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PREFACE

We warmly welcome all participants and guests attending to the international conference
Functional Materials and Nanotechnologies 2013 — FM&NT2013.

The FM&NT conference series was started in 2006 by scientists from the Institute

of Solid State Physics, University of Latvia. It is yearly conference bringing together
researchers from whole world. The warm and open atmosphere of this scientific confe-
rence has turned it into event where people from rather different fields meet under the
common name functional materials and nanotechnology. It is particularly important for
early stage scientists who are looking for new knowledge and contacts with people from
various fields. Our Latvian colleagues with their success in internationalization made us
neighbouring Estonians so jealous that we could not withstand proposing organise the
conference in every second year in Estonia. Actually this is in a way the continuation of
idea of famous Baltic seminars which took place in last century over several decades.
Due to political constraints these seminars were only opened to scientist of former
Eastern Europe countries, but had a great popularity and attendance over whole Soviet
Union. Much fruitful cooperation started from the initial personal contacts of scientists
at these seminars hold twice per year once in Latvia and second time in Estonia.

In last FM&NT 2012 conference, the decision was made that Institute of Physics,
University of Tartu will organise the event in Tartu in 2013. In a few days left to the
opening of the conference, to be held first time in Tartu, we are proudly taking over the
spirit of previous FM&NT. Along with traditional topics as multifunctional and nano-
materials, materials for sustainable energy applications and theory, this conference will
concentrate on studies with synchrotron radiation and other novel light sources. The
invited speakers from countries closer and further from Estonia will review a state of art
studies in different hot topics as nanosafety, following chemical reactions in real time,
ion beam technologies, secrets of fuel cells and solar elements, just to name a few. We
would like to acknowledge support by Tartu University Development Fund, Estonian
national projects for Materials Science, Science Internationalisation and Centre of
Excellence programs based on contribution of European Structural Funds. Also graduate
school on “Functional Materials and technologies” supported by European Social Fund
has given generous contribution to help participation of our early stage researchers. This
support is gratefully acknowledged. We hope that continuation of the tradition introduced
with this conference will strengthen international cooperation of scientists from Baltic
state with researchers of other countries.

Please enjoy the conference, its social program and scientific discussions.
On the behalf of organising committee

Ergo Nommiste
Marco Kirm
Toomas Plank
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INTERNATIONAL CONFERENCE

FUNCTIONAL MATERIALS AND NANOTECHNOLOGIES

TARTU, ESTONIA IN APRIL, 21 - 24, 2013

APRIL 21(SUNDAY)

University of Tartu; History Museum
18:00 Registration
18:00 - 21:00 Welcome party

APRIL 22 (MONDAY)

Conference Hall “STRUVE” (Dorpat Centre)

8:00 Registration
9:00 Opening
Chairman: Prof. Ergo Nommiste
9:15 Andris Sternberg | Latvian national instruments for material science and nano- INV-1

technologies within a framework of Baltic cooperation

9:50 Anne Kahru “Bio-nano interactions: benefits versus environmental and INV-2
health risks”
10:25 [Robert Evarestov | First-principles calculations of single-walled nanotubes in INV-3

sulfides AS, (A =Ti, Zr)

11:00 Technical Information
11:05-11:30 Coffee
Chairman: Prof. Mikhail Brik
11:30 | Vladimir Makhov | VUV luminescence of wide band-gap solids studied by time- INV-4

resolved spectroscopy using synchrotron radiation

12:05 | Andrzej Suchocki | Multicenter structure of cerium ions in garnet crystals studied by | INV-5
infrared absorption and high-pressure spectroscopies

12:40 | Miroslav D. Rare earth doped sequioxide luminescent down- and INV-6
Dramicanin up-conversion nanopowders prepared by polymer complex
solution method

13:15-14:15 Lunch




APRIL 22 (MONDAY)

Conference Hall “STRUVE1”

Chairman: Prof. Arvo Kikas

14:15 | Dmitry Spassky | Optical spectroscopy of Gd,(Al Ga, )0, :Ce’* epitaxial films OR-1

x'5 712

14:40 | Yurii Orlovskii | Fluorescence quenching in the Nd** doped Y,0, nanoparticles | OR-3
of monoclinic phase

15:05 | Uldis Rogulis Advances in oxyfluoride glass-ceramics OR-4

Conference Hall “STRUVE2”

Chairman: Prof. Vladimir Hizhnyakov

Multifunctional materials

14:15 | Janis Teteris Optical field-induced surface patterning of soft materials OR-6
14:40 | Andris Ozols Effect of holographic grating period on its relaxation in OR-7
amolecular glassy film

15:05 | Andrei Salak A surface LDH structure grown on Zn-Al alloy OR-8

15:30 [ Alexander Microscopic crystal field effects in CsCdBr:Ni** crystals OR-9
Chaykin

15:55 | Veera Cubic monocarbides XC (X=Ti, V, Cr, Nb, Mo, Hf) as explored OR-10
Krasnenko by ab initio calculations

Conference Hall “PETERSON”

Chairman: Prof. Juris Purans

14:15 | Anatoli Popov [ Photostimulable storage phosphors and image-plate OR-11
development for neutron imaging

14:40 [ AndreiBelsky [ Non-proportionality of luminescence excitated in XUV OR-12
photon energy range

15:05 | Alexei Kuzmin [ EXAFS spectroscopy and first-principles study of SnWO, OR-13

15:30 | Janis Analysis of EXAFS data from copper tungstate by reverse OR-14

Timoshenko Monte Carlo method
15:55 [ Andris Anspoks | Local structure studies of SrTi"*0, and SrTi'®0, OR-15
16:20-17:00 Coffee & snacks

16:20 - 19:00 Poster Session




APRIL 23 (TUESDAY)
Conference Hall “STRUVE" (Dorpat Centre)

8:00 Registration
Chairman: Prof. Andris Sternberg

9:00 Juris Purans Synchrotron radiation X-ray absorption studies of local INV-7
structure with femtometer accuracy

9:45 Alexander Direct observation of chemical dynamics: photodis- INV-8

Fohlisch sociation and surface catalysis

10:30 | Peter Sushko Revealing the character of optical absorption in complex | INV-9
oxides

11:15 Technical Information

11:20-11:50 Coffee

Conference Hall “STRUVE1”

Chairman: Prof. Alexei Kuzmin

11:50 | Jaanus Electrochemical in-situ XPS studies of negatively polarized OR-16
Kruusma micromesoporous molybdenium carbide derived carbon
double layer capacitor electrode

12:15 |llya A. Gofman | Electronic structure and inner shell excited luminescence in OR-17
gadolinium molybdate crystals

12:40 [Reinis Drunka | Synthesis and photocatalytic properties of sulfur modified OR-18
TiO, nanopores and nanotubes

13:05 | Urmas Joost Synthesis of nanoparticles using wet chemistry methods OR-19

13:30 | Mikk Antsov Static friction of CuO nanowires on substrates with varying OR-20
roughness




APRIL 23 (TUESDAY)

Conference Hall “STRUVE2”

Chairman: Prof. Vladimir Makhov

Multifunctional materials

11:50 | Mikhail G. Brik [ Ab-initio studies of the structural, electronic, optical and OR-21
elastic properties of ZnWO, and CdWO, single crystals
12:15 [ Chong-Geng Ma[ A hybrid computational-experimental spectroscopic analysis [ OR-22
of Eu®**ions doped in hexagonal wurtzite ZnS
12:40 [ Vladimir Theory and MD simulations of intrinsic localized modes and | OR-23
Hizhnyakov defect formation in solids
13:05 | Anatolijs Oxygen related defects and their impact on upconversion OR-24
Sarakovskis processes in NaLaF :Er**
13:30 | Eduard Luminescence properties of hafnia and zirconia nano- OR-25
Aleksanyan powders prepared by solution combustion synthesis

Conference Hall “PETERSON”

Chairman: Prof. Toomas Plank

11:50 [Suzy Lidstrom | This is the way it is INV-11
Physica Scripta

12:15 [ Martin Kirchner | Raith OR-50
Raith GmbH

12:35 | Pete Lander 4D X-ray microscopy(XRM), in situ imaging of practical OR-51
Xradia volume samples

12:55 | Raimon Polymer Pen Lithography: Massive parallel fabrication of OR-52
Zoetemelk repetitive nanostructures
Park Systems

13:15 [ David Vardanjan| Introduction to free liquid surface technology as developed | OR-53
SIA Armgate by Elmarco s.r.o.

13:35 [ Andrei lzvolski | Bruker OR-54
Bruker Baltic

13:55-15:00 Lunch

walking tour in Tartu centre and visit to Institutes of Physics and Chemistry

15:00 - 18:00 Excursion

18:15

Conference photo at Science Centre “AHHAA” (Sadama 1, Tartu)

18:30-24:00

Conference Dinner at Science Centre “AHHAA” (Sadama 1, Tartu)
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APRIL 24 (WEDNESDAY)

Conference Hall “STRUVE" (Dorpat Centre)

Chairman: Prof. Aleksandr Lushchik
9:00 [KurtSchwartz [lon tracks and nanotechnology INV-12
9:35 | Marina Popova | Far infrared studies of multiferroic iron borates INV-13
10:10 [ Vladimir Heavily manganese doped strontium titanate nano- INV-14
Trepakov particles: synthesis, structure and properties
10:45-11:15 Coffee

Conference Hall “STRUVE1”

Chairman: Prof. Jaan Aarik

11:15 | Maido Merisalu | Development of effective atomic layer deposited corrosion | OR-26
resistant coatings for Al 2024-T3
11:40 | Vambola Heat treatment effects in case of metal containing titania OR-27
Kisand sol-gel films
12:05 | Yuri Shunin Electromagnetic properties of interconnects in nanodevices | OR-28
based on CNT, GNR and graphene aerogels
12:30 | Guntars Cellular automata modelling of void latice selforganization | OR-29
Zvejnieks in CaF,under irradiation
13:00 - 14:00 Lunch
Chairman: Prof. Vdino Sammelselg
14:00 | Linas High frequency noise in epitaxial graphene on SiC OR-38
Ardaravicius
14:25 | Mikhail Shuba | The influence of finite-size effect on the electromagnetic OR-39
response of carbon nanotubes
14:55 | Polina Kuzhir | Multi-layered graphene in microwaves OR-40
15:15 | Andris Sutka Photocatalytic activity of ZnFe,O, nanoparticle clusters OR-41
under visble light irradiation




APRIL 24 (WEDNESDAY)

Conference Hall “STRUVE2”

Chairman: Prof. Marina Popova

Multifunctional materials

11:15 | Urmas Nagel Terahertz spectroscopy of the cycloid in multiferroic BiFeO, in | OR-30
high magnetic fields
11:40 [ Toomas R66m | Spin waves and directional dichroism in the multiferroic OR-31
Ba,CoGe, 0O, probed by THz spectroscopy
12:05 | Boris Hudec Resistive switching vs. charge trapping in TiO,-based OR-33
metal-insulator-metal structures with ALLO, barrier
12.30 [ Peter Sushko Embedded clusters for ion-covalent crystals OR-32
13:00-14:00 Lunch
Chairman: Prof. Nina Mironova-Ulmane
14:00 | Ekaterina Dielectric relaxation in bismuth-containing ceramics OR-42
Politova
14:25 [Kelli Structure and properties of nanocolloidal SnO, watersols applied [ OR-43
Hanschmidt in preparation of optical quality micro- and nanospheres
14:55 | Eriks Klotins Electron-phonon interactions: spatial localization OR-44
15:15 [ Mikhail G. Brik [ Ab-initio analysis of the (001) surface in cubic CazrO, OR-45

Chairman: Prof. Guntars Vaivars

Conference Hall “PETERSON”

11:15 | Liga Grinberga [ Gravimetric and spectroscopic studies on reversible OR-34
hydrogen adsorption on nanoporous clinoptilolite
11:40 | YuriF. Modeling of Y-O precipitation in a-Fe and y-Fe lattices OR-35
Zhukovskii
12:05 [ Eugene Prediction of structural stability of complex perovskites for OR-36
A. Kotomin solid oxide fuel cells from first principles
12:30 | Gunnar Nurk Redox behaviour of sulphur at Ni/GDC SOFC anode at OR-37
midand low-range temperatures: S K-edge XANES study
13:00-14.00 Lunch
Chairman: Prof. Vambola Kisand
14:00 | Maarja Photoluminescence studies of solar cell absorber material OR-46
Grossberg Cu,ZnSnS,
14:30 | Marit Investigation of quaternary compounds for monograin layer | OR-47
Kauk-Kuusik solar cells
15:00 | Teolan Tomson [ Formal and technological solar resource in Estonia OR-49

Conference Hall “STRUVE”

Closing

15:50-17:00

Goodbye refreshments
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Andris
STERNBERG

Andris Sternberg, Full member of Latvian Academy of Science,
graduated University of Latvia, Faculty of Physics and Mathematics
in 1970. He obtained his PhD in 1978 on ,,The features of phase transi-
tions and electrooptic properties of La-doped lead zirconate-titanate
and lead scandate-niobate ferroelectric ceramics” and in 1999 Dr. Hab.
phys. on ,,The effects of structure ordering and radiation defects on
phase transition dynamics in ferroelectric relaxors”.

In period 1988 - 1995 he time period worked at Atomic Institute of
Austrian Universities, Vienna, Siemens AG, Munich, Shonan Institute
of Technology and Kyoto University and Universitdt des Saarlandes,
Saarbriicken. Since 1999 Director of the Institute of Solid State Physics,
University of Latvia.

His research interests cover nanoscience and nanotechnologies,
particularly, processing of ferroelectric materials (PLD, sol-gel,
magnetron sputtering), structure ordering and phase transitions,
application of thin films and hetero-structures, radiation effects in
ferroelectrics, plasma physics and design of materials for tentative
application in International thermonuclear experimental reactor (ITER).
His publication list includes over 230 published works in scientific
journals and proceedings of conferences.

He is Latvian representative at EC COST Domain ,,Materials , physics
and nanoscience®, Latvian representative in EC High level group in
Nanotechnologies, Head of Research Unit of Association EURATOM-
University of Latvia (AEUL), Latvia representative in EURATOM
Committees (CCE-FU, EFDA- SC), Governing Board member from
Latvia in ELE Fusion for Energy (F4E), Editorial board member of
journal ,, Ferroelectrics”.

12



INV-1

LATVIAN NATIONAL INSTRUMENTS FOR MATERIAL SCIENCE
AND NANOTECHNOLOGIESWITHIN AFRAMEWORK OF BALTIC
COOPERATION

Andris Sternberg, Liga Grinberga and Martins Rutkis

Ingtitute of Solid State Physics, University of Latvia, Latvia
e-mail: stern@latnet.lv

Further progress of material science in Latvia is generally maintained by two
instruments — Nationa Research Program “Development of Innovative Multifunctional
Materials, Signal Processing and Information Technologies for Competitive Science Intensive
Products” (further Program) and by build-up of “National Center for Research of
Nanostructured and Multifunctional Materials, Constructions and Related Technologies’
(Center). Both of these national instruments are in close relation. The Program, as a
framework for research projects, supposed to be supported by an establishment of Center as a
new advanced research infrastructure. Institute of Solid State Physics University of Latvia
have been chosen as coordinator for both national activities. At current situation Program
consist of six projects. Material science and nanotechnology is an important part at four of
them.

The Center should be established by ERDF supported project. According to this
project enhanced material research supporting infrastructure will be created by refurbishing
existing and building new laboratory facilities as well as by modernization of existing and
purchase of new scientific equipment. It is planned to establish Latvian nanostructured
material research center “LATNANO-C” with 632 m? clean room facility. The functional
structure of LATNANO-C will involve five complementary and mutually reinforcing parts:
(i)Technologies and Processing; (ii) Morphology and Structuring; (iii) Composition and
Structure Control; (iv) Properties and Characterization; (v) Application Assessment.

Within our presentation we would like discuss potential impact of Program and
Center on Baltic cooperation within field of materia science and nanotechnology and talk
over further Baltic joint activities for infrastructure development under initiative “Baltic
Infrastructure of Research, Technology and Innovation” (BIRTI) — platform for research and

innovation.
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Anne

K AHRU

Anne Kahru is a leading research scientist of National Institute of
Chemical Physics and Biophysics (NICPB) and Head of the Laboratory
of Environmental Toxicology of NICPB, Tallinn, Estonia. Her group
was among the first ones in conducting research into the nanoecotoxi-
cology of metal oxide nanoparticles. She has 80 articles in ISI WoS
cited 1560 times and she belongs to the top 1% most cited scientists in
area Environment/Ecology. She is also the first Estonian scientist ever
interviewed by Thomson Reuters Science Watch (2009) for her fast
breaking paper in nanoecotoxicology.

In 2011, she received the Estonian State Science Award for her research
,Ecotoxicology of synthetic nanoparticles and their toxicity mechanisms”.
She has been awarded several FP6 and FP7 research grants.

Her current research focuses on the mechanisms of (eco) toxicicity and
bioavailability of synthetic nanoparticles. Research in her laboratory
combines molecular techniques, in vitro and ecotoxicological systems
and analytical chemistry. She is also a founder (1997) and the President
of the Estonian Society of Toxicology.
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INV-2

BIO-NANO INTERACTIONS: BENEFITS VERSUS
ENVIRONMENTAL AND HEALTH RISKS

Anne Kahru, Angela Ivask, Kaja Kasemets, Irina Blinova

National Institute of Chemical Physics and Biophysics, Tallinn, Estonia

e-mail: anne.kahru@kbfi.ee

Nanotechnology has been considered the next industrial revolution, and consumer products
and a variety of industries increasingly use engineered nanoparticles (eNPs). eNPs, i.e., particles
with at least one dimension < 100 nm can be metals and metal oxides (e.g., nAg, nAu, TiO,, ZnO,
Ce0,), metal salts like CdS or CdSe (quantum dots) or carbon-based (e.g., C60-fullerenes, single-
and multi-wall carbon nanotubes, dendrimers). Currently, the greatest impact of nanotechnologies
to the society is from the materials and manufacturing sector, e.g., coatings and composites for cars
and buildings, followed by electronics, e.g., displays and batteries and, finally, healthcare, driven by
pharmaceutical applications [1].

At nanoscale the materials have different properties compared with the same ones at larger
size. The changed physico-chemical properties, however, may lead to increased bioavailability and
toxicity, mostly due to greater number of reactive groups on the particle surface [2]. The processes
taking place at the nano-bio interface can be used for the design of novel biocidal nanomaterials
such as antimicrobial surface coatings. However, if toxicity is undesirable side effect of a specific
nanomaterial, the safe-by-design strategy should be applied. The latter means the synthesis of
nanomaterials that possess the desired properties but where the unwanted toxic side-effects are
minimised. For the balanced development of nanotechnology, cooperation among industry,
scientists, and regulatory agencies is crucial for addressing the “benefits versus risks” assessment of
nanotechnologies. In this presentation, the state of the art of the respective research in the world [3]

but also in Estonia [4] will be presented.

References

1. Lux Research. Boston 2008; https://portal.luxresearchinc.com/research/document_excerpt/3735.

2. A. Nel, T. Xia, L. Médler, N. Li, Science, 2006, Vol. 311, 622-627.

3. A. Kahru, A. Ivask, Acc Chem Res., 2012 [Epub ahead of print] DOI: 10.1021/ar3000212

4. A. Kahru, A. Ivask, K. Kasemets, I. Blinova. In: Research in Estonia. Present and future. 2011, p. 346-367.

http://www.akadeemia.ee/_repository/file/publikatsioonid/2011/Recearch_in_Estonia.pdf
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Robert
EVARESTOV

Robert A. Evarestov graduated St. Petersburg State University as
theoretical physicsist in 1960. He obtained his PhD in the Department
of Theoretical Physics at St. Petersburg State University in 1964
(supervisor Prof. Marija Petrashen), Habilitation degree -in the same
Department in 1977 ,, Molecular models in the electronic structure
theory of crystals“. From 1968 he works at the Department of Quantum
Chemistry of St.Petersburg State University (Professor — from 1979).
In 1990-1994 he was Director of the Chemistry Institute of
St.Petersburg State University, in 1994-1998 he was First Vice Rector
of St.Petersburg State University. Since 1999 till present time he is
Head of Department of Quantum Chemistry of St.Petersburg State
University.

His research interest cover symmetry of crystalline solids (the mono-
graph ,,Site Symmetry in crystals” has been published by Springer in
1993 , second edition in 1997). He is interested also by the application
of quantum chemistry methods to perfect and defective crystals (the
monograph ,, Quantum Chemistry of Solids” has been published by
Springer in 2007 , second edition in 2013). Now his interests cover
symmetry and quantum chemical study of monoperiodic nanostructures
(nanotubes, nanowires). He is Foreign Member of Latvian Academy
of Science (from 2005), Humboldt Foundation Awardee (1998). His
publication list includes over 250 papers cited more than 2600 times,
his Hirsh index is 23 (Web of Science data, April 2013).
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INV-3

FIRST-PRINCIPLES CALCULATIONS OF SINGLE-WALLED
NANOTUBES IN SULFIDES AS, (A=Ti, Zr)

Robert Evarestov, Andrei Bandura

Department of Chemistry, Quantum Chemistry Division, St. Petersburg State University,
Russia
e-mail: re1973@re1973.spb.edu

The first-principles study is performed for the first time of the structure and stability of TiS,
and ZrS; nanotubes (NTs) in comparison to each other and to similar oxide nanotubes. The hybrid
HF-KS PBEO calculations are made within the scope of the LCAO appr oximation by means of the
CRYSTAL-2009 computer code. To the best of our knowledge, all previous theoretical modelling
of tubular disulfides is based on the semiempirical DFTB technique.

Transition metal disulfides are known to existin two modifications 1 T and 2 H with
octahedral and trigonal prism atic coordination of m etal atoms, respectively. The applied m ethod
allows us to reproduce the experim ental properties of the stable 1 T phase in good quality. The 3-
plane (O-A-O) hexagonal (001) layers from both phases have been used to construct the tubular
structures. The possibility of folding the layers from the other presum ptive phases with different
(cubic, tetragonal and orthorhom bic) morphology has also been analysed. The full optim ization of
all atomic positions has been performed to determine the most favourable nanostructures.

Our calculations on single-walled TiS, and ZrS; nanotubes confirmed that the NTs obtained
by rolling of the hexagonal crystalline layers with octahedral 1T coordination are the m ost stable.
Besides of the NTs with hexagonal m orphology, it is possible to obtain the relatively stable NTs
with lepidocrocite morphology by rolling up layers of the metastable marcasite-like orthorhombic
phase. The strain energy of 1 T NTs is alm ost the same for titanium and zirconium disulfides and
obeys the classical 1/R* law. In spite of the fact that the s train energy of sulfide NTs is greater than
that of the similar oxide NTs, the formation energy of the formers is considerably less than the
formation energy of latters. Both TiS  , and ZrS , NTs exhibit properties of the narrow gap

semiconductors with the calculated band gap between 1.5 and 2.5 eV.

Acknowledgements
The authors are grateful for the support to RBRF (Grant 11-03-00466a).
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Vladimir
MAKHOV

After graduation from Moscow Physical Engineering Institute in 1973
Vladimir Makhov worked at Lebedev Physical Institute in Moscow as
junior, senior, leading and from 2008 as principal researcher.

He obtained his PhD in 1984 ,,Luminescence excitation and defect
creation in ionic crystals under irradiation by synchrotron radiation
(5-30 eV)*, which was supervised by Dr. Yu.M. Aleksandrov and
Prof. Ch.B. Lushchik. In 1998 he got his degree of Doctor of Science
in Physics (habilitation) ,, Time-resolved luminescence spectroscopy
of wide band-gap crystals using synchrotron radiation®. His research
interests cover luminescence of wide band-gap solids studied by
synchrotron radiation excitation. His publication list includes over
160 papers cited more than 1000 times. He was awarded many times
by iternational (ISF, INTAS, DAAD, NATO, University Paris-Sud)
and national (RFBR) Grants and Fellowships.
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INV-4

VUV LUMINESCENCE OF WIDE BAND-GAP SOLIDS STUDIED BY TIME-
RESOLVED SPECTROSCOPY USING SYNCHROTRON RADIATION

Vladimir Makhov

P.N. Lebedev Physical Institute, Moscow, Russia

e-mail: makhov@sci.lebedev.ru

Some highlights and historical aspects of time-resolved VUV luminescence spectroscopy of
solids using synchrotron radiation (SR) are outlined, including st udies of such unique phenom enon
as crossluminescence (CL) and contribution ~ of VUV s pectroscopy to understanding of d- f
transitions of rare earth (RE) ions in solids.

The key experim ent for the explanation of the nature of CL ( for BaF, crystals as an
example) has been made using time-resolved spectroscopy technique under excitation by SR from
S-60 synchrotron at Lebedev Physical Institute [1]. Thereafter the detailed studies of CL properties
were performed at different SR sources, including SRS (Daresbur y) [2] and DORIS (Ham burg).
The first observation of the fast and slow components of VUV lum inescence due to 5d-4f
transitions in heavy RE ions was carried out at the Superlumi set-up at DOR IS [3]. Later, 5d-4f
luminescence in deep VUV region (near 10 eV) of Gd > and Lu®" ions incorporated into some wide
band-gap fluoride hosts has been discovered [4]. Using the unique opportunities for tim e-resolved
spectroscopy at the Superlum i set-up the high-resolution ( AA~0.5 A) 5d-4f em ission and 4f-5d
excitation spectra were obtained for Gd*" and Lu’" ions in various fluoride hosts [5,6] allowing the
detailed analysis of the electron-phonon coupling in these systems.

The results of recent s tudies of some CL-active nanosize materials will be presented. The
possible future developments in time-resolved luminescence spectroscopy of solids, in particular,

with free electron laser (FEL), will be discussed.

References

1. Yu. M. Aleksandrov, V. N. Makhov, P. A. Rodnyi, T. I. Syrejshchikova, M. N. Yakimenko, Sov. Phys. — Solid State,
1984, 26, 1734 -1735.

2. V. N. Makhov, M. A. Terekhin, I. H. Munro, C. Mythen, D. A. Shaw, J. Lumin., 1997, 72-74, 114-115 .

3.J. Becker, J. Y. Gesland, N. Yu. Kirikova, et al., J. Lumin., 1998, 78, 91-98.

4. M. Kirm, J. C. Krupa, V. N. Makhov, et al., Phys. Rev. B, 2004, 70, 241101(R).

5. M. Kirm, G. Stryganyuk, S. Vielhauer, et al., Phys. Rev. B, 2007, 75, 075111.

6. V. N. Makhov, M. Kirm, G. Stryganyuk, et al., J. Lumin., 2012, 132, 418-424.
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Andrze]
SUCHOCKI

Andrzej Suchocki graduated from Physics Department of Warsaw Univer-
sity (Poland) in 1978. He obtained Ph.D. degree from the Institute of
Physics of the Polish Academy of Sciences in 1984, presenting theis entitled
The Energy Structure and Recombination Processes of Mn Dopants in CdF,
Crystals. He had a post-doctoral research associate position at Oklahoma
State University in Stillwater, OK, USA in 1985-1987. Afterwards he was
employed in the Institute of Physics of the Polish Academy of Sciences in
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Cerium doped materials are the subject of numerous studies for solid state laser materials,
phosphors, and scintillators. Ce’” has the simplest of the 4f " ground state configurations (n = 1) and in
many compounds it exhibits broadband emission originating from parity allowed inter-configurational
4f %5d ' — 4f '5d ° transitions. It is also studied for better understanding of d < f absorption and
luminescence processes, both experimentally, and theoretically.

Low temperature, infrared absorption spectra of gadolinium gallium garnet crystals doped with Ce
will be discussed. In the region of intra-configurational 4f — 4f transitions the spectra exhibit existence
of at least two different, major Ce’" related centers in the GGG crystals and also some other centers at
lower concentration. The spectrum of 4f-4f intrashell transitions of Ce®” ions extends up to about
3700 cm™” due to the large splitting of the “F,, excited state. In the visible region the absorption
spectrum shows influence of symmetry-related selection rules. The absorption coefficient changes in
region of 4f' — 5d" transitions due to thermal population of the second level, belonging to the *Fs,
ground state. This suggests that the symmetry of the site occupied by Ce’" ions, which substitute Gd**,
is higher than D, expected for garnet hosts. [1]

In spite of strong inter-shell 4f — 5d absorption bands at ambient pressure the cerium
luminescence in Gd;GasO,, is entirely quenched even at low temperatures. It has been shown that
applying pressure allows for recovering the 5d — 4f radiative transitions. Further increase of pressure
improves the emission efficiency. This effect is analyzed in terms of two possibilities: (i) by pressure
induced electronic crossover of the excited 5d energy level of the Ce’" with the conduction-band
bottom of host crystal, and (ii) by decrease of electron-lattice coupling with increasing pressure,
resulting in reducing of Stokes shift and non-radiative transitions between the low vibrational levels of
the 5d state and high vibrational levels of the ground 4f state.[2]

Multicenters of Ce’" ions have been also studied in bulk YAG:Ce, a very important scintillator
material. The multicenters are associated with the so called cation anisities, i.e. Ce ions substituting
aluminum octahedral sites in YAG host. The theoretical calculations with use of crystal-field theory
confirm this assumption.The results of measurements of epitaxially-grown YAG:Ce layers, which do
not contain rare-ecarth multisities due to low temperature epitaxial growth allow to distinguish the
energy structure of regular Ce’” ions in YAG crystal and Ce** ions in octahedral antisities.

It will be shown that YAG:Nd crystals can also serve as ap ressure sensor for high-pressure
spectroscopy in diamond-anvil cell in the infrared spectral region.[3]
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Rare-earth luminescent materials have attracted much attention because of their down-
conversion applications (for: artificial lights, X-ray medical radiography, lamps and display devices
and high-power solid-state lasers, etc) and up-conversion (for: infrared quantum counter detectors,
three-dimensional  displays,  temperature
sensors, bio-imaging, sensitive luminescent
bio-labels, GaAs-coated highly efficient light
emitting diodes, etc). Among them, rare-earth
(RE) sesquioxides are well recognized host
materials due to good chemical stability,
adequate thermal conductivity and high light
output. In this lecture synthesis of rare earth

doped sesquioxide nanopowders by polymer Fig.1 Photo of Lu;Os:Sm*nanopowder (a)

complex solution method (PCS) as well as  as-synthesized, (b) emitting strong red light
structure, morphology and luminescent under UV excitation.
properties of these nanopowders are reviewed.

Polymer complex solution method is a modified combustion method where instead of
classical fuel (urea, glycine, carbohydrazide) organic water-soluble polymer (in our case
polyethylene glycol — PEG) is used. The utility of this polymeric approach comes from the
coordination of metal cations on the polymer chains during gelation process, resulting in very low
cation mobility. Polymer precursor works both as a chelating agent and as an organic fuel to
provide combustion heat for the calcination process. In this way PCS provides mixing of
constituting elements at the atomic level and allows homogeneous control of very small dopant

concentration.
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In the last years, the XAFS experimental techniques have undergo remarkable
developments: (i) experiments with unprecedented accuracy and under extreme
conditions of high pressure and temperature [1], (ii) experiments with nanoscale
lateral resolution [2], that were not even conceivable just a few years ago, can
nowadays be performed. New applications, stimulated by accurate experimental
temperature-dependent XAFS measurements on Ge, ReO3; and SrFecTi1.xO3, can be
carried out. In parale with the experimental techniques, XAFS theory and data
anaysis have made considerable progress. Femtometer accuracy in the determination
of interatomic distances is now attainable [1,2]. Therefore, new effects can be studied
with femtometer accuracy, for example:

» isotopic effect on EXAFS and isotopic effect on the lattice dynamics and

anharmonic properties of Ge™ and Ge”® (see [1] and Highlight ESRF 2008);
* materials with negative thermal expansion as ReO3, AgO,, etc. ( see Highlight
ESRF 2006);

 materias with Jahn-Teller (JT) effect as SrFecTi1xOs, with smal radium

polaron (WQ3) or with charge disproportionation as CaFeTi1-xOs;

» Solid solutions as SrFecTi1.x03, Th1xUxO; €tc. ([3,4], Highlight ESRF 2007).
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Changes in chemical bonding, in particular bond breaking and bond creation seem conceptually
simple, but as a result of coherent wave packet motion it is difficult to catch the dynamic
pathways in a multidimensional potential energy landscape. In this contribution the quenching of
sequential dissociation through ultrafast solvent capture is explored in the prototypical metal
carbonyl Iron pentacarbonyl (Fe(CO)s) in gas phase and solution.

On the catalytically active Ruthenium surface, we determined that in the desorption of CO from
the Ru(0001) surface roughly one third of the molecules doesn't move away from the surface
directly but instead becomes trapped near it in a kind of "transition state." This weak chemical
bonding ensures that the molecules are unable to detach yet remain mobile parallel to the surface.
The researchers suspect that these types of weakly bonded, activated states might play an
important role in catalytic processes.transiently existing precursor state of CO/Ru(0001) has been
also investigatd.

An outlook is given to the Variable Pulse Length Storage Ring BESSY Y*}. With this innovative
up grade initiative of the Helmholtz-Zentrum Berlin fiir Materialien und Energie we aime at a
MHz repetition rate picosecond and sub-picosencond Synchrotron Radiation facility ideally
suited to observe chemical dynamics for functional materials.

1. Transient states of photo excited Fe(CO)s and the solvent induced quenching of ultrafast sequential
dissociation, Ph. Wernet, K. Kunnus, M. Odelius, 1. Josefsson, 1. Rajkovic, S. Schreck, W. Quevedo, M.
Beye, S. Griibel, M. Scholz, D. Nordlund, W. Zhang, R. Hartsock, K. Gaffney, W. F. Schlotter, J. J. Turner,
B. Kennedy, F. Hennies, F. de Groot, S. Techert and A. Fohlisch, Submitted.

2. Real-Time Observation of Surface Bond Breaking with an X-ray Laser, M. Dell' Angela, T. Anniyev,
M. Beye, R. Coffee, A. Fohlisch, J. Gladh, T. Katayama, S. Kaya, O. Krupin, J. LaRue, A. Magelhgj, D.
Nordlund, J. K. Nerskov, H. Oberg, H. Ogasawara, H. Ostrom, L. G. M. Pettersson, W. F. Schlotter, J. A.
Sellberg, F. Sorgenfrei, J. Turner, M. W  olf, W. Wurth and A. Nilsson, Science, 2013; DOI:
10.1126/science.1231711.

3. Selective ultrafast probing of transient hot chemisorbed and precursor states of CO on Ru(0001), M.
Beyel’z, T. Anniyevl, R. Coffee®, M. Dell'Angela4, A. Fohlisch®, J. Gladh®, T. Katayamal, S. Kayal, 0.
Krupin3’7, A. Mﬂgelh@jg’g, A. Nilsson"**!° D. Nordlund'’, J. K. Nerskov®!!, H. 0berg6, H. Ogasawaralo,
L.G.M. Pettersson®, W. F. Schlotter’, J. A. Sellberg1’6, F. Sorgenfrei4, J. J. Turner’, M. Wolf'?, W. Wurth*
and H. Ostrom®” Phys. Rev. Lett. In press 2013.
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Harvesting solar energy is a promising way of addressing global energy needs. However,
greater efficiency in capturing sunlight needs to be achieved for the technology to become
sustainable. Accordingly, a great deal of experimental and theoretical research efforts are directed to
finding materials and structures with novel optical properties and specific electronic structure
features. To advance on this path, fundamental insight into the character of the optical transitions is
required.

We explore how optical properties of complex oxides can be modified in order to provide
greater absorption in a desirable spectral region. To this end, we investigate theoretically optical
absorption in strained epitaxial LaCrO; films deposited on various substrates [1] and in solid
solutions of a-Fe,0; and a-Cr,O3 [2]. We use an embedded cluster method, together with an
accurate electrostatic embedding potential [3] and hybrid density functionals, which provide a
reliable description of band gaps in insulators and wide band gap semiconductors.

Our results show that LaCrOs optical absorption spectrum contains distinct contributions
associated with two types of the intra-Cr tyg — €4 (2.7, 3.6 eV), inter-Cr tog — tog (4.4 eV), and O 2p
— Cr 3d transitions. The onset of the O 2p — Cr 3d charge transfer gap is between 4.6 and 5.0 eV, in
contrast to earlier reports, which put it at ~3.4 eV. Finally, the magnitude of the charge-transfer gap
depends on the lattice strain and can be varied by ~0.2 eV by the judicious choice of the substrate.
On the contrary, the energies of the Cr d—d transitions are strain insensitive. In the case of the -
CryFe,<O3 solid solutions, the dependence of the optical absorption spectra on the Fe:Cr ratio is
driven not by the lattice strain but by the dramatic difference in the electronic structures of pure a-
Fe,05 and a-Cr,03 as well as by their incommensurate spin structures.

We propose that combining cation intermixing with the substrate-induced strain effects can
provide a powerful method for tuning optical absorption properties of complex oxides.

[1] P. V. Sushko, L. Qiao, M. Bowden, T. Varga, G. J. Exarhos, F. K. Urban III, D. Barton, S. A.
Chambers, Phys. Rev. Lett. 110, 077401 (2013).

[2] Y. Wang, N. Govind, S. A. Chambers, P. V. Sushko (submitted).

[3] I. V. Abarenkov, Phys. Rev. B 76, 165127 (2007). P. V. Sushko, 1. V. Abarenkov, J. Chem.
Theory Comput. 6, 1323 (2010).
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A historical review of the usage of synchrotron radiation in scintillator investigation is
presented. Unique properties of synchrotron radiation allow to separately investigate elementary
excitations in scintillators and their interactions and transformations. Excitations in solids are well
classified by corresponding spectral ranges of dielectric functions: e.g. defect excitation region,
defect ionization region, Urbach tail, exciton creation region, fundamental absorption region with
production of separated electron-hole pairs, core exciton region and core ionization regions.
Therefore separate excitation by monochromatized synchrotron radiation is useful to prepare
different initial states in scintillators. The examples of such investigations in different types of
crystals (BaF,, scintillators with charge transfer luminescence, tungstates, molybdates, fluorides,

MgO, etc.) are presented.
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Writing for a broad-band peer-reviewed journal necessitates the adoption of a
somewhat different approach to that employed when targeting a specialist
journal. Those aspects of greatest importance to the publication of the
proceedings from this conference will be discussed with a view to smoothing the
path to acceptance and publication for all authors and assisting the guest editors
with the task ahead of them.

Given the pace with which the world of academic publishing is evolving, there

has probably never been a better opportunity to consider the alternatives to
conventional peer-reviewed publication. Although it has adversaries who are
ready to enumerate and expound upon its many flaws, the proponents of peer
review believe that the considered opinion of experts in the relevant field offers
the best means of ensuring the scientific validity of publications. No balanced
debate can fail to consider both the pros and the cons, for, despite its deficiencies,
peer review can also contribute by reducing the volume of work that reaches the
public domain.

With a view to stimulating a debate on the future of peer review, multiple factors
leading to the rejection of an article will be considered. One of these, of potential
interest to many delegates, is the role of language and, more specifically, the
implication that having to write in a non-native tongue can have on the
likelihood of a manuscript being accepted. In this day and age, it is inevitable that
the publication of the papers ensuing from this meeting will be in English to
guarantee that the advances discussed reach the international community. Given
that this is a non-native language to the majority of those attending the meeting,
advice will be given on counteracting the disadvantage of writing in a foreign
tongue, because, in the words of Gannon, at least in this era and on this occasion,
“This is the way it is.”

Gannon, F., 2008. Language barriers. European Molecular Biology Organization
Reports 9:207.
Keywords:

Peer review, publishing, second language, English, broad-band journal, rejection,
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Swift heavy ions (SHI) with energies (Ejon) higher than 1 MeV per nucleon (MeV/u)
and masses higher than 20 nucleons can produce structure and phase transformations in solids
in nanometric vicinities of their trajectories. The damage structure of SHI tracks in various
solids depends on chemical binding, the ion energy Eio, and dE/dx, as well as on the
irradiation temperature [1, 2].

SHI effects in solids open new possibilities for nanotechnology due to the nanometric
damage scales, the extremely high ratio of the track diameter (10 nm) to the length (100 nm),,
and specific structure modifications along the ion path. Developed applications are conductive
nanochannels in solids and nanopores in polymers for molecular biology and nanowire
technology [3, 4]. New tunable electronic devices are developed for information processing

[5]. Damage creation and possible applications are discussed.
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Iron borates with general form ula RFe3(BOs)s (R stands for arare eart h or yt trium)
crystallize in a trigonal noncentrosymmetric structure of the natural mineral huntite. These materials
exhibit long range antiferroelectric and antiferromagnetic orders and, thus, are multiferroics. Some
of iron borates dem onstrate considerable m agnetoelectric and m agnetodielectric effects which
promises device applications because magnetic properties can be governed by an electric field and
vice versa.

My group carries on system atic optical studies of rare earth (RE) iron bora tes. In this talk,
I’1l consider recent results obta ined by the method of far infrared (FIR) spectroscopy on europium
[1] and pra seodymium iron borates. Temperature-dependent FIR ab sorption and reflection were
studied at the facilities of the Institute of Spectroscopy. Several \e llipsometry measurements were
performed at the Brookhaven National Laboratory ~ synchrotron FIR line. The F IR spectra of
EuFe;(BOs)4 present a clear evidence of a first- order structural phase transition at Ts = 58 K. This
transition manifests itself by sharp shifts of phonon frequencies and by a sudden appearance of new
vibrational modes of the lower symm  etry low-temperature structure. Si milarity between the
temperature dependences descri bing the phonon frequency shift  «(T) and the splitting of the
electronic doublet of Eu*" in EuFe;(BOs3)4 below the temperature Tg points to lattice distortions as a
dominant mechanism affecting phonon frequenc ies. Peculiarities at the tem perature Ty of the
magnetic ordering observed in the @(T) curves manifest a spin-lattice coupling. The mechanism of
this coupling is, most probably, connected with atomic displacements stimulated by the internal
magnetic field arising in the magnetically ordered state below Ty. Similar peculiarities at Ty were
observed for phonon frequencies of PrFe  3(BOs)s. FIR spectra of PrFe  3(BOs)s also clea rly
demonstrate an interaction between the 58 cm™ phonon and the crystal-field level of Pr*",

I am grateful to m y coauthors of Ref. 1. A financial support of th e Russian Academy of

Sciences under the Programs for basic research is acknowledged.
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Cubic perovskite SrTi;-xMn,O3 nanopowders with x = 0 — 0.5 - that is much higher than the
conventionally believed Mn incorporation limit — and particles size 10 — 80 nm have been
successfully synthesized by citrate sol-gel method. The crystalline structure, morphology, chemical
composition and lattice constant behaviour versus annealing temperature and Mn concentration
have been characterized by X-ray diffraction, scanning electron microscopy and proton-induced X-
ray emission techniques.

Studies of Raman light scattering and magnetic properties revealed activation of TO2 polar
phonon mode and magnetic ordering effects at low temperatures. Such features are treated as
evidences of non-d’° Mn-driven transition to a polar phase and multiferroicity in heavily Mn

concentrated perovskite SrTi;.«Mn,O3z nanoparticles.
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Yttrium and lutetium garnet single crystals doped with Ce®" are known as fast scintillators
with high light yield. The band-gap engineering with Ga-doping and the partial or complete
substitution of Lu and Y cations with Gd resulted in significant improvement of their scintillation
properties [1,2]. However, the presence of antisite defects in garnets is an inevitable consequence of
the high growth temperature of the bulk crystals. The growth of single crystalline films using the
liquid phase epitaxy method avoids the creation of antisite defects in the garnets structure, obtaining
films with scintillation performance not worse than that for the single crystals [3]. Here we report
on the growth, optical and luminescence characterization of ce’t - doped Gd;(AlxGai)sO012
(x=0.00, 0.22, 0.31, 0.38) single crystalline films.

The quantitative chemical analyses of films were performed using electron-ion scanning
microscope «QUANTA 3 D FEG» and scanning electron microscope Quanta 600 FEG.
Transmission spectra were measured using Perkin Elmer Lambda 900 spectrophotometer. The
luminescence characteristics as well as the reflectivity were measured using synchrotron radiation at
the beamlines I (SUPERLUMI station) and BW3 at DESY (Hamburg) and at the branch-line
FINEST at MAX-lab, Lund. Ce®" - related luminescence has been observed in the case of partial
substitution of Ga with Al ions. The effect is connected with the shift of 5d Ce levels to the
bandgap. Experimental evidence of the bandgap increase with the introduction of AP’ ions into
gadolinium gallium garnet is presented as well. This work was supported in part by M.V.
Lomonosov Moscow State University Program of Development.
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We study the fluorescence quenching kinetics I(t) from the *Fs, laser level in the Nd**
doped Y,03 spherical nanoparticles (NPs) of monoclinic phase synthesized by laser ablation of

solid targets with subsequent recondensation in flow of air at atmospheric pressure [1]. We show

that the fluorescence quenching in the NPs is
determined by two processes: static dipole-
dipole quenching by vibrations of OH"
molecular groups associated with the oxygen
Nd** dipole-dipole
energy migration with subsequent Nd** - OH"
quenching. We find that at 0.1 at.% of Nd**

concentration the process of static quenching

vacancies and Nd*'

by the OH" acceptors dominates for two types
of optical centers detected. In the 1.0 at.%
Nd®*:Y,0;, spherical NPs the first time in a
solid-state impurity laser medium we observe
non-stationary kinetics on the entire length of
a time-dependent luminescence quenching
(Fig. 1), starting from static decay and ending
with  fluctuation kinetics of fluorescence
hopping quenching. We discuss the kinetics at

3 & 8% of Nd**.

References

R 0.1% Nd**

g Lh:’::?

Fig.1 Fluctuation kinetics of fluorescence
hopping quenching  N(t)=I(t)/exp(-t/zz),
where zz spontaneous emission lifetime, on
vibrations of OH" acceptors for two different
types of optical centers (red and blue) in the
1.0 at.% Nd**:Y,0; crystalline spherical
NPs - two lower curves. The increase in the
Nd** donor concentration enhances the
migration of excitations over them, and
accelerates their quenching on the
acceptors. Excitation decay in the regions
depleted in donors and acceptors is
determined by the kinetics of the Forster type
N(t)=exp(-yt?) with the increased decay
decrement y=ya+yp comparing to static
Forster kinetics y=ya in the 0.1 at%
Nd**:Y,03 sample — upper curves.

V.V. Osipov, Yu.A. Kotov, M.G. lvanov, et al., Laser Phys., 2006, 16, 116-125.
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ADVANCESIN OXYFLUORIDE GLASS-CERAMICS
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e-mail of presenting author: rogulis@latnet.lv

Besides being a good medium for up-conversion displays [1], oxyfluoride glass-ceramics
have shown several new prospective application directions. For investigations of the up-conversion
mechanisms, the comparison of the optical spectra of the glass-ceramics and corresponding fluoride
macrocrystals has been fruitful [2]. Pan et a showed that terbium-doped glasses and glass-ceramics
of composition SiO,-Al,0s-Li,O-LaF; have high scintillation efficiency [3]; this efficiency is the
highest for glass-ceramics samples. We compared cathodoluminescence decay times for terbium-,
cerium- and europium-doped oxyfluoride glass-ceramics [4] and obtained that cerium-doped glass-
ceramics have shortest decay times. Formation of fluoride crystallites in the oxyfluoride glass-
ceramics could be tracked by the EPR hyperfine structure of impurity ions [5]. Activator ions in the
oxyfluoride glass-ceramics could be embedded in the oxide glass as well as in the fluoride crystal
parts of the ceramics, revealing new possibilities of the construction of the spectral shape for solid
state lighting [6]. These and other new possibilities for applications of oxyfluoride glass-ceramics
will be discussed.
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OPTICAL FIELD-INDUCED SURFACE PATTERNING OF SOFT
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An interaction between laser light beam with high intensity gradient and soft materials
(amorphous chalcogenide and organic polymer films) was studied. The single light beam focusing
and two coherent beam interference were used for high light intensity gradient formation. Under
intensive illumination the formation of relief structures on the surface of amorphous films due to
lateral mass transport regarding the light propagation direction has been observed.

The amorphous films of chalcogenides (As-S, As-S-Se, As-Se and Ge-Se systems), azo-dye
containing organic polymers and low molecular organic glasses were used for the studies. The
influence of the amorphous film thickness, recording laser wavelength in the spectral range of (248
nm - 671 nm), grating period, light intensity and polarization state on the relief formation process in
amorphous inorganic and organic films was studied. It was shown that the efficiency of the surface-
relief formation strongly depends on the recording light polarization state [1]. The best surface
relief grating (SRG) formation was observed with (+45°, -45% and (RCP, LCP) combinations,
which involve primarily variation in polarization state across the film [2,3]. The relief grating
profile on amorphous films was analyzed by means of atomic force microscope (AFM).

The correlation between the exciting light field and the resulting surface deformation was
studied. The resulting surface deformation is determined by photoinduced birefringence in film
material.

