 15:10| Mamedov | Rybyanets Mac as Bjoerheim 15:00 - 23:00 13:15| Macutkevic | Bagdzevi ius| Mannsberger
. 15:25 | Zhukovskii Glinchuk Niklasson Bandura : . ) : Lunch 13:30 - 14:50
Theory and modelling Excur sion and confer ence dinner
Coffeebreak 15:40 - 16:10 14:50 Laguta Tsuda Rutkis
Nanomaterials and 16:10| Tsujimi Shur Schwartz Evarestov 15:05| Grigalaitis - —
nanostructures 16:40 " Chang . 15:20 lvanov Bogdanov
Multifunctional materials | | 16:55 Roleder Lushnikov Pishtshev Galdikes 15:35 | Ovchinnikov Trepakoy Ozols
and technologies 17:10| Tsukada Ehara Kuzmin Shunin 15:50| Starkov Svirskas Sadan
Energy 17:25 | Burkovsky | Yashchyshyn| Shalapska Porsev 16:05| PopovakE. Anspoks Vembris
17:40 | Chezganov | Delimova Smits Hivik Closing 16:30 - 17:00
Refreshments 18:00 - 18:30 17:00 - 18:30
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RCBJSF-12 Plenary presentations (in al phabetic order)

P 1 | M.ltoh Strategy for the New Ferroelectric Materialsin Tetrahedral System

Pl 3 | J Purans Beyond the Quasiharmonic Approximation: Loca Structure of Perovskites
' with Negative Thermal Expansion

P 5 | A.Sigov Charge Transport Mechanisms in Ferroel ectric Heterostructures

RCBJSF-12 Invited presentations (in a phabetic order)

Cooperation of Latvian and Lithuanian Scientists in Studies of

In-1/J. Banys Ferroelectrics and Related Materials
In-2 | I.Flerov Phase Transitions and Caloric Effectsin Ferroics and Multiferroics
In-3| V. Fridkin Ferroelectricity and the Bulk Photovoltaic Effect at the Nanoscale
In-4 | N. lkeda Ferroelectric and Electronic Property of RFe;O4
In-5| M. lwata Electric Field Effects in Pb(ZnysNbzz)Os-7%PbTiOz Solid Solutions
i : Nanoscale Piezoelectricity due to Symmetry Breaking: an Atomic Force
In-6 | A.Khoalkin Microscopy Study
In-7 | H.Kimura Neutron Diffraction Study of Magnetism and Ferroelectricity in RMn;Os
' (R =rare-earth, Bi, Y) Multiferroics
In-8 | S.Kgjima Broadband Terahertz Time-Domain Spectroscopy of Ferroelectric Crystals
in-9 | v Kurciwa Valence Electron Distributions of Ferroactive lons in Perovskite Oxides
' and Polar Lattice Distortions
i . Central Peak and Quasi-Elastic Light Scatering in Cubic Relaxor
In-10 | S. Lushnikov Ferroelectrics
. Defect-Polarization Control for Enhancing Piezoelectric Properties of
In-11 1. Noguchi BaTiOs-Based Single Crystals and Ceramics
In-12 | T. Ooawa Evauation of Elastic Constants in Piezoelectric Ceramics by Measuring
-9 Acoustic Wave Vel ocities
in-13 | K. Roleder Do We Understand Why Antiferrodectric Order is Redlized in PbZrOs and
PbHfOs?
In-14 | V. shur Domain Shape Instabilities and Fractal Domain Growth in Uniaxial
' Ferroelectrics in Highly Non-equilibrium Switching Conditions
In-15 | G. Suchaneck Materials and Device Concepts for Electrocaloric Refrigeration
Broadband Light Scattering and Second Harmonic Generation in
In-16| M. Takesada Ferroelectric Nanocrystals
In-17 | H. Tanaka Vaence Electron Density and Electrostatic Potential in Ferroelectric

Materials Evaluated by MEM Analysis of X-ray Diffraction




In-18 | H. Taniguchi Ferroelectricity Driven by Twisting of Silicate Tetrahedral Chains
in-19 | E. Tornau Phase Trangitions in Antlferromagnetlc Triangular Blume-Capel Model
with Hard Core Exclusions
i Electronic Structure, Optical and Dielectric Spectroscopy of TbMnOs
In-20 | V. Trepakov Multiferroic
In-21| K Tsuda Study of Nanoscale Loca Structural Fluctuations in Ferroelectrics Using
' Convergent-Beam Electron Diffraction
In-22 | Y. Tsujimi Broad Doublet Spectrain the Quantum Paraglectric State of SrTiOs
In-23 | R. Vlokh Generation of Optical Vortices via Electro- and Piezo-Optic Effects in
' Ferroelectric-Type Crystalline Materias
Planar Microdomain Patterns for Nonlinear-Optical Applications
In-24| T.Voalk Fabricated in Ferroelectric Crystals by Microscopic Methods (AFM and
SEM).
In-25| Y. Yoneda Atomic Pair-Distribution Function (PDF) Analysis on Ferroelectric

Materials Using Synchrotron X-ray

RCBJSF-12 Oral presentations (in aphabetic order)

Dielectric Properties and Phase Diagram of (SrixBai):Nb,O; Single

Or-1] Y. Akishige Crystals
or-2 | A Anspoks Local Structure Studies of Ti for SrTi**0s and SrTi'®0; by Advanced X-
- AN ray Absorption Spectroscopy Data Analysis
or-3| Baodzevi ius Structural and Electrical Characterization of Epitaxialy Strained
-bag BaosSrosTiOs Thin Films Deposited by PLD
or-4| V. Bondarev Cooling Method Based on Electrocaloric Effect Realized in Periodically
' Switching Electric Field in Triglycinesul phate
Or-5 R. Bujakiewicz- Searching of New Multiferroics on the Base of Co-Doped BaTiOs
Koro ska
Or -6 | R. Burkovsky Lattice Dynamics and Incommensurate Phase in PoHfO3
A Bussmann- Revisiting the Fascinating Properties of EuTiOz and Its Mixed Crystals
Or-7 ch3| der with SITiOs: Possible Candidates for Novel Functiondities and
Multiferroicity
i Temperature Dependence of Isolated Domain Shape in Lithium Tantalate
Or -8 | D.V. Chezganov Single Crystals
, Electrophysical Properties of Integrated Ferroelectric Capacitors Based on
Or-9 | L. Delimova Sol-gel PZT Films
i True Operational Range of Lead-Free and Lead-Based Piezoelectric
Or-10 | Y.Ehara Actuators
or-11 | M.D. Glinchuk New Room Temperature Multiferroics on the Base of Single-Phase

Nanograined Ceramics with Perovskite Structure




Dielectric Properties of Barium Titanate and Nickel-Zinc Ferrite

Or-12| R. Grigalaitis Multiferroic Composites
Or-13 | Y. Ishibashi On the Conica Point Crossing
Or-14 | M. Ivanov Dielectric Properties of BaTiOs-KNbOs Composites
Or-15| A.Krylov Temperature Phase Transitions in CsScF4 Crystal
i Multiferroicity and Superparamagnetism in the New Magnetoelectric
Or-16 | V.V. Laguta Pb(Fey2Sby2)Os
Or - 18 | J. Macutkevic Dielectric Properties of AgLINDOs
i Optical Properties of the Narrow-Band Ferrodlectrics: First Principle
Or-19 | A. Mamedov Calculations
or-20| A Molak Electric Curren_t Relaxation _ and Resistance Switching in  Non-
Homogeneous Bismuth Manganite
i : First-principles Calculations of Ferroelectricity in Wurtzite Structured
Or-21 | H. Moriwake Simple Chalcogenides
Or-22 | D. Nuzhnyy P_orous_ Pb(MgusNb23)Os  Ceramics:  Experiment, Modelling and
Simulation
or-23 | S Ovchinnikov Giant Lattice Expansion in GdCoOs due to the Multiplicity Fluctuation

Contributions

Or-24 | E.D. Politova New Multiferroic Oxides with Corundum-Related Structure
Or-25 | E. Popova Ferroelectricity in Minerals
i : Formation of Charged Domain Walls in Lithium Niobate Crystals with
Or-26 | V.I. Pryakhina Inhomogeneous Bulk Conductivity
Ferroelectric Oxides for Visible-Light Photovoltaics and Engineering of
Or-27 1 A.Rappe Shift Current
Or - 28 | A. Rybyanets Nanoparticles Transport in Ceramic Matrices
i L Ultrasonic Studies of Piezoelectric Response in Ferroelectric; Crystals of
Or-29 | V. Samulionis Sn,P.Ps Family
. The Construction of Domains Density Digtribution in the Simulation of
Or-30 | A. Saliukh Process Polarization in the Ceramics
Or-31| A. Starkov Giant Piezocaloric Effect in PZT Ceramics
) . Didlectric, IR and Raman Spectroscopies of (0.4-y)NaosBiosTiOs-
Or-32| . Svirskas 0.65 TiOs-yPbTiOs Solid Solutions
Or-33 | S. Tsukada Critical Points in KF-Substituted BaTiOs
. Structural and Magnetic Phase Transitions
Or-341 A. Vtyurin in Rear Earth Ferroborate Crystals Raman Scatteri ng Study
Or-35| Y. Yashchyshyn Prospects of Ferroelectric Ceramic-Polymer Composites in Sub-Terahertz

Applications

10



Or-36 | H. Yokota The Evidence of Monoclinic Structure on Zr-Rich PbZrixTi1xOs

Or - 38| Y. Zhukovskii First Principles Simulations on Stoichiometric SrTiOs Nanowires

11



RCBJSF-12 Poster presentations

Theory and Modelling

Modding of Piezoelectric Elements with Inhomogeneous Polarization in

R-1 | A. Soloviev ACELAN
R-2 | E. Petrova A Novel A_pproach for Optimization of Finite Element Models of Lossy
Piezoel ectric Elements
i , Local Structure of Multiferroic Mn...Co,WO, Solid Solutions Revealed by
R-3 | J. Timoshenko the Evolutionary Algorithm
. Dynamic Nonlinear Optical Processes in Some Oxygen-Octahedra
R-4 | A.Mamedov Ferroelectrics: First Principle Calculations
First Principles Calculations of the Diffuson and Aggregation of F
R-5 | R.l. Eglitis Centers, as Well as Bulk and Nano-Surface H Centers in CaF», BaF, and
Sk
R-6 | RI. Edlitis First Principles Calculations of SrTiOs, BaTiOs, PbTiOs; and CaTiOs (001),
- =9 (011) and (111) Surfaces
R-7 | P. Konsin Semi-Microscopic Vibronic Theory of the Properties of Quantum
' Parael ectrics and Ferroelectrics of SrTiOs-type
New materials, thin filmsand nanostructures
New Piezoelectric Materids and Transducer Designs for Energy
R-8 | A.Rybyanets Harvesting Devices
R-9 | R Grechishkin Surface Relief And Domain Structure Of Ferromagnetic Shape Memory
Alloys
Dielectric Behavior in A-site Ordered Perovskite CaCusTisO12: Effect of
R-10 | N. Hasegawa A’-site Doping
i : Multicaloric  Efficiency of  Ferroelectric-Ferromagnetic  Volume
R-11] E. Mikhaleva Composites (x)Lao.7PbesMnOs-(1-X)PbTiOs
The Nickel and Cobalt Ferrite Nanopowders and it Composites with
R-12 | I. Bochkov Polycarbonate
R-13 | R. Mackeviciute Dielectric Properties of Diammonium Hypodiphosphate (NH4)2H2P-Os
. Influence of Powder Milling on Properties of Barium Strontium Titanate
R-14 | E. Pawlikowska Particles and the Ferroel ectric Ceramic-Polymer Composites
R-15 | A. Naumenko Losses and Dispersion in Ceramic Matrix Composites
R-16 | A. Sigov Porous PZT Films Prepared by PV P Assisted Sol-gel Process
R-17 | S. Aplesnin M agnetodi el ectric Properties of BiixLaFeOs Films
R-18 | D. Jablonskas Microwave Diedectric Measurements of Mn-Doped Perovskite-Type

SrTiOs Nanopowders

12



Effects of Long Term Annealing on the Nanostructures Formed in Cdl>

R-19 | A. Popov Crystals
Characterisation of materials
i Cathodoluminescence Characterization of Polystyrene BaZrO s Hybrid
R-20 | A. Popov Composites
i q 4+ 3+ i i
R-21 | A. Badalyan An Observation of Nano Sized Effect on EPR of Mn*" and Cr°* in SITiOs
Powders
R-22 | W. Zapart Phase Transitions in Li-Doped KSc(M0Oa)
R-23 | S. Tsuge X-ray Diffraction Intensity Influenced by Transverse Electric Field in TGS
R-24 | M .B. Zapart Optical Studies and Birefringence of K1.xRbxSc (M0Oa)
R-25 | A Ivanova Optical Anisotropy and Domain Structure of Multiferroic Ni-Mn Based
Heudler Alloys
i Dielectric Behavior of Monoclinic Rb(Ho7Do:3).POs Under Constant
R-26 | M. Fukunaga Hydrostatic Pressure
Thermal Diffusion and Heat Conductivity of BiFeOs and Bio.gsla0.0sFeOs
R-27 | SN. Kallaev Multiferroics at High Temperatures
R-29 | M. Antonova Photoelectric Current and Dielectric Properties of Barium-Strontium
' Niobate Ceramics under UV and Visible Irradiation
R-30 | M. Antonova Preparation and Electric Properties of Barium Zirconium Titanate
Ceramics
i , : Characterization of Ferroelectric Ceramic-Polymer Composites in Sub-
R-31 | K. Godziszewski Terahertz Frequency Range
) . Electrical Characterization of Fe Doped BaTiOs; Ceramic by Impedance
R-32 | M. Livinsh Spectroscopy
i . AC Impedance Spectroscopy Study of Barium Titanate Based
R-33 | B. Garbarz-Glos Electroceramics
R-34 | D. Sitko Study of Dielectric Properties of Europium Doped Barium Titanate
' Ceramics by Impedance Spectroscopy
R-35 | S. llyashenko Heat Losses and Thermal Imaging of Piezoelectric Elements
R-36 | M. Dunce Interpretation of the Electrocaloric Effect in NBT-ST-PT Solid Solutions
Bulk materials: Crystalsand Ceramics
R-37 | A. Akhmatkhanov Polarization Reversal and Domain Kinetics in MgO Doped Congruent and

Stoichiometric Lithium Tantalate Crystals

R-38

A. Akhmatkhanov

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

R-40

M.A. Helal

in Relaxor-Based

Critic Slowing Down and Elastic Anomaly

13



Ferroelectric PMN-53PT Crystals Proved by Broadband Brillouin
Scattering

The Pyroelectric Properties of Calcium Barium Niobate Crystals of

R-411 V. Listsn Different Composition
R-42 | E. Palaimiene Conductivity Investigations of PMT-PT Single Crystals
R-43 | S Paviov Phenomenologicd Mode of Phase Transitions in [N(CzHs)4]2MnCl4
Crystals

i , Raman Studies of Stoichiometric and Congruent Lithium Niobate Crystals
R-44 1 N.V. Sidorov at Temperatures Within the 100 - 450 K Range

) . Structural and Optical Homogeneity in Lithium Niobate Crystals of Low
R-45 | N.V. Sidorov Photorefractivity
R-48 | M.N. Palatnikov Electrical Properties of Congruent LiTaOs Single Crystals

R-49

M .N. Palatnikov

Synthesis, Structure, Electrical and Mechanical Characteristics of Ceramic
Nb2(1.y) T2y Os

R-50 | K. Bormanis Thermal Properties of Relaxor PbNi13sNb2:Os Solid Solution Ceramics

R-51 | K. Bormanis The Slow Relaxation of ' Polariz_ation in
(KosNao5)(Nb1.xShy) Os+0,5mol %M nO; Ferroelectric Ceramics

R-52 | A. Kalvane Electronic Properties of Hexagonal SrMnOz Ceramic

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

R-55 | J. Suchanicz glifllzté(érlcg e(r);m Ci:gsmprve Stress and Aging on Dielectric Properties of

R-56 | W B K Dielectri_c Behaviour of (Bal.xl_\lax)(Til.be_x)Og Ceramics Obtained by
Conventional and Mechanochemical Synthesis

o8 M. Sy | DA Pt o Comn Cataning B T Cacs

R-60 | E.V. Barabanova Pore Effect on the Switching Processes in PZT Ceramics

Porous Piezoelectric Ceramics. Complex Representation of Material

R-61 | M. Lugovaya Properties

) . Aging and Memory Effects in Electro-Optical PLZT 8/65/35 Ceramics
R-63 | V.Dimza Modified with 3d Transition-Metal lons
R-64 | E.I. Gerzanych T, Diagram Ferrielectric Crystals CulnP»(Se Si- )s in the Range

0 x 10

) . Dynamics in Incommensurate Phase Transition in C and 2C Polytypes of
R-65 | A. Salnik TIINS; Ferroelectric
R-66 | A. Salnik On Photoinduced Phase Transition in Ferroelectric AgsAsSs
R-67 | OV. Shusta Investigation of CulnP.Ss Family Layered Crystals Under High

Hydrostatic Pressure
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R-68 | Al Susa The Influence of an Externa Electric Field and Uniaxia Pressure on the
n Dielectric Properties of Co- and Cu-Doped TGS Crystals

.. Ab Initio Characterization of Pressure-Induced Metadlic State in
R-69 | Y. Vysochanskii Ferrodlectric SnP,Ss
R-70 | Y. Vysochanskii Tricritical Point and Virtual Ferroelectricity in (PbySny.y)P2Ss
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FM& NT-2014 program

September 29 September 30 October 1 October 2
16:00 Registration Ziedo ahall Conference halls, -1 floor Conference hall, -1 floor
. : Registration : Registration : i i
. Excursion to the top 8:00 egl [ 8.00 .eg : : 8:30 Registration
17:00 of LNB Welcome 9:00 Openin 9:00 Technical information Hall 3
18:30 B —— ' pening 9:10 Purans 9:00 Hermansson
9:50 Technical information/ Conference 9:50 Schweizer 9:30 Fursikov
' photo 10:30 Laurila 9:45 Polyakov
Coffee break 10:20 - 10:50 Coffeebreak 11:10- 11:40 10:00 Vahtrus
Colour legend 10:50 Introductory talk - O. Sp r tis, Hall 3 Hall 4 10:15 Erts
: ' L atvian Academy of Sciences 11:40 | Oberhofer 11:40 Bellucci 10:30 Andzane
Theory and modelling - >
11:10 Itoh 12:10 Kulkova 12:10 Bianconi 10:45 Oras
: 11:50 Sigov 12:40 Krunks . 11:00 Boiko
MBI CIE B L s i el Lunch 12:30 - 13:40 12:55 Mere 12:40 Chen Coffeebreak 11:15- 11:45
Multifunctional materials and Conference halls, -1 floor 13:10 | Aquilanti 13:10 Plyushch 11:45 Popova M.
Technologies Hall 3 Hall 4 13:25 Eglitis 13:25 | Dovbeshko 12:15 Nihei
13:40 Spohr 13:40 Brik Lunch 13:40 - 14:50 12:30 Azamat
Energy
14:10 Merkle 14:10 Fuks 12:45 sterlund
- 15:00 - 23:00 :
14:40 Kotomin . . 13:00 Kirchner
- 14:40 Krack Excursion and confer ence dinner
Plenary - 40 min 14:55 | Yaremchenko 13:15 Mannsberger
Invited (Inv) - 30 min 15:10 Mac as 15:10 | Bjoerheim Lunch 13:30 - 14:50
Ord (Or) - 15 min 15:25 Niklasson 15:25 Bandura 14:50 Rutkis
Coffee break 15:40 - 16:10 15:20 Bogdanov
Ziedo ahall, O floor 16:10 Schwartz 16:10 | Evarestov 15:35 Ozols
Conference hall, -1 floor 16:40 Chang ] . 15:50 Saldan
16:55 Pishtshev 16:40 | Galdikas 16:05 Vembris
17:10 Kuzmin 17:10 Shunin : : :
17:25 Shalapska | 17:25 | Porsev Closing 16:30- 17:00
17:40 Smits 17:40 Hivik
Refreshments 18:00 - 18:30 17:00- 18:30
Poster session 18:30- 20:30 Farewell refreshments
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FM&NT-2014 Plenary presentations (in alphabetic order)

A 2

T. Laurila

Hybrid Carbon Nanomaterials for Electrochemica Detection of
Biomolecules

Pl 4

S. Schweizer

Multi-functionality of Luminescent Glasses for Energy Applications

FM&NT-2014 Invited presentations (in alphabetic order)

Heat Resistant Unfired Phosphate Ceramics with Carbon Nanotubes and

In-1| S. Belucci Boron Compounds for Electromagnetic and lonizing Shielding
Applications
Nanoscale Phase Separation in Two-dimensiona Layers in the Limit of a
In-2 | A. Bianconi Few Unit Cells Controlling Material Functionalities Unveiled by Scanning
Submicron XRD
In-3| M. Brik A Review of The Structural, Electronic and Elastic Properties of Spinels
In-4 | R. Chen Surface-controlled Transport Propertiesin 1D and 2D Nanocrystals
Theoretical Study of Single- and Multi-Walled Nanotubes Rolled-up from
In-5| R. Evarestov Group IV Metal Disuifides
In-6 | D. Fuks Controlling the Figure of Merit in TiNiSn Half-Heusler Alloy: DFT Study
In-7 | A Galdikas Diffusion Processes in Nanostructured Three-Way Automotive Powder
Catalysts
In-8 | K. Hermansson Ceria Chemistry at the Nano-scale
In-9 | M. Krack Electronic Structure Simulation of Uranium Dioxide
In-10 | S. Kulkova Influence of Interstitial Impurities on the Griffith work in Ti-based Alloys
In-11 | R. Merkle Mixed Conducting Perovskites as Solid Oxide Fuel Cell Cathode
' Materias: Insight from Experiments and Theory
i A Theoretical Description of Photo-Catalytic Water Splitting on Metal
In-12 | H. Oberhofer Decorated Oxide Surfaces
In-13 | M. Popova Materials for Optical Quantum Memory
) . Development of NLO Active Organic Molecular Glasses for Photonic
In-14 | M. Rutkis Applications
In-15 | K. Schwartz Irradl_atlc_)n Induced Nanostructures in LiF Crystals and Possible
Applications
In-16 | E. Spohr Simulation of Oxide Nanostructures for Energy Conversion
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FM&NT-2014 Oral presentations (in al phabetic order)

Fabrication of Bismuth Chalcogenide Nanoribbons by Catalyst-Free Solid-

Or-1|J.Andzane Vapor Technique
Or-2 | G. Aquilanti In-operando XAFS Analysis of Li-sulfur Batteries
Or-3 | D. Azamat Spin-Phonon Relaxation Processes of Transition Metal lonsin ZnO
Or-4 | A.Bandura Phonon Spectra of Single-Walled TiO, Nanotubes
Or-5 | T. Bjoerheim Defect _Thermodynamms of BaZrOs; from First Principles Phonon
Calculations
Or-6 | V. Bogdanov Water-Like Anomaly of Elastic Properties of Inorganic Glasses and Their
Melts
Or-7 | V.Boko New Materials for Nanobiophotonics Based on Photonic Crystals
or-8 | L chan Nonpolar ZnO Epilayers and ZnO/Zn;xMg«O Multiple Quantum Wells
' 9 Grown on LiGaO, by Molecular Beam Epitaxy
Or-9 | G. Dovbeshko Grap_henfe Sheets Versus Carbon Nanotubes: Synthesis, Properties,
Applications
Or-10 | R. Eglitis Towards a Practical Rechargeable 5V Li lon Battery
Or-11| D. Erts Space Charge Limited Current in Bi>Ss Nanowires
i : Nanostructural Properties of Holmium Oxide Prepared by the Thermal
Or-12| P. Fursikov Decomposition of Organic and Inorganic Precursors
or-13 | D. Hivik Impact of Nanotechnology on Green and Sustainable Growth: Micro- and
' Nanofibrillated Cellulose. A Nordic Case Study to the OECD
An Innovative EBL Writing Strategy for High Speed and Precision
Or-14 | M. Kirchner Lithography of Large Circle Arrays for Microfiltration and Photonics in
Solar Cells
i . Challenges in Energy Applications of Non-stoichiometric Complex
Or-15 | E.A. Kotomin Perovskites
Or-16 | M. Krunks Transition Metal Doped Indium Sulfide Films by Chemical Spray Method
Or-17 | A. Kuzmin High-pressure X-ray Absorption Spectroscopy Study of Tin Tungstates
Electrica Properties and Redox Stability of Nb-substituted S'VOs as
Or-18 | J. Macas Prospective SOFC Anode Material
Or-19 | M. Mannsberger XPS Depth Profiling of Organic and Organic/Inorganic Multilayer Systems
Or-20 | A.Mere Plasmonic Solar Cells by Low-Cost Chemica Spray Method
or-21 | H. Nihei Optimization of Optical Parameters for Qubit Operation in Photonic
Crystals
Or - 22 | G. Niklasson Electrochemical Measurements of the Electronic Density of States
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Manipulation of Nanoparticles With Different Morphology Inside a

Or-23| S Oras Scanning Electron Microscope

or-24 | L serlund Precise Tuning of the Photonic Band Gap Using Multilayered Inverse
Opals

or-25| A Ozols Dark Rel_axatl_on of Holographic Gratings in Azobenzene and
Chalcogenide Films

) . Electronic and Optical Properties of Magnesium and Calcium Hydroxides:

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

Or - 27 | A. Plyushch Electromagnetics of Tannin-based Carbon Foams

Or - 28 | B. Palyakov Silver and Gold Nanodumbbells for Tribological Experiments

Or-29 | V. Porsev First-Principles Calculations of V>0s Nanotubes

or-20| 1. saldan GaAs and GawxAlxAs Overlayer Formation on GaAs (111) Sbhstrate Plane

' by Organometallic Vapor Phase Epitaxy

Luminescence, Energy Migration and Energy Transfer Processes in

Or - 31| T. Shalapska Gd,SiOs and (LuGd),SiOs Single Crystals Doped with Ce*, Eu®* and Tb**
ions

or-32 | Y. Shunin Electromechanics and Electromagnetics of CNT- and Graphene-Based

' Nanoporous Materials: Interconnects and Nanosensoring

Or - 33 | K. Smits Praseodymium Luminescence in Zirconia Nanocrystals and Single Crystals
Shape Restoration Effect And Enhanced Fracture Resistance of Ag/SIO;

Or-34 | M. Vahtrus Core-Shell Nanowires

or-35 | A Vembris Energy Lev_els (_)f Glass Form_| ng Low Molecular Weight Organic
Compoundsin Thin Amorphous Film

Or-36 | A Yaremchenko Phase Stability and Thermochemical Expansion of BaosSrosC0o.sF€p.20s-

Mixed-Conducting Ceramics Under Oxidizing Conditions
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FM&NT-2014 Poster presentations

Theory and Modelling

F-1 | T.Plank Technet_nano: The Cooperation Network of Clean Room Facilitiesin BSR
: Ab Initio Modelling of Ag Adsorption on the MnO,- and LaO-terminated
F-2 | A. Abuova LMO[001] Surfaces
F-3 | A Chesnokov Ab Initio Simulations on N and S Co-doped Titania Nanotubes for
' Photocatalytic Applications
F-5| E. Trutnev The Consideration of Virial Correctionsin the Diffusion Equations
F-6 | A Ussainov Electronic Effects on Hydrogen-Adsorbed Surfaces of ZnO: First
' Principles Study
F-7 | D. Sergevev Cdculation of the Excess Current and the Pseudogap in Cuprate
- Xroey High-Temperature Superconductors by the Monte Carlo Method
F-8 | E. Shidlovskaya Theoretical Modeling of Nanodevices Using Embedded Molecular Cluster
Method
F-9 | A. Platonenko ADb Initio Simulations on Frenkel Pairs of Radiation Defectsin Corundum
F-11 | S. Kulkova The Peculiarities of Halogens Adsorption on A®B%(001) Surface
F-12 | E Klotins Relativistic Time-resolved Approach for Phonon Assisted Interaction
' Between Electron and Intensive Radiation Field
F13 | A Gopeienko Ab Initio Calculations of Interactions between Y and O Impurity Atoms
- 0P8 and Vacanciesin bcc- and fcc-iron Lattices
F-14 | D. Bocharov R and M Mode Softness in Cubic ScFs: Predictions From First Principles
: . Ab-Initio  Study of Cation-rich InP(001) and GaP(001) Surface
F-15 | A. Bakulin Recongtructions and lodine Adsorption
: Quantum Chemical Investigations of Oxide Nanostructures for Energy
F-16 | M. Wessd Conversion in Aqueous Solution
Nanomaterials
F-19 | B. Polyakov Plasmonic Photoluminescence Enhancement by Silver Nanowires
F-21 | A. Chodosovskaja Silver Nanoprisms Self-Assembly on Differently Functionalized Silica

Surface

A New Preparation Method of Size Controllable Gold Nanoparticles Using

F-22 | E. Abkhalimov Hydrogen
Self-Assembly of Gold Nanoparticles and Poly(diphenylamine): A
F-23 | D.W.Kim Versatile Approach to One-Step Synthesis of Poly(diphenylamine) and
Gold Nanoparticles
F24|S ornaja The Novel AuTiO, and Au/ eO, Nanocomposites Synthesis. The Study

of Their Physical Properties and Catalytic Activity
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F-25

J. Grabis

Microwave Synthesis of Nanocomposites in ZnO-ZnO,SnO4/Ag System
and Their Photocatalytic Activity

F-26

T. Tamulevi ius

Layers of Two and Three Dimensional Metal Nanoparticle Assemblies for
Plasmonic Sensor Applications

Polarization Effects in Layers Of Dense Short-Range Ordered Plasmonic

F-27 | J. Prikulis .
Nanoparticles
Dense Arrays Of Nanometer Holes in Thin Metal Films on Anodized
F-28 | R. Poplausks Aluminum Oxide Membranes
F-29 | V.I. Pryakhina Colloid of Metal Nanoparticles Produced by Laser Ablation in Liquid
_ . : Ultra Thin TiO; Films with Gold Nanoparticles by the Chemical Spray
F-30 | I. OjaAcik Pyrolysis Method
: Microwave Assisted Synthesis and Photocatalytic Properties of Sulfur and
31 | R. Drunka Platinum Modified TiO, Nanofibers
F-32 | A. Knoks Synthesis and Photocatal ytic Activity of TiO, Nanotubes
F-33 | D. Kuruch Water Adsorption on S'TiOs Single-Walled Nanotubes
F-34 | I. zZalite Hydrothermal Synthesis of Cobalt Ferrite Nanosized Powders
F-35 | I Gromvko ZnO Nanorods Grown Electrochemically on Different Meta Oxide
' y Underlays
F-37 | J. Kalnacs Graphene Nanosheets Grown on Ni Particles
: Structure and Properties of Functionalized Carbon
F-38 | I. Reinholds Nanotube/Polypropylene Composites
Investigation of Hard Wear Resistant Nanostructured Carbonitride
F-39 | U. Kanders Coatings Based on Ti-(Nb,Hf)-C-N Quarternary System Deposited by DC
M agnetron Sputtering
: Tribological and Mechanical Properties of Sputter Deposited Carbon-
F-40 | U. Kanders Copper Composite Films and their Structure
F-41 | R Meija Hum|d|_ty Induced Resistive Response Behavior of Bismuth Sulfide
anowires
F-42 | V. Serga Synthesis <_and Properties of Magnetic Iron  Oxide/platinum
Nanocomposites
F-43 | 1. Segal Magnetite Based Nanoparticles with Immobilized Heterocyclic Choline
' Derivatives as Potential Anti-Infective Agents
F-44 | L.Pu ina Optical Forcing of Magnetostatic Patterns in Ferrofluid Layers
£-45 | A Jarmola Enhan_cement of the Optical _Sgnal from Nitrogen-vacancy Centers by
Coupling to Surface Plasmons in Nanostructures
Structure, Nanohardness and Photoluminiscence of ZnO Ceramics Based
F-47 | F. Muktepavela on Nanopowders
F-48 | A. Moskina Cathodoluminescence Studies of Nanostructured AIN and AIN/Csl
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Induction Heat Treatment and Technique of Nano-Bioceramic Coatings

F-49 | A. Fomin Production on Titanium
F-50 | J. Zicans Dielectric and Mechanical Relaxation in the Modified Carbon Nanofillers
' Containing Polyvinyl Alcohol Composites
F-51 | R. MerijsMeri Structure, Rheological and _Mechamcal Properties of Melt Compounded
Polypropylene Nanocomposites
F-52 | J. Macutkevic Dielectric Properties of Graphene Like/Polyurethane Composites
£-53 | | Kranauskaite D|elgctr|c Properties of Composites with Carbon Nanotubes in PMMA
Matrix
: . Detecting VOC with Diferent Polymer-Nanostructured Carbon
F-54 | S. Stepina Composites
F-55 | A. Volperts Highly Porous Wood Based Carbon Materias for Supercapacitors
F-56 | M. Petrenec Nanostructure Characterization of Fatigued IN738LC Superalloy at
Elevated Temperature
. Control of Thickness and Residual Deformation in Lead Selenide
F-57 | O.1. Davarashvili Nanolayers
Multifunctional materials and Technologies
Multifunctional Properties of KI Crystal at Lattice Symmetry Lowering by
F-58 | K. Shunkeyev Low Temperature Elastic Stress
: . Sheet Resistance Parameter Optimization of Light Transmitting Welding
F-59 | K. Vanyukhin Electrodes Made of Indium Tin Oxide
F-60 | K. Smits Comparative Studies of Alumina Coatings on Aluminum Prepared with
' Electrochemical and Plasma Electrolytic Oxidation Routes
F-61 | A. Mamedov SbSI Based Photonic Crystal Superlattices: Band Structure and Optics
F-62 | L. Maksmov Comparatlv_e Stud_y of Nanoscaled Fluctuation Inhomogeneities in Main
Glass Forming Oxides
F-63 | L. Maksimov Electrooptical Fibers
F-64 | M. Baitimirova Fabrication and Properties of Graphene/Bismuth Chalcogenide Layered

Structures

Kinetics of Diffraction Efficiency During the Holographic Recording of

F-66 | M. Reinfelde Surface Relief Gratings
: . Recording of Surface Relief in Azobenzene Containing Low Molecular
F-67 | K. Klismeta Weight Organic Glasses
Anaysis of Excitonic Mechanism of Defect Formation in Insulating
F-68 | E.A. Kotomin Materials - Generalization of Rabin-Klick Diagram for a Whole Family of
Alkali Halides
F-69 | R.Truk a Integrating Sphere Produced by 3D Printing and CNC Milling
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Study of Performance of Hybrid Fiber (Hemp/Polypropylene/Glass)

F-70| M. Manins Woven Reinforcements

F-71 | E. Pentjuss Properties of Carbonized Na-Al-Si Glass Fiber Fabrics

F-72 | A Lusis A'Comparative Study of 'Natural Fiber and Glass Fiber Fabrics Properties
with Metal or Oxide Coatings

F-73 | S. Vihodceva Durable Hydrophobic Sol-Gel Finishing for Textiles

F-74 | K. Ozols Mechanical Pressure Induced Capacitan_ce Changes of
Polyisoprene/Nanostructured Carbon Black Composite Samples

F-75 | G. K aptagay \Il?vﬁavszar; e?f Interaction Fluorine-Doped Coz04 (100) and (111) Surfaces

F-76 | P. Rubin Insulator-Metal Transition in FeAs, Caused by Substitutions

F-77 | S. Zazubovich Low-Temperature Delayed Recombination in Y >SiOs:Ce and Lu,SiOs:Ce

Depth Profiles of Indentation Hardness and Dislocation Mobility in MgO

F-78 | R. Zabds Single Crystals Irradiated with Swift Kr and N lons
£-79 | L Wan New Insights into Charge Transfer Transitions in CdWO,: Covalency,
' 9 Polarizability and Charge Effects on Energy Positions
F-g0 | N: Mironova- Template-Based Synthesis of Nickel Oxide
Ulmane
_ . Synthesis, Structure and Electrical Properties of LiaxTixP.O7 (X = 0; 0.1)
F-81 | A. Dindune Pyrophosphates
: Production of Glycolic Acid from Glycerol Using Novel Fine-Disperse
F-82 | E. Sproge Platinum Catalysts
F-83 | BE. Park Fabrication and Electrica Characteristics of P(VDF-TrFE) Films on
T Si(100) Substrates using Cyanoethyl Pullulan Buffer Layers,
F-84 | G. Chikvaidze Method for Purifying Silicon Using Electron Beam Technology
F-85 | A. Brangule Importance of FI'IR Spectra Deconvolution in Amorphous Calcium
Phosphate Analysis
F-86 | J. Belovickis Ultrasonic Wave Propagation in PDM S with ZnO Nanoparticles
: Angular Dependence of Recombination Luminescence Detected EPR in
F-87 | A. Fedotovs ZnO Crystal
F-88 | A. Antuzevics EPR Spectra of ScFs

F-89 | D. Jakovlevs Gallstones Studies by Raman, EPR and EDX Spectroscopes
F-90 | M. Qja EPR Spectroscopy of C3A
Determination of Methemoglobin in Human Blood After lonising
F-91 | M. Polakovs Radiation by EPR
: Color Center Creation in LiF Irradiated with 12C and 130Xe MeV lons:
F-92 | M. Baizhumanov

Dependence on Energy Loss and Absorbed Energy
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EXAFS Study of the Local Structure of Crystalline and Nanocrystalline

F-93 | 1. Jonane Y203 Using Evolutionary Algorithm Method
: . Local Structure and Lattice Dynamics of Cubic Y.Os: an X-ray Absorption
F-94 | K. Lazdins Spectroscopy Study
F-95 | A Cintins ODS Steel Raw Material Local Structure Analysis Using X-ray Absorption
Spectroscopy
F-96 | J. Gabrusenoks Vibrational Spectra of Tungsten Oxytetrachloride
F-97 | R. Grants Kinetic Properties of Grain Boundary with Ridgesin Zn Bicrystal
F-98 | A. Kuzmin Preparation and Characterization of Tin Tungstate Thin Films
F-99 | P. ajev Electronic Properties of Polar and Nonpolar ZnO Films on LiGaO-
. Optical Properties of Polar and Nonpolar ZnO Thin Films Grown on
100 | P. ey LiGa0, Substrate
: : Measuring the Brightness of the Retina Reflex to Study the
F-101) V. Karitans Accommodative Response of Stimuli with Various Spectral Distribution
F-102 | S Fomins Adapt'lon of Liquid Crystal Shutters for Infrared Binocular Eye Pupil
Tracking
F-103 | M. Ozolinsh Smart Model Eye on Base of PDLC for Continued Stage Cataract Studies
F-104 | E. Butanovs HOPG Patterning Methods for Graphene Transferring onto the Substrate
. Optimization of Deposition and Characterization of Graphene Oxide
F-105] A. Dravniece Monolayers and Films Obtained by Langmuir-Blodgett Technique
F-106 | V. Kampars Thermal Deoxygenation of Graphite Oxide at Low Temperature
F-107 | K. Pudzs TTT Thin Film Morphology and Electrical Properties
F-108 | V. Skvortsova Optical Properties of Natural and Synthetic Beryl Crystals

