
  

WELCOME 
The Organizing Committee kindly welcomes you at the 

International Conference “Functional materials and 

nanotechnologies” FM&NT-2012 . The conference is 

organised by Institute of Solid State Physics, University of 

Latvia in co-operation with National Research programme in 

Materials Science and Information Technologies of Latvia.  

 The purpose of the conference is to bring together 

scientists, researchers, engineers and students from universities, research institutes and related industrial 

companies working in the field of advanced material science, energy and materials technologies.  

 

Scientific topics of the conference 

Multifunctional Materials : 

Advanced inorganic, organic and hybrid materials; ferroics; multiscale and multiphenomenal 
material modelling and simulation; 
 

Nanotechnologies: 

Progressive methods, technologies and design for investigation of nanoparticles, nanostructures, 
nanocomposites, thin films and coatings; 
 

Energy: 

Perspective materials and technologies for renewable and hydrogen energy, fuel cells, photovoltaics 
and developing diverse energy systems. 
 

International Organizing Committee  

• Andris Sternberg (chairperson), Institute of Solid State Physics, University of Latvia, Latvia 

• Juras Banys, Vilnius University, Lithuania 

• Gunnar Borstel, University of Osnabrück, Germany 

• Niels E. Christensen, University of Aarhus, Denmark 

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

• Claes-Goran Granqvist, Uppsala University, Sweden 

• Dag Høvik, The Research Council of Norway, Norway 

• Marco Kirm , Institute of Physics, University of Tartu, Estonia 

• Jiri Kulda , Institut Laue-Langevin, France 

• Witold Łojkowski , Institute of High Pressure Physics, Poland 

• Ergo Nommiste, University of Tartu, Estonia 

• Ingólfur Torbjörnsson , Icelandic Centre for Research, Iceland 

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



  

International Program Committee  

• Liga Grinberga (chairperson), Institute of Solid State Physics, University of Latvia 

• Eugene Kotomin, Max Planck Institute for Solid State Research, Germany 

• Martins Rutkis, Institute of Solid State Physics, University of Latvia, Latvia 

• Inta Muzikante, Institute of Solid State Physics, University of Latvia, Latvia 

• Liga Berzina-Cimdina, Institute of Biomaterials and Biomechanics, Riga Technical University, Latvia 

• Janis Grabis, Institute of Inorganic Chemistry, Riga Technical University, Latvia 

• Linards Skuja, Institute of Solid State Physics, University of Latvia, Latvia 

• Maris Springis, Institute of Solid State Physics, University of Latvia, Latvia 

• Ilmars Zalite, Institute of Inorganic Chemistry, Riga Technical University, Latvia 

• Janis Zicans, Institute of Polymers, Riga Technical University 

 

Local Committee 

Liga Grinberga, Anatolijs Sarakovskis, Jurgis Grube, Maris Kundzins, Anastasija Jozepa, Anna 

Muratova, Raitis Siatkovskis, Andris Fedotovs, Dmitrijs Bocarovs, Sniedze Abele, Mikus Voss, Andris 

Sivars, Peteris Lesnicenoks, Virginija Liepina. 

 

The Organizing Committee sincerely hopes that the conference will give all the participants new 

insights into the wide spread development of functional materials and nanotechnologies and will enhance the 

circulation of information released at the meeting.  

On behalf of FM&NT-2012 organizers thank you all for coming and we wish you most successful 

and enjoyable conference. 

 

The book of abstracts has been published thanks to the financial support from ERAF project 

„Atbalsts starptautiskās sadarbības projektiem zinātnē un tehnoloģijās LU Cietvielu fizikas institūtā” 

Nr.2010/0204/2DP/2.1.1.2.0./10/APIA/VIAA/010. 
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In Memoriam 
Dr. habil. phys. Inta Muzikante 
(08.01.1951-15.02.2012) 
 

Inta was born in Valmiera, a town in the northern part of 

Latvia. She attended school in Sigulda and high school in Riga. 

While at the high-school, Inta decided to study natural sciences. 

After graduating from high-school in 1969 she entered the physics 

section of the Physics and Mathematics department of University 

of Latvia and obtained her university degree in 1974. 