The mechanism of the direct recording of surface-relief on amorphous films based on the
photo-induced softening of the matrix, formation of defects with enhanced polarizability, and their

drift under the optical field gradient force has been discussed.
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EFFECT OF HOLOGRAPHIC GRATING PERIOD ON ITS
RELAXATION INAMOLECULAR GLASSY FILM

Andris Ozols , Peteris Augustovs, Valdis Kokars, Kaspars Traskovskis, Dmitry Saharov
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Disordered materials are thermodynamically unstable and this instability manifests itself by
the relaxation of their structure. Relaxation phenomena in glasses and polymers have been studied
for a long time [1]. Holographic gratings (HG) recorded in relaxing photosensitive materials are
useful tools for relaxation studies [2]. Recently we have studied the effect of recording light
polarization on the HG relaxation [3].

In this paper, we report on the HG relaxation studies in 5,5,5-triphenylpentyl 4-((4-
(bis(5,5,5-triphenylpentyl)amino) phenyl) diazenyl) benzoate molecular glassy film. The thickness
of the film was about 2 mm. Transmission HG with the periods (L) of 0.50, 2.0 and 8.6 mm were
recorded with two symmetrically incident 532 nm laser beams until the maximum 633 nm readout
light transmission diffraction efficiency (DE;) was reached. After that DE, and reflection diffraction
efficiency (DE;) were monitored during about 20 minutes. Further, DE; and DE, measurements
were repeated during three months.

Completely different DE; temporal dependences were observed for different periods. DE;
was monotonically decaying in the case of L=0.50 mm, nonmonotonically changing (small maxima,
deep minima) in the case of L=2.0 mm and it was relatively stable at L = 8.6 mm. DE; was
nonmonotonically increasing in the case of both L=2.0 mm and L = 8.6 mm. No significant
relaxational self-enhancement was observed as in the case of a-As;S; films [2]. The obtained results
will be discussed in terms of thermal movement of large molecules bound by weak van der Waals
forces.

Acknowledgment: Thanks to Latvian State Research Program in material sciences for
financial support.
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Layered double hydroxides (LDHs) are com posed of positively charged (host) layers of

mixed metal hydroxide and charge-compensating (inter)layers of anions and water molecules. It has

been reported that an LDH is the m ain phase in a corrosion product on Zn-Al alloy (50-55%

aluminium). It was observed that regardless of a type of the main corrosion-active anion (CI', SO4*)

in the environment, the interlayer height value of such LDH is equal to the double oxygen van de r

Waals radius. Then the LDH composition was accep

arrangement of COs> anions in the interlayer.

In this wo rk, anatur al Zn-Al LDH
structure was grown on a surface of Zn50Al
alloy (Al~50%,Zn  ~40%, Si~10%) in
decarbonized water (Figure 1). Parameters of
the hexagonal crystal lattice were m easured to
be a = 0.305 nm, ¢ = 2.253 nm, where the latter
corresponds to the interlayer height of 0.274
nm. Based on the data of both chem ical
analysis and XRD, the Zn/Al ratio in the hos t
hydroxide layers was found to be about 1. This
is rather unusual since the most stable LDHs
are those with the b ivalent-to-trivalent metal
ratio between 2 and 3.
the main

It was revealed that

ted to be a Zn-Al-carbon ate with a ‘flat’

003
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Fig.1 XRD patterns of a Zn50Al alloy surface

before (a) and after (b) formation of the LDH

phase. Inset: SEM image of the LDH structure.

intercalated anion in the obtained LDH is OH ". The arrangement of hydroxide anions and crystal

water molecules in the interlayer was suggest ed and simulated. Mechanism of the LDH phase

formation and methods to control its composition and crystal structure were proposed. It is expected

that a modified surface LDH structure can provide efficient corrosion protection of Zn-Al alloys.
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CsCdBrs:Ni** is known as one of a few borate systems to exhibit luminescence from various
Ni?* levels [1]. Ni*" ions substitute for the Cd** ions at slightly distorted octahedral positions. Using
the experimental spectra from Ref. [1], we have calculated the Ni** energy levels in the framework
of the exchange charge model of crystal field [2]; good correspondence to the experimental results
was demonstrated, including the trigonal splitting of the orbital triplet states (Fig. 1). Besides, the
effect of changing interatomic separation on the overall behavior of the nickel energy levels was
studied by calculating the corresponding energy level schemes for 21 different Ni-Br distances R
(Fig. 1). In this way we determined the power dependence of the crystal field strength 10Dg on R
as10Dq = 3.57804 x10°/ R****% where R is expressed in A and 10Dq in cm™. Knowledge of the
10Dqg(R) function allows for further estimations of the parameters of the electron-vibrational
interaction, Huang-Rhys factors and Stokes shifts. In particular, with the above given 10Dq(R)
dependence we calculated the Stokes shift for the *A,-T,y absorption and the *T,g->Asg emission to
be about 1700 cm™, in reasonable agreement with the values of 1900 cm™ and 1400 cm™, as

reported in Refs. [1] and [3], respectively.

3t
19 —
20000 17 — 12000
— 129 — ®  10Dq, calc.
— \1A1g —— Power fit (see equation)
15000 1 10000 4
'g . Eg - e
- = 5 8000
210000 3T1g °
) a
i _— 3-|-2 —_— = 6000 4
5000 9 3.57804x10°
4000 10Da =""pemm
0l — 3ay, — . . .
Experim. [1] Calc. (thIS Work) 2.6 2.8 3.0

Ni-Br distance R, A

Fig.1. Comparison between the calculated (this work) and experimental [1] energy level schemes of
Ni**in CsCdBrs; (left) and dependence of the crystal field strength 10Dq on distance R (right).
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Carbides of the transition metals are extensively studied both theoretically and experimentally,
since they are very important technological materials due to a unique combination of their remarkable
physical properties such as chemical stability, hardness, high melting temperature and thermal
conductivity, corrosion and wear resistance, which allows for their wide use in the wear-resistant parts
of various mechanisms operating at extreme conditions.

In the present work six transition metal monocarbides (TiC, VC, CrC, NbC, MoC, HfC) with the
rock-salt structure were selected for a detailed comparative ab initio study of their structural, electronic,
elastic, and thermodynamic properties at ambient and elevated up to 50 GPa hydrostatic pressures. The

CASTEP module of the Materials Studio package was used for calculations.

The relation between the elastic and bonding properties and the
number of valence electrons in each compound was considered. A

certain correlation between the elastic parameters and “metal-

carbon” effective charge difference, on one side, and a number of the

valence electrons, on the other side, was found. The calculated =

values of the elastic constants were used for further estimations of . )
Fig. 1. Cross-sections of the

the Debye temperatures, Grineisen parameters, specific heat Young’s moduli surfaces in the
capacities and linear coefficients of thermal expansion. For CrC and ébpa?lane. The axes units are
MoC the Debye temperature and Grineisen parameter were estimated for the first time; reliability of
those estimations is based on good agreement between those parameters for TiC, VC, NbC, HfC
obtained in the present work with the experimental data.

The elastic anisotropy of the considered carbides was studied to identify those directions in the
crystal lattice, which correspond to the greatest and smallest Young’s moduli values (Fig. 1) [1].

We believe that several “property-property” and “structure-property” relations uncovered in the
present study can be helpful for the analysis and predictions of properties of similar compounds.
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The neutron-sensitive image plates (NIP’s) [1,2] used on the LADI [3] and VIVALDI [4]
Laue diffractometers at the Ins titute of Laue-Langevin offer se veral advantages as cold- and
thermal-neutron detectors, notably excellent re solution, wide dynam ic range, and easy
incorporation in large-solid angle detectors. They consist of a fil m of finely dispersed storage
phosphor (e.g. BaFBr:Eu®") in an organic binder on a thin plastic support. In general, a storage
phosphor functions as f ollows: ionizing radiation generates metastable electron and hole trap
centers, whose concentration is proportional to  the incident dose. T he centres with trapped
electrons are photostimulable, so upon photostimu lation each electron recom bines with a hole
center to produce photostim ulated luminescence (PSL), which is proportiona | to the density of
the locally trapped electron and hole pairs and thus proportional to the locally absorbed dose of
incident ionizing radiation. These storage phosphor s are made sensitive to neutrons by adding a
neutron converter. Scanning the NIP with a fo cused laser and a photomultiplier faced by an
optical filter allows simultaneous excitation and detection of lum inescence from the co lour
centres so that stored information is read out spot-by-spot.

In this presentation we will:

1. Summarize the current status of research in  the field of neutron storage phosphors with
emphasis on the specific requirements for both phosphor and converter.

2. Report the luminescence properties — emission and stimulation characteristics — and the
temperature dependence, of current popular NIP’s as well as their characterization with
different y-ray sources.

3. Give an overview of recent re sults of com parative measurements of PSL record ed after
neutron irradiation of anum ber of new combinations of  converter/storage phosphors,
namely Eu®*-doped BaSrFBr, CsBr etc, ¢ ontaining various quantities of Gd ,03, B,Os, LiF
or L1,B4O7 neutron converter.

4. Demonstrate the preparation of large unifo rm prototype NIP’s by layering a BaStF Br:Eu®"
phosphor (obtained from P.Leblans, Agfa) alternately with Gd ,0; converter (with D.A.A.
Myles).

5. Report new results of luminescence characterization of some novel neutron storage
phosphor (jointly with TU Delft, TU Darmstadt, and Lviv University, Ukraine)

6. Suggest some possibilities to improve current instruments.
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The measuring of luminescence excitation spectra of insulators in extra wide region of spectra from
UV to soft x-rays is a difficult but very informative problem. This spectral region covers most
peculiarities of electron structure of insulators, starting from fundamental absorption region up to most
core levels. Therefore the luminescence excitation spectroscopy provides information about relaxation
channels of most excitations produced as intermediate ones in scintillation process. Some semi-
phenomenological processes are influenced on the excitation spectra, namely, surface losses and
photoemission. However, a lot ofexperiments in the soft X-ray range showed the contribution of other
mechanisms [1]. X-ray edges displays not only dips in excitation spectra (which is typical for surface
losses), but also positive steps [2]. This enhance of efficiency of several channels of relaxation, as well as
nonproportional yield in regions far from core levels demonstrate the role of non-uniform spatial
distribution of secondary excitations, which depends strongly on the energy and a nature of the primary
ones [3].

To study the EEs relaxation process in spatially non-uniform regions of electronic excitations, we have
selected a series of the wide bandgap crystals possessing different emission mechanisms: La,Ce;<F3, Csl
(pure and doped by TI, In, or Na), BaF; and cerium doped trioxides. The experimental data were taken at
BEAR beamline of Elettra synchrotron light source. This machine is operated in multibunch mode using
the stabilization system for beam position and current. The large spectral range from 5 to 1600 eV is
covered by using the plane-grating monochromator supplied with three interchangeable gratings. The
emission spectra of crystals were recorded by using ANDOR Newton CCD coupled with small ANDOR
spectrograph.

This work is supported by 7th FP INCO.2010-6.1 grant agreement No 266531 (project SUCCESS).

References
[1] A.N.Belsky et al, NIMA 361, (1995) 384-387,.
[2] A.N.Belsky, et al, J. of Lum. 72-74 (1997) 93-95
[3] A.Belsky et al, in: Proc. of SCINT2005, Kharkov, Ukraine, 2006, pp.22-25.

51



OR-13
EXAFS spectroscopy and first-principles study of ShWO,

A. Kuzmin, A. Anspoks, A. Kalinko, J. Timoshenko, R. Kalendarev
Institute of Solid State Physics, University of Latvia, Latvia

e-mail: a.kuzmin@cfi.lu.lv

Stannous tungstate SnWQy is very interesting compound, rarely studied in the past. It
has two stable phases: the low-temperature orthorhombic a-phase and high-temperature cubic
B-phase, which transform into each other by a diffusion-controlled phase transition
mechanism at 670°C [1]. The crystalline structure of a-SnWOQy, is composed of distorted SnOg
and WOs octahedra, which are joined by vertices into 2D-sheets held together by Sn** ions
[2]. In high-temperature B-phase, which is metastable at room temperature, the structure is
built up of slightly deformed WOy, tetrahedra interconnected with four strongly distorted SnOg
octahedra [2]. A distortion of metal-oxygen octahedra is caused by the second-order Jahn-
Teller effect (SOJT) [3] and has been of interest in the present study.

We will rep ort recent results of sy nchrotron radiation W Lj-edge x-ray absorption
spectroscopy study of the local atomic structure in a-SnWO, and B-SnWO, phases and
compare them with the results of the first-principles linear combination of atomic orbital
(LCAO) calculations based on the hybrid exchange-correlation density functional

(DFT)/Hartree-Fock (HF) scheme [4].

References

] W. Jeitschko and A. W. Sleight, Acta Cryst. B 28, 3174 (1972); 30, 2088 (1974)
]J. L. Solis, et al., Phys. Rev. B 57, 13491 (1998)

] M.W. Stoltzfus, et al., Inorg. Chem. 46, 3839 (2007)

]

[1
[2
[3
[4] A. Kuzmin, A. Kalinko, and R.A. Evarestov, Acta Mater. 61, 371 (2013)

52



OR-14

ANALYSISOF EXAFSDATA FROM COPPER TUNGSTATE
BY REVERSE MONTE CARLO METHOD

Janis Timoshenko, Andris Anspoks, Aleksandr Kalinko, Alexei Kuzmin

Ingtitute of Solid State Physics, University of Latvia, Latvia

e-mail: janis.timoshenko@gmail.com

Transition-metal tungstates are important materials with interesting optical, magnetic

and ferroelectric properties, which make them suitable for many practical applications [1,2].

However, arelation between properties of tungstates and their structure and lattice dynamics

is still debatable. X-ray absorption spectroscopy is a proper tool to address this question due

to its local sensitivity and element selectivity. A
complex structure of tungstates makes an
interpretation of the extended x-ray absorption fine
structure (EXAFS) using conventional methods
very challenging. Therefore, in this study we
analyze the Cu K- and W L3- edges EXAFS data
for CuWQ;, using the reverse Monte Carlo (RMC)
method.

RMC method is a numerical technique for
reconstruction of 3D atomic structure of material
by minimizing the difference between theoretically
calculated and experimental structure-related data.
Recently we have demonstrated that the RMC-

EXAFS analysis can be successfully used to
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Fig.1. Upper panel: experimental (T =10 K)
and calculated by the RMC method W Ls-
edge EXAFS spectrum for CuWO,. Lower
panel: the radial distribution function (RDF)
around tungsten, calculated from the RMC
results.

investigate relatively ssimple crystalline structures such as germanium and rhenium trioxide

[3]. Here we apply the RMC technique to simultaneoudly interpret Cu K- and W L3- edges

EXAFS data for significantly more complex system as CuWQO, with the aim to reconstruct the

local environment around copper and tungsten atoms.
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SrTiO; is a model quantum 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 frequeancy by the zero-
point motion. The enhancement of atomic
masses by the substitution of '*O for '°O
decreases the zero-point atomic motion and
low-T ferroelectricity in SrTi'*O; realizes

[1,2].

We report on local structure studies of
Ti in SrTi'®05 (STO16) and SrTi'*0; (STO18)
by extended x-ray absorption fine structure

(EXAFS) and x-ray absorption near edge
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Fig.1 Thermal dependence of the XANES pre-
peak intensity for STOI8 (red dots) and STO16
(blue triangles) compared with the Einstein
model.

structure (XANES) spectroscopy supplemented by optical second harmonic

generation (SHG) at low temperature (6 — 300 K). By comparing EXAFS and

XANES we have identified the isotopic effect which produces at T < 50 K a strong

deviation of mean square relative displacement of Ti-O bonds from the Einstein

model.
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Electrochemical double-layer capacitors (EDLC) are modern energy storage devices applied
for high power pulse system s. Two- and thr ee-electrode cells were prepared for the in-situ
synchrotron radiation initiated X-ray photoelectron spectroscopy  (XPS) investigations of the
electrochemical faradic process es attheel ectrode surface. 1-ethy I-3-methylimidazolium
tetrafluoroborate (EMImBF,4) asaroom -temperature ionic liquid (RTIL) electroly te and
molybdenum carbide derived carbon (C(Mo ,C)) electrodes were used to construct a supercapacitor
cell, where the region of electrodes polarizability was scaled up to AE =3.5 V (T =25 °C).

While at cell potentials AE > 2.9 V some faradic processes take place at the electrode | ionic
liquid interface, XPS measurements were applied for the inves tigation of the elem ental
composition, and the binding energies (BE) of B, C, F and N 1s electrons under real applied EDLC
cell potential conditions. Due to the very thin  electrode | RTIL interf ace the changesinth e
monitored elements 1s electronic structure, located at the working electrode surface, were analysed.

XPS data for the negatively polarised micromesoporous C(Mo,C) electrode indicate, that the
changes in C atom 1s BE spectra at AE > 3.0 V are initiated by the reduction of the carbon atom s,
located between two N atom s in the hetero-aromatic imidazolium (EMIm") ring. As a result of a
faradic process, the aromaticity of the EMIm heterocyclic ring has been lost and in the XPS spectra
the intensity of the signal generated by aliphatic C 1s photoelectrons increased.

At the cell potentials AE > 3.2 V (m easured for the negatively polarised C(Mo ,C)), a
shoulder in the lower BE value side starts to ~ form on the N 1s BE pe ak. The reduction of the
intensity of the main N 1s BE peak (BE = 403.9 eV ) accompanies with this. The appearance of this
shoulder indicates noticeable changes in the electroni c state of the nitrogen(s) 1s electrons in the

EMIm" cation, probably as a result of the start of the N-CH3 and/or N-C,Hs bonds cleavage.
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Luminescence excitation in the inner shells was studied at BW3 beamline (HASYLAB,
DESY), was used to study electronic structure of gadolinium molybdate Gd,(Mo00Q,); (GMO). It is
characterized by the pronounced decays in luminescence excitation spectra in the regions of the
core excitations of the atoms of the solid. X-ray photoelectron spectroscopy (XPS) and XUV
excited luminescence were shown to be mutually complementary. While XPS reveals the electronic
structure in the hole region and depicts its rearrangement after removing an electron from the shell,
luminescence excitation spectra show the density of unfilled states, which can sometimes be
correlated with the structure of the conduction band.

By comparing the results of XPS and inner shell excited luminescence, the position of Fermi
level in GMO was estimated at EF=2.7 eV above the top of the valence band. This also allowed for
Gd 4f level location, which was calculated at Egq4t= -5.8 €V relative to the top of the valence band.
This data was compared with appropriate estimations in the literature and found to be in general
agreement with them.

Luminescence of Gd** ions was registered under inner-shell excitation in contrast to the
VUV excitation range, where even at E=25 eV no gadolinium emission was found. Moreover,
intensive Gd** lines were registered in the excitation spectrum of intrinsic emission of GMO at T=8
K and in absorption spectra at T=300 K. There are several possible explanations, how Gd*'
emission could leave the crystal without reabsorption. The absorption might have intensity just
enough for the lines to be registered but not enough to absorb all emission. However, our estimates
show that excitation density at the BW3 beamline could be enough to excite a substantial part of
Gd* ions in the small near-surface area of the crystal, leading to decrease of absorption in this

spectral region. Some results of luminescent studies are presented more in detail in Ref. [1].
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Titanium diokside is very promissing material for photocatalysts, degradation of organic

compounds, splitting of water, for manifacturine self-cleaning materials and dye- sensitized solar

cells. It is generally concluded that the photocatalytic activity depends on the specific surface area,

degree of crystalization of the titania particles, phase composion and presence of dopants, witch

promotes absorbtion of visible light.

Self-organized TiO, nanotube-layers were formed by PR

electrochemical anodization of titania foil in a (NH4)>,SO4/HF
electrolyte. Doped with sulfur nanopores were prepared by
using method of micro arc oxidation in sulfur containing
electrolyte. Doped with sulfur nanotubes were prepared by

using their treatment at 380°C in H,S flow.

The catalytic activity was determined by degradation of MB
solution under UV and visible light illumination. The
photocatalytic activity of the prepared TiO, nanotubes and
nanopores depends on the preparation conditions and the
presence of sulfur. During illumination the degradation of MB
reaches 85-90%. The prepared modifed photocatalysts have
higher activity with respect to pure TiO, nanotubes. Sulfur
doped nanotubes have higher activity with respect to sulfur

doped nanopores.
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Fig.1 A) SEM micrograph of

sulfur doped TiO; nanotubes

B) SEM micrograph of sulfur

doped TiO; nanopores.
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For huge amount of applications it is essential to control shape, structure and

composition of nanoparticles (NP). One of the ways to obtain NP with controlled

parameters is to perform synthesis of NP and then to separate NP with necessary

parameters from synthesized material (using centrifugation and/or other methods).

However, such a way has extremely small efficiency, since most of the synthesized

material goes to the waste.

Another and challenging
way is direct synthesis of NP with
controlled morphology, size and
crystalline structure in large

quantities.

In this context wet
chemistry methods are very
interesting, since these methods

offer the possibility to produce

—— 500 nm
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Fig. 1. SEM image of ZnO nanorods.

NP in large quantities [1]. Also wet chemistry methods allow to control the shape,

size [1] and crystalline structure [2] of the synthesized particles.

As example of synthesis of NP with controlled morphology, we present ZnO

nanorods with homogeneous parameters (see Fig.1). One of the potential applications

for such ZnO nanorods is switchable IR reflecting “smart glass”.
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Nanowires (NWs) have many unique properties and are promising material class in
many various applications as parts of MEMS/NEMS devices. From this point of view it is
evident, that a greater understanding of adhesion and friction phenomena at the nanoscale is
necessary to engineer improved high performance devices. The manifestation of friction laws
at the nanoscale is completely different from their counterparts at the macroscale and the
need to determine, how friction depends on the contact area is one of the most important

issues in nanotribology.

We used nanomanipulation techniques, which have great potential in both
fundamental and practical aspects of nanotribology research. Copper oxide NWs were
deposited on silicon wafer coated with amorphous silicon and used as a basis to determine
static friction force. The substrate was chemically etched to achieve different levels of surface
roughness. Friction experiments were performed inside a scanning electron microscope
(SEM), where the NW lying on the substrate was manipulated by atomic force microscope
(AFM) tip attached to a nanomanipulation device. The NW was pushed by one end until
complete displacement of NW was reached. The bending profile of NW before complete
displacement was used to calculate the ultimate static friction force acting on the NW. As a
result, different average ultimate static friction forces for the varying roughness were
measured, meaning that a strong correlation between roughness and static friction exists. To
estimate the real contact area and interfacial strength, a multiple elastic asperity model was

implemented based on the Derjaguin—Muller—Toporov (DMT) contact mechanics.
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Two important scintillator materials, cadmium and zinc tungstate (CdWO, and ZnWO,),
were studied in details using the plane wave based first principles calculations [1]. The theoretical
results were in good agreement with the experimental X-ray photoelectron spectra and reflectivity
data available in the literature (Fig.1), and allowed us to explain the main experimental features,
including those induced by differences in the Cd 4d and Zn 3d states. Variations in the electron
density distributions due to crystallographically non-equivalent oxygen positions were revealed.
The influence of elevated hydrostatic pressure on the structural, electronic and elastic properties of
both compounds was studied theoretically. It was shown that the band gaps in both tungstates,
direct at ambient pressure, turn into indirect ones in the pressure range from 5 to 10 GPa. Linear
approximations of all characteristic chemical bond lengths on pressure and the complete set of
elastic tensor constants were calculated for both materials for the first time. We believe that the
present approach successfully tested on two selected tungstates can be applied to other compounds

to reveal “property-property” relations important for understanding fundamental material properties.
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Fig.1. Comparison between the calculated (this work) and experimental [2, 3] reflectivity spectra
for ZnWO, (a) and CdWO, (b) in the E||a polarization.
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Rare earth-doped semiconductors, like ZnS:Eu®", have attracted significant interest because
of their potential applications in electroluminescence. The luminescent properties of Eu®" ions in
cubic ZnS were investigated and the crystal-field (CF) analysis was performed in the cubic field
approximation by Mao and Yuen et al. [1]. c
However, such a CF calculation is very roug h
and cannot be used to explain the three-fold
splitting of the 'F; multiplet due to the site
symmetry descent ind uced by the charge

compensation effect. Therefore, in the presen t

work, we propose a hybrid com  putational-
LS
experimental approach to reproduce the true - el

. . . 3+ . ..
coordination environment of Eu ™ impurities Fig.l1 Schematic representation of the local

with charge compensating mechanism in its coordination structure of Eu® impurity ion in
hexagonal wurtzite ZnS. The symbol ““S;”” represents the

application to the sp ectroscopic analysis of  introduced S* ion occupying the possible interstitial
34 ) ) sites due to the charge compensation effect.

Eu” ions in hexagonal wurtzite ZnS.

The true coordination structure of Eu ** ion in the studied host can  be understood as four

original sulfur ligands plus an addition ch arge compensating sulfur ion (termed as Si(Oct), see Fig.
1). On the basis of the proposed local cluster of Eu®" ion embedded in the host environment, the CF
fitting calculations were carried out by em ploying the exchange charge model [ 2]. The reasonable
standard root-mean-square deviation (~24 cm™") indicates good agreement between the experimental
and theoretical results. To the best of our knowledge, this is the first time the luminescent properties

of the Eu’"-doped hexagonal wurtzite ZnS were reported along with the CF studies.
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Modelling of nonlinear dynamics of solids presents a serious problem in material science.
Here we present an analytical theory and a new MD method which include: 1) long-range linear
interatomic forces described by means of phonon Greens functions and 2) short-range non-linear
(anharmonic) forces considered explicitly [1,2]. The methods allow one to take into account the
effects of the macroscopic field on the intrinsic localized modes (ILMSs) in insulators. We also
predicted that ILMs can cause the appearance of the linear local modes (LLMs) which cause
modulation of their amplitudes [3]. Conducted by us calculations of intrinsic localized modes with
the frequencies in the gap of the phonon spectrum in Nal are in good agreement with experiment.
Recently the existence of LLMSs has been also confirmed experimentally.

We also performed MD simulations of recoil processes in alkali halide crystals following the
scattering of X-rays or neutrons taking into account the long-range linear interactions. At small
energies (<10 eV) the recoil can induce ILMs and associated with them LLMs. In metals, as a result
of the screening of the atomic interactions by free electrons, the odd anharmonicities may be
essentially reduced. Due to this reduction the frequencies of ILMs and LLMs can be positioned
above the phonon spectrum [4]. The MD simulations of the atomic motion in metallic Ni, Nb and
Fe (iron) confirm this prediction. If the recoil energy exceeds several tens of eV vacancies and
interstitials can be formed, in a strong dependence on the direction of the recoil momentum. In fcc
lattices the recoil momentum in (110) direction can produce a vacancy and a crowdion while in case
of recoil momentum in (100) and in (111) directions a bi-vacancy and a crowdion can be formed.

The research was supported by the project IUT2-27 and by the European Union through the
European Regional Development Fund (project 3.2.0101.11-0029).
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Due to their relatively small effective phonon energy that suppresses the rate of nonradiative
transitions numerous rare-earth doped fluoride and complex fluoride materials are considered to be
promising materials for various up-conversion luminescence applications.

The fluorides however suffer from oxygen-related defects [1, 2] emerging if no precautions
are taken during the synthesis of these materials. The presence of oxygen defects in fluorides may
disturb the energy-transfer processes which are particularly important in the case of up-conversion
because energy transfer is one of the most effective up-conversion mechanisms.

In this work NaLaF4: Er** has been synthesized in different atmospheres (air and fluorine).
The samples have been characterized by both stationary and time-resolved up-conversion
luminescence spectra. Excitation spectra for the dominant luminescence bands have also been
measured and analyzed. The analysis of the obtained data shows that the synthesis atmosphere is
crucial for obtaining of high quality efficient up-conversion phosphor. Additionally it has been
found that the prevailing mechanism of the “green” up-conversion luminescence of Er** in NaLaF,
depends on the synthesis conditions: in the sample synthesized in fluorine atmosphere the dominant
up-conversion mechanism is energy-transfer between Er®*, while the up-conversion luminescence

in the sample synthesized in the air atmosphere is governed by excited-state-absorption process.

The financial support of ERDF project Nr. 2010/0204/2DP/2.1.1.2.0/10/API1A/VVIAA/010
and VPP IMIS is greatly acknowledged.
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Hafnia and zirconia are famous materials for such properties as high thermo-mechanical
resisance, low optical losses and transparency in wide spectral range from UV to near IR and are
suitable for various applications including scintillators [1], gas sensors [2,3] and protective
coatings. Previous studies on Hfénd ZrQ thin films showed that intense emission of self-trapped
excitons(STES) at 4.2-4.4 eV can be observed at low temperatures with potential for scintillators
[1]. Nano-powders of the same compounds have some advantages over single crystals and thin
films because of their easy fabrication and lower cost. In [2,3], a low-energy emission was revealed
near 2-3 eV in Zr@ nano-powders and attributed to oxygen vacancies and related defects. Less
attentionwas paid to the excitonic emission and its behavior at low temperatures. From this point of
view the study of spectroscopic properties of nano-sized hafnia and zirconia is of great importance.

The samples studied were prepared by solution combustion synthesis using different fuels
(urea or glycine). Annealing of samples at 700°C for 2 hours in air was performed to crystallize
powders. XRD measurements showed that as-synthesized hafnia was amorphous, while annealing
resulted in a monoclinic structure. Zirconia powders were a mixture of tetragonal and monoclinic
phases. According to the SEM study (in agreement with XRD) the average particle size varied from
4 to 20 nm. Synchrotron radiation at SUPERLUMI beamline (HASYLAB at DESY) along with
laboratory setups (cathodo- and photoluminescence) at our home institute were used in
luminescence experiments on hafnia and zirconia nanopowders at T=8-300 K.

Along with the STE emission at 4.4 eV the defect emission bands in visible range near 3 eV
were observed at 8 K in the annealed hafnia. Zirconia possessed stronger luminescence bands neal
2.6-3.2 eV range due to defects. Excitation and relaxation mechanisms for both excitonic and defect

emissions in nano-size hafnia and zirconia powders will be discussed.
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In this study a new excellent thin corrosion resistant coating for Al 2024-T3 is
demonstrated. The coating is obtained by first applying anodizing process on
aluminium alloy substrates and then sealing all open pores by atomic layer
deposited Al,O3/TiO, nanolaminates with the thickness range of 100 nm.

Previously the laminates alone were used
for  protecting surfaces of steel
[1].Solutions  used in  conventional
anodizing processes were tested in
electrochemical pretreatments of Al 2024-
T3 samples for better compatibility with
ALD films. The surface of bare Al alloy
samples and coatings prepared on them
were characterized with HR-SEM, having
also FIB, X-ray microanalysis using EDXS
spectrometer, and with XPS. Corrosion
testing was done with cyclic voltammetry,
electrochemical impedance spectroscopy
and by immersion in neutral salt solution
following microscopical studies. ALD
laminate uniformly covered the alloy
surface and sealed the pores and defects
in it, thus, greatly improving the corrosion

Fi.l FIB made css
micrometer coating on Al 2024-T3.

resistance of the anodized samples compared to unsealed anodized ones.
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Titania (TiO;) has attracted atten tion asa perspective material for many
advanced applications using sunlight. Unfortunately, TiO, absorbs only a fraction of
sunlight, which reduces efficiency of its use in solar based applications. One wa y
proposed to enhance the absorption properties of titania is to dope it with cations [1].
The key idea here is that the added im purities modify the electronic structure, which
would effectively shrink the band gap.

One method which allows introducing impurities in large con centrations into
the samples is sol-gel m ethod. This method includes preparation of precursor films ,
aging and heat treatment. [t is w  ell known that the m orphological and structural
properties of pure titania films depend strongly on the heating temperature.

However, less is known about influence of heating tem perature on the m etal
impurities containing TiO, samples [2-4]. Exactly this is in focus of the present work:
influence of the heatin g temperature on th e crystallite growth, crystal structu re,
formation of impurity rich regions etc. In the present work it is used nickel, cobalt and
copper impurities, since these m etals are reported in the literature as  promising

impurities for TiO, solar based applications.
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Electromagnetic properties of carbon-based nanosystems are essential for creation of various
nanoelectronic devices. We pay main attention to CNT, graphene nanoribbons and nanofibers (i.e.,
GNR and GNF) and graphene-based aerogels (GBA), consisting of graphene nanoflakes, metallic
nanowires and nanopores, as the basis for the high-speed nanoelectronics and potential nanosensors.
Special attention is paid to fundamental properties of CNTs, GNRs as well as various CNT-Me,
GNR-Me, CNT-graphene interconnects. 3D GBA nanosystems are considered as complicated
system of basic nanocarbon interconnected elements. The developed cluster approach based on the
multiple scattering theory formalism as well as effective medium approximation is used for
nanosized systems modeling including calculations of dispersion law, electronic density of states,
conductivity, etc. [1]. Technological interest to contacts of CNTs or GNRs with other conducting
elements in nanocircuits, FET-type nanodevices and GBA is the reason to estimate various
interconnect resistances, which depend on chirality effects in nanotubes and nanoribbons.
Simulations of electromagnetic properties in interconnects for the evaluation of integral resistances,
capacitances and impedances of various topologies of nanodevices (1D, 2D and 3D), including
frequency properties (GHz&THz), have been performed. Parametric calculations of dc- and ac-
conductivities for CNT- and GNR-based elements (pure and doped) with various chiralities, which
provide important information for nanotechnology, are principal for nanosensoring devices. On the
other hand, both CNT-Me and GNR-Me based nanostructures can be considered as perspective

nanosensor structures, due to the active dangling atomic bonds within the interconnect area [1,2].
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Irradiation of many insulating solids with energetic particles may lead to a formation of
ordered long-range structures, e.g., void lattices [1]. They arise in open dissipative systems far from
equilibrium as a result of self-organization process. Despite numerous experiments, the void lattice
formation in CaF, under electron irradiation still possesses open questions regarding the
microscopic processes that govern the self-organization phenomenon [2].

In this work we propose a microscopic model that allows us to obtain a macroscopic
ordering of void lattice in accordance with experimental data. Electron irradiation leaves Ca atoms
intact. Therefore we model only F-atom sublattice, where irradiation can produce uncorrelated F-
atom vacancy and interstitial pairs. Interstitial and vacancy recombination is allowed when they are
in nearest neighbor (NN) positions. Further slow vacancy diffusion is accompanied with their NN
attractive interaction leading to the formation of vacancy clusters, i.e., voids. The driving forces for
the long-range void ordering are interstitial planes. They are formed from quickly diffusing
interstitial atoms that experience three atoms in a line (trio) attractive interaction.

Our cellular automata simulations demonstrate that global void lattice self-organization
occurs in a narrow parameter interval where void cluster and interstitial formed plane average
spacing is balanced. Moreover we can follow the kinetics of ordered void lattice emergence starting
from initial unordered stage according to experimental data.

G.Z. and P.M. greatly acknowledge the financial support of ERAF project
2010/0204/2DP/2.1.1.2.0/10/APIA/VIAA/010.
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BiFeOs; is both antiferromagnetic and ferro-
electric with high Néel and Curie temperatures, about
640K and 110 K, respectively. In low magnetic field
Fe’* spins order cycloidally, inducing an additional
electric polarization, which interacts with the ferro-
electric polarization of the lattice and produces a
magneto-electric term in the total energy. We have
measured the magnetic field dependence of infrared
active magnon modes in an untwinned BiFeO; single
crystal at 4K. The magnon modes soften close to the
critical field of about 18.8T along the [001] cubic
axis, where the cycloid is destroyed and the low field
magnon modes disappear. A new strong mode with
linear magnetic field dependence appears above 19T
and persists at least up to 31T. This allows us to
assign all the low field modes as excitations of the
cycloid.
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Ba,CoGe,O5 is a multiferroic where there 1s an
entanglement between the magnetic moments
of Co and the electronic charge on Co-O bond.
By applying external magnetic field this
square-lattice  antiferromagnet can  be
transformed to a chiral form, evidenced by
large optical activity when the light is in

resonance with spin excitations at sub-
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Fig.1 Dependence of THz light absorption

on the direction of applied field By relative
to the light propagation, k|[[100].

terahertz frequencies. We found that the directional dichroism, the absorption difference for the

light beams propagating parallel and anti-parallel to the applied magnetic field, has an exceptionally

large amplitude close to 100% and persists to fields up to 30T. The chirality-induced directional

dichroism is ascribed to the magnetoelectric nature of spin excitations as they interact with both, the

electric and magnetic components of light [1]. In the ESR and THz absorption spectra we found

several spin excitations beyond the two conventional magnon modes expected for such a two-

sublattice antiferromagnet. A multiboson spin-wave theory describes these unconventional modes,

including spin-stretching modes, characterized by an oscillating magnetic dipole and quadrupole

moment. The lack of inversion symmetry allows each mode to become electric dipole active. We

observe a spin flop at 16 T, that is consistent with our theoretical calculations[2].
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TiO,-based MIM structures and their application in future non-volatile Redox resistive
RAMs were subject of intense studies in last period. Incorporation of thin AlL,O; barrier was
recently proposed [1] to reduce high operating currents of such structures. In this contribution we
investigate resistive switching properties of TiO, thin films equipped with thin Al,O; barriers of
different thickness prepared by PEALD sandwiched in between of Pt electrodes. As the Al-oxide
barrier gets thinner, the hysteretic resistive switching behaviour changes from rather unpredictable,
scattered switching loops typical for Al-oxide to rather uniform hysteretic I-V loops (left Fig.) with
improved controllability and promising endurance characteristics (right Fig.). We attribute this
transition to charge trapping phenomenon and we investigate its effect on the switching properties

with respect to their potential application in non-volatile ReRAMs.
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Detailed understanding of hydrogen-solid interactions is important not only for practical
applications in hydrogen storage tanks but also for fundamental research. Clinoptilolite is one of 40

naturally occurring zeolite frameworks currently known. However there are almost 3 million

theoretically possible structural combinations

reported of synthetic zeolites. Economical .
3,0 ]
aspect is a good reason to seek simple, 25 ]

common and cheap materials for hydrogen 20

storage; therefore natural materials are 151
. 1,0 7
especially favourable. ]
05 4

First derivative, d¥p/dDp, mm'ig*nm

There are several theories about

0,0 —
1 10 100
Pore diameter Dy, nm

hydrogen bonding process with zeolite, such

as Langmuir equations, that explains hydrogen Fig.1 Pore volume of clinoptilolite.
adsorption basic filling of pores, and spillover
effect, where catalyst presence allows manipulating hydrogen gas as well as atomic hydrogen;
nevertheless the results are not always consistent. That is concluded in experiments using different
methods to precise the mechanism of adsorption and measuring efficiency.

In our work the various experiments using natural zeolite (clinoptilolite) are performed -
Mass spectroscopy, volumetric and thermogravimetric sorption experiment of clinoptilolite are
performed. FTIR spectroscopic studies are used to confirm adsorption of hydrogen molecules in the
vicinity of light metal ions introduced in zeolite by repeated ion-exchange procedures. Effects of air

humidity and temperature on hydrogen adsorption efficiency are investigated.
Acknowledgement: Authors acknowledge ERDF project Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/

VIAA/031 for financial support of scientific experiments and ERDF project Nr.
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Reduced activation ferritic-martensitic steels (RAFM) strengthened by yttria precipitates are
promising structure m aterials for future fissio n and fusion reactors. Im plementation of these
materials allows increasing the operation temp  erature of blanket stru ctures by ~100°C. The
mechanism and kinetics of Y ,O; nanoparticle for mation in the st eel matrix are required to be
clarified to develop the oxide dispersed strengthened (ODS) steels. A number of Y and O atoms are

decomposed from yttria clusters in Fe matrix with concentrations above their equilibrium solubility.

Ab initio calculations

performed using the m ethod 0 ﬁ_
of  plane-wave density ' J
functional theory (PW-DFT) ) & ——

within  the  generalized g -+ _
gradient approximation g fj‘{r—‘—
(GGA) evidently show that = ﬂ__ ) |@

the iron vacancies influence - 1 —I_ ! AT
on a bonding between the I T SR N T T I T R T I
impurity defects (O and Y T YF.+6 VFe

atoms) in lattices of bcc and _ _ o )
Fig.1 Energetic stabilization of Y atom surrounded by different

fcc iron ph ases existing at number of Vg, vacancies in bce iron lattice
operation temperatures.

If oxygen impurity atoms can reside in both vacancies (V) and lattice interstitials of a- and
y-iron phases, with com paratively small migration barrier inside th e lattice (1.1 eV in the case of
interstitial transition), the yttrium atoms can substitute iron atoms only and Y migration is possible
in presence of Vg vacancies [1]. Stabilization of solute Y atoms by vacancies increases the binding

energy between them up to six nearest V. neighbors (Fig. 1) and reduces the migration barrier.
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Among advanced materials for clean energy, non-stoichiometric Ba,Sr;_xCo;_yFe,O3_5
(BSCF) and La,Sri_xCoi_yFe,O3_5 (LSCF) are considered as promising materials for
cathodes in solid oxide fuel cells (SOFC) and oxygen permeation membranes [1,2].
BSCF exhibits the best oxygen exchange performance amongst similar materials, mixed
ionic and electronic conductivity, high oxygen vacancy concentration, and low diffusion
activation barrier, which largely define the oxygen reduction kinetics. However, it
exhibits a trend to decompose at low temperatures into a mixture of cubic and hexagonal

perovskite phases, which strongly affects its use.

To understand the mechanism(s) of this undesirable process, the first principles quantum
mechanical calculations of BSCF and LSCF crystals with different non-stoichiometry
were performed and possible decomposition scenarios were studied. It is shown [3] that
formation energies of oxygen vacancies in the cubic and hexagonal phases of BSCF
differ considerably and also behave in quite different ways depending on non-
stoichiometry; in fact, it is the oxygen non-stoichiometry that makes the cubic phase
more stable than the hexagonal phase. In comparison, LSCF is shown to be much more
stable with respect to both the phase transformation and phase decomposition. The first
principles calculations are accompanied by a thermodynamic analysis of the conditions
under which a cubic phase is stable, in a good agreement with experimental data.

This work is supported by the GIF project # 1-1025-5-10/2009, EC COST project CM
1104, and US National Science Foundation (NSF, grant CMMI-1132451).
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[2] Yu.A. Mastrikov et al, PCCP, 15,911 (2013)

[3] M.M. Kukla et al, J Phys Chem C 116, 18605 (2012).
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Sulphur poisoning of nickel-cermet solid oxide fuel cell (SOFC) anode catalysts working at
mid- and low temperatures is widely studied but not completely understood. Here we demonstrate
novel experimental approach to obtain Sulphur K-shell X-ray absorption near edge spectroscopic
information at operando conditions, thus, at working fuel cell with the flux of O* from cathode to
anode. Spectroscopic information was collected at different temperatures from T=550°C to 250 °C,
at 5 ppm H,S/H, reacting with the Ni-gadolinium doped ceria anode. Several sulphur species in
different oxidation states (6+, 4+, 0, -2) were observed. According sulphur speciation analysis, the
species could either relate to ~SO.* or SO3(g), —SO3> or SO4(g), S»(g) or surface-adsorbed S atoms,
and, Ni or Ce sulphides, respectively. The appearance of different sulphur oxidation states as a
function of temperature was analysed and compared with thermodynamic calculations. Deviations
between experimental data and calculations were observed. Differences are most likely caused by
fact that calculations are equilibrial but at working fuel cell steady state conditions are prevailing.
Differences between stoichiometric CeO, used in calculations and partially reduced Cey9Gdy 10,5

in the working fuel cell could also cause deviations from theoretical preictions.
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HIGH FREQUENCY NOISE IN EPITAXIAL GRAPHENE ON SiC
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Graphene, a single layer of carbon atoms arranged in a honeycomb lattice,
seems to be a very promising material. The combination of perfect charge-carrier
confinement with very high carrier mobility in a two-dimensional structure makes it
an ideal material for highly scaled electronics [1, 2]. Various methods such as
mechanical exfoliation, laser irradiation, chemical vapor deposition, and thermal
decomposition (sublimation) are used for graphene preparation/growth.

Microwave noise technique is applied to study in-plane electronic properties of
epitaxial graphene layers grown on semi-insulating SiC in a cold wall ultra high
vacuum chamber by thermal decomposition method. The layers were subjected to
high electric field applied in the plain. The noise spectrum is measured in the field
direction at room temperature. While an 1/f *-type dependence is found in 200 MHz -
2.5 GHz band, a shot noise contribution dominates at 10 GHz. The high-frequency
noise of graphene on silicon carbide is compared with the noise of graphene on
sapphire grown by chemical vapor deposition [3]: the 1/f noise is stronger in the
graphene layers on silicon carbide. The shot noise is possibly associated with electron

jumps across the potential barriers located between the graphene crystallite domains.
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Multiwall carbon nanotube (MWCNT) based composites are under intensive investigations
due to their remarkable electromagnetic (EM) shielding properties realizing at small volume
fraction of the inclusions [1]. Nowadays the main efforts in the development of composite
production technology are directed to increase effective permittivity of MWCNTs-based composite
by means of homogenous nanotube dispersion in the dielectric matrix. However, much less
attention has been paid to the possibility of EM response enhancement of MWCNT-based
composite by appropriate choice of nanotube geometry - length and diameter.

In the present report the electromagnetic response of finite length multiwall carbon
nanotubes was theoretically studied in the terahertz and sub-terahertz regimes, by solving
electromagnetic boundary-value problem [2]. The polarizability of the MWCNTSs has peak in the
sub-terahertz regime. The peak frequency depends on the length and diameter of MWCNTSs. Two
regimes (quasi-static and dynamical) of nanotube interaction with EM radiation have been
established. In quasi-static regime a strong depolarizing field creates a shielding effect: the
penetration depth of the axial component of incident field depends on the frequency, the length, and
the electron relaxation time. The screening effect makes MWNTS suitable as interconnects.

The shielding efficiency and effective permittivity of MWCNT-based composite material
were calculated at different nanotube diameters and lengths. The main features of the gigahertz
spectra of the effective parameters of MWCNTSs composite, previously observed in experiments
have been systematized and theoretically described. The optimization of MWCNT geometry has
been done in order to get the maximal effective permittivity of MWCNT-base composite in

terahertz and sub-terahertz frequency regimes.
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We report on the exp erimental study of electromagnetic (EM) prope rties of multilayered
graphene in K ,-band synthesized by chem ical vapor deposition (CVD) process in between
nanometrically thin Cu cata lyst film and dielectric (SiO;) substrate. The quality of the produced
graphene samples was monitored by Ra man spectroscopy. The thickness of graphene film s was
controlled by atomic force microscopy (AFM) and was found to be a few nanom eters (up to 5 nm).
The microwave measurements were provided by scalar network analyzer R2-40 8R (ELMIKA,
Vilnius, Lithuania). The reflective ability of investigated sample (approx. 25% of incident power) is
mostly due to substra te, whereas absorption los ses are due to the pres ence of the m ultilayered
graphene. EM absorption of graphene film is found to be as high as 35-43% and in the frequency
range from 27 to 29 GHz it is in the level 0of 40% and almost frequency independent. Theoretical
modeling using Fresnel's formulae taking into account boundary conditions in the rectangu lar
waveguide demonstrates good correspondence to the ex perimental data collected for graphene film
on silica substrate in K,-band.

To conclude, we discovered, that the fabricat ed graphene, being only som e thousandth of
skin depth, provided rem arkably high EM shieldi ng efficiency caused by absorptio n losses at the
level of 40% of incident power. Being highly conductive at room temperature, multilayer graphene
emerge as a prom ising material for m anufacturing ultrathin m icrowave coatings to be used in

aerospace applications.

This work was partially supported by EU FP7 projects FP7-266529 BY-NanoERA and FP7-
247007 CACOMEL.
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Porous zinc ferrite (ZnFe,04) nanoparticle clusters have been synthesized by the sol-gel
auto-combustion method and the effect of excess iron on structural and visible light photocatalytic

activity have been studied. X-ray diffraction (XRD), BET, scanning electron microscopy (SEM)
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investigate characteristics
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nanomaterials. The XRD
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nm. SEM analysis indicate that nanosized particles are grown together in clusters with size of
several microns. The photocatalytic activity of synthesized ferrite nanomaterials to methylene blue
(MB) under visible light irradiation is investigated. Results show that stoichiometric zinc ferrite
exhibited higher photocatalytic activity (40%) than excess-iron sample (6%) under visible light
irradiation by 3 hours. Lower photocatalytic activity of iron excess samples could be related to
oxygen vacancies, which are created by restoring overall charge balance in the material and can

behave as recombination centres.
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Modification of composition is widely used for development of ceramic oxide
materials with improved functional properties. However, effects of dielectric relaxation are
often observed in compositionally disordered complex oxides. In this work dielectric
properties of Bi -containing solid solutions on the base of perovskite-like compounds
promising for the development of piezoelectric ceramics for high-temperature applications
were studied.

Layered structure Ca(Bi,Nd)4(Ti,B)4O;s (B - Cr, Ta — 10 at. %) and perovskite
structure solid solutions (Bi,Pb,A)(Sc,M)O; (A — Nd — 10 at. %; M — Ti, Ga, Lu, Yb, Er, Y —
10 at. %) were prepared by the conventional solid state reaction method. The compositions
were additionally modified by additives (Bi,O3, MnO;, Ni,0O3, Cr,O3, and LiF) in amounts
less than 5 w. % in  order to improve density of ceramics and their dielectric properties.
Ceramics on the base of composition 0.36BiScO; - 0.64PbTiO3; (BSPT) were modified by the
powdered BisTi30,, and Big 75819250, 36 single crystals additives (5 - 10 w. %) to stimulate
the texture formation.