Optical and Structural Studies of Zn-Ir-O Thin Films Deposited by

F-109 | M. Zubkins Reactive DC Magnetron Sputtering
. 3 . .
F-110 | J. Grube Exarr_u ning Temperature Influence on Er** Luminescence in NalaF,
Matrix
F-111 | A. Sarakovskis Influenge 031‘+ Different Crystal Field Environments on the Luminescence of
NalL aF4:Er
. . . L o or
F-112 | SH. Kwon Synthesis and Luminescent Properties of Blue Emitting CaAl2Si20s:Eu
Phosphor
: . Thermally Stimulated Luminescence of Undoped and Ce* Doped Gd,SiOs
F-113 | A. Zolotarjovs and (LUGd),SiOs Single Crystals
. . 3+ _ H
F-114 | G. Yue L_uml nescent Propertleﬁ of Tb**-Doped SrLaMgTaOs Phosphor for White
Light-Emitting Diodes
F-115 | A. Trukhin Luminescence of Coesite
F-116 | D. Spassky Luminescence and Energy Transfer in RE(NbxTaix)Os, RE =Y or Gd
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F-117 | U. Rogulis Luminescence of Eu lons in Oxyfluoride Glasses and Glass-Ceramics
F-118 | L. Grigorjeva Luminescence of Er/Yb Doped HAp-FAp Nanocrystals and Ceramics
F-119 | Y.W. Seo Synthesis and Photol uminescence Properties of Sr3Y (POs)s: Dy**
F-120 | V. Pankratov Excitation Luminescence Spectroscopy of Rare-Earth Doped NaL aF4
Enhanced Up-Conversion Emission of Core-Shell Structured -
1211 JH.On NaY FaY b*/Er** @S0,
F-122 | E. Elsts Luminescence of Terbium Activated NaL aF4 in Oxyfluoride Ceramics
F-123 | D. Millers Radioluminescence and Cathodoluminescence of TICI:Bi Crystals
F-124 | B. Berzina AIN Based Composite - White Light Emitter
F-125 | K. Chernenko Photol uminescence Properties of Bi®* Centersin Yttrium Oxide
F-126 | E.O.Kim Improved Optical Photoluminescence by Bi®* Co-Doped in CaMoO4:Eu®*
F-127 | |. Kudryavtseva Luminescence of Complex Terbium Centresin CaSO4
F-128 | T. Koketai Thermally Stimulated L uminescence of KPOs-NOs-doped TI* lons
: . Thermostimulated Luminescence (TSL) and Temperature Studies of the
F-129 | V. Levushkina LuyY 1-<PO4:Ce** Solid Solutions
Hexagona Boron Nitride Luminescence Intensity Dependent on Ambient
F-130 | V. Korsaks Vacuum Level
F-131 | R.R. Rosul The Study of the High-Pressure Phase of TIInS; Crystal
ENERGY
F-132 | An. Kravtsov Novel Me§h0d for Feedstock Production For High Efficiency FZ c-Si
Photovoltaics
F-133 | Al. Kravtsov New Feedstock for c-Si Photovoltaics
: Sequentially  Deposited  Perovskite  Solar  Cell Employing
F-134 1 1. Kaulachs CH3NH:Pbl 3.0Cly Light Absorber
. Research on Controlled Porosity Composite Thin Layers and Systems for
F-135 1 J. Kleperis Energy Storage and Conversion Applications
F-136 | I. Dimanta Bacteria Produced Hydrogen Storage Possibilitiesin Metal Hydride Alloy
: Structural Studies of Graphite-Containing Divertor Materials by Raman
F-137 1. Rundane Spectroscopy and by Quantum Chemical Calculations
: Floor Tile Tritium Accumulation at Various JET Fusion Device Divertor
F-138 | M. Halitovs Configurations
F-139 | L Avotina Thermal Treatment of JET Carbon Dust Mixtures Containing Long-Chain
Hydrocarbons
F-140 | 1. Liepi a Structure and Photocatalytic Properties of TiO>-WOs; Composites Prepared

by Electrophoretic Deposition
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Yttrium Doped Hematite Nanograin Thin Films as Anode Material for

F-1411 M. Vanags Solar Water Splitting
F-142 | A. Zvyagintseva Possibility of the Doping of Electrochemical Systems with Deuterium

: Synthesis of Mg(BH.); TMO (TMO=TiO, ZrOz; NbOs; Mo0Os)
F-144 | 1. Saldan Composites and Their Hydrogen Desorption
F-145 | K. Kaprans Electrophoretic Graphene Film Electrode for Lithium lon Battery
F-146 | G. Ku inskis Deposition and In-Depth Electrochemical Analysis of LiFePO4 Thin Films
F-147 | A Ukshe Ié]uv;ésrtilgr?;zgon of Electrochemical Noise in the Cells with Advanced
F-148 | P. Eursikov Experiment and Quantum Chemical Calculations in Studying the H

' Sorption Behavior of Nanostructured Composites and Light Metal Clusters

F-149 | P. Lesnicenoks Studies of Hydrogen Bonding to Graphitic Nanosheet Structures
F-150 | J. Hodakovska Composite Organic-Inorganic Membranes for Fuel Cells

: : SPEEK Polymer Composites with 1-butyl-2,3-dimethyl-imidazolium
F-1511 G. Vaivars dimethylphosphate lonic Liquids for Fuel Cell Membranes

: . Mechanical Properties and XRD of Composite SPEEK Polymer
F-152| E. Sprugis Membranes Modified by Acidic lonic Liquids

: . Function of Titanium Oxide Coated on Carbon Nanotubes as Support for
F-153 | Q. Ying Patinum Catalysts

: . Investigation of Activities for Pt>-M Bimetallic Nanoparticles Catalysts on
F-1541 Q. Ying the Oxygen Reduction Reaction
F-155 | Y. Dobrovolsky New Proton Conductors: the Calix(aren)sulfonic Acids
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L abochema Company Group operating in the Baltic States for over 10 years is one of the
biggest company groups in the Baltic States selling the top quality chemical reagents, consumables,
laboratory equipment, furniture, and implementing individual laboratory installation projects.
Labochema Company Group is offering a very large assortment of laboratory equipment, which
consists of just world known and recognized company s products. We offer only high quality and

reliable equipment for your laboratory as

ning electron microscopes

atomic for ce microscopes

microanalysis, electron microscopy and other
analytical equipment

ster eo/digital/light and confocal
M Cr 0SCopes

thermal analysis and ther mophysical property
measur ement systems

probe stations, Hall Effect systems and
electromagnets

ultrasonic homogenizers

for ce and torque measuring systems

Labochema Company Group - The reliable supplier for your laboratory in the Baltic States
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Elpa Research Instituteand Pilot Line JSC

Elpa Research Ingtitute and Pilot Line JSC is one of the oldest Russian companies
involved in the development and manufacturing of piezoelectric materials, piezoelectric elements,
piezo technique products and acoustic electronics for eectronic equipment, control systems and
monitoring mechanisms and structures

COMPANY PROFILE - RESEARCH, DEVELOPMENT AND PRODUCTION OF:

piezoelectric materials;
piezoel ectric elements,
piezoel ectric devices,
acoustic electronic devices.

A number of new high-performance piezoel ectric materials for the following applications was
developed and produced:
emitting and transceiver emitting hydroacoustic antenna;
multi-layered and flexural piezo actuators,
high temperature piezo actuators and vibration sensors.

In recent years, a family of high performance piezoelectric materials for general and
specialized applications was developed: PZT-43, PZT-46, PZT-47, PZT-48, PZT-50, al of them
exhibit high dielectric, piezoelectric, and elastic characteristics. A specialized piezoceramic material
NPZT-2 having ds3 = 800 pC/N , 33/ o = 4600, = 140 and exhibiting low sintering
temperature was devel oped.

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

JSC Research Institute "Elpa" is the only Russian research and production company, owning
piezoelectric film casting technology and having the full manufacturing cycle for multilayer
piezoceramic actuators and sensors.

Contacts:

Address: Russia, 124460, Moscow, Zelenograd, Panfilovskiy prospect, b.10.
Phone: +7 499 710-13-10;

Fax: +7 499 710-13-02;

e-mail: ddd@el papiezo.ru

internet: www.el papiezo.ru
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Dielectric Properties and Phase Diagram of (Sr1xBax)2Nb20O7 Single Crystals

Y. Akishige, M. Kamada, and S. Tsukada

Faculty of Education Shimane University, Japan
e-mail: akishige@edu.shimane-u.ac.jp

SroNb,O7 (SN) is one of the high Tc

ferroelectrics with the perovskite slab structure. 500:‘; (I:mczll o Cme2, _'_v ]
The crystal structure is orthorhombic-Cmemiin the 400 _\ b
paraglectric phase above Tc (=1615 K) (pase 1) - c Commensurate
and it becomes orthorhombic-Cmc2; in the 2300 ;—Incommensurate -
ferroelectric phase below Tc (phase II): the — 200 Lif =0, Pbn2, ]
spontaneous polarization aong the c-axisis ca. 9 ]
Clcm? a room temperature [1]. An 100 %I{f =0, Pb11 (Srl-xBax)ZNb207_;
Incommensurate phase transition occurs at T» 0:I b ]
(=488 K) accompanying with a weak dielectric 0 0.5 0.1 0.15 0.2 0.25 0.3 0.35
anomaly in dielectric constant ¢ along the c-axis. Ba Concentration x

In the incommensurate phase, the modulation  Fig. 1 Phase diagram of (Sr.xBay)2NbO7

wave propagates along the a-axis with a wave vector of q = (1/2- )a*. If the misfit parameter is
zero, the space group becomes Pbn2;. The dielectric constant 1 along the b-axis exhibits a large
anomaly at Tz (=100 K) and the ferroel ectric polarization vector somewhat tilts to the b-axis. Below
T3 the space group is probably Pb11l. As for Ba doped SN, (Sr1-xBax)2Nb2Oy, the Tc decreases with
X [2]. For x=0.32 crystals, the low temperature ferroelectric transition at Tz disappears and a new
ferroic phase transition occurs at 465 K [3].

In order to reveal the phase diagram of the Ba-doped SN, we prepared single crystals with
different x up to x = 0.32 by a floating zone method and measured the dielectric constant in a
temperature range from 10 K to 600 K. As shown in Fig. 1, both of the phase transition
temperatures T> and T3 decrease monotonously with X, and the incommensurate phase disappears at

around x = 0.15. Above this Ba concentration, 1 showsanomaly at ca. 465 K.
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Local Structure Studiesof Ti for SrTi'®0s and SrTi'®0s by Advanced X-ray

Absor ption Spectroscopy Data Analysis

A. Anspoks!, D. Bocharov?, J. Puranst, F. Rocca?, A. Sarakovskis', J. Timoshenko?, V. Trepakov34,

A. Dgineka® and M. Itoh®

Ungtitute of Solid State Physics, University of Latvia
2IFN-CNR, Ingtitute for Photonics and Nanotechnologies, Unit FBK-Photonics of Trento, Povo (Trento), Italy
SIngtitute of Physics, AS CR, Prague, Czech Republic
4 offe Physical-Technical Institute RAS, St-Petershburg, Russia
5Tokyo Institute of Technology, Japan

e-mail: andris.anspoks@cfi.lu.lv

Strontium titanate (SrTiO3) is a model
guantum paraelectric in which in the region of
dominating quantum statistics the ferroelectric
(FE) instability is inhibited due to nearly
complete compensation of the harmonic
contribution into FE soft mode frequency by the
zero-point motion [1]. The enhancement of
atomic masses by the substitution of 80 for 60

decreases the zero-point atomic motion and low-

C . . . Fig.1 Temperature dependence of the XANES pre-
T ferrod ectricity In SrTllBOS isrealized [2] . peak "B" for STO18 (red dots) compared with that of

We report on the local structure studies of gern?;ié?]' ;Z;gla?%ﬁ)singlg%f:'en?ﬁ;)@mo”iC
Ti in SITit%03 (STO16) and SrTit80s (STO18) by
Ti K-edge extended x-ray absorption fine structure (EXAFS) and x-ray absorption near edge
structure (XANES) spectroscopy, supplemented by optical second harmonic generation (SHG)
measurements at low temperature (6 300 K). Advanc ed methods of EXAFS analysis [3] and ab
initito XANES modeling allowed us to reveal the local atomic structure and dynamics around Ti

near the ferroelectric (25 K) and antiferrodistortive (105 K) phase transitions.
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Structural and Electrical Characterization of Epitaxially Strained Bao7Sro3TiO3

Thin Films Deposited by PLD

. Bagdzevi ius"? R. Mackevi i t ! N. Setter?, J. Banys'
Faculty of Physic, Vilnius University, Vilnius, Lithuania
2Ceramics Laboratory, Swiss Federal Ingtitute of Technology (EPFL), Lausanne, Switzerland
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The aim of this work was to investigate processing conditions and deposit epitaxialy
strained BST70/30 (Bap.7Sro3TiOg) thin films with smooth and well defined interfaces. Depositted
thin films were analysed by structural and electrical characterization techniques. Influence of
deposition temperature, laser fluence and repetition
rate, ambient pressure on growth mode, film
crystalinitty and electrical properties were studied.

BST70/30 thin films were deposited on 001
oriented SrTiOs single crystal substrates with LSMO
(Lao.sSro2Mn0Os) electrode by pulsed laser deposition
with KrF excimer laser ( =248 nm). BST and LSMO
ceramics were used as the targets. Substrates were
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

Figl AFM images of BST thin film
deposition temperature range, with 3 Hz laser BST/LSMO//STO (BST thickness - 76 nm,
repetition rate and 40 42 mJ energies. The oxygen LSMO  13nm). Vertical scalels 1.5 nm.
pressure was 0.15 mBar during deposition and was raised to 1 mBar during cool down. Both LSMO
electrode and BST thin films showed good epitaxy (Fig. 1) and crystallinity, XRD BST 002 reflex

rocking curve FWHM was 0.12 (BST film thickness 76 nm, LSMO electrode thickness 13 nm).

Acknowledgements

Thiswork has been financed by the Lithuanian-Swiss cooperation programme "Research and development™ joint
research project "SLIFE , project code LSP-12 007

References
1. T. Ohnishi, K. Shibuya, M. Lippmaa, D. Kobayashi, H. Kumigashira, Appl. Phys. Lett. 85, 272 (2004).

125



RCBJSF Or-4
Cooling M ethod Based on Electrocaloric Effect Realized in Periodically
Switching Electric Filed in Triglycinesulphate

V.S. Bondarev'' 2, M.V. Gorev* 2, E.A. Mikhaleval, |.N. Flerov! ?
1L.V. Kirensky Institute of Physics, Krasnoyarsk, Russia

2Siberian Federal University, Krasnoyarsk, Russia

e-mail: vbondarev@yandex.ru

Recently there was suggested a cooling method based on e ectrocaloric effect (ECE) realized in
periodically switching electric filed in nonequilibrium thermal conditions [1]. It was pointed out, that
optimal cooling process takes place at proper selection of working temperature point on non-linear

/ T(T) dependence because of nonequality of
absorbed and emitted heat amounts induced by
applying and removing electric field, respectively
[2, 3]. In this work, the experimental data
concerning ECE in triglycinesulphate (TGS) in
nonequilibrium (Fig.1) and adiabatic conditions are
presented. Applying an electric field in the
adiabatic conditions to TGS crysta causes

temperature increase. This effect is highly  Fig.1 Electrocaloric effect in crystal TGS at different
temperatures in field at 2000V/cm. The open and
closed circles represent the adiabatic temperature

removal of the electric field. However, it has been found, that in the nonequilibrium conditions of both

reversible, because an equa and opposite

para- and ferroelectric phases the temperature gradient of the sample leads to the appearance of
polarization which was detected by thermopolarization current. Due to both ECE and the temperature
gradient, periodically switching electric field leads to periodica heating and cooling of the sample and
directional heat flux appears as the result of such influence. Such effect causes insignificant cooling of

the sample in the nonequilibrium temperature conditions.
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Sear ching of New Multiferroics on the Base of Co-Doped BaTiOs

R. Bujakiewicz-Koro ska
Institute of Physics, Pedagogical University, Cracow, Poland

e-mail: rbk@up.krakow.pl

New ceramics material BaoosPhoosTiO3:Co.03 (BPTC) has been prepared by the
conventional hot-sintering method in the aim of looking for new multiferroics which could be
useful for the electronic industry. The experimental results showed that substituting Pb?* ions in
A site is very useful tool to control the Curie
temperature [1]. The co-doping with Co®** ions
reduces high dielectric losses related to the
structural phase transition in BPTC. The Pb?* and
Co®* doping ions diffuse the ferroelectric-
paraelectric phase transition. The BPTC exhibits
relaxor-like behaviour in the temperature range
from 125 to 225 K, checked by dielectric test. It
shows the existence of the polar nanoregions,
which originate from the presence of acceptor-  Fig.1 Diagram DOS with spin polarization. There are
oxygen vacancy CoP Vol d poles in highly differences visible between spin down and spin up.
polarizable lattice [2].

Ab initio calculations were performed within DFT using GGA and LCAO with localized
basis set in the form of spherical functions as implemented in SIESTA 3.2 code together with spin
polarization (Fig 1). The results of DOS calculations and magnetic measurements allow to classify
BPTC as a multiferroic of | type, since weak coupling between ferroelectric and magnetic

properties occurs.
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L attice Dynamics and I ncommensur ate Phase in PbHfO3

R. Burkovsky!?
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We report the results of a combined diffraction and inelastic X-ray scattering study of lead

hafnate. We find that this crystal is afirst chemical-disorder-free and non-magnetic perovskite with

an incommensurate (IC) phase. The IC phase is characterized by transverse modulations with a

wavevector qi=[q,9,0], where q is a temperature
dependent parameter of magnitude dlightly larger
than 1/7. The formation of 1C phase is preceded
by the softening and increase of damping
constant for a hybridized anharmonic transverse
phonon branch along almost the whole <110>
direction of the Brillouin zone. This branch is a
continuation of the small-q acoustic branch and
is thus marked simply as TA in Fig. 1. The TO
mode, on the other hand, is temperature
independent in the whole range where it can be
clearly distinguished. It cannot be distinguished

Fig.1 Dispersion relations for the two lowest energy
transverse phonons polarized and propagating in
{001} plane, T=500 K. The data are obtained at ESRF
ID28.

close to the zone center, where it is expected to be soft in accord with the observed growth of

dielectric permittivity, and badly distinguished close to M-point, where it is heavily damped with

damping constant being increased on cooling. Notably, the anisotropy of the TO dispersion is the

opposite with respect to the anisotropy of the TA mode. In other words, it is stiffer in directions

where the incommensurate modulations are going to be formed. Among the yet reported low-energy

spectrain perovskites the one corresponding to <110> direction in PbHfO3 hast the most similarity

with the one corresponding to <100> direction in KNbOs [2]. This might suggest that despite a lot

of differences the mechanisms of phase transitions in lead-based and |ead-free perovskites can be

indeed very similar.
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Revisiting the Fascinating Properties of EuTiOz and Its Mixed Crystalswith
SrTiOs: Possible Candidates for Novel Functionalitiesand Multiferroicity

A. Bussmann-Holder and J. K hler
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e-mail: a.bussmann-holder@fkf.mpg.de

The research in perovskite oxides is ever increasing since their discovery in 1945, The
number of compounds with this rather simple structure is growing continuously since then and
fascinating properties ranging from magnetic via dielectric and superconducting have been reported
for them. While an extreme research activity has been devoted to SrTiOs from its discovery on, its
analogue EuTiOzs has attracted rather little interest until recently. Here we concentrate on the recent
results from studies of this perovskite and its mixed crystals with SrTiOs and demonstrate that novel
interesting properties are related to it. Specifically we provide evidence for the existence of hybrid-
paramagnon-phonon coupling at elevated temperatures and its manifestations in bulk sensitive
experiments. In addition, the phase diagram of the mixed crystal seriesis presented where pressure
and temperature effects are included. A novel hidden magnetic order is discovered which is tightly
bound to the oxygen octahedra rotation and follows the temperature dependence of the soft

acoustic mode.
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Temperature Dependence of | solated Domain Shapein Lithium Tantalate Single
Crystals

V.Ya. Shurt?, A.R. Akhmatkhanov'?, D.S. Chezganov?, A.l. Lobov?, I.S. Baturin®?, and

M.M. Smirnov!

'Ferroelectric Laboratory, Institute of Natural Sciences, Ural Federal University, Russia
2 abfer Ltd., Russia

e-mail: dmit.chezganov@gmail.com

The temperature dependence of the shape of isolated domains and its evolution after
merging during polarization reversal in uniform electric field have been studied in lithium tantalate
crystals (congruent CLT and stoichiometric SLT) in temperature range up to 250°C. The obtained
shape evolution has been analyzed in terms of kinetic approach [1].

The domain patterns revealed after partial polarization reversal by HF selective etching after
removal of metal electrodes were visualized by optical microscopy and scanning electron
microscopy. The observed change of the growing domain shape with temperature increase in CLT
from triangular with X oriented walls (3X) to circular through hexagonal (6X) has been attributed to
increase of the relative input of isotropic ionic conductivity [2]. This fact leads to increase of the
role of stochastic nucleation of the steps at the walls and to more effective screening of
depolarization field. It was shown that X orientation of the domain walls existing in CLT at
temperatures below 190°C results in their nonstop motion and independent domain growth after
merging in contrast to jerky wall motion and the domain shape stability effect obtained in SLT and
lithium niobate with Y oriented walls[3].

The computer simulation of the domain growth taking into account the competition between
determined and stochastic nucleation mechanisms and incomplete screening of depolarization field
has been successfully used for explanation of the domain shape change with temperature increase.
The obtained results confirmed the applicability of the kinetic approach to explanation of the
domain shape.
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Electrophysical Propertiesof Integrated Ferroelectric Capacitors Based on Sol-
gel PZT Films
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We study Pt/Pb(ZrossTios7)Os(PZT)/PtUTi/SIO2/Si capacitors, where PZT films were
prepared with 15% excess of Pb by sol-gel deposition. The capacitors C1 and C2 differ with
annealing conditions and type of Si substrate. The (111) textured polycrystaline films are shown by
scanning spreading resistance microscopy to have nonconductive PZT grain boundaries, the current
flows inside the grains. Ferroelectric hysteresis loops, transient current-voltage characteristics,
short-circuited photocurrent under illumination of the films by light with the quantum energy of 2.7
eV are measured. To control a preliminary polarization of the film, before each measurement the
film is depolarized by application of the external prolonged decaying sinusoidal voltage, after that it
ispoled in a certain direction.

With the external bias decay upon depolarizing the capacitors C1, the measured polarization
is found to tend not to zero, but to the stable value of Py = -16 C/cm 2, directed from the top to the
bottom electrode. We explain this result in terms of flexoelectricity and assume that substrate
downward bending generates a strain gradient across the film thickness which creates the
downward self-polarization [1]. Application to the films a positive bias of ~2 V together with a
sinusoidal one or illumination of negatively poled film in a short-circuit state can switch the
negative self-polarization into a state with positive or zero Pgep. Capacitors C2 do not show initial
self-polarization.

In transient current-voltage curves al the capacitors show peaks near values of coercive
strength, the current is larger in case the directions of the bias and polarization coincide. This result
agrees with the current behavior in epitaxial PZT films [2] and is the opposite to the current
behavior in polycrystalline PZT films with conductive grain boundaries, where current is larger

when the directions of the bias and polarization are opposite to each other [3].
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Strong electromechanical coupling makes ferroelectric ceramics ideal candidates for high
precision, fast response, and high force actuator application [1]. Among the most important actuator
figures of merit, which aso define their operational range, are the free displacement that can be
achieved at a given electric field without an external load and the maximal force that the actuator
can produce in a fully clamped state (blocking force). Due to nonlinear electrical and mechanical
constitutive behavior of ferroelectrics [2] the operational range, as it is currently defined, strongly
depends on the loading history and is, therefore, path-dependent, which is not taken into account by
the currently utilized measurement methods [3]. This may result in inaccurate prediction of the
actuator-s complex operational range and considerable performance decrease, e.g., due to deviations
in impedance matching of the actuator to the external 1oad [4].

In order to determine the true operational range of piezoel ectric actuators we present a novel
experimental procedure utilizing the proportional loading method, which enables full
characterization of a piezoelectric material under actual operating conditions. The method was used
to investigate well-established |lead-based materials, such as Pb(Zr,Ti)Os, as well as selected
BaTiOs- and (Bi,Na)TiOs-based |ead-free compositions. The determined operational ranges will be
compared and discussed with respect to different mechanisms responsible for the unipolar strains.
Moreover, the materials will be evaluated in terms of electromechanical conversion efficiency,
showing large room temperature values of some lead-free compositions, making them promising

candidates for actuation applications [5].
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The search of room temperature magnetoel ectric multiferroics is known to be a hot topic for
researchers and engineers working in the field of novel functional devices fabrication [1]. For the
majority of these devices operation at room temperature and significant magnetoelectric coupling
are especialy vital. Until recently such characteristics were demonstrated on multiferroic
heterostructures. The discovery of single phase room temperature magnetoel ectrics on the basic of
solid solutions of ferroelectric antiferromagnets Pb(Fei2Tay2)Os and Pb(Fey2Nby2)Os with
Pb(Zry2Tiw2)Os seems to be very important.

However the magnitude of the magnetoelectric (ME) coupling in conventional ceramics
appeared to be afew orders smaller than that for heterostructures. Investigations for Pb(Fey2Tauw2)x
(Zru2Tiy2)1x0O3 nanograined ceramics [2] revealed the value of effective ME coefficient close
enough to that obtained for heterostructures. The physical reason of this important for applications
phenomenon stays unexplained up to now. To find out this intriguing phenomenon physical reasons
it is necessary to clear up the mechanisms of ferromagnetic, ferroelectric phases appearance and
their dependence on temperature, solid solution composition x for given vaue of nanograined
average radius R. Therefore the description of phase diagram will be given and compared with
observed one. The proposed theory appeared possible to be applied to the bulk materials in some
cases, eg. for x=1, due to our approach generaity, since it took into account polarization,
magnetization, elastic and magnetoel ectric properties. The comparison of the developed theory with
experiments establishing the boundaries between paraglectric, paramagnetic, antiferromagnetic,
ferroelectric, ferromagnetic and magnetoelectric phases, as well as characteristic features of the

observed ferroel ectric domain switching by magnetic field are performed and discussed.
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In recent years, there is a tendency to search for novel multifunctional materials. It is not
surprising that multifunctional multiferroic materials have gained a lot of attention and are being
intensively studied. Due to restrictions of d-orbital occupancy the synthesis of new single-phase
multiferroic materials is not very promising and efforts are made to search for a new two-phase
multiferroic composites, being nowadays the most extensively studied multifunctional materials.

The present work is dedicated to the comparison of broadband dielectric spectroscopy
results of xBaTiOs-(1-X)NiosZnosFe2O4 composite ceramics synthesized from powders prepared by
using two different methods co-precipitation and core-shell. Particle morphology and composite
microstructure was confirmed in each case by XRD, SEM and other devices[1, 2]. Various devices
and broadband diel ectric spectroscopy methods were used in experiments to cover the wide range of
temperatures and frequencies, spanning from 100 K to 500 K and from 20 Hz up to 50 GHz.

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

significantly in avery broad frequency range.
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The conical point crossing is a form of the energy level crossing, where the level crossing
occurs two-dimensionally.> 2 It has been concretely exemplified by using a simple lattice vibration
model of the hexagonal lattice only with two atoms in a unit cell, each atom interacting with the
nearest neighbor atoms (Fig. 1), that the conical point crossing occurs in the K-point denoted by k =
(/3, 1/3, 0) inside the Brillouin zone of the hexagonal lattice (Fig. 2). Near the K-point, the
dispersion relation is given as?

2 2 K 2
o | 1oll
where M is the mass of atoms, K the force constant, 2 the 2-value a the K-point, |  the

distance (non-dimensional) from the K-point in the reciprocal lattice, and O( | |*) implies the
terms higher than the second order in

It has been shown that the conical point crossing appearing in the hexagonal lattice remains
even in the orthorhombic and monoclinic lattices induced by the proper or improper ferroelastic
transition, where a small strain is involved®. In the present paper we discuss how the conical point
crossing will change according to lowering symmetry.
/ I / I / 1 /

| 2d

Fig. 1. The hexagonal lattice. Fig. 2. Thereciprocal lattice vectors.

1. Y. Ishibashi and V. Dvorak: J. Phys. Soc. Jpn. 45 (1978) 1119.
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Barium titanate (BT) is a classic ferroelectric with average properties. Inserting potassium

niobate to BT structure creates stresses that increases domain wall count and in result piezoelectric

coefficient [1]. Although ferroelectric PZT has
taken a substantial share of piezoelectric market
due to its high piezodectric characteristics,
KNBT has comparable piezoelectric coefficient,
thus making it a great substitute. The fact that
KNBT is lead free ceramic makes it of high
interest for both researchers and engineers due to
environmental concerns.

Composites were prepared in two steps:
compact BT particles were heated to 1000°C for
2h to create low-density ceramics, then KN were
epitaxially deposited to BT structure. [2]

2000 T g
é‘ = BT — ..':,a ,
= o KN/BT0.22 e
10001 | 4 KNBTO025| | gsemstisssssst %
£ KN/BT 0.5 _.::AAAMF 2
8. .::A‘ r
= e Hang
5] -
Q
% —r“f&AM“’. °

- 3

© )
g .0'.‘ ﬂ'ﬁ %o
< 100
g 80

o

100 200 300 400 500
Temperature, K

Fig 1. Temperature dependence of real part of

dielectric permittivity for:

BT with 60% relative density.

KN/BT 0.22 with 53% relative density

KN/BT 0.25 with 79% relative density

KN/BT 0.5 with 60% relative density

In this presentation dielectric properties of KNBT with different KN molar ratios will be

presented. From Figure 1 we can observe that the bigger the KN/BT ratio is, the more obscured

phase transitions of BaTiO3 become. Low dielectric permittivities in KN/BT with molar ratios of

0.22 and 0.5 can be explained by its low relative density.
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The aim of thiswork is to a comprehensive study of the temperature of phase transitions in

the CsScF4 crystal. The CsScF4 crystal presents a typical example of alayered perovskite structure.

It is formed by square layers of ScFs octahedra connected via common F atoms, and separated with

Cs ions in interlayer holes. According to x-ray data and macroscopic measurements, the space

group of its high-temperature phase is P4/mmm, the highest symmetry for such an arrangement.

Cooling below T1 =475 K results in a new phase
with P4/mbm symmetry. A second phase
transition appears at T>=317 K leading to a
phase with P4/mmn space group.

At the first phase transition ScFe
octahedrons with are rotated with jump on ~
which accounts for a first-order transition. There
are no any other rotations or heavy atom

displacement. At the second phase transition two
new rotations are appeared: around a b axis on

angle 1 and around a b axis on angle 2.
Atoms Csl and Cs2 move aong c. Mechanism of
all phase transitions have displacive distortion

nature.

Fig.1 Fig.5. Different projection of crystal structure:
a) tetragonal P4/mmm parent phase, b) tetragonal
P4/mbm distorted phase; c) orthorhombic Pmmn
distorted phase,

Phase transitions are accompanied by condensation of soft modes in Raman spectra, one at

first phase transition T1 and two at second phase transition To.

The results of investigations by powder X-ray diffraction, Raman and IR vibrationa

spectroscopy, Brillouin scattering and NMR will be presented.
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Multiferroics are materials having two or more order parameters (for instance, magnetic,
electric or elastic) coexisting in the same phase. Among them, magnetoel ectric (ME) materials that
exhibit coupling of electric polarization and magnetization are very promising for spintronic and
magnetic random access memory applications.

In the present study we report a detailed study of magnetic, dielectric and ME properties of
new magnetoelectric multiferroic PbFey»2Sh1203 (PFS). It belongs to the rich family of Fe-based
double perovskites A(Few2M12)Os with nonmagnetic ions A=Pb,Ca,Sr,Ba, and M=Nb,Ta,Sh. In
these compositions, Fe** and M®* cation positions may be ordered or disordered within simple cubic
B-sublattice of the perovskite structure ABOs. By employing high-pressure high-temperature
synthesis we obtained PFS ceramics possessing a high degree (up to 0.9) of chemical ordering of
the Fe** and Sb° cations. This results in several interesting properties. In particular, PFS shows
unexpectedly strong high-temperature magnetic relaxation. We explain this relaxation by the
creation, at high temperatures, not less than 250 K, of giant superspins, owing, curiously, to the
antiferromagnetic (AFM) superexchange interaction between Fe** spins. These superspins are
capable of strong magnetic relaxation down to about 150 K, where they transform into a superspin
glass phase, and, on further cooling, the material experience transition into the ordinary AFM phase
a Tn 30 K. We have also found that PFS undergoes ferroelectric phase transition at 195 K. Its
remanent polarization experiences substantial (almost 20%) variations below the Neel temperature

indicating extremely strong direct ME coupling.
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X-ray, electron diffraction, dielectric, Raman, and domain structure studies showed that in silver

niobate (AgNbOz3) the following phase transitions are observed at temperatures: 340 K from the
orthorhombic M1 to the orthorhombic M2, 540 K from the orthorhombic M » to the orthorhombic Ma,
626 K from the orthorhombic M 3 to the orthorhombic O1, 634 K from the orthorhombic O ; to the
orthorhombic Oz, 660 K from the orthorhombic
O- to the tetragona T, 852 K from the tetragonal
T to the cubic C [1]. The M1 phase exhibits
ferroelectric properties, the phases M2 and M3 are
antiferroelectric and phases O1, O, T and C are
paraelectric. All phase transitions are mostly related
with Nb ions dynamics, however the role of Ag and
O ions should be also not neglected. Therefore it is
very interesting to investigate dielectric properties
of various mixed systems like Ag: xLixNbOz in
wide frequency range [2]. In this work results of
dielectric investigations of Ag: xLixNbOs (ALN)
solid solutions for Li concentration range 0<x<0.1  Fig.1 Temperature dependence of the static dielectric
are reported in very wide frequency range (20 Hz -3~ permittivity of Ag: xLixNbOs.
THz). They show a perovskite structure and exhibit the orthorhombic symmetry at room temperature.
Three predominant aspects of Li substitution were found (Fig. 1). The first one is associated with a shift
of M1-M: dielectric anomaly to the low temperatures, the anomaly completely vanishes for x 0.6. The
second one is related to a gradual increase of the broad (T) maximum associated with the transition
between disordered antiferroelectric M2 and M3 phases. The third one is related with dipolar glass phase
appearance for compositions with 0.01<x<0.6. The dipolar glass behaviour completely vanishes
together with disappearance of M1-M2 phase transition. The Li substitution influence is discussed in
terms of the appearance of electric dipole moments linked with the occupation of the off-centre
positions by Li ions.
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Based on density functional theory, we have studied the structural, mechanical, electronic,
and optica properties of narrow-band ferroelectric compounds (GeSn)Te. Local density
approximation has been used for modeling exchange-correlation effects. The lattice parameters,
bulk modulus, and the first derivate of bulk modulus (to fit to the Murnaghan s equation of state) of
considered compounds have been calculated. The second-order elastic constants have been
calculated, and the other related quantities such as the Y oung s modulus, shear modulus, Poisson s
ratio, anisotropy factor, sound velocities, Debye temperature, and hardness have a so been estimated
in the present work. The calculated electronic band structure shows that GeTe and SnTe
compounds have an direct forbidden band gap of 0.18 €Y and 0.35 €V . The real and imaginary
parts of dielectric functions and hence the optica constant such as energy-loss function, the
effective number of valance electrons and the effective optical dielectric constant are calculated. We
also calculated some nonlinearities (tensors of elasto-optical coefficients) under pressure. Our

structural estimation and some other results are in agreement with the available experimental and
theoretical data.
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The bismuth manganite ceramics has been obtained by high temperature sintering [1]. The X-ray
pattern analysis has shown that the ceramics consists of centro-symmetric orthorhombic Pbam and cubic
123 phases. Such result is consistent with former electron microprobe analysis of the chemical
composition [1] and non-ferroelectric features of BiMnOs compound [1, 2]. Impedance has been
measured at radio-frequencies (f = 100 Hz 1 MHz) in 85-570 K range in the parale| circuit mode C,-
Gp. The resistance Ru(T) temperature dependence was checked repeatedly after electroformation
procedure carried out at 800 K, at ambient air, for several hours[1].

The marked step-like anomaly in the (T,f) occurresin 100-250 K range and it corresponds to a
peak anomaly, both in dielectric loss coefficient tan (T,f) and imaginary part of electric modulus
M (T,f). Thisanomaly has been assigned to electric current dispersion or relaxation since it moves with
frequency and temperature [3, 4]. The relaxation times temperature dependences have been fitted to
Arrhenius law. Estimated activation energy value E = 0.20 €V corresponds to the semiconductor-type
electric conductivity activation energy Ea = 0.20 eV [1]. Estimated value of relaxation characteristic
time o ~10™ s indicates polaronic mechanism of conduction. The other anomaly distingushed in the
tan (T,f) and M (T,f) dependences, in 270-320 K range, relates to longer relaxation times ( o ~10% s)
and it can be assigned to an ionic process, which contributes to the electric conduction [3].