In parallel with University studies, Inta started to work at Semiconductor Physics Research 

Lab at University of Latvia. After graduating she was offered a position at the Physical Energetics 

institute of Latvian Academy of Sciences, in the laboratory of prof. Edgars Silinsh, one of the 

internationally most known Latvian physicists. Inta started a research of electronic and 

photoelectric processes in organic crystals and thin films.  This was a novel field, pioneered both 

internationally and in Latvia by profesors E. Silinsh, O. Neilands and J. Freimanis. It may be stated 

that Inta stood at the cradle of this research field and stayed faithful to it all of her life. Her work 

was very successful and within few years she advanced from research assistant to researcher and 

then leading research scientist. First scientific topic was studies of the mechanism of charge carrier 

photogeneration and separation in organic molecular crystals. In 1983 for a work titled "Charge 

carrier photogeneration and trapping processes in organic molecular crystals" Inta obtained her 

Ph.D. degree (USSR Candidate of Sciences degree). 

The major part of I.Muzikante’s research activities has been devoted to investigation of 

electronic states in organic thin films and multilayers. Studies of electrophysical properties and 

energy structure of the wide class of organic compounds, such as isolators, semiconductors and 

conductors have been done. During these studies the complex application of conventional space 

charge limited current method (SCLC), differential method of SCLC, thermally modulated SCLC 

and thermally stimulated current was provided for local trapping state investigation. These 

investigations are of great importance for application in studies of organic light-emitting diodes and 

organic solar cells. In I.Muzikante’s work for the first time the existence and asymmetry of trapping 

states of quadrupolar origin in pentacene thin films was experimentally confirmed. 

In the last decade I. Muzikante has broadened her scientific scope. The organic materials with 

photochromic effect became important part of her research because of their possibility of being 

employed in optical storage of data and molecular switching devices. Reversible trans/cis 

photoisomerization of azobenzene and indandione derivatives in self-assembled monolayers, LB 

multilayers and polymer films were studied. 



  

A turning point in Inta’s life was the re-establishment of independent Republic of Latvia in 

1991: the previously tightly closed international borders opened, and she was free to visit and work 

in the most important international scientific centers. During this period she stayed and worked at 

Potsdam University and the Center of Macromolecular Chemistry in Germany,  South Bank 

University, London and Manchester University in UK, Ecole Supérieure de Physique et de Chemie 

Industrielles, P.& M.Curie University, and Angers University in France and at the Vilnius 

University in Lithuania.   

After the passing away of prof. E.Silinsh in 1998, Inta took over the duties of the Head of 

Laboratory. In spite of the Latvian science going through hard times due to inadequate funding, she 

managed to preserve the labs core staff and to further develop its scientific potential, while also 

continuing an active research work herself. In 1998 she obtained the Dr.Habil degree for the work 

“Electronic processes and states in organic molecular crystals and Langmuir-Blodgett 

multistructures”. Inta’s research was highly recognized by awarding her in 1999 the recently 

established and prestigeous Edgar's Silinsh prize in physics by Latvian Academy of Sciences. 

During this and the subsequent period, another of her many talents started to shine through: her 

particular skill to find capable young people from the best high-schools in Latvia and to motivate 

them for the research work.  Several of these students have now become researchers in her lab.  

With Inta’s demise, 4 PhD students lost their supervisor. 

Inta’s research and organizational work gained even more momentum after her lab transferred 

to the Institute of Solid State Physics in 2003. At her new home Inta rapidly acquired the respect 

and sympathies of their new colleagues. Her duties of the Head of Laboratory and of Leading 

research scientist were soon supplemented by the tasks of the Institute deputy director for research. 

In 2006 Inta was elected as Corresponding Member of Latvian Academy of Sciences, and 

subsequently elected to full Academy membership in 2008. She has authored more than 240 

research papers. Inta started to give lecture courses to the physics students of University of Latvia 

and took up even more duties. She served as a guest editor in international journals, as an expert in 

European Commission, and as a representative for Latvia in a number of European scientific 

programs and projects.  

With passing away of Inta Muzikante, the Latvian and international science community has 

lost an excellent scientist and a talented science organizer. However, more important and above all 

of her excellent professional achievements: all of us who knew her will remember her as a helpful 

and cordial friend. 

A special section devoted to Inta Muzikante is organized at FM&NT-2012.  