Structure parameters, phase transitions, dielectric and ferroelectric properties of
ceramics were stud ied usingt he X-Ray diffraction and dielectric spectroscopy method,
piezoelectric coefficients of some ceramics were measured as well.

The 1 order ferroelectric-paraelectric phase transitions were observed for all samples
at temperatures 700 — 1000 K. Besides the di electric anomalies corresponding to pha se
transitions, broad dielectric anomalies of relaxation nature were al so revealed, with
temperature position of peaks in dielectric permittivity curves depending on meas uring
frequency. These effects are pro nounced in the samples obtained at higher sintering
temperatures, so a m icroscopic mechanism of the relaxor behaviour may be related to the
motion of dipoles formed by oxygen vacancies. Decrease of the total conductivity value to
more than one order in modified samples sintered at1ower temperatures supports this
conclusion.

High values of piezoelectric coefficients d;; ~500 pC/N and of electromechanical
coupling coefficient ki ~0.50 were m easured for some BSPT ceramics. The improvement of
properties observed is obviously related to the optimization of crystal structure parameters
and decrease of concentration of oxygen vacancies favoring to the enhancement of the domain
walls movement and to improvement of piezoelectric properties.

The work was supported by the Russian Fund for Basic Research (Grant 12-03-00388).
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The problems related to wet preparation of advanced ceramic materials often arise from initial point
of processing — the precursor. SnO; in particular is difficult to prepare without contamination
originating from precursors. In current work a novel kind of sol precursor is proposed for solving
the problems related to preparation of nanocrystalline SnO, with desired geometrical shape. The
proposed process for precursor preparation is very robust, involving simple mixing of tin alkoxides
(Sn(OR)4) with large excess of water at room temperature [1]. The precursor, a water based SnO,
colloidal system, is set out as separate liquid phase. The stability of the system, based on cassiterite
phase nano-crystallites 2-3 nm in diameter could be explained by strong interaction between -OH
groups on the surface of the particles and surrounding water molecules. Exact size, structure and
shape of precursor particles is revealed by XRD, SAXS, EXAFS, HRTEM imaging and IR
spectroscopic analyses. Chemical mechanism for explanation of formation and nature of colloidal
particles is proposed. The applicability of the precursor is proved in preparation of optically
homogeneous microspheres. As great advantage of the precursor, obtained xerogel particles can be
heat treated rapidly just by putting the sample directly into pre-heated oven or flame. The
crystallization of materials caused by thermal treatment is studied with micro Raman spectroscopy
and SEM imaging. The proposed method is simple and safe and should be applicable in industrial

processing of technologically important SnO, materials in defined geometrical forms.
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We present a first-principles technique for electrons in a cloud of their lattice distortion with
emphasis on local description of polarons associated with the lattice sites.

The scientific background is lattice Hamiltonians with electron-phonon interaction in a
momentum space representation missing position space properties of polarons as a disadvantage.

Milestones to avoid this disadvantage include transition from the Bloch momentum space
representation to appropriate localized functions in position space and successive Baker—Hausdorf
canonical transformation applied to the position space Hamiltonian with mixed electron and phonon
states.

This transformation yields the expected position space property, transition of a polaron
between lattice sites.

In more detail, the approach starts with the single electron energy in the Blochs
representation. The primary quantities needed to choose are position space basis functions
corresponding to criteria of localization and gauge invariance [1]. The subsequent momentum space
— position space transformation results in effective Hamiltonian with electron and phonon
birth/annihilation operators assigned to a lattice site.

At variance with the conventional Baker-Hausdorf canonical transformation applied for the
decoupling of the mixed electron and phonon states in momentum space, some care is required for
generator of the transformation [2] to construct the effective Hamiltonian with the standard
renormalized electron-electron and phonon terms as well as, as an entity of special interest, the

effective interaction of polarons.
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The (001) surface of cubic perovskite CaZrO; has been modelled by the DFT-based
calculations as implemented in the CASTEP module of Materials Studio package using both local
density and generalized gradient approximations (LDA and GGA, respectively). The surface
energies, electronic band structure, density of states, effective Mulliken charges and electron
density difference were calculated for both possible CaO and ZrO; terminations [1]. It was shown
that the surface rumpling is more pronounced in the case of the CaO terminated surface (11.3 % in
terms of the bulk lattice constant, as compared to 1.15 % for the ZrO, termination, see Fig. 1). The
surface energy of the CaO termination (0.558/0.130 eV, LDA/GGA) was found to be lower than the
surface energy of the ZrO, termination (0.829/0.291 eV), thus showing the former surface to be

energetically favorable.

Fig.1. The optimized CaO (a) and ZrO; (b) terminated (001) surfaces in CaZrOs. Difference in the

uppermost layers is clearly seen. The Zr atoms in Fig. 1b are located behind the O atoms.

The differences in the electronic properties of both slabs were revealed, e.g. the calculated band gap
of the CaO-terminated slab was found to be 2.913/3.106 eV (LDA/GGA), whereas the ZrO,-
terminated slab has the band gap of 2.827/2.967 eV (LDA/GGA). An analysis of the density of
states diagrams for ions from various layers allowed for highlighting remarkable difference between
the surface and deep layers. The calculated surface energies were compared with other theoretical

data for the isostructural cubic perovskites available in the literature.
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Photoluminescence studies of CuyZnSnSs (CZTS) polycrystals with varying
chemical composition were performed. Temperature and excitation power dependent
measurements revealed the following results. In the low-temperature (T = 10 K) PL
spectrum of slightly Cu-rich CZTS polycrystals two PL bands were detected at 1.27 eV and
1.35 eV arising from the band-to-impurity (BI) recombination involving deep acceptor
defect with the ionisation energy of around 280 meV but different CZTS phase with
different bandgap energy. In the low-temperature PL spectrum of nearly stoichiometric

CZTS polycrystals a deep PL band at 0.66 eV and another band at 1.35 eV were observed.

These PL bands are proposed to be related to the presence of (Cu’Zn +Sn§;) and

(2Cu’Zn +Sn§;) defect clusters in nearly stoichiometric CZTS. Room-temperature micro-
photoluminescence study of CZTS polycrystals with different chemical composition allowed
us to observe band-to-tail (BT) and band-to-band (BB) recombination at 1.39 eV and 1.53
eV, respectively. These results show that the model of heavily doped semiconductors applies
to CZTS and that on the contrast to the ternary analogues, ternary chalcopyrites, BT band

has very low intensity in CZTS.
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CupZnSn(S xSex)s (CZTS) are promising absorber materials for solar cells due to their
optimal direct band gap, high absorption ability and due to their abundant and non-toxic constituent
elements. Best efficiency achieved with kesterite absorber materials is 11.1% [1]. Solar cell results
depend strongly on the material composition, therefore a tight control of the composition and the
structure of CZTS is important for achieving high efficiency solar cells. Solar cell characteristics
can also be improved by post-treatments, but during high temperature post-treatments, the
decomposition of CZTS can occur. The volatile products of CZTS decomposition are SnS, or SnSe;
and sulfur or selenium. By applying vapor pressure of these volatile components in post growth
heat treatments the composition of kesterite absorber material can be controlled.

In current study, Cu,ZnSn(S;.xSex)s materials with x= 0 - 1 were synthesized in monograin
form in the liquid phase of KI as flux material with different Cu/(Zn+Sn) and Zn/Sn concentration
ratios. Synthesized monograins were post-treated in different atmospheres at various temperatures
using either isothermal or two-temperature zone arrangement. Heat-treated monograins were used
as absorber layers in monograin layer (MGL) solar cells. The elemental composition, phase
composition, and electrical and morphological properties of as-grown and post-treated monograin
powders were studied using EDX, SEM, Raman spectroscopy, XRD and hot probe measurements.
The MGL solar cells were characterized by current-voltage (1-V) and QE measurements.

It was found that the bulk and phase composition of the synthesized monograins could be
controlled by initial precursor composition. Experiments showed that Cu and Zn are to some extent
interchangeable in the crystal lattice. The best conversion efficiency 7.4% were achieved with Cu-

poor and Zn-rich Cu;ZnSnS4 monograins post-treated in SnS; vapor.
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These continuous recordings are the basis for the prognosis of energy production
(thermal, electrical), and for the comparison of different technological solutions. As
real solar collectors operate in different positions, the recorded (average) data have to
be recalculated for corresponding azimuths and tilt angles. Calculations of the beam
fraction are trustworthy, but calculations of the diffuse fraction contain uncertainties
due to different approximation models. The most popular of these is the isotropic
model, but we will show that it this different in overcast conditions and with
alternating (Cumulus) clouds. In the latter case, the well-known approximation model
has to be corrected, and in this study, a new empirical approximation model is
created. To increase the energy yield, different exposition strategies can be used and
we will evaluate them: optimal fixed exposition, continuous tracking and discrete

tracking in two different expositions for AM and PM performance correspondingly.

Keywords: diffuse radiation, clouds, tilted surfaces, exposition strategies
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4D X-ray microscopy(XRM), In Situ imaging of practical volume samples
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Abstract

In situ, 4D microscopy using X Ray microscopy is evolving as a valuable scientific technique. In
order to develop this further it is important to develop the technique using realistic representative
volumes in a wide range of materials. It is also important to evaluate the efficacy of the
application against more traditional methods by employing correlative imaging.

Conventional electron and optical microscopy techniques require the sample to be sectioned,
polished or etched to expose the internal surfaces for imaging. However, such sample
preparation techniques have traditionally prevented the observation of the same sample over
time, under realistic three-dimensional geometries and in an environment representative of real-
world operating conditions. X-ray microscopy (XRM) is a rapidly emerging technique that
enables non-destructive evaluation of buried structures within hard to soft materials in 3D,
requiring little to no sample preparation. Furthermore in situ and 4D quantification of
microstructural evolution under controlled environment as a function of time, temperature,
chemistry or stress can be performed repeatably on the same sample, using practical specimen
sizes ranging from tens of microns to several cm diameter, with achievable spatial imaging
resolution from submicron to 50 nm. Many of these studies were reported using XRM in
synchrotron beamlines. These include crack propagation on composite materials; corrosion
studies; microstructural changes in battery electrodes during charge-discharge or during the
setting of cement; stress in bones under load; flow studies within porous media to mention but a
few. While synchrotron-based XRM has the advantage of high flux and energy tunability, in this
study we present several similar in situ and ex situ studies using lab-based XRM utilizing
conventional x-ray sources, at resolutions and contrast comparable to those obtained at
synchrotron micro and nano beam lines. Crack propagation and compression-tension studies in
both hard and soft materials, featuring Alumina based refractory, TiSiC and polymer foam will
be discussed. Others include corrosion studies on intergranular corrosion pitting of aluminium
alloys used in aircraft, the formation of tin whiskers in medical and aerospace electronics; fluid
flow studies and CO2 sequestration in geomaterials and biomechanical studies of animal tissue
and organs will also be discussed. Unlike electron microscopy, XRM has much less limitations
in sample size and can image both surface or internal structures. Therefore, it is a powerful
technique to model materials, structures and whole systems for thermal-mechanical or transport
properties more accurately and is capable of doing it across multi lengthscale in 3D. System can
be used as a standalone technique or can be combined with optical, FIB-SEM, electron
tomography and spectroscopy as part of a correlative microscopy investigation, with XRM
providing the 3D Hierarchical Framework for the multiscale model. Examples will be illustrated
with pore network modeling of reservoir rock which is currently being increasingly being
employed in enhanced oil recovery in the oil and gas industry.
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Polymer Pen Lithography

Massive parallel fabrication of repetitive nanostructures

Raimon Zoetemelk, Park Systems

Nanofabrication strategies are becoming increasingly expensive and equipment-intensive, and thus less
accessible to researchers. As an alternative, scanning probe lithography has become a popular
technique for preparing nanoscale structures, in part owing to its relatively low cost and high resolution,
and a registration accuracy that exceeds most existing technologies. However, increasing the
throughput of cantilever-based scanning probe systems, while maintaining their resolution and
registration advantages, has been a significant challenge. Even with impressive recent advances in
cantilever array design, such arrays tend to be highly specialized for a given application, expensive, and
often difficult to implement. It is therefore difficult to imagine commercially available production
methods based on scanning probe systems that rely on conventional cantilevers. We implemented a
low-cost, high throughput scanning probe lithography method that uses a soft elastomeric tip array to
deliver inks to a surface in a ‘direct writing’ manner. This, so called Polymer pen lithography combines
the large-area capability of contact printing with the feature size control of dip-pen lithography. The
method allows forming features on the nanometer, micrometer, and macroscopic length scale with the
same tip array and in the same writing step. Polymer Pen Lithography is a direct printing method with
parallel replicating functionality. As it uses direct contact of an elastic polymer for each pattern, the

controllability of the pattern size is increased and so is the uniformity of the pattern.
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Introduction to free liquid surface technology as developed by EImarco s.r.o.

One of the classical methods of polymer nanofiber electrospinning, known for decades, involves
passing a polymer solution through a metallic nozzle. An electrode is placed at a certain distance
from the nozzle, with the nozzle itself acting as the second electrode. Using a high-voltage power
source, a potential difference is created between the two electrodes, and the static charge causes
the polymer solution to form a Taylor cone and elongate, forming nanofibers, which are then
deposited to form a layer.

Elmarco, s.r.o. has developed a novel, nozzle-free method for nanofiber electrospinning, using either
a polymer solution-covered metallic roller or wire in place of the nozzle. Therefore the formation of
Taylor cones is governed by the forces of electrostatic repulsion and surface tension, instead of being
imposed by the structure and placement of polymer nozzles. This approach has several distinct
advantages. Firstly, unlike nozzle electrospinning methods, the number and distribution of Taylor
cones can be controlled simply by changing process parameters (roller rotation speed, voltage, etc.),
with no change in hardware required. Secondly, the simple mechanical construction of the
electrodes and the polymer solution supply allows for a simple and fast cleaning procedure —in
nozzle-type system, depending on the scale of the system, the cleaning process can take hours or
even days. Thirdly, the nozzle-free design allows for an easy upscaling of the method to industrial
scale units — with nozzle electrospinning, hundreds or even thousands of nozzles can be needed to
achieve sufficient productivity, making it economically unfeasible in most cases.

The range of materials that can be spun covers many organic polymers (PA6, PAI, PUR, PVA, etc.),
non-organic materials (TiO2, Si02, Li4Ti5012, Pt, Cu, Mn, etc.), as well as biopolymers (Gelatine,
Chitosan, Collagen, PAA, etc.). Advice and assistance is available with the development of recipes
using previously untested materials, and proposals for new applications are very welcome.

Elmarco s.r.o. offers systems in all scales — from lab-scale systems for development work to industrial-
scale systems that have been specifically designed to integrate with textile production lines.
Nanofiber production techniques can be easily upscaled. Recipes for many common polymers are
supplied along with the system, allowing for a rapid start of production or development process.
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How Bruker’s innovative and reliable material science solutions support industries and
organizations in delivering high-quality products and materials.

Materials such as semiconductors, metals, composites, nanotech materials, carbons or high-tech
ceramics make our lives easier. They are sources of industrial growth and technological changes. Thus,
material science is an interdisciplinary field incorporating elements of applied physics and chemistry.

Bruker offers advanced productive and profitable solutions for material testing and research. They
enable companies and organizations to reliably identify the components of finished goods, characterize
irregularities or trace impurities. We provide our clients with a wide range of analytic devices and
systems for semiconductors, material research & nanotech, mining and metals & automotive.

Nanotechnology builds the bridge across research fields as biology, chemistry, physics, and
engineering. Thus, various well established analytical methods are applied in order to study, or modify
the nano-cosmos, or finally to generate usable products.

Atomic force microscopy provides detailed information about sample surfaces at the nanoscale, and
has become an important technology for research of nanomaterials, biomaterials, inorganics and
composites, electonic materials and many more. Bruker's industry-leading atomic force microscopes
(AFMs) incorporate the very latest advances in AFM techniques to enable the widest array of nanoscale
materials research.

Quantitative nanomechanical analysis in conjunction with high-fidelity topographic measurements is
one of Bruker’'s methods of unraveling the function of complex materials. From modulus
measurements in the mega- to gigapascal range, adhesion and frictional maps, calorimetric and
electrical data, correlated nanoscale AFM, and Raman spectroscopy to three-dimensional
morphological plots with sub-nanometer accuracy, Bruker has the AFM solution for your problem.

In addition, methods such as electron microscopy, IR-, UV-, or FTIR-spectroscopy, NMR, EPR, or MS, X-
ray diffraction and scattering are considered important due to two essential reasons: X-ray diffraction
is virtually non-destructive, and X-ray photons with a wavelength in the nanometer range are the ideal
sensor for the nanocosmos.

X-ray diffraction offers a number of different dedicated methods to investigate nano-structures: X-ray
Reflectometry (XRR) determines layer thickness, roughness, and density; High-Resolution X-ray
Diffraction (HRXRD) helps to verify layer thickness, roughness, chemical composition, lattice spacing
and mismatches, relaxation, etc; X-ray diffuse scattering to determine lateral and transversal
correlations, distortions, density, and porosity; in-plane grazing incidence diffraction (IP-GID) to study
lateral correlations of thinnest organic and inorganic layers, and depth profiling; Small Angle X-ray
Scattering (SAXS) in transmission or grazing incidence SAXS (GISAXS) in reflection to determine the
size, the shape, the distribution, orientation, and correlation of nano-particles present in solids or
solutions.
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The CaF, nanoparticles doped with Eu®* ions attract attention as luminescent biomarkers
which can be excited by optical and X-ray quanta. High penetration ability of X-rays and coinciding
of CaF,:Eu®" nanoparticles emission range with transparency region of biotissue may allow the
visualization of processes deeply inside of biological tissue. In this work the dependence of
luminescence parameters on the size of CaF,-Eu** nanoparticles (20 — 135 nm) have been analyzed
for different energies of excitation light in the range of 9 — 40 eV. Measurements were performed at
SUPERLUMI station of HASYLAB in DESY, Hamburg. The CaF,:Eu®" nanoparticles were
synthesized by the low-temperature chemical methods.

The structure of the 4f-4f luminescence spectrum of Eu**-centers strongly depends on its local
symmetry. This circumstance allows revealing the different sites of Eu®*-centers in the crystal
lattice. In the CaF,-Eu®" nanoparticles of a > 40 nm size one can observe two different Eu**-centers.
In the transparency range of the CaF, matrix the Eu**-centers with dominating band at 590 nm
(°Do—>'F1) are mainly excited in the band of charge-transfer from F ions located in interstitial
positions (6.8eV) [1]. Meanwhile, the Eu**-centers with 620 nm (°Do—'F»,) dominating band are
excited both in the band peaked at 6.8 eV and in the band of charge-transfer from Fions located in
regular lattice sites (8.1 eV). The band peaked at 590 nm dominates in the emission spectra under
excitation in the fundamental absorption range of the CaF, matrix. The small nanoparticles
(a < 40 nm) reveal only one type of Eu®*-centers. In the excitation spectra for small nanoparticles in
the matrix transparency range only the band at 6.8eV is present. As the size of the CaF,-Eu®*
decrease the efficiency of luminescence excitation in the fundamental absorption range of matrix

strongly decreases.
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SOL-GEL TECHNICS FOR PROCESSING TRANSPARENT AND
CONDUCTIVE AL-DOPED ZINC OXIDE FILMS

Vladimir |. Kondratiev', Alexey E. Romanov'?, llmar Kink!

YInstitute of Physics, University of Tartu, Estonia
?|offe Physical-Technical Institute RAS, Russia

e-mail: kondraty@ut.ee

Transparent conductive oxides (TCO) are optically transparent and electrically conductive
thin layers. They are important components in the modern optoelectronic devices such as light-
emitting diodes, solar cells, flat panel displays, optical switchers etc. To date, the industry standard
in TCO s tin-doped indium-oxide (ITO). ZnO-based TCOs are promising to replace ITO for
transparent electrode applications in terms of their electrical and optical properties [1-2]. They can
be readily produced by the sol—gel process, which is preferential for large-scale coatings. Desirable
properties of the films: transmittance > 85% in visible spectrum, low resistivity, cheap precursors
and reproducible results.

Highly transparent films of aluminum doped zinc oxide (AZO) have been prepared. Optical
transparency was over 90% at 550 nm for a thickness of 152 - 550 nm. AZO films from various
metal-organic precursors were deposited by sol-gel method on different substrates and then
characterized. Resistivity of ZnO films was measured by using 4-probe method; film transparency
was measured using by Spectrophotometer; thickness was measured using by SEM. Element
analysis was performed using by energy-dispersive X-ray spectroscopy. Dependence of resistivity
and transmittance from aluminum content, temperature of annealing were studied. After varying
several process parameters it was noticed that annealing in Ar decreases the resistivity greater then
annealing in air. Longer exposition in Ar provides better results. Current research focuses on
optimization of the technology for processing and characterization of transparent electrode

materials based on AZO.
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NANOPARTICLE TRANSFER UNDER MAGNETIC FIELD IN A
NONISOTHERMAL POROUS LAYER SATURATED WITH A
FERROFLUID

Viesturs Sints, Elmars Blums, Michail Maiorov, Gunars Kronkalns

Institute of Physics, University of Latvia

e-mail of presenting author: viesturs.shints@gmail.com

Experimental investigation of magnetic nanoparticle distribution and transfer in a porous
environment is conducted. While transfer of nanoparticles under influence of temperature gradient
has been the subject of previous investigations [1], the current series of experiments and related
theoretical investigation are aimed at a deeper understanding of nanoparticle redistribution in a
porous environment subjected to both temperature gradient and a magnetic field. Under such
conditions, particle redistribution from the initial uniform distribution is a result of osmotic and
thermoosmotic forces, magnetic field-driven interactions between particles and, possibly,
convective instabilities in particle flow.

The physical system is that of a porous environment made of ten layers, with total thickness
of 1.3 mm, pressed between two plates of definite temperature, and, optionally, subjected to a
magnetic field. Particle characteristics in each of the ten layers are measured at the end of a 24-hour
experiment. Employed experimental technique of magnetometry allows us to learn not only particle
concentration, but also their size distribution in each layer. Two ferrofluid samples of different
ordinary Soret coefficient values are investigated. Measurements are performed at various
temperature gradients applied across the layer in the presence of a magnetic field oriented parallel
or transversal to the temperature gradient. The measurement results are interpreted taking into

account the particle magnetophoretic slip velocity accompanied by thermoosmosis.

The work is supported by FEuropean Regional Development Foundation, Project
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Ceria (CeOy) supported metal catalysts are of great interest in the modern catalytic industry
because of its important applications, particularly in CO oxidation and water-gas-shift reaction
(WGS), which recently seemed to be of most importance. The hydrogen produced from reformed
gas, obtained through steam reforming of natural gas, for example, contains up to 12% CO [1],
which can be poison for polymer fuel cells membranes. Thereby, WGS is preferred reaction for CO
removal. Ceria-supported platinum catalysts were prepared by extractive-pyrolytic method [2] and
were characterized by several methods as X-ray diffraction, TPR, TEM and EPR. The catalytic

activity of the samples with different platinum loading, measured in the temperature range 140-350°
C is represented in Fig. 1.
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Fig.1. Effect of platinum loading on the WGS activity: (1) 1,2Pt/CeO;; (2) 2,4Pt/CeQO;; (3)
4,8Pt/CeO,.
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The extractive-pyrolytic method was applied in [1] to produce Pt/SiO, nanocomposites by
thermal decomposition of the tri-n-octylammonium salt ([OctsNH].PtClg) on SiO,. The aim of this
investigation is, first, to study the influence of salt OctsNH* anion (PtCls>, PdCl,%, AuCl,) nature
on the phase composition and mean size of crystallites of the extract pyrolysis products on the SiO,
nanopowder at the production of monometallic composites and, second, to prepare the bimetallic
particles by thermal decomposition of two-component mixtures of extracts on the carrier.

The XRD phase analysis of the monometallic composites, produced under the same
conditions, at the pyrolysis of Pt- and Au-containing extracts has shown the formation of
nanoparticles of Pt (dpy = 15 nm) and Au (das = 33 nm), respectively. The end product of the
thermal decomposition of the Pd-containing extract has an admixture phase of palladium oxide
along with the main metal phase (dpg = 21 nm). In order to produce bimetallic composites, the
pyrolysis of mixtures of metallic extracts on the carrier was performed, and it has been found that
the nanoparticles of PtPd alloy and PdO, as the admixture phase, are the products of the thermal
decomposition of a mixture of Pt- and Pd-containing extracts; a mixture of Pt- and Au-containing
extracts gives Pt and Au nanoparticles; a mixture of Pd and Au-containing extracts provides
nanoparticles of Pd, Au and PdO.

The catalytic properties of the produced composites were studied in the reaction of glycerol
oxidation by molecular oxygen in alkaline aqueous solutions, and it has been shown that the
monometallic gold- and palladium-containing composites are practically non-active in contrast to
the platinum-containing composites. At the same time, all bimetallic composites exhibit catalytic
activity, moreover, the platinum-containing nano-composites are much more active.
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The thermal or solvothermal exfoliation and deoxygenation of graphene oxide is less
complicated and more easily controllable method than the chemical reduction and thus could give a
more effective way for production of well-defined graphene sheets. In order to obtain preliminary
information about the thermal characteristics of graphite oxide we have synthesised the graphene
oxide accordingly to the modified Hummer’s method [1] and after the treating with organic solvent
and draying under vacuum made the thermogravimetric analysis and microwave assisted
deoxygenation of the obtained product. The FTIR spectra with characteristic absorption of OH,
C=0, C=C, C-O and C-O-C group and XRD patterns with intensive peak at 20 ~ 10.5 °
corresponding to a layered structure with an interlayer distance higher than 0.8 nm corroborate the
graphite oxide structure of the sample before the heating. The TG investigation shows, than the
heating rates exceeding 1 °C/min set off an explosion like mass loss at 130 °C indicating the near to
full deoxygenation and spontaneous defoliation of graphite oxide.

The FTIR spectra of products throw out from the sample pan during the TG experiments as
well as the spectra of the products obtained by microwave treatment do not show the presence of
oxygen atom containing bond absorption. The deoxygenation temperature for obtained product is

remarkably lower than characteristic temperatures of graphene deoxygenation [2].
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In the last few years the hybrid materials built from combined structures of carbon
nanotubes (CNT) and graphene ribbons (GNR) have attracted considerable attention. It is expected
that these materials may have new important mechanic, electric and catalytic properties, and can act
as energy and hydrogen storage. In this communication we have performed a numerical study of
some CNTs and GNR structures. A series of MD simulations of GNRs and CNTs have been
performed by using LAMMPS, Material Studio and VASP software packages.

The typical total number of carbon atoms included in our MD simulations when using a
LAMMPS package was several thousands. The diameter of nanotubes was varying from 1.5 nm up
to to 0.4 nm. It was found that all nanotubes, except the smallest ones (with diameter less than 0.5
nm) may be entirely wrapped over by GNR. The distance between the wrapped ribbon and the
nanotube is 0.34 nm - the typical distance between graphene sheets. If the length of the nanotube is
smaller than the width of the ribbon then, depending on the difference of the width of CNT and
GNR, the latter may be wrapped around the CNT (narrow ribbon) or bent to an angle. In case the
CNT was initially situated at the end of the long GNR with a fixed position of its end, the nanotube
was revolving upon the GNR.

To check the results, we have also performed the calculations of GNRs and CNTs, using a
CASTEP module of Material Studio and a VASP package, allowing one to include into calculations
the exchange correlation functional. In these calculations, to optimize the geometry, one calculates
electronic densities, electronic energies and the corresponding forces to the atoms by using a super-
cell technique. As compared to LAMPS, this algorithm is rather time-consuming. Therefore, the
calculations were made for relatively small super-cells which include several hundreds of atoms.
We have found that the CNT with GNR wrapped around it at a distance 0.34 nm indeed form a
static structure.

The research was supported by the project 1UT2-27 and by the European Union through the
European Regional Development Fund (project 3.2.0101.11-0029).
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Nowadays the production and development of lubricating oils is a vast technological sphere
which is continuously growing because of the ongoing needs for reducing energy and material
losses in mechanical devices. The lubricant performance is usually enhanced by various additives
that improve its chemical durability, lubricating efficiency and contaminant binding ability.

The aim of the present study is to investigate the applicability of nanoparticles/ionic liquid
composites as novel protective lubricating films for metal wear parts. Either nanoparticles or ionic
liquids independently have been shown to exhibit exceptional lubricating qualities™?. However, the
combinations of the two have not been demonstrated before.

lonic liquids have remarkable lubrication and anti-wear capabilities as compared with
lubrication oils in general use. lonic liquids are suitable at harsh friction conditions that require high
thermal stability and chemical inertness®. There is a very wide range of different ionic liquids and
their properties can be modified by selection of suitable cation and anion.

In current study different imidazolium and bis-imidazolium ionic liquids with TFSI
(bis(trifluoromethane)sulfonimide) and FAP (trifluorotris(pentafluoroethyl)phosphate) anions were
investigated. To obtain better adhesion with lubricated surface polar functional groups were added
to ionic liquid cation structure. lonic liquids were combined with differently functionalized carbon
nanotubes and obtained mixtures were tested with standard tribological tests. The combination of
nanoparticles/ionic liquid can significantly reduce the long-term instability and clustering of the
particles in suspensions (e.g. oil suspensions), as it is well known that ionic liquids are highly
effective stabilizer for nanoparticles!®. In addition, the novel type lubricant has many advantages
and can also widen the range of applications, e.g. wider temperature range and preserved
functionality at harsh conditions where oil-based lubricants fail.

1 M.-D. Bermidez, A.-E. Jiménez, J. Sanes, F.-J. Carrion, Molecules 2009, 14, 2888-2908.
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Ternary AlGaN is a wide band gap semiconductor with the variable energy band gap
within a large energy range between 6,1 eV a nd 3,4 eV depending on ratio of Al and Ga
content in material affecting exciton luminescence, which also demonstrates a tunable spectral
position within a deep ultr aviolet (UV) spectral region as it is shown in research of Nepal et
al [1].

The present report is devoted to investigation of lum inescence properties of ternary
AlyGa; xN nanostructures — nanorods and thin layers synthesized in National Taiwan
University using th ermo chemical evaporation (T-CVD) and metalo rganic chemical
evaporation (MOCVD) m ethods. The obtained m aterials were characterized using X-ray
structure analysis (XRD) and m icroscopy methods (SEM). The photolum inescence (PL)
spectra were st udied for Al yGa; 4N nanostructures when x var ies withina small range:
0,015<x<0,12.

The AlyGa; <N materials were irradiated with 263 nm laser light and photolum inescence
spectra were studied within a tem perature range 17 - 300 K. The observed luminescence
forms a single band around 360 nm which is related to the bound excitons. Increase of sample
temperature results in a decrease of the luminescence intensity and in the “read shift” of the
luminescence band peak position ( AA=6 nm). The results observe d can be related to the
temperature-induced destruction of the bound excitons and an influence of the temperature on
the band gap.
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The network of Baltic Sea Region (BSR) clean rooms, Technet_nano [1], offers to small and
medium sized enterprises (SME) the access to clean room facilities. It is a BSR project [2], financed
by European Union (Fig. 1). Seven partners — SDU in Denmark, KTH and Acreo AB in Sweden,
CAU and WTSH in Germany, University of Latvia in Latvia, Kaunas University of Technology in
Lithuania - own the clean room.

Sometimes the suitable clean room is not
TECHNET_NANO

even in the same but in neighbouring country. ACCESS HIGH TECHNOLOGIES

All Technet_nano partners are the access points
to the network partners. They help to get access

Fic Sea Reocion

[
L
(

to clean rooms and other research facilities at

O NIV

Prozgr;r.nme 2007-2013
Part-financed by the European Union
Tartu University builds his own clean  (European Regional Development Fund)

Fig.1 Technet nano is a BSR project,
financed by European Union.

partners labs.

room in a new building of Institute of Physics,
which will be ready in year 2014. At the
moment, a working clean room (see Fig 2) in

Tartu is at premises of Tartu Science Park [3].

Fig.2 The clean room in Tartu Science Parks
References Nanolab, operated by Estonian
Nanotechnology Competence Center.
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http://eu.baltic.net/
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Rutile-type TiO; films with thicknesses below 10-15 nm have attracted great interest as very
prospective high-k dielectric layers of DRAM structures. In this application, local epitaxy of TiO,
on RuO; bottom electrodes plays crucial role in determination of required dielectric properties.
Therefore we investigated atomic layer deposition (ALD) of TiO, from TiCls and H,0 on RuO,/Si
as well as on Si(100) and a-Al,O3 substrates at various growth temperatures (Tg), concentrating on
structure development in films with thicknesses of 12-25 nm. According to the results obtained,
amorphous to crystalline (anatase) growth transition takes place and density increases close to the
bulk anatase value (3,7 g/cm®) with the increase of Tg to 200-225°C in case of all substrates.
Anatase to rutile transition together with the increase of density up to 4.2 g/cm® can be seen on r-
sapphire and RuO,/Si at 225-250°C. Structure analysis of films deposited on c-sapphire substrates
at Tg > 425°C revealed rutile and orthorhombic (TiO,-11) phases.

—m—Si —m—Sj 80
4,44 ) 1 35 H o
—A— r-sapphire A < —A— r-sapphire

431 —o—RuOSi : < 30}{ —0—RuOSi =70

"E 421 —o— c-sapphire| A ? 5 [L.=O— c-sapphire E 60 |
s Q
o 41r c o
= ey ~ 50 |-
240 =) 2
>39 3 S 40t
D 38 b < —m—Si
@ 3 o < 30} .
S 37 = 3 —A— r-sapphire
a3 B 2 ol —0—RuO,/Si
2 20 pd
3,6 7] O .
4 —&O— c-sapphire
350 . . . . 10k . ; . .
100 200 300 400 500 100 200 300 400 500
0, 0
T, (C) T, (°C)

Fig.1 Parameters determined from XRR measurements.

Crystallization caused rapid increase of surface roughness at Tg = 200-225°C. Another
region of surface roughening was observed for films deposited on r-sapphire at 475-500°C.
Increase of roughness along with a decrease of density at these temperatures could be explained by
Stranski-Krastanov type of growth. TiO, on RuO,/Si showed the highest growth rate values at all
temperatures used. This was related to surface roughness of RuO, and much shorter incubation

period in the beginning of film growth on these substrates compared with the other substrates used.
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Graphene as a two-dimensional material has every atom at its surface and
possesses thus a great potential for the use in chemical sensors. In this work we
prepared graphene samples on polycrystalline Cu foil using chemical vapour

deposition (CVD) method. Next, graphene was

46
‘ N,(100%) ‘ N(79%)/0,(21%) ‘

transferred from copper onto the top of Si/SiO,

444

substrate with Ti/Au electrodes that had been 421

deposited trough the shadow mask by electron ]

3,84

beam evaporation.

3,64

Conductance (mS)

3,44

A resistive graphene-based gas sensor 321

6 260 460 660 860 10'00 12'00
prepared in this way revealed n-type oxygen Time (s)
Fig.1 Temperature dependence of gas sensor
response to changes of gas composition
fitted the data obtained with varying oxygen  (nitrogen and synthetic air). The arrows (marked
with 1 to 4) show the order in time how the
temperature was changed.

response at room temperature and we have

levels using a Langmuir model. p-Type
oxygen response of our sensor was observed
after the temperature was rise to 100 °C, with a reversible transition to n-type

behaviour when the temperature was lowered back to room temperature.

Such change in the response type was interpreted as a result of balance
inversion between the change of charge carrier density and mobility at oxygen

adsorption with temperature.
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ZnO nanostructured layers comprizing nanorods were deposited by spray pyrolysis method on
series of different SnO2/glass substrates. ZnO layers were deposited by chemical spray pyrolysis
(CSP) using zinc chloride aqueous solutions at growth temperatures of 550° C.

SnOy/glass substrates were purchased from different supplies and differ by morphology, grain
size and roughness of SnO, electrode. The SnO2/glass substrates and ZnO layers grown on it
were characterised with the help of XRD, AFM, high resolution SEM, EDX methods. The
relationship between nanorod formation and substrate properties was studied. It was found that
substrate morphology, crystal structure, and roughness influence the ZnO nanorods formation.
Deposition of nanorods (d=200 nm, L=1 um) was successful on the SnO, layers with grain sizes
around 50-70 nm, whereas large-grained SnO; (grain size > 150 nm) resulted in thick, low-aspect
ratio crystals with diameter around 400 nm and length of about 400 nm.
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The ZnS nanostructured layers formation, composition, structure, morphology, dimensionality
and orientation of the ZnS crystals as well as optical properties were investigated with respect to
the growth temperature, precursors (zinc chloride and thiocarbamide) molar ratio, substrate type
(glass, glass/TCO) and solvent type. The films were grown at different temperatures in the range
of 350-550 °C at precursors molar ratios of 1:1, 1:2 and 1:3. SEM, XRD, EDS, UV-VIS and PL
spectroscopy were applied to characterize the properties of ZnS layers.

Dense ZnS thin films formed at temperatures around 400 °C were transformed to structured
layers if grown at temperatures around 450 °C or above. Structured ZnS layers comprising rod-
like crystals with preferred c-axis orientation could be grown at temperatures around 500-550 °C
using ZnCl, and thiocarbamide at molar ratios of Zn:S at 1:2 and 1:3. According to XRD
analysis, additional ZnO phase was detected in 1:1 ZnS layers deposited at Ts=550°C while this
phase was not detected for the layers obtained from the 1:2 and 1:3 solution at this temperature.
According to UV-VIS spectroscopy the Eg of ZnS layers obtained from 1:2 and 1:3 solution are
3.7 eV, which corresponds to ZnS of wurzite structure. Dimensions of the ZnS layers can be
controlled by deposition temperature, precursor concentration, and solvent type. PL
measurements reveal near band-gap emission centered at 3.8 eV and broad trap-state emission at
~2.70 eV in all studied samples. Relative intensity of trap-state emission to band-gap emission
depends on the deposition temperature and precursors molar ratio in the spraying solution. In
general, it was found that trap-state emission decreases with increase of sulphur content.
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Magnetite (Fe;Os) nanoparticles have found extensive scientific and technological
applications, such as ferrofluids, data storage materials, photocatalysts, for water splitting under
visible light, nanoparticle adsorbents for detoxication of biological fluids or removal of the heavy
metals.

Monophasic magnetite monodisperse nanoparticles ~30 nm in diameter were precipitated by
NaOH from ferrous salt aqueous solution in air atmosphere. The influence of the solution molarity,
precipitator agent drop rate and stirring time on the powder morphology, phase purity and magnetic
properties was studied by using SEM, XRD, DTG, XPS, VSM and (FY)XAS analysis. Remarkable
influence on grain size, morphology and phase purity was observed. XRD analysis and the
comparison of Fe 2p fluorescence yield X-ray absorption spectra to reference compounds[1] shows
that it is possible to obtain monophasic Fe;O,4 or mixture of y-Fe;Os, a-Fe;Os; and FeOOH with
FeOOH dominance by regulating synthesis parameters. Magnetite nanoparticles shown high
saturation magnetization (85.84 emu/g) and composition mainly of magnetite with little or no

maghemite phase.
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Atomic layer deposition (ALD) is one of the most applicable methods for the conformal

growth over three-dimensional substrates [1]; therefore it can be used for deposition of films onto

porous objects [2]. In the present work the ALD routine was explored for treatment of consolidated

to green body SiC powder with avarage particle size of 40 nm.

SiC tablets were pressed in a 20x20 mm
die at 96 MPa. Avarage tablet densities were 1.3
g/lcm®. Consolidated porous green bodies were
coated by about 10 nm thick Al,O; at 300 °C,
using Al(CHs)3-H,0 based ALD process. A pre-
treatment of 10 cycles of only AI(CH3); (10 s
pulse and 20 s purge) was used to eliminate
pores.  Then, 100
(10s/10s/10s/30s pulse times of AI(CH3)s, N,
H,O, Ny, respectively) of alumina deposition

water in cycles

was conducted. Phase composition, coating
conformality and residual porosity of coated SiC
was analyzed. Gained information is considered
for designing of nanocomposites using ALD as

a possible route.
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Fig. 1. Scanning electron microscopy image of
alumina coated SiC nanoparticles. Carbide
particles initial mean size 40 nm.
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IMPROVEMENT OF UV PROTECTION PROPERTIESOF THE
TEXTILE FROM NATURAL FIBRESBY THE SOL-GEL METHOD

Svetlana Vihodceva', Silvija Kukl€?
Y nstitute of Textile Materials technology and Design, Riga technical University

e-mail of presenting author: Svetlana.VVihodceva@rtu.lv

In this research pure cotton

10+
UV-B UVA

textile has been modified

by the sol-gel technology to & -
implement zinc oxide nano-
level coating on textile 280 300 320 340 360 380 400

Wavelength (nm)
Fig.1 UVA and UVB transmission graphic after sample
(UV) radiation protection.  treatment.

One of the advantages of this method is the possibility to obtain thin layers on various

surface to ensure ultraviol et

materials, as well as the sol-gel layers can cover al fibres with enough high adhesion.
Comparison of coatings of samples prepared using different concentrations of TEOS
in nano-sols and thermal post-treatment of samples was made. Scanning electron
microscopy (SEM) has been used to examine the nature of the surface modification
after textile coating and laundering tests. Before and after laundering UV protective
properties of the fabric samples were determined according to the standard, results
show that textiles after trestment with nano-sol have excellent UV protection
properties (UPF rating 50+ according to the standard - excellent protection). Analyses
based on the SEM and spectrophotometer measurements show that obtained textile
coatings are distributed evenly, not only on surface of yarns but in the depth of textile
material as well, and are resistant to exploitation processes. After 50 drying-washing
cycles defects of coatings not observed, the UPF ratings are still 50+ UPF that testify
that treated fabric after exploitation simulation still provide excellent UV protection.

This work has been supported by the European Social Fund within the project «Support for

the implementation of doctoral studies at Riga Technical University».
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Raising demand for energy efficient buildings has led to various thermal isolation techniques
for windows. In addition to using multiple layers of glass in glazing unit, it is also possible to cover
a glass with low emission film. These kinds of films can be made to reflect infra-red radiation and
therefore reduce the amount of thermal energy passing through. It is possible to use films which
reflect either in near infra-red (Solar radiation) or far infra-red (radiation from household), but their
spectral properties are static, without the way to change their infra-red blocking properties. For
example in the spring and autumn the Solar radiation which passes through windows would be
useful for heating, yet in summer it would raise room temperature to uncomfortably high level and
so would be unwanted.

This work investigates possibilities to develop glazing unit with changeable infra-red
blocking properties. For this purpose it was studied different metallic nano-wires suspended in
optically transparent polymerizable viscous media. After applying external magnetic- (for magnetic
nano-wires) or electric field, nano-wires become aligned and exhibiting anisotropic spectral
properties. Spectroscopic measurements of aligned nickel nano-wires in polymer showed
anisotropic properties when incident light was directed collinear or perpendicular to nanowires. For
example transparency for radiation with wavelength 2000 nm is 55 % in parallel, compared to 30 %
in direction perpendicular to nano-wires.

This work was supported by Estonian Ministry of Defence.
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Development of metal enhanced fluorescence is stipulated by needs of sensitive optical
detection and microscopy [1]. This method implies the placement of fluorophore near the noble
metal film or nanoparticle. Spectral overlapping of the light induced plasmon resonance from such
metal objects with the absorption or emission bands of the fluorophore can result in increase of
local fluorescence intensity, changes in polarization and direction of the emitted light. At the same
time, up to our knowledge, using of plasmonic dopants in the active fluorescent sol-gel films and
waveguides is quite rare [2]. It is probably caused by non-trivial procedure of incorporation and
stabilization of nanoparticles in sol-gel materials. Small particles of metal have non-uniform size
and shape, which complicates tuning of spectral position for the surface plasmon resonance.

Inequality in nanoparticles’ sizes can be overcome by initial preparation of uniform
dielectric cores and further their covering by metal shell [3]. We propose silica-gold core-shell
nanoparticles as plasmonic dopant for enhancement and control of fluorescence in TiO,:Sm’" sol-
gel films. Water solutions of small gold particles 15-20 nm were prepared. These particles were
attached to the surface of uniform spherical silica cores 180-200 nm. Solutions demonstrated
plasmonic resonance absorption band near 550 nm. Silica-gold particles were redispersed in the
butanol and added to the TiO,:Sm’" sol precursor. This precursor was spincoated on the glass
substrates and annealed at 500°C. As a result TiO,:Sm’" films doped by minute amount of gold
nanoparticles were obtained. Distribution of gold nanoparticles inside the films was visualized by
dark field microscopy method. Greenish-yellowish color of light dots in the film can be associated
this plasmonic light scattering by gold nanoparticles. Preliminary measurements of Sm’
fluorescence testifies about 1.5 times increased emission detected from the samples doped with gold

nanoparticles in comparison with undoped ones.
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Pulsed (~10 ns) discharge in abnormal glow or spark regimes has been organized in the
flowing inert gas (He, Ar) at atmospheric pressure. Cathode is a thin metal wire inserted into an
alumina tube with the inner diameter of 1 mm, the grounded anode ring is placed at the end of the
tube, the length of the discharge is 2-10 mm. Simultaneous ignition of many microscopic cathode
spots has been observed at the peak of the discharge current pulse. The local breakdown of the
cathode layer in cathode spots is caused by a field-enhanced thermionic emission of electrons from
microprotrusions, rapidly switched to the explosive emission. A dense metallic vapor cloud released
from the spot is rapidly cooled by adiabatic expansion to the gas, followed by the
supersaturation/nucleation of vapors leading to the formation of metal nanoparticles. In the glow
discharge, short-lived cathode spot as a powerful microscopic (~10 um) reactor, allows reaching
superior small sizes and narrow size distribution of synthesized nanoparticles compared with the
spark regime. Fe, Cu, Au, W-nanoparticles were successfully produced during this work.

Time-resolved spontaneous emission VUV-VIS spectra have been measured to clarify
kinetics of excitation and recombination for neutral and ionic excited species in plasma.

Size distributions of positively and negatively charged as well as neutral nanoparticles were
analysed by two different electrical aerosol spectrometers: 0.8-40 nm for charged, and 2-40 nm for
neutral particles. Aerosol from the reactor output was diluted 40-fold by filtered air to suppress
coagulation (agglomeration) and to decrease concentrations for particle distribution measurement.
By controlling the inert gas flow rate (2-0.02 I/min), the mean particle size (mobility equivalent
diameter d) can be varied from as small as 2 nm up to 20 nm and above. For example, for Fe
particles with d = 3 nm, the total concentration of neutral particles before dilution was 6.3x10% cm™,
the concentration of charged particles was 2.2x10” cm™ that corresponds to 3.3% for both polarities.
Particle size distribution can be approximated by lognormal function with 64~ 1.3.

Produced nanoparticles were precipitated on the Si substrate and analyzed by SEM and
EDX techniques. Due to poor resolution, the small primary particles (~1-5 nm) were not visible;

however their agglomerates (~10-30 nm) were clearly detected.
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To support the research program in Kazakhstan material TOKAMAK KTM the stand of
simulation tests was designed (FIC). The installation working on the beam-plasma discharge is used
to generate plasma. The irradiation of samples by continuous electron beam was carried out in this
installation. The aim of the work on the simulation stand is to obtain data of the degradation degree
of construction materials samples surface under the influence of the electron beam exposure and
plasma discharge.The work objective is to study the structural and phase changes of the surface
under the influence of the continuous electron beam on construction steel 12Cr18Nil0Ti.

Experiment

Study of the structural and phase changes of the samples surface after exposure by
continuous electron beam is performed on a scanning electron microscope JEOL JSM-6390LV with
energy dispersive microanalysis attachment INSA Energy.

Four heat-affected zones are clearly distinguished on the Plates of titanium precipitates are
clearly visible in the central zone. The experiment shows that islet thin films of Ti is formed in the
scopes of electron beam.

Figure 1 - Photomicrograph of the 1st one (center) x1500

Table 1 - Elemental analysis in%

Spectrum Si Ti Cr Fe Ni | Total
Spectrum 1 98.49 1.51 100.00
Spectrum 2 2.29 2.13 4.02 70.56 21.00 100.00

The segregation of Ti alloy core is on the border of the 2nd and 3rd zones also, but in the
form of cubic precipitates on the surface as shown by the mapping of the zone.

Result and Discussion

Structural and phase changes in the sample surface is the result of thermal effects of the
electron beam. In this regard, temperature distribution was calculated.

Isolation of impurities can be explained by the presence of point defects gradients near the
border.

Excess of thermodynamic equilibrium vacancies occurs due to intense heat after turning off
the electron beam.
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Elastomers are crosslinked polymer melts which show viscoelastic properties due to the
flexibility of their polymer chains and friction between them. Such materials are the combination of
amorphous or semi-crystalline polymers and crosslinkers which keep the chains into a single
macromolecule. Inorganic nanotubes are believed to enhance various thermal, electrical and
mechanical properties of elastomers. Such nanocomposites are promising materials for various
applications like in the automotive industry, constructing chemistry, or in the development of
optical and electronic devices.