The high temperature electroformation induced the resistance switching to metallic-like state,
which was stable for several weeks at room temperature. The resistance temperature dependence has
been fitted to formulaM (T,f). Ri(T) = Ro(1 + T+ T?). Recently proposed model for the resistance
switching induced in the aged and rejuvenated crystals, which is related to vortices at ferroelectric
domains structure [5, 6], is not applicable due to non-ferroelectric features of the ceramics studied
herein. Hence, we propose to relate the resistance switching in bismuth manganite ceramics to extended
defects, which occur in vicinity of interfaces [7] formed in the bismuth manganite ceramics studied
herein.
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Binary compounds with the wurtzite structure (S.G.: P6smc) have a polar crystal structure
due because the system is non-centrosymmetric. Such crystals have been assumed to be non-
ferroelectric because of the rigid tetrahedral units held together by strong covalent bonding, so that
its electric polarization cannot be switched by an o

Zn
dectric field. For thisreason, wurtzite structured ¢ N

N

compounds are categorized as consisting of non-
ferroelectric polar crystals. However, if we
consider the relative displacement of the cation

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

Figure 1. Wurtzite structure ZnO in two polar states

paraglectric state corresponding to space group  (left and right), corresponding to space group P6smc,
_ ) compared with ZnO in a non-polar state (center),

P6s/mmc is found to exist between two polar  corresponding to space group P6Y/mmc. If the

.. . potential barrier is suffiiciently low, the electric
states (the original P63mc symmetry of wurtzite).  pojarization can be switched between the two polar

states via the non-polar structure.

illustrated in Figure 1, a centrosymmetric

If the potential barrier of this displacement is
sufficiently low, the direction of electric polarization can be switched between these two equivalent
polar states (P6smc) via this paraglectric state. If this is the case, the wurtzite structure should
represent a new class of ferroelectric materials. The possibility of ferroelectricity in the wurtzite
structure was not examined. It is thus still an unanswered question whether wurtzite structured
compounds can exhibit ferroelectricity or not. In this study we report a series of first-principles
calculation of wurtzite structured phases of MX chalcogenides (where M = Zn, and Be, X = O, S,
Se, and Te), in an attempt to answer this question. The calculation results of the potential surface of

poralization switching will be presented.
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We produced a set of Po(MguwsNb23)Oz (PMN) relaxor ceramics with different porosities
from a pure perovskite PMN powder [1] by varying the sintering temperature and isostatic pressure.

We measured the room temperature infrared (IR) reflectivity of corresponding 7 polished ceramics.

o©
o
1
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o
+

o
N

0.0 T T T T T T
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Wavenumber cm™)
Fig.l Room temperature IR reflectivities of PMN
ceramics with different porosities.

Severd IR reflectivity spectra are shown in Fig.1.
We fitted experimental data and obtained the
effective dielectric response, which was
discussed using several effective medium models.
The best results were obtained using the

Lichtenecker model [2]
gorp = (1 —x)ef +xeff, —1<a<1

for the positive  both components are partially

percolated for al compositions x and for the

negative neither of the components is percolated, again independently of x. 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 confirmed the independence of the degree of porosity. It
indicates that the different sintering conditions yield the same topology and shape of pores in the

ceramics.
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We have investigated the X-ray diffraction (XRD), magnetic susceptibility and head
capacity of GdCoOsz in a wide temperature range. Two phases of the same symmetry with different
lattice parameters corresponding to the low spin (LS) and high spin (HS) states of Co®" ion have
been reveded based on the analysis of XRD peak shape anomalies at 200K<T<800K. From
magnetic measurements we have obtained the temperature dependent spin gap between HS and LS
states and the thermal occupation numbers for HS and LS states. We found a smooth spin crossover
at 800K.

By ab initio DFT-GGA method we have calculated the volumes of the LS and HS unit cells.
We have model the unit cell volume at arbitrary temperature as the average between HS and LS
with temperature dependent occupation numbers. We have reproduced the measured thermal
expansion and found the giant thermal expansion coefficient ~10* contrary to the anharmonicity
contribution ~10°. The origin of this large multiplicity fluctuation contribution is the 10%
differencein the HS and LS ionic radii of Co®* ion.

The other effect of the temperature induced LS-HS crossover is a smooth insulator metal
transition. Our multielectron LDA+GTB energy structure calculations have found the insulated
bands with the activation energy for conductivity decreasing with temperature due to increasing HS
concentration. The insulator gap tends to zero at 780K, and the measure heat capacity has a

maximum at this temperature.
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Intensively studied transition metals containing oxides with multiferroic properties mainly have
perovskite-related structure. However, the search for compositions with other structural types in which
multiferroic behaviour may occur, is still of fundamental importance.

In this work, single crystals of NizTeOes and Ni2lnSbOs prepared by the gas-transport reactions
and complex oxides Ni-BSbOs (B - Sc, In) and (Cu,Ni)3TeOe solid solutions prepared by the solid state
reaction method were studied. Crystal structure and properties of ceramics were studied using X-ray and
Neutron powder diffraction, calorimetric, second harmonic generation (SHG) and magnetic
measurements. Dielectric properties of sintered ceramics were measured at frequencies 100 Hz 1 MHz
in temperature range 300 - 1000 K.

Antiferromagnetic (AFM) ordering was found in NisTeOs with corundum-related structure. This
oxide has a noncentrosymmetric structure which suggests that ferroelectric ordering above room
temperature is possible. At room temperature Ni.BSbOs (B - Sc, In) compounds have a trigonal
structure. The magnetic susceptibilities showed AFM behavior for both compounds with Tn=60 K (Sc)
and 76 K (In). Neutron diffraction patterns confirmed a long-range magnetic ordering below Tn. SHG
measurements at room temperature confirmed that these compounds possess a noncentrosymmetric
crystal structure. The pronounced dielectric peaks were observed for NisTeOs samples near 1000 K.
These peaks may correspond to ferroelectric phase transition. It should be also noted that dielectric
properties of al ceramics studied revealed typical relaxor behavior at lower temperatures.

Dielectric anomalies related to structural phase transitions were revealed at ~800 K, and AFM
ordering was determined at temperatures 50-70 K in the (Cu,Ni)sTeOs ceramics. The factors governing
the observed structural and magnetic properties of Ni-based compounds will be discussed and possible
role of structural distortions of the Ni-cation sublattices on dielectric and magnetic properties will be

considered.

Acknowledgment
The work was supported by Sweden Academy of Sciences and Russian Fund for Basic Research (Grant 12-03-00132).

146



RCBJSF Or-25
Ferroelectricity in Natural Minerals

E.A. Popova'?, S.G. Lushnikov'?, S.\V. Krivovichev?
Y offe Physical Technical Ingtitute RAS
2Saint Petersburg State University, Department of Crystallography, Russia

e-mail: elena.popovaS66@gmail.com

One of the novel and quickly developing directions of research in the physics of condensed
matter is the investigation of the relations between the phase transition dynamics and the processes
that occur in the Earth s crust and mantle. It has been shown that the olivine-spinel phase transition

can be atrigger mechanism for the Earth s degpest

17,95 ¢

earthquakes that occur in the subducting oceanic

17,90

lithosphere!. Investigations of the dynamics of 1785)

phase transitions in minerals as natural compounds ~ T

help to understand different phenomena in the ii::

Earths mantle, such as the anomalies in the 1765

behavior of elastic waves detected in seismic 1reor Tm = 157K
investigations. T G 100 130 10 180 180 200 250 200 280

T(K)
On this report we will discuss the phase
. ) . ) Fig.1 The temperature dependence of the inverse
transitions into the ferroelectric state in naturally  gatic permittivity in loparite-(Ce). Dashed line is a

occurring mineras of the order-disorder and restit of approximtion by the Curie Welsslaw.
displacement types. Ferroelectric transition of loparite-(Ce) (the mineral of perovskite family with
complex composition (Ce,Ca,Na)(Ti,Nb)Oz) according to our results of dielectric and Raman
gpectroscopy and X-ray single crystal diffraction investigations is the phase transition of
displacement type. The origin of ferroelectricity in lawsonite CaAlx(Si2O7)(OH)*H2O and

colemanite Ca B3O4(OH)3]*H20 is related to the dynamical ordering of protons3,
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Formation of the charged domain walls (CDW) during polarization reversal has been studied
in lithium niobate (LN) single crystals with inhomogeneous bulk conductivity produced by
irradiation of the polar surface by glow discharge in plasma of Ar" ions and high temperature
annealing in vacuum.

The conductivity of the thick surface layers of congruent and MgO doped LN have been
increased by annealing at 700-850 C or polar surface irradiation by glow discharge in plasma of
Ar® ions (energy 2-5 keV, time 2-8 min) in vacuum [1]. The spatial distribution of the bulk
conductivity has been extracted from the surface conductivity values measured by two-probe
method using repeated removal of 10 to 100 m-thick surface layers by polishing. The electric field
distribution in the bulk had been measured by optical interferometry [2]. The local change of the
interference pattern is proportional to the local value of the applied electric field due to linear
electro-optical effect. The analysis of the recorded interference patterns alowed to extract the
electrical field distribution.

The polarization reversal in the bulk leading to formation of CDW has been in situ
visualized by optical microscopy under application of the field pulses using liquid electrodes. CDW
have been studied by optical microscopy on cross-sections after selective chemical etching and by
analysis of the domain images obtained at different depth by Raman confocal microscopy [3]. The
main stages of CDW formation in the crystal bulk have been separated. The field dependence of
CDW parameters have been revealed.
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Ferroelectric oxides have recently attracted much attention as photovoltaics because they can
separate the photo-excited charge carriers well due to the strong inversion symmetry breaking. They
can generate above band gap photovoltages which may enable power conversion efficiencies beyond the
maximum possible in a conventional p-n junction solar cell. However, further improvements in
photovoltaic efficiency have been inhibited by their wide band gaps (>2.7 eV). We design and make [1]
afamily of single-phase oxides using conventiona solid-state methods: [KNbOz]1.x [BaNiy2Nb1203- ]«
These oxides exhibit both ferroelectricity and a wide variation of direct band gaps in the range 1.1-3.8
eV. In particular, the x=0.1 composition is polar, has a direct band gap of 1.39 eV, and has a
photocurrent density 50 times larger than that of the classic ferroelectric (Pb,La)(Zr,Ti)Os material. This
provides strong benefits for solar energy absorption, conversion and other applications.

In a homogeneous noncentrosymmetric single-phase material, the charge can be separated
spontaneoudy by the bulk through the shift current mechanism. Here we also study the effects of
vacancy, composition and cation arrangement on the shift current response using a simpler material
Pb(NixTi1x)Osx [2] As the electronic transitions at the band edges involve more of the Ti 3d and Pb 6p
orbitals, the shift vector direction flips, allowing the shift current from different k regions to propagate
along the same direction.

In addition to ferroelectric perovskites, we aso report the properties of polar rocksalt structure
materials. Inversion symmetry breaking can arise from strain due to lattice mismatch. Heteroepitaxial
superlattice materials can induce interlayer strain, leading to symmetry breaking. We therefore study
sulfide rocksalt superlattices for new photovoltaic materials, since binary sulfides form rocksalt
structures more readily than oxides and since the band gaps of sulfides are lower than those of oxides.

We calculate various combinations of (Ag,Bi,Pb)S superlattices using first-principles calcul ations.
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The results of practica implementation of a new method for porous piezoceramics, and
ceramic matrix piezocomposites fabrication were presented. The method was based on
nanoparticles transport in ceramic matrices using a polymer nanogranules coated or filled with a
various chemicals, with successive porous ceramics
fabrication processes.

Different types of polymer microgranules
filled and coated by metal-containing nanoparticles
were used for a pilot samples fabrication. Polymer
microgranules were examined using transmission
and scanning electron microscopy as well as by
EXAFS and X-ray emission spectroscopy. Pilot
samples of nano- and microporous ceramics and
composites were fabricated using different

Fig.l SEM micrograph of internal surface of
piezoceramics compositions (PZT, lead-potassium  closed pore in PZT piezoceramics covered by Pd

nanoparticles.
niobate and lead titanate) as a ceramic matrix bases.

Resulting ceramic matrix piezocomposites were composed by super lattices of closed or
open pores filled or coated by nanoparticles of metas, oxides, ferromagnetics etc. embedded in
piezoceramic matrix. Dielectric and piezoelectric parameters of a pilot samples were measured
using piezoelectric resonance analysis method. New family of nano- and microporous
piezoceramics and ceramic matrix piezocomposites are characterized by a unigque spectrum of the
electrophysical properties unachievable for standard PZT ceramic compositions and fabrication

methods.
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The ferroelectric crystals of SnoP>Ss family are promising multifunctional materias for
functiona piezo-electronics. In this contribution we present applications of ultrasonic method for
characterization of these piezoelectric crystals. For this purpose we applied pulse-echo ultrasonic
method for detecting of piezoelectric sensitivity [1]. In conventional transmission ultrasonic system,
the receiving ultrasonic transducer is replaced by plate of material under investigation. Piezoelectric
signal which appears on the plate under ultrasonic excitation is proportional to appropriate
piezoelectric constant. In this case the temperature and DC electric field dependencies of
piezoelectric effect can be measured. Ultrasonicaly detected piezoelectric signal reveded clear
step-like anomalies at the ferroelectric phase transitions. Field-induced piezosensitivity in the
ferroelectric phase increases with bias DC field then saturates, and after reversion of voltage the
piezoelectric signal decreases, at field near coercive, changes sign, and saturates again at high
voltage of opposite polarity (hysteresis loop is observed). In the paraelectric nonpolar phase due to
electrostriction there is only linear dependence of piezoelectric signal on DC electric field.
Therefore using our ultrasonic method we could study the polar state of the crystal and measure the
values of coercive field. By means of this el ectroacoustic method we investigated piezoelectric state
of new (Sn,Pb)-P-Ss crystals and solid solutions, obtained after substitution Sn to Pb, Sn to CuBi, or
S to Se [2]. The phase diagrams were constructed for these systems. It was shown that at room
temperature electromechanical coupling constant K? as high as > 30 % could be obtained in
(Sn,Ph)2P.Ss family crystals after appropriate poling. The application of our method for studies of
other multiferroic materials, using ultrasonic detection of piezoelectric sensitivity on a surface

barrier of crystal or ceramic, also is discussed.
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To describe the nonlinear properties of irreversible polarization processes in polycrystalline
material we have to use such a model where in a representative volume it is considered complete
information about the mechanical and electrical fields, about the distribution of domains, about the
size of the crystallites, their influence on each other, on the impact of charges on domain walls, etc.
For example [1], in the models that uses mathematical methods of plasticity we have to store the
information about the surface polarization. In Preisach methods we have to store- the information
about the boundaries of the region of integration in the half plane of intensive and coercivefields. In
the method of Jiles - Atherton is used a domains distribution function based on Boltzmann
statistical laws, and moreover, in this model we must only store information about the residual
polarization.

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

further finite element analysis of nonhomogeneously polarized ceramic elements.
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The lack of progress in the redization of
cooling devices based on classica caloric effects
(CE) provides a strong incentive for a move towards
a more effective use of these phenomena. One such
an option is the employment of interaction of various
caloric effects [1], i.e. the multicaloric effect
(MultiCE). According to thermodynamics, any

Pb(Zr,Ti)0; Ceramics

temperature dependent coefficient of the Gibbs free 8

energy of a multiferroic system contributes to 300 350 200 250 <00 50

MultiCE. Moreover, the interaction of the gg1 The temperature dependence of the isothermal

entropy change at piezoelectrocaloric effect for PZT
ceramics. The calculations were performed for an

materials is described using magnetoelectric, electric field of 480kV/cm and pressure of 0.3GPa.

piezomagnetic and piezoelectric coefficients. In addition to these coefficients, terms responsible for the

electromagnetic and elastic fields in this type of

interaction of the fields with their gradients, e.g. flexoelectric, are usually included in the free energy as
well. The total number of terms induced by the interplay of the fields is large. As a consequence, the
temperature dependence of the coefficients in these terms leads to the corresponding caloric effects.
From the above effects, according to our estimates, only piezoelectrocaloric effect (PECE) can reach
significant values. This fact can be explained by the temperature dependence of the piezomodulus.
Results of the theoretical calculation of PECE for the PZT ceramics are presented in Fig.1. We can
conclude that magnitudes of electrocaloric effect (ECE) [2] and PECE are approximately equal. Hence,
in this sense PECE might be called gigantic. It should be noted that the existence region of PECE is
substantially narrower than of ECE. In addition, these effects have different points of maxima - 509K
for PECE and 515K ECE. Thus, the interaction of the electric and elastic fields may result in a doubling
of the isothermal entropy change and adiabatic temperature change at CE. Such fascinating findings
appear to be promising for the improvement of the solid-state refrigerators on caloric effects.
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Lead-free solid solutions which exhibit morphotropic phase boundary have drawn much
attention due to their enhanced piezoelectric properties and demand for high performance materials
in order to replace the outstanding lead zirconate titanate (PZT) [1, 2]. Despite of the progress, there
are still many challenges concerning not only technology, but also fundamental science.

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

The dielectric relaxation of polar nanoregions (PNRs) in the samples containing 0, 10, 20,
30 % of lead titanate in the relaxor phase shows gradual shift to the higher frequencies and the
distribution of relaxation times narrows with increasing temperature. The insight to the relaxor-
ferroelectric phase transition from the point of view of infrared and Raman spectra will be presented
aswell. Findly, the system will be compared with the 0.4NBT-(0.6-x)ST-xPT solid solutions which

show rich behavior and a crossover from glassy/relaxor state to the ferroel ectric phase [3].
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The origin of large ferroelectricity in of BaTiOz is attributed to be the strong Ti-O covalency.
Therefore, the substitution of O by F which has the largest electronegativity can control the
ferroelectricity. We have fabricated BaixKxTiOsxFx (KF-BT/X) single crystals and have reported the
critical slowing down [1], the large annealing effect on Tc [2], and the enhanced piezoelectric and
dielectric properties at x =0.10 [3]. The reason why these properties are enhanced at x =0.10 is
interpreted so far as a result of the existence of tricritical point (TCP), however, the details are till
unclear. As is known today, understanding of materials property by connecting them with critica
phenomenais essential to develop materials science [4].

In the present paper, the x-E-T phase diagram of KF-BT/x is established by measuring dielectric
constant under an electric field. Figure 1 shows the temperature dependence of dielectric constant under
an dectric field at x=0.023. Judging from the peak height in FIG. 1, CEP is placed at 380 K and 4
kV/cm. The electric field is smaller

than that of BaTiOs. The x-E-T KI;ET/0.0Z?;

phase diagram indicates that OkV/cm 2kV/iem 4kViem 6 kVicm 8kV/cm
electric fields necessary for =T | | - -
polarization rotations significantly T

decrease as the CEP approaches >

usage environment (0 V/cm, 300 R R ) DT e

100 200 300 400 100 200 300 400 100 200 300 400 100 200 300 400 100 200 300 400

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

existence of the TCP but aso that
FIG. 1 Temperature dependence of the dielectric constant along [001]c-
of CEP are at the heart of the direction, ’, obtained in aKF-BT/0.023 single crystal at various external

i i electric fields along [001]c-direction. The probe frequency is 20 Hz. The
enhanced piezoelectric and  measurement is performed on heating.

dielectric properties in KF-BT/x at
x=0.10.
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Crystals of the RFe3(BOs)4 family (R is rare earth

ion) were reported to possess multiferroic features, .
demonstrating both structural and magnetic phase [
transitions [1-4], where transition points may be varied by
rare earth composition. In this work we used Raman
spectroscopy to study Hou xNdxFes(BOz)s (x =0, 0.22,
0.38, 0.75) crystals. Measurements were performed in the N .

temperature range 10 400 K. The aim of this study i s to

investigate possible existence of a soft mode related to  Fig. 1. Soft modes restoration below magnetic
structural order parameter and effects of magnetic anc:mNztgl::lig?lBOa)gi?zal. wenstionsin
transitions on Raman spectra. Structural transitions manifest clearly by soft mode restoration and
new Raman lines appearance below 366 K and 203K for x=0 x=0.22 compositions
respectively. In Nd-doped crystals significant modification of Raman scattering was induced by
magnetic ordering below the Neel temperature (about 40 K), that include both magnon scattering
and strong intensity redistribution of high frequency lattice modes. Analysis of vibrational spectra
and its numerical simulation demonstrate that bigger cell volume of Nd-containing solid solutions
provides bigger displacements of oxygen ions in a BO3z groups below the Neel temperature that
results in stronger magnetoel astic interactions. This leads to the appearance of additional linesin the

Raman spectra and rapid increase of their intensity with increasing magnetic order.

References

1. Zvezdin A. K. et a. JETP Lett. 81, 272 (2005).

2. Faudti D. et a. Phys. Rev. B74, 024403 (2003).

3. Kuzmenko A. M. et a. JETP Lett. 94, 294 (2011).
4. A. S. Krylov et a. Solid State Commun. 174, 26 (2013).

156



RCBJSF Or-35
Prospects of Ferroelectric Ceramic-Polymer Compositesin Sub-Terahertz

Applications

Y. Yashchyshyn!, K. Godziszewski!, E. Pawlikowska?, M. Szafran?

Ynstitute of Radioelectronics, Warsaw University of Technology, Poland

2Faculty of Chemistry, Warsaw University of Technology, Poland

e-mail; E.Jaszczyszyn@ire.pw.edu.pl

Tunable ferroelectric ceramic-polymer composites are very promising in sub-terahertz
applications. Thanks to the possibility of changing the permittivity they may be used in, e.g.
antennas with electrically controlled parameters, phase shifters and tunable filters [1]. In [2] the
concept of microstrip scan antenna on a ferroel ectric substrate without phase shifters was presented.
Another possible application is a combination with other materials, e.g. liquid crystal polymers
(LCP) or low temperature co-fired ceramics (LTCC) to form multilayer structures in which one of
the layers could be electrically tuned. It is also possible to achieve flexible, durable as well as
environmentally friendly composites. In this case, it is very important that developed composites
should be characterized by high tunability, low losses and good mechanical properties.

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

Designing of tunable devices based on ferroelectric ceramic-polymer composites needs to
resolve problem connected with the deposition of conductors on the surface of the composite. It is
possible by using e.g. ink jet printing technology. This technology is based on deposition of ink
containing metalic nanoparticles without using photolithography. In [3] was shown that good
quality conductive structures can be made on the surface of composite material using this low cost

and simple technol ogy.
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A true crystal structure of PbZrixTixOs (PZT-X) is still in a mystery in spite of a vast
research. Our current understanding of PZT is the mixture phase of more than two phases inawhole
area of the phase diagram. High resolution neutron diffraction experiments showed the existence of
monoclinic phase even at the Zr-rich region 2 which had been considered as a single rhombohedral
phase. However, there still has been argument whether the monoclinic phase is a real phase or an
artifact. Here, local structure of PZT with Zr-rich concentrations was studied by pair distribution
function analysis (PDF). Time of flight neutron powder diffraction data were collected by GEM at
ISIS. Reverse Monte Carlo modelling was carried out with 10 by 10 by 10 rhombohedral unit cells
based on the Reitveld refinement. The comparisons for experimental and simulated Bragg profile,
PDF and total structure factor show good agreement for
whole range. Figure 1 shows the Pb atom displacement of
PZT-0.3 on a stereographic projection. A large intensity of
Pb atom displacement is observed along [111] rhombohedral
direction. Additionally, a triangle shape distribution around
[111] direction can be seen in Fig.1. It suggests the existence
of local monaoclinic displacement which is averaged out to a
long-range rhombohedral structure. The same tendency is
obtained for PZT-0.2 and PZT-0.4 instead the ratio between gure 1 Stereographic projection of
Ma and Mg changes with Ti concentration. The details of PP @om displacements for PZT-0.3

measured at r.t.
PDF analysis will be discussed in the presentation.
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The increasing demands to reduce the sizes of microelectronic ferroelectric devices motivated
synthesis of SrTiOs (STO) nanowires (NWs) and their theoretical simulations. Meanwhile, the only ab
initio study of STO NWs has been reported so far [1], configuration of which has been considered to be
symmetric non-stoichiometric described by Dan point group. Unlike those non-stoichiometric STO NW
configurations, we have ssimulated for the first time the properties of stoichiometric SrTiOs nanowires
(Fig. 1) of different thicknesses with a lower symmetry as compared to the former and described by
point group Co. To generate them, the cubic SITiOs crysta has been cut aong the [001]
crystallographic axis, the lateral size of which has been equal to a period of bulk. STO NWs contain
{100} and {010} facets, with two possible terminations by the SrO and TiO, atomic layers, respectively.

For optimization of equilibrium STO NW structures and simulation of their numerous
properties, we have performed large-scale DFT LCAO calculations within the hybrid PBEO exchange-
correlation functional using CRY STAL14 code [2].

The computational details of the method applied are
the same as in recent SrTiOs bulk calculations [3].
The dependence of 1D lattice parameter, the energy
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
Fig. 1. Axonometric image of stoichiometric [001]-
oriented SrTiOs NW terminated by both SrO and

in the Computer Center of St. Petersburg State  TiO, facets with 2 2 extension of the thinnest
. . possible nanowire (5 atoms per UC). Left panel
University. contains labels of constituent atoms.

unit cell. All the calculations have been performed
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The paper presents the results of the calculation of harmonic oscillations nonuniformly
polarized transducers using the finite element program ACELAN. As an example, we considered
the two-dimensional problem of longitudinal rod vibrations with the transverse inhomogeneous
polarization and taking into account the damping.
It is shown that the nature of the distribution of
vector residual polarization is closely associated
with vibration modes, that it is shown in Figure 1.
In particular, for the second vibration mode
electromechanical coupling coefficient can be
increased more than three times, If the nature of .\ 10 i qiacement, longitudingl stirain and fidld
the field of residual polarization is selected as  ©f polarization on the second eigenmodes.

shown in the same figure.
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In recent years low-Q piezoceramics and piezocomposite materials are widely used for
wide-band medical and NDT ultrasonic transducers with high sensitivity and resolution. The
majority of these advanced materials are lossy and direct 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 on the accuracy
of the dielectric, piezoelectric and elastic coefficients of the
active material used, commonly an anisotropic ferroelectric
polycrystals. The accurate description of piezoceramics must
include the evauation of the dielectric, piezoeectric and
mechanica losses, accounting for the out-of-phase material
response to the input signal [1].

Standard finite element modeling (FEM) packages that
are widely used for modeling of piezoelements and devices
dont take into account losses (mechanical losses can be
included in calculations by implicit manner). Sets of material
constants used for FEM calculations also do not contain losses
data, except for Qu for radial mode of vibrations. As a result,
FEM calculations of real piezoelements and devices can give
inadequate results for lossy materials (composites, porous
ceramics etc.) [2]. Fig.l. Examples of representative

In this work, a novel approach for optimization of gg'r‘(‘)';”f “ﬁdezfgée'r:aEn';’i'cg’"CU'g'O”%‘_’;
finite element modeling (FEM) of lossy piezoceramic elements  connectivity, porosity 80%; b) 3-0
has been proposed. connectivity, porosity 20%.

In this paper, a novel approach for optimization of finite element modeling (FEM) of lossy
piezoel ectric elements has been proposed. Procedure of optimization has consisted in sequential and
iterative application of FEM and piezoelectric resonance analysis to complex electric impedance
spectra of piezoceramic elements. For validation of proposed optimization procedure, FEM
calculations of standard shape piezoel ements (disks, shear plates, bars, and rods) made from porous
PZT-type piezoceramics were fulfilled using FEM ANSY S software package.
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Manganese tungstate MnWO; is a multiferroic material with wolframite-type structure,
isomorphic to the antiferromagnetic CoWOs [1]. At low temperatures MNWO4 undergoes three
successive magnetic phase transitions to antiferromagnetically (AF) ordered states. In the AF2 state,
existing in the temperature range between 7.6 K
and 12.7 K, MnWO; has adso a simultaneous
ferroelectric polarization. It is known that the
presence of Co ions in the MnWOs; lattice allows
one to tune its magnetic properties [2]. However,
the relation between multiferroic properties of Mnz.
<CocWO4 solid solutions and their structure is still
debatable.

Recently we have addressed this question
using the Mn(Co) K-edge and W Lz-edge extended
X-ray absorption fine structure (EXAFS)

spectroscopy [3]. However, the conventional Fig.1. Experimental (T=6 K) and calculated by the

. . RMC/EA method W Ls-edge EXAFS spectra for
EXAFS data analysis does not allow extracting \inwo, and the radial distribution function (RDF)

information beyond the first coordination shell due 0und tungsten, calculated from the RMC/EA results.
to complex structure of the material. Therefore, in this study we report on the results of the local
structure reconstruction (Fig. 1) using the advanced approach based on the reverse Monte Carlo

(RMC) and evolutionary algorithm (EA) techniques [4].
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The nonlinear optical properties and electro-optic effects of some oxygen-octahedric
ferroelectrics are studied by the density functional theory (DFT) in the local density approximation
(LDA) expressions based on first principle calculations without the scissor approximation. We
present calculations of the frequency- dependent complex dielectric function and the second
harmonic generation response coefficient (2)(-2'","*,"") over a large frequency range in tetragonal
and rhombohedral phases. The electronic linear electrooptic susceptibility (2) (-**,"*,0) is aso
evauated below the band gap. These results are based on a series of the LDA calculation using
DFT. Resultsfor (2) (-**,"*,0) are in agreement with the experiment below the band gap and those

for (2)(-2',"","") are) compared with the experimental data where available.
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Our hybrid B3PW calculations show that the F-center diffusion barrier is equal to 1.84, 1.67
and 1.83 eV in SrF,, CaF; and BaF. crystals [1-3]. During the F center diffusion, the trapped
electron is more delocalized than that in the regular F center case, and the gap between the defect
level and CB in the apha spin state decreases. The F center in CaF2, BaF, and SrF; is strongly
localized inside vacancy, it contrasts with F centers in ABOs perovskites, for example KNbOs,
where two F center electrons are considerably delocalized [4]. The calculation of total energies of
different nano-surface H center configurations in BaF implies that H centers have a trend to locate
near the surface [5]. The energy difference between H centers with different orientations show that
the H centers oriented in the [111] direction in SrF, CaF> and BaF: crystals are the most stable
configuration [6].
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While the (001) surfaces of SrTiOs, BaTliOs, PbTiOz and CaTiOs have been extensively
studied during the last decade, much less is known about the (011) and (111) surfaces[1-3]. For the
(011) surfaces, | consider three types of surfaces, terminating on a TiO layer, a Ba (Pb, Sr or Ca)
layer and O layer. The surface relaxation energies for BaTiOs, PbTiO3, CaTiOsz and SrTiOz (011)
surfaces for al terminations are considerably larger than for (001) surfaces. | predict a considerable
increase of the Ti-O chemica bond covalency near the ATiOs (011) surfaces as compared to both
the bulk and the (001) surfaces. My calculated SITiOz, BaTiOs, PbTiOz and CaTiOz (111) surface

energies are considerably larger than the (001) and (011) surface energies [4-6].
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A semi-microscopic e ectron-phonon (vibronic) mechanism of the structural ferroelectric phase
transitions in oxide perovskites of BaTiOs type has been proposed [1,2]. At this, some propertiesin the
paraelectric cubic, ferroelectric rombohedral phases are described and explained (for the tetragona
phase spontaneous polarization is calculated in BaTiOz [1]). In this report the semi-microscopic vibronic
theory of quantum paraelectrics and ferroelectrics of oxide perovskites (SrTi'®Os, CaTiOs,
SITi(*0%01x)3, KTa0s, TiO2) has been developed further. It is shown that the eectron-lattice
couplings of the filled A1g and empty Fi, electronic states of the BOg cluster in ABOs perovskite oxides
lead to the renormalization of these electronic states by the potential ferroelectric soft mode with the Fyy
(#15) symmetry at the # point and the Fzy (#25) zone-boundary phonon mode (at the R point). At this, the
interband vibronic interactions-hybridizations with the F,, mode cause the antiferrodistortive phase
transition at Ta=105K from the cubic O to the D4, phase in incipient ferroelectric SrTiOs. The electron-
acoustic phonon interactions lead to the superelasticity properties of SrTiOs type systems. The
Helmholtz free energies of the quantum paraelectrics and ferroelectrics for these cases are obtained in
which also the strain and stress terms are derived. For the explanation of the temperature dependence of
the staggered rotation of oxygen octahedra $i also the deviation from the mean field approximation is
considered. The antiferrodistortive structura transition in SrTiOs is due to static oxygen octahedra
rotations around one cubic axis, the rotations alternating from cell to cell in all three cubic directions
(see dso [3]). The generalized Barrett formulae for the dielectric constants 4 are derived. At this, the
effects of the zero-point motion are taken into account, which are connected also with the vibronic
couplings. The oxygen isotope effects are studied in SrTi(*30«*%01.x)s . The pressure effects in quantum

parael ectrics at the quantum critical point are also investigated.
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In this paper a comprehensive review and critical comparison of different piezoelectric
materials and devices designs for energy harvesting applications were presented. Various types of
energy harvesting piezoelement and transducer designs including multilayer stacks, cantilevers,
flex-tensional elements, and shear-mode elements
and stacks were examined. Empirical criteria of
piezoelectric materials efficiency for energy
harvesting devices were discussed. Several types
of hot-pressed and conventionally sintered PZT
piezoceramics, porous PZT piezoceramics, and
multilayer PZT/PZT ceramic piezocomposites
with diverse ferroelectric hardness were
fabricated, optimized and tested.

Systematical experimental results
Fig.1 Output power Py, and voltage Viea as a function

comprising electric impedance and capacitanCe  of resistive load Ria for piezoelectric generator with
measurements, cyclic loading at different load | Zin] =300 kOM.
resistances, frequencies, and mechanical stresses for various types of piezoelements were presented.
Original design concept for energy harvesting devices with higher overall efficiency, stability, life-
time and low self-cost, based on both new materials (piezoelectric, pyroelectric and electret
ceramics and composites) and new physical principles (giant field-induced piezoelectric and

pyroel ectric responses, multimode vibrations and complex deformations) were discussed.
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In recent studies [1-2] it was shown that the structural, thermal, magnetomechanical and
mechanical properties of ferromagnetic shape memory (FSMA) aloys may be substantially affected
by defects at or near the surface introduced by different surface treatments such as abrasive
grinding, spark eroding, wire cutting. In the present work we examine another type of surface
effects manifesting themselves in surface corrugation during thermal cycling of initialy planar
FSMA samples[3]. This specific feature is inherent to FSMA alloys and is basically a consequence
of martensitic phase transformation not necessarily connected with surface defects of the material.
The key experiments were performed by examination of the surface relief structure and magnetic
domain structure during thermal cycling with the aid of optical profilometry, differential polarized
light microscopy and SEM. The analysis was facilitated making use of auxiliary reference grids

applied to the surface of the samples. An example of thistechniqueisgivenin Fig. 1.

@ (b)
Fig.1. Microstructure of NizisMnogsGa FSMA aloy observed at RT (martensite state) () and after
transformation into the austenite state at = 370 % (b). The arrows show the points of martensite twin
boundary intersections with a square grid of scratchesin (a) and the points of the grid inflectionin (b)
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A huge dielectric constant has been found in CaCusTisO12 in the wide temperature region
from 100 K to 600 K, athough it drops drastically to about 100 below 100 K [1,2]. CaCusTi4O12 is
acomplex perovskite where A-siteion and A -siteion order in achemical formula AA 3Ti4O12. This
compound is consisted of eight TiOs octahedra and
six CuOg4 planer molecules in the cubic unit cell [3].

The characteristic feature of this crystal structure is

that all TiOs octahedra are linked tightly by CuOas

due to Cu3d - O2p hybridization, in contrast to a

typical ATiOz perovskite. In this paper, we will

report the effect of doping with small Be ion (ionic

radius 0.27 ) instead of Cu ion (ionic radius 0.57

'). Furthermore Be ion has no d-electrons, which

modifies the nature of Cu-O bonds and may

produce an extra space in the tightly-packed crystal Fig.1 Dopant dependence of dielectric constant of Be-
Sructure. g%pSe)d CaCusxBexTisO2  (x=0, 0.01, 0.03 and

Figure 1 shows the Be-dopant dependence of dielectric constant of CaCus1.xBesxTi4012 in
the low-temperature region, where the real part of dielectric constant ( ) decreases exponentially
with increasing Be-dopants . The relaxation time and activation energy show 50% of decrease and
8% decrease by Be-doping respectively, which suggests some structural relaxation in crystal. We
will report also the effect of stress on the high dielectric behavior in CaCusTi4O12.
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In the recent studies of magneto(MCE)- and baro(BCE)-caloric effects in ferromagnet
Lao.7PbosMnOs3 [1] and electrocaoric effect (ECE) and BCE in ferroelectric PbTiOz [2] we have
shown that caloric efficiency of monoferroic materials can be elevated using two from three distinct
external fields (electric, magnetic, mechanical stress). Such away is promising also for multiferroic
materials involving two or even three subsystems characterized by different ferroic nature
(ferroelectric, ferromagnetic, ferroelastic). In  single-phase materials, magnetoelectric,
magnetoelastic or electroelastic coupling arises directly between the two order parameters. On the
other hand, the interaction between two monoferroic phases can be enhanced through their strain-
mediated indirect coupling in composites. In such materials, the electric, magnetic and elastic order
parameters arise in separate but intimately connected phases.

In the present paper, volumetric ferromagnet - ferroelectric composites ( )Lao.7PosMnOs -
(1 )PbTiOs with =0.85 and x=0.18 were prepared. For al samples there was obtained the
detailed experimental information on MCE, BCE, magnetization, heat capacity, entropy, thermal
dilatation, susceptibility to hydrostatic pressure. Multicaloric efficiency of composites is discussed
and compared with that of initial Lao7PbosMnOs and PbTiOs compounds. Variation of a
relationship between components can significantly increase both barocaloric and magnetocaloric
efficiency of compositional material due to the mechanical stress appearing between grains of
different ferroic phases under magnetic field.

The results obtained allow us to suppose that ferromagnetic ferroelectric composites are
really promising materials for their use as effective solid-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 applied in life sciences, biochemical processes
(magnetic liquids, hyperthermia etc.) and specia coatings (antistatic, electro-magnetic interference
shielding). In the current research attention is devoted to the synthesis of nanostructured ferrites by
sol-gel auto-combustion method and by high frequency plasma route. Structure of the synthesized
ferrites is analyzed by X-ray diffraction method. Magnetic properties of the synthesized ferrites are
analyzed by vibrating sample magnetometry (VSM). It is found that al the synthesized ferrites are
nanocrystalline single phase materials with specific surface area of 3040 m?g and calculated
particle size of 3040 nm. Ni and Co ferrites synth esized by high-temperature plasma route are
characterized by saturation magnetization Ms of 44,2 emu/g and 75,4 emu/g, remanent
magnetization M, of 10,0 and 32,0 emu/g and coercivity Hc of 74 Oe and 780 Oe, respectively.
Magnetic properties of the samples obtained with sol-gel self-combustion method differ from which
the plasma products have. Selected nanopowders (2 - 10 wt. %) are introduced in a polycarbonate
matrix by melt compounding. The effects of the nanofiller type and concentration on structural,
mechanica and magnetic characteristics of the polycarbonate based composites are investigated. By
SEM-EDX investigations it is shown that desirable dispersion of the investigated nanocrystalline
ferrites in the polymer matrix has been achieved by the thermoplastic compounding technique used.
By VSM investigations it is demonstrated that certain magnetic traits are assigned to the
investigated polycarbonate nanocomposites already at ferrite content of 2 wt. %. By tensile
investigations it is shown that considerable increase (by 26 %) in tensile modulus of the
investigated polycarbonate nanocomposites is observed at ferrite content of 10 wt. %, although gain
in tensile modulus decreases by rising ferrite content above 2 wt. %. Considering previously
mentioned, one can conclude that polycarbonate composites are successfully modified with ferrite
nanopowders and have enhanced elastic, thermal and magnetic properties in respect to neat

polycarbonate.
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The connection between ferroelectricity and organic molecules started in 1920 with the

discovery of the first ferroelectric crystal, Rochelle salt, containing organic tartrate ions [1]. Organic

ferroelectrics, such as diammonium hypodiphosphate (ADhP) [2], could be important not only for

fundamental approach but also for versatile
technical applications.