In this work, some polyurea elastomers with different concentration of molybdenum sulfide
(MoS;) nanotubes were investigated by means of dielectric and ultrasonic spectroscopy. The
temperature-dependent behavior of the dielectric permittivity revealed a phase transition above
room temperature from the semi-crystalline to the amorphous phase which is also visible in

temperature-dependent experiments of the longitudinal ultrasonic velocity (Fig. 1).
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Figure 1. Longitudinal ultrasonic velocity as function of temperature for
a semi-crystalline elastomer (JED) without nanotubes
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Polyvinylidene fluoride is well known for its high piezoelectric response compared to other
polymers. PVDF has several phases of which polar g phase is of huge interest for various
applications [1]. Several comprehensive studies of PVDF composites with various ferroelectric
materials such as barium titanate or PZT [2,3] were performed in order to further increase the
electromechanical properties of PVDF. Moreover, inclusions of ferrites in the PVDF might give rise
to a multiferroic state [4]. Coupled ferroelectric and ferromagnetic phenomena would be attractive
for multifunctional devices.

In this work we present dielectric spectroscopy results for PVDF with inclusions of
CoFe;04(0.01, 1,10 wt.%), NiZnFe;O4 (10 wt.%) and NiFe,O4 (10 wt.%). Dielectric properties

were measured in 20 Hz — 1 GHz frequency range and 100 K - 380K temperature range.
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Previous studies of polymer-nanostructured carbon composite (P-NCC) have shown that

polyethylene glycol (PEG) can be used as ethanol sensor in dry air. Therefore it is necessary to

investigate more composites and estimate their capability to sense volatile organic compounds

(VOC:s) at elevated relative humidity.

We had chosen ethylene vinylacetate copolymer (EVA) as ,;2?5
matrix for P-NCC. EVA (Fig.1) consist of two repeating parts - H H H (I)
ethylene (non-polar) and vinylacetate (polar) which gave an (lz—cl: —(I:—(I:——
opportunity to detect both polar and non-polar VOC. It is Ill I!In _I!I I1|_rl1

incompatible with water as well.

Fig.1 Structure of EVA.

As conductive filler we wuse graphitized carbon black

nanoparticles PRINTEX XE-2 with mean size of particle 30nm.

Previous experiments showed that thickness of the composite layer, concentration of VOC,

as well as polarity of VOC and relative humidity can affect P-NCC VOC sensoreffect.
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Fig.2 Electrical resistance change versus
periodical exposition time in different water-

ethanol vapour concentration
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Experimental data (Fig.2) shows that
EVA-NCC is able to detect VOCs at elevated
relative humidity. It was found that at the
water-ethanol mixture of 70:30 ratio changes
the composite response mechanism to vapour:
the contribution of proton conductivity
overcomes the contribution of tunneling
currents.

EVA-NCC shows good sensoreffect on
different kind fuels vapour. It is explainable
with ethanol and methanol molecules presence
in fuel vapour. There has been found the
sensitivity on both petrol and diesel vapours.
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In this report we present simple, cost and time effective method for synthesis of Y,03:Sm**
and Y,O03:Er*" nanoparticles based on self-propagating room temperature reaction between metal
nitrates and sodium hydroxide.

In brief, appropriate amounts of

_ _ _ _ Y(NO,);*6H,0
yttrium nitrate hexahydrate, europium nitrate
. . EII(NO_:;:];*E)H:O
hexahydrate or samarium nitrate hexahydrate
or
are mixed with sodium hydroxide. Reaction
i Sm(NO,);*6H,0
proceeds at room temperature after the mixture o -
of reactants is mechanically activated by hand
mixing in alumina mortar. After being exposed +NaOH
to air for 3h the mixture is washed in Mixin
5
centrifuge with distilled water and ethanol and Y
dried for 12h at 70°C. Series of samples are Drvine 70°C/12h
Vinge /s
prepared by annealing of powder on different - L{?
temperatures. Crystallite size of powders Contrif
entrituge
obtained at different calcinations temperatures 35 o
are evaluated through X-ray diffraction Annealing 600, 800, 1100°C/1h
D ! r

analysis. Photoluminescence measurements
Fig.1 Schematics of Self-propagating room

temperature reaction method for
emission decay characteristics of  nanophosphor synthesis.

are performed to analyze emission and

nanophosphors.

130



PO-26

STRUCTURAL AND MICROMECHANICAL CHANGES IN MgO
AFTER HIGH-DOSE IRRADIATION WITH SWIFT HEAVY IONS

R. Zabels?, I. Manika®, K. Schwartz?, J. Maniks!, R. Grants®

YInstitute of Solid State Physics, University of Latvia, Riga, Latvia,
2 GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany,

e-mail: rzabels@gmail.com

MgO in known to have potential applications in nuclear waste management and in nuclear
energetics as a part of nuclear fuel containment matrix, thus its structural damage and mechanical
behavior after high-fluence irradiation is of importance.

The presented study is oriented on investigation of structural and micromechanical changes
in MgO single crystals after irradiation with high energy (GeV) and high dose Au and U ions
(fluences up to 7x10™ jons-em™). The irradiated samples were investigated by XRD, atomic force
microscopy (after chemical etching), instrumented nanoindentation, and optical absorption
spectroscopy. In irradiated samples XRD shows a single crystalline state with radiation induced
disordering. Irradiation causes a slight coloring of samples and optical absorption spectroscopy
shows an intensive absorption band around 252 nm which is related to F* centers. Besides, AFM
measurements reveal ion-induced dislocations. The structural damage leads to substantial
hardening. Instrumented indentation as a structure sensitive method shows an increase of hardness
at fluences above 10 ions-cm™. The hardening at the highest fluence of 7x10™ jons-cm™ reaches
56% against virgin MgO. The hardening of irradiated samples is accompanied by slight decrease in
indentation plasticity. The analysis of deformation zone around indents reveals a reduction in
indentation induced dislocation mobility with increasing the fluence.

Overall, MgO has proved to be highly radiation resistant material, it maintains a single
crystalline state, structural integrity, high hardness and reasonable plasticity even after high doses

(up to 950 MGy) of swift heavy ions.
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High quality dielectric films on graphene are of great interest due to the versatile field of

applications, especially in nanoelectronics and spintronics. In the latter case only few nanometers of

film material are often needed. For this reason, thickness uniformity and coverage provided by

atomic layer deposition (ALD) is essential. ALD of thin films on graphene is, however, not a

straightforward task because graphene remains chemically inert allowing thin film nucleation

mainly on surface defects or atomic steps. These defects or any C—C bond interruption degrade

graphene quality. Therefore it is important to find combination of process parameters allowing

uniform dielectric coverage as well as maintaining electrical properties of graphene.

In this work, exfoliated and chemical vapor deposited (CVD) graphene was used to examine

nucleation, coverage and uniformity of ALD dielectrics. To investigate initiation of Al,O3 growth

- Al,O, on Graphene E

N 50
£ —=— 1 ALD cycle @ 25°C
% 40 -—— 0.3 nm AL,O, EBE .
c —a— 3 ALD cycles @ 25°
o 30+ i
[%2]
2
3 20} .
=
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© T.=200°C
E O ! ! ! (|3 !
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Number of ALD cycles

Fig.1 Dependence of Al,Oz mass thickness on
number of ALD cycles applied for growing
AlLO;s on different seed layers deposited on
CVD graphene. Mass thickness was measured

by X-ray fluorescence .

we used three basic approaches, (i) direct

deposition onto graphene without any
functionalization, (ii) deposition on 0.3—0.5 nm
thick Al,O3 seed layers prepared by electron
beam evaporation (EBE) and (iii) application of
two temperature sequence for ALD. Atomic
force microscopy studies showed that the
nucleation of Al,Os; films directly on bare
graphene surface was non-uniform. More
uniform films were obtained when the ALD
process was started at relatively low substrate
temperatures while the fastest growth and the
smoothest dielectrics were obtained when a seed

layer was used (Fig .1).
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TiO, attract great attention for photocatalytic and self-cleaning applications [1,2]. However
in these applications, an effective electron-hole pair generation and a long lifetime of electron-hole
pairs are required. Unfortunately titania absorbs only a fraction of sunlight. Its band gap depends on
crystal structure and is typically 3.2 eV in case of anatase and 3.0 eV in case of rutile. Therefore it
would be technologically and economically advantageous to shrink the titania bandgap.

One possibility to enhance absorption of sunlight in TiO; is introducing impurities to the
structure of titania (doping). It has been reported, that doping TiO, with iodine has shifted its
absorption edge towards the visible light maximum of solar radiation [3].

In this study 4.2 and 20.8 at.% iodine-doped TiO, thin films have been prepared on silicon
monocrystal and quartz substrates by using sol-gel deposition and subsequent annealing in air at
200 to 900 °C. Several experimental techniques (x-ray photoelectron spectroscopy, Raman
spectroscopy, atomic force microscopy, UV-VIS spectroscopy, and hydrophilicity measurements)
have been applied to characterize these films.

It was demonstrated that films morphology, evolution of crystalline structure, surface
composition depend on the iodine concentration in the films and on annealing temperature.
Furthermore, iodine doping leads to appear of additional absorption band in UV-VIS spectra and

the surface hydrophilic properties depend up on the initial iodine concentration in the films.
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Ferroelectric materials are of high interest for both researchers and engineers due to their
remarkable properties. Their switchable electric polarization [1] is ideal for use in devices for
memory storage and integrated microelectronics. Advanced devices tend to nanoscale, that raises

necessity to research new cheaper and more durable materials.
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Fig.1 Frequency dependence of real (top) and imaginary (bottom) parts if dielectric
permittivity for BSPT 1.6 um grain size ceramics produced in WC milling media (left) and
Stainless steel milling media (right).

BSPT (xBiScOs-(1-x) PbTiO3) x=0.36 and 0.375 ceramics with micron, submicron and
nanoscale grains were produced from nanocrystalline powders obtained by mechanosynthesis [2] in
different milling media. In figure 1 we can see that ceramics made with stainless steel milling media
have higher dielectric permittivity at low frequencies compared to ones produced with WC milling
media. WC-milled ceramics also exhibit a more narrow dispersion region, however dielectric
permittivity decreases more rapidly at high frequencies (10°-10° Hz) in this case. Both ceramics

have similar dielectric properties in microwave region (10 — 40 GHz).
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Calcium fluoride CaF; is widely used both in microlithography and as UV and deep UV
(DUV) window material. It is also known that electron beam irradiation by displacing F atoms can
produce highly ordered F-vacancy cluster lattice, i.e., void lattice [1]. We perform a quantitative
analysis of experimental data demonstrating void lattice formation under electron irradiation of
CaF,.

We develop two distinct image filters. The first filter is based on analysis of difference
between two Gaussian convolutions with image intensity function that allows us effectively remove
a noisy background from an image. The following application of a step function, leads to a binary
matrix where unity corresponds to the presence of a void.

The second filter is based on a grouping of image points with similar intensity. Next, the
connected clusters of these points are detected. This is followed by a neighboring intensity cluster
analysis starting from the maximal intensity. We identify the presence of void clusters if
information in the corresponding neighboring layers is consistent.

From the filtered experimental data images we can easily calculate concentration, cluster
distribution function as well as average distance between clusters (void lattice spacing). In
particular analysis of consecutive experimental snapshots at increased irradiation doses, allows us
quantitatively follow to the void lattice formation processes. Results from both filters coincide and
demonstrate that void cluster growth is accompanied with the slight void lattice spacing increase.

P.M. and G.Z. greatly acknowledge the financial support of ERAF project
2010/0204/2DP/2.1.1.2.0/10/APIA/VIAA/010.
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Strontium-barium niobate, SryBa;-xNb,Os (SBN), single crystals with the
structure of tetragonal tungsten bronze are of significant interest for many important
electrooptic, piezoelectric and pyroelectric
applications. In the present work we studied an
optic anisotropy of uniaxial (polar class 4mm)
SBN  single crystals  with  nominal
concentrations of strontium in the solution 26,
35, 50, 61 and 70% with the aid of conoscopic
observations. In addition to the expected
uniaxial conoscopic light figures of polar cuts
of SBN crystals (concentric circles) specific

anomalies of birefringence are found to exist

for some compositions (Fig. 1). The observed

. . . e)
birefringence features are analyzed making use Fig.1 The conoscopic figures of SBN26

of the available theory of interference between (a), SBN35 (b), SBN50 (c), SBN61 (d),
the extraordinarily and the ordinarily polarized SBN70 (®)

light beams affected by internal mechanical stresses. The role of the disorder in the
distribution of Sr and Ba ions in the pentagonal positions in the SBN crystal lattice
causing structural disordering resulting in deviations from the optical uniaxiality is

discussed [1,2].
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An exclusive position of nanocrystalline materials as hydrogen storage materials is
determined by their unique structural properties that can, probably, provide a high sorption

capacitance and potentially high concentrations for

5

hydrogen storage. One of the methods for obtaining
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materials in the nanocrystalline state is introduction

e A

24
1x10" Diem?

1.1x10" Drem?

of nanoformative elements. These are chemical

Deuterium Desorbtion Rate, arb.units
Deuterium Desorbtion Rate, arb.units
>

N
. 3x10"7 Diem? *3 , \//M_;ma"n/cm2
T T T r T 7 T T T f - 1
elements with low solubility or non interacting with &ioeoq Tomperatiey ™ “* &% \Bmporaiak  *
|
other elements in the composite being formed. The x_ | l——/ i
plasma evaporation-sputtering method was applied to § i
[
Q.600 =1 -
make composite materials of the Mg-Ti system (the § | |
m
method of atom-by-atom mixing of components). 4] u u i
300 L] LI T L L] LI T L) L]

0 20
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variations as a function of the component Fig.1. Deuterium desorption temperature
. . . versus the Mg-Ti composition for a deuterium
concentration were studied. It has been established dose of ~1x 10" Dicm’ (T, ~100 K)

that, by introducing Ti into Mg, the deuterium desorption temperature can be appreciably decreased
(to 350-450 K) in comparison with the case of deuterium desorption from magnesium.

A step-like form of the curve of deuterium desorption temperature evidences on the presence
of two different structure states of the Mg-Ti system depending on the ratio of components. The
deuterium temperature decrease can be caused by filamentary inclusions formed, in the process of
composite making and annealing, by the insoluble component (titanium) atoms providing the
deuterium diffusion from the sample at a lower temperature (channels for deuterium diffusion
through the surface barrier). A necessary high diffusion mobility of deuterium is provided by the
amorphous state of samples. The deuterium desorption data obtained on the example of Mg-Ti and
Mg-Zr [1], Mg-V [2] composites provide support for further research into hydrogen storage
materials containing low-soluble chemical elements in the alloy components.
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Effect of crystallite size on the atomic and magnetic structures of antiferromagnetic
simple oxides such as MnO [1], CoO [2], NiO [3] remains an interesting topic of
research. In particular, the existence of more than two magnetic sublattices as in a
conventional massive NiO AFM structure has been found in NiO nanoparticles [3].
NiO nanopowders with crystallite sizes of 13-1500 nm were studied in [4] by
several methods, including neutron diffraction. As a continuation of these studies, the
diffraction patterns of the four NiO samples have been measured at HRFD
diffractometer at the IBR-2 pulsed reactor in Dubna. The average grain sizes
determined from the BET specific surface area measurements were 13 nm, 100 nm,
138 nm and 1500 nm. The morphology of all samples was studied by SEM, and the
magnetic properties were characterized by Vibrating Sample Magnetometer (VSM).
We found that the atomic structure and the type of magnetic ordering are
nearly independent of the average crystallite size. There is only a small (0.16%)
increase in the cell volume when crystallite size decreases down to 13 nm. The
average size of the coherently scattering regions and antiferromagnetic domains is
large and coincides for the samples with the grain sizes of 138 and 1500 nm. For the
sample with the grain size of 100 nm the size of crystal domains is close to that of the
crystallites, whereas the magnetic coherence length is about 3 times smaller. Finally,

the long-range magnetic order becomes largely destroyed in the sample of 13 nm.
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The latest trends, techniques and applications of microwave radiation in wireless network
technologies, cellular phones, targeting radars, vehicle speed detection, and electron spin resonance
apparatus, etc stimulate searching of new materials with desirable mechanical and thermal
properties providing high electrical conductivity and electromagnetic interference shielding
effectiveness (EM SE). For that purpose, a series of composite samples were prepared, based on
epoxy resin (Epikote 828), a curing agent called Al (a modified TEPA) and up to 2.0 wt.% content
of exfoliated graphite (EG). EG was obtained by intercalation of natural graphite flakes,
subsequently submitted to a thermal shock. Accordion-like particles were thus produced, leading to

a material of low packing density, around 3 g/L

T T T
exfoliated graphite
- 2%

[1]. The complex dielectric permittivity & = &—ig”

was measured by a LCR meter HP4284A in the ! ] 33
frequency range 20 Hz-1MHz at room “ D -
temperatures. The spectra of S—parameters of -

epoxy/EG  composites were measured in o

microwave range (26-37 GHz) with scalar network C

analyzer. The average value of power transmitted "o

through the samples is 60%, 30%, and close to 0 o

for 0.25, 1 and 2 wt% of EG embedded,

respectively. Along with high EM performance in  Fig.1. Dielectric permittivity of epoxy/EG in

microwave range, composites based on EG are low frequency range.

much easier to prepare than those filled with

CNTs. Concluding, giving the benefit of being lightweight, using EG leads to exceptionally good

EM attenuation ability, along with high dielectric permittivity in low frequency range (see Fig.1).
This work was partially supported by EU FP7 projects FP7-266529 BY-NanoERA, FP7-
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Investigation of electrical properties of 1D nanostructures like nanotubes, nanowires
and nanofibers has gained considerable attention because of their potential applications in
electronics, optical devices and sensors. Furthermore, nanostructures can exhibit different

electrical properties compared to the bulk materials.

For electrical measurements of individual 1 D nanostructures, direct methods, where 2
or 4 electrodes are in direct contact with sample are commonly used. Electrodes can be made
by fabricating contact pads on a substrate using nanolithography or applying conductive
probes to the object by means of micromanipulators. One of the major problems of electrical
measurements at the nanoscale is high contact resistance, especially in case of contacts
between metal and semiconductor. 4 point probe method enables to exclude contact
resistance. However, arrangement of four electrodes on small objects is highly problematic.
Therefore 2 point method, where electrical contacts are made by two probes attached to
manipulators and 1 D nanostructure is resting on a substrate, is preferable. As the resistance of
an object is linearly proportional to the distance between the electrodes, plotting the resistance
as a function of separation between electrodes will allow us to extract contact resistance from
the intercept of the linear curve with Y (resistance) axes [1]. The main disadvantage of such
approach is a possible influence of substrate, which is difficult to account for.

In present work we propose modified 2 point method where 1D object is resting half-
suspended on a conductive substrate. Using single manipulator with conductive probe and
moving it along the nanofiber or nanowire we are able to measure intrinsic resistance of those

objects.
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Silver nanoparticles (Ag NPs) are incorporated into various consumer products
(http://www.nanotechproject.org/). Due to their microbicidal nature, the main applications of Ag
NPs include antiseptic sprays and antimicrobial coatings. It has been argued that the antibacterial
effects of Ag NPs are mainly derived from their dissolution and resulting Ag ions [1]. On the other
hand, there are reports showing that in addition to solubility Ag NPs also exhibit particle-specific
toxic effects due to their size, shape [2, 3] and surface defects [4]. In this research we studied
whether the antibacterial effects of wire-shaped Ag NPs were dependent only on dissolution or
whether the rod-like shape also contributed to the toxicity of these particles.

The wire-shaped Ag NPs (o 60-80 nm, length > 2 um; Seashell Technology, US) were
characterized by visualizing their morphology and size using scanning electron microscopy,
analyzing their UV-Vis spectra, measuring their z-potential and dissolution. Antibacterial effects of
Ag nanowires were analyzed using bioluminescent E.coli cells. 1.4 mg of Ag nanowires/L
decreased the bioluminescence of these bacteria by 50%. However, when this EC50 value was
calculated based on dissolved Ag (0.4% was dissolved, i.e., the amount of dissolved Ag at EC50
was 0.005 mg/L) it was similar to that of AgNOs;. It was evident that all the observed antibacterial
effects of the studied Ag nanowires were due to their dissolution. Also, dissolved Ag explained all
the intracellular bioavailable Ag analyzed using recombinant Ag-induced bacterial cells.

Our research showed that the studied silver nanowires exhibited dissolution-dependent
toxicity. One of the reasons for the absence of shape-dependent effect might be that the relatively
big size of the wires prevented them from interacting with bacteria. Further investigation with

smaller wires might lead to different results.
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Much attention has recently been paid to the search of piezoceramic materials possessing
dielectric properties similar to the properties of PZT ceramics but having no hazardous effect on the
men’s health and environment. In the present work we study the samples of non-toxic bismuth-
containing compounds which are of interest with respect to utilizing their dielectric properties.
Complex oxide compounds on the basis of bismuth titanates with chalcolamprite structure type and
layered perovskite doped with Cr, Fe and Co inclusions were studied at room temperature by the
method of dielectric spectroscopy in the frequency
range of 30 to 10° Hz.

For a number of samples an influence of the 8.0x1 O'f &,@ A - ::I:quoo
conductivity on the low frequency dielectric spectra 7.0x1oj A & BT, Cr,0.,
were found. The spectral analysis was performed ggﬂgs A %A
with the aid of fractal-exponential approach. An ggﬂgz = a,
empirical computational procedure was applied to 2.0x10°] f- “q A%?AA
find the relaxation time T for the compositions 1'OX109;‘ ,. ,U%a%%%%
Bi16Ti2Cr0.1606 6, Bi1.55Ti1,97CUg.7807 and 10" 10° 10(3, H1z04 10° 107

BisTioFe;O0115. To this end the relaxation time is )
Fig. 1 Frequency dependence of the

imaginary part of the dielectric module

maximum on the graph of S”(@) dependence for BiisTi>Cro1606s, BivssTiierCuo7s07
and BisTioFe 0115 compounds

defined as a value reciprocal to the frequency of a

(Fig. 1). It was ascertained that the integral dielectric

parameters of a number of compounds follow the universal relaxation law of Jonscher [1]. Also, an
analysis of the frequency dependence of the conductivity was performed and used to deduce
suggestions on the mechanisms of conductivity for each of the samples under study in the given

frequency interval.
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Ceramic matrix composites (CMCs) have been developed to overcome the intrinsic brittleness
and mechanical unreliability of monolithic ceramics, which are otherwise attractive due to their high
stiffness and strength [1]. One possibility of increasing materials’ reliability and durability is to use
ceramic nanofibers and whiskers as the reinforcement in ceramic matrices [2-4].

The aim of the present study was elaboration of
aluminia (AlbOs3) nanofibers reinforced 3 mol % yttria
stabilized zirconia nanocomposites by the sol infiltration
technique. Infiltrated sol was synthesized by sol-gel method
from zirconium butoxide and yttrium nitrate hexahydrate.
AL O3 nanofibers with diameter 30 nm and length 24 mm were

used as a reinforcing agent (Metallurg Engineering, Estonia).

The specimens of AlLOs; nanofibers with dimensions

24mm X 5 mm X Smm were immersed into sol for 15 min and

afterwards dried 30 min at 200 °C in air (Fig 1). The immersed  Fig. ISEM image of immersed Al;0;
nanofibers by ZrO, — 3 % Y,0j3 sol.

specimens were sintered at 1500 °C in vacuum ~10" mBar.
With the sol infiltration technique Al,Os nanofibers were covered homogeneously with zirconia which
resulted in the formation of dense and pore-free nanocomposite.

The composition and structure of the sintered specimens were characterized by X-ray
diffraction, scanning electron microscope and energy dispersive X-ray spectroscopy. The hardness of

the specimens was measured using the Vickers hardness test, hardness was 1275 HVO0.5.
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During the past decade, significant efforts have been made to transfer the extraordinary and
unique properties of carbon nanotubes (CNT) to bulk materials in order to achieve novel
functionality. Electrical conductivity and high aspect ratio of CNT materials for example enables
their use as an alternative to transparent electrode materials [1]. Among the methods like powder
processing, in situ growth of CNTs by chemical vapour decomposition, colloidal processing and
electrophoretic deposition for obtaining CMCs, sol-gel method provides an attractive and
alternative route to generate homogeneous and well-distributed dispersion of CNTs throughout a
ceramic matrix. Unlike the aforementioned methods, sol-gel processing enables to achieve materials
in various shapes (films, fibers, tubes, needles, bulk, as structured surfaces and ect.) at low cost and
at low processing temperatures. In spite of metal oxides good optical, chemical and physical
properties, research on metal oxide CNT-composites by sol-gel method is still very limited.

In the current paper we describe our studies of the preparation and characterization of
ceramic composites obtained by using gelation of CNT doped titanium alkoxide nano sols. In our
previous studies we have shown that it's possible to obtain selfstanding fibers and films from high
viscosity transition metal oxides by using sol-gel methodTRé¢ effect of addition of CNTs to the
rheological behaviour of alkoxide-based precursors was studied experimentally using specially
constructed device to carry out measurements directly inside the synthesis vessel. Final materials

were studied by SEM and FIB analysis and by 4-point eletrical measurements.
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Studies performed in last few decades have demonstrated that due to high chemical
stability, photocatalytic activity, refractive index and dielectric constant of titanium dioxide (TiOy)
thin films prepared by atomic layer deposition (ALD) can be applied as a high-permittivity (high-k)
dielectric film in microelectronics, high

refractive index layers in optical coatings, 0.08 -

protective material for anti-corrosive coatings

in metal industry, etc. As in number of §>0'06_

applications, films with low impurity content 5‘0.04_

are needed. Thus, the goal of this study is to §

clarify the possibilities to deposited TiO, from g 0.02¢

TiCl, and ozone as hydrogen-free ALD °

precursors that could, in principle, ensure low 7200 250 300 350 400 450 500 550 600

Temperature, °C

hydrogen concentration in the films. ) )
Fig.1 Growth rate as a function of

In order to investigate the film growth

in real time and optimize the deposition emperature.

process the quartz crystal monitor (QCM) was used. Growth of TiO, with acceptable rate was
obtained at substrate temperatures 225-600°C (Fig.1). The composition studies made by X-ray
fluorescence spectroscopy clearly demonstrated that O3 was sufficiently reactive to ensure efficient
replacement of chlorine by oxygen during the film growth. The films deposited from TiCl; and O3
at 275°C contained only 0.12 + 0.045 % of chlorine. This level was comparable to that obtained in
the TiCl4-H,0O process. The advantage of the TiCl4-O3 process is, however, the absence of possible

sources of hydrogen contamination.

145


mailto:vaino.sammelselg@ut.ee

PO-41

CHARACTERIZATION OF HYDROXIAPATITE BY TIME-RESOLVED
LUMINESCENCE AND FTIR SPECTROSCOPY

Larisa Grigorjeva', Donats Millersl, Krisjanis Smitsl, Dzidra J ankovicaz,

Lasma Pukina®
YInstitute of solid State Physics, University of Latvia,

?Institute of Inorganic Chemistry, Riga Technical University, Latvia
e-mail of presenting author: Igrig@latnet.lv

Hydroxyapatite Ca;o(PO4)s(OH), (HAp), is inorganic component of bone and its
synthetic version has been used for biomedical implant application. The present work
deals with FTIR spectroscopy and time-resolved luminescence study of undoped and RE
ions doped HAp nanocrystalline powders. RE ions substitute for Ca®" in HAp structure
and the charge compensations is required. On the other hand the RE ions luminescence
was used as a local structure probe.

The samples were synthesized by co-precipitation method by using the ammonium
dihydrogen phosphate (NH4),HPOy4, calcium nitrate Ca(NO3),-4H,0 and RE nitrates, for
example Eu(NOs);-6H,0. After the reaction the resulting material was washed several
times and dried at 80°C for 72h. The XRD measurements show hexagonal HAp
structure; the grain size estimated from XRD measurements and is in range 20-25 nm.
The time-resolved photoluminescence (PL) has been measured at 300K. The YAG
pulsed laser (266 nm, 2 ns pulse duration) was used for the PL excitation. PL
measurements were carried out with a photon counting head (HAMAMATSU H8259)
and photon counting board FastComTec Communication Technology module P 7887
and minimal time bins 250 ps. The radioluminescence and PL spectra were compared.
The Eu®" ion luminescence is know as most studied luminescence dopand in HAp [2,3]
due to luminescence bands sensitivity to local symmetry. The Eu”*" luminescence and

intrinsic luminescence in undoped HAp were studied and analyzed.
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Scientific interest in the nano-dispersed zirconia is associated with the ability to change the
properties obtained on its basis in a wide range of ceramics. Depending on the chosen
technology can be as dense ceramics, designed for cutting tools and moderately porous suitable
for bone implants. Properties of zirconia ceramics have greatly depend on the technology of its
production, from the purity of the starting zirconium powder, alloy plant, particle size powders
and sintering conditions.

Today, obtaining chemical zirconia compositions based on it most of the work is devoted to
the issue of obtaining nanoproduct with desired properties, as it allows the chemical synthesis to
produce nanopowder with a high degree of reproducibility and purity [1, 2].

We have analyzed properties of partially stabilized zirconia nanopowders, obtained by
azeotropic distillation synthesis and ceramics, received by SPS sintering.

It was synthesized nanopowders with specific surface area in the range of 100-120 m*/g (at
temperature calcinations of 420 °C) and the crystallite size of the #-ZrO, in the range of 8-10 nm.

To be observe that received ceramics have high values of hardness (1465 HV at 5 kg of
loading) and high density reaching to 98.4 % of theoretical density.

Thermal conductivity of the sintered ceramics were measured by the calorimeter IT A 400 was
1,85+ 0,09 W/(m-K).
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Zirconia is one of the most promising oxides to be used as an up-conversion host material,
because of the high chemical and physical stability as well as due to relatively low phonon energy
of the matrix especially among oxides which is an important factor for the overall efficiency of the
up-conversion processes in a material.

For practical luminescence applications

the glasses or crystals and also nanostructured F M N d l 2 () ] /;

transparent ceramics are more preferable.

4
There is also interest to obtain transparent . £ \
nanostructured zirconia ceramic for laser I<M Nl 2( ) l 3

optics as well for luminescent sensor
Fig.1 Pure and rare earth doped zirconia

ceramics made by cold pressing from
synthesize ZrO,/TiO, transparent ceramics different raw nanocrystal powders

applications. Some successful attempts to

were reported earlier [1].

Optical semitransparent (translucent) polycrystalline ZrO, and ZrO, with Er, Yb and Nb
ceramics were fabricated by cold and hot pressing (Fig.1). The nanocrystals were obtained by Solar
Vapor condensation method realized in Heliotron reactor (PROMES CNRS France) [2]. As the raw
materials for solar evaporation the Sol Gel nanocrystals were used.

The upconversion luminescence and the time resolved luminescence properties were

compared of initial Sol Gel material with these of the Solar Vapor condensed nanocrystals.
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Increasing production of biodiesel which is one of the bio renewable energy sources causes
surplus of glycerol. As its supply far away exceeds demand, many scientists look for other glycerol
utilization fields. In this work selective glycerol oxidation which is one of the preferable glycerol
conversion methods in the presence of novel fine-disperse bimetallic catalysts is studied.

Using new extractive-pyrolytic method we have synthesized several Pt-Pd bimetallic catalysts
supported on plasma-processed alumina nanopowder (SSA 46 m?/g). We have investigated catalysts
synthesis and glycerol oxidation process parameter influence on catalyst activity and selectivity
oxidizing glycerol in mild conditions. Change of Pt-Pd loading from 0.6 to 2.4% for each metal on the
support didn’t affect catalysts activity and selectivity significantly but influence of glycerol/Pt-Pd
molar ratio and NaOH initial concentration was considerable. Best result (65% selectivity to glyceric
acid with 96% glycerol conversion) was achieved using 1.2%Pt-1.2%Pd/Al,O; catalyst when glycerol
oxidation conditions were as follows: c,(glycerol) = 0.3 M, co(NaOH) = 0.7 M, n(glycerol)/n(metal) =
300 mol/mol, t = 60 °C, P(O,) = 1 atm, oxidation time 4 hours. Novel 1.2%Pt-1.2%Pd/Al,O; catalyst
was practically inactive in neutral water solutions (glycerol conversion was only 3%). In alkaline
solutions novel bimetallic catalysts were more active and also selective to glyceric acid comparing

them with analogous monometallic Pt/Al,O3 and Pd/Al,O; catalysts [1, 2].

References

1. S.Chomaja, K.Dubencov, V.Kampars, O.Stepanova, S.Zhizhkun, V.Serga, L.Kulikova, Reac. Kinet. Mech. Cat. 2012,
DOI) 10.1007/s11144-012-0516-3.

2. E.Palcevskis, L.Kulikova, V.Serga, A.Cvetkovs, S.Chornaja, E.Sproge, K.Dubencovs, J. Serb. Chem. Soc. 2012, 77,
1799-1806

Acknowledgments

This work was supported by the ERAF project Nr. 2010/0304/2DP/2.1.1.1.0/10/APIA/VIAA/087.

149



PO-45

INVESTIGATION OF Ti DOPING EFFECT ON STABILIZATION OF R’-PLANE
ORIENTED EPITAXIAL Cr,0; THIN FILMS ON R-PLANE SAPPHIRE

Kaspar Roosalu, Taavi Pungas, Aivar Tarre, Jaan Aarik, Hugo Méndar

Institute of Physics, University of Tartu, Estonia

e-mail: roosalu @ut.ece

Titanium doped Cr,0O3; (CTO) shows good gas sensing properties and has found use in commercial gas
sensors. Manufacturing processes yielding great specific surface are preferred as gas sensing reactions
occur on the surface CTO. Thus it is common that CTO with desired stoichiometry is produced for
example by solid state reaction or flame evaporation followed by milling to suitable crystallite size and

subsequent sintering. Although it is known that microcrystals of sintered CTO expose prevalently
rhombohedral r-planes (11 02) [1], it is important to note that the other family of nonequivalent

rhombohedral planes, the r’-plane (1 102), has different surface configuration [2] and expectedly
unique physical and chemical properties that have not yet been investigated for gas sensing

applications.

In this report the structure and composition of atomic layer deposited epitaxial CTO thin films with
various Ti content (<0.3 of total metal content) were studied by X-ray diffraction (XRD), X-ray
fluorescence (XRF), X-ray reflectivity (XRR) methods. In our presentation we show that the ratio
between r and r’ orientations in epitaxial CTO films dependent on Ti content and the r’ orientation
became prevalent at a certain concentration of titanium in the films. We present the results of
theoretical analysis of surface free energy and atomic configuration for r- and r’-planes of pure Cr203
and doped with Ti, calculated by molecular dynamics methods (GULP) and density-functional theory
(CASTEP). The r’-plane was found to have one of the highest energies among low-index planes of a-
Cr,03. To our knowledge no prior work has been done on r’-plane atomic reconstruction and free

energy calculations.
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Nanofibrous 3D collagen-based composite matrixes are being developed using
electrospinning technique. The main objects of our studies are the effects of scaffold composition,
polyaniline dopants and electrospinning parameters on scaffold properties and usability of the

fabricated scaffolds as tissue engineering scaffolds.

3D scaffolds can be designed to closely mimic the environment of cells in a living organism,
which is a considerable advantage compared to 2D surfaces. 3D collagen/polyaniline composite
scaffolds can be made using electrospinning technique, resulting in a fibrous material, which is
designed to have a nanofibrous collagen on the outside and a thin layer of polyaniline on the inside.
The great porosity and relatively large specific surface area of the materials fabricated by
electrospinning support cell adhesion and growth. Furthermore, electrospinning allows combining

useful properties of both collagen and polyaniline.

Prior to electrospinning, polyaniline can be doped with various dopants, but is easely
dedoped in water media. This in turn may lead to significant changes in solution pH even in buffer
solutions, which makes the scaffolds unusable for cell culture. Therefore, techniques are being

developed to make these scaffolds stable in water solutions.

The suitability of the scaffolds for cell culture is greatly determined by chemical
composition, mechanical and electrical properties of the materials used. We are trying to elaborate

scaffolds with properties similar to the growing environment of cells in a living organism.
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Tungsten coatings play a growing role in different appliances because of their thermal
characteristics. Future fusion reactor walls in their most critical areas in divertor, where they suffer
high plasma fluxes, will be made of tungsten. It makes important to study changes in tungsten
surface morphology when exposed to high-flux Hgilasmas.

Our previous study [1] showed that when samples with tungsten-containing coatings were
exposed to hydrogen plasmas with moderate fluxes of low enough energy ions, the erosion of the
coating was hardly detectable. In the present study, samples with pure tungsten coatings were tested
using He-containing plasmas and higher surface temperatures. The main task of the study was to
find the dependence of the surface morphology and its crystallinity on the plasma composition and
the temperature of the sample coating.

Samples produced by DIARC-Technology Inc with 2 pum W-coatings on Mo were exposed
to controlled plasma discharges in Pilot-PSI at DIFFER. Samples were exposed to pure He and D
andmixed He/D» plasmas. The maximum surface temperature of the samples was kepicab®00
1200C and the ion energy in terms of the bias voltage was set to -40 V or -70 V.

SEM, EPMA and XRD as post mortem methods [1] were used to characterize the samples.
SEM showed that the action of plasma beam caused at the sample surface formation of quasi-
periodic structures of < 0dm periodicity. According to XRD, plasma fluxes caused fzogift of

XRD peaks and a decrease of the peak width.
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Nanowire arrays are advantageous building elements in fabrication of nanoelectronics and sensing
devices. Their conductivity dependence on material and structure is the key parameter for potential
practical applications. To control size distribution of nanowires diameter and obtain highly arranged
arrays it is convenient to employ anodic aluminium oxide membranes (AAO) as templates for
nanowire growth.

In this work we apply impedance and admittance measurements to characterize Bi,S;/AAO
nanowire arrays. During electrochemical and electrical characterization of nanowires repeated
action of current may influence their electrical properties; hence appropriate measurement
conditions have to be established.

The influence of current frequency on the real, imaginary and complex electrochemical impedance
and double layer capacitance for the Bi,S; nanowire arrays was calculated. The changes in
parameters of impedance and admittance with variable potential and constant current frequencies
(1.5 Hz) were investigated.

Obtained experimental results show that Bi,S; nanowire real resistance (Z;) is constant within the
measured potential region but imaginary resistance (Z;) varies significantly. The real admittance
(conduction) parameters of Bi,S; nanowires are 2 + 3 pQ'-cm™. Bi;S3/AAO nanowire array
impedance parameters decreased and become stable after 5 hour conditioning in 0.1M CH3COONa
electrolyte at constant applied potential.

Calculated electrical properties of nanowire array and determined measurement conditions are
important for characterization of large samples and in further studies of nanowires/ porous AAO

membrane as complex electrode in nanowires array sensor applications.
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Graphene excellent electrical properties make it a promising material for nanoelectronics. The
successful graphene implementation in electronics requires large-area high quality graphene
synthesis. Chemical Vapor Deposition (CVD) on copper foils allows large-scale monolayer
graphene production, but produced graphene sheets are polycrystalline with different graphene
domains rotationally misoriented to each other, which leads to defects when the islands combine.
On contrary, nickel does not introduce rotational disorder into graphene sheet and has smaller
lattice mismatch with graphene, which can potentially lead to lower defect density and improved
synthesized graphene quality in comparison to other catalysts. However, graphene growth on
nickel is not self-limiting process which results in inhomogenious few-layer graphene growth.

In this work predominantely monolayer graphene was synthesized on nikel thin films. The nickel
films were prepared by e-beam evaporation on silicon substrates covered with 300 nm layer of
silicon dioxide. Graphene was synthesized onto these Ni films in a laboratory CVD reactor at
low pressure from methane using argon as a carrier gas. Following the synthesis, graphene was
covered with PMMA and nikel was etched away. The quality and thickness homogeneity of
graphene samples were examined using pRaman spectroscopy, incl. spectroscopic mapping, and
SEM techniques. Ti/Au contacts were fabricated onto prepared graphene structures by e-beam
evaporation method. Electrical parameters of the graphene were determined and compared to

values obtained on the copper catalyst.
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Dynamic quantum dots are nano-sized areas of the 2D electronic system,
electrostatically decoupled from the environment and controlled by time-dependent voltages,
applied to gate electrodes [1]. They can be used, for example, as a basis for very precise
current sources or as a physical implementation of a qubit — the elementary unit for quantum
information processing.

The charge capture in a dynamic quantum dot is an essentially time-dependent and
non-adiabatic process [1,2], which can be described by kinetic rate equations for the time-
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from environment is considered as

sudden); and (iipeneralized decay cascade or athermal limit (temperature is low, and the
decoupling of the quantum dot is gradual). We show that the dependencies of probability to
capture given number of electrons on circuit parameters (e.g., gate voltage) are different in
these two limits (Fig. 1), but in both cases they can be described by relatively simple
expressions, where all complex system dynamics is encoded in one characteristic parameter
per each charge state.
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Modification of polymers with nanostructured fillers offers multiple advantages over
traditional microcomposites. Nanocomposites usually possess considerably improved properties
already at small nanofiller content. Depending on the intrinsic nature of the nanofiller, some
specific properties such as magnetism, electrical conductivity and others can be assigned to
polymers. There is much evidence about modification of primary aromatic thermoplastic polyesters,
such as polycarbonate (PC), with inorganic anisometric fillers, particularly layered silicates [1],
carbon nanotubes [2] and graphene [3]. Considerably less research has been devoted to modification
of PC with magnetic nanofillers.

The current study evaluates the applicability of PC for development of magnetic polymer
nanocomposites. Both, primary and secondary PC is used as a matrix for modified composites with
commercial nanostructured cobalt ferrite (CoFe,O,4). The nanocomposites are manufactured by the
method of twin screw extrusion. The amount of nanostructured filler is changed from 0 to 5 wt. %.
Ethylene-vinyl acetate elastomer in the amount of 10 wt. % is added as toughener. Structural
characteristics of nanocomposites are determined by differential scanning calorimetry. Magnetic
properties are characterized by means of vibrating sample magnetometer.

It is observed that upon introduction of the magnetic filler paramagnetic hysteresis loop is
observed: at 5 wt. % of CoFe,O, saturation magnetization of the nanocomposite is 2,17 emu/g,
remanent magnetization is 0,8 emu/g and coercivity is 1200 G. Nanoindentation tests show that
nanofiller-reinforced samples maintain reasonable plasticity characterized by work of plastic

indentation, while their modulus and hardness are improved.
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A significant progress in the research of track formation and surface nanostructuring has been
achieved performing irradiations of various materials with swift heavy ion beams at grazing incidence
[1]. In this work bulk-structure modifications in LiF irradiated with SHI under oblique angles have
been investigated using AFM, chemical etching, nanoindentation and optical absorption spectroscopy.
LiF crystals were irradiated under incidence angles of 30 and 70 degrees with 2.2 GeV Au (fluence
5x10™ jons.cm™) and 150 MeV Kr (fluence 10'2-10" ions-cm™) ions. Investigations of the structure
were performed on cross-sections produced by cleaving crystals perpendicular to the irradiated
surface. Our recent studies on normally irradiated samples showed two typical structural zones: (1) a
nanostructured region in the depth range where the electronic energy loss surpasses the threshold of 6-
10 keV/nm and (2) a dislocation-rich region in the further part of the ion track [2]. The current results
show that the characteristic zones of structural damage in samples irradiated under oblique angles are
similar with those for normal irradiation. The dislocation loops in the dislocation-rich zone revealed
by chemical etching in both cases have the <100> orientation. However, a variation of the thickness
of irradiated layer with angle is observed. The nanoindentation measurements showed a higher
hardness of samples irradiated under oblique angles. Such result can be attributed to differences in
aggregation and ordering of defects in the mechanical stress field of ion tracks.
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Electrode/electrolyte interface with high active surface is important parameter for efficient
electrolysis cell. The high surface-to-volume ratio as well as the very small particle size provides
the higher activity of nanostructured catalysts [1]. We used inductive voltage pulses for electro-
deposition of porous nickel thin film onto steel -
electrode. Short pulses (t,<1us) with variable :: J:—LJ_
amplitude (to ensure electro-deposition current '
density in region 124-224 A/dm?) were applied

Z"'(kOhm]

analyzed with electrochemical and

B0
60
to electrode and resulting coating were w]
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microscopically methods. At lower current R T . .o g 8
densities only smooth nickel coatings growth,

while at higher current densities the bubbles  Fjg.1 Nyquist impedance plots of smooth
appear and porous layer was formed. (larger semi-circles) and porous (smaller
semi-circles) Ni coatings on steel electrode.
Electrochemical impedance spectra of smooth
and porous layers are measured in deionized water (Fig.1) and in 1M KOH solution. The capacity C
in equivalent scheme (Fig. 1 top right) is proportional to electrode surface, and from impedance
spectra it is calculated that porous layer has 20 times larger active surface comparing to smooth
layer (in KOH solution). From electrochemical measurements it is estimated that more efficient
hydrogen evolution reaction occurs on electrode with porous nickel layer obtained at 223 A/dm?. It
is shown in this work that inductive short pulse method can be used to obtain nano-porous nickel
coatings on electrodes for efficient electrolysis cell.
Acknowledgement: Authors acknowledge ERDF project Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/
VIAA/031 for financial support.
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Nitrogen adsorption was studied for graphene, produced by chemical vapour deposition
method (CVD) [1] . Typical isotherms of such samples are shown on Fig.1
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Fig.1 Tipical isotherms for CVD graphene.

The measurements were done using the manometric technique, in the range of relative
nitrogen pressure from 10° to 1. The substance weight in each case was 5-15 mg. Before
measuring adsorption, the sample was heated in vacuum at 300 °C for at least 24 h. Adsorption was
measured after heating.

In determination of the specific surface area (Sggr) for the CVD graphene samples it was
found that formally possible isotherms in BET approximation [2] are observed in two different
pressure ranges.

Results:
Statistical analysis made it possible to distinguish two pressure regions for all the studied CVD
samples - the region with greatest correlation and the region with greatest value Sggr.

The BET approximation at low pressure (Region 1) reflects a step-wise rise on the isotherm
at a pressure of p/py = 0.0001-0.001. It could be suggested that this step-wise adsorption of N, on
CVD graphene is associated with the formation of a first adsorbed N, monolayer. In this case it is
the Type IV isotherm due to the presence of mesopores. Sggr value 25 - 35 m?/g was obtained in the
BET approximation at low pressure. Sger value 40-70 m?/g was calculated in the higher pressure
region with p/py ~0.2-0.4.

The experimental results are discussed and their interpretation proposed.
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1. Zongping Chen, Wancai Ren, Bilu Liu, Libo Gao, Songfen Pei, Zhong-Shuai Wu, Jinping Zhao, Hui- Ming
Cheng, Carbon 48 (2010) 3543-3550.
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Stabilizied zirconia nanoparticles due to their unique properties find application as
solid electrolytes, gas sensors, catalysts, high-temperature corrosion resistant materials.
Present trends in technology are directed to development of highly effective, economic and
environmental friendly preparation methods of nanoparticles. From this point of view very
perspective preparation methods of zirconia nanoparticles are fast microwave and solvent free
molten salts synthesis. However, it is well known that properties of the prepared nanoparticles
depend on the preparation method and used raw materials.

The aim of present work was comparison of properties and sinterability of stabilizied
zirconia prepared by molten salts (MS) and microwave (MW) synthesis using ZrOCl, 8H,0O
or ZrO(NOs3)32H,0 and Y(NOs3);6H,0 as precursors. The MW synthesis was carried out in a
Masterwave BTR, Anton Paar apparatus by heating salts solution in water or C,HsOH at
temperature in the range of 150-190 °C during 20 min. The MS synthesis was carried out by
heating mixture of the zirconia and yttria salts with NaCl and NaNO; at temperature in the
range of 400-800 °C during one or two hours.

The prepared by the both methods YSZ crystalline nanoparticles containing 3 mol%
Y,0; consist from t-ZrO, and possible also c-ZrO, phase. The specific surface area of the
nanoparticles prepared by MS and MW  was in the range of 124—146 m*/g and 90117 m?/g
respectively in dependence on the synthesis parameters.

The crystallite size of YSZ nanoparticles prepared by MS synthesis was in the range of
4—14 nm and increases with temperature and duration time of the process as well as with
decrease of molar ratio of oxides and sodium salts. The crystallite size of YSZ nanoparticles
prepared by MW synthesis was in the range of 6—9 nm and was determined by the process
temperature and used solvents.

The prepared samples were densified by using spark plasma sintering (SPE-825-CE,
SPS Syntex Inc.). Densification of Y'SZ nanoparticles starts at 850 °C and samples with fine-
grained microstructure with relative density of 98 and 96% respectively were obtained at 1300
°C. Therefore the both methods allow produce YSZ nanoparticles with controlled crystallite
size and high sinterability.
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Electrically percolative polymer-based composites have been attracting much
attention because of their potential applications such as electroactive materials,
sensitive materials, and electromagnetic coatings. Owing to the advanced electrical,
thermal, and mechanical properties, various carbon nanoparticles like carbon
nanotubes or carbon black have been widely studied and often used as nanofillers in
the past few years. The main advantage of carbon nanotubes versus other carbon
nanofillers is their extremely low percolation threshold [1]. The onion-like carbons
(OLCs), consisting of stable defected multishell fullerenes, exhibit high conductivity
similar to carbon nanotubes. It was also find that percolation threshold in OLC
composites can be 10 vol % [2]. In this presentation we have investigated how further
reduce percolation threshold in onion like carbon composites. The search of electrical
percolation was performed in composites with various polymer matrix like
Polymethylmetacrylate (PMMA), Polyurethane (PU), Polydimethylsiloxane (PDMS)
and epoxy resin. It was demonstrated that after annealing of OLC/PMMA and PU
composites above glass transition temperature however below melting point
percolation threshold decreases. It was find also that percolation threshold is
dependent from OLC aggregate size. Close to the percolation threshold the value of
complex dielectric permittivity is high in all investigated frequency range from hertz
to terahertz. Therefore, investigated OLC composites are promising candidates for
various electronic applications.

This research is funded by the European Social Fund under the Global Grant
measure.
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The dielectric properties of Polymethylmetacrylate (PMMA) composites filled
with CVD made multi-walled carbon nanotubes (MWCNT) of different mean outer
diameters (d ~ 9 nm and 12-14 nm) were investigated in temperatures from 300 K to
450 K and in wide frequency range (20 Hz-1 MHz). Composites were prepared by in-
situ polymerization and coagulation. At room temperature and below percolation
threshold the dielectric permittivity was found to be higher for composites with
thicker carbon nanotubes. For composites prepared by coaguliation percolation
threshold is higher as 2 wt%. In contrast, for composites prepared by in-situ
polymerization it is lower, for composites with thin nanotubes it is about 1 wt% and 2
wt% for thick nanotubes composites. Such difference of percolation threshold value is
caused by better distribution of thin carbon nanotubes. Temperature dependence of
complex dielectric permittivity of investigated composites below percolation
threshold is mainly caused by P relaxation in pure PMMA polymer matrix. The
potential barrier for PMMA molecules rotation is higher in composites with thicker
MWCNT and demonstrates non-monotonous concentration dependence. Above and
close to percolation threshold on heating to 450 K the complex dielectric permittivity
increase due negative temperature effect. The temperature dependence of DC
conductivity of composites with 2 wt% MWCNT (on cooling below 300 K) was fitted
with fluctuation induced tunneling model

opc= 60eXP(-(T1/(T+To))), )

where T; represents the energy required for an electron to cross the insulator

gap between conductive particles aggregate and Ty is the temperature above which

thermal activated conduction over the barriers begins to occurs. Obtained parameters

are 60=0.01 S/m, T1=174 K, T;=63 K for composite with thin nanotubes and 6¢=8.71
pS/m, T,;=139 K, Ty=62 K for composite with thick nanotubes.
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Temperature dependence of single vortex magnetic moment in nanosize superconducting
particles is investigated in the framework of quasiclassical Eilenberger approach. Such
nanoparticles can be used for preparation of high-quality superconducting thin films with high
critical current density [1]. In contrast to bulk materials where the vortex magnetic moment is
totally determined by flux quantum, in nano-sized specimens (with characteristic size, D, much less
than effective penetration depth, A.5) the quantization rule is violated and magnetic moment is
proportional to Dz/ietf‘z(D. Due to strong repulsion between vortices in nanoparticles only a single
vortex can be trapped in them. Because of small size of particles the screening current of the vortex
is located near the vortex core where the current is quite high and comparable to depairing currents.
Therefore, the superconducting electron density, n,, depends on the current value and the distance
from the vortex core. This effect is especially important for superconductors having gap nodes, such
as YBCO.

The current dependence of 7, in nanoparticles is analogous to the Volovik effect in flux-line
lattice in bulk samples. The magnitude of the effect can be obtained by comparing the temperature
dependence of magnetic moment in the vortex and in the Meissner states. In the last case the value
of screening current is small and superconducting response to the external field is determined by
London penetration depth. Because of importance of nonlinear and nonlocal effects, the quantum
mechanical Eilenberger approach is applied for description of the vortex in nanoparticles. The
flattening of 1//1¢17‘2(T) dependence has been found. A comparison of the theoretical results with
experimental magnetization data in Meissner and mixed states of YBCO nanopowders has been
done. The presence of nonlinear and nonlocal effects in vortex current distribution is clearly visible.
The obtained results are important for the description of pining in nanostructured high-77 thin films.
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Corrosion destruction of chemically active metals from their surface side is a big problem in
industry and society also nowadays. Thus, the methods that consist of using chemically
resistive sealing coatings on top of samples surfaces, playing gas barrier role, are well
appreciated. Widely used paint-coatings that are as a rule relatively thick, up to tens
micrometers, and despite of this have low mechanical resistivity, thin and ultra-thin inorganic
films can be used instead if they fulfill all necessary sealing properties: high chemical
inertness, low gas diffusion, good adhesion to the substrate surfaces, necessary elasticity, are
homogeneous and defect free. It is known that atomic layer deposition (ALD) method ensures
ideal surface coverage and should also yield defectless thin films with high density. Therefore
the method should have marked application perspectives in preparation of thin anti-corrosion

coatings.

In this work multilayer ALD thin films based on

1 0 Tio,

6 sublayers: 3" (Al,O3+TiO,) were examined.
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It is shown that titania subfilms with anatase structure have significant resitance even in hot

80% sulphur acid and the ones with rutile structure are good in 37% hydrochloric acid (see

Fig. 1).
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Molecular chlorine has been dominantly used for the synthesis of carbide derived carbons.
Based on preliminary data, hydrogen chloride might prove to be a safer and cheaper replacement.
The main aim of this work was to establish the influence of hydrogen chloride as the reactant on the

carbon synthesis conditions and consider the

suitability of the prepared carbon for
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microscopy, X-ray diffraction, Raman synthesized materials obtained from low
spectroscopy, low temperature N, sorption, temperature N sorption measurements.

cyclic voltammetry, constant power and electrochemical impedance methods were used to study the
synthesized materials.

Based on experimental results, titanium carbide derived carbon powders synthesized by
using molecular chlorine showed somewhat better performance if used as the electrode material for
non-aqueous electrolytes based supercapacitors. The somewhat different more mesoporous
morphology of the obtained carbon, when using hydrogen chloride as reactant, might be interesting
for applications other than supercapacitors.

This work was supported in part by the Estonian Ministry of Education and Research
(project SF0180002s08), by the Estonian Centre of Excellence in Science: High Technology
Materials for Sustainable Development, Estonian Energy Technology project 3.2.0501.10-0015,
Estonian Materials Technology project 3.2.1101.12-0019, by the graduate school “Functional
Materials and Technologies”, receiving funding from the European Social Fund under project
1.2.0401.09-0079 in Estonia and by the Estonian Science Foundation under project no. 8172.
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Polymer composites with various carbon inclusions, like single- or multi- walled carbon
nanotubes, carbon black, graphite or graphene are interesting for fundamental research and very
attractive for various applications due to possibility to manipulate composite properties at
nanoscale. The value of dielectric permittivity and electrical conductivity of these composites could
be very high close to percolation threshold. However, despite of lot of publications is a lack of deep
understanding relation between carbon filler microscopic properties and composite dielectric
properties [1].

In this contribution were investigated epoxy resin composites filled with various size
graphite flake inclusions, namely natural graphite (diameter of the graphite flakes are d = 500 — 750
um), coarse graphite (d = 150 — 800 um), medium graphite (d = 44 — 75 um), fine graphite (d = 15—
44 um) and exfoliated graphite. The concentration of graphite inclusions was from 0.25 to 2.0 wt.
%. Dielectric investigations were performed in frequency range from 20 Hz to 1 MHz, while the
temperature interval was from 10 K to 450 K, by measuring loss tangent and capacity with LCR
meter (HP — 4284A). The dielectric properties of all investigated composites, except composites
with exfoliated graphite, are very similar to the dielectric properties of pure resin. At temperatures
close to room temperature the dielectric dispersion in these composites is mainly caused by alfa
relaxation in pure epoxy resin. At higher temperatures, similarly to pure epoxy resin electrical
conductivity appears.

This research is funded by the European Social Fund under the Global Grant measure.
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Every year global amount of solid waste increase, extremly fast is increase in the amounts of
polymer waste. More than half of polymer waste are coming from packing industry. Recycling is
rational and environmentally friendly way to solve this problem. Significant part of polymer waste
is covered by well known and widely used thermoplastic polymer — polyethylene terephthalate
(PET). PET can be relatively easy recycled. Most often the source of recycled PET (RPET) is post-
consumer beverage bottles. First PET bottle recycling attempts were launched in 1977, in 2011
about 1.6 million tons of PET bottles were recycled [1]. Thus novadays RPET can be regarded as
considerable alternative source for development of novel materials.

In this study RPET or PET have been melt mixed with nanostructred montmorillonite clay
(MMT) and liquid crystal polymer (LCP) by using twin screw extruder. It is well known that
addtion of MMT to PET allows considerably increase its mechanical and barrier properties [2]. It is
also known that addition of LCP improves mechanical, rheological and barrier properties of PET
and other thermoplastic polyetsters [3]. The simultaneous effect of both of these modifiers on the
structure and properties of PET, however, has not been considerably investigated. In this research
the effect of LCP and MMT on the structure and properties (mechanical, reological, calorimetric
and thermal properties) of RPET and PET are investigated. The amount of LCP has been changed
from 2 to 10 wt%, while that of MMT from 1 to 5 wt.%. Synergetic effect has been observed. For
example, adding 5 wt% of LPC and 5% of MMT, the highest rise of the modulus of elasticity has
been observed.
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Interest to the group I11-V diluted magnetic semiconductors (DMS) is connected to their
high potential for use in spintronics applications [1]. Indium antimonide (InSb) is known among the
group Il1-V semiconductors as the material with the narrowest band gap and the highest carrier
mobility. Doping of InSb with Mn leads to interesting magnetic properties of In;.xMn,Sb connected
to presence of different types of magnetic systems. These include (i) the substitutional Mn ions,
(ii) the atomic-size Mn complexes and (iii) the MnSb nanoprecipitates [2].

Here we present investigations of the resistivity, magnetoresistance and the Hall effect in
In.xMn,Sbh with x = 0.02, 0.03 and 0.06. Samples were prepared by direct alloying of indium
antimonide, manganese and antimony, followed by a fast cooling of the melt with a rate of 10 — 12
K/s. The resistivity in zero magnetic field exhibits below T ~ 20 K an upturn, which has been
interpreted as the manifestation of the Kondo effect characterized by the Kondo temperature T ~ 3
— 8 K. The Hall resistivity demonstrates presence of the normal and the anomalous Hall
components, where the latter is connected to the ferromagnetically ordered spin system of MnSb
nanoprecipitates. The magnetoresistance, Ap/po, below T ~ 10 K is negative (n-MR) reaching the
value up to 15 % at 1.6 K. The magnetic field and temperature dependences of n-MR are interpreted

with the Khosla-Fischer model of spin-dependent scattering by localized magnetic moments.
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MogSsls (MoSI) nanowires have excellent conductivity and are good alternative to carbon
nanotubes as functional one dimensional (1D) nanofiller for polymeric materials used in
electrostatic discharge, EMI shielding, flexible electronic substrate and electrode applications [1].

A Poly(e-caprolactone) (PCL) is one of the most commonly used polymers in biomedical
applications, mainly because it is biodegradable and non-toxic. Chemical formula of PCL is
[[CH2]5COO0]n, where n = 300. It is A2-type polymer, it consists of monomers, which contain
dipoles of carboxyl group, which are separated by non-polar methyl group. Dielectric spectroscopy
of PCL has shown three relaxation processes, which are noted «, £ and y. a relaxation resides in
lower frequencies and it is the dielectric manifestation of the cooperative motions that occur at the
dynamic glass transition temperature. f and y relaxations, which resides in higher frequencies, are
related with more localized dipole motions of polymer [2].

Some structural and mechanical characteristics of PCL-x%MoSI composite were
investigated earlier and presented in [1]. However, there are very little data about dielectric
properties of PCL-x%MoSI composite. Thus, the aim of this report is to present the results of
dielectric spectroscopy of PCL-x%MoSI composites.

Also, the temperature dependencies of longitudinal ultrasonic velocity and attenuation in
PCL-x%MoSI composites will be presented. The influence of nanowires in composite on ultrasonic

properties will be discussed.
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In this work we consider the different types of stoichiometric nanotubes (NTs) folded from
the cubic and orthorhombic SrZrOs; (SZO). The first (I) types of NTs have been obtained by rolling
up of (001) slabs of the cubic phase (Pm 3 m), the second (II) and the third (III) types were folded
from (001) and (110) slabs of the orthorhombic (Pbnm) phase, accordingly. The calculations have
been performed in the LCAO approximation using the hybrid exchange-correlation functional
PBEO. The stability of the single-wall nanotubes of chiralities (n, 0) and (n, n) for the cubic, and (1,
0) and (0 n,) for the orthorhombic SZO have been investigated in dependence on their diameter, the
number of layers (2 or 4) in the slab, and the outer surface termination (SrO or ZrO,).

Type I NTs folded from 2-layer slabs, generally, keep the initial structure while maintaining
the original symmetry during the optimization procedure. However, if the symmetry decreases due
to removing of the screw rotations, the nanotube structure exhibits considerable reconstruction with
splitting of ZrO, shells into two atomic (O and Zr) subshells, thus resembling the surface of SZO
orthorhombic phases. Strain energy of those NTs is significantly less than that for the tubes with a
full set of symmetry operations. Also, it has been observed spontanecous splitting of the SrO-
terminated (n, n) 4-layer nanotubes into two separated NTs. The resulted double-wall nanotubes are
energetically more favorable than the two isolated single-wall nanotubes consisting of StO—ZrO,—
SrO and ZrO; shells, correspondingly.

The NTs folded from the orthorhombic phase (of types II and III), generally, preserve the
atomic distortions inherent to the SZO orthorhombic phases. However, the concrete NT surface
structure depends on the chirality, the number of layers and termination type. The reconstruction of
ZrO,-terminated outmost surfaces because of break of the Zr—O bonds has been found in all types

of NTs simulated from 4-layer slabs.
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Magnetic colloidal dispersions exhibit pronounced Soret effect in the presence of tempera-
ture gradients and so the creation of thermal nonhomogeneities by absorption of incident optical
intensity is a convenient method for the formation of concentration microstructures in layers of
ferrocolloid. In external magnetic fields these formations acquire complex internal structure estab-
lished by the simultaneous and self-consistent thermophoretic, magnetic, diffusive and advective
interactions.

We observe by numerical simulations the
emergence and evolution of periodic 2D arrays of
these microstructures of magnetic nanoparticles
(Fig. 1) induced through photoabsorption and ther-
modiffusion in a thin layer of magnetic colloid in
the applied magnetic field. The observable parame-

ters are formulated on the grounds of obtained de-

tailed microscopic information and are compared  Fig.1 Photoabsorptive 2D grid in magnetic
field (distribution of ferroparticle concen-

with the results of experimental measurements in . ) . .
tration and microconvective streamlines)

forced Rayleigh scattering arrangement.

The stability of the extended convective-diffusive microstructures is examined as well. We
conclude that these structures are relatively stable if the magnetic field is applied along the tempera-
ture gradient. The perpendicular configuration, if the external field is oriented normally to the side-
wall of the layer, is rather unstable due to the defining influence of the transversal boundary. The
destabilization of the microstructure and the emergence of the unstable perturbations are observed
above the threshold of the instability.
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The researchers’ interest to anharmonic behaviour of supercurrent in Josephson’s contacts
(JC) is determined with wide application of such objects in the contemporary micro- and

nanoelectronics [1, 2]. The present work considers the influence of external weak magnetic field on

JC with anharmonic current of .
— k=0
I; (@) =lgysing—1,sin2¢p type, where I, — E
. acme k=03
critical current, ¢ — difference in phase of wave 4

functions [3, 4]. In the framework of modified  H() z
Ferrel-Prange equation describing the influence -

of magnetic flied on JC

_:%(Sin(o—ksiHZ(p) the influence of
J

weak magnetic field on JC is studied. (Here k — Fig.1 The distribution of magnetic field at
_ different values of anharmonism parameter.
anharmonism parameter, 1, — Josephson depth

of magnetic field’s penetration). The distribution of difference in phase, supercurrent, and magnetic
field along JC are found for weak external magnetic field (Fig. 1). It is established the external
weak magnetic field influences on anharmonic in more passive way in comparison with traditional
JC (k=0).
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Nanoporous anodized aluminium membrane masks are used for production of
short range ordered metal nanoparticle arrays with diameter 10-30 nm. The masks
are prepared by two step anodization and immersed in paraffin wax as transport
substrate. DC voltage of 10-20 V and 40 V were used for pore formation in sulphuric
and oxalic acids respectively. Resulting membrane thickness using sulphuric acid is
60-100 nm [1]. Free standing mask are obtained after removal of wax and PMMA by
oxygen gas at elevated temperature. Metal nanoparticles are made by sputtering
through the AAO mask. Nanoparticles have uniform size and spatial distribution.
Nano-pore structure, density and diameter can be controlled by variation of process
parameters, e.g. voltage or electrolyte.

Ag, Au, Cr/Au nanoparticle arrays were prepared. To analyse particle optical
properties we use optical scattering imaging. Optical properties are measured to
nanoparticles on glass surface.

Size of nano-pores and thickness of membrane using sulphuric acid is smaller
than previously reported [2, 3].

Keywords: AAO, nanoparticles.
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A combination of quantum mechanical methods and classical force-fields forms an approach
which gives the possibility to extend the results of ab initio calculations obtained for relatively
small systems to the nanosystems of reliable dimensions. In this work we check the applicability of
the existing parameterizations of the Born-Mayer potential to the simulation of the titania and
zirconia nanotubes. The different modifications of the bulk TiO, and ZrO, crystals have been used
as the primary test systems to select the suitable force fields. Finally, three parameterizations [1-3]
have been chosen for TiO, systems and two parameterizations [2,3] for ZrO, systems.

The nanotubes under consideration have been folded from the different layers of cubic and
tetragonal phases of titania and zirconia. The 3-plane (111) layers of fluorite (Pm 3 m) structure
have been employed for construction of the nanotubes with the hexagonal morphology. The 6-plane
(001) layers of tetragonal (P4,/nmc) modification have been used to obtain the nanotubes with
lepidocrocite morphology, and 6-plane (101) layers of anatase (/4,/amd) structure have been used
for the nanotubes with the corresponding morphology.

Force-field based calculations of nanotubes of the different chirality and with the diameter
about 20 A have demonstrated that only parameterizations [1,3] are able to reproduce the nanotubes
strain energy correctly. All the selected fields produce the reliable nanotube structure; however

none of them can give the reasonable formation energy of the nanotubes and nanolayers.
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The efficiency of organic solar cells has steadily increased in the past few years.
Still the main shortcoming of these cells is their limited spectral range up to a wavelength
of 800 nm. In order to broaden the spectral coverage of the cells we are looking for
tandem partner with photosensitivity in infrared spectral region. It is known that lead
phthalocyanine (PbPc) in triclinic phase has large and strong intermolecular charge
transfer (CT) band around 900 nm which enables considerable efficiency in planar solar
cells with Cgg as electron acceptor and transporter up to 990 nm. Yet open circuit voltage
(Voc) of these cells doesn’t exceed 0.5 V. In present work we are trying to replace Cego
with Cg derivatives with higher LUMO level than for Cg to increase Voc value of the
cell.

All layers of the cell were prepared by thermal evaporation in vacuum ~ 10 mbar
in the same system without breaking the vacuum. ITO glass was covered by 10 nm thick
hole conducting and exciton blocking molybdenum oxide layer, which was followed by
50-100 nm thick PbPc layer by slow evaporation to obtain triclinic phase, then followed
40-60 nm thick fullerene derivative. This layer was covered by 10 nm thick 1,10-
bathophenantroline (BPhen) layer. As electrode was used thermally evaporated Al or Yb
covered by Al. Active cell area was 7 mm?.

All photoelectric measurements will be made in the same home made vacuum
cryostat where cell was manufactured at p ~ 10 mbar without breaking the vacuum and
moving the cell.

The spectral dependences of short circuit photocurrent external quantum
efficiency (EQE), fill factor (FF) and open circuit voltage (Voc) will be investigated in
spectral range 370-1100 nm by measuring current-voltage dependences in every spectral
point, using synhro-detection technique and PC controlled data storage equipment.
Obtained results will be discussed.
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We measured and calculated for the first-time the crystal-field splitting (CFS; Fig. 1, a, b) of the 5d*
state of Ce®" in the hexagonal xenotime-type YPO,-0.8H,0:Ce®* nanocrystallites (NCs) (the
hexagonal D, optical center of Ce®"), which fit each other. The CFS of D, center is about 1.5 times
larger than that of the tetragonal rhabdophane-type YPO4:Ce** NCs (Fig. 1, c) (the tetragonal Dyq
optical center of Ce®"). The later have the same CFS as in the YPO,:Ce** bulk crystal [1].

The spontaneous emission decay time of the lowest 5d* level of hexagonal D, center found from the
slope of the final stage of the D, center fluorescence kinetics (Fig. 2, a) is t(D,) = 33.6 ns. The
1(D,) as twice as long than the spontaneous emission decay time of t©(Dq4 center) = 18.4 ns (Fig. 2,
b). The deactivation of this 5d* level by the multiphonon relaxation process is negligible, because
the 4f'(*F712) — 5d*(°T';) energy gap is too much (~30000 cm™* for both Ce* centers) in comparison
with hi{OH") = 3600 cm* and even more so with h{PO,*) = 1000 cm ™.
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Fig. 2. The fluorescence kinetics from the lowest

20000 40000 venomber a0 5d* level of Ce®*" in the YPO,*0.8H,0:0.2% Ce**
Fig. 1. The excitation spectra of the 5d* state of Ce** NCs (a) at laser excitation (Aex=266 nm, f=5 kHz,
in the YPO,:0.8H,0 NCs (a, b), the YPO4 NCs (c). The  t,=9 ns, 14=380 nm, T=300K) and the YPO,:2%
curve (b) is calculated spectra. We use the exchange Ce®*" bulk crystal (b) at synchrotron excitation
charge model [2] for calculation of the CFS of 5d* (Aexc=323 nm, f=10.87 MHz, t,=1 ns, A4=353
level. The notes on the graph indicate the CF levels nm, T=10K); the dash lines are fitting curves.
positions.
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In present work we propose a novel method for microwave-hydrothermal
(MW-HT) synthesis of tetragonal yttrium orthophosphate (YPQO,) with xenotime-type
structure and hexagonal hydrate of yttrium orthophosphate (YPO4-0.8H,O) with

rhabdophane-type structure doped with Ce®" ions.

.ﬁ‘ 100 nm| 100 nm
Fig.1 TEM images of YPO,:Ce** (left) and YPO,-0.8H,0:Ce** (right) nanoparticles
synthesized at 200°C for 2 hours.

Synthesis includes rapid precipitation of phosphates and subsequent MW-HT
crystallization of obtained gels. We’ve established the dependence of phase
composition and morphology of particles on reagents ratio and duration of MW-HT
treatment. We’ve shown the possibility to obtain well-crystalline and easily
dispersible nanoparticles of named phosphates with mean sizes in the range of 30-50
nm and narrow size distribution using proposed synthetic technique. This work was
supported by European Social Fund (grants # MTT50 and MJD167).
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FIB-SEM, XPS, TOF-SIMS and electrochemical methods have been used for
the characterisation of physical properties and chemical composition of microporous
carbide derived carbon electrodes, prepared from TiC at 950 °C (noted as TiC-CDC)
after 40000 charge/discharge cycles. Some changes in surface chemical composition
of TiC-CDC electrodes and Al current collectors has been established including
partial dissolution of Al from positively charged electrode and deposition of Al onto
the negatively charged TiC-CDC electrode surface. The values of gravimetric energy
calculated before and after constant current charge/discharge cycling at cell voltage
3.4 V are quite similar (35 and 34 W h kg™, respectively). At starting moment the
gravimetric power was nearly 1.4 times higher (195 kW kg™, 146 kW dm™) than that
calculated after 40000 charge/discharge cycles (144 kW kg™, 104 kW dm™). The
characteristic relaxation time constant (0.94 and 1.23 s, respectively) increases
somewhat in accordance with the decrease of power density during long-lasting
cycling at higher cell voltage range from 0.2 to 3.4 V. TOF-SIMS data are in a good
agreement with XPS (Fig. 1) and FIB-SEM results.
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Nonvolatile semiconductor memory based on storing electric charge on non-contacted
floating gates is the dominant memory concept for portable devices [1], including ways to design
floating-dot memories containing conductive nanodots in (multilayer) gate dielectrics. Therefore
appears to be important to study the deposition of materials possibly forming a further basis for this
kind of device prototypes.

In this report we describe preparation of structures containing carbon nanoparticles covered
by coatings grown by atomic layer deposition (ALD). The structures shown in Fig. 1 contain e.g.
HfO, or ZrO, as a control oxide and Al,O3 as a tunnel oxide layer. The carbon nanoparticles were
deposited by dip-coating substrate into
organic solution. Carbon nanoparticles were
synthesized from 5-methylresorcinol and
formaldehyde via base catalysed
polycondensation reaction and distributed
over silicon wafers. Before deposition of
nanoparticles the substrates were covered

with 1-2 nm thick Al,O3 layer grown from X
Al(CHg); and Os. The HfO, films were grown Fig.1. Cross-sectional HRTEM image

of a carbon nanoparticle on Al,O3 covered
from HfCl, and H,O and ZrO, from with HfO,.

C5H52r[N (CH3)2]3 and H,0.
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Polyacetal polymers are among most widely used engineering polymers. They are used in
different branches of national economy, such as, building, automotive, house holding, medicine and
others due to it good mechanical and chemical properties. In the same time application of
polyacetals in engineering is somewhat limited because of insufficient ductility in subzero
temperatures, relatively low thermal resistance, especially at prolonged exposure times etc.
Purposeful modification of polyacetals is promising for increasing certain exploitation
characteristics of the polymers. Polyacetals, modified with elastomers such as ethylene copolymers
[1], styrene rubber [2] or thermoplastic polymer TPU [3] have advanced impact strength,
processability and yielding behavior. Polyacetals, modified with anisometric nanostructured fillers
possess [4-7] have improved thermal resistance, mechanical properties as well as some specific
properties such as, magnetic or electric, dependent on the nanostructured modifier itself [4-6].

The current research looks on the effectiveness of modification of POM with both
anisometric nanoparticles of ZnO and ethylene-octene copolymer (EOC). The amount of EOC in
the nanocomposites has been changed from 0 to 50 weight %, while that of ZnO from 0 to 5 weight
%. Nanocomposites with varying POM:EOC:ZnO ratios have been obtained by using melt
compounding.

It is shown that addition of 10 weight % of EOC allows increase impact strength and
flexibility of POM. Simultaneously modification of the investigated compositions with 2 wt. % of

anisometric ZnO improves stiffness and thermal stability of the materials.
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Nowadays, Al-doped ZnO is one of the most widely used materials for transparent
conductive oxide coatings. Here we report on temperature dependent cathodoluminescence
characterization of Al-doped (mole concentration of Al within 0-10%) and un-doped ZnO
nanofilms on quartz substrate which were obtained by ultrasonic spray pyrolysis.

It was demonstrated that the relative intensity of the 10 keV-electron-beam induced
luminescence bands at 1.9; 2.3 eV and complex band at 3.3 eV depends on both
temperature and Al content. The influence of quartz substrate on cathodoluminescence
emission spectra is evaluated.  Finally, on the base of ab-initio calculations, the model of

the radiative recombination in Al-doped ZnO is proposed
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We present some new results on time resolved luminescence of ZnO monocrystal (MC) and
nanoparticles (NP) excited by femtosecond IR, UV and VUV pulses between 15K and 300K. The
samples have been excited in multiphoton regime by the 800 nm, single photon regime by the 266
nm, 40 fs light pulses provided by Ti:Sa laser source with cadence of 1 kHz and VUV fs pulses
generated by High Harmonic Generation (HHG). The excitation intensity on the sample was
controlled.

ZnO nanoparticles with different sizes were elaborated by Low Energy Cluster Beam Deposition
with high crystalline quality (quasi no defects). The optical properties of the NPs have been studied
by photoluminescence (PL) and no defect related visible or excitonic luminescence have been
evidenced [1]. The time resolution was about 40 ps using MCP photomultiplier in start-stop mode.
The frequency mixing technique with time resolution of 300-400 fs, was used for the study of rise
time and faster decays.

The dynamics of the free (FX) and bound (DX) excitons are discussed depending on the
excitation mode formation, excitation density, temperature and size of the solid system. The role of
the electronic relaxation is also taken into account for higher photons energy.

The study of the bound exciton lifetime NP size dependence is of importance firstly to understand
the mechanisms which drive this dependence and then to define an optimized nanostructure for

reaching the faster luminescence.
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The experiments with isoperiodic heterostructures in the system of IV-VI semiconductors
PbSeTe-PbSnSeTe showed that, under different methods of epitaxy (from the gaseous and liquid
phases), during their fabrication mutual diffusion of the components between the layers takes place.
The isoperiodity is disturbed, and near the heteroboundary, most often in the active area PbSnSeTe
of the structure, are formed the areas of certain thickness where the mismatch could approach the
level when the strain reaches the limit of elasticity. This could result in the formation of a net of
dislocations on the areas of this kind, its formation could be aggravated in actual experiments
depending on the conditions of fabrication of heterostructures. As a result, in the active area the
lifetime of current carriers reduces and the efficiency of spontaneous radiation is impaired — the
quantum yield of radiation decreases by an order. According to the estimates, the measured
threshold current in lasers increases 5-6 times, whereas their operating temperature decreases.

In the IV-VI semiconductors with high concentration of nonstoichiometric defects, the diffusion
coefficients of the components, especially of chalcogenides, are relatively high. At ~500°C the
diffusion coefficient of tin makes up 10™* cm?s and of tellurium - 10" cm?/s. Such a difference
between the diffusion coefficients determines a noticeable diffusion mismatch.

With consideration for the specific features of the band structure of IV-VI semiconductors, we
studied the structures the active areas of which contained sub-inverse or sup-inverse compositions. The

. . A . . .
obtained values of mismatch —* near heteroboundary were compared with the interpolation results.
a

The values were closed for the sub-inverse compositions of the active area. For preventing the
formation of a net of dislocations in the active area, the composition of the emitter was “pulled up” to
the composition of the active area by making closer the content of tellurium in both areas, decreasing
the content of tin upon reaching the isoperiodity at the heteroboundary and doping the emitters with
calcium or strontium.

For the sup-inverse compositions of the active area, the critical mismatch is so high that only “pulling
up” of the compositions is not enough, and doping is essential, which results in the increase in the
modulus of elasticity of the layers. As a result the ultimate strains at the same deformations increase and
their relaxation is put off. The investigation of doped IV-VI semiconductors by the method of internal
friction revealed that the impurities of this kind are chrome and manganese [1]. They decrease the lattice
constant, while the modulus of elasticity increases twice as much. Such doping could be successfully
used for the sub-inverse compositions of active areas as well. Manganese is most efficiently used in the
structures with temperature “self-controlling” heterostructures: in the latter the emitter is formed on the
base of the sub-inverse composition, whereas the active layer — on the base of the sup-inverse one. The
compositions are to be chosen so that at T=77K the width of their forbidden gaps coincided, but,

g

because of different signs of coefficients , the heterobarrier could exceed 0.2eV at room

temperature.
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The perovskite niobates constitute a very interesting group of functional materials, because
of their extreme physical parameters sensitive to external factors. Some solid solutions based on a
sodium niobate have i.a. a very good piezoelectric properties, moreover, they contain no lead and so
they fulfil a very important demand of high technology industry concerning a reduction of the
environmental pollution. One of the most interesting and extensively studied system is a lithium
niobate -sodium niobate solid solution (LiNbO3-NaNbO3).
Pure and 4wt.% Li-added sodium niobate ceramics were prepared by a two-stage hot-pressing
technology in the Institute of Solid State Physics at the University of Latvia. The preliminary
structural studies were carried out by X-ray diffraction technique showed the formation of single
perovskite phase in the investigated compositions. The effect of Li doping on a microstructure and
mechanical properties of the LiNbO3-NaNbOj; solid solution was investigated at room temperature.
The microstructure and EDS measurements were performed by means of scanning electron
microscope with field emission Hitachi S4700 and microanalyses system Noran-Vantage. To
determine the elastic constants (the Young’s modulus E, the shear modulus G, bulk modulus K and
the Poisson’s ratio v) of LiposNagesNbO3; a method of measurement of the longitudinal (V) and
transverse (V) ultrasonic wave velocities for this type of material was developed. The electric
properties of NaNbO3 and Lig04Nag9sNbO3 ceramics were investigated in the frequency range from
100 Hz to 200 kHz and from room temperature up to 750 K, both in the process of heating and
cooling. Both electric permittivity and conductivity exhibit an anomaly as a function of the
temperature and frequency. The a.c. electric conductivity as a function of angular frequency o(w)
follows the relation o(w) = Aw®. The local minima of electrical conductivity o were observed,

which are probably associated with a polaronic transport mechanism.
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Single crystals of Ca.Ba;<Nb,Os (CBN) with nominal concentrations of
calcium in the solution 28% (CBN28), 30% (CBN30) and 32% (CBN32) were

studied. According to [1] these materials are characterized by high (~35 C/cm?)

coercive fields (E;) and remanent polarization (P;) depending on the value of the

applied electric field. In the present work temperature dependence of E. and P, were

studied by the Sawyer-Tower method together with the pyroelectric properties

examined by the TWS method [2].

It was found that the increase of the temperature
results in a decrease of the E. accompanied by an
increase of the switchable remanent polarization (Fig.1,
a,b). The hysteresis loop transformation into an elliptic
shape was observed at temperatures of 35-50 degrees
above the maximum of dielectric permittivity (Fig.1, ¢),
corresponding to the sharp increase of the electric
conductivity. In contrast to dielectric hysteresis loop the
polarization of the samples depends on the Ca(x)

concentration. Uniform polarization distribution was

Fig.1 Dielectric loops of
CBN32 crystal at 335 K (a),
407 K (b) and 539 K (c).
Scale OX: 3 kV/iem; OY: 2
(@), 4 (b) and 8 (c) uC/cm?2.

observed only in CBN32. For CBN30 the polarization magnitude at the +Ps side is

lower than at the —Ps side, while in CBN28 the surface layer at this side is completely

depolarized.
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The LaBr:Ce scintillator has been recently introduced as a very valuable alternative to the
most conventional scintillators. This crystal manufactured by the Saint-Gobain corporation, in fact,
is characterized by a high light output (~60.000 photons/MeV), fast decay time (25 ns), brilliant
energy resolution as well as high stability of parameters in wide temperature range. All of these
features make this scintillator very attractive for both spectrometric applications and for medical
imaging [1-2]. The present study was carried out by the means of the luminescence UV-VUV-
XUV spectroscopy. The time-resolved photoluminescence (PL) spectra ((in region of 1.5-6.0 eV),
the PL excitation spectra (in region of 3.7-320 eV) as well as the PL decay kinetics has been
measured at T=7.5 and 300K using SR on the SUPERLUMI station and BW3 beam-line
(HASYLAB, DESY). The nonproportional PL response was investigated. The absorption spectrum,
thermo-stimulated and X-ray excited luminescence were studied in temperature region of 90-500K
in Ural Federal University. The spectrometric parameters of scintillation LaBr;:Ce,Hf detectors
(diameter 18-38 mm, h=3-10 mm) in combination with PMT or photodiode were studied at T=(-25)
— (+55)°C with using of y-ray isotopes.

The examined single crystal with high optical quality (3-5 % of cerium and 0.05-0.5 %
hafnium in primary charger) have been grown using Bridgman process in the Russian Company
“Stark™ [3]. The synthesized single crystals were certificated by a XRD and inductive-bound plasma
methods, both the chemical and RFA analysis were used also. Introduction of hafnium (HfBr4) in
the melt reduces a hygroscopicity of grown single crystals significantly. The spectrometric
parameters of LaBr;:Ce,Hf detectors are stable and do not degrade. Some selected results of our

studies in this topic are presented in Refs [4-6] in detail.
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Eu and Dy doped strontium aluminates are widely known for their intensive long lasting
phosphorescence. Phosphors of the aluminate family doped with rare earth materials exhibit
extremely long and intensive afterglow — up to 30 hours. The luminescent properties of strontium
aluminate phosphors have been studied for some time in order to obtain the longer lasting and more
intensive phosphorescence, but the mechanism responsible for the long lasting afterglow is not yet
clear, though many authors have proposed different possible models. Knowing the model, it would
be possible to purposefully change the synthesis parameters to obtain a more efficient phosphor.
The goal of this research is to clarify the knowledge of the mechanism responsible for the long
lasting phosphorescence.

In this report the analysis of the luminescence kinetics of SrAl,O4: Eu, Dy has been
described, as well as the investigation of thermally stimulated luminescence (TSL) accumulated
under different excitation (X-ray lamp, deuterium lamp, 266 nm Nd:YAG laser). By TSL
measurements and comparison of their spectral distribution dependence on temperature the depth
and the nature of the charge trapping centers has been determined. The luminescence and afterglow
of the sample after selective dopant excitation has been investigated. The luminescence kinetics
dependence on the population of the filled trapping centers has been shown. The possible
recharging process of the rare earth dopants has been investigated by electron paramagnetic

resonance. The possible mechanism of energy transfer has been discussed.
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V.Dimza, L.Kundzina, M.Kundzins, K.Kundzins, M.Livins, M.Antonova, A.Plaude
,»The effect of Cu adm ixture on relaxor properties of the PLT8/65/35 electrooptical
ceramics”

The complex dielectric permeability €* = ¢’ — ¢'" measured within the thermal
range of 20-400 °C and the 10°-10° Hz frequency range in the PLT 8/65/35 ceram ics
containing 0.005, 0.1, 0.5, 1.0, and 3.0 % Cu by weight is reported presenting analysis
of the frequency dependence of ¢’ and € at different temper atures (Vogel-Fulcer
relation, Arrhenius law and the Cole-Cole di agrams) hysteresis loops P(E) along
with the results X-ray diffraction, Ram an, EPR, and Electron Mi croscopy (Fracture
Mode Behaviour) studies.

It is observed that, with increasing the concentration of Cu:

1) the temperature Ty, of the €'(T) maximum shifts to a higher temperature;
2) two additional low-frequency relaxation mechanisms interfering with each oth er
appear and overlap with that of the “classical” nano-size domain relaxors.

The microscopic mechanisms of the observed effects are discussed.
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The study the optical properties of topaz can be used to determine the quality of jewelry
topaz, for the successful use of these crystals in thermoluminescence dosimetry as well as for
evaluation of physical and chemical conditions of formation of mineral. Topaz is an aluminium
fluorsilicate with a general composition of Al (SiO4)(F,OH),. It crystallizes in a rhombohedral

structure, belonging to the space group Pbnm.

. . 1.07 5 007
Usually in nature topaz occurs in the form of g 0.8 g 2
= 0.51 g
colourless crystals. Colouration of topaz crystals is S g o
Y p y mﬁ 0.6 2 1 k
. . . . S -
possible through the incorporation of transition metal % 0.4] A,
impurities or by irradiation. The paper presents study S 02 2 Lsengt
of infrared and Raman s pectroscopy, UV-Visible < 0'0 !
absorption and photoluminescence spectra of natural 7200 400 600 800 1000

Wavelength, nm
topaz crystals from Ukraine before and after fast
Fig.1 Topaz absorption spectra before (1)

and after neutron irradiation (2), natural

In absorption spectra of colourless topaz blue topaz from Volodar sk Volynskii,
Ukraine(3).

neutron irradiation.

before fast neutron irradiation were observed several
lines in the region of the Cr’* ion electron transition *As, —°E, (Fig. 1, inset). After irradiation in
the absorption spectra (Fig.1) there appears an intense a bsorption band at 230 nm and occur the
characteristic bands at 250, 305, 334, 410, 446, ~ 590 nm. With increase of neutron fluence the
absorption band 590 nm broadens and its maximum shifts to 620 nm. We assume that the band ~
620 nm is complex and includes not only radiation defects but also the bands associated with the
presence of impurities of Cr’*, Fe*" and Mn®" ions. The photoluminescence spectra of colourless
topaz crystals contain bands centred around 350 and 420 nm at A, =251 nm and broad bands with
maxima 570 and 800 nm at A =447 n m. The Raman spectra of colourless topaz have a narrow
band with a maximum at 350 cm . After neutron irradiation the intensity of this narrow band
increases. The series of sharp bands in the range 250-500 and 800- 1000 cm ' are observed in the
Raman spectrum of natural blue topaz. The origin of the luminescence bands in topaz crystals and

bands in Raman spectra is discussed.
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Phosphates doped with rare-earth ions are considered as perspective materials for
scintillating detectors, X-ray imaging and as phosphors in plasma display panels [1]. Increase of the
light yield is one of the most actual problems for scintillating detectors. Enhancement of the light
yield can be expected for scintillators based on the solid solutions of phosphates. In the solid
solutions clusters may appear. In this case the distance between the components of generic electron-
hole pair is constrained and hence the probability to be captured on the emission center is increased.
Actually it was shown that superior light yield is observed just for perovskite solid solutions LuyY.
xAlO3:Ce in comparison with YAP:Ce or LuAP:Ce [2]. Also enhancement of luminescence
intensity under X-ray excitation has been already detected for Lu,Sci.xBOs:Ce®* [3] and LuyYs.
«BO3:Eu* [4]. Here the luminescence properties of the set of phosphates solid solutions Y yLu;xPO4
(x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1) doped with 0,5 mol % Eu** or with 0,5 mol % Ce** were
investigated. Special attention was attended to the energy transfer processes from the host states to
the activator luminescence centers. Spectroscopic studies of the samples were carried out using
synchrotron radiation in the energy region 3.7-22 eV at the SUPERLUMI station, DESY and using
the laboratory set-up in UV spectral region. Synchrotron radiation is an ideal light source for the
luminescence spectroscopy in VUV region due to its continuous spectrum, high intensity and
temporal structure. Measurements were carried out at temperatures 10 and 300 K. Investigated

samples were synthesized by sol-gel method.
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The demand of lower cost surface-relief based optical instruments such as grating-based
resonators or filters for waveguides, diffractometers, spectrometers, etc. is one of the main driving
forces for the i nvestigation of direct light-induced relief formation. The most common techniques
for fabricating and in vestigating these surface-relief gratings involve ani nterferometric or
holographic recording setup.

We have investigated that the light-induced mass transfer process strongly depends on the
material itself and polarization of the light. The behavior of mass transfer and thus the resulting
recording could be related to interaction between the polar photo-induced defects and the polarized
electric field of recording beam. It has been shown that the mass transfer can be directed both ways
— towards or away from the electric field intensity gradient. The evolution of surface relief in
dependence from the recording time and po larization has been investigated in detail. The
mechanism of the direct recording of surface relief on amorphous chalcogenide films based on the
photo-induced plasticity has been discussed.

A direct recording technique is a comparatively new solution for lithography and, as shown
in this report, provides new experim ental techniques for better understanding of the interaction
between the light and matter. The obtained gratings are very stable at room temperature, so this
method can replace some of the chemical etching techniques and find a practical application in the

applied physics.
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Cell behavior can be influenced by modifying properties of the environment surrounding the
cells. Nano- and micro-topographical features™?, mechanical properties® and chemical functionality*
of substrates have been shown to affect cell behavior. Sol-gel is a range of simple and flexible
methods for preparing materials with a variety of properties and shapes”.

We have applied a novel sol-gel phase separation based method to prepare silica micro- and
nanopatterned surfaces with round surface :
structure features (Fig.1) from simple TEOS-
alcohol sol composition. Variation in the size of
structure elements was achieved by solvent
variation and adjustment of sol concentration. To
determine the effect of the patterned surfaces on
fibroblast growth, morphology and cytoskeletal
organization, we evaluated several markers of cell

proliferation and differentiation.

Growth characteristics and morphology of

primary human dermal fibroblasts were found to  Fig.1. SEM images of silica domes. Scale
bar corresponds to 10 um. The insert al

shows magnification of “a” surface, where
substrate. The increase in the size of the structural  scale bar corresponds to 1 um.

be modulated by the microstructure of the

elements, lead to the increased inhibition of the cell growth, changes in the morphology and the
enhancement of cell senescence. These effects are likely mediated by the decreased contact between

the cell membrane and the growth substrate.
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Ce**-doped oxyorthosilicates of the type of Lu,SiOs and Y,SiOs have excellent scintillating
performances and are presently key materials for applications in positron emission tomography.
Lu,Si0s5:Ce presents the best figure-of-merit due to its high density, fast scintillation decay, much
smaller concentration of shallow electron traps as compared with aluminum perovskites and
garnets, high light output, and satisfactory energy resolution [1]. However, the presence of an
afterglow negatively influences the characteristics of Lu,SiOs and Y,SiOs. To clarify the origin of
the defects responsible for the afterglow, a detailed study of the TSL and EPR characteristics of
undoped and Ce’ +-doped Y,Si0s and Lu,SiOs crystals has been carried out. In the irradiated Ce*'-
doped crystals, the holes are mainly trapped at Ce** ions. The recombination of thermally released
electrons with the hole Ce*" centers is accompanied with the Ce®” emission. The recombination of
thermally released holes with electron centers should be accompanied with the intrinsic emission or
the emission of the impurity rare-earth ions (e.g., Eu’" or Sm>") which can trap electrons.

Unlike previous TSL studies of these materials (see, e.g., [2, 3]), we have measured the TSL
glow curves separately for the Ce®" emission (=3.0 ¢V) and for the Sm>" or Eu’" emission (2.0-2.1
eV) after X- or UV-irradiation at 80 K and 295 K of Ce’"-, Eu*"-, or Sm*"-containing Lu,SiOs and
Y,Si0s crystals. This allows us to separate the TSL peaks arising from the thermal destruction of
electron and hole centers. For example, in the Y,SiOs-based crystals, the TSL peaks arising from
the thermal release of holes from various O’-type hole centers are located at 155 K, 243 K, and 323
K (at the heating rate of 0.2 K/s). The peaks arising from the thermal release of electrons are located
at 95 K, 120 K, 213 K, 388 K, and 443 K. Only the latter peaks appear at the TSL glow curve of the
UV-irradiated crystals. The origin and structure of the electron and hole centers are clarified by

EPR. The parameters of the corresponding traps (trap depths and frequency factors) are defined.
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The effect of aging on the superconducting transition temperature (T.) and resistivity (r) of
Y-Ba-Cu-O ceramic samples is studied after heating at 400°C (30 minutes), quenching in air and
subsequent aging at 290 K for about 11 days. By periodic measurements of current-voltage
characteristics within the temperature range of (78-290) K, r dependences on the transport current |
and temperature T are found for different storage periods t, (aging time). It is shown that at earlier
stages of aging (lower t,), r measured at 78 K increases first slowly with the transport current I and

then significantly sharply. It is also found that for a fixed I, r behaves - with a rise in t, - similarly at

both 78 K and 290 K. However, if at 78 K after the aging period r increases by almost 4000 times,
at 290 K the increase factor only makes 50.

The observed results for the investigated high temperature superconducting (HTSC) samples
are explained by the presence of weak and strong superconducting links, which break down under
the effect of the transport current I at low and high I, correspondingly. It is revealed that for the
samples treated at longer t,, the destruction of weak links is observed at lower L. It is suggested that
in the course of aging, the oxygen sublattice of the HTSC unit cell undergoes a certain
redistribution of its atoms, as a result of which O4 atoms occupy the previously vacant OS5 sites. It
is found that in the course of the whole aging process, T, reveals its maximum approximately in a
week, whereas at room temperature r increases continuously, probably due to the rise of the volume

fraction of dielectric phase in the aging sample.
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Electroluminescent layer in commercial organic light emitting diodes mainly is processed by
expensive thermal evaporation in vacuum. The cost of such devices can be significantly reduced if
this layer is made from solution. Various polymers for the electroluminescence thin films were
synthesized and investigated. Nevertheless repeatability of the polymer synthesis is low. This issue
can be solved by low weight organic compound that forms amorphous layer from solutions. In this
work we present three original organic compounds with various electron acceptor groups and
piranilyden fragment as a backbone. Trityloxyethyl and terc — butyl group leads to amorphous thin
film forming from solution and increases yield of the synthesis, respectively.