Dielectric measurements were performed
in 100 300 K temperature and 20 1 GHz
frequency range. Frequency dependence of the
real and imaginary parts of dielectric permittivity
could be divided into three frequency ranges: the
high frequency range (10° Hz 10 ° Hz), the mid-
frequency range (400 Hz 10° Hz) and the low
frequency range (20 Hz 400 Hz) (see Fig. 1).
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Fig. 1. Frequency dependence of the real and

imaginary parts of dielectric permittivity of ADhP

crystal.

The Cole Cole equation perfectly describes the re laxation process which is observed in the high

frequency range and this process could be related to the ordering of NH4 cations. The Cole

Davidson equation describes the dispersion at the mid-frequency range, which is related to the

domain wall formation and motion. Despite the fact that we can only observe the end of the low

frequency process, it is necessary to describe that process, due to the fact that all of the observed

processes are overlapped together and they influence each other considerably in the whole

frequency range. This process is described by the Debye equation and could be related to the other

type of the domain wall motion.
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Ceramic-polymer composites based on ferroelectric Barium Strontium Titanate (BST) have
a correspondingly low dielectric constant allowing for effective tunability by changing the intensity
of the polarization. The electrica behavior of BST is extremely dependent upon its material
properties, including its stoichiometry and crystal structure. Ceramic powder obtained by the solid-
phase synthesis requires the mechanica milling
treatment. Its effect was tested as well as reducing
the stress generated in the crystal lattice as aresult of
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[1]. Additionally,
obtained tapes are flexible and have high mechanical  Fig.1 Flexible ceramic-polymer composite tape
strength parameters(Fig.1). based on ferroelectric Barium Strontium Titanate.
Several methods were used for characterization ferrolectric BST and based on it ceramic-
polymer composite: XRF for stoichiometry, XRD for structure, SEM for film thickness and

characterizations of solid phase concentration gradient in the composite.
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The multiphase ceramic composites are very complex objects for theoretical modelling NDT
inspection, and ultrasonic measurements. Changes in chemical composition on the phase interfaces
as well as microporosity appearance during co-firing of composite components can alter elastic,
electric and mechanical properties of composites. Spatial dispersion can distort ultrasonic pulse
characteristics and make ultrasonic
measurements ambiguous [1]. Therefore, a
comprehensive study of different composites
structures with strong spatial dispersion and
high losses (porous piezoceramics, composites
ceramics/ceramics  and  ceramics/crystals) e
including finite difference 3D simulations, B ety gl
impedance spectroscopy characterization and  Fig.1 Optica and SEM micrographs of porous PZT
ultrasonic measurements were carried out in gfnzgfgam'cs(aﬂb) and PZT/ -Al203 composites (¢,d)
this paper. The Wave 3000 Pro computer
software package based on finite differences method was used for full time-domain solution of the
3D viscoelastic wave equations. Complex sets of elastic, dielectric, and piezoelectric parameters of
the porous piezoceramics and ceramic matrix piezocomposites were determined by impedance
spectroscopy method using Piezoelectric Resonance Analysis (PRAP) software [3]. This software
uses a generalized form of Smits method to determine material properties for any common
resonance mode, and a generalized ratio method for the radial mode valid for al material Qu s. By
analyzing on each harmonic, complex materia properties as a function of frequency can be
determined.Microstructure of polished, chemically etched, and chipped surfaces of porous ceramics
and piezocomposite samples was observed with optical and scanning electron microcopies. The
simulation results were compared with the experimental data obtained by ultrasonic pulse-echo and
through-transmit methods.

It was shown that pulse-echo measurements of frequency dependencies of elastic properties
for dispersive and lossy ceramic composites are inaccurate and ambiguous. In its turn, piezoelectric
resonance measurements (PRAP) give accurate and reproducible results that well agree with the
results of 3D finite-difference simulations. Anomalies of sound velocities and attenuation near
corresponding elastic percolation thresholds were found out. Microstructural and physical
mechanisms of elastic, piezoelectric and dielectric losses and spatial dispersion in ceramic matrix
piezocomposites were considered and discussed.
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Sol-gel process of porous PbZrossTios203 film formation on PY/TiO./SIO2/Si substrates is
studied. Polyvinylpyrrolidone (PVP) is used as a porogen agent destroyed after annealing.

The films were prepared from PZT film-forming solution with 0 20 wt.% PVP (the
average molecular weight of 29000) by spin on
deposition. Each layer was dried after deposition at
170 C and 400 C, after deposition of each five laye rs
the film was annealed for 20 min at 650 C. Maximum
layers number is 30.

Ellipsometric  data, dielectric  hysteresis
behavior, and the capacitancevoltage (CV)
dependencies using mercury probe were obtained after
deposition of each five layers. X-ray diffraction and Figure 1. SEM image of PZT film (6.6 % PVP,
microstructure were studied after formation of final 20 !ayers)
film thickness.

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

Despite dramatic changesin the film structure, the value of remanent polarization practically
does not depend on PVP content, but the hysteresis loop shape is changed in porous films. These
loops have specific saturation region as aresult of domain pinning by defects. At the same time, the
dielectric constant reduces with increasing film porosity as a result of film density decrease. Other

properties of the films with different thickness and PV P content are discussed as well.
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Discovery of high polarization, magnetization, piezoelectric coupling, magneto-electric and
photovoltaic and exchange bias make BiFeOs one of the widely investigated materials. The ground
state of BiFeOs can best be represented as cycloidal spiral with a period of approximately =62
nm[1]. Thethin of films LakBi1xFeOsis 160 nm

film is reconstructed and lead to the ferrodectric

and isequa to 2.5 . Small magnetization at the o1z, \

film surface |eads to the domain walls as result of .“/_/'-\_/ '\.\

magnetostatic interaction.  Under an external S 010, ._/_/ '\.

electric field the domain structure of an epitaxial 5 . .,
z

I\.
0.08- \_ ™
switching. The influence of La ions substitution

for Bi and action of the external electric field on

0.06 T T T T T T T
the magnetodielectric effect of thin films were 320 360 400 440
T,K

investigated. Real and imaginary parts of the

e . Fig.1 The magnetocapacitance Biix LaFeOsz for
permittivity were measured inthe 90 K < T < goo1 o a frZiuencycao"=105 Hz . He08 T in bias

1000 K temperature range at frequencies of 1, 10 voltage U=0.5 V as afunction on temperature.

and 100 kHz in magnetic fields "=0.8 and without of field for LaBiixFeOs films.
Magnetocapacity has maximum at T=350 K and small drop at 400 K under external field 5 V/cm in
the region of 300 K < T <420 K (Fig.1). Thegrows of magnetocapacity is observed at frequency
decreasing. Dielectric loss is increased in magnetic and decreased in electric fields particularly at
low temperatures. The anomaliesin the (T) tg temperature dependences are observed at high
temperature and the origin of these anomalies is associated with magnetic phase transition in

LaxBi1-xFeO3.
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The Mn-doped SITiOs (STO) is in attention of material researchers for its intriguing
polarization response, low-temperature dielectric relaxation, polar behavior and magnetoelctric
multiglass properties in lightly Mn-doped STO [1]. There is technological interest in moderately
doped STO:Mn as new magnetic, semiconducting, multiferroic and spintronic materia [2].
Heavily Mn-doped STO deserved a specia interest as one of the materials, with which Matthias
formulated rule, is circumvented by showing that in ABOs perovskite magnetic B-site ions can be
forced offcenter [3].

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

The nanopowder form of the materia allows to

avoid the technological difficulties, which occur - 22 o A \‘w\m\o_
making bulk heavily Mn-doped STO. The sizes of s Y Y
particles of the powders are 10 80 nm. The method ] . ;:?:
of production and structural analysis of STO:Mn are ;:i:ﬁi,

discussed in [4]. The dielectric measurements at

room temperature in 100 MHz 40 GHz frequency -
z

range of SITi.xMnOs (x = 0, 0.3, 0.4, 0.5) are Figl Frequency dependency of complex
dielectric permittivity of SrTi.«MnOs (x =0, 0.3,

shown in fig. 1. strengthening of charge relaxation- ¢ 4 o'5) at room temperature

related dispersion with increase of Mn is observed.
The analysis and further measurements will be presented.
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Layered cadmium iodide (Cdl) crystals [1] are known to be good scintillators, UV
photochromic materials and efficient phosphors [2]. These crystals are highly anisotropic and
exhibit ferroelectricity under certain conditions (for example, see [3]). Structura anisotropy also
gives a motivation to study the mechanism of impurity introduction into the crystal lattice. It has
been shown that upon crystal growth various nanocluster formations are likely to be created in Cdl»
[4]. These nanoclusters have influence on many physical properties, including optical absorption
and luminescence [5]. However the reliable model of the light-cluster interaction in Cdlz is still
under development.

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

from CdI2 crystalline samples due to aging are discussed
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The luminescence properties and structure of hybrid composites based on suspension of
polystyrene (PS) and nanocrystals of BaZrOz (BZO) (d < 50 nm) has been studied using
cathodoluminescent spectroscopy and X-ray diffraction. It was found that for BZO-nanocrystals a
strong cathodoluminescence (CL) is developed. For the BZO-PS composites a modification of CL
spectra is observed: the low energy bands and a high energy band (near 4 eV) are appearance
together with significant reduction of the CL intensity. The decrease of the lattice parameter for
BZO phase in the composite and the modification of CL spectraindicate a change in the structure of

nanocrystals under the influence of polymer.
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The studies of size effects on ferroelectric properties have great significance because of
Curie temperature, electrical polarization, coercive field, switching time etc. depend on particle size
or, generally, correlational length [1].

The method of electron paramagnetic resonance (EPR) has been applied to the study
dimensional properties of SITiOs fine powders which were doped by Mn* and Cr¥* ions.
Previoudly, this method was used for research of BaTiOz and PbTiOs ultra fine powders, activated
by manganese and chromium [2, 3].

The SITiOz:Mn:Cr powders of 100, 50, 20 nm have been studied. Doping the fine SrTiO3
powders by manganese ions appears appropriate because manganese substitutes for Ti*" without
any charge compensation. Mn** ions on Ti*" lattice sites were identified, with spin-Hamiltonian
parameters (g factor and hyper fine structure constant A).

The broadening effect of linewidth has been observed. When the particle size decreases the
linewidths increase and line amplitudes decrease accordingly. The broadening effect may be traced
back to changes of the small parameter of fine structure D due to its dependence on the particle size
of the individual nanocrystallite. The critical size of the particles, which can be carried out phase
transition during 105K, is discussed.
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Ferroelastics belonging to the family of trigonal double molybdates are characterized by a
two-dimensional structure [1] and at the high-temperature phase they have a common trigonal
structure with the P-3m1 space group. These materials are of great interest because of the existence
in them the sequences of ferroelastic phase transitions.

This paper presents the results of electron paramagnetic resonance (EPR) studies of
structural phase transitions in case of isostructural replacement of K* ions by Li* ions in
KSc(MoQOa)2. Earlier microscopic observations in the polarized light have revealed the occurrence
of three ferroelastic phase transitions in K1.xLixSc(M0Os)2 crystals with alow lithium concentration
(x=0.05) [2]. As the paramagnetic sonda in EPR investigations of Ko.gsLioosSc(M0Os)2 the trace
amounts of Cr®* and Fe** were used, which occupy the positions of Sc®*. The behaviour of the EPR
spectra versus temperature confirms the existence of three ferroelastic phase transitions in this
crystal. Temperature measurements of the positions of the split resonance lines show that the
separation between the edge EPR lines can be described by a relation (T1-T)¢ where the value of (
is bigger than the one in pure KSc(M0Oa).
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Triglycine sulfate, abbreviated as TGS, is a ferroelectric with spontaneous polarization
along the b-axis. The amount of the remanent polarization decreases by prolonged application of the
electric field aong the direction which is not paralle to the b-axis. Furthermore, the reduced value
is maintained even if the transverse electric field has been removed [1]. The original properties will
not be restored unless the sample is annealed above the phase transition temperature. Since the
reduction process significantly depends on temperature [2], free electric charges flowing into the
sample by the application of the transverse electric field seem to play an important role for the
reduction process.

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

) ) ) ) application of transverse electric field and after
domains and that by negative domains which are  prolonged application under different electric fields.

. . . (k counts)
frequently switched. The intensity under the DC Electric Fidd Before Influenced
electric field shows one by positive or negative  AC 132752 124438
single domain which is oriented by the DC electric Posutlye 123384 124003

Negative 141430 124795

field. Table 1 shows an example of the
observation. Two kinds of intensity under the DC electric field become same value when the
remanent polarization issmall. Thisimplies that there are no mobile dipolesin the sample.
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Mixed K1.xRbxSc(M00Os4). crystals belong to a family of the trigona double molybdates,
compounds which have attracted a great deal of interest in recent years because of their simple
structure and ability to undergo ferroelastic phase transitions. In KSc(MoOg). three structura
phase transitions leading to ferroelastic phases of monoclinic symmetry are observed [1,2]. For the
low concentration of rubidium (x=0.03) the sequence of phase transitions resembles that revealed in
pure KSc(MoOa4)2 [3,4]. However for x=0.1 and 0.2 only one phase transition is observed down to
the liquid nitrogen temperature [3,4]. Optical microscopic observation has reveaed that the phase
transition in mixed crystals is characterized by a change from uniaxial to biaxial upon cooling and
appearance of ferroelastic domains.

The contribution presents results of the spontaneous birefringence measurements in the K1-
xRbxSc(M00s), crystals using the Senarmont method. The temperature dependence of the
birefringence *n has been measured for the light propagation direction along the c-axis between 77
and 300 K. The disposition of optical indicatrix principal axes has been determined in the
ferroelastic phases of al crystals under investigation. It has been shown that +n(T) is given by a
relation (Tc-T) where the value of  changes with the concentration x. The last results are
compared with the temperature dependence of the splitting of the EPR lines as found upon
transition to the ferroelastic phasein these crystals [4].
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A study is made of the optical anisotropy and magnetic domain structure of martensite twins

of ferromagnetic shape-memory aloys (FSMA) on the base of Ni and Mn making use of polarized

light microscopy in the visual range. Observations in the reflected polarized light turned out to be

very convenient for studying the martensite twin structure of multiferroic materias [1]. In the

present work we study the mechanisms of polarized light image formation by an example of some
Ni-Mn-based FSMA. It is shown that polarization-optical method has a number of advantages for
studying both the crystal twin structure and magnetic domain structure in comparison with electron

microscopy or AFM.

Fig. 1 illustrates the
dependence of the reflected light
intensity on the angle of sample
stage rotation. The measurements
were made in a localized field of
view separately for two adjacent
martensite twins. It is seen that the
optical contrast C = (I I2) /(11 +
) may be set to zero, be
maximized or inverted simply by
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Fig.1. Dependence of the reflected light intensity for two adjacent
martensite twins of Niz1sMngssGa aloy (micrograph at the right) on
the anale of sample stage rotation in crossed polarizers.

rotation of the sample on the microscope stage. It is also evident that the symmetry of this optical

effect differs from that of the magnetooptic polar Kerr effect which is invariant to sample rotation.

This feature opens the way of enhancing the conditions for both martensite and magnetic domain

structure observations by the digital methods of differential polarized microscopy [2].
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Measurement of the dielectric constants of monoclinic Rb(Ho.7Do3)2PO4 under various
hydrostatic pressure was carried out at a frequency of 1 MHz. The temperature dependence of
dielectric constant was measured in a temperature range covering the ferrielectric transition
temperature Tc at various pressures below 0.45 GPa. The pressure derivative of the transition
temperature dTc/dp was estimated to be -22.3 — 0.4 K/GPa. All dielectric constants at various
pressures of Rb(Ho.7Do3)2POs4 show a pronounced deviation from the Curie-Weiss law. The
dielectric property of Rb(Ho.7D0.3)2POa is consistent with those of RbD2POs and CsH2POa, and is
explained by the quasi-one-dimensional nature[1-2]. The dielectric constant is given by the
following the quasi-one-dimensional Ising model for the antiferroelectric case except the vicinity of
the Tc; = +A/(Te -B) where and B are related to the intrachain interaction energy of the

nearest neighbor electric dipole moments and the

interchain coupling ener as the long range YR
pling ay g rang . Rb(H, ,D,),PO,
interaction, respectively. The ratio = /B represents S00r .
the relative strength of one-dimensiondity. The o g g-ig? l
a 4 . a
characteristic parameters ,Band were estimated to S0F L5 * 045GPa 1
be 977 K, 492 K and 199 at ambient pressure, zooy&
respectively. The pressure derivative of characteristic 100+
parameters , and B can be obtained in the present ol— . . .
260 280 300 320
study for Rb(Ho.7D03)2POs. The vaues of dI' /dp, Temperature (K)

Figure. Temperature dependence of dielectric
constant in Rb(Ho.7Do.3)2PO4 under various

to be -311 K/GPa, -0.4 K/GPa and -48 (GPa)!, hydrostatic pressures.
respectively.

dB/dp and d¢/dp near zero pressure were estimated
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In this work, the thermal diffusion (phonon diffusion coefficients) and heat conductivity of
BiFeOs and BiogsLao 0sFeO3 multiferroics are studied in a wide temperature range of 300 1200 K,
including the regions of high-temperature phase transitions. As far as we know, the heat transport
properties of these materials have not yet been studied.

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

The dominant mechanisms of phonon heat transfer in the region of ferroelectric and
antiferromagnetic phase transitions have been revealed. The temperature dependence of the mean
free path of phonons has been determined. The analysis of the results obtained in this work together
with the structural and acoustic data indicates that local distortions of the crystal lattice, which are
caused by the distortions of oxygen octahedra of FeOgs and polar shifts of Bi+ and Fe>+ ions from
their initial positions, constitute the main mechanism of the scattering of phonons in BiFeOs and
Bio.gsLao.0sFeO3z multiferroics. It has been found that doping with lanthanum, which is a rare-earth
element, leads to a significant change in the temperature anomalies of the thermal diffusion and heat
conductivity near phase transitions, namely, to the smearing of the ferroelectric transition T. and the

appearance of aminimum in the region of the antiferromagnetic transition T.
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The study is focused on the photocurrent kinetics and dielectric response to infra-low
frequencies in Sro7sBap.2sNb20Os (SBN-75) relaxor ceramics under visible and shortwave radiation
in the vicinity of the broad phase transition. The compound, either in ceramic or single crystal form
has a heterogeneous structure containing polar and nonpolar phases coexisting over a wide range of
temperature determining its high sensitivity to external agitations. An amorphous phase might also
be present on grain boundaries in ceramics determining a difference in reaction to light between
ceramics and single crystals.

Since there is a number of processes contributing to photocurrent (pyroelectric current,
formation of space charge, anomalous photovoltaic current, and other), the ratio of J = (Imax -
Js)/Imex (Where Jmax is the maximum value of the photocurrent and J« the stationary value upon
the end of the transition about 50 60 s after arap id drop) is chosen in the present study to assess
the behaviour of the photocurrent and the different contributions over the range of the broad phase
transition in SBN-75 ceramics.

The photocurrent as a function of time excited by UV (400 nm) and visible (white) along
with the dependence of J on temperature  J( ), are examined. Kinetics of the photocurrent in
ceramics is found to be similar to what is observed in crystal (particularly at UV irradiation) the

J( ) deviating from a monotonous pattern. The maximum of the J( ) curve shifts to a
considerably lower temperature under UV.

Results of the study of the kinetics of photocurrent and the infra-low frequency dielectric
response at different temperatures are discussed as the effects of the defected structure of ceramics

and non-equilibrium carriers on relaxation of polarisation in the range of the broad phase transition.
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Barium titanate is a well-known, intensively studied and technologicaly important
ferroelectric material with a perovskite structure. Barium zirconium titanate - has attracted
considerable attention both as bulk ceramics and thin films, due to its potential applications for
various devices in particular as piezoelectric transducers, tunable filters, phase shifters, terrestria
and satellite communications (operating in the microwave frequency range), the GPS system and
radiolocation. Substitution of Ti*" with Zr*" in BaTiOs exhibits an interesting behavior in the
dielectric study. All the three phase transitions corresponding to pure BaTiOs are merged or pinched
into single phase transition depending on the content of zirconium. Therefore, in this study the
structure and dielectric properties of pure barium titanate and selected compositions barium
zirconate titanate ceramics of were investigated. These ceramics were prepared by solid-state
reaction from oxides and carbonates using the conventional method. The structure and morphol ogy
of sintered samples were characterised by X-ray diffraction (XRD) and scanning electron
microscopy (SEM). The dielectric measurements, in the frequency range between
20 Hz and 1 MHz, were performed by means of QUATRO KRIO 4.0 temperature system together
with precise LCR Agilent 4284A meter, BDS 1100 cryostat and WINData 5.62 Novocontrol
software. The data were taken at stabilized temperature points within the range from 500K to
140K with 5K step. The application of dielectric spectroscopy made possible to determine
independently both real and imaginary parts of the response function of various excitations related
to polarization in solids in particular the study of quantitatively ferroelectric dispersion.
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Ferroelectric ceramic-polymer composites are emerging materials that can be used to design
tunable and flexible electronic devices operating at sub-terahertz frequency range. However, to be
able to use devel oped materials their electromagnetic properties have to be known. For this purpose
appropriate quasi-optical measurement setup has been created. It is based on Vector Network
Analyzer with six pairs of Frequency Extenders. This set is completed by horn antennas and Teflon
lenses used to focus the beam of electromagnetic radiation. The setup allows to measure complex
permittivity of materials in the frequency range up to 500 GHz. Competitive method Time
Domain Spectroscopy (TDS) widely used in terahertz and sub-THz frequencies does not enable to
obtain accurate results below 300 GHz due to low dynamic range. The proposed measurement setup
and methods of extraction of electromagnetic properties do not have this limitation [1].

The research team from Institute of Radioelectronics and Faculty of Chemistry, Warsaw
University of Technology is working on developing new ferroelectric composites for sub-THz
applications [2]. The composites are consisted of barium strontium titanate (BST) and appropriate
polymeric binder. Many different samples of developed materials were fabricated and
characterized. Measurement results showed that it is possible to obtain flexible, high tunable and

low loss materials that can be an aternative to other commonly used tunable materials.

References

1. K. Godziszewski, Y. Yashchyshyn, E. Pawlikowska, E. Bobryk and M. Szafran, Proc. of European Conference on
Antennas and Propagation, 3857 (2013)

2. Y. Yashchyshyn, J. Modelski, K. Godziszewski, P. Bgjurko, E. Pawlikowska, B. Bogdanska, E. Bobryk and M.
Szafran, Proc. of Asia-Pacific Microwave Conference, 206 (2013)

192



R-32
Electrical Characterization of Fe Doped BaTiOz Ceramic by | mpedance
Spectroscopy

D. Sitko!, W. B, k%, B. Garbarz-Glos?, M. Livinsh? I. Smeltere®, C. Kajtoch?
Hnstitute of Physics, Pedagogical University of Cracow, Poland
2Ingtitute of Technology, Pedagogical University of Cracow, Poland
3Ingtitute of Solid State Physics, University of Latvia, Latvia

e-mail: mlivins@cfi.lu.lv

The ABOs-type compounds with perovskite structure are one of the most interesting group
of materials. Among them, the titanates are of great interest from the point of view of fundamental
research as well as regarding their possible applications. Barium titanate BaTiOs, (BT) was the first
developed piezoelectric ceramic material and even now due to its excellent ferroelectric properties
and the high electric permittivity at room temperature it is still widely used as capacitors,
thermistors, chemical sensors, and piezoelectric devices.

The electric behavior of the Fe-doped and undoped BaTiO3 was investigated as a function of
frequency and temperature. The ceramics were prepared by solid state reaction. Scanning electron
microscopy (SEM) Hitachi S4700 with afield emission and a Noran Vantage EDS system was used
to observe the microstructure of the polycrystaline sample surface. The performed EDS
investigations revealed that the al investigated specimens were perfectly sintered. They contained a
little glassy phase and their grains were well shaped. The impedance measurements were carried out
in the temperature range from 150K to 600K, and in the frequency range from 0.1Hz to 10MHz. All
the electric measurements of the samples were performed using an Alfa- AN modular measurement
system with a temperature control system Quatro Krio 4.0. Based on these parameters the electrical
properties of the grains and grains boundaries were described. The grain and grain boundaries
relaxation frequencies were shifted to higher frequency with increasing temperature. Bulk resistance

of ceramics and the thermal activation energies were determined.
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Ferroelectric ceramic materials belonging to the vast family of perovskite-type structure, are
characterized by the extreme values of physical parameters sensitive to externa factors
(temperature, pressure, electric field strength) and the conditions of preparation. The correlation
between the chemical composition of the solution and its crystal structure, and the domain structure
and electrophysical properties has a significant impact on the optimization of the properties of
ferroelectric ceramics. Not without significance is the fact that its electrical properties can be
controlled within a wide range by means of various elemental additions, what results in enhanced
control over dielectric characteristics. These characteristics depend on the type of the substitution,
isovalent or heterovalent ions and its location in the crystal sublattice: for Ba (A-site) or for Ti (B-
site). Ferroelectric ceramics based on barium titanate were prepared by solid-phase reaction of
simple oxides and carbonates using the conventional ceramic method (CMO). This method is
considered to be a very economical and therefore it is constantly modified. Phase composition and
crystal structure of the samples was studied by X-ray diffraction. The experiments was performed
using X-ray diffractometer with X'Pert PRO (Pananalytical) with CuK radiation and a graphite
monochromator, at various temperatures in the temperature range between 140K and 500K.
Impedance spectroscopy (IS) method was used for probing the relaxation processes during the
charge transport in the prepared electroceramics. The equivalent circuits were applied as a series of
lumped elements (i.e. resistance and capacitance) corresponding to the grain boundaries or the
within grains. 1S measurements were performed by means of a AlphaAN modular measurement
system together with cryogenic temperature control system - Quatro Cryosystem and WinDETA
Novocontrol software, at frequency varying from 0.1 Hz to 10 MHz and at temperature range from
140 K to 600 K.
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A small change of the dopant concentration can significantly change the microstructure, thus
influencing electrical properties of the specimens. In this work the differences between the physical
properties of barium titanate (BaTiOsz) and the BaTiOz+ 0.1wt.% Eu.Os were identified. The
BaTliOs and BaTiOsz+ 0.1wt.% Eu,Os ceramics were prepared by a two-stage hot-pressing
technology in the Institute of Solid State Physics at the University of Latvia The structural studies
were carried out by an X-ray diffraction technique. The dielectric behaviour were investigated in a
wide range of temperatures and frequencies. The measurements of dielectric permittivity were
performed during cooling cycle. Investigations of dielectric properties were performed by means of
a Alpha-AN modular measurement system together with cryogenic temperature control system -
Quatro Cryosystem and WinDETA Novocontrol software in the frequency range from 0.1Hz to
10MHz and at temperature ranging from 150K to 600K. The results of measurements show
frequency and temperature dependencies. The conductivity processes were determined by the
Arrhenius behaviour of relaxation time ( ) and a possible cause of the processes was discussed. The
dielectric data suggest that the incorporation of europium ions has a significant influence on the
dielectric characteristic of the investigated material.
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Piezoelectric actuators are finding their use in a great variety of devices. In order to obtain
maximum displacement of the actuator an applied electric field of the order of 1 to 3 kV/mm and
working frequency up to several kHz is usualy required. Such conditions lead to large heat

generation affecting the reliability and limiting 1200 VI
cm

the applications [1-2]. In the present work we 1251
study the heat generation produced by typical &’ 100;
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with varying porosity. Different from the t, minutes

previous studies in the present work we  Fig.l. Effect of the AC electric field on the heating and
complemented the measurements of the t;r;}p;le(reature distribution of the piezoceramic PZT disk
sample temperature with direct observation of
its distribution over the sample surface (Fig.1). For the latter purpose a thermovision infrared
videocamera (FLIR Research IR MAX) was exploited. In addition these measurements were
accompanied by the observation of dielectric hysteresis loops evolutions with the aid of Sawyer-
Tower scheme.

The results of the study show that typically the main contribution to the heat losses in
piezoceramics is that associated with the domain wall motion [3]. Among the main sources of

nonuniform heating is the piezoceramics porosity.
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The relationship between polarization and electrocaloric effect is analysed in
0.4Nay/2Biy2TiOs-(0.6-x)SITiOs-xPhTiOz (NBT-ST-PT) solid solutions. Earlier a wide stability
range of the relaxor state depending on PbTiOs concentration was found in these solid solutions.
The pronounced electrocaloric effect at high concentrations of PbTiOs, as well as extremely low
values of the electrocaloric effect at low concentrations of PbTiOs were observed, which does not
correspond to the variation of polarization depending on PbTiOs concentration. The measured
values of the electrocaloric effect do not correspond to the values, calculated from frequently used
thermodynamic equations. It is shown that, in the relaxor state, the observed temperature change of
the electrocaloric effect as a function of polarization T(P) and the measured vaues can not be
explained by reorientation of polar nanoregions, and the role of the surrounding media in the
physical properties should be reconsidered. In the ferroelectric state T(P) has rather unique
dependence independently of temperature, indicating that the measured polarization is solely

responsible for the observed electrocal oric effect.
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The domain kinetics was studied during polarization reversal in 1 mol.% MgO doped
stoichiometric lithium tantalate (MgOSLT) and 8 mol.% MgO doped congruent lithium tantalate
(MgOCLT) single crystals. These representatives of lithium tantalate family are the most promising
candidates for high-power second harmonic generation devices.

All samples were z-cut and optical grade polished. The sample's dimensions were
10x15x1 mm. The liquid (saturated aqueous solution of LiCl) and metal (chromium) electrodes with
diameter 2-3 mm were used. The experimental setup allowed to apply the external field pulse of
arbitrary shape with simultaneous in situ recording of the domain kinetics and the switching current.

The hexagonal isolated domains with Y oriented domain walls appeared in MgOSLT in
contrast to triangular domains with X oriented wallsin MgOCLT [1]. The analysis of the switching
current data by modified Kolmogorov-Avrami approach [2] based on the visualization of domain
kinetics has allowed to reveal the main stages of domain structures evolution and to extract the
parameters of domain kinetics. The dependence of the coercive field on the field ramp rate for
polarization reversal by triangular field pulses demonstrated the power-law growth with factor
about 0.18 for both crystals. The limiting lowest value of coercive field for quasi-static switching
(for dEed/dt approaching to zero) is equal to 1.2kV/mm for MgOCLT and 0.15 kV/mm for
MgOSLT.

The equipment of the Ural Center for Shared Use Mo dern Nanotechnology , Institute of
Natural Sciences, Ural Federal University has been used. The research was made possible in part by
RFBR and the Government of Sverdlovsk region (Grant 13-02-96041-r-Ural- ), by RFBR (Grants
13-02-01391- , 14-02-01160-a) and with the financial support of young scientists in terms of Urd
Federal University development program.
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We present the experimental study of time dependence of the abnormal conduction current
appeared during polarization reversal in stoichiometric and MgO doped lithium niobate single
crystals with charged domain walls in temperature range from 120 to 250 C.

Recently, much attention is given to study of the conductivity along the charged domain
walls (CDW) in thin film multiferroics and ferroelectrics due to possible applications in memory
storage devices [1-3]. The conductivity increase and decrease have been studied by partial
polarization reversal by high field (creation of multi-domain state with CDW) and subsequent
immediate measurement of the conduction current in low field using the setup equipped with
software-controlled relays.

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

The equipment of the Ural Center for Shared Use Mo dern Nanotechnology , Institute of
Natural Sciences, Ural Federal University has been used. The research was made possible in part by
RFBR and the Government of Sverdlovsk region (Grant 13-02-96041-r-Ural- ), by RFBR (Grants
13-02-01391- , 14-02-01160-a) and with the financial support of young scientists in terms of Ural

Federal University development program.
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Dynamical properties of PbTiOs rich relaxors were studied by high resolution broadband
Brillouin scattering technique. The temperature dependence of quasielastic central peak (CP) of relaxor
ferroelectric 0.47Pb(Mgw3Nb23)Os 0.53PbTiO 3 (PMN-53PT) crystals have been measured over a wide
temperature range of 25-500"C. The temperature evolution of CP in both VV and VH scattering
geometries are shown in Figs.1 and 2. We observed that below 350°C, both the components of the CP
become narrower significantly indicating marked slowing down of the dynamics of the relevant
polarization fluctuation. The Debye-relaxation time (-q) estimated from the CP with comparable orders
of magnitude indicates the dynamical slowing down (DSD) near the Curie temperature (Tc). The
guantitative analysis of the DSD with V ogel-Fulcher law gives us the reasonable values of -o, U and Tvr
in comparison with other relaxor and relaxor-based ferroelectrics [1].Further using the empirica
equation of stretched slowing down given by SKojima et.al. [2] with stretched index ( = 1.0, critical
slowing down in the vicinity of T¢ is clearly observed. These finding strongly suggests that the physical
origin of the observed CP is polar nanoregions (PNRs).1t is also observed that CP appears mainly in the
VH scattering geometry due to the spectral selection rule.
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Fig.1. Polarized (VV) Brillouins cattering spectraof ~ Fig.2. Depolarized (VH) Brillouin scattering spectra
aPMN-53PT single crystal of aPMN-53PT single crystal.
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The calcium-barium niobate CaxBai1xNb20Os (CBN) crystals are alied to strontium barium
niobate SrxBai-xNb20Oe (SBN). In contrast to SBN crystals, which may be grown in a wide range of

X, the CBN materials exist in a crystalline form in a rather narrow interval of 0.2 < x < 0.4 [1]. In

the present work we studied the pyroelectric properties of the
Czochralski grown single crystas of CBN with nominal
concentrations of calcium in the solution 28% (CBNZ28), 30%
(CBN30) and 32% (CBN32). The measurements of pyroelectric
response were carried out in a broad temperature range using a
dynamic method (Fig. 1) (the heat flux modulation was 10 Hz).

It is found, that above of the maximum of the pyroelectric
current and only in the vicinity of the negatively charged surface
of the poled samples of CBN32 and CBN30, a change in the
direction of the polarization takes place. After cooling from the
paraelectric phase a system of antiparallel domains arises in the
crystals of CBN30 and CBN32. Very similar effect has hitherto
been observed in SBN61 crystals [2]. The occurrence of the
surface depolarization layer is confirmed by the fact that the
pyroelectric current maximum temperature appears below the
maximum of the dielectric permittivity of these materials (~ 9 K
for CBN32 and CBN30; and ~ 75 K for CBN28). After cooling the
CBNZ28 crystal becomes completely depolarized.
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The (1-X)PbMgusTaz0s  xPbTiO3 ((1-x)PMT-XPT or PMT-PT) single crystals were
grown of the perovskite structure by the flux method. The nature of the phase transition in these
crystals is highly dependent on the composition. With the increase in the Ti content the dielectric
anomaly gradually changes from the typical relaxor behaviour to the normal ferroelectric phase
transition and moves to the higher temperatures [1].

In this work we present broadband dielectric spectroscopy results of 0.9PMT-0.1PT single
crystals.  Dielectric  measurements  were
performed in wide temperature region (25 K
800 K) at 20 Hz 1 GHz frequencies. We will
discuss results in terms of conductivity, and
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
vacancies diffusion in the material. The relaxor ~ Fig.1 Frequency dependencies of the real (M.) and

imaginary (M/) parts of electrica modulus at
related dielectric anomaly (which is observed different temperatures for 0.9PMT 0.1PT single
below 650 K in our frequency range) will be also crysias

discussed in the presentation.
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[N(C2Hs)4]2MNCl4 crystals undergoes two first-order phase transitions at T1=224 K and
T>=200 K [1]. The aim of the present work is to construct and investigate a structurally stable
phenomenological model that describe the

temperature dependence of anomalies of 3]
calorimetric properties of [N(CzHs)4]2MnCl4 7
crystals near the points of both phase transitions.