Photoluminescence quantum yield of investigated compounds in dichloromethane solution is
in range from 0.27 to 0.80. Thin films on glass substrate were prepared for absorption and
photoluminescence measurements by spin coating method from dichloromethane solution.
Photoluminescence of presented compounds covers spectral region from 550 to 750 nm. Stronger
electron acceptor group gives red-shift of luminescence spectra. Multilayer devices with the
structure ITO/PEDOT:PSS(50 nm)/organic layer(~100 nm)/BaF(1 nm)/Al(100 nm) were made to
determine electroluminescent properties of the compounds. Photoluminescence and
electroluminescence spectrum are identical which indicate to the same origin of the emission. The
electroluminescence efficiency of such samples appeared to be quite low. Tris (8-hydroxyquinoline)
aluminum (Alg) layer was added between electroluminescence layer and BaF to optimize the
strudure. We assume that it could block the excitons in luminescence layer and increase electron
transport. Inserted layer did not affect electroluminescence spectra and slightly increased the
electroluminescence efficiency as we presumed.
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CdS plays an important role as a window layer forming n-CdS/p-CdTe heterojunction in
photovoltaic cells based on CdTe. Closed space sublimation (CSS) technique is one of the main
methods to form CdS layer. However, the polycrystalline layers formed by this method contain a lot
of defects [1], which decrease lifetime of charge carriers. So, the aim of the work is to improve
properties of CdS layer formed on ITO layer by CSS method using Nd:YAG laser radiation. The
surface of CdS layer on ITO/glass structure was irradiated by pulsed Nd:YAG laser with different
intensities. The measurements of topography by SEM after irradiation of the surface by laser
showed micro-ripples formation. Two bands in photoluminescence (PL) spectra at 8 K were found
— the red band at about 1.719 eV and the yellow band at 2.030 eV. Both bands correspond to donor
— acceptor pair (DAP) recombination [2]. Laser irradiation caused a redistribution of intensities of
these bands, which is explained by generation and recombination of intrinsic defects in DAP. A
new intense PL band, containing two subbands, attributed to exciton bound to a neutral acceptor at
~ 2.535 eV [2-3] and exciton, bound to a neutral donor at = 2.540 ¢V [2-3] (at 1.6 K), appeared
after irradiation by maximum laser intensity. Thermal quenching of PL band intensities was studied
by determining defect activation energies. Activation energy of exciton band was found to be 38.9 £
0.5 meV. After irradiation the intensity of Raman LO line increased about 3 times and phonon
replica with energy of about 37 meV appeared. These facts indicate that our CdS film has
crystallized and therefore, its quality has improved after irradiation by maximum laser intensity.
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Nay-Bi12TiO3-BaTiO; solid solutions exhibit good piezoelectric properties and attract interest as a
lead-free ferroelectric material. In this work structure and dielectric properties of solid solutions
(1-x)Nay2Bi12TiO3—xBaTiO; above the morphotropic phase boundary in the concentration range
0.10<x<0.97 are studied as function on temperature and concentration. Character of splitting of [200]
diffraction maximum indicate coexistence of tetragonal and cubic phases in the region of the phase
transition. The width of the coexistence region depends on the content of;Be@Ehing minimum at
average concentrations x. Treatment of the experimental data by the Rietveld method allows us to
extract temperature dependence of percentage of these phases in the concentration range, starting fror
x=0.4. The fail of the method at lower Bagi€oncentrations apparently reflects influence of local
deformations on the width of the diffraction maxima, making separation of the phases difficult. The
phase diagram of solid solutions is completed. Only one structural phase transition between paraelectric
cubic and ferroelectric tetragonal phases is established in all studied concentration range, but there can
be distinguished concentration ranges with different character of dielectric properties. The dielectric
properties in low Ba concentration range are comparable with pureBiNaliOs. In a wide
concentration range, where relaxor behaviour prevails, the temperature of the phase transition weakly

depends on Ba content.
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Modification of materials with ionic liquids (IL) have been in the focus of a rapidly growing
number of studies in the last decade [1;2]. Moreover IL synergy with other materials may
influence their properties significantly. Nevertheless, their advantageous liquid state turns out
to be an impediment for applications in devices, which need solid state shaping.

In current study we present a method where new type of ILs act as modificators for CNT-s
and cellulose fibers. This simple route carried out by interconnected and entangled ionic
liquid, sol gel and solid carbon nanotube networks opens up opportunities for ceramic
transparent electrodes as well as opportunities for functionalisation of different shape and
zized sol-gel materials. lonogel modified cellulose fibers can be utilized in the formation wich
have UV-shielding properties as well for antibacterial use.

Characterization studies of the product were carried out by energy-dispersive X-ray
spectroscopy (EDX), scanning electron microscopy (SEM) and optical microscopies; also
infrared spectra (IR) were recorded. Thermal analyses were performed by differential
scanning calorimetry (DSC).
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In scintillators based on excitonic emission, the phenomenon of nonproportional response
can be explained in terms of the nonlinear interactions of relaxed excitons [1-4], where the
nonradiative losses of luminescence are explained in terms of the Forster energy transfer

mechanism of dipole-dipole interactions.

At sufficiently high excitation densities the effects of saturated absorption become
important, effectively decreasing the absorption coefficient and giving rise to induced transparency
[4]. In the present work we report on the decay kinetics of CdWO, under excitation by 80-fs laser
pulses. Using a gated imaging CCD camera the luminescence decay is recorded across a
520x520 pm? spot on the crystal surface with a spatial resolution of 0.5 pm. Having both spatial and
temporal resolutions allows a wider analysis of exciton quenching compared to the previous studies
[1-4]. At the excitation energy of 4.66 eV, less than the optical gap of CdWQ,, electron-phonon
interaction becomes necessary for exciton formation. The fact that the pulse duration is shorter than
the characteristic time of vibronic relaxation sets an upper limit to the exciton density and leads to
absorption saturation. The Forster dipole-dipole interaction model is extended to include the effect
of saturated absorption. The model is successfully tested on experimental data. The limit to the
exciton density in CAWO, is calculated to be 1.9x10* cm™ at 4.66 eV excitation with 80-fs laser

pulses.
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Atmospheric pressure non-thermal plasma jets (APPJ-s) have received considerable
attention because of their applicability in medicine [1], for surface treatment of temperature-
sensitive materials, in analysis of chemical elements [2] and possibly as hall thrusters in space
technology [3]. The miniaturization widens the usability of the plasmajets but also demands the use
of new dielectric materials and preparation methods. Novel ZrO, microtubes with superior
temperature stability and dielectric properties and internal diameter as low as 20 um have been
prepared in the Institute of Physics of University of Tartu.

Usually the plasmajets are investigated at diameters above 1 mm. The aim of our study was
to find out the lowest limits of the diameter of microtubes where a stable plasmajet could still be
ignited. The effect of scaling down of the tube diameter was studied using a series of quartz tubes
with small but well-defined diameters (500, 300, 200 and 100 pm) and wall thickness (10 um).

The and

electrical spectral

114
112

characteristics such as the breakdown . v,

e 587/706

voltage (Vpp) and the intensity relationships

of various spectral emission lines of

characteristic plasma species (He, N,, OH,

Intensity (a.u)

O) have been measured (Fig. 1). The
spectral characteristics further allowed the

determination of plasma parameters such as

Breakdown voltage (kV)

100
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Tube diameter (mm)
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Fig.1. Picture of the pla smajet inside of the ZrO ,
microtube (left). Vap and the 587/706 line intensity
relationship as a function of tube diameter in the
case of quartz microtubes (right). Solid lines are

rotational and vibrational temperature of

nitrogen and excitation temperature of He

which characterize the chemical activity of

plasma.
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Conoscopic interferometry provides a simple method of non-destructive control of the

quality of a number of ferro-piezoelectric and optical crystals. Standard optical microscopes,

including some commercial instruments, are easily adapted for implementation of conoscopic

studies, though limited to small handy samples with a thickness of the order of 0.5 mm. In the

present work we show that the usage of wide convergent or
divergent conical laser beams in a simple benchtop
configuration makes it possible to examine large-sized optical
crystals by the method of conoscopy, including samples
elongated along the optical axis direction. As distinct from
traditional optical microscopy the conoscopic figures obtained
with the aid of the laser installment may contain tens and
hundreds of isochromate fringes (Fig. 1,a), thus increasing the
informative capabilities of the method. Large-sized crystals of
LiNbO;3 (965x95 mm), LiTaO; (J70x40 mm), TeO, prisms
(50x50x30 mm) were examined experimentally at different
angles between the optical axis and normal to the crystal
surface. Shown in Fig. 1, b is a typical optical striation in a

large (J65x95 mm) Czochralsky grown LiNbOs; crystal

(b)

Fig.1 Family of high-order
isochromes (a) and distortion
of the isochrome shape due to
striation in a bulk LiNbO;

crystal (b).

revealed by its influence on the regular shape of the isochromes. The experimental studies of

different optical anomalies are confirmed by calculations based on the theoretical analysis given in

[].
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Ever since the discovery of piezoelectric effect, piezoelectric materials have been rapidly
developed and widely used. The most widely used piezoelectric materials are Pb(Zr, Ti)O3(PZT)-

based ceramics because of their superior piezoelectric properties. However due to legislative

enforcements, representatively the European 10° proewerem
102E | © 500K
ROHS/WEEE  regulations [1], lead-free o jg;ﬁ ,%
piezoelectric materials have been extensively 10° L2 360K X@y/
. : X £
studied last decade. Among the studied ' 7
» 107 2
materials, (1-x)(Nag sBigsTiO3)-xBaTiO3  © 443 %
. . : : . - °
ceramic family has been of particular interest 10 z ﬁfj %f
o . . . 10° Z
because of the similar piezoelectric properties to 10 &
PZT ceramics [2]. 107 Dol 12 s sidid
10" 100 10 10° 10° 10" 10" 10° 10" 10" 10" 10
In the present work the dielectric and f (Hz)

impedance  properties of Fe doped Fig.l1 Frequency dependency of real part of
0.94(Na sBiosTiOs)-0.06BaTiO; ceramics in complex conductivity ~ of  Fe  doped

0.94(Nap 5Big5Ti03)-0.06BaTiO3 ceramics
20Hz-1GHz frequency range and 300-500K
temperature range are investigated. The measurements of dielectric permittivity were performed
during freezing cycle with 1K/min temperature variation rate. Conductivity was calculated using
dielectric permittivity data. Fig. 1 shows frequency dependency of the real part of complex
conductivity. Experimental data was fitted with generalized universal Jonscher’s law [3]. The best
fits were obtained for 403K-500K temperature range. One conductivity process was distinguished

with Arrhenius behavior of opc and possible cause of conductivity process is discussed.
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Multiferroic materials, like bismuth ferrite (BFO), lead iron niobate (PFN) and others draw a
lot of scientific attention in recent years, as the possibility to control magnetization with electric
field, or polarization with magnetic field. It opens the route to a wide variety of new applications.
However, despite the fact that PFN ceramic was studied more than 50 years [1], a dispersion of
dielectric permittivity is still not investigated in a wide frequency range.

Dielectric measurements were performed

between 300 and 500 K in the frequency range | i
10000 £ —A— 81 MHz|{

from 20 Hz to 0.8 THz. PFN ceramics are known . | A
to undergo a single diffuse phase transition s
between 370 K and 380 K [1]. This is characterized

1000

1000 ¢
by a broad peak in &’(T), whose position does not .

move with frequency. Our experimental data 100¢

300 3é5 350 3:/5 4(I)0 42IS 4é0 4%5 500
T(K)

peak of ¢’(T) moves to higher T with increasing  Fig. 1 Temperature dependence of the real and

exhibit relaxor ferroelectric behavior, because the

frequency. Detail frequency analysis of dielectric  imaginary parts of dielectric permittivity of PFN
dispersion revealed two anomalous dielectric  ceramics.

relaxations; one in sub-THz region and the second in microwave and radio-frequency region. In
contradiction to ceramics, we observed two dielectric anomalies in PFN single crystal [2], one at
~370K, and additional one, coming from structural phase transition, at ~355K. The rise of the
dielectric permittivity near the temperature of phase transitions is much sharper in single crystal
than in ceramics, and the temperatures of maxima of the dielectric permittivity do not depend on

frequency, i.e. no relaxor or diffuse phase transition behavior was observed.
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In [1-5] the vibronic theory of displacive ferroelectric phase transitions with
an order-disorder component for the BaTiO;-type ferroelectric-perovskites is
developed. In the present report we have developed the semi-microscopic electron-
phonon theory of the quantum paraelectrics and ferroelectrics of the SrTiOs-type. At
this, it is shown that the local short-range electron-phonon coupling causes the
occurrence of nanoregions and local ferroelectricity in SrTi(16Ol_x180X)3. For quantum
paraelectrics-ferroelectrics of the ABO;-type we have shown that the ground and
excited (F,) electronic states of the BOg cluster are mixed, hybridized by the
potential ferroelectric Fj, vibration which becomes soft due to interband vibronic
couplings. The electron-lattice interaction of the electronic states of the BOg cluster

with the F, optical phonons at the corner of the Brillouin zone (RZ(Z,E,E)) leads

a a a
to the antiferrodistortive phase transition from the cubic phase (Oy) to the tetragonal
(D4p) one.

The dependences of the dielectric constants on temperature in SrTiO; and
KTaO; along c-and a-axes. The staggered rotation-like distortion of the BOg
octahedra in strontium titanate and other quantities are found. The external factors
(the electrostatic field, the changing of the isotopic substitution in SrTiO; ('°O —
'80), the application of pressure either uniaxial or hydrostatic etc, can lead to the
occurrence of the quantum ferroelectricity in the SrTiOs-type oxides. We obtained the
Gibbs and Helmholtz free energies for this type of compounds. The theory is
compared with the experimental data and some theoretical predictions are made.
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We explained theoretically y - shaped
temperature line of luminescence intensity of
the free and self-trapping excitons (STE) KI
crystal by the temperature dependence of the
self-trapping excitons potential barrier (Fig.
1). According to Fig. 1 the potential barrier
of exciton’s self-trapping is maximum at
42K in KI crystal, and there are
monohalogen excitons. All excitons transits
in a self-trapped state at the temperature
about 60K, as evidenced by the lack of a
barrier on the adiabatic potential surface in
K1 crystal. The deformation of 2% at fixed

temperature leads to a smoothing of the

-0,04
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0,06 -

E (meV)

0,07 ~

-0,08 -

-0,09

B
Fig 1. Adiabatic potential surface in Kl crystal (1, 2, 3,
4, 5 respectively — at 4.2K, 20K, 40K, 60K, 80K, dashed
— at elastic deformation).

surface of the adiabatic potential. This explains the increased luminescence of self-trapped excitons

in the application of uniaxial compression. Expression for the probability of radiative annihilation

of excitons in the crystal Kl 7, = [1+ z,(1/ 7' +vexp(-E/ kT))]fl , obtained on the basis of the Mott

formula qualitatively explains the increase in the efficiency of non-radiative decay of the STE to the

primary radiation defects (F, H-pairs), where z,- the timelife of the self-trapped excitons, z’- the

timelife of the luminescence, v - the frequency of the V, -center, E - the height of the STE.
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Complex permeability spectra ( i(f) = p'(f) — ju"' (f), where p'(f) is real (dispersion)
part and u"'(f) is imaginary (absorption) part), obviously are housing large amount of information
on inner processes of high frequency basic magnetic materials — polycrystalline ferrites (PF). The
interpretation of the data coming from spectra has been in progress for several decades but as a rule
they are only qualitative (except one specific point of the spectrum — the static permeability). These
interpretations as well as direct experiments reveal the close correlation between the details of
spectrum and microstructure of the sample. Our quantitative modeling of spectra based on account
of grain size distribution effects includes several principal premises: grains are magnetically

independent;  grain  size D  probability  distribution  function is  lognormal:

f(D) = (maD)_lexp[—(lnD — InDppeq)?/20%p]; magnetization processes within  grains
resemble the ones established for large variety of real PF samples with different microstructure.
Statistical averaging of corresponding equations bring to analytic presentation of absorption
component of spectrum: ' = pparexp[—(logf — logf,)?/20?], where fy and pq, = 1 (f,) are
parameters of maximum absorption, and o is the microstructure characteristic - dispersion. The
equation quantitatively relates characteristics of magnetic spectrum of the sample with its
microstructure (at least in principle). It is the concern of this investigation to add to it the real
experimental data for the samples from the two main groups of ferrites - NiZn and MnZn.

The experiments were performed on PF toroidal samples of different inner/outer diameter
(ID/OD), cross section area (A), number of winding turns, and microstructure. Magnetic spectra
were measured for PF with similar and dissimilar microstructure. The truthfulness of spectra were
systematically verified by the use of Kramers-Kronig relations. The results prove the importance of
statistical characteristics of the microstructure.

The results gained allow to conclude that for NiZn ferrites correlation of experimental spectra
and the modelling is evident. Still, the correlation of spectra and model for MnZn samples becomes

inexact for rather high ID/OD and A of samples, obviously, due to dimensional effects in PF.

207



PO-105

TRITIUM RETENTION STUDIES IN W COATED JET DIVERTOR
CFC TILES

Mihails Halitovs', Gunta Kizane'”, Liga Avotina', Jari Likonen®, Nicolas Bekris®, Catalin Stan-Sion®
and JET-EFDA contributors*

JET-EFDA, Culham Science Centre, Abingdon, OX14 3DB, UK
"nstitute of Chemical Physics, University of Latvia, Latvia;
2VTT Technical Research Centre of Finland, Finland;
*Karlsruhe Institute of Technology, Germany;
*H. Hulubei National Institute of Physics and Nuclear Engineering, Romania
e-mail: gunta.kizane@lu.lv

The Joint European Torus (JET) is currently operated with an ITER-like Wall (ILW) in
which the plasma-facing material in the main vacuum chamber is beryllium while tungsten is
used in the divertor in a similar manner foreseen for ITER. Tungsten has been selected for
ITER not only because of its outstanding physical properties (high melting point and high
conductivity) but also because of its low affinity for hydrogen, limiting thus the tritium
inventory in Plasma Facing Components (PFCs). As tungsten has higher density than carbon,
it is much less affected by physical and chemical sputtering and therefore the total amount of
co-deposited or accumulated trittum on these PFCs is noticeably reduced [1]. In particular, in
JET tungsten coatings on Carbon Fibre Composite (CFC) tiles are presently used in the
divertor area where only CFC tiles have been used in the past. In this work the effects of W
coating are evaluated in terms of tritium retention.

Samples of two divertor tiles (3 and 7) used in JET during the experimental campaign in
2007-2009 with an MkII-HD divertor configuration were compared. Tile 2IWG3A is a pure
CFC tile with no additional coating while tile 20WG7B had ~ 25 pm tungsten coating with
molybdenum interlayer [2].

Examined samples of tile 2IWG3A show the average tritium activity of 5-10° Bq-g" for
the plasma-exposed surface of the tile while the bulk activity is approximately 3-10° Bq-g™.
Samples of W-coated tile 20WG7B show trittum activity for the top layer being
approximately 10 times smaller than the corresponding samples of uncoated tile.

As observed in previous studies for full CFC tiles [3, 4], the tritium activity measured for
the upper layer of a divertor tile, can be up 1000 - 100000 times higher than the bulk activity.

The present work provided an experimental confirmation that tungsten will lead to
decreased tritium inventory in divertor tiles. Due to the smaller permeability of tritium
through tungsten, as well as to its lower affinity to form hydrides, tungsten is valuable for use
in the divertor region of any fusion machine such as ITER and DEMO.

Acknowledgments: This work was supported by EURATOM and carried out within the framework of the
European Fusion Development Agreement. The views and opinions expressed herein do not necessarily reflect
those of the European Commission.The meeting of planning activities was supported by ERAF Project
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* See the Appendix of F. Romanelli et al., Proceedings of 24th IAEA Fusion Energy Conference 2012, San
Diego, USA
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Azobenzene derivatives are recognized for their capability to isomerize under illumination.
However it is known that isomerization can be induced not only by light but also by heat in the
cis—trans direction due to the metastable cis
state. The thermal reaction in most of the HOOC(CH2)504©*N\\ Q
azobenzene derivatives at room temperature is N@SOZN
hard to distinguish from the photoreaction
nonetheless it could have significant impact on Fig.1. Azobenzene derivative
the isomerization process at longer time scale.

Analysis of the Kinetics of isomerization process at various temperatures is useful to obtain
information about temperature influence on molecular switching.

In the work 6-[4-(4-Dicyclohexylsulfamoylphenylazo)phenoxy]hexanoic acid was chosen
(see Fig.1). Molecules were doped in polymer matrix at various concentrations from 3 to 15wt%.
Host-guest systems were prepared from chloroform solutions by spin-coating method. Samples
were irradiated by alternate light in ultraviolet spectral region at ~360nm and visible spectral region
at ~450nm, which correspond to trans—cis and cis—trans isomerization, respectively. At the same
time light intensity at 360nm which pass through the sample was recorded. Double exponential
process was observed in low temperature region from 100 to 250K and one exponential process at
temperature higher than 250K. Time constants of cis—trans isomerization decrease by temperature
but trans—cis increase. Temperature influence on parameters of photoisomerization kinetics will be
discussed.
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Materials with microtubular geometry have attracted considerable attention during the past
few decades due to their possible applications in microfluidic devices used for energy storage and
production, like SOFC, where microtubular geometry could possess better thermo-mechanical
properties and sealing simplicity compared to other geometries [1]. Another possible application of
microtubes is to use these as miniature plasma chambers. For the use in these applications, the
tubes should be functionalized by different coatings, like MgO films which can promote catalytic
splitting of water and enable hydrogen storage. MgO is also considered as a seed layer for growing
various kinds of materials including thin films from another kinds of precursors that normally
dismatch with the original substrate [2]. Simple NaCl-like structure makes it an attractive material
to investigate oxide surface chemistry in ALD [3].

To favor emission of electrons form the inner surface of the tubes, required for plasma
chamber applications, atomic layer deposition (ALD) of MgO has been carried out on tubes. The
films were deposited from 2,2,6,6-tetramethyl-heptanedionato-3,5-magnesium(II) at 220 °C on the
surface of YSZ microtubes. Controlled growth of films enable to achieve ultrathin and dense films
both on the inner and outer surface. Mg(thd), was evaporated at 104 °C from an open boat inside
the reactor. Nitrogen was used as both carrier and purging gas and Oz was used as oxygen
precursor. The cycle times used for the growth of MgO were 5-2-2-5 s for the sequence Mg(thd),
pulse-purge-O3 pulse-purge. The tubes were obtained by novel route via hydrolysis of zirconium
butoxide (Zr(OBu)s) with large excess of water and heat treated at 800 °C under atmospheric
pressure.

The tubes covered with MgO films met all the requirements for plasma chamber
applications. Due to homogeneity of the nanocrystalline structure formed, the tubes could also be

applied as optical waveguides or miniature light sources in photonics.
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In this work luminescence spectra and kinetics of NaLaF:Er®'material at different Er**
concentration are studied under excitation in UV, VIS and IR spectral region at different
temperatures.

A luminescence spectrum for NalLaF,Er* (0.2mol%) at 489nm excitation reveals
characteristic Er** ion luminescence bands in the green (540 nm), red (640 nm) and infrared (980
nm) spectral regions. The green luminescence band responsible for the transition *Ss, — *l1sp; is
dominating the spectrum. As the concentration of the activator is increased the positions and the
shapes of the luminescence bands do not vary remarkably while the intensity of all luminescence
bands changes significantly. The proportional increase of the red band intensity with increasing Er**
concentration under direct excitation should be caused by the increase of the number of the
activator ions. The superlinear increase of infrared luminescence intensity with the increase of Er**
concentration as well as the quenching of the green luminescence for the concentrations higher than
2 mol% can be attributed to the cross-relaxation process between the activator ions.

The green luminescence decay kinetics under pulsed direct excitation reveals rather
complicated, nonexponential behavior and can be divided in several sequential stages. Both
activator concentration and temperature dependence of the green luminescence decay kinetics are
discussed in the frame of various energy relaxation models, involving direct relaxation at short
times and small activator concentration, migration accelerated relaxation at higher activator

concentration and migration-limited relaxation at longer times.

The financial support of ERDF project Nr. 2010/0204/2DP/2.1.1.2.0/10/APIA/VIAA/010
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Composition 0.4Na;,Bi;,Ti03-0.4S1rTi03-0.2PbTi03, which belon gs toafam ily of
0.4Na;2Bi;2T103-(0.6-x)SrTiO3-xPbTiOs solid solution s, is located in the reg ion of the phase
diagram (T,x), where stability of the relaxor state, evaluated as width of the temperatu re region
between the maximum of dielectric permittivity Ty, and the tem perature of the spontaneous phase
transition between the relaxor and th e ferroelectric states T+, diminishes. In the present work, Sr in
0.4Na;2B1,,T103-0.4SrTi03-0.2PbTi0O; is gradually replaced by Ca and the influence of this
substitution on the relaxor state and the phase transition is studied.

The concentration dependence of the tetragona 1 cell’s volum e gradually decreases if the
concentration of Ca increas es, confirming replacement of Sr by Ca in the lattice, while the
tetragonality in a certain concentr ation range remains independent of Ca content. Stability of the
relaxor state and the tem perature of the phase transition is also weakly-dependent on Ca content in
the range of low concentrations, and steeply incr  eases, starting from certain Ca concentration.
Stability of the phase transition and polarization from Ca at low concentrations of Ca, on one hand,
and steep decreasing of dielectric properties, on the other hand, is explained assuming that at low
concentrations Ca resides inside polar nanoregi ons preventing their reorientation in the weak

external electric field.
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In this research solid particles of smoke were collected on the filters from burning of various
combustibles in a burning chamber and from atmosphere of city of Riga by dichotomous impactor.
The functional groups of black carbon were determined by Fourier-transform infrared spectroscopy
(FTIR). A thin tablet was formed from particulate matter and KBr powder. FTIR spectra were
measured using PerkinElmer Spectrum Two spectrometer with computer program PerkinElmer

Spectrum v.10.03.07. The spectral signal was measured from 4000 to 400 cm™ wave lengths.

aromatic
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Fig.1. FTIR spectra of particulate matter from stearin (1)

and of city atmosphere, but these  anq naraffin (2) candles burning, kerosene combustion (3)
signals were in the spectra of solid ~ and from atmosphere of city (4)

particles of stearin and paraffin candles burning, too. As we know, components of stearin wax are
saturated and unsaturated fatty acids, and components of paraffin wax are saturated aliphatic
hydrocarbons. From this, it may conclude that aromatic hydrocarbons are forming in the burning
process and particulate matter is formed from them. This fact conforms to literature data [1]. Also

particulate matter contained O-H, aliphatic C-H, C=C, C=0 and C-O groups.
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INFLUENCE OF GRATING PERIOD ON SURFACE RELIEF HOLOGRAM
RECORDING EFFICIENCY IN AMORPHOUS AS;S; AND AS4Si5SEys FILMS
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Recently a number of studies on direct surface structure formation by holographic recording
were carried out in thin layers of chalcogenide semiconductors [1, 2]. This phenomenon is due to
photoinduced mass transport during comparatively long light illumination. Dependence on recording
conditions - light polarization, film thickness and grating period - was studied. Efficiency of recording
is defined by distribution of electric field vector of resulting interference pattern inside the recording
media. In this work we will present the results obtained on As,S3; and As40S;5Sess films for wide range
grating periods overlaying ~1 + ~80 pm.
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In the present work we report results of study EPR and optical absorption
spectra of blood of patients examined by radio-isotopes diagnosis (Tc99m). Venous
blood was donated by consenting patients before and after radio-isotopes diagnosis
and collected under air in glass tubes containing of anticoagulant. The EPR spectra
were recorded using an EMX-6/1 spectrometer (BRUKER) working at X-band
frequency with 100 kHz modulation. The EPR spectra of blood have been studied at
80K temperature. It is shown that EPR spectra of blood of patients after examination
by radio-isotopes diagnosis has signal of the ion Fe** (methemaglobin) in low-spin
state with g = 2.003 and in the high spin state with g=6.0. We can also detect EPR
signals from the metal-protein transferrin (g=4.3) that contains the non-haem rhombic
iron. The EPR signal of human blood mixed with Tc®" has signal Fe®*
(methemaglobin) in low-spin state with g = 2.003 only.

The optical absorption spectra of blood were measured in the energy range
which includes all d-d electronic transition in ions of Fe?* and Fe®*. We observed the
additional absorption band in absorption spectra of blood of patients after radio
diagnosis. These additional bands belong to the Fe*" ions are, because the Fe?* ions
of hemoglobin is oxidized to the Fe*" ions by radiation to form methemaglobin
(MetHb). These data shows that the blood of patients after radio-diagnosis has
methemaglobin higher normal. The Fe** in heme of hemoglobin is oxidized to the

Fe** by radiation.
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Transparent conducting oxide (TCO) thin films are heavily doped
semiconductors (Eq4 > 3.0 eV) with a wide range of applications, such as transparent
electrodes for flat panel displays and photovoltaic cells, window defrosters, light
emitting diodes, etc. For technological applications, the TCO should have the
electrical resistivity of p ~ 1.0 - 10 Qcm, with the optical transmission in the visible
range of around 90 %. Doped zinc oxide films are a good alternative to the commonly
used and expensive tin doped indium oxide (ITO) films, because the source material

IS inexpensive and non-toxic.

Doped ZnO films have been deposited by reactive DC magnetron sputtering from
metallic targets made of Zn mixed with doping element, such as Al or Ir. For reference, pure
ZnO thin films have been deposited as well. Sputtering power, deposition time and argon gas
flow were kept constant at 100 W, 40 min and 50 sccm, respectively. Substrate temperature,
work pressure and oxygen flow were varied to investigate the dependence of films electrical
properties on these parameters. The process was controlled by plasma optical emission

spectroscopy, based on Zinc emission line at 480.05 nm.

Hall effect of doped ZnO films was measured by equipment HMS5000, using Van der
Pauw technique. The parameters measured were electrical resistivity and magnetoresistance,
Hall coefficient, charge carrier concentration and mobility in the temperature in range 80 —
350K.
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Tetragonal Tungsten Bronze (TTB) structural family attracted much attention in recent
years. It is one of the largest oxygen octahedral ferroelectric families next to the ferroelectric
perovskites [1]. Three types of open channels that develop within its octahedral framework give
raise to its unique properties. More open crystalline network makes TTB a more flexible material. A
wide range of substitutions available in TTB framework enables scientists to synthesize many
different compounds. This feature makes it a better candidate (as compared to perovskites) in search
of relaxors, ferroelectrics and even multiferroics.

Ba;NdFeNbs ;Tap30;5 ceramic under investigation here belongs to TTB structural family.
Dielectric measurements of complex permittivity in a frequency range from 20 Hz to 37 GHz upon
heating and cooling were performed. Obtained results show ferroelectric phase transition at 315 K
while heating. On cooling a huge shift of permittivity maxima is observed. Permittivity dispersion
at lower temperatures indicates appearance of a second phase. Wide hysteresis loop ranging over 50
K is also seen. Such wide hysteresis loop is unusual however similar results were reported for
Ba,NdFeNb4Os compound [2]. The main interest is to find explanation for observed behaviour
upon heating and cooling which could be done by examining frequency dependence of complex
permittivity. It clearly shows two separate, temperature dependent processes. Approximation with

Cole-Cole equation and obtained parameters will be used to explain undergoing processes.
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This paper describes non-woven samples which were developed for insulation (thermal,
acoustic), intended to be used in building industry. The development of high-performance materials
made from natural resources is increasing worldwide. Latvia is searching for a new ways to develop
materials with a high added value by using locally obtained raw materials. In Latvian climate high
hemp straw yields are obtainable, fibres proportion reaches 22-25 % [1], and acquired fibres have
good physical and mechanical properties. [2;3] Non-woven samples were made by using local hemp
and the EU introduced variety farmed in climatic and soil conditions found in Latvia. A
comprehensive review of nonwoven samples made of the hemp fibers by three different
manufacturing technologies, such as hydro-entanglement, thermal bonding and needle-punching,
will be presented. Specimen’s physical properties are tested and compared between methods as
well as between varieties. The review also encloses samples comparison with conventional
insulation materials. The fiber processing techniques as well as the factors (growing conditions,
fiber type and content etc.) affecting these processes will be discussed. In this work we focus on
nonwoven materials acustic properties as well as properties who directly affect them, i.e., thickness,
density, mass per unit area).
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Carbon fiber composite (CFC) materials are used in tokamak’s type fusion reactors due to low
Z and good thermal conductivity. In vacuum vessel plasma-wall interaction phenomena induces
flake, dust production and tritium trapping in them [1]. There have been observed similarities
between tokamak flakes, dust and Cg films [2]. The fact that fullerene like compounds might be in
dust of tokamak divertor, does not preclude the formation of fullerenes or long-chain hydrocarbons
during plasma operations.

The aim of this research is to investigate structure and properties of decomposition of
fullerene (Cgp) containing samples in order to understand formation and structure of flakes and dust

12
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Structure of fullerene containing samples was analyzed "
with FT-IR and electron spin resonance spectroscopy
and with powder X-ray diffractometry (p-XRD). N1 N—— g___M__/\_/L_
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Fig.1. p-XRD pattern of Cg bulk crystal
In p-XRD pattern, most intensive reflexes are at 10.7  (right upper corner) and syntetic

(111), 17.6 (220) and 20.7 (311) 20 angle. In FT-IR  (Ullerene Ceo containing sample
spectra all the four allowed vibration bands of Cg fullerene [3] at about 525, 576, 1182 and 1428

Characteristic reflexes of Cg are observed (Fig.1).

cm™ are observed. Characteristic parameters of Cgo containing sample could be used for detection
presence of Cgo in plasma exposed carbon based deposits.
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Phosphors with persistent photoluminescence (PL) are potentially important components of
sustainable energetics. Moreover, nanoparticles with persistent afterglow can be used as fluorescent
biolabels for in-vivo medical research. Wide-gap oxides ZrO, and HfO, with low phonon
frequencies are perspective matrices for optical doping. Nanomaterials of these oxides have

revealed a PL with afterglow in the time frame of hundreds of seconds.'

Hereby we prepared ZrO, nanopowders by Zr0y
Sintering temperatures
. . - — 1000 K
sol-gel technique based on fast hydrolysis and 1950 K
.. . . N -1 Y B 0 L 1500 K
polymerisation of zirconium(IV)butoxide. PL and Aexc= 266 nm

. Aem= 480 nm
its afterglow were recorded after 266 nm

excitation. A combined heating/cooling stage was

Normalized TL Intensity

used to record thermoluminescence (TL) glow
100 -50 O 50 100 150 200 250
Temperature (°C)

curves over the range of —100...300°C. TL

intensity was detected in dependence on driving
Figure 1. TL glow curves of ZrO,
nanopowders — annealed at  different
nm) which can be ascribed to oxygen vacancies  temperatures (heating rate 20 K/min) after
266 nm irradiation of 3 minutes.

temperature at maximum of emission band (480

(Vo) in the monoclinic ZrO,.> Most intense PL
afterglow at room temperature was obtained from material annealed at 1250°C and the afterglow

was found to be correlated with 6°C and 110°C TL peaks (Fig. 1).
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The obtained experimental results of the work allow to determine the following mechanisms
of luminescence and exciton-phonon interaction in KIl, Rbl, NaBr and KBr crystals at low
temperature uniaxial elastic stress.

The decrease of emission halfwidth (AH) for self-trapped excitons at fixed temperature
(100K) for elastic stressed crystals was experimentally determined: Kl (for n: AH=0.03 eV; for o:
AH=0.02 eV), Rbl (for o: AH=0.03 eV), NaBr
(for n, o: AH=0.03 eV), KBr (for o: AH=0.006
eV).

The frequency increase of active
fluctuations of self-trapped excitons [1] in elastic

Halfwidth, eV

stressed crystals was experimentally determined:
Kl (for m: Aw=0.4410"s%; for : Aw=0.4110" §

2 4 6 8 10 12 14
1, Rbl (for o: A@=0.2510" s), NaBr (for =, o: Temperature®?, K2

13 1 13 1 Fig.1 The temperature dependence of emission of
Aw=0.56'10""s7), KBr (for : Aw=0.0410""5s").  the halfwidth the KI crystal before (1) and after

low temperature uniaxial elastic stress (2).

The decrease of Huang-Rhys parameter in
elastic stressed crystals was experimentally determined: Kl (for n: AS=31; mis 6: AS=26), Rbl (for
o: AS=40), NaBr (for &, o: AS=29), KBr (for c: AS=4).

On the basis of the increase of activation energy of temperature luminescence quenching,
emission band contraction of self-trapped excitons, frequency increase of active fluctuations of self-
trapped excitons, decrease of Huang-Rhys parameter the attenuation of exciton-phonon interaction

in elastic stressed KI, Rbl and NaBr crystals is established [2].
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The influence of low temperature elastic stress on the stabilization of movable interstitial

halogen atom of KBr crystal is experimentally studied [1]. The main radiation defects of KBr

crystal (previously elastic stressed at 80K) are F - and Br; -centers (curve 1, Figure 1).

With the elastic stress increase at

the same X-ray radiation exposures an

effect of Br; -center concentration

decrease is observed; it is accompanied

with the Br, -center concentration

increase (curves 2, 3, 4, Figure 1).
The

absorption spectra at elastic stress

insert shows differential

(curve 4-1) and after its removal
(curve 5-1) where an absorption band
with maximum at 3.25 eV disappears.
The arrows show maximums positions
of absorption bands V-, V., (Na)-,
H , (Na)- and H -centers. According to

spectral  structure and  thermal

destruction as a result of the self-

trapping of interstitial halogen atom in the field of elastic stress the found absorption band (3.25 eV)

is ascribed to V, -center.
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4-1and 5-1.

Fig.1 KBr crystal absorption spectra X-rayed at

80K in isodose mode for 3 hours.

1. K.Shunkeyev, A.Barmina, S.Shunkeyev, Rus. Phys. J., 2006, No. 10, 148-149.
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REAL-TIME OPTICAL CHARACTERIZATION OF ATOMIC LAYER
DEPOSITION OF DIELECTRICS ON GRAPHENE
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Institute of Physics, University of Tartu, Riia 142, 51014, Estonia

e-mail of presenting author: kristel.moldre@ut.ee

High intrinsic mobility of charge carriers in graphen makes this material extremely
attractive for application in field effect transistors. For this application, thin gate dielectrics with
high permittivity should be deposited on graphene. As accurate control of film thickness is needed
in preparation of gate stacks, atomic layer deposition (ALD) seems to be the most appropriate
technique for this purpose. Unfortunately, due to chemical inertness of the graphene surface, ALD
of dielectrics on this material is still a challenge. In development of new process technologies,
possibility to employ real-time characterization would be a great advantage. Incremental dielectric
reflectance (IDR) is a method that allows real-time monitoring of ALD of dielectrics on the atomic
layer level on different kind surfaces [1]. Therefore we used IDR to characterize ALD of TiO, on

graphene that was grown by chemical vapor

100
0 I / deposition on copper foils and then transferred to
80 ll / SiO; substrates. For monitoring TiO, growth, a
70 :
o / / laser beam was directed onto a substrate under
= 60
E i, / / the Brewster angle and the reflection was
g 40 / / - measured during the film deposition. In this way
B 30 'M =&=—As-transferred graphene . L. .
/ Anmealed grapt we were able to monitor deposition of TiO, on
20 nneale raphene
‘0 / ==Amorphous quartz graphene with sufficient sensitivity from the very
—
0 T

‘ ' ‘ ' + first ALD cycles (Fig. 1). The studies confirmed
0 10 20 30 40 50 60
Number of ALD cycle

. . that pretreatment of graphene had a crucial
Fig. 1 Dependence of IDR signal on number

of ALD cycles applied. influence on behavior of the optical signal in the

initial stage of deposition. Calculations performed to interpret the results showed that uniformity of

film nucleation was the most possible reason for this effect and, thus, could have been characterized

on the basis of IDR data.

[1] A. Rosental, P. Adamson, A.Gerst, A. Niilisk ,,Monitoring of atomic layer deposition by
incremental dielectric reflection®, Appl. Surf. Sci. 107 (1996) 178
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PHOTOINDUCED MASS TRANSPORT IN AZO-BENZENE CONTAINING
COMPOUNDS

K. Klismeta, J.Teteris
Institute of solid State Physics, University of Latvia, LV-1063 Riga, Latvia
e-mail: k.klismeta@gmail.com

The photoinduced changes of optical properties in azobenzene containing compound solution
layers and thin films were studied under influence of polarized and non-polarized 532 nm laser light.

Under influence of non-polarized light azo compounds experience trams-cis isomerisation
process, that can be observed in the absorbance spectrum of the sample. If the light is linearly
polarized, molecules align perpendicularly to the electric field vector and as a result photoinduced
dichroism and birefringence is obtained. If a lateral polarization modulation of a light beam is present,
a mass transport of the azo-benzene containing compound occurs. By studying the absorbance of used
wavelength, concentration distribution in the solution and the direction of mass transport can be
determined.

The mechanism of mass transport based on photoinduced dielectrophoretic phenomenon has
been discussed. The studies of this work show that direct holographic recording of surface relief
gratings can be used in optoelectronics, telecommunications and data storage [1, 2].
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MODELLING OF CRUST THICKNESSFOR SILICON PURIFYING
PROCESSWITH ELECTRON BEAM
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One possibility of purification of metallurgical grade silicon for photovoltaic needs is the
melting of polycrystalline silicon in a copper crucible by an electron beam (see Fig.1). High
overheating temperatures (about 1000 K) ensure effective evaporation of some impurities [1].
Crucible wall is water-cooled which creates a solid silicon layer, i.e., crust, on the crucible wall.

The melt flow is calculated in 3D numerically and obtained heat flux densities (see Fig.2) at
crust boundary are used to analyse crust thickness. Influence of different crucible materials and

different ways of cooling is investigated (see Fig.3).

electron gun racm “E 5
electron beam é 1 g
£ 08
S 04
molten silicon 0
copper crucible
solid silicon crust 100
water cooling/ outer shell— ! 2 ® :m [MW,m25] ¢ ! ¢ °
Fig.1 Scheme of Fig.2 Heat flux density distribution Fig.3 Solid silicon crust thickness in
considered system along the bottom surface of the melt.  case of water-cooled graphite crucible.
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TRIPHENYLPENTANE SUBSTITUENTS CONTAINING
MOLECULAR GLASSES WITH NONLINEAR OPTICAL ACTIVITY
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Molecular organic glasses, the compound class where amorphous glassy state is formed by
relatively small molecules without the presence of plasticizers has many potential applications as
optical materials. Incorporation of donor-(m electron bridge)-acceptor type chromophores in such

compounds and achieving non- Tr

Tr
centrosymmetrical molecular order by / H)

external electric field polling allows to o N N
. . . . . O O NG
obtain materials with nonlinear optical [ = NC. )=
(¢} Tr NC o T
.

(NLO) activity. Our group has

successfully developed NLO materials

where amorphous phase stability of

molecular compounds is ensured by NLL Tr=
incorporation of triphenyl substituents I ]

[1].

Here we present the improved  Fig.1 Chemical structures of synthesized NLO active

. . . molecular compounds
design of mentioned materials where

we increased the chemical stability of compounds by replacing labile triphenyl-oxygen bound with
C-C bound. Chromophores containing indanedione or tricyanofuranyl acceptors have been
synthesized (Fig. 1). Compound synthesis, chemical characterization and experimentally obtained

linear and nonlinear optical properties of materials will be presented.
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CHARGE CARRIER MOBILITY IN THIN FILMS OF GLASS FORMING
LOW MOLECULAR ORGANIC COMPOUNDS
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One of the easiest thin film processing methods is solution casting. Therefore, compounds
that form amorphous structure from solution are perspective in optoelectronic devices. Especially
low molecular weight organic compounds should be mentioned due to their repeatable synthesis.
Electrical properties of organic compounds are important in such devices. This leads to the
necessity to study charge carrier mobility which is one of the key parameter that characterizes
electrical properties. Unfortunately, often dispersive charge carrier transport in thin amorphous film
has been observed, which makes it difficult to determine charge carrier mobility.

In this work charge carrier mobility in “sandwich” type samples consisting of thin film of
glass forming low molecular compound for example indandione or pyranyliden derivatives as an
active layer between ITO as bottom and semi-transparent Al as top electrode were studied. The
organic thin films were made by spin-coating or blade casting method from chloroform solution
with the thickness of 0.4 to 4 um. Current voltage characteristics were analysed before charge
carrier mobility measurements to define the ohmic region in the sample and to avoid space charge
limited current effekts on mobility measurement. Charge carrier mobility at various electrical fields
was determined by carrier extraction by linearly increasing voltage (CELIV), photo-CELIV and
Time of Flight (ToF) methods. Thin (~30 nm) FePc or Se charge generation layer between electrode
and organic film was used for the compounds which absorbtion or charge generation was very low.
Mobility measurements were made in air condition. Application limits and possible solutions of
charge carrier mobility determination methods for investigated compounds will be discussed.
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REFLECTANCE AND MULTISPECTRAL EVALUATION OF COLOR
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Previous work has resulted in the creation of a set of 24 pseudoisochromatic plates for the
assessment of red-green color vision deficiencies. The design of the experiment for acquiring
corresponding pairs of achromatic and chromatic color matches is described earlier [1]. For printing
of the tests a calibrated Canon PIXMA mp550 inkjet photo printer on glossy photo paper was used.

The scope of the study is to (1) evaluate the distance of the acquired chromatic values of the
test stimuli to corresponding confusion lines for each type of deficiency and to compare to those
values of tests used in clinical practice, (2) evaluate the spread of the chromatic values induced by
printing method, (3) model the vision perception in terms of cone signals and thus predicting the
outcome perception in case of deficiency.

Reflectance measurements with the halogen bulb irradiance spectrum was measured with
Ocean Optics USB400-VIS-NIR spectrometer through the calibrated Ocean Optics optical fiber
(Color temperature ~ 4000K) and multispectral imagery (by tunable liquid crystal filters system
CRI Nuance Vis 07) data analysis show that:

1) printing quality in terms of color dispersion for printing methods used is much smaller than
in case of commercially available color vision deficiency tests.

2) the distance from the confusion lines in case of all stimuli was less than 0.02 units (x,y) in
CIE xy color diagram.

Results for cone signals and analysis in case of tests used in clinical practice are in process.
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TiO, thin films have numerous applications, they have been used for example in solar cells
[1], photocatalyst [2] and gas sensor [3] devices. TiO, thin films were prepared by the sol-gel
method using chemical spray pyrolysis technique. The spray solution contained of
titatium(IV)isopropoxide (TTIP) and acetylacetone (acacH) in ethanol at Ti** concentration of
0.2M. The TTIP:acacH molar ratio in the spray solution was varied from 1:1, 1:2, 1:3 to 1:4. The
films were deposited onto Si (100) and borosilicate glass substrates at substrate temperatures of
260°C and 450°C using pulsed spray solution feed. As-deposited films were subjected to annealing
at 500°C and 700°C for 30 minutes. The structural development of the TiO, films was studied as a
function of TTIP:acacH molar ratio in the solution. The films were characterized by Raman, UV-
VIS, FT-IR and AFM measurements. According to Raman measurements, as-deposited films at
260°C and 450°C were amorphous, independent on the TTIP:acacH molar ratio in the solution.
Anatase to rutile phase transformation temperature depends on the film deposition temperature and
the TTIP:acacH molar ratio in the spray solution. The films deposited from the solution with
TTIP:acacH=1:4 indicated smooth surface whereas a porous structure was observed when the
solution of TTIP:acacH=1:1 was sprayed. The TiO; film thickness increased with the TTIP:acacH

molar ratio in the spray solution.
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INFLUENCE OF COMPRESSIVE STRESS ON DIELECTRIC
AND FERROELECTRIC PROPERTIES OF THE
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Good quality lead-free ceramic of (Nap. sBio5)0.7Sro3TiO3 have been produced by a solid
phase sintering process at 1200°C. X-ray diffraction and Raman spectroscopy studies show
that obtained samples possess perovskite structure. The micrograph of the fractured surface
showed a dense structure ceramics, in a good agreement with 96% relative density determined
by the Archimedes method. The dependence of dielectric and ferroelectric properties on the
uniaxial pressure (0-1500 bar) of this ceramic was investigated revealing significant
influences of the external stress on these properties. This includes a shift of the phase
transition, a diffuseness of the permittivity characteristics, increase of the thermal hysteresis
and a decrease of polarization. We have shown that (Nag. sBio5)0.7Sr03TiO3 ceramic is
capable of sustaining large compressive stress without any mechanical degradation. The
electrostrictive coefficient Qq; and differential permittivity were evaluated from obtained data.
We discuss our results based on hardening of the soft-mode and domain switching processes
under the action of pressure. The (Nao, sBigs)o7SrosTiO3 ceramic is expected to be a new
promising candidate for lead-free electronic material.
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THE EFFECT OF ANNEALING ON SPECTRA AND DECAY TIME OF
X-RAY LUMINESCENCE OF ZINC OXIDE POWDERS
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Zinc oxide (ZnO) is a direct wide band gap (3.37 eV) semiconductor material with a large
exciton binding energy (60 meV). It gained significant attention motivated by potential applications
as an oxide electronic material, and in optoelectronic and lighting applications. Luminescence of
ZnO, generally, has two bands: near band edge luminescence (NBEL), ascribed to excitons, and
green luminescence (GL). The origin of the GL is still a matter of debates, despite a great number of
studies. In most cases it is attributed to zinc or oxygen vacancies. Some authors assume that GL can
be connected to both defects. By applying different annealing atmospheres one can indicate if an
increase/decrease in the concentration of a specific intrinsic defect is correlated with the GL
properties. In this work, we present the effect of vacuum and air annealing on intensity and decay
time luminescence changes, and a shift of the emission, of the studied ZnO powders.

Chemical purity powder #1 (99.5%, Russia) and high purity powder #2 (99.999%, USA)
were used. Annealing was performed at 800+1050°C in vacuum and air for 2 h. After vacuum
annealing GL maximum of powder #1 is around 513 nm and intensities of GL are about 10 (for
800°C) and 20 (for 1050°C) times greater than the initial one. Decay time curves of powders are
well approximated by two exponential decay functions. For powder annealed at 800°C decay
constants are 1;=126 ns, t,~1.6 ps and amplitudes ratio is 1,/1,=1.88. For powder annealed at
1050°C decay constants are t;=128 ns, 1,~1.2 us and amplitudes ratio is 11/1,=2.18. GL maximum
of air annealed powders is around 525 nm and intensity is 5 times greater than the initial one. Decay
time curves of air annealed powders are identical and can be roughly approximated by two
exponential decay functions with decay constants t;=48 ns, t=4.5 ps and amplitudes ratio
11/1,=4.48. Annealing of powder #2 in vacuum has completely different result: intensity of NBEL
grows up towards to GL ones, but complete intensity of luminescence didn’t change significantly.
Maximum of GL is at 510 nm. Air annealing provides result completely the same to powder #1. We
assume that such results come from uncontrolled trivalent impurity.

Physical processes behind the obtained results will be discussed in report.
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PHOTOREFRACTIVE LIGHT SCATTERING IN LiNbO;:B, LiNbO;:Y,
LiNbO;:Y:Mg, AND LiNbO;:Ta:Mg CRYSTALS
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Lithium niobate (LiNbOs3) single crystals of low photo-refractivity, prospective materials for
transformation and generation of laser radiation, can be grown from congruent melt (R = Li/Nb =
0.946) containing admixture of inactive photovoltaic cations (Mg**, Zn**, Gd**, B*, and some
other) maintaining charge under illumination. Optically resistant LiNbOj; crystals of negligible
photo-refraction modified by coupled admixtures are of practical interest. Such crystals would be
efficient used as inverters of the wave front, for transformation of radiation and generating
harmonics in lasers.

Reported in the paper are results of studies of the photo-refractive (photo-induced) light
scattering (FRLS) in single crystals of lithium niobate modified by Mg**, B>, Y’', and Ta™*
cations. Only circular light scattering is present in congruent crystals the FRLS being absent.
Admixtures are found to suppress photo-refraction. Coupled (Mg”* and Y**) and (Mg** and Ta™*)
admixtures suppress photo-refraction by partial autofocusing of the radiation during illumination.
The speckle pattern of FRLS and dynamics of its evolvement depending on the intensity of the
exciting radiation are affected by the kind of the inactive admixtures. In the case of B2+, Ta5+, and
Y** the scattering indicatrix practically retains its shape. Any changes in the speckle pattern being
completely absent is characteristic to the LiNbO3:B (0.12 % mass) crystal confirming earlier data
on reducing photo-refraction in lithium niobate crystals by admixture of B** cations. Another
evidence supporting the same conclusion is the absence of Raman bands prohibited by selection

rules in the spectra of the LiNbO3:B (0.12 % mass) single crystals.
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The multi-component mixed perovskites of extraordinary crystal structure and unique
properties, an enormous dielectric permittivity, strong piezoelectricity and electrostriction in
particular, for decades have been of increasing interest. The PbNi;;3Nb,;303 — PbTiO3 (PNN-PT)
solid solution system is one of mixed ferroelectric relaxors.

The presented study is focused on heat capacity and dielectric properties of the
0.7PbNi;3Nb,303 — 0.3PbTiO; solid solution ferroelectric ceramics within the 120 — 800 K range
of temperature. The PNN-PT samples were obtained by conventional ceramics technology.

Results of measurements of dielectric permittivity &(T) show the broaden region of phase
transition. Dispersion of the dielectric permittivity peak value g, specific to ferroelectric relaxors is
observed in case of the 0.7PbNi;;3Nb,303—0.3PbTiO3 compound.

Broad anomalies on the curve of heat capacity are revealed in the 250 — 450 K and 450 —
650 K intervals and a A-anomaly at T~ 225 K. An anomaly on the Cy(T) curve specific to phase
transition is found at T = 520 K.

The obtained results and available reported data allow to assume that randomly distributed
polarised nano-size formations of rhombohedric structure emerge within the nonpolar cubic phase
of 0.7PbNi;;3Nby;303 — 0.3PbTiOj3 at cooling upon reaching the Burns temperature T4~650 K while
macroscopic polarisation in samples is absent as far down as to the room temperature. The
anomalous behaviour of heat capacity Cy(T) characteristic to relaxors within the range of 250 —
650 K is related to changes and interactions in the system of reorienting nano-size polar units.

The anomalous component of heat capacity in the range of phase transition was found as the
difference between the measured value and calculated phonon heat capacity. The features of the
dependence of heat capacity and its anomalous part on temperature in 0.7PbNi;;3Nbys05; —
0.3PbTiOs indicate to absence of a thermodynamic phase transition within the range of dielectric

permittivity maximum.
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A study of the low- and infra-low frequency relaxation in the SBN-75 ceramics under white
irradiation is reported. Effective dielectric permittivity &/ (£) and dielectric loss &/, (E), g0, are
determined from measurements performed on a modified Sawyer-Tower circuit of polarisation
loops at frequencies of 0.1, 1.0, and 10 Hz and different field intensities E. Anomalies on the

&lx(E) and g, (E) curves of SBN-75 (Fig. 1) are observed before and after illumination.
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Fig. 1. Dependence on field intensity of €. (E) and &l (E) at frequency 0.1 Hz and T = 62 °C:
a — non-irradiated SBN-75 sample, b — irradiated SBN-75 sample.

Effective parameters 7go,; (E),&l;, and ¢/, obtained from polarisation loops before and
after irradiation at frequencies below 10 Hz, the interval representative of relaxation of polarisation
in the relaxor phase of the SBN-75 ceramics, show that irradiation mainly causes some decrease of
the values of g+ and & .

Most likely the anomalies are due to relaxation of the space charge. Irradiation is shown to
reduce the contribution of space charge at temperatures (i.e., near Ty,) corresponding to the range of
the relaxor phase. The decrease of dielectric loss at irradiation of the SBN-75 ceramics points to rise

of unbalanced carriers compensating the space charge in the material.
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Our previous studies have showed that NalLaF, doped with rare-earth elements is a
perspective material for up-conversion luminescence [1]. It is possible to obtain up-conversion
luminescence in a wide spectral region (red, blue, UV) using this material doped with Tm*" and
Yb*.

5.0 1 1 1 1 1 1 1 1 1 1
—=—NaLaF, Tm”;Yb*

Therefore polycrystalline NalLaF, doped
macro powder

. 3 3 . .
with Tm> and Yb>" ions was synthesized. An 40 e NalaF Tm":Yb"

3.5 after laser ablation

intensive blue up-conversion luminescence under

980nm excitation was observed in these samples. Exctation @ 960

Intensity, a.u.

When the samples were treated in different ways, 16
for example grinding or deposited on a substrate 07
0.5+
using laser ablation technique, we could achieve 00
. i . . . 200 250 300 350 400 450 500 550 600 650 700 750
also relative intensive ultraviolet up-conversion Wavelength, nm
luminescence (Fig. 1). Fig.1 Up-conversion luminescence spectra

for NaLaF, doped with Tm*" (2mol%) and

Yb* (20mol%) as macro powder and after

peculiarities of different processes which take laser ablation, excitation at 980nm. Spectra

place in NalLaFsTm*Yb® ions will be are normalized to 480nm up-conversion
luminescence band

discussed.

Based on the experimental results
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Increasing demand of energy gives rise to search for new and perspective energy sources. The
innovative solution is solar energy obtained using organic materials. The advantages of organic
materials are lower costs, easy processing and a wide range of materials which cover broad spectral
range.

In this work N,N’-dimetilaminobenziliden-1,3-indandione (DMABI) and seven its derivatives
were investigated. The molecule N,N’-dimetilaminobenziliden-1,3-indandione (DMABI) forms the
base of these materials. 1,3-indandione works as an electron acceptor while dimetilaminobenzene as
an electron donor. Exciton is formed by photoinduced electron transfer between electron donor and
acceptor parts.

DMABI and its derivatives represent the class of photosensitive molecular crystals. The
photocurrent efficiency for DMABI is 102 el/phot. Derivatives with various functional groups were
selected in order to improve energetic parameters and photoelectrical properties.

The knowledge of energetic parameters of materials are fundamental to design solar cells. An
ionization potential and energy gap directly affect such important electronic processes as charge
carrier generation and transport. In order to characterize energy structure several parameters were
determined- an optical energy gap Ecor, a threshold energy of quantum efficiency of
photoconductivity Ew, a difference between oxidation and reduction potential (Uredox).

The very first results of efficiency of organic solar cells containing DMABI molecules will be

discussed.
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Doctoral Studies at University of Latviay.
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Low-dimensional IVB group metal oxide materials produced using the sol-gel method are of
great interest due to the possible applications in biotechnology, photocatalysis, electronics, high-
temperature isolation and solar cells industry. The elaboration of different strategies for the
synthesis of micro- and nanoscale oxide materials is essential for improving the properties and
finding new applications for these materials.

We have previously reported tubular micro-structures obtained by spontaneous rolling of gel
film segments formed by cracking and fragmentation of the film on highly viscous substrate [1,2];
and micro-tubes obtained by direct pulling from viscous precursor followed by solidification of the
jets [3].

The purpose of current work is to elaborate the mathematical aspects of diffusion-limited
formation and properties of sol-gel micro-structures. Formulas for diffusion in a plane and for

cylindrical geometries are presented and compared with each other and with experimental results.
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The first-principle calculations are emploed to study lattice dynamics of cadmium tungstate. The
equilibrium structure of wolframite-type crystal and lattice vibrations were calculated within the
density functional theory using CRYSTALO9  program. Calculated phonon frequencies
8Ag+10Bg+7Au+8Bu in I' point are compared with experimental Raman and IR spectra. Also

symmetrie of the Raman and IR vibrations are discused.
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Lithium tetraborate (Li,B4,O7 or LTB) has been recognized as a promising tissue-equivalent
material for thermoluminescent dosimetry suitable in particular for neutron detection. Doped with
multiple impurities Cu, Ag, P it demonstrates an outstanding sensitivity exceeding that of the well-
known LiF:Mg,Ti [1]. We substituted phosphorus impurity for more convenient Mn®** or Be**, and
studied the role of particular impurities in recombination luminescence relevant for dosimetry. The
results of a study of LTB:Cu,Mn, LTB:Cu,Be, LTB:Ag,Mn, and LTB:Ag,Be ceramics using a wide
range of spectroscopic methods are presented. Excitation and emission spectra of the samples
excited by synchrotron radiation were measured at the SUPERLUMI station of HASYLAB at
DESY, Germany. X-ray excited luminescence, cathodoluminescence (CL), and thermostimulated
luminescence (TSL) curves and TSL spectra were studied in the range of 5-600 K. The low-
temperature X-ray excited luminescence and CL spectra of the samples studied are represented by
complex broad bands. None of the impurity emission bands except that of Mn?* can be explicitly
distinguished in these spectra. Low-temperature TSL peaks near 80 K are mainly presented by the
emission bands of impurity-perturbed excitons. High-temperature TSL peaks in the region of 330-
540 K have impurity-related origin. The hole trapping in the boron-oxide framework is shown to
play a crucial role in increasing the TSL efficiency. Mn®* and Be?* may substitute either for Li* or
B>* ions, thus forming both electron and hole traps at the substitution sites [2]. Cu*, Ag*, and Mn?*
ions can play the role of efficient recombination centres. Charge carrier recombinations near Mn?*
or at Cu” and Ag" ions result in the emission at 2.03, 3.35 and 4.6 eV, respectively. Such a well-
separated structure of optical spectra provides a powerful tool for distinguishing electron and hole

processes in an irradiated material.
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Magnetic elastomer composites of selected poly(ethylene-1-octene) copolymers (POES)
filled with different content (up to 10 wt.%) of zinc-nickel ferrite nanoparticles have been made.
The composites have been irradiated with ionising radiation (accelerated electrons) up to irradiation
doses equal to 100, 300 and 500 kGy.

POE copolymers belong to a relatively new class of ethylene elastomers with high
flexibility, rubber like mechanical properties and a processability of thermoplastics. Radiation or
chemically cross-linked POEs are suitable for formation of heat shrinkable materials [1]. These
properties are highly dependent on the content of flexible 1-octene chains in copolymer.

Stress-strain and structural properties of radiation modified composites with POEs with
different content (17 and 38 wt.%) of 1l-octene filled with ferrite nanoparticles have been
researched.

Thermomechanical properties — thermorelaxation stresses formed in thermal heating and the
thermo residual stresses resulting in the process full setting and cooling of materials — have been
investigated for orientated up to 100-300 % specimens. It was found that gel content increases up to
85% with increased radiation dose up to 500 kGy due to the formation of cross-linked structures.
That coincides with increased thermomechanical characteristics, which increased with decrease of
the content of 1-octene content in POEs. Formation of cross-linked structures in the electron beam
irradiated samples was confirmed also by the investigation of specimens with FTIR and DSC
methods. Improvement of the strength properties (increase of stiffness, tensile and residual stresses)

was observed with increase of the filler content in composites.
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Lead containing piezoelectric ceramics and single crystals as Pb(ZrsTi;x)O3 (PZT) or (1-
X)[Pb(Mg1/3Nb23)O3]-X[PbTiO3] (PMN-PT) are widely used as actuator, transducer, and sensor
materials. However, the toxicity of lead has led to a demand for alternative materials that are more
human and environment friendly. (Sr1_15Bix)TiO3 - strontium bismuth titanate (SBT for short) is
one of such compounds.

It is well known that in pure incipient ferroelectrics, like KTaO3 or SrTiOz polar phonons
are responsible for the dielectric permittivity and no pronounced dielectric dispersion is observed
below the soft-mode response [1]. The ferroelectricity in such materials can be induced by
application of strong enough electric field, uniaxial stress or substitution of A-site ions by isovalent
or heterovalent ions. The broadband dielectric studies on SBT ceramic (up to x<0.17) [2, 3] showed
that Bi doping induces formation of local antiferrodistortive and polar regions. This causes a
complex relaxational dynamic below the phonon frequency range. The aim of this work was to
extend the investigations of dielectric dispersion and calculate the relaxation distribution function.

The dielectric properties of SBT ceramic have been investigated from 20 mHz to 30 GHz in
wide temperature range. Obtained results showed the pronounced dielectric dispersion which looks
similar to the one typically observed in disordered materials. In contrast to the proposals in [2],
which claimed that the dispersion in SBT ceramic looks relaxor-like, we have to point its close
similarity to the dispersion typically found in dipolar glasses. The calculated distribution of

relaxation times f(t) confirms our findings because no splitting into two parts of f(t) can be seen.
[1] K.A. Muller and H. Burkard, Phys. Rev. B. 19, 3593 (1979).

[2] V. Porokhonskyy et.al. Phys. Rev. B. 69, 144104 (2004).
[3] Ang Chen, Yu. Zhi, J. Hemberger, P. Lunkenheimer, and A. Loidl, Phys. Rev. B 59, 6665 (1999).
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In many wide-gap materials, self-trapped (ST) p-type holes were revealed long
ago. In Sc,03 with empty 3d electron shell of unexcited Sc¢’”, the possibility of ST 3d-
electrons was suggested and then experimentally proved under low-temperature
excitation [1]. A search for ST electrons in materials containing Ca®" cations with
similar electron structure was started long ago as well. Recent comparative first-
principles studies have examined the role calcium 3d empty electronic states play in
structural energetics and bonding of Ca-containing crystalline systems [2]. In the case
of CaSO,4, more detail DFT calculations performed within PBEO-based hybrid
functional scheme have given the value of the fundamental energy gap of about 9.6
eV, and demonstrated in terms of electronic orbitals the principal feature of the band
structure — the presence of the significant contribution of Ca 3d-states into the lower
part of the conduction band (which in turn can be filled in via allowed dipole
O 2p — Ca 3d transitions). A complex peak of thermostimulated luminescence (TSL)
at 45-65 K, which can be efficiently induced by the irradiation with photons of
hv> 10 eV, was detected in extra pure or doped CaSO, (anhydrite) and tentatively
dicribed as unfreezing of ST electrons [3]. It is worth noting that thermally stimulated
hopping diffusion of ST electrons occurs with extremely low frequency factor (~10),
i.e. 12 orders of magnitude lower than it is typical of diffusion of self-trapped p-holes
along [110] anion rows in alkali halides. The calculated electronic structure is
compared with the experimental spectra of reflection, excitation of several emissions

and phosphorescence, as well as with the creation spectra of TSL peaks.
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A number of anomalies of conductivity and of optical, dielectric and pyroelectric properties
of lithium niobate crystals within a range of temperatures (300—400 K) has been observed by
different authors. The lack of quantitative repeatability of the results depending on the history of
the sample is typical to most studies of anomalous thermal behaviour of various physical
parameters of ostensibly pure lithium niobate crystals and particularly of crystals containing
admixtures.

Examining of the micro- and nano-structures of domains and specific structural ordering
features of lithium niobate crystals containing admixture of rare earth elements (LiNbOs:REE) and
grown under stationary and non-stationary conditions has revealed formation of regular micron-
scale domain structures (RDS) of changeable or fixed steps and periodic nano-size fractal
structures of steps between 10 and 100 nm. A super-structural sub-lattice of clustered defects
forming in the cation sub-lattice of REE-modified lithium niobate crystals is observed to have steps
of the size of a few lattice translation periods.

Static and dynamic piezoelectric properties, dielectric dispersion and conductivity of
lithium niobate crystals modified by REE (Gd, Er, Tm, and Gd:Mg), containing micro- and nano-
structures, and grown under stationary and non-stationary conditions are studied within the 290 —
840 K and 0.5 — 10° Hz range of temperature and frequency, respectively. Abrupt increase of the
d33 piezoelectric modulus up to the value of single domain ostensibly pure lithium niobate crystal is
observed up to 340 K at heating poly-domain LiNbOj3:REE crystals. The actual observed values of
physical parameters and kinetics of the processes to a considerable extent are determined by the

particular micro- and nano-structure of the sample.
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Zinc oxide (ZnQ) is very important semiconductor with wide band gap (E4=3.37 eV) and
large exciton binding energy of 60 meV at room temperature. It is very promising candidate for
such devices like gas sensors[1], light emitting diodes[2], solar cells[3], lasers[4]. Doping of ZnO
with group 111 elements is commonly employed to enhance n-type conductivity of ZnO transparent
electrodes. The ZnO doping by Al generates a free electron in the conduction band. Al atoms in
thermodynamic equilibrium condition substitutes Zn atoms in ZnO crystal, but concentration of Al
depends on growth method: sol-gel method, hydrothermal method, atomic layer deposition.

In this work, we investigated structural, optical and electrical properties of pure ZnO and Al-
doped ZnO samples prepared by sol-gel method. Sol-gel process is a wet-chemical method widely
used in material science and ceramic engineering. This method is used for materials fabrication
starting from a colloidal solution (sol) that acts as the precursor for an integrated network (gel). In
our work, precursor is zinc acetate (Zn(CH3COO)2). For surface topography studying we used
atomic field microscope (AFM). We also measured ZnO and ZnO:Al photoluminescence (PL)
spectra before and after irradiation by Nd:YAG laser fourth harmonic (A=266nm, I~15MW/cm?,
1=15ns). 4-point probes method to measure samples surface resistivity was used.

After the laser radiation two orders decrease of resistivity was observed, which is very
important for transparent electrodes. PL measurements showed changes of optical properties in
irradiated ZnO:Al sample. Moreover, from AFM measurements we obtained that grain size increase

twice. Explanation of obtained results will be proposed.
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It is known that most of the fluoride and complex fluoride materials have relatively high
chemical stability, moreover, these materials have small phonon energy which suppresses the rate
of nonradiative transitions. These properties make fluorides very attractive as host materials for
optically active trivalent rare-earth ions. Numerous studies on optical properties of fluoride and
complex fluoride materials have been conducted for several decades, however not much
information can be found about processes in europium doped NaLaF, material. This research is a
part of extensive studies of different rare-earth doped and codoped NalaF, materials, their
synthesis, optical properties and possible applications [1, 2].

In this work NaLaF,:Eu** samples with different Eu** concentrations were synthesized by
solid-state reaction. The synthesis was performed using different annealing temperatures and
atmospheres (air or fluorine). For these samples photoluminescence spectra, excitation spectra,
luminescence decay kinetics and X-ray diffraction patterns were measured.

From the analysis of the obtained experimental data conclusions about composition and
optical properties of the material was made. Optical transitions and cross-relaxation processes in the
activator system as well as formation of oxygen related defects and their impact on material optical
properties are discussed.

The financial support of ERDF project Nr. 2010/0204/2DP/2.1.1.2.0/10/APIA/VIAA/010
and VPP IMIS is greatly acknowledged.
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The limitations of the SiC technology are due to defects for SiC, such as point defects, line
defects or two dimensional plane defects and stacking faults, which is very bad for the devices.
Structural characterization was performed by micro-Raman spectroscopy, which represents a
powerful technique for the characterization of SiC, because it is non destructive and requires
no special preparation of samples. The parameters of the Raman signal such as intensity, width,
peak frequency and polarization of Raman bands provide fruitful informations on the crystal
quality. In present work, X-ray diffraction, FTIR absorption have been performed on single
crystals SiC, plate 6H- SiC and 3C- SiC also. Investigated samples of SiC were grown by
direct synthesis from silicon and carbon vapour in deep vacuum in quasi-close system
produced of a high purity graphite. Samples were deposities onto substrates of SiC. All
samples of 6H-SiC have hexagonal wurtzite structure with Clov space group that was
confirmed by x-ray diffraction measurements. A preliminary investigation has been performed
by optical microscopy and SEM to determine the defect morphology.

The first- and second-order Raman spectra of 6H - SiC are given and analyzed in detail. We
have performed Raman scattering investigations for semi-insulating 6H-SiC and doped 6H-
SiC crystalline plates at room and at liquid nitrogen temperatures. A semi-insulating single
crystals of 6H-SiC was also examined as a reference. Significant changes were observed in the
shape, intensity and position of the A;(LO). The changes in peak position, spectral shape, and

width of the A;(LO) phonon could be attributed to plasmon—phonon coupling.
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The primary photonic crystal demonstrates light scattering and photoluminescence (PL) in
wide region starting from 350 to 700 nm with two intensive maxima at about 400 and 500 nm, and
several weak bands in the interval of 600 — 700 nm. PL of synthetic opal is connected with the
presence of defects and impurities. The band with a maximum at a wavelength near 520 nm is
related to the surface states of Si — H, whereas the band with maxima near 650 and 690 nm to the
bulk and surface states Si — O. The nature of the blue band at about 400 nm is associated with the
presence of various impurities such as zinc, calcium, sodium, iron, zirconium oxides, etc [1]. The
fraction of these impurities is less than 10°. The PL intensity for the primary synthetic opal changed
from point to point under the scanning over its surface [2] and depends on the presence of forbidden
zone.

For synthetic opal the most efficient excitation wavelengths Ae lies in 310-370 nm range
for the blue luminescent band of silica and in 240-270 nm range for the greenish-red bands.
Therefore we selected Aexc=250 nm and A=350 nm pulsed excitations and applied them for
measurement of fluorescent kinetics from photonic crystals. For each emission wavelength we
obtained multi component decay curves in nanosecond and microsecond time scales, which can be
associated with different types of defect centers in the samples, while it was established that
reference amorphous quartz sample has long decay time components of several tens or even one
hundred microseconds, which are rather bigger, than in microsecond range decay times obtained
from the photonic crystal samples of synthetic opal. Photonic structure seems causes localization of

optical modes and light [3]. We acknowledge support from Nanotwinning FP7 (project ID 294952), Russian-
Ukrainian project 60-02-12. References
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MgF, with rutile structure is important wide-gap optical material with numerous
applications. It is also radiation-resistant material, the energy required to form a stable primary
radiation defect known as the F center (fluorine vacancy with trapped electron) between 5K and
room temperature is much higher than in other alkali halides. We present and discuss here the
results of calculations for basic colour centers (F-, H-, Frenkel defects) in the crystal bulk. This
study is based on the large scale ab initio DFT calculations using hybrid B3PW exchange-
correlation functional as implemented into CRYSTAL code.

In order to understand the behaviour of the material with respect to irradiation and its
optical properties, we analyzed the electronic structure, atomic geometry, charge density
distribution as well as defect- and surface formation energies using several types of supercells.
We compared properties of close and well separated F-H (Frenkel) defect pairs and migration of
defects. We simulated also formation and demonstrated energetic preference of inert F,

interstitial molecules as sinks of mobile interstitials atoms. We discuss how this is related to the

material radiation stability.

The electronic density redistribution around the H center (a) u T center b).
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In this report we study the formation of surface relief in arsenic trisulfide films under

laser light radiation, with modulated polarization direction.

Arsenic trisulfide is known as inorganic polymer, which is often used in holography

due to large photoinduced changes of its chemical
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One of the most promising materials for X-ray and gamma ray detectors are cadmium
telluride (CdTe), and cadmium zinc telluride (CdZnTe) compound semiconductor crystals [1,
2]. The main reason for this is the possibility to use those materials at room temperature.
However, Te inclusions, crystal twins, dislocations, grain boundaries and other defects
degrade crystal performance as radiation detector.

Several researchers have studied a possibility to improve crystal quality by CO, laser
irradiation [3, 4]. However, this method has some disadvantages - processing time of about
100 h and damage of the crystal surface.

We have studied the influence of laser radiation on CdZnTe crystal electrical
properties and radiation detector parameters.

CdZnTe crystal was grown by vertical gradient freezing method and had high
concentration of non-controllable impurities and Te inclusion. CdZnTe samples where treated
by Nd:YAG (A=1064 nm) laser to decrease defect influence on electrical properties. Current
voltage characteristic measurements (IV) were performed to detect changes in electrical
conductivity. IV characteristic showed that the sample resistivity increased after irradiation by
2-10* laser pulses. This effect is more pronounced with higher Te inclusion concentration.
Moreover, energy-dispersive X-ray spectroscopy did not show any changes of chemical
composition, but measurements of **'Am radiation spectrum showed increase of peak to
valley ratio.

Laser treated CdZnTe detectors showed reduction of leakage current, improved

spectral energy resolution and peak to valley ratio.
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Ferro-piezoelectric ceramics on the basis of lead
solid
PbZr, TixO3 (PZT) continue to be the most important

zirconate  titanate  perovskite solutions
ferroelectric and piezoelectric materials in commercial
devices [1]. The properties of PZT-based materials as
well as of other solid solutions depend strongly on the
preparation conditions, in particular on the porosity
formed during sintering [2, 3].

In the present work a study was made of the
dielectric properties of PZT ceramics with varying
porosity in the frequency range of 25 Hz — 1 MHz. The
grain size and porosity were examined with the aid of
scanning electron microscopy (JEOL JSM 6510LV).

It was found that the porosity has a direct
influence on the dielectric permittivity and specific
conductivity as illustrated in Fig. 1. The magnitude of
the above parameters decrease with the increase of

porosity, while the types of their frequency dependence

remain the same.
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A comparative analysis of the dielectric properties of BaTiOz, BaTiO3+0.1 wt.% MnO,
and BaTiO3+0.1 wt.% Fe,O3 ceramics was performed. The temperature dependence of dielectric
properties and an electrical conduction for both the samples were measured at the temperature
ranging from 130 K to 500 K and at the frequency from 10 - 10" Hz. The influence of substitution
has a pronounced effect on the electrical properties of the ceramics. In the case of Fe-ions doped
BaTiOs, was observed one board peak slightly dependent on frequency at T and one board hump
with a maximum at about 250 K which exhibits relaxor behavior. The &(T) characteristics for
BaTiO3+0.1wt.%MnO, are qualitatively similar to those known for BaTiOs;. The observed
transition temperatures for the sample doped with Mn-ions and pure BT are almost equal but the
amplitudes of all peaks are much smaller. The multivalence nature of incorporated ions is supposed

to cause such a behavior of the investigated polycrystalline materials.
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Diluted magnetic semiconductors based on ZnO with transition metal ions (TM=Ni, Co,
Mn, Fe) are widely used nowadays as model objects for testing concepts for spintronics
applications. The 34° 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.

Magnetic properties of Co”" ions in ZnO have been probed by use of Fourier Transform-
Electron Paramagnetic Resonance (FT-EPR). The EPR data reveal the formation of Co dimer
centers in heavily doped hydrothermally grown ZnO single crystals. Well separated magnetic
dimers of Co’" ions embedded in ZnO matrix are anti-ferromagnetically coupled nearest-
neighbour s7=1/2 spins leading to an S=1 ground state of the pairs.

Rabi oscillations have been studied on the ground state of Co** ions in ZnO. These quantum
oscillations of electron-nuclear states of Co®* (nuclear spin £7/2) indicates the long-lived quantum
coherence at helium temperature. The measurements were performed at different cobalt
concentrations using a Pulsed EPR Bruker E-580 X- and Q-band spectrometer.
Acknowledgments
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In this work the differences between the physical properties of barium titanate BaTiO3 and
newly obtained BaHf«Ti;.xO3 were identified. These ceramics were prepared by solid-phase reaction
of simple oxides and carbonates using the conventional method. This method made possible to
obtain ceramic materials with optimal and well-defined properties and thus to extend the scope of
the functional electroceramics BT-type in modern electronics. 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 CuKo radiation and a graphite
monochromator, at various temperatures in the temperature range between 130 and 500 K, both in
the process of heating and cooling. A profile-fitting program FULLPROF based on the Rietveld
method was used to analyse and fit the spectra. Investigations of the chemical compositions and
microstructure of the specimens were performed on polished sections and fractures by using the
Hitachi S4700 electron scanning microscope with field emission and the Noran Vantage EDS
system. The obtained results allowed to determining the stoichiometry of the materials and evaluate
their microstructure: grain and pore sizes, shapes and orientation. The application of dielectric
spectroscopy, known also as impedance spectroscopy method or admittance spectroscopy as well,
made it possible to characterize of the material in the terms of electrical properties: dielectric
permittivity (g*), electric modulus (M*; M* = 1/¢*) as well as electric impedance (Z*) and
admittance (Y*; Y* = 1/Z*). 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. The comprehensive studies were
conducted to determine the relationship between the conditions of the production process: the
sintering, the formation and growth of grains of electroceramics and dielectric and mechanical
properties. On the basis of experimental data, was concluded that the lead free material based on
barium titanate solid solutions possesses better parameters than pure BT and is one of the promising

candidate for the manufacture of transducers.
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Ferroelectric barium titanate and nickel-zinc ferrite composite ceramics belong to a
multifunctional materials group called multiferroics. Multiferroics are materials combining at least
two ferroic properties in the same structure and have drawn major scientific and technological

attention in recent years. One of the most

promising candidates is barium titanate and 10 x=(l)5
nickel zinc ferrite composite. Although . gg
dielectric properties of this material were 10’ g
already investigated, the results upto only @
megahertz frequencies were presented [1, 2]. 10 3
Here we demonstrate the results of the @
broadband  dielectric  spectroscopy  of 1101102103104105106107108109101??011
xBaTiO3-(1-x)Nig sZng sFe;O4 composite v(Hz)

ceramics with x=0.5, 0.6 and 0.7 molar ratios  Fig.1 Frequency dependence of the real part
) of dielectric permittivity at 500 K for
in the 20 Hz to 50 GHz frequency range. The xBaTiOs~(1-x)Niy sZny sFe>04 composites

real part of dielectric spectra of the composite ~ With different x.

ceramics (Fig. 1) manifests conductivity contribution up to a few megahertz frequencies followed
by a relaxation process. At high enough frequencies, where the conductivity contribution is greatly
reduced, diminished permittivity with the increasing concentration of nickel-zinc ferrite can be

observed.
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Lithium orthosilicate pebbles with 2.5wt% additions of =~ = 1000 — Temperattc | [1000 2

S0y (Bper=0.25-0.63 mm, 90mol% Li;SiO4 and 10m ol% £ so - oo
Li,SiO;3) are one of European Union approved tritium E-"’“” E”-O
breeding ceramics for fusion reactors [1]. A lithium 400 ;93'5
carbonate containing sub-surface layer forms on pebbles (eq.) . EQS'U
0 Fo-<

at thermal treatment — due to exponential quenching (Fig.1.), 0 5 10 15 a0 15 30 35 40 45

Time, h
Fig.1. Chemisorption of CO, and H,O
Li,COs; influences main properties of tritium breeder: tritium  vapor on surface of Li,SiO, pebbles with
10mol% of LiSiOs (Dpepni=500 um) at
thermal treatment (T,,,,=900°C, t,0c=1 h,
stability of pebbles [3]. air atmosnhere)

Li,SiO

and at storage, from air atmosphere. Radiation unstable

diffusion and desorption [2], mechanical and radiation

+CO,,,, —=Li,CO

+ 11,510, ,0pn, (Air atmosphere) (eq.)

4(cryst.) 3(amorph.)

Therefore, to improve chemical and physical

properties of Li,SiO4 pebbles it has been proposed to

change composition of ceramic [4]. In place of

Li;Si03, as secondary phase could beused a less

T | LT
Fig.2. Li,SiOy pebbles (Dpepp =560-900 pum) with
10mol% of Li,SiO; (left) and 10mol% of Li,TiO;  of this investigation was for the first time to compare

right) after thermal treatment (T,,=950°C, . .. o .
§g=;04 }{ air atmosphere) ( chemical reactivity of LisSiOs pebbles with

reactive and radiation stable Li,TiO3 phase [5]. Aim

additions of Li,TiO3 and Li,Si03 (Fig. 2.). It has been observed that Li,TiOs additions reduce reactivity

of Li4Si04 pebbles with H,O vapour and CO, at thermal treatment with exponential quenching.
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As a matter in fact, sedimentation experiments examine the integral sedimentation velocity
of suspended particles. If the particles are nano-sized (10...50 nm in diameter), due to a small
Peclet number the sedimentation effect is very weak; the experiment tooks at least 10 days to
measure particle excess in the boundary layer, gained by the sedimentation.

Nevertheless, in some points the sedimentation experiments become reasonable. It is the
simpliest way to study the influence of particle interaction. G.K. Batchelor in the eighties has
devepoled the sedimentation model, taking into account the particle interaction. The experimental
results of sedimentation can be compared to both the Batchelor and the Stokes non-interaction
model to conclude about degree of interaction, moreover, to calculate the polydispersity of
suspended particles. The particles with ferromagnetic properties are of particular interest. Indeed, if
the test-tube is submitted to a gradiental magnetic field, the magnetic force acts besides the
gravitational one, and the sedimentation velocity of a particle can be calculated as:

U = 28R.(P = py + phMOH /)
MRy ’

where R, and Ry are the magnetic and hydrodynamic radius of a particle, p and o, the density of
hard particle and of the solvent.

We perform sedimentation experiments with suspended polydisperse ferromagnetic
nanoparticles, charactrized by log-normal size distribution, proved by independent measurements
with the vibrating sample magnetometer (VSM) and the size analyzer (DLS). The particle
concentration changes in the boundary layers are measured by the inductance coils, placed at the top
and at the bottom of the test-tube. Additionaly, after the experiment is finished, we take the samples
from both ends of the test-tube in amount of 1 mm layer to perform VSM and DLS analysis to

conclude about particle size separation.

The work is supported by European Regional Development Foundation, Project
2011/0001/2DP/2.1.1.1.0/10/APIA/VIAA/007
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12Ca0-7AI0; (C12A7) is a nanoporous compound which has been extensively studied due to its
unique cystal structure and electronic properties. Its flexible lattice is composed of positively
charged framework of Ca-Al-O cages (free space @ ~0.4 nm) &nidr® occupying 1/6 of the

cages in the stoichiometric case. By different chemical treatments, the encdgedi@hs can be
replaced by other anions (FCI, H, OH, Au™ [1,2] etc) and even by electrons [3] resulting in
unusualchanges in materials properties. The latter replacement converts insulating C12A7 into a
persistent electronic conductor making this compound suitable for transparent electrodes. Optical
properties of variouderivatives of C12A7 have been studied by our research group [4,5], however,
thereare no reports on the largest halogen — the iodine ion, which can be encaged into C12A7. The
aim of this work was to prepare iodine doped C12A7 using ion implantation technique as it was

successfully used earlier for implementing Aans into C12A7 lattice [2].

Powderof C12A7 was synthesized by self-propagating combustion method using stoichiometric
ratio of metal nitrates and a mixture of urea @ralanine as fuels. The synthesized powder was
used a a starting material for melt-solidification process in a carbon crucible followed by heat-
treatment in air to obtain high density C12A7 ceramics containing various encaged oxygen species
(mainly O, O,", OH"). lodine implantation at 300 keV, using fluence ot*land 18°cm?, and a

target temperature of 600 °C was carried out at the lon Technology Centre (Uppsala, Sweden).
lodine concentrations in the C12A7 ceramic samples were estimated by Rutherford backscattering
spectrometry and XPS. Raman spectroscopy of the implanted samples showed no evidence of the
crystal lattice destruction, despite the high fluence. Therefore iodine anion formation and

incorporation into the cages of C12A7 lattice is expected, analogously {@]Au
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Multifunctional materials include properties of smart material systems (e.g. smart textiles) as
well as biologically synthesized materials (case of biomimetic). Natural wood, flax and hemp fibres
are examples of such multifunctional materials — polymer composite systems. In current research
attempt has been made to analyse hemp fibres treated with steam explosion (SE) technology.
During the SE process, fibres are chemically modified and mechanically defibrillated. At the end of
the steaming process, the instantaneous release of pressure stops the reaction and separates the
fibres. Disintegration of hemp fibres separated from non-retted, dew-retted and dried stems of hemp
plants grown in the Agricultural Science Centre of Latgale (Kraslava) at 2010 vegetation season of

Latvian local genotype ‘Purini’[1] by alkali treatment and steam explosion (SE) were investigated.

Fig. 1. SEM micrograph of bundles of the hemp fibres before and after SE
An average intensive SE in combination with the hydro-thermal and alkali after-treatment
allows decreasing the diameter of hemp fibres and reduce the concentration of non-celluloses

components, among them hemicelluloses, lignin, pectin, waxes and water [1;2].
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Liquid lithium is a perspective material and it’s intended to be used it in the D — T fusion

devices (like JET, ITER) as a cooling agent, which protects a surface of divertor (inside the lower

part of the plasma chamber) from complete thermal destruction (800°C). Lithium is flowing over
the surface of divertor and cools it down. During this process lithium gets polluted with plasma
chamber gases (He, “H and *H) and with chemically eroded particles of divertor surface as well. In
order to not disrupt complex process of nuclear plasma, concentration of tritium in lithium shall not
exceed certain acceptable standards (less than 1 appm) [1]. Still to these days this is a problem of
decontamination lithium from tritium. The particular research aims is to study tritium sorption and
thermal desorption processes in molten lithium under different external conditions (temperature,
magnetic field, atmosphere and others). Investigate lithium - tritium chemically bonded forms
which also includes a number of polymorphic forms (Li,T) [2]. Develop and optimize conditions
for effective separation of tritium from lithium.
An original complex device has been designed and created especially for this research.
Some of tritium sorption and thermal desorption in liquid lithium experiments has been
successfully done already. First experiment series were carried out under reduced pressure
(vacuum) to rule out other operating gases (Ar, He) that may also interact with liquid lithtum.
Experiments showed good tritium desorption which highly depends on the temperature. Collected
and mathematically treated data from tritium monitor. Further investigations under different

conditions are in progress.
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Glass fiber fabrics are used in dry and wet atmosphere and in water at elevated and
changeable temperatures. The changes in environment can initiate processes in fabric that lead to a
new its equilibrium state and changed physical properties. Some of them may be irreversible. It is
accepted [1] that interaction of alkali silicate glasses with water or mineral acids proceeds by ionic
exchange by diffusion of Na* ions to glass surface and H" or H;O" from water into the bulk of glass
to fill the vacancies of Na" ions. It looks that Na* ions and H,O and CO, from atmosphere during
the months form the shell of NagH (COs3),:2H,0 or its mixture with Na;COs3-H,O on the surface of
glass fibers. Such shell can be dissolved in water and acids [2]. The heating leads to weight loss
associated with decomposition by reaction of 2(NasH (CO3),:2H,0) — 3Na,CO3 + CO,1 + 5H,01
at temperature over 55-57 °C, and dehydration of Na,CO3-H,O over 100 °C. There are studied the
weight uptake after different thermal treatment of unleached and leached fabrics for K-glass fabric
(initial composition of (18-22) Na,O (3-5) Al,03(73-79) SiO,) and powder of carbonates leached in
water. The experimental weight-time curves were analyzed using regression technique. There are
observed fast uptake of weight during the first tenths of minutes after heating for both types of
samples and much slower (hundreds of hours) uptake up to equilibrium weight for unleached
samples. Analysis indicated that fast weight uptake consist of two simultaneously going processes
on surface of shell. One of them should be associated with water absorption, and second, with water
diffusion from surface inside the shell. The late uptake should be associated with hydration of bulk
of shell. The irreversible weight loss should be associated with loss of Na atoms in evolving process
of vapor of H,O and CO; during heating of samples. In a case of leached samples the surface
process are much faster. An increased temperature (170 °C) leads to increase of weight losses and

decrease of absorption rate that should be caused by increase of roughness of glass surface.
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The composite films based on PMMA, free radical photoinitiator and CuCl, were prepared.
Transmission spectra of the films before and after illumination by different laser lines (405, 456
nm) were measured. The reversible character of the composite photosensitivity was fixed.
Possibility of metal nanoparticles formation as a result of reduction reaction has been discussed.

The holographic gratings were recorded by different exposure (200 — 500 J/cm?) in the films
with different concentration (8-20 wt. %) of copper salt. The film sensitivity dependence on

polymer molecular weight was studied. Surface relief of the gratings was measured by AFM.
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Radiation defects creation in LiF -WO; LiF- TiO,, LiF- Fe,Oj3 crystals under pulsed electron
radiation is researched with high time (20 ns) and spectral (2 nm) resolution measurement
techniques.

LiF crystals were grown by Stocbarger method in fluoridizing atmosphere in Vavilov State
Optical Institute(Saint Petersburg). Other crystals were grown in air by Czochralski method in the
Institute for Scintillation Materials of NAS of Ukraine Kharkov).

The analysis of initial defects the investigated crystals was performed by the absorption
spectroscopy in the infrared region byFT-IR spectrometer Nicolet 5700, and in the visible region of
the spectrum by the spectrometer SP-256. The electron pulse parameters were as follows: 10 ns
duration, energy density per pulse up to 0.1 J-em™ 1.102-1.10° Hz pulse repetition rate. The
crystals were irradiated over the interval of 15-300 K, the absorbed dozes varied in range of 10*-10°
Gy. The spectral kinetic characteristics of pulsed cathodoluminescence and pulsed
photoluminescence (excitation quantum energy equal to 4.66 eV) and the absorption spectra after
crystal irradiation have been studied.

LiF -WOg LiF- TiO,, LiF- Fe,03 crystals contain also oxygen in two types of modification:
O% and OH". The concentration of free OH™ ions was determined by Smakula formula with
oscillation strength 0.942. The concentration of OH" ions was found to be about 6x10*" cm™ for all
crystals.

Formation and accumulation processes of color centers in regular lattice of LiF ~-WO3 LiF-
TiO,, LiF- Fe,05 crystals are determined by following parameters:

a) concentration of defect regions containing polyvalent cations (W, Fe, Ti)

b) size of nanodefect regione (defect nanostructure)

c) stabilization places of hole centers
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Thermostimulated luminescence (TSL) and fractioned glow technique (FGT) equipment
were built and measurements on SiO3:Ge crystal carried out.

TSL measurement equipment consists of spectrometer and temperature control module.
Equipment is set up in such way, that allows easy modulation of linear heating with different
heating rate as well as step-like heating of sample. The cryostats used could be liquid nitrogen
cryostat and closed cycle helium cryostat. To acquire spectra Andor Shamrock SR-303I-B
spectrometer supplied with Andor IDus CCD camera was used. Equipment setup can be easily
modified to resolve specific tasks (e.g. attaching photomultiplier tube).

For software development National Instruments Labview 9 environment was used. For each
cryostat different application suite was made, witch allows quick modification of a particular
measurement algorithm without affecting the other ones. Various data processing applications were
made — output matrix adaptation to fit Origin 8 data analysis environment, the spectrometer lattice
correction, as well as some other operations.

Crystallinea-quartz doped with germanium was studied using destebeve equipment.

The sample was chosen because previously it is known that Ge in quartz is effective trap for
electrons, there fore it could be used for detection of hypothetic self-trapped holguartz.
However previous investigations of ODMR and TSL [1, 2] shows tha&-nuartz the hole still
mobile and trapping occurs only on defect states. The TSL peaks below 70K in quartz doped with

Ge belong to hole trapped on Ge.
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In this work holographic recording of surface relief grating in organic Poly(Disperse Red 1 —
methacrylate) thin films was studied. In this compound azo dye is chemically bonded to monomers
making mass transport very efficient in the presence of optical field gradient [1,2].

Sample preparation was performed using different solvents and coating methods. In the
obtained samples holographic recording was performed by solid-state diode pump laser with 532
nm wavelength. Polarization grating and surface relief grating formation was studied by diode laser
with 660 nm wavelength. Diffraction efficiency’s dependence on read-out laser beam polarization
state was investigated. The depth of surface relief grating was measured by AFM and studied in

dependence on recording beam intensity, exposure and thickness of the sample.
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In the present work, by using PAW-PBE GGA functional schemes, we have carried out DFT
calculations on the electronic structures of single crystals of the ternary lithium borates LiBOx,
LiB30Os, and Li2B4O7. The electron localization function and effective charges were evaluated to
determine the bonding arrangement. The obtained results were used to outline the overall bonding
picture in the given materials, and to examine relative strengths and weaknesses of ionic bonds and
covalent linkage. Special attention was focused on a comparative analysis of local charge
geometries, cation-anion electron transfer, and the interplay between the lattice and electronic
degrees of freedom associated with the certain structural and compositional features. In the context
of cation substitutions in the Li-B-O systems, the effects of partial H and Cu substitutions for Li in

alpha and gamma phases of LiBO: were studied.
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Organic solar cells would have such adva  ntages as low cost and sim  ple production

compared to inorganic solar cells. Photosensitive part consists of at least two compounds to provide

heterojunction - charg e separation on interf ace. Two types of active layer can be m ade:
heterojunction at two layer interface or bulk A
heterojunction. Thick layer (high absorption) and i O
large interface area (more probable charge separation) o o ::CC . o Q T O
is advantages of the bul k heterojunction samples. o /(
Nevertheless mismatch of energy levels can reduce :;N\”/[H O ;
o
o

charge separation therefore determination of e nergy
structure of the m olecules is critical to obtain good V O O

heterojunction at the interface. Fig.I Investigated pyraniliden

In the work optical, photoelectrical and derivatives.
photovoltaic properties of thin film s glass form ing pyranyliden deriva tives (see. Fig.1) was
investigated. In all cases organic thin film s were deposited by spin-coating m ethod. Energetical
structure of compounds where studied in soluti ons by cyclic voltam perogrammes and in sandwich
type samples (ITO/ organic compound/ Al). Optical gap and photoconductivity threshold energy of
investigated compounds were determined.

Solar cell with the structure ITO/PEDOT :PSS/Organic compound:PCBM/BaF/Al where
prepared. Volt-ampere characteristics were measured while illuminating samples by Solar simulator
with AM1.5G with at 100mW /cm2 intensity. Influence of molecular structure on energy levels and
solar cell efficiency will be discussed.
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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 optoelectronic devices based on transparent
conducting oxides, e.g. LED displays etc. of particular interest is understanding of a role of
hydrogen impurities penetrating into ZnO thin films from plasma.

We report results of the ab initio modeling of atomic hydrogen in interstitial positions (H;) of
the ZnO structure based on hybrid DFT method (PBEO exchange-correlation functional) as
incorporated into the CRYSTAL-2009 computer code [1] using the supercell model and linear
combination of atomic orbitals (LCAO) basis set. This approach allows us to obtain very accurate
calculations of the optical gap and defect level positions therein. We compare properties of the
hydrogen in the bulk with that on ZnO (1100) surface. The defect-induced electronic charge
redistribution, lattice distortion, defect formation energy are calculated for the bulk and on the
surface, as well as density of electronic states (DOS) and the band structure.
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Figure 1. DOS projected onto all orbitals Zn (black), O (red), H (blue), and the total density of states (cyan); a)
hydrogen in (2x2x2) supercell ZnO; b) hydrogen adsorbed on the (1100) surface of ZnO . For the hydrogen atom PDOS

increased by 50 times. E¢ - Fermi level.