Group-theoretical analysis shows that the phase

AS [J/molK]

transitions from tetragona phase into 0]

orthorhombic one are induced by two-

dimensiona irreducible representation. The 20 215 o 2 2o 2% 200
- - - - - T[K]

rational basis of invariants consists of two  Fig.l1 The temperature dependence of the entropy

2 = 2.2 wh d change S for [N(CzHs)4]oMNnCls crystals. Solid line

2= 17 2%, Where 1 an is the theoretical curve of the model; squares are the

» are the components of the order parameter. A~ SXPerimental dataof [1].

invariants; 11= 1%+ »

structurally stable thermodynamic potential is determined by the catastrophe theory methods [2]. It
has the form:
O=al1+apl 1 +agl 1> +aul 1*+asl 1°+ael 15+b1l 2+ Dl 2 +Hosl P+ Cal 1l 2+ Cal 12l 2+ Cal 1l 2%+ Cal 121 22,

where 1= 1 ( 0), >0 and c4>0. Phase diagram of the model has the regions of isomorphic
phase transitions and the liquid-vapor critical points. When thermodynamic path passes near these
regions, on the temperature dependence of physical properties appear anomalies, characteristic for
overcritical behavior. Such a situation is apparently occurs in [N(CzHs)4]2MnCl4 crystals. Fig. 1
shows the theoretical and experimental dependence of the entropy. Low-temperature anomaly one

can be interpreted as the supercritical behavior, but not as afirst-order phase transition.
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Raman spectra of congruent and stoichiometric lithium niobate crystals studied within the
temperature range of 100 450 K are presented. The bands of fundamental vibrations of the crystal
lattice only are observed in the spectrum of the stoichiometric crystal. In the case of congruent
crystal, apart from the bands of fundamental lattice vibrations allowed by selection rules for the

av® (R3c), Z=2 space group, the Raman spectrum contains an "extra’ band of low intensity
corresponding to oscillations of "forbidden™ A> type of symmetry and bands belonging to acoustic
phonons of two-particle states with total wave vector equal to zero. A linear dependence of
frequency and bandwidth on temperature is observed in the 100 450 K range. However, the width
of the band corresponding to oscillations of A1(TO) symmetry of the Li* ions is much less
dependent on temperature as compared with bands related to oscillations of Nb®* ions of the same
symmetry indicating to a quite unusual substantial anharmonicity of the heavier Nb®" ions along the
polar axis. Anharmonicity of the vibrations of Nb°* ions is shown to have a significant contribution
from O% ions characterized by anharmonic potential fluctuations which, according to calculations
from the first principles, mix with vibrations of the Nb®" ions. Anharmonicity of O% ions is
confirmed by a strong dependence on temperature of the A1(TO) bandwidth of O% ions vibrations
perpendicular to the polar axis. This result is aso indicative to some insignificant contribution to
ionic conductivity of Li* cationsat T < 450 K and the dominant role of protons and small polarons.
At a significant contribution of "hopping" Li* cations to the ionic conductivity within the
temperatures of 100 450 K the temperature depende nce of the width of the Li* A1(TO) band
would be close to exponential. Intensity of the bands of fundamental vibrations is not a monotonous
function of temperature while the intensity of the "extra" bands has a strictly linear dependence. It is
such a behavior of the fundamental vibration band intensities the is possibly related to presence of

clusters and microstructuresin the crystal.
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The structura and optica homogeneity of lithium niobate crystals (LiNbOsz)  of
stoi chiometric, congruent (LiINbOzcong), and single-crystals of LiNbO3 containing cation admixtures
of Mg (0.078, 0.89 wt .%), Zn (0.03, 0.52, 0.62 wt .%), Cu (0.015 wt .%), B (0.12 wt .%), Gd (0.51
wt .%), Y (0.46 wt .%), Gd (0.23 wt .%): Mg (0.75 wt .%), Mg (0.86 wt .%): Fe(0.0036 wt .%), Ta
(2.13 wt .%): Mg (0.011 wt .%), and Y (0.24 wt .%): Mg (0.63 wt .%) was studied by Raman
scattering, photo-induced light scattering (PILS), laser conoscopy and optical spectroscopy. Having
alow photorefractivity the crystals are promising materials for frequency and broadband converters
of coherent optical radiation. Position of the optical absorption edge in modified crystals LiNbOs: Y
(0.46 wt. %) and LiNbOs: Y (0.24 wt. %): Mg (0.63 wt. %) is found to match the absorption edge of
congruent crystals. Disclosure of the PILS indicatrix of these crystals proceeds very fast - during the
first second of laser irradiation, qualifying them as potential materials for holography, electro-optic
modulators, and optical switches. A noticeable influence of the photorefractive effect on the
conoscopic patterns is observed along with a smaller angle of the transmission curve in the
LiNbOs:Y (0.46 wt.%) and LiNbOs:Y(0.24 wt.%):Mg(0.63 wt.%) crystals, as compared with a
congruent crystal. indicates of asignificantly lower optical homogeneity.

The asymmetry of the PILS indicatrix of LiINbO3z crystal is shown to be the result of
birefringence of the exciting laser radiation propagating perpendicular to the polar axis of the
crystal, and the asymmetry of the Raman spectrum is the result of the presence of spontaneous
polarization and birefringence. The shape of the PIL S pattern depends on the difference between the
values of refractive indices n = no - ne and the ratio of the energies E of the ordinary (no) and
extraordinary (ne) rays. If En, >> Ene, the PILS picture is a round three-layer spot. With
approximately equal energies the shape being a symmetrical number eight. At En, <Ene the PILS
pattern is asymmetric.
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The study is focused on the dependence of dark conductivity on temperature in virgin and
vacuum-reduced congruent single crystals of LiTaOs (LT). Detailed experimental data obtained
after the samples of either kind are heated up to 454 K can be simulated by assuming existence of at

least two types of charge carriers: () “Aiexpl iy Bexp 24 . The temperature dependence of
yT § TE T § koT

the conductivity of the reduced samples is characterized by activation energies E1=(1.25 — 0.05) eV
and E>=(0.48 —0.04) eV, in virgin samples the activation energies are equal to E;=(1.01 —0.02) eV
and E>=(0.29 — 0.04) eV. Since no information is available concerning the effect reducing in
vacuum has on electrical properties of LT crystals, the data from LiNbOs (LN) crystal reduced in
vacuum are analyzed instead. The data demonstrates the well-known fact that the reducing in
vacuum increases the conductivity of LN crystals at T=293 K by some orders. Nevertheless, the
value of a T=293 K in virgin LT samples exceeds that of reduced samples and is equal to
(12-2) 10 ¥’( ecm)t. The values of activation energies of electric conductivity in reduced LT
samples at low temperatures demonstrate a polaronic conductivity the highest value E; being close
to activation energy of the diffusion of oxygen vacancies Vo. On the other hand, the highest value
E1 in virgin crystals is typical for proton conductivity in LT and LN crystals, while the value of E>
indicates to hopping electron conductivity. Our data confirms a strong diffusion and volatility of
hydrogen reducing LT in vacuum at 830 K. In addition, a partial 1oss of oxygen caused by reducing
is observed leading to recharging transition metal impurities to the lowest valence state and
blocking the hopping electronic conductivity. After filling of electron traps, the process of small

polaron formation Ta;, starts. So the increase of the activation energy of (T) at high temperature

in reduced LT samples is a result of increased bulk concentration of Vo and decreased content of

hydrogen.
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Optimization of the physical properties of ceramic oxides Nb,1s and TaOs and their solid
solutions (Nbz1.y)TaeyOs) is of current interest due to usage as construction materials of high heat
resistance and as functional materials in microelectronics. Results of a comprehensive study of
ceramic Nby(1y) TapyOs obtained from co-precipitated oxides including probing microscopy, Raman
scattering, impedance spectroscopy, and treatment by concentrated light flux (CLF) are reported.

The modulus of elasticity, micro-hardness, dielectric permittivity, and features of self-
conductivity of the microstructure in the series of ceramic Nba-y) TapyOs solid solutions are affected
by the change of the polycrystalline structure with the content of tantalum. A serious change of
structure manifested in spectral characteristics of the Nbyiy)TayOs ceramics is revealed after
treatment by CLF.

Most strongly affected by CLF treatment is the Nbz(1-0.363)Tax(0.3630s compound, the |east
Nb2Os. Perhaps the effect is due to a higher degree of dissociation in the Nbzq.y)TapyOs structure
under CLF. The melting temperature of mixed Nbzi.y)TaeyOs oxides rises with the tantalum
concentration being the reason why after melting under CLF the crystallization proceeds much
faster compared with Nb2Os.
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Ceramic ferroelectric relaxors of specific crystal structure and unique physical properties
make a promising class of functional ferroelectric materias the multicomponent perovskite solid
solutions of mixed oxides, such as PbNiysNbz30s, being specid interest. The studies of the
behavior of heat capacity and dielectric permittivity of PbNiy3NbzOs-PbTiOs (PNN-PT) solid
solutions over awide temperature range from 150 to 800 K are reported.

The temperatures characterizing the anomalies of dielectric permittivity (T) and of heat
capacity Cp(T) are found for the (1-x)PNN-XPT system at x = 0.3, 0.4, 0.5, the temperatures Tn, of
the maximums of dielectric permittivity of which are around 315, 385, and 455 K, respectively. The
0.7PNN-0.3PT composition has a noticeable frequency-dependence of the broad phase transition
peak of dielectric permittivity not being observed in compositions of x = 0.4 and 0.5. The extended
shape of the anomaly of heat capacity at Tm 315 K in the 0.7PNN-0.3PT composition is typical to
ferroelectric relaxors.

The temperature dependence of the heat capacity Cy(T) of the 0.7PNN-0.3PT ceramics has
an , anomaly aa T 225 K another anomaly being discovered extending from 250 to 650 K around
T 520 K. A quantitative analysis of the temperature dependence of heat capacity and
separation of the anomalous contribution from phonon contribution, as in most cases, is made by
estimating the phonon heat capacity of the compounds as the sum of the Debye and Einstein
functions the anomalous component being found as the difference between the measured and
calculated phonon heat capacities C=C,-C,°. Local distortions of the structure revealed in the
Brillouin scattering spectra are found in two regions of the C(T) anomaly: 250-450 K coinciding
with the (T) and within 450-650 K. The temperature dependence on temperature of the C
anomaly separated from the phonon contribution is described by expression for the Schottky heat
capacity of two-level states separated by an energy barrier.
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Solid solutions of niobate compounds near the morphotropic boundary are known to be the
most appropriate ferroelectric materials without lead competing in electrical properties with the
PZT systems. However, particularly the niobate systems have multiple phase transitions at which
phenomena of slow relaxation are manifested. The presented study of dielectric response to low and
infra-low frequencies under DC bias field (E=) is amed at the slow relaxation processes of
polarization.

The samples of hot-pressed (KosNaps)(Nb1-xSbx)O3+0.5mol%MnO; ferroelectric ceramics
made for dielectric measurements of the size of 5x3x0.9 mm? were furnished with silver electrodes
to study dielectric permittivity (E=) under reversing the bias field over a wide range of
temperature including the structural phase transition. A considerable rise of the dispersion of is
observed at increasing E- after the samples are held at constant temperature and constant bias (Fig.
1a) possibly pointing to increased number of relaxators at repealing the phase (not domain)
boundaries since the maximum applied bias fields have been below the the coercive field value.

a &30 T=180°C =" b
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220 AR5
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=10 5 b 5 E=.EVicm 10 -10 -5 ] £ EVEm g

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

A minimum on the (E-=) curve is observed at the bias field intensity the value of which is
equal to that applied to the sample at the temperature of the (T) anomay of
(Ko.sNaos)(Nbo.gsSho.05)Os+0.5mol%MnO, (KNN-5) (Fig. 1b). Appearance of the minimum at
repeating the cycle (Fig. 1b) is an evidence of the field memory effect specific to ultra-slow
relaxation processes of polarization in ferroelectrics of broad phase transitions.
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The strontium manganite (SrMnQOs)
shows a lot of interesting magnetodielectric
properties [1,2]. Recently, we prepared the
SrMnOz ceramic using the conventional sintering
method. The XRD tests and dieectric
measurements were performed which confirmed
the hexagona 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
band gap about 0.5 eV at 0K. Contribution of
exchange-correlation energy in the total energy is
about 30%.

Fig.1 Relaxed unit cell of the hexagonal 6H-SrMnOs
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Demands of various industries simulate search for new piezoelectric materials for high
temperature applications. In this work, dielectric and piezoelectric properties of perovskite oxides
based on (1-x)BiScO3 xPbTiO3 (BSPT) with x = 0.63 - 0.65 and KO0.5Na0.5NbO3 (KNN)
compositions close to the MPB were studied. To compensate Bi3+, Pb2+, K1+ and Nal+ cations
loss and to regulate functional properties of BSPT- and KNN-based ceramics complex approach
was used that included modification of compositions by cation substitutions and overstoichiometric
additives (various oxides and clorides).

The samples were prepared by the solid state reaction method. Structure, microstructure, and
functional properties were studied using the X-ray diffraction, SEM, SHG, and Dielectric
Spectroscopy methods. Piezoel ectric parameters d33 and kt were determined.

Dense single-phase ceramic samples with different grain size were obtained, the influence of
additives on dielectric propertiesand T values was revealed.

The changes of the TC values observed correlated with the phase content and unit lattice
parameters regulated by doping of the BSPT- and KNN-based ceramics.

Effects of dielectric relaxation were observed in samples prepared at high sintering
temperatures due to the presence of vacancies in A- and oxygen sublattices. Suppression of
relaxation effects was observed in modified samples characterized by decreased to more than one
order of total conductivity. High piezoelectric coefficients d33 up to ~ 500 pC/N and kt ~ 0.65
values were measured in the BSPT ceramics prepared. Enhancement of piezoel ectric properties will
be discussed in relation to the preparation conditions, type and content of dopants.
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Multiferroic materials usually possess the ferroelectric, ferromagnetic and ferroelastic
properties simultaneously. These materials have attracted much attention, because of its potential
applications in sensors, transducers, magnetic recording media and spintronic. Among a few
multiferroics, BiFeOs exhibited both ferroelectric and antiferromagnetic properties at room
temperature. The external stress (0-1500 bar) dependence of dielectric properties and aging effect of
BiFeOsz ceramics have been investigated. The electric permittivity and dielectric losses first
increased and then decreased with uniaxia pressure applied parallel to the ac field direction, while
increased with the stress applied perpendicularly. It was suggested that hopping conductivity can be
mainly responsible for these changes. The aging effect followed a logarithmic law and can be
explained by migration of defects, which influences the electric conductivity and by the relaxation
of the domain structure towards an equilibrium configuration. The aging rate was found to decrease
with increasing frequency and can be a result of effect the electric conductivity and the pinning of

polarization components by defects field.
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The (Baw-xNax)(Ti1-xNby)Os (BNTN) ferroel ectric ceramics have been prepared by solid state
reaction using the conventional method. Mechanochemical treatment based on the high-energy
planetary ball milling has been used as an alternative method of synthesizing of the ceramics. The
structure and morphology of the investigated samples were characterized by an X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Phase transitions parameters of investigated
ceramics were described. In order to better understand of the phase transitions character in BNTN
ceramics the calorimetric measurements were also performed. Characterization of electrical
properties of BNTN samples within the temperature range 130 K 600 K were performed by
means of dielectric spectroscopy method within the frequencies from 0.1 Hz to 10 MHz. Analysis
of temperature and frequency dependences of real and imaginary parts of dielectric permittivity,
electric modulus as well as impedance, provided the new details about specific features of physical
properties of ceramic samples. According to complex impedance/electric modulus analysis, the
grains interior dominates the electrical response at high frequencies (~10° Hz), but dielectric
behaviour in all the frequency range is related to interfacial relaxation phenomena (Maxwell
Wagner type). This relaxation is due to displacement of the trapped charge in the interfaces that is
development in heterogeneous ferroel ectric ceramics associated with grain boundaries.
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Complex oxides of bismuth titanate with a structure of layered perovskite doped by Cr in
accordance with the stoichiometric formulas  BiaTi2eCro0201199, BiaTi2sCros011.75,
Bi4Ti18Cr1.2011.4 Were measured in the frequency range from 30 Hz to 10° Hz at the temperature of
296 K. The polycrystalline samples were prepared by the procedure of solid phase synthesis in air
using Bi20s (99.99%), TiO2 (99.999%) and 203

(99.9%), in stoichiometric ratios. 12000
3.
In paper were obtained the spectra of the dielectric 12888: \.\_
permittivity () (Fig.1), the dielectric loss (tg ), the 6000/ s
o ' 4000 R\-\

complex conductivity ( ') and the diagrams of "(’). 50001 L T
Analysis of the experimental data was performed using the 0120~ ‘ e

) ) ) 10t 10® 10° 10* 10° 1
fractal-power universal law for the dielectric response [1]. f.Hz

. . : Fig.l Frequency dependence of the
It is shown that the type of the dispersion curve depends digectric e%erm%tivitjp for compounds:

1 - BisTi298Cro.02011.99,

on the concentration of substitutional atoms. The 2 - BisTi»sCrosOr17s 3 - BisTi1aCr12011.4

difference of the dielectric permittivity between sample
with x = 1.2 and compositions with x = 0.02 and 0.5 depends
on adifferent number of Bi>Os layers.
The surface microstructure of bismuth titanate
ceramics was investigated by AFM method (Fig. 2). The
tendency to the formation of the conglomerates of grains and
alarge concentration of pores was shown. The average grain
size was measured on the obtained images. It was found that Fig. 2 Microstructure of BisTi1Cr120114
ceramics. Theimage sizeis20x20 m.

the pore density of the compound correlates with the

concentration of substitutional atoms (Cr).
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Comparative study was made of pore-free PZT-19 ceramic samples and those containing
specified volume of pores (25%). Earlier it was found [1] that dielectric hysteresis loops of PZT
ceramics with varying porosity differ significantly in their values of coercive fields and remanent
polarization. In comparison with pore-free samples the porous ones possess lower remanent
polarization and higher coercive field values. At the same time in porous samples the hysteresis
loop itself is more rectangular, i.e. the remanent polarization P is close to spontaneous polarization
Ps.

In addition, the heating and aging effects occuring during the exposure of the samplesin AC
fields of constant amplitud were studied. The sample temperature was rnonitored with the aid of
thermal imager Testo 875-1. The sample heating take s place with the enlargement of the hysteresis
loop and attains a maximum when the hysteresis loop becomes satrurated. It is important to note
that the dielectric loop saturation occurs at different ratios between the applied and coercive fields
EJE: of agiven sample. So it was possible to obtain a saturated loop of the porous sample at Ea =
1,6 E¢, while the saturation of the pore-free sample is reached at Ea = 2 Ec. In the latter case the
sample heating is more intensive and the maximal temperature of heating is twice as high as that of
the porous sample for the same time of exposure. In theory the area of the dielectric hystesisloop is
related to the energy losses during one cycle of field changing [2]. So far as both the hysteresis |oop
area and heating temperature of the porous sample are lower than in the pore-free one it may be

inferred that the losses in pore-free samples are higher than in porous ones.

a) b) c) d)
Figure 1. Dielectric loops of PZT pore-free ceramics (a, b) and that with porosity of 25% (c, d). At the initial
moment (a, ¢) and 3 minutes later (b, d) after applying afield. Scale OX: 200 V/div; OY: 5 V/div.
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Demands on medical and NDT ultrasonic transducer performance have increased in recent
years. Low-Q piezoceramics and piezocomposite materials are widely used for wide-band NDT
ultrasonic transducers with high sensitivity and resolution. Some of these advanced materials are
lossy, and direct use of IEEE Standard for material constants determination leads to significant
errors.  The accurate  description  of
piezoceramics must include the evauation of
the dielectric, piezoelectric and mechanical
losses, accounting for the out-of-phase
material response to the input signal.

Numerous techniques using complex
material constants have been proposed to take
into account losses in low-Qu materials and
to overcome limitations in the IEEE
Standard. Iterative methods provide a means
to accurately determine the complex
coefficients in the linear range of poled
piezoceramics  from  complex  impedance Fig.1. Impedance spectrum and PRAP approximation for
resonance measurements. thickness extensional mode of porousPCR-1 disk.

The piezoelectric resonance analysis
method and program (PRAP) has been proposed for the full set of standard geometries and
resonance modes needed to complete complex characterization in a wide range of materials with
very high and moderate losses [1].

In this paper aline of porous PZT piezoelectric ceramics with 3-0/3-3 connectivity types and
relative porosity up to 60% was systematically studied. Both the IEEE Standards and the
piezoelectric resonance analysis method (PRAP) were used to determine material constants [2].
Complex sets of elastic, dielectric and piezoelectric coefficients of the porous piezoelectric
ceramics were measured by impedance spectroscopy methods using (PRAP) software. The PRAP
iterative method enables complete automatic analysis of resonance impedance spectra to derive
complex elastic, dielectric, and piezoelectric properties of the piezoresonator. Material constants
obtained by the different methods were compared.

The results show that the PRAP method gives results that are more accurate and allow
taking into account elastic, piezoelectric, and dielectric losses.
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Most of ferroelectric materials exhibit aging effect (a time-dependent gradual change of
physical properties) in their ferroelectric state.

The effects of aging and memory have been studied in a number of jobs, for example, PLZT
without admixture - [1-3], PLZT with Mn - [4], the proposed interpretation of effects is
controversial.

The aging process of relaxor electro-optical PLZT 8/65/35 (La 8) ceramics modified with
Mn, Fe, Co, Cu (Me) additives was studied in this work.

Specific details were investigated in the aging process changes for PLZT 8/65/35 (La 8)
ceramics doped with different concentration of Mn additive (Mn = 0.01, 0.1, 0.3, 1.0 and 3.0 wt. %)
and Cu admixture.

Cu additive isinteresting because the Cu?* ions are both Jahn-Teller ions and ions, sensitive
to EPR.

The sample with additives structure changes were controlled by SEM and XRD methods.

Aging effects were studied by measuring the complex dielectric permeability *= ’-i
temperature and frequency dependencies (the frequency range 130 Hz to 1 MHz) and polarization
loops P(E).

It was found that aging is significantly reduced at Me = 1 wt.%.

The mechanisms of the phenomena are discussed, such as: migration of oxygen vacancies
Vo, reorientation of dipoles like Me?*-Vo, polar nano region growth and their merger in clusters
(domains), interfacial space charge polarization. Jahn-Teller ions (Mn**, Fe**, Co?*, Cu?") role in

aging process is discussed.

References

1. W. A. Schulze, J. V. Biggers, and L. E. Cross, Journ of the American Ceramic Society 61, 46(1979)
2. . E. Birks, M. Kundzinsh, A. Sternberg and H. Shmitt, Ferroelectrics 234(1-4) 263 (1999)

3. F. Cordero, F. Cracuin, A. Franco and C. Galassi Ferroelectrics, 353, 78 (2007)

4. A. 1. Burkhanov, A. V. Shilnikov and V. Dimza, Ferroelectrics 131, 267(1992)

224



R-64
,T, Diagram Ferrielectric Crystals CulnP 2(Se Si- )s in the Range0 x 1.0

E.l. Gerzanych, V.Y u. Bihanych, .Y u. Kuritsa

Uzhhorod National University, Ukraine

e-mail: vanja k@mail.ru

The influence of hydrostatic pressure on the ferrielectric phase transition crystals
CulnP>(SeSi1x)s in the range 0 x 1.0. A p,Tx-diagram is constructed and the limits of the
existence of para- and ferrielectric phases are defined. It is shown that in the region 0.8 x 1.0 baric
coefficient shift the Curie temperature is negati ve, and it is positive in theregion O x 0.7. There
isinversion of the sign of the coefficient dT_/dpat ~ 0,75.

It is established that phase transitions in ferroelectric crystals CulnP.Ss and CulnP.Ses are
the transitions of thefirst type. Isovalent replacement of S5 Se atoms |eads to the formation of solid
solutions CulnPx(Se Si- )s. Thus, the Curie temperature decreases, both from the sulphide so
selenide compounds, while blurring the phase transition. In the area of concentration of | -
(0.75 x 1.0) dT./dx-0, and in Il - (0.35 x 0.75) and Il - (O x 0.35) dT_/dx . 0. Under the

influence of high pressure, Curie temperature changes so that in the areaof | - dT,/dp - 0, and in
Il 'and Il - dT,/dp . 0. Concentration change of coefficient of the pressure shift of 6 isequal in

dT, K
dp+dx GPat+ml.fate

the area of concentrations |1 . In papers [1,2] it was shown that in the

areas |11 and | corresponding coefficients are equal to 170 and 110.
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In present work the crystal structure of C and 2C TIInS2 polytypes was investigated by
single-crystal four-circle X-ray diffraction method in the temperature range 190 250 K. The
scanning of reciprocal space of C and 2C polytypes was performed in directions [HOL] and [HHL]
under quasistatic cooling. It was found for C-polytype the existence of satellite reflections with
scattering vector g4 ;0,5 0.25 ( =0.04-0.01) which correspond to incommensurate phase (1P)
[1]. These satellites arise as weak lines at temperatures 242 244 K which is much higher than 214
K (avowed temperature of |P creation). Furthermore, the active formation of IP in polytype C does
not occur at a fixed temperature of 214 K, but in the temperature range of 212217 K.
Measurements of temperature dependences of

the incommensurability parameter (T) shows
that below 201 K there occurs an
incommensurate phase transformation, at which
the modulation wavelength increases in the H-
direction.

Unlike polytype C, IP satellites were not

observed at temperature 190240 K in 2C  Fig1 2p-intensity distribution in direction [H2L] of
reciprocal space. The satellites q 2;2;3 0.5 are

polytype. But an additional maxima g 4;,0;5 0.5
shown

and 223 05 were observed a dl

temperature for this polytype (Fig.1). They are typical for doubling of the unit cell parameter c. At
the same time, the anomalies on a dependences c(T) testify about existence of IP in 2C-polytypein
arange of 190 230 K. The model of incommensurate p hase formation in C and 2C polytypes was
proposed.
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Proustite AgsASSs crystals are well-known materias for nonlinear optics, but the effect of

optical irradiation on physical properties of these
crystals is rather contradictory. That is why the
temperature dependences of the unit cell parameters
a(T) and c(T) of AgsAsSs were measured by X-ray
dilatometry method with high precison in
temperature range 100 300 K in dark mode and
during laser irradiation ( =532 nm). It was revealed
that the ¢ value increased on +¢=(0,002 0,003) at
Tp=(145 147) K at the cooling under laser irradiation
(Fig.1). Such an anomaly may indicate the existence
of afirst order phase transition (PT) in AgsAsSs at
laser irradiation.

Fig. 1. The dependence c(T) under laser
irradiation

Also it was investigated the temperature dependences of relative intensity I(T) some X-ray

structure maxima. In particular, for (312) reflex it was established miscellaneous character of 1(T)

dependences at laser irradiation and in dark mode. Moreover, experimental dependences I(T) and

c(T) demonstrate anomalies at the same temperature range T = 145 / 160 K, so these results

confirm the possibility of existence photoinduced PT in AgsAsSs. Observed effects are explained

in terms of the redistribution of silver ions on the two groups of vacant crystallographic positionsin

the unit cell.
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The investigation of CulnP.Ss crystals has showed that a T=310K the first-order phase
transition occurs, which is connected with the hopping motion of the Cuions[1]. The enrichment of
the crystal by indium Culni+dP>Ss increases the phase transition temperature to T=330 K [2], and
the replacement of copper to argentum in Ago,0sCuo,esINP2Ss crystals leads to a change in the phase
transition temperature to T=300 K.

The influence of the high hydrostatic pressure on the dielectric properties of CulnP.Ss,
Culng+dP2Se and Ago,0sCUo,esINP-Ss crystals was investigated. It was found that the phase transition
temperature of each of these crystals is increased under pressure, this is typical for order disorder
type of phase transition. We also investigated the influence of pressure on the relaxation behavior of
dielectric permittivity at low temperatures T<180 K and the pressure behavior of Curie-Weiss
constant and Curie-Weiss temperature.

The p,T phase diagram for CulnP.Ss family crystals was built and its peculiarities were
defined. It was established that the deviation of the phase diagrams of the linear law could be
connected with the influence of free charge carriers at high temperatures.
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To change the properties of the Triglycine sulfate (TGS) crystals they are doped by metallic
or organic impurities. There are relatively few data on research of Co- and Cu-doped TGS crystals.
Therefore, the aim of this paper is to study the dielectric properties of TGS+Co and TGS+Cu
crystals under the influence of an external electric field and uniaxial pressure.

In both types of crystals the applying of an external electric field and mechanical stress
reduces the maximum value of the dielectric constant. Herewith, the temperature of this maximum
increases under the influence of an external electric field whereasit decreases under the influence
of uniaxia pressure. The field dependences of the maximum temperature of the dielectric constant,
the values of this maximum and phase »,T-diagrams of the crystals under consideration were
constructed.

If was shown that the increase in the atomic mass of doped impurities leads to the increase
in the phase transition temperature. Thus, for TGS, TGS+Co and TGS+Cu crystals it was,
respectively, 321,9 K, 322,9 K and 323,6 K.

The displacement of the phase transition temperature under the influence of uniaxial
pressure aong the ferroelectric axis of doped crystals was less than for the undoped ones. The
pressure coefficients of the shift the phase transition temperature for TGS, TGS+Co and TGS+Cu
crystals were, respectively, 7,5, 5,2and 5,3 K/ Kkbar.

This effect can be accounted for by the existence of internal electric fields in doped crystals,
the value of which is determined by the presence of impurities [1, 2]. Therefore, the macroscopic
field, which emerges due to the piezoelectric effect, under the mechanical compression inside the
crystal is smaller. The presence of such interna field leads to a change in the temperature of the
maximum of the dielectric constant even in the absence of external fields, mechanical stresses and

blurring dependencies (T).
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The second-order ferroelectric instability in the SnoP.Ss (SPS) is driven by non-linear
interaction of the low-energy polar By mode with full-symmetry mode Aq [1]. The relaxation of
lone-pair electrons on Sn?* cations leads to the three-well potential energy surface [1]. Ab inito
derived effective Hamiltonian [1] was used in Metropolis Monte Carlo simulations of the
temperature pressure phase diagram. Modeling reveal ed chaotic phases as well as phases with
guadrupolar ordering in addition to experimentally known tricritical point on the transitions line
between paraelectric and ferroelectric phases. Recent neutron and X-ray scattering experiments
[2,3] testifies appearance of weak first order nature of the phase transition, which is induced by
hydrostatic pressure. Ab inito band structure and phonon spectra for both phases of SnoP>Ss are in
good agreement with available experimental data at ambient conditions. Calculated spontaneous
polarization fits well with experimental value of 16 C/cm?.

Calculated athermal equations of state reveal first-order phase transition from polar Pn to
non-polar P21/n phase, which occurs near 0.7 GPa. For ambient pressure energy gap is about 2.2
eV. For pressure above 37 GPa energy gap is closed, i.e. monoclinic non-polar phase isin metalic
state, in accordance with experimental observation [4]. For the pressure above 37 GPa calculated
phonon spectra point out on drastic changes in high-energy phonons. This is result of increasing
covalency in S-Sinteractions. For pressure above 52 GPatransition to triclinic P-1 phase of SnoP>Ss
with one formula unit in the cell was revealed. Band structure calculations and phonon structure for
this new phase point on significant decrease of covalent P-P bonding in molecular P.Ss anions.
Metallic behavior of this phase occurs already for pressure above 11 GPa, while at ambient
conditions this metastable phase is semiconductor with energy gap about 1.6 eV.
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In SnoP>Ss family crystals the ferroel ectric ordering is determined by stereochemical activity
of tin lone pair electrons [1]. The loca three-well potential in ground state could be related to the
Blume-Emery-Griffiths model with dipolar and quadrupolar order parameters that predict
coexistence of metastable paraelectric phase with ferroelectric ground state [2]. At this, the
tricritical point and discontinuity of the ferroelectric transition appear at their temperature lowering
by compression or by variation of composition. Under hydrostatic pressure, which suppresses the
stereoactivity of tin ions, the tricritical point for Sn2P.Ss was found [3,4]. Similar influence on the
ferroelectric transition is expected at tin by lead substitution that also lowers covalence of chemical
bonds. By dielectric, ultrasound and Brillouin scattering investigations the change from continuous
to first order transition was found in (PbySna.y)2P.Se mixed crystals at growth of lead concentration
more than 'y 0.2, when the phase transition temperature lowers below 250 K. For composition
with 'y = 0.45 clear first order phase transition is observed with wide temperature range (near 30 K)
of the phases coexistence. At lead concentration above y = 0.61 the centersymmetric state exists till
4.2 K. At low temperatures, the dipole glassy could be obviously presented [5]. For the end PboP.Se
compound some evidences of possible virtual ferroelectricity were found. For this crystal the lowest
energy Raman scattering spectral lines lower their frequencies at cooling. Here it have been also
found a growth of the lattice anharmonicity according both Raman and Brillouin scattering data
Moreover, the most important fact is that dielectric susceptibility of PboP.Ss crystals increases at

temperature lowering.
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Bismuth chalcogenides (Bi>Te; and Bi>Ses) are narrow band gap layered semiconductors with
room temperature thermoelectric properties. The synthesis and physical properties of these materials
have been widely studied for more than half a century because of their applications as active elementsin
thermoel ectric micro-generation, local micro-cooling and infrared detectors [1].

The efficiency of thermoelectric materials can be improved by creating structures where one or
more dimensions are reduced, such as nanowires, nanoribbons or thin films. Such nanostructured
materials show better thermoelectric properties due to reduction of their thermal conductivity and at the
same time enhancement of electron conductivity [2].

Previously, high crystalline bismuth chal cogenide nanoribbons were fabricated by Au-catalysed
vapor-liquid-solid synthesis [3], but catalyst-free vapor-solid synthesis process was developed only for
ultra-thin bismuth chal cogenide nanoplates [4].

Here we present ssimple catalyst-free vapor-solid synthesis method for fabrication of bismuth
telluride and bismuth selenide nanoribbons. 99,999% Bi,Tes and Bi>Ses powders are used as source
materials. The synthesis process occurs under low (0.1 Torr) pressure and does not require constant gas
flow. Fabricated nanoribbons had high-crystalline structure proved by investigation under transmission
el ectron microscope. Nanoribbons were up to 50 m long and 20-500 nm wide. Their thicknesses varied
in the range from 20 up to 100 nm. Electroconductive and thermoelectrical properties of fabricated
nanoribbons were investigated under IR illumination, showing potential perspective application as IR

detectors.
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Rechargeable Li-S batteries are most promising solution for automotive applications. Advanced
lithium sulphur cell for automotive use with high energy density, charge efficiency and durability,
meeting or exceed the safety and low cost standards are being developed within the EU project
EUROLIS (www.eurolis.eu). The principle of Li-S battery operation has been known for several
decades [1], however, it has not been successfully commercialized yet, mainly due to fast capacity
fading and very low columbic efficiency.

One of the key points for a better understanding of the mechanisms of battery operation, which
can lead to the technical solutions to optimize the battery performance and design of Li-S cathode
materials with superior properties, is the knowledge of the nano-structuration and electrochemical
processes in the cathode material and in the electrolyte during battery
operation.

In this work we demonstrate that in operando sulphur K-edge
XANES and EXAFS analysis are powerful and indispensable tools for
the characterization of the redox chemistry and to monitor the
formation of Li-polysulphides and unwanted byproducts in the cathode
and those diffused away from cathode material during charging and
discharging of the battery [2]. Different sulphur compounds that
coexist in the battery (elemental sulphur, sulphur-polysulphides and
suphur bound in electrolyte) can be efficiently distinguished, and their
relative amount in the cathode can be monitored precisely during the
battery operation with sulphur XANES analysis. Additionally, sulfur
K-edge EXAFS analysis gives direct insight in the environment and coordination of sulphur atom and
allows identification of sulphur byproducs.

The methodological approaches for efficient in-operando XAS experiments at sulphur K-edge
(2472 eV) in fluorescence detection mode are presented, the limitations and sources of potential
systematic errors in sulphur K-edge XANES and EXAFS analysis due to small and strongly energy
dependent penetration depth of X-ray beam and self-absorption effects in the sample are discussed.
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Diluted magnetic semiconductors based on ZnO with transition metal ions are widely used
nowadays as model objects for testing concepts for spintronics applications. The 3d® transition
metal ions such as Fe** and Mn?* with electron spin S=5/2 potentially provide a spin multiplet for
use in the implementation of quantum algorithms. Recently, systems with the same ground state
electron configuration as Mn?* in single-crystal MgO [1, 2] and in colloidal ZnO quantum dots [3]
have been suggested for quantum computing applications. Here, we report the spin dynamics of
transition metal ions in ZnO investigated by the Pulse-Electron Paramagnetic Resonance (Pulse-
EPR) technique.

Inversion recovery with electron spin echo detection has been used in order to measure the
spin-lattice relaxation time T1 for Fe>* and M?* ions in hydrothermal grown ZnO single crystals.
The relaxation of longitudinal magnetization was dominated by the sum of two exponentials with
two time constants. To estimate the relaxation rates, we consider direct (one-phonon) and a two-
phonon Raman processes. The fitting of these data revealed a Debye temperature for Fe** and Mn?*
significantly lower than the value known for the host matrix. The presence of a second fast time
constant in inversion recovery data indicates that cross relaxation transitions between Fe** and Mn?*

ions provide an essential contribution to the relaxation at low temperatures.
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The ab initio quantum mechanical methods have successfully been applied to study of the
structure and physical properties of oxide nanotubes (NTS) [1, 2]. The first stage of NT theoretical
calculations provides the properties based on the ground state energy and its first derivative on
atomic positions and cell dimensions. The next stage of NT simulations should provide more
detailed information about the properties defined by the second energy derivatives. These are the
guantities which govern the mechanical and thermodynamic stability of nanoobjects. Vibrational
frequencies are the first and foremost of them.

In this work we present the first-principles results for the phonon frequencies in the selected
TiO2 nanotubes obtained for the first time. We have considered the two NT morphologies: (1)
hexagonal generated by folding of (111) layers of the fluorite TiO. phase with chiralities (n, n) and
(n, 0), and (2) rectangular generated by folding of (101) anatase layers with chiralities (n, n) and (n,
-n). Calculations have been made within the density functiona theory using the hybrid exchange-
correlation functional and localized atomic basis set and a direct (frozen phonons) method for
estimating frequencies. Comparative classical force-field [3] simulations allow us to extend the
scope of treatable NT periods and diameters. The symmetry analysis of the calculated frequencies
has been made via the induced representations of line symmetry groups in two k-points (# and X)
of 1D Brillouin Zone.

The results obtained indicate that NT stability depends on its morphology, diameters and
chirality. Thus, the presence of imaginary frequencies indicates the structural instability of (n, 0)
NT with hexagona morphology at low diameters (~10 ). In stable cases the lowest (doubly
degenerated) frequency gradually decreases to zero when the NT diameter rising.
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Y-doped BaZrOz (BZY) is a state-of-the-art high temperature proton conductor with potential
application in for instance intermediate temperature solid oxide fuel cells. In BZY, effectively positive
oxygen vacancies (vg) and protons (0Hg,) constitute the dominating charge-compensating defects, with
hydration proceeding according to

H,0(g) + 05 + v, = 20H,

The corresponding hydration enthalpy and entropy, Ay.s,.H" and 4g.4,5 ", depend both on

dopant concentration and type [1, 2, 3]. Trends in Ay,.4.H “ with dopant type are usually rationalized by
higher charge density on oxide ionsin the vicinity of the dopant [1, 2].
Understanding trends in 4,45 = with dopant type is, however, more
intricate as it contains vibrational contributions from both 0H; and
vga. In this contribution, we investigate the defect thermodynamics,
including vibrational contributions, of undoped and acceptor doped
(Sc, Y, In, and rare-earths) BaZrOs from first principles phonon
calculations.

All calculations are performed using Density Functional
Theory (GGA-PBE) within the VASP code. Phonon spectra are
obtained from force calculations using the finite displacement method,
from which vibrationa contributions to the thermodynamic properties
are derived. The calculations are performed under both constant g. 1 Calculated fya,S of
volume and pressure conditions. undoped BaZrOs, including the

The calculated electronic 4y,4,H amounts to -74 kJ/mol for  individual contributions ~ from
undoped BaZrOs and becomes more exothermic in the order Izotil;;ng' égégﬁh;,%ﬂa;o:g of
Gd Y Scdueto trapping of both 0OHg and v, in line with previous
experimental and computational studies [1, 3]. Further, the calculated 4,45 of undoped BaZrOs
(Fig.1) isalso in good agreement with experimental results [1, 2]. The calculations show that the largest
contributions to 4,45 are loss of H20(g) and filling of v". The large vibrational contribution from v’

is related both to local structural changes and its large negative formation volume (-20 / w). Finally,
we discuss the effect of dopant choice on the vibrational properties of 0Hj and v .
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The present paper is devoted to three questions: on the anomalous ( water like) temperature
dependence of sound velocity in SiO2, GeO2, B203 and in silicate, germanate and borate glasses and
melts with the rich content of SIO,, GeO», B2Os; on the similarity of elastic properties of water and
water solutions with the silicate, germanate and borate glass melts, and on the nature of the frozen-in
nano scale inhomogeneities in oxide glasses.