It is confirmed that H; in the bulk is a shallow donor with a considerable contribution into the
conduction band bottom. At the surfaces hydrogen shows a strong binding to oxygen ions. Despite
the charge redistribution the OH bond length in the bulk and on the surface are similar, surface
hydrogen contribution into the electronic states of the conduction band is much larger than that in
the bulk.
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Zinc oxide (ZnO) is commonly considered as a promising material for manufacturing of
transparent conducting films used in solar cells and LCD screens. Properties of ZnO vary with the
concentration and the type of defects and dopants. The main impurities considered important for
practical applications are substitutions of Zn with other metal atoms (Al, Ga, etc.) and/or hydrogen
atoms substituting for oxygen ions or placed in interstitial positions [1]. In the present first
principles calculations we have analysed properties of oxygen vacancy in pure ZnO, as well as
those of Alz.- (substitution for Zn) and Ho- (substitution for O) doped ZnO within LCAO method
and hybrid exchange-correlation functional as implemented in CRYSTALO9 code [2]. Our
calculations were based on the supercell approach with the concentrations of defects 6.25 % and
2.78 %. Gaussian basis set was optimised for each impurity. Lattice structure of defective ZnO was
fully relaxed to calculate phonon frequencies at fixed volume using frozen-phonon method.
Impurity-induced phonon modes were carefully identified, and corresponding changes related to
their concentrations were analysed. These phonon frequencies were then used to calculate Gibbs
free incorporation energies for impurities. In addition, Gibbs free formation energy of oxygen
vacancy was also estimated. We demonstrate that phonon contribution to Gibbs free formation
energy of oxygen vacancy in ZnO is relatively small, unlike in many other oxides [3]. Notice that
our calculations included contribution of van der Waals interactions (using parameters of Grimme

and the so-called DFT-D method [4]) to the defect energetics.
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In the present work we studied the influence of irradiation dose of deuterium on the structure
and hardness of TiN coatings. The coatings were deposited from filtered vacuum arc plasma [1].
Films with thickness of 5 um, were deposited on stainless steel samples at a bias potential of -100 V

and a nitrogen pressure of 0.4 Pa. Irradiation was carried by ions D energy of 24 keV, at dose of

5x10'® D/cm? to 1,5%x10* D/cm® at room temperature. Nanohardness measured at Nanoindenter

G200.
45 -

High nanohardness (Fig. 1) is typical for :
vacuum-arc  nitride  condensates with  high T
compressive internal stresses. Its small decline by 35_— ¢
10-15% at doses up to 5x10*" D/cm? due to the n::z::
reduction of internal stresses. At doses greater than i»m_
1x10"® D/cm? nanohardness of coatings drastically :
decreased. 7

According to X-ray analysis TiN coatings l:z_ﬂ N
have a cubic structure of the type NaCl, the 0.010" "Dose. orem2 '
crystallite size of ~22 nm. Deuterium implantation Fig.1. Influence of deuterium irradiation
by dose of 1.5x10"® D/cm? led to a shift in the dose on the hardness of TiN coatings.

diffraction lines to smaller angles, indicating an increase in the lattice (from 0.43 nm to 0.431 nm),
and due to the formation of a solid solution of deuterium in the lattice of TiN. Deuterium desorption
temperature range with increasing implantation dose expanded in the direction of decreasing

temperature.
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Piezoelectric multilayer monolithic stacks (MLMS) (Fig. 1(a)) are increasingly used in a
great variety of high-precision actuators and microelectromechanical systems (MEMS) [1]. The
application-specific adjustment of the working parameters of the MLMS is achieved by the choice
of the piezoelectric material (mainly high-strain PZT ceramics), MLMS geometry, electrode
material, etc. The microstructure of the MLMS is defined generally by the sintering process, though

the result depends on the composition of PZT and electrode [2].
PZT layers

N ﬁlectrodes

The volumetric ratio of the PZT/electrode interfaces

increases inevitably with the miniaturization trend of the chip

devices, so it is imperative to investigate the co-fired interfaces

in greater detail. In the present work we study the cofiring

process with the aid of scanning electron microscope (JEOL)

and X-ray microanalysis (Oxford). Fabrication of the samples (2 sxfemal;electrade
included paste preparation, multiple printing and drying, zz o /_7_/
isostatic compression, co-firing, cutting, electrical connection, fg /_/';_/'
poling and testing. 70%Ag-30%Pd powders with a liqiudus 10/ /i_ /“/m
temperature of ~1150°C served to form the inner electrodes. 27 /;/ _ voltageV
Typical strain vs voltage hysteresis curve of the prepared (b)o 2040 6080 100

samples of 30 mm height is presented in Fig. 1(b). Fig.I Scheme of the stack

The microanalysis has shown that the atomic actuator (a) and strain vs

.\ . . . voltage hysteresis curve (b).
composition of the electrode after co-firing coincides with that geny ®)

of the initial Ag-Pd powder except for Pb traces observed in the electrode at distances < 500 nm

from the PZT/Ag-Pd interface. 90%Ag-10%Pd paste may be used to decrease the MSML price.
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Stishovite is a dense, oct ahedral structured crystalline silicon dioxide. Previously found [1]
two luminescence bands, a blue one at ~400 nm (~3.1 eV) and an UV one ~260 nm (~4.7 eV). a
new luminescence of stishovite we had found no w under excitation of F, (157 nm), ArF (193 nm),
KrF (248 nm) ex cimer lasers as well as unde r green diode lase r (532 nm). It is a band in near
infrared range of spectra (750 — 900 nm). This lu minescence possesses several sharp lines showing
on quasimolecular nature of corresponding defect. There is zero phonon line at 787 nm (1.57 eV)
growing with cooling and anti-stokes line at 771 nm (1.68 eV) disapp  earing with cooling. The
spectrum of luminescence resembles that of defect luminescence in diamond. NIR luminescence is
attributed to carbon imp urity presence in stishovite, creatin g some molecular center together with
oxygen and silicon. Th e decay kinetics of NIR luminescence is of lon g duration (~400-800 us)
independent on temperature (studied in the range 8 — 380 K). A long tail of blue luminescence
overlaps with N IR luminescence. This tail possesses shorter decay than NIR luminescence and
coincides with the blue band main time constant ~17 ps.

Now, we have found that UV luminescence of stishovite (at 260 nm) ¢ an be also excited
using F, excimer laser (157 nm). The intensit y and the dec ay of UV band are independent on
temperature in the range 8 — 290 K. Low yield and fast time constant are explained with efficient
deactivation of corresponding electronic level of the defect. We ascribe the fast UV luminescence to
singlet-singlet transitions whereas slow blue band to triplet-singlet transitions of the same defect.

The UV band of stishovite could be x-ray excited with high energetic yield (~ 10 %) and the
intensity of UV luminescence grows significantly during x-ray irradiation time. This could show at
least on some transformation of a complex defect from luminescence silent state to active state. X-
ray irradiation separates parts of complex defect, liberating luminescence active part, and therefore
increases the UV band intensity. Another part of complex defect pres umed the carbon r elated

molecular defect and/or OH groups.
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Various ferroic phases were recently shows to occur in the layered compounds AMP,S¢s (A= Cu, Ag;
M= Cr, In;) at low temperatures [1-3]. These compounds consist of lamellae defined by a sulphur
framework in which the metal cations and P - P pairs fill the octahedral voids; within a layer, the metal
cations and P-P form triangular patterns [2]. In the low temperature phase metal cations sublattice
exhibit some kind of ordering. Depending of the type of the ordering, phase transition can be
ferrielectric as in CulnP,S¢ [2], antiferroelectric and antiferromagnetic as in CuCrP,S¢ [1]. In disorder
(high temperature) phase metal cations exhibit high mobility and can migrate through the lattice. This
is main cause of high ionic conductivity in these and similar compounds [4].

In this contribution the broad band dielectric spectra of newly synthesized CuFeP,S¢ crystal are
presented. No ferroelectric phase transition was detected by broadband dielectric investigations in the
temperature range from 25 K to 300 K. The dielectric dispersion is mainly caused by electrical
conductivity. The volume conductivity has been distinguished from contact effect. The DC
conductivity has been extracted from experimental results. From this DC conductivity the activation
energy has been calculated and compared with CuCrP,S¢ and CulnP,Ss. The frequency dependent

anomaly in the temperature range is related with Maxwell-Vagner relaxation.

Acknowledgment

We wish to acknowledge the support of the Research Council of Lithuania funding this work
according to the project “Postdoctoral Fellowship Implementation in Lithuania”.

Reference

[1] V. Maisonneuve, C.Payen, V.B Cajipe. Chem. Mater. 5, 758 (1993).

[2] V. Maisonneuve, V. B. Cajipe, A. Simon, R. Von der Muhll and J. Ravez, Phys. Rev.B 56, 10860 (1997).
[3]1J. Banys, J. Macutkevic, V. Samulionis, A. Brilingas and Yu. Vysochanskii, Phase Transitions 77, 345 (2004).
[4]J. Macutkevic, J. Banys and Yu. Vysochanskii, phys. stat. sol. a 206, 167 (2009).

273



OR-32

Pulse-EPR studies of transition metal impurities in SrTiO;
D. V. Azamat' A. G. Badalyan?, J. Lancok', V. A. Trepakov':? L. Jastrabik'
and A. Dejneka’
! Institute of Physics AS CR, 182 21, Prague 8, Czech Republic
? Joffe Physical-Technical Institute, RAS, 194021, St. Petersburg, Russia

e-mail: azamat@fzu.cz

We use magnetic resonance spectroscopy for the accurate determination of the different
oxidation states and local environment of manganese and chromium impurities in SrTiO3. Pulse-
electron paramagnetic resonance (pulse-EPR), which is used in our study, offers a direct way to
investigate the nature of defects in SrTiO3 and gives a clear indication for spin-lattice relaxation
mechanisms.

A multi-frequency (9.3, 34.5, 49 and 70 GHz) EPR study has been performed on SrTiO;
single crystals doped with manganese. The EPR spectra originating from the S = 2 ground state
of the Mn®" ions are shown to belong to three distinct types of Jahn-Teller centers. The results
indicate the strong covalent reduction of the density of unpaired spins (Fermi term) at the
manganese nucleus for the various types of centers. Our results show the formation of exchange
coupled Mn"" dimers, which are substituted for the second-nearest-n eighbor Ti'" sites in SrTiO;
crystals.

The electron spin echo technique has been used to measure the spin lattice relaxation of
the most prevalent Cr’* impurities in SrTiO;. The relaxation of longitudinal magnetization is
dominated by the sum of two exponentials with two time constants (i.e., a slow and a fast
constant) at liquid-helium temperatures. The results of fitting the temperature variation of 71
suggest that the dominant exponential contribution is related to the spin-phonon relaxation time
arising from the local phonon mode.
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Lanthanum-modified lead zirconium titanate ferroelectric ceramics Pb;-yLay(ZryTi;—x)Os3
(PLZT) are very interesting because of their high optical transparency in optical applications.
PLZT ceramics are desirable candidates for most device applications, such as light shutters,
modulators, color filters, memories and image storage devices.

In this report, for the first time the luminescence properties of PLZT 8/65/35 compounds well
known for relaxor behavior as well as Eu, Co, Cr, Ce, Mn, Ni and Fe doped PLZT were
studied under vacuum ultraviolet (VUV) and ultraviolet (UV) synchrotron radiation (3.6 —
25.0 eV) emitted from DORIS III storage ring at SUPERLUMI station at HASYLAB,
DESY, Hamburg, in the wide temperature range of 10-293 K.

As it is known for some PLZT, their experimentally determined band gap energy is 3.3 - 3.7
eV and thus use of synchrotron radiation provides ideal conditions for the multiplication of
electronic excitations, when each absorbed photon produces two or more electronic
excitations. To study this effect, we have measured the appropriate excitation spectra of the
intrinsic emission (~600 nm) in the case of undoped, Ce or Eu-doped PLZT, or that of Fe-
related emission (~440 nm) in the case of Fe-doped sample.

In all cases, a prominent threshold for excitation multiplication at about 14.0 eV (as high as
(3-4) Eg) was discovered. The results obtained are compared with the appropriate reflection
spectra, all measured at 10 K. The temperature dependence of the intrinsic emission band
was studied in details in temperature range 10-150 K and the appropriate quenching
parameters are determined.

A comparison with the results of electronic structure calculations is also presented.
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Yttrium aluminum garnet (Y 3AlsO12 or YAG) is a well-known host material for rare earth
(RE) doped active media of solid-state lasers [1]. Besides, Nd** doped compounds can be
considered as promising candidates for application as scintillators [2] or upconverters [3]. Our
previous studies [4,5] have shown that YAG crystals doped with RE*" show excellent optical
properties because of their low phonon energy (~700 cm™). The investigation of the optical
properties of YAG single crystals under high-energy excitation is of great importance for
understanding the physical processes occurring during relaxation of electronic excitation in both
pure and Nd** doped crystals.

In this work we study the nature of emission centers in both pure YAG and YAG:Nd**
(0.5%-1%) under X-ray synchrotron radiation (SR) excitation. Specificity of this method is the
participation of many elementary excitations (excitons, electrons-hole pairs) in RE>" excitation.
Investigated crystals were grown by the Czochral sky method.

In pure YAG the broad emission band centered at 4.2 eV is observed at 300 K. When
temperature drops to 80 K the maximum of the band shifts to 4.6 eV. In fact this low-temperature
emission band has a nonelementary shape and can be decomposed into the sum of two bands
centered at ~4.7 and ~4.1 eV. These emissions correspond to radiative decay of self-trapped
excitons localized at regular and near-defect sites.

The presence of characteristic lines of Nd** f-f emission in the emission spectrum of
YAG:Nd* indicates that Nd®* luminescence is also efficiently excited under X-ray SR excitation.
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Zinc tungstate is a perspective scintillation material for the cryogenic
scintillating bolometers [1]. High energy resolution, low background level and
discrimination between different types of particles makes it suitable for the
registration of rare processes such as double beta decay, neutrinoless double beta
decay and weakly interacting massive particles [2].

In this work the energy transfer processes to emission centers is studied in
ZnWO0O, and ZnWO4:Mo single crystals in the temperature range 10-300 K. Nominally
undoped ZnWO, was grown by the low temperature gradient Czochralski technique.
ZnWO4:Mo single crystal was grown by the conventional Czochralski method.

The temperature dependence of energy transfer to the intrinsic emission
centers in ZnWOQy is connected with the modification of Onsager sphere radius, the
numerical simulation describing the process is presented. The competitive role of
radiative relaxation channel related to the attendant impurity of molybdenum is
studied in ZnWO4:Mo. It is shown that below 60 K the energy transfer of interband
excitations to the MoOg emission centers is terminated due to the localization of holes

at WOg complexes.
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Persistent luminescence is SrALO Eu™R™  SrMgSi,0 Eu”,R™ BaMgSi,0:Eu” R"
emission observed long after the | | | IR: Yb | |
removal of the excitation source. g
The best performing materials i(a'

(e.g. SruMgSi,O7:EU”* Dy*") can g

emit for 24+ h. Though Eu®* is g

the luminescent center, the roles § 1 EuL, edge EuL,, odge EuL, edge

of the co-doping rare earth (R*") = 20F L i 20K
6960 7000 6960 7000 6960 7000

ions and other lattice defects are Energy / eV

still uncertain [1]. The existence  Fig. EuL,, edge XANES spectra for Eu’*,R** doped
and effect Of dlfferent R2+/3+/|V SI’A|204 and MzMgS|zO7 (M Sr, Ba) at 296 K.

ions in MALO4EU* R* and M,MgSi,O7:Eu®*,R** (M: Ca, Sr, Ba) persistent
luminescence materials was studied with XANES and EXAFS. The co-existence of
Eu?* and Eu** in all co-doped materials was observed, but only Eu** in CaAl,O4:Eu®".
Eu and R occupied the regular M sites. The co-doping created local structural

distortions around Eu** due to defect aggregation.
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Aluminium oxide (Al,O3) is widely used technological material in the form of ceramics and single
crystals. In addition to well-known and studied a-Al,O3 (see [1] and references therein), there are
metastable polymorphs (3, 6, y etc.) known as transition alumina. The most important transition
alumina is y-Al,O3, which is used as a support for metal catalyst due to its high surface to volume
ratio. In a-Al,O3 all Al ions have only octahedral coordination (AlOg units), whereas in transition
alumina tetrahedrally coordinated (AlO,4) units can be found. The number of occupied tetra- or
octahedral sites varies for different polymorphs, which leads to remarkable differences in their
properties. Earlier our group has been studying intrinsic electronic properties of transition alumina
for 6-and 8-Al,O3 [2] and mixed phase Al,O3 powders [3]. It is important to note that preparation of
transitions alumina results in samples, which contain several phases thereby complicating data
analysis. The main goal of this work is to study electronic properties of transition alumina prepared
by another method and compare results to powders obtained using combustion synthesis.

The samples were produced by oxidation of laminated metallic aluminium through a mercury/silver
amalgam film, which leads to a formation of nanoporous monoliths with characteristic fibrils
diameter of 5 nm of high porosity of ~90% and specific area ~300 m?/g [4]. Structural analysis of
thermally treated hydrated raw alumina confirmed phase purity of a-, y-, and 6-Al,03 samples. Low
temperature time-resolved luminescence spectroscopy under VUV-XUV synchrotron radiation
excitation and cathodoluminescence were the main experimental methods. The revealed emission
band in VUV at 7.5 and 7.2 eV for a- and 6-Al,03 respectively, were assigned to the radiative
decay of self-trapped excitons (STE) like in a-Al;O3. In UV-visible region broad emission bands
with more distinct maxima at 3 eV and 4.3 eV were revealed. Their decay kinetics and presence of
excitation bands below intrinsic absorption (< 9 eV) tentatively assigned to defects as F-centre
emission and F'-centre overlapping with intrinsic STE emission, respectively. The relaxation of
electronic excitations and energy transfer processes in transition alumina will be discussed.
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The most studied persistent luminescence
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with e.g. Tb®". To understand this anomaly, the Fig. Location of the 4f" ground and excited levels
position of R?"3* levels in the band gap was of R*" in Cd;SiO..

determined based on the synchrotron radiation (SR) VUV-UV-Vis spectroscopy Yielding the band
gap and charge transfer energies. For Th**, the emitting excited levels are inside CB, and, thus, no
persistent luminescence is observed. The position of Pr¥* levels suggests that Cd,SiO4:Pr** material
should show persistent luminescence, what is observed after ceasing the 300 nm irradiation. Finally,
based also on structural data and other SR techniques as XANES/EXAFS, the mechanisms of the
R3* doped CdSiO; and Cd,SiO, persistent luminescence were developed. A better understanding of

the mechanisms may be achieved by simultaneous theoretical DFT studies.
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Borates containing crystals have useful properties and are being widely used for non-linear
optical, isolation, Iuminescence and phosphorescence purposes. Investigators have
demonstrated a high efficiency of borate crystals as scintillation materials as well as in
neutron detection [1, 2].

Recently special attention is given to complex alkali rare-earth borates, which have anion
groups consisting of boron and oxygen. LisYB309 doped with rare earth ions is considered to
be a promising laser medium [3].

Nonlinear optical (NLO) materials are used (among other non-linear optical processes) for
sum and difference frequency generation from lasers. Therefore NLO materials must display
some nonlinear susceptibility (usually second or third-order susceptibility). In NLO borates
like LBO and BBO the chemical bond is an ionic bond between the cation (Li, Ba) and an
anion complex (B3O; and B3;Og¢). The anionic groups are considered to be the most basic
structural units responsible for optical linearity, and their contributions can be summated to
produce the bulk NLO properties [4].

Experimentally the electronic structure of borates has been studied by X-ray photoelectron
spectroscopy. However the standard methods based on electron emission (resonant and
nonresonant photoemission and Auger spectroscopies) suffer due to the strong charging
effects in the wide band gap crystals. In case of the insulating materials it is timely to apply a
charge neutral spectroscopic probe. Resonant inelastic x-ray scattering (RIXS) is a photon-
only technique performed at soft x-ray absorption resonances making it atomic and orbital
symmetry specific also bulk sensitive and thus complementary in many respects to electron
spectroscopy.

Thus, we report resonant X-Ray inelastic scattering (RIXS) spectra of LisYB309 (LYBO)
and LigGdB3;0y (LGBO). The experiments were performed at the beamline 1511-3 in the
synchrotron radiation facility MAX-Lab, Sweden.

The RIXS spectra excited in the vicinity of the B 1s core resonance show two principal
features: the scattering on a valence excitation, which at higher excitation energies verges
into the characteristic Ka emission, and a energy loss sideband to the elastic scattering peak.
The energy loss shoulder appears to result from lattice relaxation in the absorption site.
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In present work we have summarized results for several types of luminescence nanoparticles
(rare earth doped LaROCaMoQ, Cak, etc.) having a high practical interest. All nanocrystals in
the current study were produced by means of the microwave-assited synthesis in ionic liquids. This
synthesis method allows the efficient control of nanopatrticles size, their morphology and impurity
level [1-3]. The luminescence emission and excitation measurements were carried out under pulsed
synchrotron radiation (3.6 — 40 eV) emitted from DORIS lll storage ring on the SUPERLUMI
station of HASYLAB at DESY (Hamburg, Germany). Special attention was paid to the vacuum
ultraviolet spectral range, which is not reachable in standard commercial spectrometers and “in
house” equipment. Peculiarities in emission and excitation spectra of luminescent nanoparticles as
well as the influence of surface states on luminescence properties of nanoparticle will be

demonstrated and discussed.
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Novel magnetic materials with possibilities to control both spin and charge simultaneously
are strongly desired in the development of future spintronics devices. As one of the most probable
candidates, ZnO-based dilute magnetic semiconductor (DMS) was predicted to have Curie
temperatures Tc above room temperature. Experimental results proved that the room temperature
ferromagnetism (RTFM) can be achieved by doping ZnO with the magnetic dopants of the 3d
transition meta in proper ways. As the theoretically predicted and experimentaly verified RTFM
material, Co-doped ZnO compound has become a prototype of [1-VI-based DMSs. However, origin
of the RTFM is very debateful: the Co clustering was referred in earlier time; but recent studies
showed RTFM only exists above a certain Co concentration and resulting from the extrinsic defects.
In an attempt to get insight into magnetic and the luminescence properties of CoZnO compound, we
studied the high Co content CoxZn;xO (x = 0.86, 0.92) thin films made through the radio frequency
(RF) co-sputtering method. To understand experimental results, synchrotron radiation based
photoemission electron microscope (PEEM) was employed to study the electronic structures and the
phase-contrast microscopies of the samples. Phase-contrast microscopy was carried out at the
energy filtered PEEM endstation located in 1311 beamline of the MAX-Lab, (Lund Sweden).

Partial ionization of Co was observed through x-ray absorption spectra near Co L3-edge, and
contrasts between Co and CoO in microscopies. The RTFM is attributed to Co clustering while
photoluminesce caused by defect related centers of ZnO nanoclusters in Co-rich matrix. Present
results show the potential of tuning the RTFM and luminescence properties of the metal-ZnO

compounds by changing transition metal cluster concentrations and their ionization portions.
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ZrO,:Yb* Er** is one of the best up-converting materials providing red
emission. Moreover, it shows measurable red afterglow, i.e. persistent up-conversion
luminescence [1]. To probe the defects, the valences and surroundings of Yb** and
Er¥ in ZrO,:Yb* Er** materials were studied with room temperature XANES and
EXAFS measurements. The XANES results show only the trivalent form for both the

Yb and Er dopants. This indicates that charge compensation must take place as the

dopants enter a tetravalent Zr site. The Er-ZiVb/Er
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Ce*-doped inorganic phosphates, owing to their high light yield, short decay time, and high
stability, have promising characteristics for their application in scintillation detectors. It is well
known that an effective way for the scintillation efficiency increase is to provide an optimal
excitation energy transfer from the host lattice to the luminescence centers. In particular, in the case
of Ce**-doped alkali gadolinium phosphates MGdP,0;, (M: Li*, Na', Cs") it has been shown that
an effective energy migration through the Gd** sub-lattice and the subsequent energy transfer from
aGd®>" ion towards an adjacent Ce®* center lead to the significant increase of the Ce** luminescence
[1,2].

The present work provides studies of the luminescence properties of Ce**-doped MPrP;O1,
phosphates considering the Pr¥*-Ce®" pair as a suitable candidate for the increase of the scintillation
efficiency. The phosphates were prepared using melt solution technique, and their crystal structures
were checked by the X-ray diffraction. The luminescence characteristics of MPrP,O,:Ce® were
studied at 4.2-300 K upon excitation with high-energy quanta of the synchrotron radiation in the
VUV-UV range. The analysis of the emission and excitation spectra of MPrP401,:Ce®" revedls the
overlap of the spectral bands, arising from the Ce** 4f<5d and Pr** 4f—5d transitions which leads
to an effective energy transfer between the Pr** and Ce* ions. The shortening of the decay time of
the Pr** emission and the presence of the rise-up stage at the decay curve of the Ce** emission
reflect the presence of the nonradiative Pr**—Ce® energy transfer in MPrP401,:Ce*. The integral
light yield of the Ce**-doped M PrP40;, phosphates upon the X-ray excitation at RT is determined.
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With a circumference of 36 m and an electron energy of 700 MeV, the MAX 111 storage ring
at MAX IV-lab (Lund, Sweden) is a perfect synchrotron source for VUV and XUV photon
generation. The beamline 13 uses an undulator with adjustable gap and phase as a radiation source,
and a 6.65 m off-plane Eagle type normal incidence monochromator (NIM) with vertical dispersion
[1]. The NIM covers a photon range of ~ 4.5 to 50 eV with a maximum resolving power over
100 000. Two different branches for the monochromatized photon beam are available. The first
beamline branch is permanently equipped with an angle and spin resolved photoelectron
spectroscopy set-up for solids, whereas the second branch allows for installation of user-supplied
end-stations of various kinds [2]. In the second FINEST branch developed by a consortium of
Finnish and Estonian Universities, a toroidal mirror provides a focal spot of about 0.6 mm diameter.

For photoluminescence spectroscopy, a set-up consisting of a UHV chamber with a liquid
Helium flow cryostat and attached 0.4 m Seya-Namioka monochromator for measurements in the
UV and VUV range was developed by our group. To analyse photoluminescence in the UV to near
IR range (200 to 1100 nm), a 0.3 m ARC spectrometer equipped with a CCD and PMT is coupled
to an optical fibre, collecting emission from the sample. The reflected light can be recorded using
luminescence from a sodium salicylate coated metal plate in a near-normal incidence angle. Options
for time-resolved measurements are limited due to the time structure of the storage ring with small
circumference (only ~10 ns between pulses).

The possibility of high-resolution excitation scanning and the option to change polarisation
of the incident light by adjusting the undulator phase make this beamline very attractive for the field
of luminescence studies under VUV excitation. Some first results from recent experiments will be

shown to showcase the experimental possibilities and limits on wide gap materials.
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In ternary compounds based on CuBX; (B=Ga, In; X=Se, Te), formation of defect pairs
(2Vc U +Bey”") has been found to be energetically favourable compared to the respective isolated
defects in chalcopyrite structure. Such an effect causes appearance of so-called ordered defect
compounds (ODCs) with decreasing ratio Cu/B: CusBsXg, ..., CuB3Xs, CuBsXg instead of
continuous solid solutions. The tetragonal unit cell parameters a and ¢ of ODCs depend linearly on

m, which is a rate of the (2Vc,"+Bc,?") pairs per the formula unit CuBX,. Among the phases which

could be considered as ODCs in the (1-x)Cu,S-xGa,S3 system, the tetragonal (IZZd) chalcopyrite
CuGaS; (m=0) as well as the cubic CuGasSs (m=1/5) and CuGasSg (m=1/4) with a zinc-blende

structure (FZBm) have only been reported so far. Besides, it is very likely that the last two
compositions are actually solid solutions.

In this work, the phase diagram of the (1-x)Cu,S-xGa,S3 system in the Cu-deficient range
(0.50<x<0.80) was revised. It was found that a direct synthesis from elemental ingredients in a two-
zone furnace results in an appearance of the regions with a different Cu/Ga ratio over the
crystallization volume. Three particular phases with the crystal structure parameters dependent on x

were distinguished. Along with the chalcopyrite phase with some Cu deficiency (up to x=0.55) and

the zinc-blende one, a new tetragonal phase 14m2 of the composition close to CusGagSis (X~0.65)
and the crystal lattice parameters a = 3.7777(2) A, ¢ = 5.2483(4) A has been revealed. On the basis
of the obtained dependences of the crystal structure parameters on both m and x, it was concluded
that, as opposed to the systems Cu-Ga-Se and Cu-Ga-Te, in the system based on sulphur, the ODC
phenomenon is unlikely to occur. In this respect, the Cu,S-Ga,S; system is rather similar to the

Ag,Te-Ga,Tes system, where the same sequence of the non-ODC phases (142d - 14m2 - F43m)
is observed. The likely reasons of the peculiarities of the defect phases derived from CuGaS, are
discussed.
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Fuel cells are one of the promising alternative sources of clean energy. Proton exchange
membrane fuel cell (PEMFC) is currently selected from many different types of fuel cells for
energy back-up systems. A key component of this type of fuel cell is proton exchange membrane
(PEM). Nafion® membrane is the commonly used as PEM. High mechanical strength, excellent
thermal and chemical stabilities are Nafion® membrane advantages over others PEM. However,
Nafion® membrane has high cost and its proton conductivity is decreasing at high temperatures.
Therefore, Nafion® membrane needs to be modified. Nowadays, there are many ways how
membrane can be modified, e.g., incorporating titanium oxide [1], zirconium phosphate [2], etc.
Last trend is to use ionic liquids (IL) due to their high conductivity, good thermal stability and wide
electrochemical window.

In this work, 2-hydroxyethylammonium formate [HEA]F, acetate [HEA]JA and lactate
[HEA]L IL were used for the modification of Nafion® membrane. These IL are non-toxic and
highly biodegradable [3]. Composites were prepared by incorporating membrane with IL.

Prepared composite membranes Nafion“/IL are characterized by mechanical testing, such
as, tensile test and creep testing. It is found that IL decreases elastic modulus and increases plastic
modulus, and it affects on membrane ductility and glass transition temperature. Also, composite

membranes were studied by wide angle X-ray diffraction (XRD).
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In today’s climate of growing energy needs and increasing enviromental concern,
alternatives to the use of non-renewable and polluting fossil fuels have to be investigated. One such
alternative is solar energy. Photovoltaic solar cells are one of the most promising devices to produce
clean and renewable energy by converting sunlight directly to the electricity. Absorber materials in
solar cells are the p-type semiconductors which absorb the sunlight and convert it to the electricity
in the contact with an n-type semiconductor. One of the possibilities to produce absorber material in

powder form with low production cost is monograin powder technology [1].

In this study, Cu,ZnGeSe, monograin powder was synthesized from binary compounds in
molten KI as a flux material in sealed quartz vacuum ampoules.The phase composition of the
powder was determined by X-ray differaction and Raman methods. The bulk composition of
powder crystals was determined by EDS. SEM was used to investigate the surface morphology of
the monograins. The Raman spectra of the powder showed 3 main peaks at 92 cm™, 177 cm™ and
204 cm™. The band gap energy of the absorber material 1.35 eV was determined from the quantum
efficiency measurements of MGL solar cells made with the structure of
graphite/Cu,ZnGeSe,/CdS/Zn0O. Solar cells were characterized by I-V curve measurements. The

efficiency of the solar cells was determined.
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Synthesis of porous carbon materials with fine-tuned properties is essential for the
improvement of EDLC technology [1]. Recently, intensive attention has been paid on the use of
carbohydrates to synthesis of functional carbonaceous materials by hydrothermal carbonization
(HTC) method. The HTC method is very attractive due to its simplicity, require of processing
temperature (normally not higher than 300 °C), it is cheap and “green” in nature since it does not
involve organic solvents, hazardous reactants or catalysts [2].

Hydrothermal carbonization of 1 M D-glucose solution was carried out in a stainless steel
autoclave, which was introduced into a tube furnace and maintained at the temperature 260 °C for
24 hours for HTC reaction. After cooling down to room temperature, the carbonaceous materials
were washed several times with Milli-Q+ water and dried in a vacuum oven overnight. Obtained
carbonaceous materials were pyrolyzed and activated using some reagents to fine-tune the porosity
of HTC carbons. X-ray diffraction, Raman spectroscopy and high-resolution transmission electron
microscopy data revealed that synthesised carbon materials were mainly amorphous; scanning
electron microscopy studies demonstrated that carbon materials were consisted of micrometer scale
mainly spherically shaped particles maintaining their shape and structure throughout pyrolysis and
activation processes. Based on the low-temperature N, sorption experiments the specific surface
areas up to 1580 m? g* were measured for activated HTC. Various electrochemical methods were
used to study influence of carbon materials physical characteristics on the EDLC electrochemical
performance based on HTC carbon electrodes in 1 M (C;Hs);CH3NBF,4 in acetonitrile (AN)
solution. Electrochemical characteristics obtained for synthesised electrodes show that cyclic
voltammetry curves have a nearly rectangular shape up to scan rates v = 200 mV s™ demonstrating
high capacitive values up to 109 F g™*. HTC EDLCs retain about 50% of its initial capacitance even
at scan rate v = 1000 mV s, showing excellent characteristics for applications as a high rate

supercapacitor electrode materials.
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This paper presents a comparative study of CdS film structural, optical and electrical
properties on glass and ITO coated glass substrates (CdS/ITO) when annealed for 1 h in Ho,
N, and H,+N, atmospheres at 250 °C and 400 °C. The optically determined CdS film
thickness on the glass and ITO coated glass was 405£10 nm and was not influenced by any
annealing conditions.

By AFM and SEM was determined that CdS grains were columnar and grown in
perpendicular direction to the base. The as deposited films on glass and ITO coated glass had
similar one narrow diffraction peak of the (111) cubic plane at 26 26.70° and 26.75°
respectively, which are near to the peak of the (002) hexagonal plane at 20 26.83°. Twice
higher XRD peak for CdS/ITO than on glass indicates a more oriented CdS film; this is
assigned to the strong influence of ITO unidirectional growth and to the higher density of
nucleation centers on ITO compared to glass. The high density of nucleation centers
generates denser CdS film on ITO and in the annealing process causes slower shift of the
main cubic peak and lattice constant in the direction of pure zinc blend modification in
comparision with CdS on glass.

Optical measurements showed approximately similar band gap and transparency (T)
for as deposited CdS on both glass and ITO substrates. In the annealing process at 400 °C
both structures remarkably decreased their T by 5% and 16% for glass and ITO substrates
respectively. This phenomenon could be explained by the destruction of hydroxide group in
the CdS lattice which resulted in creation of cadmium excess. At high temperature the Cd
forms nano-precipitates and reduces SnO, to black SnO [1] in the ITO structure.

Strong reduction of T in H, annealing for CdS/ITO at 400 °C limits applicability of
CBD CdS for superstrate configuration of solar cell. Anyway, the strong reduction of T can

be minimized by annealing CdS/ITO in a mixture of H, + Na.
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Abstract

In this work, we investigated the synthesis of Cu,ZnSnS, monograin powders starting from
binary compounds and elemental S in the liquid phase of cadmium iodide in evacuated quartz
ampoules at 615°C. It is known that Cd from Cdl, incorporates to the crystals of CZTS
forming a solid solution of Cu,CdyZn;.xSnS, [1]. Use of Cdl, flux allows us to study the
impact of Cd to chemical and structural composition, to electronic properties and to the
performance of solar cells based on the synthesized Cu,CdxZn;.«SnS4 monograin powders. In
order to study the effect of initial precursor mixtures on the final composition, the ratio of
Cu/Sn was changed from 1.6 to 2.0 and the ratio of Zn/Sn was kept constant. The chemical
composition of synthesized Cu,CdyxZn;«SnS, monograin powders was analyzed by energy
dispersive X-ray spectroscopy. Compositional studies revealed that concentration of Cd in
Cu,CdyZn1.,SnS, solid solutions depended on the Cu content in precursors. Decrease of the
initial content of Cu in precursors increased the substitution of Zn by Cd atoms in the
synthesized Cu,CdxZn;14SnS, solid solutions from x=0.12 to x=0.21. In the same time, the Cu
index in final product stayed almost constant deviating in the very narrow region from 1.91 to
1.93. Phase composition of the powders was determined by Raman spectroscopy. A linear
shift of the A1 Raman mode of Cu,CdxZn;«SnS,towards lower wavenumbers with increasing
cadmium concentration in powders was demonstrated. The band gap of materials was
determined by solar cell quantum efficiency (QE) measurements. According to QE
measurements, the band gap of Cu,CdyxZn;«SnS, solid solutions was shifting to the lower
energy side with increasing Cd concentration in absorber material.

[1] Klavina, I. et al. Conference proceedings of the Conference of Young Scientists on Energy
Issues, (2010), V11 345 - VII 353.

Symposium: E1.11 Photovoltaics Processing and Devices
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Rising interest in field of ionic liquids during the last decades has resulted in a great deal of
scientific information concerning characteristics of these compounds - covering research about their
chemical, as well as physical properties [1].

As an addition to the research regarding electrochemical properties of ionic liquids, several
AlLs (Acidic lonic Liquids (Fig.1.)) containing an alkane sulfonic acid group covalently bonded to
pyridine and N-alkylimidazole—containing cations have been synthesized in two-step synthesis and

examined in this work [2]. In addition three different

anions have been introduced in the structure of ionic R’N/\j\li\/sow
liquids to evaluate the impact of this factor on _

material conductivity. Structures of ionic liquids e Balle * ﬂj§5‘4
obtained in this work have been determined by 'H N X TsO
NMR and water content by Karl Fischer method. @VV\/SOgH

Thermal stability of ionic liquids was controlled by Fig.1 Structures of studied AlLs.

thermogravimetry analysis. Conductivity of ionic
liquids was obtained from impedance measurements using Autolab set-up in temperature range 20-
120 °C.
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Conversion of solar emission into electrical energy is performed by semiconductor
photovoltaic converter (PVC). Efficiency of conversion is about 25% in the laboratory and 10-15%
in the production conditions, which is much inferior to conventional energy sources. Solar silicon
cells are sensitive only to a certain spectral range of the continuous spectrum of solar radiation. This
1s 20-30% of the entire spectral range of the solar spectrum. The increase of efficiency based on
silicon is carried out in two directions: - luminescent nanocrystalline films of various sizes are
applied on the surface of silicon. The tension that occurs when excited by solar radiation can be
removed from each film layer, i.e. electron-hole pairs occur with a different creation energy. This
increases the overall efficiency of a PVC with a set of nanocluster films. - luminescent materials
that convert ultraviolet and visible solar radiation into the red light, are placed on the silicon surface
in the form of a film which is sensitive to the basic silicon PVC. This way the efficiency of PVC
based on silicon can be increased. In this report, we discuss the luminescent mesoporous silica
oxide particles of activated RE ions and lead sulfide nanocrystals of different sizes. Mesoporous
silica particles were synthesized by sol-gel method. The element composition of a particle size of
300% 40 nm was identified. Using a scanning electron microscope JOEL-6460LU with the system
of energy disperse analysis EDAX. Particle images were obtained using a field scanning electron
microscope Raith 150. Additional light scattering method was used as an additional method for the
determination of particle size. Brookhaven Corp. Zeta Poential Analyzer was used to measure the
surface charge of the particles. Particles in solution were excited by near ultraviolet and visible
light. The intensity of intrinsic emission was registered in range of 400-550 nm. Transmission of
electron excitation energy of the matrix to the Eu’" and Tb’" was detected. Emission of Eu’" and
Tb>" has been registered at 300K. It is assumed that the identical matrixes could work as converters
of solar emission spectrum, to which some solar cells are sensitive. The possibility of converting by

lead sulfide nanoclusters of solar radiation into the red-orange light has been discussed.
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LASER CRYSTALLIZATION EFFECTS IN AMORPHOUS SILICON
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Julija Pervenecka, Guntis Marcins, Jelena Butikova, Boris Polyakov, Ivars Tale

Institute of Solid State Physics, University of Latvia

e-mail: j.kimmi@inbox.lv

Polycrystalline silicon thin films are popular and widely used in various electronic

devices, especially solar cells. In order to improve the efficiency of thin film solar cells, laser

crystallization have been studied [1].

In our experiments, silicon p-i-n
structures were prepared by plasma-
enhanced chemical vapour deposition
(PECVD) technology on float glass
substrates covered with ITO layer, and
then crystallized with the 2" harmonics of
a Nd:YAG laser. The solar cells were
characterized by standard current-voltage
measurement procedure.

The chosen regime of laser
irradiation allows crystallization of all the

layers at once. Laser crystallization of the

Fig.1. Lateral crystal growth after laser irradiation
(532 nm) of the amorphous Si sample [2]

amorphous material leads to the super lateral crystal growth of the polysilicon grains, at the

same time activating molecules of the dopants in p-i-n layer. As a result, conductivity

increases with the charge carrier mobility, thus improving the performance of laser

crystallized solar sells is higher in comparison to the non-crystallized ones.

J.P.,J.B., B.P., I.T. are supported by the ERAF project Nr.2010/0252/2DP/2.1.1.1.0/10/AP1A/VIAA/009
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Titanium dioxide isa semiconductor photocatalyst that over the last years has been in gredt
interest of study duetoits low cost, durability and chemically inert properties. It has awide range of
practical application starting from electrochromic materials to gas sensing devices and solar cdll
technologies. The wide band gap (E; = 32 €V) limits TiO, photocatalytic properties only in UV
irradiation so modifications are necessary in order to gain photoactivity in visible light region of the
gpectrum (~40 % of solar radiation). One of gptions is doping with transition metals - in this case
Fe* (0.64 A) is a favourable choice since its radius is close to that of Ti** (068 A). Furthermore
iron ions act like hole-electron pair traps and reduce their recombinationrate[1].

In this paper FeTiO, thin films were prepared with electrophoretic deposition (EPD) on
titanium foil substrates using working potentia ranges from 5 to 40 V. Among other traditional
deposition methods (spin coating, spray pyrolysis sputtering chemical vapor deposition) EPD has
the advantages of obtainingthin films with homogenous coating surface, hidh porosity and uniform
thickness. As-deposited films were heated in 100 °C for 24 h and then annealed at 500 °C for 2 h
The phases and crystalline sizes of obtained Fe-TiO, films were deermined by X-ray diffraction.
X-ray fluorescence was used to establish iron content in thin films. Surface morphologies were
analyzed using scanning electron microscopy. Open circuit potentid and current densty
measurements were experimentaly carried out as described [2]. Ohtained Fe-TiO, thin films
demondtrate photoactivity under visible light. Photoefficiency was caculated from open circuit
potential and current density measurements
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Hydrogen has the potential to replace conventional energy sources, in particular fossil fuels.
Effective implementation of a hydrogen-based infrastructure requires major improvements in

hydrogen storage technologies. Carbon nanomaterials have been considered as one of the hydrogen

b
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porosities and high purity [2], carbide derived Fig.1 Pore size distributions calculated
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size distributions have been chosen and fully Fig.2 Hydrogen adsorption at 77 K for
characterized using gas adsorption, Raman different carbon materials studied.

spectroscopy, scanning electron microscopy etc. Also, small angle neutron scattering method has
been used to characterize the structure of C(SiC) and C(Mo,C) carbons. The results obtained have

been compared with the H, up-take parameters for materials under discussion.
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About 95% of the current use of solar cell modules is derived from Silicon. Impurities
in silicon significantly reduces the efficiency of solar modules. The aim of this work -
development of reliable and sensitive method for the detection of impurities in silicon.
In cooperation with "BioSan" the laminar flow thermostat-box was made with
temperature regulation possibilities up to 50°C, which allows faster evaporation of the
sample up to three times. In the thermostat there are two operation modes: a
continuous exchange of air and adjustable exchange of air. This significantly reduces
the contamination and losses volatile elements of samples during evaporation stage
(Table 1).

Table 1. Effect of sample evaporation process on the analysis results for Solar Si samples

In laminar flow thermostat-box In fume cupboard
Element - T o o
Y, 1g g SD, pgg Y, 18 g SD, ug g

oL 0,0227 0,0018 0,016 0,008
g 1,9 0,2 1,4 0,9
3p 14 2 20 6
BTj 6,2 0,5 25 9
2Cr 0,015 0,008 0,03 0,02
®Cu 0,043 0,012 0,20 0,10
As 0,055 0,005 0,013 0,009
2%%pp 0,82 0,03 0,5 0,4

Still quantification of impurities in solar Silicon is time consuming using wet
chemistry mode. To avoid time consuming sample preparation LA-ICP-MS was used
for the determination of impurities in Silicon samples. The obtained results are
compared with the measurements obtained on ICP-MS and FTIR spectrometer Vertex

80v. Quantification problems are discused.
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As the worldwide production of lithium ion batteries continues to rise, there is an ever-
increasing demand for high capacity, high rate capability lithium ion battery cathode materials.
However, many of such materias suffer from low electron and lithium ion conductivity. This study
attempts to increase the eectron conductivity of LiFePO, cathode material with one of the best
electron conductors available — gr aphene nanosheets.

LiFePO,/Clgraphene nanocomposite has been prepared via solution route by adding
graphene oxide and reducing it smultaneoudy with the calcination of LiFePO,/C precursor. The X-
ray diffraction analysis reveals peaks corresponding to the olivine-type LiFePO, with no apparent
maxima corresponding to graphite. Graphene content is determined to be approximately 5 wt. % via
thermo gravimetric analysis. Graphene has thoroughly been mixed with the LiFePO,, forming an
effective dectron-conducting network, as reveded by scanning electron microscopy.
Electrochemica properties of LiFePO,/C and LiFePO,/C/graphene samples have been compared in
order to determine if graphene can efficiently improve eectrochemica characteristics of the
LiFePO, cathode material. The analysis confirms that graphene additive has indeed efficiently
improved the rate capability and decreased charge transfer resistance of the cathode. It can be
concluded that the excellent el ectron-conducting properties of graphene have helped to improve the

widely researched LiFePO,4 even further, suggesting graphene could be one of the most efficient
electron- conducting additives for lithium ion battery cathode mateials.
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In alternative energy devices the high temperature polymer electrolyte membrane (PEM)
fuel cells are of growing importance. It resulted in rising interest in field of ionic liquids as
components for polymer membranes due to higher temperature and electrochemical stability [1].

Several AlLs (Acidic lonic Liquids) containing an alkane sulfonic acid group covalently
bonded to pyridine and N-alkylimidazole—containing cations have been synthesized in two-step
synthesis and used for composite with sulfonated poly(ether ether ketone) (SPEEK) membrane
formation [2, 3]. Different approaches for membrane
impregnation have been used (from ionic liquid

solution in organic solvents, from melted ionic

liquid). In addition three different anions have been T~

introduced in the structure of ionic liquids. The effort o T ‘ \\/

was made to reduce the water content in membranes. ‘ e 'f/ \ :
Composition of membranes obtained in this /

work have been determined by thermal analysis (Fig. Fig.1. Thermal analysis of sulfonated

1) and water content by Karl Fischer method. The poly(ether ether ketone) membrane with
1,2-bis-(3-methyl-imidazolium)ethane

impact of ionic liquid on thermal stability of ionic dibromide.

liquids was controlled by thermogravimetry analysis.
Conductivity of membrane was obtained from impedance measurements using Autolab set-up and

4-point method in temperature range 20-200 °C.
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A novel combination for an Enzyme-based Biofuel cell included a Nafion membrane as an

ion transporter that maintained a working cell charge and inhibited membrane degradation. The

prototype cell chamber used oxygen (Oy) in the cathode cell and glucose in the anode. The Nafion

membrane stability studied here was evidently
in the region of 0% loss of conductivity as the
charge was constant and increased after the
addition of glucose. The prototype cell
chamber used NaCl in the cathode cell and
glucose oxidase (GOx) in the anodic chamber
was successfully studied for membrane
stability showed in this study no evidence of
poisoning from membrane leakage in a
controlled pH environment. There was no
crossover at the anaerobic operating ambient

temperatures and under physiological pH 5 - 7
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Fig.1 Enzyme activity determined over a
period of 6 days.

conditions. In this research we have successfully used a Nafion membrane together with GOx and

under controlled conditions produced respectable power densities (30-250puW / cm?). The acidic

properties of Nafion are not conducive for biofuel cell performance due to enzyme inactivation at

low pH’s; however, the use of NH,OH to neutralize the sulphonic acids while maintaining the

optimum pH of approximately 6.5 was able to ensure longer periods of operation (Fig.1).
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Conventional crystalline silicon solar photovoltaic panels today in the World is the most
common, but it is difficult to lower their price due energy-intensive production process of
monocrystalline silicon. The second generation of photovoltaic solar cell is based on thin multi-
layer system from amorphous silicon or other semiconductor materials with a thickness less than
few microns. Thin film solar cells obtained on the metal foil is flexible and can be mounted on
different surfaces with large areas - roofs, facades, windows. Typically thin films solar panels are
with lower efficiency, faster aging than crystalline silicon panels, therefore it is important to study
more different material thin films, their characteristics, multi-layer systems.

Our work is focusing on cobalt ferrite and titanium dioxide thin films, both individually and
multilayer coatings (structure, optical and photoelectrical properties). Thin films are obtained by
spray pyrolysis, using solutions of cobalt nitrate and ortho-butyl-titanate with various
concentrations. Optical properties of obtained films are determined by measuring the absorption
spectrum in the near-ultraviolet and visible light ranges and absorption edge is determinate in
dependence from the composition of film and multi-layer systems. The structure and elemental
composition of obtained films is investigated using XRD and EDAX methods. Photoelectrical
properties are measured by recording the open circuit potential change in the presence of ultraviolet

and visible light.
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