What means water like anomaly (WLA)? Well known t hat sound velocity decreases with the
temperature practically in all solids and liquids. Exclusions are H20, liquid B2Os, Al>Os, liquid Te, Sb,
glassy GeO»., SIO2 where velocity increases with the temperature. SIO2, GeO,, B2O3 glass melts at high
(Brillouin) frequencies and at high viscosity range also show WLA. How to explain anomaly? What
about this anomaly in other glasses and melts?

Measurements of temperature coefficients of ultrasound velocities (TCV) as a function of
modifier concentration in B2Oz, SO, GeOy, in a number of binary and ternary germanate, silicate,
borate glasses and melts, where glassformer exhibits water - like anomaly (positive TCV), are reported.

WLA isfound in pure glassformersof long or str ong type where the existence of a network
structure is usually assumed. In these substances WLA is found both in liquid and glassy states. WLA
or, at least, tendency to it, is seen in both longitudinal and shear elasticity of such glasses. Adding ionic
modifiers to the glassformer (which is supposed to break up the network) diminishes and eventually
destroys WLA. It is not yet clear whether it is possible to separate acommon for all systems main
mechanism of the anomaly. It is assumed that with raising temperature T a structural rearrangement
(often modeled as the increasing content of the second structure) takes place leading to a denser packing
and higher instantaneous rigidity. These effects must be sufficiently strong to show against the
background of normal temperature dependence dec reasing v withraising . Increasing the content
of metallic oxides-modifiersin the glass destroys the network by substituting ionic bonds for covalent

ones, and then WLA isweaken.
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Photonic crystas (PC) are nanostructured materials, which posses a periodicity on the length scale
comparable with the wavelength of light. Probability of spontaneous fluorescent emission in the PC is
defined by the matrix element of the corresponding two-state transition |<m|8i|n>| and the density of optical
states available to the photon emitted g(*") [1]

Whm = (29/:)*[<mBinn>F=g("").

The spectrum of spontaneous emission S(**) is determined completely by the spectral distribution of
frequencies of molecular transitions *"nm and the density of optical states g(**). In the case of frequencies **mm
lying in the area of photonic band gap, where g(**) = 0, the spontaneous emission is absent. We registered the
maximum of reflectance and minimum of transmittance, respectively, in this case because the light can not
escape from PC being localized in the cavities of PC. If the frequency of optical transition of an atom or
molecule *"nm is near the edge of photonic band gap, the efficiency of the process of interaction of light and
atom (molecules) inside PC could be increased significantly. In this case the bound state of the photon and an
atom or molecule forms and emitted photon is kept inside the crystal by means of Bragg reflection and re-
absorption.

Described effects were used for amplification of luminescence of the molecules introduced into the
cavities of PC. The luminescence of biological objects (DNA, bases, cells) were located near the edge of the
band gap of PC. That is why we could enhance the luminescence signal from DNA in 100 or more times.
Possible applications of this effect include creation of optical materials, based on the PC and creation of

highly sensitive sensors of biological molecules.
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LiGa0, (LGO) (100) and (010) substrates have demonstrated the potential for growing nonpolar
ZnO epilayers [1-2]. The lattice mismatch is 4.2% in [1010]zno //[100]Lco, 2.0% in [1210]zn0
1/[010]Lco and 4.0% in [0001] zno//[001] Lco, respectively, which are low compared to those of sapphire.
For Zni..MgxO (ZMO) epilayers in which 45% Zn is substituted by Mg, the lattice mismatch will

change to similar values of ~2.6% in both directions. In this work, m-plane ZnO epilayer and multiple

quantum wells (QWSs) having (1010) and (1210) azimuth 25 10— T— T T—T—T— T
orientation, respectively, were grown on LiGaO, substrates

210*- 1
by plasma-assisted molecular beam epitaxy. For the growth m-ows | || epilayer x5)

1510°f

of QWSs, a ZnO buffer layer of 30 nm was first deposited on
the substrate followed by a layer of 40 nm Zn:xMgxO,

Intensity, cps

where x=0.45 for the m-plane QWSs and x=0.16 for the &

5000 |~

plane ones. Subsequently, multiple QWs were grown with j
the well width thickness of 1.1 nm. A 10 nm Zn1xMgxO cap B

250 300 350 400 450 500 5;0 6(I)0 650
layer was finally deposited on top of the structure. Wavelength, nm

Fig. 1 Room temperature
cathodoluminescence spectrum of the

of the epilayer and the QWs samples are shown in Fig. 1. It epilayer and the OW's samples

| D

Room temperature cathodoluminescence spectrum

indicates that both QWSs samples exhibit a strong near band-gap emission peak with different blue shifts
of 0.10 eV for the a=QWSs and 0.27 eV for the m-QWSs. The shift is probably due to effects combining
the positive quantum confinement effect and the residual strains.
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A discovery of carbon nanostructures namely, fullerenes, carbon nanotubes and graphene,
has opened up a new erain scientific research and industrial applications. In this work we present
the data on cheap production, certification and comparative analysis of the multi-wall carbon
nanotubes (CNTSs), graphene nanoparticles (GNPs), graphene flakes and graphene oxide for
different application with the emphasis on bionanotechnology. The carbon nanostructures were
characterised by conventional Raman spectroscopy, electronic microscopy, Fourie-Transform
Infrared (FTIR) spectroscopy and atomic fourth microscopy (AFM). Mechanica property study and
guantum-chemical calculation were also used.

We discuss the following points: 1 ) Which kind of support, CNT or graphene, is better for
SEIRA and SERS spectroscopy for analysis of extremely small quantity of molecules[1,2]; 2) The
suitability of graphene and CNT/CexOy, CNT/CexOy/AgO complexes as cataytic agents for
converting acohol-containing materials (primary alcohols, aldehydes, esters) to ketones, 3)
Applications of CNT/DNA/protein complexes as the tissue implants, 4) Usage of CNTs and
graphene as interceptors of biologically active compounds [3]; 5) Usage of CNTs and graphene as
anticancer agents, 6) Usage of CNT-based black absorbing coatings for pyroelectric and other
thermal detector application [4].
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Current Li-ion batteries are the state-of-the-art power sources for consumer electronics
operating mainly in the 4 V regime. One frequently discussed direction to improve the performance
of such batteries is the development of a family of 5 V cathode materias. | report here a Full
Potential Liniarized Augmented Plane Wave (FP-LAPW) calculation for Li2CoiMn3Os in the Fysm
spingl structure [1]. My calculated battery voltage for this material is around 5 V. This result is

stable against interchange of positions of Mn and Co atoms as well as the choice of the position of

the Li vacancy.
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Semiconductor nanowires have been studied intensively for applications in electronic
devices as field effect transistors, chemica sensors and optoelectronics requiring well established
contact properties and nanowire electrical characterisation. Frequently, obtained data show
nonlinear characteristics often attributed to Schottky barriers. Previous works aimed to electrical
characterization of nonohmic semiconductor nanowire devices draw attention on space charge
limited currents (SCLC). Reducing the wire size to nanoscale, causes large surface to volume ratio
of the nanowires and presence of charge traps enhance their sensitivity to SCLC [1].

There have been several reports on SCLC regime in semiconducting nanowires having
nonlinear |(V) behaviour at higher applied voltages and deviation from Ohm's law. Information of
the trap energy distribution and trap density can be derived from nonlinear 1(V) characteristics.
Here we report on SCLC conduction of Bi>Sz hanowires.

Individual Bi>Sz nanowires were transferred to the substrate and for electrode fabrication
electron beam lithography was used. Electrical measurements were performed in a *He refrigerator
to measure temperature dependent 1(V) characteristics.

At temperature of 300 K all nanowire devices showed Ohmic behaviour. Transition from
Ohmic to SCLC conduction was observed in range from 200 to 140 K and calculated characteristic
trap energy is 0.1 eV. 1(V) curves at fixed temperature for severa distances between contacts
leading to different radius to length ratio were analysed. Well pronounced voltage steps were
observed for distances 300 nm and shorter which indicates presence of discrete trap levels or impact

of surface states.
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Like other lanthanide sesquioxides (Ln20s), holmium oxide of the C-form, C-H0203, finds
its use in various optical, ceramic, and chemical applications. Nanocrystalline microstructure in this
solid is of particular interest, because when the crystallite size decreases down to nanometer scale,
the ratio of surface to bulk atoms increases substantially to endow Ho0203 based materials with
novel features. LnO3 can be prepared by a variety of techniques, including the thermal
decomposition of various precursors, and low decomposition temperatures being favorable for the
formation of nanocrystalline solids. However, the preparation and study of nanocrystalline Ho2Os
have been given small attention from researchers.

This work aimed at studying the effect of the nature of precursors and synthesis conditions
on structural properties of holmium oxide. Powders of holmium oxide were prepared in bulk from
the therma decomposition of holmium nitrate, chloride, acetate and, first, carbamide-containing
complex of Ho [1] as precursors at 600 and 700 C. T he powders obtained were investigated by X-
ray diffraction, elemental anaysis, thermogravimetry, TEM, IR- and Raman spectroscopy. The
crystal phase of the solids corresponds to bce crystal structure of C-Ho.O3 and consists of nano-
sized crystallites, except for the case of holmium chloride which was a well-crystallized powder.
XRD anaysis and Raman spectroscopy consistently indicate that the bcc lattice parameter of
nanocrystalline C-Ho.O3 exceeds that of the well-crystallized holmium oxide. Main impurities in
the nanocrystalline powders of holmium oxide are water and surface adsorbed carbonate species.
With the use of HRTEM observations other microstructural features of the powders of Ho,Os are
also discussed.
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Nanotechnology and cellulose fiber can be key factors to speed up forest industry again. It
shows a new Nordic study to be included in an OECD report. The point to unique industria
opportunities presented by the Nordic Countries mgor raw materials from the forest. This case study
was prepared as a part of a wider OECD project presenting Countries Initiatives for Nanotechnology in
Green Growth. It is describing the environment, especially the policy environment, in which Micro- and
Nanofibrillated cellulose (MFC/NFC) are being developed to contribute to green and sustainable growth
in Finland, Norway and Sweden.

From trunk to micro- and nanoscale fibers  Fibre structures in wood [2]
and chemical components [1]

Structural Size Approximate

element number of fibrils
per fibre cross-
section

Complete fibre | 13 micrometer 1 (one)

diameter

M acrofibril 0.75 micrometer 236

Microfibril 0.15 micrometer 5902

Nanofibril 10 nanometer 1,330,000

Figure 1. Structure and relationship between fibresin a wood log

The potential and the main applications of nanotechnology for green growth is discussed, - how
nanotechnology is being included in the broader green growth policy agenda, and finally developing
good practices and toolsfor policy makersto eva luate the impact of the technology on green growth
in socio economic and environmental terms.

The financing of the necessary steps from pilot scale up to the production scale is a pervasive

problem in all three Nordic countries, according to this study.
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With a growing world population, nanotechnology is one approach to address the rising
demands for improving the quality of food and for green energy.

Nano sieves for micro-filtration are proposed to serve a growing demand for filtration, e.g.
for beer or milk production. Many groups have aready indicated that perforated membranes with
sharply defined cylindrical pore diameters will have a broad range of applications, such as sterile
filtration (particle and bacteria) and size exclusion-based separation.

In green energy, solar cells are seen as a promising method for energy generation; but their
cost and efficiencies would need to be drastically improved in order for them to become a viable
option. Controlling the scattering of photons in the absorbing material by adding photonic crystal
arrays or other periodic nanostructures can potentially enhance the efficiency of these devices.

In both applications, the large circle arrays can cover significant areas (over severa square
centimeters), and writing times by patterning with conventional Electron Beam Lithography (EBL),
stitching errors, and pitch control between adjac ent stitched fields could be issues, especially
for photonic crystal arrays.

To meet the needs of these applications, we present and discuss the differences between two
EBL patterning modes, one being the conventional stitching EBL, and the other being a new and
unique stitch-error-free EBL writing strategy cal led Modulated Beam and Moving Stage. We
demonstrate that this technique can produce large circle arrays for nano sieves and photonic crystals
with uniform pore size distributions, fast EBL patterning times, and with virtually no stitching
boundaries and high pitch accuracy.
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Two ABOz-type perovskite solid solutions (BSCF. BayxSrxCoyFeyOz- and LSCF: LayxSrxCos-
yFey0s. ), mixed ionic electronic conductors, recently have attracted a lot of attention because of a
wide range of potentia applications in modern technologies, e.g. gas separation membranes, solid oxide
fuel cells (SOFC), etc. The structural defects, first of all oxygen vacancies and antisite defects in
perovskites, affect many properties and worsen performance of the perovskite materials in specific
applications.

In this study, we present results of first principles calculations of the perfect BSCF and LSCF
crystals, the crystals containing basic point defects (cation and anion vacancies, cation exchange, and
antisite defects), disorder (Frenkel and Schottky), and a set of relevant solid-solid solution reactions
[1,2]. Our DFT modeling reveals that oxygen Frenkel defects, full Schottky disorder and partial
Schottky disorder accompanied by the growth of a new phase (e.g. a parent perovskite) al have
relatively low formation energies and are favorable. The obtained cation exchange energies are very
low for both the A- and B- sublattices of the perovskite structure; this leads to a formation of new
phases or interphases.

We explored and analyzed in great detail the oxygen vacancy formation energies in the cubic
and hexagonal phases of BSCF and demonstrated that a high concentration of vacancies (oxygen non-
stoichiometry), in fact, serves as a stabilizing factor that governs the preference of the cubic phase over
the hexagonal phase. We also discuss peculiarities of the oxygen vacancy diffusion in BSCF and L SCF.
We established that the A/B-site cation size mismatch in BSCF leads to the unusually low oxygen
vacancy formation energy, which causes a considerable non-stoichiometry, and facilitates vacancy
migration with a prominent charge transfer at the transition state. The smaller mismatch between A- and
B-site cations in LSCF results in twice higher vacancy formation energy and higher migration activation
barrier, which give rise to a smaller oxygen vacancy concentration and thus a slower oxidation reaction,
as compared to BSCF.

Based on the above-discussed results of first principles calculations of the defect formation and
migration energies, as well as oxygen atom and molecule adsorption on perovskite surfaces, we
calculated the diffusion-controlled kinetics of oxygen reduction reaction (ORR) as a function of
adsorbed oxygen and surface vacancy concentrations [3]. This allowed us to determine the rate-
determining steps (which is important for improvement of fuel cell and permeation membrane
performances) and suggest interpretation of available experimental data.

References
M. M. Kuklja, Yu. A. Mastrikov, B. Jansang, and E.A. Kotomin, J. Phys. Chem. C 116 (2012) 18605 18611

1
2. M. M. Kuklja, E.A. Kotomin, R.Merkle, Yu. A. Mastrikov, J. Maier, Phys. Chem. Chem. Phys. 15 (2013) 5443 (areview article).
3. Yu. A. Mastrikov, R. Merkle, E. Heifets, E.A. Kotomin, J. Maier, J. Maier, J. Phys. Chem. C 114 (2010) 3017.

247



FM&NT Or-16
Transition Metal Doped Indium Sulfide Films by Chemical Spray Method

A. Katerskil, I. OjaAcik?, K. Otto!, A. Mere!, M. Krunks'
Department of Materials Science, Tallinn University of Technology, Estonia
e-mail: Male.Krunks@ttu.ee

Indium sulfide films prepared by several chemical and physical methods are recognized

buffer layers for chalcopyrite absorber solar cells. According to quantum calculations, (-In2Sg

where In atoms are partially substituted by transition metals (TM) is able to sustain the two-photon

absorption processes [1]. In2Ss:TM is a likely absorber material for an intermediate band solar cell.

It has been shown that single-phase (-In;Sz films
can be deposited by low-cost chemical spray
pyrolysis (CSP) method considering the
formation chemistry introduced in [2].

In this paper we study the deposition of
Ti-doped In;Sz thin films by CSP method.
INSe:Ti films were prepared using InClz as
Indium source, titanium alkoxide complexes and
titanium terachloride as Titaniun source and
SC(NH2)2 as Sulfur source. We studied the effect

of the titanium source type and concentration and

T =290 °C

)

N
N
3

In,S,:Ti (10%)

=
[e2]
o
o
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T T T T
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Fig.1 Determination of Eg for In;S; and [nySs:Ti
films deposited by CSP method at 290 C.

the film growth temperature on film properties. The films are characterised by means of XRD,

SEM/EDX, Raman and optical spectroscopies. Spraying of the solutions containing stabilised

titanium acetylacetonate or chloride reduces unit cell volume of In;Sg films and decreases width of

the band gap (indirect transitions, Fig.1). Phase composition, structural and optical properties of the

sprayed films depending on the titanium source is discussed.
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Tin tungstate (SNWOQOs) has two polymorphs, the low-temperature orthorhombic -phase and
high-temperature cubic -phase, which transform into each other by a diffusion-controlled phase
transition mechanism at ~670 C [1]. At the same time, -SnWO, can be stabilized at room
temperature by rapid cooling that makes its investigation more practical. The two phases have small
band gaps (Eg=1.7 (2.6) eV in  -SnWO4 ( -SnWQOg4)) and unique band structures, strongly
influenced by the second-order Jahn-Teller effect (SOJT) due to the W-O partially covaent bonding
and the presence of the lone pair of Sn 5s electrons [2,3].

In this study we have conducted room-

1 ' ' OGIPa_

temperature pressure-dependent (0-25 GPa) x- i m

ray absorption spectroscopy at the W L1 and ; .y E / \/—N:;“

Lz edgesof -SnwWO,and -SnwWO,usingthe 2 ﬁ; 2 / m

5 /) 51/ m

dispersive set-up of the bending-magnet é Y § P m—

: : =L/ el o3F 1

SOLEIL ODE beamline and high-pressure S /: . E ) /_/-\

edge 4 i 0.5GPa ]

nano-diamond anvil cell. The detailed analysis j/ o oo, j i Leage e
I in -SnWO,

of experimental data suggests that upon 12100 12120 12140 12100 12120 12140
Energy (eV) Energy (eV)

increasing pressure a displacement of tungsten Fig.1. Pressure dependence of the W Li-edge x-ray
atoms by about 0.2 ~towards the center of the ~ absorption spectrain -SnWO,and -SnWOs.

WOs octahedra occurs in -SnWOQs, whereas the coordination of tungsten atoms changes from
tetrahedral to distorted octahedral in  -SnWOQ, (Fig. 1). The obtained results will be discussed based

on the results of our first-principles calculations [3].
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Perovskite-like SrVOs. exhibits high eectrical conductivity under reducing conditions and
good resistance to sulfur poisoning and carbon deposition, and can be considered, therefore, as a
promising parent material for solid oxide fuel cell (SOFC) anodes [1-3]. Its applicability is however
limited due to a rather narrow p(O2)-stability domain of the perovskite phase coincident with fuel
atmospheres. Under oxidizing conditions, SrVOs transforms into insulating V°*-based compounds;
this transformation is not fully reversible aa T < 1000C and is accompanied with significant
dimensional changes. The present work was focused on the effect of Nb substitution into vanadium
sublattice on the stability domain, electrical conductivity and thermal expansion of SrVOs. .

SrV1yNbyOz  ceramics were prepared by solid-state reaction route assisted with high-
energy milling, and sintered at 1500"C in 10%H-N> atmosphere. XRD analysis in combination
with microstructural studies (SEM/EDS) confirmed that the solid solubility range of Nb cations in
SV Oz cubic perovskite lattice under applied conditions corresponds to ~ 25% of vanadium sites.
The characterization of ceramic materials included measurements of electrical conductivity as
function of temperature, p(O2) and time (in redox cycles), and controlled-atmosphere
thermogravimetry and dilatometry. Substitution with niobium was found to result in a moderate
decrease of electrical conductivity, but also suppresses to some extent high thermal expansion,
characteristic for SrVOs., and shifts the perovskite phase stability boundary to higher oxygen

partial pressures.
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Devices based on thin organic or polymer layers are becoming increasingly important in a
wide variety of applications; from OLEDSs, touchscreens and electronics, to medical implants and
consumer products. These devices are typically composed of complex stacks of thin/ultrathin layers

of novel organic or organometallic compounds, together with inorganic materials. There is an

increasing requirement for compositional profiling of these devices.

As received 200 eV ‘ 4 keV
monatomic Ar*, 2000 atom
200s Clusters,

200s
Adventitious
contamination
w
P 2 2
g 2 2
c c
S 3 3
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296 294 292 260 288 286 284 282
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Fig.1 Cls spectra of polyimide. (a) as received, (b) after 200s sputtering in mono mode, (c) after 200s
sputtering in cluster mode

Traditional methods using argon monomer ion profiling results in a high degree of damage
to the underlying chemistry of the surface and near-surface region which contributes to the XPS
spectra, as shown in figure 1. The Thermo Scientific MAGCIS dual mode source (Www.xps-
simplified.com), capable of operating in both monatomic and cluster ion modes, overcomes those
deficits and alows depth profiling of polymer-based structures, cleaning metal oxides without
change of the oxidation state, and analysis of complex multilayer devices. In this presentation we
will illustrate with examples, how MAGCIS enables these types of analyses.
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The surfice plasmon resonance effect could be attracted for the incresing absorption ability
of the thin film absorber layer in thin film solar cells[1]. Plasmonic solar cells were grown entirely
by chemical spray pyrolysis using an extremely thin 1n.Ss/CulnS; as buffer/absorber to uniformly

cover either planar ZnO or ZnO nanorod layer.
1.0

Gold(I11) chloride trihydrate (HAUCI423H20) was " .
; 0.8+ . "
used as precursor for the synthesis of gold ) with gold NP-s
nanoparticles [2]. Au-nanoparticles were formed % 0.6 .
£ "
via therma decomposition of HAUCI43H20 S 54l /
solution a 0.01-0.1 mol/L concentrations. §o_2- without gold NP-s "
Current-voltage characteristics and externd
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 plasmonic  Fig.1 External quantum efficiency spectra of sprayed
] ] ] . Zn0O/In;S3/CulnS; solar cells with and without gold
particles in the cell with planar layers, while 15%  nanoparticlesin CulnS; absorber layer
relative increase is obtained for cell on ZnO nanorods. EQE spectra (Fig.1) show increased carriers

collection in long wavelength region due to plasmon resonance effect caused by gold nanoparticles.
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The readlization of quantum bit (qubit) using two excited states of an atom (or a quantum dot)
embedded in photonic crystals is one of the chalenging goals in the area of physics and the theory of
nanostructures [1]. A significant issue for carrying out qubit operation is to cause a strong oscillation
between the excited states. The strength of oscillation depends on two optical parameters. the detuning
() of the atomic transition frequency from a photonic band edge and the strength () of the control
laser for coupling the excited states. A strong oscillation requires a high laser strength ( >>0) and the
atomic transition frequency to be deep inside the PBG ( <<0). However, a high laser strength causes a
wide Rabi splitting leadingto 1.0, so that we should optimize and [2, 3]. Figure 1 shows the
time-averaged probability of finding the atom on excited states as a function of the laser strength  for
various values of the detuning . Furthermore, Figure 2 shows a contour plot of the time-averaged
probability for and . It also shows that the time-averaged probability has a ridge fitting to aline L.
The fitting line L maximizes the time-averaged probability, which provides the optimum value of a pair
of and for causing strong oscillation between the excited states. These results are useful for

determining the designs of a qubit based on solid-state photonic crystal systems.
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Fig. 1 Time-averaged probability.  isascaled Fig. 2 Contour plot of the time-averaged probability.
parameter [3].
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The eectronic density of states of metal oxides can in many cases be measured by
electrochemical techniques [1], such as chronopotentiometry or impedance spectroscopy. When
small ions such as protons or Li ions are intercalated into a material, which is used as the working
electrode in an electrochemical cell, electrons must be inserted from the back contact to maintain
charge neutrality. These electrons will enter into previously unoccupied states and the Fermi level
will shift upwards in energy as intercalation proceeds. Provided that the rigid band approximation
holds, measuring the inserted charge during this process will give an image of the electronic density
of statesover 1to 2 eV from the band edge.

We have compared the so called electrochemical density of states obtained by this method to
density functional calculations for a number of oxides. The electrochemical technique is able to
give results in qualitative agreement with calculations. We have studied a number of metal oxides
such as WOs, TiOz, V20s, Sh:SnOz2, In:SnO;, IO, as well as some NiO based coatings.

There are a number of questions that need to be better understood in order to make the
technique fully quantitative, though. A limitation is that the number of ions that can be intercal ated
in agiven material is restricted. In addition, the ions do not distribute uniformly in the coating but
probably exhibit a gradient in concentration, due to slow kinetics of the process. In addition, the
validity of the rigid band approximation is largely an open question.

The technique will be useful for screening the density of states of alarge amount of coatings
in the laboratory. Then interesting materials and specimen can be selected for further studies by

advanced techniques, such as photoel ectron or X-ray spectroscopies at synchrotron facilities.
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Polyhedron-like gold nanoparticles (NP)
and sphere-like silver NPs on an oxidized S
substrate were manipulated with a XYZ
nanomanipulator to analyze the dependence of
static friction and contact area on particle
geometry. The experiments were carried out
inside a scanning electron microscope thus
providing visual guidance for the experiment _ - _
Fig. 1 The static friction forces of Ag NPs on a Si
while force was simultaneously measured with a  wafer as a function of particle radius. It can be seen
. ) that the friction forces determined by different
QTF based force sensor with a sharp tip glued to methods (dots and circles) are between theoretically

curves calculated by DMT-M model (dashed curve)
and frozen droplet model (solid curve).

trajectory with the interaction force between tip and NP and enables to distinguish between

it. This alows for the correlation of particle

continuous and abrupt motion. The general behavior of Ag and Au NPs during manipulation is
very similar.

The theoretical static friction forces were calculated by various methods. For Ag NPs
contact areas were calculated using both Frozen droplet model and DMT-MH model while for Au
NPs the contact areas were determined by applying geometrical considerations on the polyhedron-
like particles. The theoretical friction force was then compared with experimentaly measured
friction force. It was shown that experimental and theoretical data was in good agreement with each
other both in case of Au and Ag NPs2,
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Inverse opals are photonic band gap (PBG) structures with a periodic arrangement of voids with
low refractive index (air) in a high-refractive index dielectric media with sub-wavelength periodicity.
Inverse opals have recently been suggested in photocatalysis applications. Here the idea is to match the
edge of the PBG with the electronic band gap of a semiconductor to allow for efficient light absorption.
Here we present a novel approach to tune the position and shape of the PBG by purposefully deposit
multilayers of oxides with controlled thicknesses on the insde walls of the inverse opals. This avoids
technical problems of changing diameter and materials of the opals. The fabrication involves a three-
step process. Self-assembly of polystyrene (PS)
particles by volume dip coating; atomic layer
deposition (ALD) of metal oxides (Al20s) to fill the
voids between PS particles; and subsequent Ar+ ion
etching and calcination to crystallize and develop
the inverse opal structure. ALD is then repeated to
make multi-layer structures of TiO with controlled
thickness. The inverse opals were characterized by
optical spectroscopy, XRD, electron microscopy, ;igdlr Om';;nri]teigiffesfi ﬁﬁ?aioﬂ?e%?maizvagmegggl
and profilometry. In addition, band structure Al,Os/TiO, multilayer structures for different TiO,

layer thicknesses. The experimental results are
reproduced with a TiO. layer thickness t = 2 nm,

plane-wave expansion method together with finite-  latticé spacing D =190 nm.

calculations of the inverse opas were made by the
difference time-domain simulations of the transmission spectra (Fig. 1). Our method is versatile and can

be used to fabricate multilayer inverse opals with e.g. reactive nanoparticles on the inside walls; as well

as plasmonic nanoparticles embedded in the layers to efficiently absorb slow light.
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Studies of transmission holographic grating (HG) relaxation (recorded with s-s, p-p, s-p, L-
L, L-R laser beam polarizations ) have been carried out in organic molecular azobenzene glassy
films W-50, W-75, K-RJ-9 and chalcogenide glassy film a-A$Ss film. HG with the periods of 0.50,
2.0 and 8.6 m were studied in these films. It is 14

found that recording efficiency in the same

sample depends on both recording polarizations
and HG period. The HG stability in the course of

relaxation aso depends on these factors. In

amost al cases the maximum recording

efficiency was achieved with p-p or L-R

polarizations at 2.0 m period. The HG stability 1 days
. . . . Fig.l The dark relaxation time dependences of
did not correlate with the recording efficiency, reative diffraction efficiency of HG recorded with

di ded L-L different recording beam polarizations in azobenzene
and In most cases corresponaed 0 S-S of L-L i w_75 with the period of 0.50 m. The =1

value corresponds to the initial diffraction efficiency.
Similar oscillating time dependences were observed

the samples with higher glass transition asoinother cases.

polarizations at 8.6 m period. It was higher in

temperature, Ty . In other experiments, whose co-authors were V.Kokars and K.Traskovskis,
Kleinman s second-order nonlinear coefficient ds3 was also more stable during the relaxation in
the case of the films with higher Tq values.

The HG dark (relaxational) self-enhancement of HG was observed in the case of W-75 [ L-R
polarizations, 0.50 m (Fig.1); s-s polarizations, 2.0 m] and K-RJ-9 ( p-p polarizations, 8.6 m)
samples. In the latter case the dark self-enhancement of HG was also observed in reflection mode.

Relaxational effects are explained in terms of post-recording mass transfer.
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In the present work, within PBE-GGA and range-separated hybrid functional schemes we
have carried out DFT electronic structure calculations on magnesium and calcium hydroxides
X(OH)2 (X = Mg and Ca). Concerning the overall bonding picture, it was shown that a crystal-
chemical integrity of the hydroxides is governed by the oxygen via a bridging combination of the
strong covalent bonding in the hydroxyl anion and the X-O ionic connection. This feature is a
principal component of the multifunctionality of X(OH). compounds because it provides the equal
utilization of electronic characteristics such as large band gap and low refractive index (relevant to
purely ionic systems) and the covalent contributions from the oxygen. Electronic structure analysis
shows that (i) the X(OH)2 hydroxides are direct band gap insulators; (ii) the calculated fundamental
band gaps are in the range of 7.7 - 8.3 eV for Mg(OH)2 and 7.3 - 7.6 eV for Ca(OH).; (iii) effective
masses of carriersin vicinity of the band extreme are strongly anisotropic, and for the electrons are
similar to those in ZnO. Optica properties of the bulk crystalline X(OH). hydroxides have been
studied by using the many-body Hedin’s GW approximaion combined with the numerical solution
of BSE. The existence of excitonic states possessing large binding energies of 0.46 eV for Mg(OH)2
and 0.85 eV for Ca(OH)2 has been predicted for the first time. Our anaysis indicates that the origin
of the excitons is attributed to the strong localization of the hole to oxygen 2px, 2py occupied states
and the electron to oxygen and metal s empty states. The potential of applicability of the crystalline

X(OH)2 compounds in semiconductor device engineering and optoel ectronics is discussed.
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Tannin-based rigid foams and their carbonaceous counterparts are new, easily fabricated,

cellular solids based on renewable resources [1]. Prepared from raw, commercial, mimosa bark
extracts as a mgjor component, and being cheap and lightweight, they are able to compete with
more expensive synthetic polymer foams [2].
Broadband dielectric analysis of tannin-based
carbon foams produced at 7 different densities,
ranging from 0.048 to 0.114 g/cm?, was carried
out in wide frequency (20 Hz 35 GHz) and
temperature (25 300 K) ranges.

The average values of electromagnetic
(EM) attenuation at 30 GHz for 2 mm thick

carbon foam was -18  -20 dB (see Fig.1). Such  Fig1  Absorptiontransmission/reflection  (A/T/R)
coefficients measured and calculated at 30 GHz for 2

absolute values are higher than those presented " 4 ibon foams vs their density.

by polymer composites containing high
concentrations (5-20 wt.%) of nanocarbons [3]. Dielectric permittivity (and therefore EM
interference shielding ability) has been observed to be aimost temperature independent in the range
200-400K.

To conclude, being environment-friendly, cheap, extremely lightweight, chemically inert,
thermally stable and at the same time highly conductive in static regime and providing very good
EMI shielding ability in microwaves and in wide temperature range, tannin-based carbon foams

should be an interesting alternative to various commercialized EM shields and filters.
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In this work, metal nanodumbbells (NDs) have been formed by laser-induced melting of Ag or
Au nanowires (NWs) on an oxidized silicon substrate, and their tribological properties have been
investigated [1]. ND formation is a complicated dynamic process, which involves extreme temperature
gradients, and includes rapid heating and melting of the ends of NWs, contraction of liquid droplets into
spheroidal bulbs followed by rapid solidification. The mechanism of ND formation is proposed and
illustrated with Finite Element Method simulations.
Nanodumbbells (ND) are highly attractive objects for nanomanipulations and tribologica
experiments. ND can be roughly
consdered as two spheroid NPs
connected by a NW. NDs can be
produced by pulsed laser processing of
metal NWs. If the distance between
the rounded ends of NW is short
enough, the dumbbell rests on the
rounded ends mainly. Thus, ND ends Fig. 1. Example of Ag ND Nanomanipulation inside SEM.
ensure relatively small contact area, reduced adhesion and static friction. Therefore, NDs can be easily
manipulated, and different types of motion can be distinguished: rolling (fig. 1a), rotation (fig. 1b-d).
Tribological measurements consist of controllable real time manipulation of NDs inside a
scanning electron microscope (SEM) with simultaneous force registration. More information on
experimental technique can be found in our previous work [2]. The geometry of NDs enables to
distinguish between different types of motion, i.e. rolling, dliding, and rotation. Real contact areas are
calculated from the traces left after the displacement of NDs, and compared to the contact areas

predicted by the contact mechanics and frozen droplet models.
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Nanotubes (NT) of divanadium pentoxide (or VOy in general case) are the subject of an
intensive research due to thelr promising physical and chemical applications. The reported
syntheses of the VOx NTs and experimental studies of their properties are numerous. However the
theoretical studies of V20s NTs are restricted to a few publications
(see [1] and references therein), where the extended H ckel theory
has been used.

In this work we present the results of hybrid DFT-HF
calculations with PBEO exchange-correlation functional of the
structure and energetics of V20s nanotubes. The basis of atomic
orbitals implemented in CRY STALO9 computer code [2] has been
used in our simulations.

We have calculated the nanotubes rolled up from
both the layers of -V20s ( -NT) and layers of ;-V20s (;-

NT) with (n,0) and (O,n) chiralities. The ssimulations have
been performed for the chiralities from (4,0) to (16,0) and
from (0,9) to (0,25), correspondingly.

The obtained data show that the strain energy Egr
of NT with (n,0) chiralities are close to zero for the both
phases due to unique flexibility of the considered layers. Egr of NTs with (O,n) chiralities are
considerably larger. It should be noted, that the E«r values of the relaxed -NTs are larger than those
of the ;-NTs.
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The mechanisms of GaAs overlayer growth with crystalographic orientation (111) by
MOCVD at low pressure have not been fully clarified [1,2]. Therefore the am of the research was
to study the temperature and element (A" and BY) ratio influences on the structural and €lectrical
properties of the deposited overlayer.

The GaAs and GayxAlxAs epitaxial growth on GaAs (111A) substrate plane was carried out
by organometallic vapor phase epitaxy at pressure ~70 Torr. The regime of a quantitative
modulation of trimethylgallium, Ga(CHz)s, gas flow was applied to optimize the atomic ratio
between A"' and BY on the substrate surface while the tangential and normal components of the
growth rate were comparable. Deposited GaAs and GaixAlxAs overlayers with crystallographic
orientation of (111A/B) were obtained at ~0.1-0.2 Torr pressures of arsine, AsHz, gas and low
crystallization temperature ~570-620 " C. Their obsaved morphology and proposed mechanism of
the defect-free GaAs and GauxAlxAs surface crystallization was discussed in details. Physical and
electrical properties of the obtained epitaxial materials were studied experimentally.

Technologica approach to form structurally perfect overlayer with high-quality morphology
and good electrical properties is proposed based on the experiments. The results can provide
valuable data to perform GaAs and GauxAlxAs epitaxial growth on the substrates with
crystallographic orientation (111) in practice.

References

1. M. Umenura, K. Kuvahara, S. Fuke, J. App. Phys. 68, 97 (1990)
2. S. Fuke, V. Umenura, N. Yamada, J. App. Phys. 72, 313 (1992)

262



FM&NT Or-31
L uminescence, Energy Migration and Energy Transfer Processesin Gd>SiOs

and (LuGd),SiOs Single Crystals Doped with Ce**, Eu®* and Th** lons

V. Bondar?!, A. Krasnikov?, M. NikI3, T. Shalapska?, O. Sidletskiy?, S. Zazubovich?

Unstitute for Scintillation Materials NAS of Ukraine, 60 Lenin Ave. 61001 Kharkiv, Ukraine
2Ingtitute of Physics, University of Tartu, 51014 Riia 142, Tartu, Estonia
3Ingtitute of Physics AS CR, Cukrovarnicka 10, 162 53 Prague, Czech Republic
e-mail; tetiana.shal apska@ut.ee

Rare earth oxyorthosilicate single crystals are well established commercial scintillator
materials which have found a number of important applications in high energy physics, nuclear
physics, tomographic medical X-ray imaging, etc. owning to their high light yield, high density,
effective atomic number and fast decay time. The studies of gadolinium containing
oxyorthosilicates have shown that a strong overlap of the absorption and emission bands of Gd®*
leads to an effective energy migration through the Gd** sub-lattice with the subsequent energy
transfer from a Gd* ion towards an adjacent impurity ion. In Ce*-doped gadolinium
oxyorthosilicates, these processes result in the enhancement of the scintillation efficiency, but lead
to the appearance of an undesirable slow component in the decay kinetics of the Ce**-related
emission [1, 2]. Similar phenomenon is found aso in Eu®*- and Tb*'-doped gadolinium
oxyorthosilicates, which can be considered as good candidates for lighting applications [3, 4]. The
aim of this work is the investigation of peculiarities of the energy migration and transfer processes
in Gd2SiOs and (LuGd)2SiOs crystals doped with Ce** and Eu®* or Tb*" ions having different outer
electron shells (5d and 4f, respectively). For that, the steady-state and time-resolved emission and
excitation spectra as well as the luminescence decay kinetics are studied at 4.2-300K in the ss
time range. It is concluded that the Gd®*" < Eu®* and Gd®* << Tbh3" energy transfer occur only in the
closest pairs through a short-range exchange interaction, while the Gd®* < Ce** energy transfer is

possible also in more separated pairs mainly due to the long-range multipolar interaction.
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Electromechanical and electromagnetic properties of CNTs and graphene-based nanoporous
materials are essential for various nanotechnology applications, e.g. for engineering new classes of
ultra-light, highly conductive nanomaterials with exceptional
mechanical strength, flexibility, and elasticity. We pay major
attention to CNTs, graphene nanoribbons and nanofibers (GNR
and GNF), CNT- and graphene-based aerogels (CNTBA, GBA),
CNT- and grapheme-based 3D-nanofoams and carbon-based
polymer nanocomposites, as to the basis for the unique
nanoel ectronic devices, revolutionary membrane materials (due to
their strength and atomic thickness) and nanosensors. Particular
properties of carbon-based nanoporous systems in dependence on
porosity extent, morphology and fractal dimension alow finding
practically useful correlations between their mechanicad and H9- 1. Structural model of GBA:

: ] covalent bonding in interconnects
electrical properties. between statistically parametrized

Nanoporous systems are considered as complicated GNR and van der Vadse type

ensembles of basic nanocarbon interconnected elements (e.g., Ponding of GNR layers.
CNTs or GNRs with possible defects and dangling boundary bonds) within the effective media type
environment (see Fig.1). Interconnects are essentialy local quantum objects and are evaluated in the
framework of the developed cluster approach based on the multiple scattering theory formalism as well
as effective medium approximation[1], which alows calculating the above mentioned nanosized
systems local electronic densities of states, conductivity, force interaction constants, etc. Technological
interest in contacts of CNTs or GNRs with other conducting elements in nanocircuits [2], FET-type
nanodevices, CNTBA and GBA, carbon-based nanofoams constitutes the reason for estimating their
electromagnetic properties including interconnect impedances, which depend on chirality effects and
electromechanical properties as some integrated effect of macroscopic structural deformations.
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The study of time-resolved luminescence of Y stabilized as well as Pr ion activated zirconia
single crystals and free standing nanocrystals (with the same contamination) was carried out.
Zirconis single crystals were grown by skull melting process, the nanocrystals were synthesized
with the same contamination of activators by Sol- Gel and microwave driven hydrothermal
methods. To exclude the Y impact on Pr luminescence adso Ca stabilized and Pr codoped
nanocrystal samples were prepared.

The different excitation sources (e-beam, x-ray, lasers 6,42eV, 4.66eV and 3.67eV) were
used in experiments. The previous research shows that intrinsic defects in nanocrystals and in single
crystal are the same, however the defect concentration and distribution is various [1]. The
comparison of Pr doped nanocrystals and single crystals gives additional information about the
defect type and distribution. The RE ions are used as luminescent probes to anayze the local
symmetry and energy transfer.

The intrinsic defects related and activator luminescence bands were observed. The RE ion
luminescence showed that this luminescence decay kinetics depends on both activator and intrinsic
defects concentration in nanocrystals. The intrinsic defect affected Pr ion luminescnece were
studied using Pr line fine structure at low temperatures. Different Pr sites were found and defect

impact on dopand luminescence will be discused.
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Silver nanowires (Ag NWs) are promising material for nanoscale systems due to their
excellent electrical and thermal properties, perfect structure and easy syntheses. Potential
applications of Ag NWs include waveguides, sensors, solar cells and transparent, flexible and
conductive films. As Ag NWs are subjected to mechanical stresses and deformation in many of
these applications, improvement of mechanical properties is essential for performance and
reliability of the devices. One possible way to significantly enhance properties is by combing Ag
NWs with oxide materials in one core-shell heterostructures.

In the present work core-shell structures were synthesized by covering commercialy
available Ag NWs (BlueNano) with SIO> shells by sol-gel method. Cantilevered beam-bending
technique was used for mechanica characterization of obtained heterostructures. In plane bending
of single core-shell nanowires were carried out by 3D nanomanipulator (SLC-1720-S, SmarAct)
equipped with a self-made force sensor installed inside a SEM (Vega-ll SBU, TESCAN). The force
sensor was made by gluing an AFM cantilever with a sharp tip (ATEC- CONT) to one prong of a
commercialy available quartz tuning fork [1]. Additional bending tests were conducted inside a
high resolution FEI Helios Nanolab SEM using polar coordinate manipulator (Kleindiek MM3A-
EM) without force sensor. Remarkable mechanical properties of Ag/SIO2 core-shell nanowires
were demonstrated. Strong dependence of deformation type on deformation rate, shape restoration
effect promoted by electron beam, as well as superior durability was noted.
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Energy levels of molecule in molecular crystals have been intensively investigated few
decades ago by E. Silinsh, V. Capek and others [1, 2]. Experimental methods for energy level
determination were developed at that time. Nowadays in organic optoelectronic devises mostly use
polycrystalline or amorphous thin films where no ordered structure is. This is especialy true for
amorphous films where molecules are aligned in all passible directions.

In the work energy levels of glass forming pyranyliden and indandion derivatives in thin
films was measured and analyzed. Two types of samples were made. Spin coated thin film with the
thickness of 300 nm on ITO substrate were made for photoelectron emission measurements.
Sandwich type samples (ITO/ organic compound/ Al) were prepared for photoconductivity and
temperature modulated space charge limited current (TM-SCLC) measurements. Organic layer
about 600 nm was spin coated on ITO substrate and semi-transparent Al layer was thermally
evaporated in vacuum.

lonization energy of molecule in thin film was obtained from threshold value of
photoelectron emission spectral dependence. The difference between molecular ionization energy
and electron affinity energy is adiabatic energy gap which could be obtained from threshold energy
of photoconductivity spectral dependence. These two measurements give possibility to obtain hole
conductivity (molecule ionization energy) and el ectron conductivity (electron affinity energy) levels
of thin films. TM-SCLC method provides information about local trap states between hole and
electron conductivity levels. Energy level correlation on molecular structure and its made thin film
will be discussed.
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Perovskite-like BaosSrosCoosFen203- (BSCF) attracted attention in the last decade as a
prospective material for dense ceramic oxygen separation membranes and solid oxide fuel cell
cathodes. This work addresses the thermochemical expansion behavior of this materia, which
determines the compatibility with other solid oxide cell materials as well as dimensiona stability
under gradients of oxygen partial pressure or under electrode polarization, and stability of BSCF
perovskite structure at elevated oxygen partial pressures.

Thermal and chemical expansion were evaluated in the p(O2) range 10%-1.00 am in
combination with the data on oxygen nonstoichiometry ( ). BSCF exhibits rather high thermal
expansion coefficients (24.1-24.5) 10 © K at 773-1273 K and p(O2) = 0.21-1.00 atm. This puts
constrains on applicability of BSCF in single-phase porous electrodes as well as planar mixed-
conducting membranes. On the other hand, BSCF demonstrates favorably small chemical expansion
compared to many other mixed conductors, originating from the smaller  variations with p(Oy),
and larger unit cell less sensitive to temperature and nonstoi chiometry changes.

Another limitation of BSCF is the stability of perovskite lattice at oxygen pressures 1 atm.
Apart from well-known issues of BSCF lattice instability at temperatures close to 1073 K, this
mixed conductor was demonstrated to undergo a partial transformation to additional oxygen-rich
phase at elevated p(O2). On heating in pure oxygen at ambient pressure, this transformation occurs
at 410-470 C; once formed, the oxygen-rich phase is stable up to ~950 C. As formation of this
phase seems to be limited mainly to the surface, this may affect the surface exchange kinetics and
therefore may result in degradation of performance of mixed-conducting membrane or SOFC
cathode.

The effect of partial substitution with zirconium or niobium into B sublattice of BSCF on

thermochemical expansion and perovskite lattice stability is also evaluated.
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A Baltic Sea Region (BSR) programme

project Technet_nano Transnational

network of public clean rooms and research

facilities in nanotechnology making accessible

innovation resources and services to SMEs in the

BSR

was running from autumn 2011 till June

2014 [2]. With the help of the project, the SMEs
got the opportunity to access the clean rooms and

Fig.l New building of the Institute of Physics.

related scientific facilities for their business.  The inauguration of the building is scheduled on 25.

August 2014.

Estonian partner in Technet_nano project was
Institute of Physics, University of Tartu (IPUT).

1.

2.

What IPUT learned from Technet_nano project?

Our own clean room in the new building of IPUT (Fig.1) isin the process of state tender at
the moment. Experience and knowhow of partners helps us to build that clean room to fully
respond the present and possibly also the future needs of IPUT avoiding the mistakes the
partners made building their clean rooms.

After the end of EU financing, five Technet_nano partners continue the cooperation in the
field of clean rooms. At the final conference of Technet_ nano in March 2014, the
memorandum of understanding was signed between University of Latvia, Kaunas University
of Technology, University of Tartu, Acreo Swedish ICT and University of Southern
Denmark, Mads Clausen Institute.

Processes/objects we are unable to investigate in our small clean room, we can investigate in
partner s clean rooms. The same is valid for Estonian SMES who ask us for clean room

service.
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The flexibility of the perovskite structure provides significant technological advantages for
making fuels cell cathodes and permeation membranes. The perovskite ABOs lattice allows for a large
variety of chemica elements to be used in designing the material and hence crafts a playground for
achieving targeted mass and charge transport properties by manipulating chemical compositions,

Metallic silver is a potential component for the SOFC cathode operated at less than 800 C
because of its good catalytic activity, high electrical conductivity, and relatively low cost. Different
methods have been used to prepare functionalized composite cathodes with improved electrochemical
performance and long term stability at reduced operating temperature. [1] In addition, even far below its
melting point, silver is relatively mobile. Therefore, these concerns should be addressed prior to a long-
term application of silver-based cathodes in SOFCs.

To overcome this problem Zhou et. al. presented (La0sSro2)o9sAgoosMnOs. as a high
performance intermediate temperature cathode material, in which the contained Ag functions as an
effective catalyst through an intercal ation/deintercalation mechanism. [2] Under cathodic polarization,
Ag moves out of cathode to be deposited as small nanoclusters of Ag metal, leaving the remaining
(Lao.sSro2)o.ssMnOz. as a catalyst carrier. The Ag nanoclusters which are 5 15 nm are very active and
stable in catalyzing the cathode reaction even at a reduced temperature. Under anodic polarization, the
Ag moves back into the deficient sites of the LSM. This permits an easy regeneration method to restore
Ag nanoclusters which may become degraded over time by fusing together, thereby losing the activity.

We present results of ab-initio calculations of Ag adsorption on the LMO [001] polar surface.
The most energetically favourable adsorption sites on both MnO»- and LaO-terminations have been
determined. Electron charge transfer between the adsorbate and the adsorbent has been analyzed.
Optimized interatomic distances have been measured.
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Titania (TiO2, band gap ~3 €V) is the most attractive photocatalyst proposed for water-
splitting applications. To dissociate water and to obtain hydrogen under visible light irradiation, the
band gap () of an efficient photocatalyst must be adjusted into therange of 1.23 < g<25¢eV.
In comparison with conventional catalysts, titania nanotubes (NTs), which morphology corresponds
to anatase phase, possess a larger specific surface
area and, consequently, have a better adsorption
capacity and a higher photocatal ytic activity.

Using hybrid  exchange-correlation
functional within the density functional theory
(DFT), we have predicted that both S and N-
doped TiO> NTs (Fig. 1) may enhance their
photocatalytical properties with respect to pristine
titania nanotube. In this study, we have carried
out calculations on real band structures of titania

nanotubes co-doped with both nitrogen and sulfur
Fig.1 Electronic charge redistribution in S-doped
titania nanotube leads to enhancement of its

results of our simulations, we conclude that sulfur ~ Photocatalytical properties[1].

as a substitute for oxygen atoms. Based on the

and nitrogen co-doped titania NT with the bottom of conduction bands positioned slightly above
standard hydrogen electrode level can be the most suitable catalyst for photocatalytic hydrogen

generation under influence of visible light.
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Diffusion is one the most general physical processes and phenomena underlying a lot of
transformations and processes in solids. The ordinary diffusion theory does not explain a number of
effects during the diffusion of the interstitial atoms with high solution energy, causing a
considerable deformation of the crysta lattice
in the first coordination spheres. Such atoms
strongly interact with the nearby atoms of the
solvent crystal lattice and each other, that
becomes considerably apparent in a number of
special  effects, particularly, these are
anomalies of atom redistribution within the
diffused zone, a specia character of the
influence of lattice defects on the diffusion
kinetics, stress diffusion and so on.

In our research we took an attempt to

Fig.1. The boron distribution as a function of the
pa$ from phenomeno'ogu:al descnp“on Of diffusion Iayer depth in iron after annealing in the

temperature ranges -Fe (a) and ;-Fe (b) [1]
diffusion processes to microscopic (i.e. if we
speak about interatom interaction). The aim of thiswork is to specify the impurity diffusion model,
strongly interacting with the lattice, as well as the connection of the diffusion coefficient with the
interatom interaction force law by means of configuration integral. The results of the theoretical
calculations will be used to explain the anomalies observed in concentration-penetration diffusion,

in iron-boron system, in particular.
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Understanding of the atomic and electronic structure of defective/doped ZnO is of great
importance for improving performance of electrodes in optoel ectronic devices based on transparent
conducting oxides, e.g., light-emitting diode (LED). Particular interest in this case is connected with
clarification of arole of hydrogen impurities penetrating into ZnO thin films from plasma.

We report results of ab initio modeling of atomic hydrogen adsorption onto the two nonpolar

1010) and (1120) surfaces of ZnO positioned into two sites: i) atop surface O atom; ii) atop surface

Zn atom. Our calculations of the corresponding 2D supercells have been performed using the hybrid
DFT method (using PBEO exchange-correlation functional) within the formalism of linear
combination of atomic orbitals (LCAO) as incorporated into the CRY STAL-2009 computer code
[1]. This approach allows us to obtain very accurate calculations of the optical gap and defect level
positions therein. The defect-induced electronic charge redistribution, lattice distortion, adsorption
energy as well as the density of electronic states (DOS) and band structure have been calculated for
both (1010) and (1120) surfaces of ZnO.

As a result, we have shown that energetically favorable position of hydrogen atom on both
surfaces is atop the surface oxygen with similarly adsorption energies, whereas hydrogen locations
atop the surface Zn is unstable. It should be noted also that hydrogen incorporation induces the
defect states, which contribute below and within the surface conduction band. Thus, it is
characterized as a shallow donor. Analysis of the charge redistribution has shown that hydrogen
atom forms strong chemical bond with surface oxygen atom, unlike that in bulk. Based on our

calculations, we have shown that hydrogen adsorption leads to decrease of both (1010) and (1120)

surface relaxations and reduces the surface energy, in consistence with results of other DFT
calculations[2].
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Within the model of local pairs [1] using the Monte Carlo method, the dependences of the

and the excess current | of cuprate high-temperature

*
norm exc

normalized pseudogap (PG)

superconductors (HTSC) YBCO and Bi2223 on temperature were determined. PG quantity was
calculated by the expression:

N .
" T Ttng %, where the
)A+nFCP&

excess  conductivity, N 1 T/T
concentration of fluctuation Cooper pairs (PCP),

T temperature, T the temperature at which
tightly bosons are produced and the pseudogap
appears, A coefficient.

In considered formula  excess
conductivity was calculated using the Monte

Carlo method as a pseudo-random process. It is

Fig.l Transformation «Tightly BosonsZ22 Fluctuation

Cooper Pairs2 Cooper Pairs» in HTSC in the

proportional to the PG: temperature range T,-T T* and the dependence of
the pseudogap and the excess current on temperature.

known that the excess current is directly

l.. T 3
ke T

the Boltzmann constant.

As can be seen, the maximum value of the PG corresponding to T, coincides with the deviation

of I, T from linearity (Fig. 1). The results of the modeling are in good agreement with the

exc

experimental data[1,2].
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When we theoretically describe nanodevice we have to treat the whole quantum system as
two subsystems: small finite fragment of the system containing nanodevice (cluster) and the rest of
the system containing electrodes. Problem "cluster in the field of the rest of system" is successfully
solved in the frameworks of embedded molecular cluster (EMC) model with orthogonal wave
functions. We have modified EMC model treating cluster embedding problem in the frameworks of
one-electron approximation with non-orthogonal wave functions. We have proposed new cluster
embedding scheme based on our approach [1].

Our present am is application of our cluster embedding method for guantum-chemical
modeling of processes in nanosystems and calculation of electrical properties of nanodevices. One
of the approaches for theoretical description of nanodevices is quantum transport theory developed
by Gross with co-workers[2]. We study possibility to combine our approach with approach of
Gross et a [2] based on time-dependent DFT (TDDFT). We demonstrate [3] that our cluster
embedding method is compatible with DFT Kohn-Sham method. We conclude that our embedding
scheme may be combined with TDDFT if electron transitions are described correctly: occupied and
vacant cluster states are localized in the cluster region in the same manner. To get occupied and
vacant states of the same localization degree, we have modified [4] our initial cluster embedding
equations[1]. We demonstrate that our cluster embedding method is compatible with electric
current calculation method based on TDFT [2] and propose approach for calculation of electric
parameters of nanodevices. Possibilities of our approach for theoretical modeling of nanodevices

from the first principles are discussed.
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Corundum is a wide g 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, -

Al2Oz is dso considered as a

Al O interstitial O
Fig.1 Atop and across images of either Frenkel pair (@) or O interstitia in
regards to selected fragments of -Al,Os; (0001) crystallographic plane,
respectively. O vacancy is shown as a black-line-terminated square.

Radiation-induced changes in structural and optical properties of exposed corundum are mainly

perspective material for high-

energy nuclear applications [1].

associated with oxygen vacancies and complementary Frenkel pairs of defects (vacancy +
interstitial atom) [2] as shownin Fig. 1.

In this study, we have performed DFT-LCAOQO calculations of Frenkel pairs of radiation
defectsin -Al>0Os within the hybrid B3PW exchange-correlation functional using the CRY STAL14
code [3]. The basis sets of Al and O were selected and optimized, toachieve a reasonable
compromise between the size of supercell and computational time.

As a result, good agreement has been achieved between the calculated and experimental data for
parameters of a pure corundum lattice, its elastic constants and band gap. The most stable position
for interstitial O atom has been found simultaneously with the defect formation energy and lattice
distortion. Lastly, the calculations of Frenkel pairs at different mutual separations have been
performed, accompanied with the determination of the energy barrier for back recombination, in

order to suggest interpretation of experimental data.
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For modern nanotechnologies, it is important to develop an atomic-layer ( digital ) etching. In
binary A3B® semiconductors, atomic layer etching can be realized by adsorbates selectively reacting
with cation or anion atoms. In general, halogens and halogen-containing molecules are used for this
goal. Despite the intensive implementation of atomic layer etching, the microscopic mechanisms of the
halogen interaction with semiconductor surfaces are still under debate. We present a comparative study
of halogen (F, Cl, Br, I) adsorption on the cation enriched A3B°(001) surface for the series of
semiconductors (GaAs, InAs, InP, GaP, etc.) in dependence on the halogen concentration. The energy
stability of the surface reconstructions for semiconductors were re-examined by the projector augmented
wave method within generalized gradient approximation for exchange-correlation functional (GGA-91).
The estimation of charge transfer from semiconductor substrate to halogens was performed. Our study
reveals a strong ionic bonding between halogen and dimerized cation atom in the surface layer at low
coverage by halogens. It was shown that irrespective of the surface reconstructions halogens prefer to be
bounded with cation dimerized atoms. A weakening of the cation-anion bonds in the surface layer is
discussed. The influence of the halogen coverage (up to one monolayer) on the atomic and electronic
structures of semiconductor surface with @(4 2) reconstruction was studied in details in case of
GaAs(001) and InAs(001). It was found that two halogen atoms (F or Cl) can be bonded with one cation
atom of the surface dimer. The most preferential sites for halogens with increase of their concentration
were determined. It was shown that the monohalides can be formed up to halogen coverage of 0.75 ML
but the formation of dihalides is possible if the coverage reaches to 1 ML. It was shown that the
breaking of cation dimers with increase of the halogen concentration is observed. The change of the

binding energies of surface atoms with substrate upon halogen adsorption is discussed.
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This work is addressed to the dynamics of electron-hole pair in a dielectric excited by strong
time-dependent laser field. Motivation of this work is based on modern understanding of the Diracs
point-like particle model revealing that electron-hole pairs are expected to be important within the
Compton wavelength at which the concept of a single point-like particle breaks down completely. It is
the case of dielectrics with electrons and holes at short distances obeying relativistic conditions and the
formalism of quantum field theory (QFT). The mathematical tool used here to describe electron-hole
pair without resorting to perturbation theory is the QFT based oscillator representation formally given
by complex scaar Klein-Gordon equation [1]. This equation is derived from dispersion relations for
electron and hole (considered as an antiparticle to the electron) and the band gap as input entities either
computed or found experimentally. Recent solution is defined on hypersurfaces formed by dispersion
relations and allows including the electromagnetic radiation in the distribution function for electron and
hole quasi particles. The resulting observables are the conductivity and polarization currents constituting
QFT background for optical properties:. susceptibility, absorption and relevant physical quantities far
from equilibrium.

We report here on the phonon assisted kinetics of electrons and holes as an improvement
addressed to more realistic models. Unlike the electromagnetic radiation which is an extrinsic entity,
this kind of the quasiparticle-phonon interaction isintrinsic and heavy depends on the properties of ionic
subsystem. Nevertheless, we will show that both the electromagnetic radiation and the quasiparticle-
phonon interaction contribute in the kinetic energy on equal footing, thus extending the QFT based

oscillator representation for indirect optical transitions.
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Oxide dispersion strengthened (ODS) structures of reduced activation ferritic-martensitic
(RAFM) steels are found to be promising construction materials for fusion reactor applications.
Development of the ODS steels strengthened by Y2Os precipitates as more suitable materials for
reactors instead of non-modified RAFM steels permits to increase the operating temperatures of blanket
structures by 100 C. Both size and spatial distribution of oxide particles significantly affect mechanical
properties and radiation resistance of ODS steels which are produced by mechanical alloying, followed
by a hot isostatic pressing (hipping) at temperature around 1000-1200 C and pressure ~100 MPa. On the
other hand, the mechanism of the ODS particle formation is not completely understood yet.

Theoretical approach for atomistic ssimulations of this process is performed in the two steps.
Firstly, ab initio calculations on different complexes of Y and O impurity atoms and vacancies have
been are performed [1,2]. Calculations performed for 5 5 5 Fe supercells (SCs) have reproduced both
qualitatively and semi-quantitatively the results received for 4 4 4 SC. The results of these calculations
have been used in the lattice kinetic Monte Carlo (LKMC) simulations of YOz particle growth inside
Fe lattices of both phases. Binding energies between defects and diffusion barrier energies are important
parameters in the LKMC modeling of the ODS particle formation. To perform diffusion barrier
calculations, the nudge elastic band (NEB) method have been used (as implemented within the VASP
computer code). The calculations of different Y diffusion trajectories have been performed. The lowest
calculated energy of the diffusion barrier is about 1.75eV. The high values of diffusion energies prove
that the increased concentration of vacancies is required for Y diffusion and the increased size of the

supercell isrequired for this purpose.
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ScFs is a perovskite-type material with a cubic ReOs-type structure (space group Pm-3m).
Recently it was found that ScFs undergoes strong negative thermal expansion (NTE) over a wide
range of temperatures from 10 to 1100 K [1], therefore an understanding of its electronic structure
and lattice dynamics is of key importance to shed light on the NTE origin.

In the current activity the electronic structure (band structure, DOS, charges anaysis), lattice
dynamics, and phonon anharmonicity of ScFs were studied within the framework of the first-
principles approaches (LCAO and PAW, HF-DFT) using Crystall4 and VASP programs. Our
results predict that the Sc-F bond has considerable covalent nature due to a hybridization of the F
2p and Sc 3d states. The band gap obtained in HF-DFT calculations is equal to 8-10 eV and isin
good agreement with that experimentally observed.

It has been found that the position of scandium atoms in the middle of regular ScFe
octahedron is stable, and that the modes at the and X points of the Brillouin zone are harmonic,
whereas whose at the R and M points are soft modes. Gr neisen parameters of sof t modes and
coefficients describing mode s anharmonic potentials are found to be strongly dependent upon
calculation technique used. Simple model that accounts for static lattice energy and a contribution
of oscillator (R soft mode) is capable to describe NTE at low temperatures. This suggests that NTE
occurs due to R and M mode softness. In order to prove this conclusion the changes in the phonon
DOS calculated for Pm-3m and hypothetical Im-3 phases of ScFzwill be compared in discussed.
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It is well-known that A®B® semiconductors are widely used for modern nanotechnologies. The
A®B®(001) surface exhibits a large number of surface reconstructions depending on surface treatment.
The cation-rich surface geometry attracts special attention, because it is preferable for deposition of
ferromagnetic metals and may be used in spin electronics devices. For thisgoal it is desirable to keep an
atomically smooth surface morphology. In the etch-based techniques halogens and hal ogen-containing
molecules are used. In this work we reexamine the
stability of surface reconstructions of  both
semiconductors and study new possible ones. The
results of comparative study of iodine adsorption on
INP(001) and GaP(001) surfaces are presented also.

Atomic structure of about 20 surface reconstructions

were calculated by the projector augmented wave

method implemented in program code VASP. An

analysis of the electronic characteristics alowed us to ;%jr;?;i,' ;ﬂgﬁiﬁg Ejt Qfsg;a”d considered
identify the iodine bonding mechanisms on the considered reconstructions. It is shown that on the -
(4 2) surface the largest adsorption energy corresp onds to iodine M1-position over one of dimerized
cation atoms (Fig. 1). In the case of (2-(4 2) and (2 4) mixed dimer surface the preferent ial positions
for iodine are H3 and T2a (Fig. 1), respectively. In general, independently of the surface reconstruction,
iodine prefers to be bonded with In or Ga in on-top or bridge positions above dimerized cation atoms
due to large charge transfer from substrate surface atoms to the adsorbate and rather strong hybridization
of | and cation states. A weakening of the chemical bonds between surface atoms is important condition
intheinitial stage of dry etching process.
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The recent years exhibited a rising interest in the design of efficient photocatalysts for the
conversion of sunlight to hydrogen from water. TiO2 performs as an electrode in such a process
with high efficiency under ultraviolet irradiation, but lacks performance under visible light. One
approach to overcome this is the introduction of a dopant, but this often leads to the problem of
electron and hole trapping. The synthesis of nanostructured electrodes offers a solution to this
problem as the charge transport and the photon propagation are orthogonalized.

In our previous works, we studied [1] the bandgap of SrTiO3 nanotubes in comparison to the
bulk and we investigated [2] the effect of doping TiO2 and SrTiOs nanotubes with both cations and
anions.

Now, these oxide nanotubes are investigated under more realistic conditions using density
functiona theory calculations. We study the behaviour of the SrTiOs nanotube in water and

furthermore we investigate possible pathways of proton migration on the TiO2 nanotube.
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The collective excitation of the electron gas in the conduction band of the meta
nanoparticles/nanowires can result in strong optical response known as localized surface plasmon
resonance (LSPR) and representing considerable interest in the field of nanophotonics and
plasmonics [1]. Coupling of LSPRs can create regions of concentrated electric fields, hot-spots, in
the gaps between metal nanoparticles/nanowires, leading to the photoluminescence enhancement

from nearby quantum dots (QDs) or dye molecules[2,3].

Fig.1. Confocal (left) and spectral (right, at 750 nm) images (size 24x29 m) of Ag nanowire

placed above the silver film on glass substrate and uniformly covered with CdS nanocrystals.

In this study we report on the investigation of photoluminescence enhancement phenomenon
for CdS nanocrystals and Ruthenizer 535-bisTBA (N719) dyes caused by silver nanowires. Samples
were prepared by depositing nanowires on a glass substrate with square patterned silver film, and
then coated by athin layer of nanocrystals or dyes. Maximal enhancement effect was detected on

nanowires placed on the silver film (Fig. 1), and in the region of crossing nanowires.
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Silver nanoprisms (NPRS) are one of the most interesting nanoparticle type, because of wide
tuneability and high intensity of surface plasmon resonance (SPR) band [1, 2]. Manipulating
particle thickness and edge length, possible to obtain SPR peak position in 400 1300 nm range.
These properties opens the gateway for application in near infrared working technologies [3], or
surface enhanced Raman spectroscopy (SERS) [4].

In this work we have made colloidal Silica/Silver nanoprisms (NPRs) composite coatings.
We synthesized porous silica coatings by Sol-gg method and silanised by
(3-Aminopropytriethoxysilane (APTES),
N-[3-(Trimethoxysilyl)propyl]ethylenediamine(AEAPTMYS), (3-Mercaptopropyl)trimethoxysilane
(MPDMS). Nanoparticles where synthesized via
seed-mediated method, and high yield of 94 nm
average edge length silver NPRs were obtained.
Composite coatings formed by self-assembly on
silica coated-functionalized surface. Coatings
were characterized by scanning electron

microscopy, dynamic light scattering, water

contact angle and surface free energy methods.

Fig.1 SEM images of silanised composite coatings:
even distribution composite coatings obtained on ~ A- APTES, B- AEAPTMS, C- MPDMS, D-

. . . ) . nonsilanised coating
APTES functionalized silica coatings (fig. 1).

Results have sowed that most homogeneous,
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In the absence of gold nanoparticles, molecular hydrogen cannot reduce AuCls ions in
agueous solution [1]. It is established that the presence of 3 nm gold NPs in solution catalyzes the
reduction of AuCl4 ions by hydrogen. The rate of

the cataytic reaction is proportional to Lo
concentration of gold NPs. Figure 1 illustrates the /,/i’fz/' —
kinetic of this process. // /./
The TEM and DLS data are shown that 05 /
the reduction of AuCl4 ions is accompanied with “ / //
a growth of size of gold nanoparticles. Thus, w/ e

nanoparticles can act as «nanoelectrodes», at first E

Fig.1. Kinetic curves of the process of the reduction,
AuClys ions by hydrogen in the presence of gold NPs
with different concentration: 1 1 1042 2 104
3 3 1044 4 10 7. Solution content: Au(lll)

of AuCl4- ions. There is a typicdl 4 1072, Sodiumcitrate 1 1072

electrochemical reaction of charging/ionization. The feature of the reaction is that it is realized on

taking electrons in the process of hydrogen

ionization, and then giving them for the reduction

the cathode and on the anode which are «belonging» the same gold NP.
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Composites of polydiphenylamine and gold nanoparticles were chemically prepared from
solutions which containing methane sulfonic acid (MSA) with the addition of gold chloride
trihydrate as the oxidant by a one - step synthesis as source for initiation of polymerization and
generation of Au nanoparticles. Gold was subsequently anchored onto the host matrix by reducing
the respective metal salts with the amine sites in the monomer. Polydiphenylamine decorated with
noble-metal gold nanoparticles were synthesized successfully and exposure of the solutions to
caused polymerization of diphenylamine to polymerize with gold salt. The nanocomposites were
characterized for the structure, morphology and electronic properties through X-ray diffraction
anaysis (XRD), Fourier transform infrared spectroscopy (FT-IR), transmission electron microscopy

(TEM) and UV visible spectroscopy.
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The work is devoted to the synthesis and the study of the
physical properties of the novel Au/TiO2, Au/ €O, nanocomposites,
as well as testing their catalytic activity in the reaction of glycerol
oxidation. Glycerol is a mgor by-product of bio-fuel production. A
number of important products can be obtained in the process of
glycerol catalytic oxidation by molecular oxygen. Typica TEM
microphotography and the corresponding histograms of the  Fig. 1. TEM of 1%Au/CeO;
synthesized nanocomposites are presented in Figure 1 and 2.

Electronic microscopy revealed that the Au nanoparticles posses
higher contrast and are spherically shaped. The Au nanoparticles
could be distributed in the interval of 2 to 26 nm. Coaescence
between metal particles occurs in al of the samples, and bigger
particles (50 100 nm) or clusters of metal partic les were found in
separate regions of the catalysts. The effect of novel nanocomposites Fig. 2. TEM of S%AUTIO,

synthesis parameters on their catalytic activity and

selectivity was studied in this work. The effect of dau | dau Glycerol Glyceric
. . b b acid
the gold nanoparticle size (dau), nature of support, ~ Caayst Tem | Xro o, | sect
. . 0%
composites specific surfaces (Ss), and gold load nm nm moe
1%AU/CeO, | 9 20-23 | 83 61
in the composite on its activity and selectivity was  suAwTiO, | 10 10-15 | 78 68
studied as well. According to the data presented in _SPAUTIO, |26 | 2225 | 61 3

the Table glycerol conversion increased from 61% to 83% in the presence of the novel nanocomposites
when Au particle size decreased from 26 to 9 nm. Glyceric acid was obtained as a main product with
high selectivity.
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Zinc oxide and zinc stannate nanoparticles as well as their composites due to their attractive
electrical and optical parameters are promising candidates for a wide range of application in solar
cells, sensors, photocatalysis for the degradation of organic pollutants. The photocatalytic activity
of oxides depends on their particle size and morphology, crystalinity and used dopants.

The aim of the present work was to prepare particulate nanocomposites with different
content of the components in the ZnO-Zr.SnO4/Ag system by using microwave synthesis and to
compare their photocatalytic activity in degradation of methylene blue solution.

Zn0, ZnO-ZnSnO4/Ag system nanoparticles were prepared by heating mixtures of the salt
solutions in the presence of the citric acid, urea, NH4OH or NH4HCOs in microwave reactor
(Masterwave BTR, Anton Paar) at 160 180 °C for 2 10 min. Doped with Ag nanocomposite were
prepared by adding silver nitrate water solution to mixture of oxides in ethanol with following Ag
reduction by formaldehyde.

The specific surface area of the prepared nanocomposites was in the range of 1928 m ?/gin
the dependence on the phase composition. Crystallite size of the oxide and Ag particles was in the
range of 30 60 nm and 30-70 nm, respectively. The p owders were composed of tetra-pode shaped
or rod-like particles of ZnO and cubic particles of Zn,SnO4. The silver particles were situated on the
surface of oxides.

The photocatal ytic activity depended on ratio of the components, content and crystalite size
of Ag. The highest photoactivity showed ZnO/Ag, ZnO-Zn,SnO4/AQ.

291



F-26
Layersof Two and Three Dimensional Metal Nanoparticle Assemblies for

Plasmonic Sensor Applications

T. Tamulevi ius, G. Bergs, D. Erts, J. Prikulis
Institute of Chemical Physics, University of Latvia, Latvia

e-mail; juris.prikulis@lu.lv

Metal nanostructures support resonant modes of charge density oscillations or localized
surface plasmons (L SP), which redistribute the incident radiation and can produce high electric field
near surface. In particular silver and gold nanoparticles have LSP resonances in visible frequency
region. Plasmonic refractive index sensors can be built by utilization of resonance frequency shift
depending on effective digectric function of surrounding medium.

In this work we analyze interaction between particles in dense assemblies in two (2D) and
three dimensional (3D) layers. Gold and silver 2D arrays were obtained by masked deposition
through anodized aluminum membrane [1], whereas silver nanoparticles embedded in diamond like
carbon (DLC) films [2] were used as 3D structures. In al cases the particle sizeis in 20 nm range.
The thickness of 3D layers is few hundred nm. The layer structure is of short range ordered nature
with center separation ~50 nm. The 3D samples have somewhat broader size distribution and
individual particles have different orientation in space.

Due to strong near-field interaction, mentioned nanoparticle layers produce complex
interference patterns, which change rapidly with small variations in experiment conditions. We
utilize this sensitivity to develop a new type of refractive index sensor. Coupled dipole model
calculations produce results, which are consistent with experimental observations [3]. We compare
various aspects of 2D and 3D nanoparticle layers for sensor applications, e.g. the DLC film protects

the silver nanoparticles from chemical reactions and allows sensor regeneration for repetitive use.
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We report on optical properties of dense short-range ordered nanoparticle arrays produced
by masked deposition through anodized aluminum oxide membranes [1]. Depending on membrane
synthesis process parameters, mainly electrolyte and anodization voltage, the achievable particle
diameters can be below 20 nanometers and center separation in 50-100 nm range. Silver and gold
nanoparticles are particularly interesting since they are strong light scatterers in visible spectral
range.

The obtained nanoparticles have similar size (standard deviation approximately 10%) and
are assembled in non periodic short-range ordered arrays. For simulation of optical properties we
use coupled dipole, model, where each particle is characterized by ellipsoid polarizability and
responds to incident radiation and dipole fields of all other particles [2]. Experimentally the optical
scattering is measured using dark-field microscope setup using either white light or laser source.

The simulation results are consistent with experimental observations. Most importantly,
thereisasignificant change of polarization, which would be absent in non-interacting particles. Far-
field imaging of depolarized scattered light from the arrays shows a granular structure, which
changes rapidly with wavelength and is sensitive to minute changes in refractive index of sample
surrounding medium. This effect can be used for development of sensor applications. In comparison
to earlier work by our group [1,2] we extend the study to systems, where nanoparticle arrays are

stacked on top of each other forming multilayer structures.
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Nanoporous anodized aluminum membranes are used for production of dense hole arrays in thin
Au films. The membranes are prepared using two step anodization in sulfuric acid. DC voltage of 20 V
is used for pore formation, resulting membrane thickness using sulfuric acid is 60-100 nm [1]. AAO
membrane thickness is reduced using ion etching. 20 nm Au layer is deposited on anodized aluminum
oxide (Fig. 1.).

Tiny holes, similarly to nanoparticles, support localized surface plasmon resonances. Depending
on membrane thickness, hole diameter, hole density and 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 metal

film is more complex than for similar size

nanoparticle arrays since propagating plasmon

modes provide additional means of interaction

between individual scatterers. Moreover, interaction

with aluminum substrate must be taken into

account. The pore ordering is also expected to

influence the optical properties, in particular, Figl SEM image of a gold film on anodized
angular distribution of scattered field. aluminum oxide membrane.

In this work we characterize the multilayer structure consisting of hole array in metal (Au) film,
aluminum oxide, and bulk aluminum and test the usability for plasmonic device applications, e.g.

sensors or field enhancing substrates.
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Over the last decade, the major effort has been on the production of stable colloids of small
nanoparticles (NP) with narrow size distributions and controlled surface chemistry by laser ablation in liquid
[1]. The size dependence of the NP properties opens their wide application in microelectronics, optics,
catalysis and medicine.

We have produced the stable colloids with different concentrations and sizes of metal NP by pulse
laser ablation of metal target (Ag, Au, Cu) in deionized water. The Yb fiber laser with 1064 nm wavelength
and 100 ns pulse duration has been used [2].

The NP size distribution function and colloid @-potential have been measured by dynamic light
scattering (DLS) using Zetasizer Nano ZS. Analysis of size and morphology was carried out by scanning
€l ectron microscope CrossBeam Workstation Auriga.

The effect of the target surface treatment by laser scanning on NP sizes have been studied. The
obtained essential size decrease during first scanning cycles has been attributed to removement of the
amorphous surface layer of the target produced during polishing. It was shown that the proper number of
treatment cycles prepared the target for production of the spherica 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 changed by laser irradiation of the colloid without
metal target (fragmentation). The two stage fragmentation have been used for Au NP. The first stage was
applied for termination of the aggregation and essential increase of @-potential value. Thus the subsequent
increase of the colloid concentration by partial drying did not change the sizes of NP. The second stage
allowed to produce the stable colloid with the sphericdl Au NP of required sizes. The variation of
technological parameters allowed to change the NP sizes in wide range. The application of the optimized
parameters allowed to produce the Au colloid with concentration of 0.5 g/l with narrow size distribution and
stability over several months.

Currently, much attention is paid to synthesis of CuO NP of various shapes. We have studied the
evolution of CuO NP parameters during heating. DLS measurements showed that at elevated temperatures
(above 50C) the average sizes of NP increased, whereas the
@-potential decrease. The detail study allowed to reveal the growth of CuO nanocrystals ( nanospindles ) at
the temperature about 68 C. The composition was confirmed by energy dispersive X-ray analysis.

It was shown that short-time fragmentation (about 10 min) of CuO NP colloid reduced niticably the
NP sizes and increased the colloid stability (@-potentia above 40 mV), whereas the long-time fragmentation
(about 30 min) leads to increase the NP sizes accompanied by change of the colloid color due to formation of
nanospindles . This effect can be attributed to in crease of the colloid temperature.
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Noble metal nanoparticles are perspective for modification of light absorption and scattering
in optical materials. Optical films doped with noble metal nanoparticles have been used for more
effective light harvesting in solar cells.

In the present study, the chemical spray
pyrolysis method was used to deposit ultra thin
TiO films with gold nanoparticles (Au-NP). The
TiO, spray solution was composed of
titanium(lV) isopropoxide (0.2 mol/L) and
acetylacetone in a molar ratio of 1:2 in ethanol.

Gold(I11) chloride trihydrate (HAUCI423H20) was
used as precursor for the synthesis of Au-NP.
HAUCI43H20 (0 or 5.4 mol%) was added into

Fig.l1 SEM image of the ultra thin Au:TiO, films
the spray solution for incorporation of Au-NP  deposited at Tsn= 300C by the chemical spray
into TiOy films. Ultra thin TiO, films with Au- /70 S ° e
NP (Au:TiO2) were deposited onto glass and ZnO nanorod layers at substrate temperatures in the
range of 260-400 C using pulsed spray solution feed (pulse consisting of 1 s of spray and 1 s of
pause).

The effect of the deposition temperature on the morphology, optical and structural properties
of the ultrathin Au:TiO: films was characterized. According to XRD, TiO: films are amorphous at
temperatures below 400 C. According to SEM study, the size of the Au nanoparticles varies from
20 to 50 nm. The growth of the ultra thin Au:TiO> films on glass and ZnO nanorod layers are
discussed. It is planned to adapt ZnO nanorod layer coverd with ultra thin Au:TiO films in the

generation solar cells.
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Photocatalytic activity of TiO. nanoparticles strongly depends on its crystallity, specific
surface area, morphology of the particles and used dopants. Promising are materials with high
specific surface area and with modified
composition. In the present work formation of
active TiO. nanoparticles in microwave synthesis
and their modification with sulfur and platinum
were studied. Anatase nanopowder and 10M
KOH solution were used as raw materias.

Microwave assisted synthesis method permited to

obtain TiO2 nanofibres and nanowires with a

diameter of 10 nm and a specific surface area in

the range of 70- 150m? / g. In order to improve

the photocatalytic activity of nanofibers under

visible and UV light, the samples were modified o+ S micrograph of TIO, nanofibers

by their treatment at 380°C in hydrogen sulfide gas streams for different time intervals. In order to
modified TiO nanofibers with platinum it was stirred in H2PtCle solution under UV irradiation.
Photocatal ytic activity was determined by degradation of the methylene blue solution under UV and
visible light irradiation. The obtained samples showed higher photocatal ytic activity with respect to
pure TiO.2 nanofibers. The doped TiO> nanofibers were appropriate for degradation of harmful

organic compounds as well as for hydrogen production by water splitting.
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TiO2 is commonly used material with a wide range of usage. It is also known that under
irradiation of solar light TiO> nanostructures show photocatalytic activity. Therefore such kind of
structures can be used for purification of air and water and hydrogen generation.

Different TiO2 nanostructures can be
made by vacuum evaporation, sol-gel and
electrochemical methods, spraying, and others.

Electrochemical anodization is one of the most

efficient and cost-effective method for the

preparation of nanostructured TiO: layers on

titanium substrate. Moreover the surface

morphology of nanostructures can be easily giig;etg.pen circuit potential dependence of NTs
varied by changing temperature, applied voltage,

composition and other chemical and physical parameters.

In this work TiO. nanotubes were grown on Ti foils using electrochemical anodization
process. Before the anodization samples were mechanically treated with polishing paste and then
chemical cleaning in HF:HNO3:H>O were performed. Nanotubes were grown in 0.14M NaF and
0.5M H3PO4 electrolyte applying different voltage for different samples.

Obtained TiO2 nanotube structures were investigated with X-ray diffractometer, Raman
scattering spectrometer and scanning electron microscope. Photoactivity of samples was defined
usng UV and VIS irradiation and potentiostat. Open circuit potential and current density

measurements were studied and hydrogen production rate were determined.
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A low-temperature hydrothermal treatment is one of the main techniques of oxide-based
nanotubes (NTs) synthesizing. This method has been successfully applied to generate strontium
titanate NTs with relatively thin walls. Asit can be supposed, the presence of water moleculesis an
important factor which can govern the inorganic NT structure and stability.

In this work we consider the results of the first ab initio calculations of water adsorption on
the surface of the NTs rolled up from the strontium titanate layers. The structure and properties of
bare perovskite-based NTs have been considered in our previous works [1] using the density
functional theory and hybrid exchange-correlation functional. Similar computer modeling
techniques have previously addressed to the adsorption of water molecules at the flat surfaces of
perovskite-type strontium titanates [2]. For our present study we have chosen the relatively thin
NTs folded from stoichiometric 4-layer SrTiOz slab with chirality (12, 12). Water molecules have
been placed on the internal and external surfaces of the NTs, corresponding to both SrO and TiO»
termination compositions. The full optimization of all atomic positions in the considered systems
has been performed.

Our caculations revealed that the structure of NTs with adsorbed water molecules differs
significantly from that of the non-hydrated NTs. The presence of water molecules promotes a
disappearance of cylindrical symmetry and formation of tubular polyhedral objects. In al cases, the
adsorption of molecules is accompanied by exothermic effect and leads to lowering of the NT
formation energy. We have found that the adsorption energy of the water molecules depends on the
curvature of surface in the vicinity of the adsorption centers. Obtained data confirm a significant
role of aqueous environment in stabilizing the oxide NTs. It has been proved that the water
molecules adsorbed on the SrO-terminated surfaces of NTs are more inclined to dissociation than
the molecul es adsorbed on thin flat layers.
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Recently ferrites have an increased scientific interest and demand for the materia in
different ways. The most significant usage of ferritesis

in optic, electronic, mechanic and other fields [1]. Sample ID HT Co5 250C 1h

Ferrites are of great importance in medicine, for 80-% g, emulg
60 %

biomedical purposes and in chemical cataysis. 40

In this research the cobalt ferrite nanopowders 25 }f'—’—
synthesis, prepared by hydrothermal method and their m—’J( ; 10
mechanical and magnetic properties has been studied. P ke

Synthesis of cobalt ferrite nanoparticles was s0&

performed by co-precipitation technology, combined  Fig.1. Magnetic properties of the cobalt ferrite
with the hydrothermal synthesis method. Firstly the an;‘t‘ifgﬁde“ prepared by fydrotherma}
precursor was prepared by hydrolysis of FeClz and by

co-precipitation of Fe and Co hydroxides. Then the obtained mixture of hydroxides was treated by
hydrotherma way at different temperatures. After hydrothermal treatment, the suspension was
washed and dried at 40 °C.

All samples were analyzed with X-ray diffractometer Advance 8 (Bruker AXS). Crystallite
size determined using Scherer s equation. Magnetic properties analyzed with Vibrating Sample
Magnetometer (Lake Shore Cryotronics, Inc., model 7404 VSM). Specific surface area (SSA)
determined with BET method.

The all samples of cobalt ferrite obtained by hydrothermal synthesis have the same results of
XRD and BET data, except sample No 1. This sample was synthesized at 200 °C of temperature by
hydrotherma method and on the XRD pattern shows FEOOH phase.

However, the mode of synthesis influence on the magnetic properties and a coercive force of

samples. Thus, the magnetization force of the samplesisin the range of 50-60 emu/g.
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For hybrid organic/inorganic solar cells with ITO/ blocking layer/ZnO nanorod/absorber
layer structure, it is highly important to synthesize series of ITO/blocking layer/ZnO nanorod
structures by simple, inexpensive and low temperature technique. In order to increase the solar cell
performance, it is desired to obtain high aspect ratio relatively conductive ZnO nanorods. In this
study we present results on growth of ZnO nanorod on different seed layers, such as ZnO with
different morphologies, ZnS, TiO2 compact thin films produced by spray pyrolysis on TCO
substrates. Also blocking layer could be deposited on a top of ZnO nanorods grown onto TCO
(transparent conductive oxide) directly, therefore in this work we also deposited ZnO nanorods by
electrochemical deposition method directly on some chosen TCO substrates. All ZnO nanorod
layers were grown electrochemically using ZnCl2 aqueous solutions (c=2 mmol/l) at the bath
temperature of 800C during one hour. Depending on the seed layer morphology, ZnO rods with
different dimension, density were obtained. The structural, optical properties and morphology of
seed layers and ZnO nanorod layers grown on them were studied by scanning electron microscopy
(SEM), x-ray diffraction spectroscopy (XRD).

The dimensions, orientation, shape and density of the rods depends strongly on the
properties of the used substrate or seed layer on a substrate.

Morphology and conductivity of the initia substrate plays an important role in ZnO
nanorods dimensions, orientations and shape. For instance, larger rods (d=170, L=700 nm) were
obtained on conductive substrates, such as ITO and ZnO:In substrates/I TO glass substrates and FTO
substrates (d=250 nm, L=600 nm). Smaller rods (d=ca. 60 nm, L=400 nm) were obtained on
nonconductive smooth, uniform and fined-grained substrates, such as ZnS and TiO2. Various ZnO

seed layers resulted in ZnO nanorods with different shapes, sizes and distribution on the substrate.
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Ultrathin graphite sheets or/and graphene
nanosheets were obtained on the surface of
particles of Ni powder. The new method based

on well known dissolution and precipitation

mechanism of graphene formation on catalyst

mix#50 1565 20140224 1440F D60 x3,0k  30um

surface is reported. Fig.1a presents the Ni powder  Fig. 1. SEM images of the particles of Ni powder
. . after annealing with appropriate conditions (a).
particles with as prepared graphene sheets.  surface of the carbon sample after Ni dissolution.

Graphene nanosheets can be seen on the surface

of Ni beads as grey coating on light beads.

Freestanding graphene sheets were obtained after

dissolution of Ni. Upon dissolution of the Ni

powder is possible disintegration of the coating

into the individua graphene sheets or the

graphene sheets are formed the carbon body in

the form of the original ingot sintered powder of Fg. 3. XRD petems of the graphene renoshests
Ni. In the first case graphene samples were samples, with different (002) diffraction pesk
obtained by vacuum filtration, in the second after broadening

drying of carbon body. SEM images (Fig. 1b) revealed that surface of the bodies consist of
randomly aggregated, crumpled sheets closely associated with each other. The thickness of these
sheets was determined with XRD by (002) diffraction peak broadening (Fig. 3). The quality of the
sheets was estimated by Raman scattering spectra. Obtained by us layers can be defined as a
graphene nanosheets. Number of graphene monolayers in these nanosheets controllably varied from

7 to 40.
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Structure, thermal, and mechanical properties were investigated for composite materials of
polypropylene (PP) and acetic group functionalized multi-walled nanotubes (FCNT) at FCNT
concentrations of 0.1%, 0.5% and 1.0% by weight. Part of the composites were compatibilized with
maleic acid anhydride grafted polypropylene (PP-g-MA) at concentration of compatibilizer of 3
wt.%. Researched compositions were laboratory made from masterbatches of PP/FCNT and PP/PP-
g-MA/FCNT solutions in o-xylene, which were sonificated, precipitated in methanol, dried and
melt mixed with the same matrix of PP. The compositions were compression moulded in to film
samples. Structure changes and the properties of composites were researched by the methods of
tensile tests, differential scanning calorimetry (DSC), X-ray diffraction (XRD), Fourier infrared
spectrometry (FTIR), and the measurements of dielectric characteristics. Effect of FCNT
concentration in compositions as well as the effect of PP-g-MA compatibilizer was researched in
detail.

The present study by structure changes confirmed that PP-g-MA compatibilizer served as an
adhesive and affected improvement of FCNT dispersion in PP matrix greatly improving the
mechanical properties. The stressstrain characteri stics of PP/PP-g-MA/FCNT compositions
reveadled remarkable effects of the FCNT additions aready at 0.1 wt.%. At this FCNT
concentration, the Y oung s modulus and tensile yiel d stress increased by 13.5 and 17% that is by
1.5-fold greater increase of tensile yield stress compared to that of PP/FCNT. It should be noted that
PP-g-MA compatibilized PP/FCNT compositions remained by 5-fold higher elongation at break
even at FCNT content of 1.0% compared to unmodified PP/FCNT. XRD data showed formation of
ordered crystals consistent with the monoclinic apha phase of PP for all the compositions. The
changes of DSC measurements indicated a reduced decrease of crystal ordering of PP with increase
of FCNT in the presence of PP-g-MA. The changes of FTIR spectra for PP-g-MA containing
composites indicated the interaction of FCNT carboxyl groups with maleic anhydride functional
groups and their influence on the interfacial adhesion between FCNT and polypropylene, that

confirmed increase of mechanical properties.
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Ti-based nanostructured coatings such as Ti-Nb-C-N and Ti-Hf-C-N have been deposited by dc
reactive magnetron sputtering in [Ar]/[ N2] gaseous mixture on a variety of steel substrates. Novel
mosaic type sputter targets have been designed of titanium matrix and Nb/Graphite or Hf/Graphite
inserts to generate 3-component Ti-Nb-C or Ti-Hf-C high energetic sputtered vapor flux during reactive
deposition process. Sputtering resp. deposition rate and energetics of sputtered particles affect strongly
film growing conditions, its structure, mechanical and tribological properties. Using conventional DC
magnetron sputtering techniques without direct target cooling system discharge power density could not
be raised higher than 10 W/cm?. However, recently high power ion-plasma magnetron sputtering
(HIPIPMS) sources have been designed allowing increase discharge power considerably higher than 60
W/cm? in average but reaching even 200 W/cm? within race track maximum [1]. In turn, mechanisms of
formation and properties of Ti-(Nb,Hf)-C-N films got at high deposition rate are not investigated
sufficient enough until now.

Within this investigation sputter deposited Ti-(Nb,Hf)-C-N film structure, mechanical and
tribological properties have been modified by means of changing reactive DC HiPIPMS technological
parameters. Mechanical and tribological properties such as adhesion to substrate, toughness, hardness,
stiffness, friction coefficient (COF) and wear rate (W) of deposited Ti-(Nb,Hf)-C-N films have been
studied by Vickers hardness testers *VS-50, ®VS-1000B, nano-indenter G200, Teer Co Ltd thickness
tester BC-2, scratch tester ST-30, and tribotester POD-2. 1,5 5,4 um thick Ti-(Nb,Hf)-C-N filmsashar d
coatings for cutting tools deposited at appropriate sputtering and growing conditions on high speed steel
and cemented carbide substrates demonstrated excellent adhesion, hardness up to 38 GPa and Y oung
modulus up to 520 GPa. In humid air, COF and W, values dropped down as low as 0,21 and 0,18E-17
m3/(Nm) respectively even at long friction path, > 1500 m.

References

1. V. Mitin, E. Sharipov, A. Mitin. High deposition rate magnetrons innovative coating technology: k ey elements and
advantages. // Surface Engineering, vol. 22, 7 1, 1-6 (2006)

305



F-40
Tribological and M echanical Properties of Sputter Deposited Carbon-Copper
Composite Filmsand Their Structure

V. Mitin, U. Kanders!, V. Kovalenko!, P. Nazarov!, J. Maniks?, R. Meija’, D. Erts®
IHigh-Tech Company Naco Technologies; Riga, Latvia
2Ingtitute of Solid State Physics, University of Latvia, Riga, Latvia
3Ingtitute of Chemical Physics, University of Latvia, Riga, Latvia

e-mail: ukanders@nacotechnol ogies.com

Sputter deposited amorphous carbon-copper composite (a-C/Cu) films on a variety of different
steel substrates have been investigated with respect to their tribological and mechanical properties.
Deposition rate affects film growth conditions, its structure and tribological properties. Using
conventional DC magnetron sputtering technique discharge power density usually does not exceed 10
W/cm? thresholds. However, recently high power ion-plasma magnetron sputtering (HiPIPMS) sources
have been designed allowing increase of discharge power considerably higher than 60 W/cm? in average
[1]. In turn, mechanisms of formation and properties of aC/Cu films obtained at high deposition rate are
investigated insufficient until now.

In this work various parameters for deposition of films by HiPIPMS were applied. Pressure of
sputtering gas mixture with Ar, Ar/H2 and Ar/N2was varied in the interval p=0,1-0,7 Pa, electrical glow
discharge voltage was Uq¢,=400-680 V, and current, 14=1-3,5 A. Novel mosaic type sputter targets
designed of copper matrix and carbon inserts has been used for deposited a-C/Cu films. The a-C/Cu
films have been deposited onto faceted and polished plain steel discs made of cast iron, bearing steel,
100Cr6 and cemented carbides.

Mechanical and tribological properties of aC/Cu films have been matched with their nano-
structural features in order to understand mechanisms how amorphous carbon matrix interact with
copper nanoparticles (Cu-NP) and how they determine film tribological properties such as coefficient of
friction (COF), wear rate, W, and wear resistance or durability as wear distance, S, at low COF until
Pin-On-Disk testing ball penetrates the film and COF jumps up. aC/Cu films deposited at appropriate
sputtering and growing conditions manifest low COF (<0,1) and W (<0,3E-15 m*(Nm)), but wear
durability, S, reaches 1450 m. a-C/Cu film nanohardness, H, and Y oung’s modulus, E, demonstrate such
values as about 4 GPa and 80 GParespectively.
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During last decade semiconductor nanowires have been investigated as structural elements
in relative humidity (RH) sensor devices[1]. In most cases the demonstrated nanowire sensors react
by change of their surface properties. Due to large nanowire surface to volume ratio, this factor
determines the advantage for application in sensors and influences the transport properties.

In previously reported studies, relative humidity nanowire sensing devices convincingly
show linear response to RH in a broad measurement range [2]. However, this linearity fails in some
specific conditions indicating an unusualy strong surface impact to electrical transport. So far,
bismuth sulfide (Bi>Sg) nanowires have been studied for application in oxygen and hydrogen
sensors [3,4], but relative humidity impact was not analyzed. Here we focus on humidity controlled
Bi>Ss nanowire electrical properties.

Individual Bi>Sg nanowires were drop-casted to a pre-patterned substrate and el ectron beam
lithography was used to fabricate contacts. RH sensing behavior was measured in the range from 5-
90% in inert atmosphere and constant temperature.

Measured devices show nonlinear resistance dependence of the nanowire changing RH from
5 to 90%. In specific RH region from 40-50% reversible resistive behavior change is observed.
Therefore resistance of the Bi>Sz nanowire and type of the magjor charge carriers can be tuned using

appropriate relative humidity level.
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Magnetic composite nanoparticles produced on the base of ferromagnetic iron oxides with
noble metals are of particular interest for applications in catalysis, sensor materials and biomedicine
[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
magnetic phase - FesO4 magnetite in a carrier
sample produced by the pyrolysis of iron
carboxylate, but hematite -Fe-Os was present as
an admixture. It isfound that at the production of
Pt-containing composites, the phase composition
of the carrier has not practically changed, but the Fig. 1. TEM image of iron oxide/2.4 wi% P
metal particle size there varies from 3 to 9 nm.  composite and the size distribution of Pt nanoparticles.
Fig. 1illustrates 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 investigation of nanoparticles based on natural
components. magnetite, oleic acid, and biologically active heterocyclic akanolamine derivatives,
structural analogues of choline.

The parent akanolamine, 2-hydroxy-1-[3,4-dihydroisoquinolin-2(1H)-yl]ethane, was
modified by introduction of undecyl substituent and further quaternization of the modified
substance. Magnetic particles were obtained by wet synthesis. The method of magnetogranulometry
and DLS measurements were used for determination of size and magnetic properties of
nanoparticles prepared. The water-soluble magnetic nanoparticles synthesized were screened for in
vitro antimicrobia properties against Gram-positive, Gram-negative bacterial and fungal strains
using the agar dish diffusion method.

New water-soluble nanoparticles, containing biologically active derivatives of heterocyclic
alkanolamines, which are immobilized on the surface of biocompatible, pre-coated with oleic acid
iron oxide magnetite nanocarriers, have been prepared, and evaluation of efficacy of these
nanostructures as antimicrobia agents has been studied. It was found that diameter of iron oxide
core ranges within 6.2 10.5 nm, and magnetic fluids obtained possess antimicrobial effect.

Introduction of long chain alkyl substituent into the molecule of the second surfactant is an
attractive and original approach to the lipophilicity increase and better interaction with lipophilic
chains of thefirst coating. The wide possibility for variation of alkyl substituent in the alkanolamine
can promote finer selection of perspective biologically active iron oxide based nanoparticles.
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Colloidal solutions of magnetic nanoparticles fer rofluids are systems capable of unique
pattern forming behavior. Spontaneous phase separation and formation of ordered and disordered
patterns in layers of magnetic colloid may occur under the influence of external magnetic fields [1].
These patterns are the consequence of magnetic dipole-dipole interactions and the reversible
agglomeration of the magnetic nanoparticles. Here we demonstrate experimentally how certain patterns
can be selected through optical forcing and sustained by magnetostatic interactions.

The experiment was carried out with the continuous laser forced scattering setup in combined
scattering mode. The sample is put into a solenoid so that its magnetic field is oriented normally to the
walls of the ferrofluid layer. The low power reading He-Ne laser beam has the same direction through
the sample- all reading optics is adjusted to see aggregated structuresin the sample.  Our ferrofluid
contains Fe-CoO4 particles, the mean magnetic diameter of which81 0 nm.

Ferrofluid layers with different thickness (10 m, 100 m, 200 m, and 500 m) were initially
exposed to the external magnetic field. If the magnetic field is applied, the magnetostatic interaction
occurs, tending to create a hexagonal pattern of ferroparticle agglomerates (Fig. 1, left).

In turn, the optical forcing is created by Nd:Yag laser beam, which transmits the sample layer
from above in order to exclude the thermogravitation convection. The beam forms a periodic
temperature grid within the sample, which aso induces a corresponding particle concentration grid
through colloidal thermophoresis. The achieved amplitude of the concentration modulation is less than
1%.

If the temperature grid by the Nd:Y ag laser isinduced after the magnetic field is switched on the
Soret effect is too weak to alter the created hexagonal structures. On the other hand, if the temperature
grid is induced first, the created concentration grid shapes the pattern of aggregation when the magnetic
field is applied afterwards (Fig. 2, right). If the optical forcing is now switched off, the aggregation
pattern remains in place, supported just by the magnetostatic interaction. Thus, in this way
magnetostatic patterns, which have not been observed before can be created.

Fig. 1. Phase separation patterns: left magnetic field prior, right optical illumination prior
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Nitrogen-vacancy (NV) centers in diamond have received intensive interest in recent years
because of their potential applications to quantum information [1] as well as magnetic field
measurements with high spatial resolution [2,3]. The triplet ground state of NV centers can be
polarized by optically pumping the spins into the ms=0 level. The intensity of the red fluorescence
observed after excitation with green light depends on the spin state of the center. The me=—1 levels
in the ground state are separated from the ms=0 level by 2.87 GHz, and undergo Zeeman splitting in
amagnetic field. As aresult, probing the NV centers with microwave radiation while observing the
optical fluorescence allows the NV centers to be used as magnetic field sensors.

The optical output of these NV centers can be increased by coupling to plasmon-active
nanostructures, which enhance the field of the incident radiation and reduce the lifetime of the
excited state by coupling the fluorescence light to surface plasmons that propagate in metal
nanostructures [4]. Layers of gold and silver nanostructures with plasmon resonances in the visible
spectral range were produced by metal deposition through porous anodized aluminum oxide [5]. We
will present the results of the study of the effect of different nanostructure parameters on the

fluorescence of the NV centersin diamond.
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Properties and applications of ZnO ceramics as functional material for optoelectronics
largely are determined by the structural state: grain size, porosity and quality of grain boundaries.
Moreover, for ceramics based on nanopowders the formation process of structure due to
aggregation and initial GB formation depends on the type, and morphology of powders [1,2].
Present work shows that the problem of aggregation can be solved by using uniaxial hot pressing
(UHP) of grained powders or high temperature sintering (HTS) at 0.4-0.6Tm of powders with 3D
tetrapod morphology. The UHP is very energy-intensive method which allows to obtain transparent
ZnO ceramics [1]. Nanoindentation, SEM, AFM and PL studies were carried out on the obtained
ZnO ceramics. Comparative analysis of results showed that all ceramics have recrystallized grains
with sizes for UHP d=5-30 m and for HTS d=2-4 m. Within grains a depth range 50-500 nm
hardness size effect was observed. Influence of GBs has softening character and at depth range 0.5-
2 m hardness decreases from 5 GPa to 2-3 GPa without brittleness for both ceramics. Young's
modulus was 100-120 GPa for HTS ceramic and 150 GPa for UHP and the latter coincides with
ZnO single crystal. In HTS ceramics the photoluminescence (PL) spectrum at 12 K revealed a
narrow exitonic band with LO phonon satellite peaks (1LO _Ex states) and almost negligible
green luminescence. However, in UHP ceramicsthe main PL isin green spectral region and is
due to point defect states. Results are discussed in terms of defects distribution during
recrystallization processes. The differencesin optical and structural properties define different fields
of ZnO ceramics applications. Transparency of UHP ceramics allows it to be used as scintillators,

and HTS ceramics as sensors.
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Cathodoluminescence (CL) spectra of the aluminum nitride nanotubes and nanoparticles,
synthesized by using a highly nonequilibrium dc-arc plasma method have been measured at 80 K
and room temperature (RT) under electron irradition with 9 keV energy. Low-temperature CL
spectra of nanostructured AIN have been compared with those of the commercially available AIN
powder. The significant difference between emission spectra of the three investigated samples has
been established. Commercial AIN has been found to emit a band peaked at 3.47 €V which is
commonly ascribed to oxygen impurities. Emission of the AIN nanoparticles is centered around
3.66 eV while CL spectrum of AIN nanotubes show complex character with at least three peaks at
2.2, 3.0 and 3.5 eV in the photon energy range of 1.8 3.8 eV. CL intensity of the nanostructured
samples has been found to decrease significantly at RT, most probably due to a combination of non-
irradiative relaxations at the surface, electron-phonon interactions and the reabsorption of the
emitted light. CL of AIN-nanotube/Csl-scintillator composites has been also studied. Energy
transfer from Csl scintillator to AIN nanotube is demonstrated
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In medical practice, titanium and its alloys are widely used when intraosseous implants are
manufactured [1]. It is important to obtain biocompatible coatings improving osseointegration on
medical items. The substrate of implants has resistance to mechanica loads of distributed type.
When installed with an interference fit into the
prepared bone bed there is significant shear force
causing coating delamination. Hence,
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

Fig.1 Titania coating and in vivo testing result

morphology and hardness (1015 GPa) are (call Structure are shown by arrows)

achieved a 8001000”"C and holding for
30 120s. Titania coatings with nanocrystals are highly biocompatible, that is established in vivo
(Fig.1). Oxidation at IHT and colloida modification with hydroxyapatite nanoparticles form
mechanically strong structure of porous titania matrix and bioceramic filler [2].

The research was carried out with financial support: grant RFBR 13-03-00898 a, 13-03-
248 a, SP-1051.2012.4, project No. 1189 (basic pa rt of the state educational task for institutions
of higher education; Ministry of Education of the Russian Federation).
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Allotropes of carbon, such as graphite, graphene and carbon nanotubes, are one of the most
promising materials for development of functiona fillers for advanced composites, particularly
polymer composites [1-3]. By modifying carbon nanostructures it is possible to tailor it
electromagnetic, electrical, thermal, mechanical, and other properties according to the needs of the
customer. Modification of carbon nanofillers aids also in improving of it compatibility with
polymer matrix, being the most important prerequisite for development of successful polymer based
nanomaterials.

Consequently in the current research carbon nanofiller (polyvinylpyrrolidone treated
graphite, graphite oxide, reduced graphite oxide) containing polyvinyl acohol composites have
been obtained via solvent casting route. The content of carbon nanofillers in the polyvinyl acohol
matrix has been changed within the borders between 0 and 5 wt. %. Technological parameters of
the method for manufacturing of polyvinyl alcohol composites with aforementioned carbon
nanofillers have been optimized. The effect of the concentration of polyvinylpirrolidone on the
dispersion ability of the carbon nanofillers in the polyvinyl alcohol matrix has been evauated.
Besidesit structure, as well as dielectric and mechanical relaxation properties of polyvinyl acohol

carbon nanofiller composites have been investigated.
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Melt compounded polymer nanocomposites have certain advantages (such as commercial
viability, mass production capacity and ease of integration in the existing recycling schemes) over
the nanocomposites, obtained by solvent casting, latex and in situ polymerization routes. For
manufacturing of perspective thermoplastics based nanocomposites, one of the most important tasks
is assurance of excellent dispersion of the nanostructured filler in the polymer matrix. In the case of
thermoplastics based carbon nanocomposites throughout qualitative dispersion of the nanofiller in
the polymer matrix is hindered due to high viscosity of the polymer matrix, as well as strong Van
der Waals interaction between the nanofiller particles.

Consequently in the current research the effects of surface functionalization of carbon
nanofillers as well as addition of specific processing aids to the polypropylene matrix during melt
compounding by means of various manufacturing methods (internal mixer, twin screw extruder,
twin roll mills) are evaluated. The effect of modification of polypropylene matrix by neat and
functionalized carbon nanofillers has been evaluated by means of direct and undirect methods, such
as electron microscopy, rheometry, stress-strain characterization, dynamic mechanica thermal

analysis, thermogravimetric analysis and broadband dielectric spectroscopy.
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Graphene, a monolayer of sp>-hybridized carbon atoms arranged in a two-dimensional lattice,
has attracted tremendous attention in recent years owing to its exceptional thermal, mechanical, and
electrical properties [1]. One of the most promising applications of this material is in polymer
nanocomposites, polymer matrix composites which
incorporate nanoscale filler materials. In this work
broadband dielectric/electric properties of graphene
like particles/poyurethane composites are presented
in wide temperature range (25 - 450 K). Graphene
like particles there are consitituted of single crystal
particles of graphite made through exfoliation.

They were characterized by scanning electron

microscopy which showed that their thickness is of

the order of 0.1 mm. Laser counting furnished a E;g-lgfggﬁggoﬁﬁzﬂggge Ozgme;géﬁl COVA?UCE(;’:)%
particle size distribution histogram with an average  temperature.

diameter of 10 mm. It was established that percolation threshold in investigated systme is between 1 and
2 vol% (Fig.1). On heating both dielectric permittivity and electrical conductivity of all composites
increases. However, the most pronouncend increasing occurs above glass transition temperature in pure
poliurethane (390 K). Above this temperature all composites, including those are below percolation
threshold, are electrically conductive due finite polymer matrix conductivity and tunneling from
graphene particles to poyurethane matrix. Potential barrier for currier tunneling increases below
percolation threshold and decreases above. This can be explained by non-omic contact of graphene
particles and polyurethane matrix below percolation threshold. The electrical transport at low
temperatures, as well microwave dielectric properties of composites will be discussed in the

presentation.
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Dielectric properties of carbon nanotubes (CNT) composites were investigated very often,
mainly in order to find an electrical percolation [1]. Indeed, above percolation threshold the values
of dielectric permittivity and electrical conductivity for composites with CNT are very high in wide
frequency range, including microwave and terahertz frequencies [2]. However, the relation between
CNT microscopic parameters (like length or diameter), polymer matrix and percolation threshold in
composites up to now is not clear [1]. Therefore, before experiment it rather impossible to predict
dielectric properties of CNT composites. Generaly, it is expected that percolation threshold (fc) is
directly proportional to CNT aspect ratio, however this relation experimentally was never observed
and more complicated formula were used in order to establish influence of aspect ratio on
percolation threshold in composites.

In this presentation results of dielectric investigations of composites with CNT in
Polymethylmethacrylate (PMMA) matrix are presented in wide (20 Hz 3 THz) frequency range.
The mean diameter of all CNT used for composite preparation was 9 nm, while four different length
CNT groups where used: 1) CNT with mean length about several tens micrometers, 2) CNT after
oxidation with nitric acid, mean length 335 nm, 3) CNT after grinding in mill, mean length 438 nm,
4) CNT after grinding in mill, mean length 428 nm. It was establish that electrical percolation
threshold in the first and second groups was 2 wt%, in the third 1 wt% and in the fourth 0.5 wt%.

The influence of CNT length on composite dielectric properties and DC conductivity will be

discussed in the presentation.
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Newest researches shows large amount of volatile organic compounds (VOC) used in
manufacturing. Mostly workers cant detect VOC as soon as it s needed, creating more health
problems and if VOC concentration in ar is
high enough it can be letal. Therefore advanced
polymer - nanostructured carbon composites has
been developed, where ethylene vinylacetate
(EVA) copolymer (content of vinylacetate (VA)
is 40%; Sigma Aldrich) have been used as
matrix. Graphitesed nanoparticles (carbon black
- CB) PRINTEX XE-2 with average particle

. . . . Fig.1 Relative electric resistance change in ethanol
size 30nm were used as conductive filler in one g g

vapours (2000ppm) versus time (sample thickness is 70
pat of samples. Particles specific surface; ~ ™)- Sampleexposed in vapours 30 seconds.

950m?/g and DBP (dibutyl phthalate) adsorption: 380ml/100g. In other samples as conductive filler
was used short multiwalled carbon nanotubes (SMWCNT). SMWCNTs were obtained from
CheapTubes; outer diameter is 50-80 nm, inner diameter is 5-15 nm, length 0.5-2 m. The
SMWCNT specific surface areais 40 m?/g, electrical conductance 100 S/cm.

Both composite types were exposed to ethanol vapour (see Fig. 1). Results shows that the
best of the EVA-SMWCNT composites has higer sensitivity to vapours than the best of the EVA-
CB composite. that can be explained by specific character of conductive SMWCNT grid inside
composite.

Additionaly EVA-CB composite, where exposed to fuel vapour. It was found that EVA-CB
is able to distinguish different oil based products petrol (with octane number 95) an diesel. When
EVA-CB was exposed to petrol vapour, the composite relative electric resistance change was much
larger comaring to diesel vapour. Observed difference in the composite response is explained by

volatiliy of different fuel type.
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Wood based activated carbons (AC) belong to micro- and mesoporous amorphous carbon
materials. Chemical activation is a widely used method for activated carbons production its
advantage is the fact that it leads to synthesis of carbon materials with higher specific surface which
is close to theoretical limits for the carbonaceous materials. Alkali metals hydroxides are one of the
most effective activating agents allowing production of carbon adsorbents with specific surface over
3000 m?/g when evaluated according BET theory. Variation in raw materials and activation
conditions alow controlling total porosity, pore size distribution and properties of inner volume.
This leads to alterations in activated carbons chemical and physical properties depending on
precursor and synthesis conditions.

The topical area of research is AC their application as electrodes in supercapacitors. The
main problem in this area is matching of carbonaceous material pore sizes with hydrodinamical
radii of electrolytes molecules, elucidation of oxygen surface groups role, decrease of electrodes
resistance. Low cost of AC is anecessary requirement as well.

This research is devoted to the propertis of nanoporous wood-based activated carbons for
the application as electrodes in supercapacitors with inorganic and organic electrolytes. The main
factors defining properties of carbonaceous material thermocatalytical synthesis are shown: specific
surface, pores volume and width, particles dispersity, ash content, and electrical conductivity, as
well as their relation to capacity and working properties of supercapacitors. It was found that
electrical capacity is practically independent from catalyst addition ratio at the given mode of
thermocatalytical synthesis. On of the main factors is temperature of activation which leads to

formation of micropores with narrow size distribution in carbonaceous materia structure.
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The nanocrostructure characterized by trimodal distribution of strengthening ; precipitates in
Inconel 738LC nickel based superalloy after Low Cycle Fatigued (LCF) at temperature 700 C was
observed. Different microscopic techniques and detectors as Scanning Electron Microscope (SEM)
equipped STEM detector, transmission Kikuchi diffraction in the SEM, transmission electron
microscope (TEM) in the bright field mode and high resolution transmission electron microscopes
(HRTEM) with STEM mode were used for characterization and comparison of the superalloy
nanostructure. The characteristic morphology of ; precipitatesin the ; matrix was examined by ex-situ
and in-situ Small Angle Neutron Scattering (SANS) at high temperatures. From all used microscopic
techniques, it was observed that the microstructure in the original material consisted of ; precipitates
from two distribution of different morphology: cuboid-like shape, with size around 670nm, and the
spherical shape with diameter 52nm. After the LCF tests at temperature of 700 C (and not at other
tested temperatures), the ex-situ SANS exhibited additional scattering intensity coming from another
small ; precipitates of up to 10 nm size. It was confirmed using the standardly prepared foils examined
by STEM detector in SEM, TEM and HRTEM. Evolution of size and distribution of these precipitates
was studied by in-situ SANS at elevated temperatures. It revealed that the smallest ; precipitates arise
regardless the application of the mechanical load. Main effect of these precipitates is that they influence
the low-cycle fatigue resistance at 700 C: the didl ocations pinning by the smallest ; precipitates was
observed by STEM detector in SEM and by TEM in STEM mode.

Image from STEM mod of HRTEM
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