Organizing committee of FM&NT-2012 
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Armgate is a supplier of analytical equipment and turn-key laboratories for universities, scientific research and 
independent laboratories, oil refinery and production enterprises, metrology centers in the three Baltic States. Armgate 
offers the supply and full scale service of equipment, as well as individual task solution of each client. Armgate 
believes in long-term relations with its customers, providing comprehensive technical support over the life cycle of the 
equipment. Long-term experience and a team of qualified specialists enable to solve any tasks even in the tightest time-
scales. Armgate has the exclusive right to sell and provide service for equipment of such high quality world-class 
manufacturers: 

 

Shimadzu Corporation (Japan) - leading laboratory equipment with such analytical 
equipment systems, as HPLC, LCMS, GC, GCMS, UV/VIS, FTIR, AAS, ICP 
spectrometers, TOC, analytical scales and other systems. Web:  http://eu.shimadzu.de/  

 

Wesemann GmbH & Co produces the highest quality laboratory furniture and among 
the leading laboratory furniture producers in Germany over 40 years. All furniture 
complies to the newest safety and quality requirements set for laboratory furniture. Web: 
http://www.wesemann-international.com/ 

 

Rigaku corporation – among  the world leaders in the fields of X-ray spectrometry, 
diffraction,  optics, as well as small instrumentation technology, molecule and protein 
crystallography.  Web: http://www.rigaku.com 

 

Anton Paar GmbH produces high-end measuring and laboratory instruments for 
industry and research. It is the world leader in the measurement of density, concentration 
and CO2 and in rheometry. Anton Paar GmbH is owned by the Santner Foundation. 
Web: http://www.anton-paar.com/ 

 

Armfield Ltd specialises in the design and manufacturing  of laboratory equipment for 
engineering education and miniature scale research. Most equipment is self-contained 
and requires minimum preparation time. Web: http://www.armfield.co.uk 

 

Hitachi High – Tehnologies Hitachi High-Technologies in Europe handles a wide 
variety of products - from computers and peripherals to scientific instruments and 
systems, electronic devices, and industrial machinery and materials. Web: 
http://www.hht-eu.com/cms/home.html 

 

GE phoenix|x-ray is the product-line of GE Sensing & Inspection Technologies for 
high-resolution 2D X-ray inspection, as well as 3D failure analysis and 3D metrology 
with Computed Tomography. Web: http://www.phoenix-xray.com 

 

Beneq focuses on equipment and technology for functional coatings. Products include 
equipment for thin film Atomic Layer Deposition, functional coating on glass and 
ceramics, as well as laboratory equipment for functional nanoparticle synthesis and 
deposition. Web: http://www.beneq.com/  

 

Renishaw is a global company with core skills in measurement, motion control, 
spectroscopy and precision machining. Renishaw products are used such applications as 
machine tool automation, co-ordinate measurement, Raman spectroscopy, machine 
calibration, position feedback, CAD/CAM dentistry, stereotactic neurosurgery and 
medical diagnostics. Web: http://www.renishaw.com/ 

 

NT-MDT  enjoys a 20-year history in instrumentation created specifically for 
nanotechnology research, leading the field in originality, quality, and high tech 
development.  
We strive for next-generation SPM technology. Web: http://www.ntmdt.com/  

 

Oxford Applied Research is a supplier of UHV and HV components and systems for 
the deposition and characterisation of thin films. Our speciality lies in providing unique 
solutions to common deposition challanges. http://www.oaresearch.co.uk/ 

 

Angstrom Engineering was founded in 1992 and has quickly grown into a global 
company with a reputation for providing high-quality machines and unparalleled 
customer service. Our PVD equipment is created by our highly-skilled engineering team 
and is used by a variety of researchers in world-class labs in countries around the world. 
Web: http://www.angstromengineering.com/  

phone: +371 67 976 780 
e-mail: armgate@armgate.lv  
www.armgate.eu 



  

 
 

 

Right from the beginning, which is now more than fifty years ago, Bruker has been driven by a 

single idea: to provide the best technological solution for each analytical task. Today, worldwide 

more than 5400 employees are working on this permanent challenge at over 90 locations on all 

continents. Bruker systems cover a broad spectrum of applications in all fields of research and 

development and are used in various industrial production processes for the purpose of ensuring 

quality and process reliability.  

• Bruker AXS  - Developer and manufacturer of high-quality analytical X-ray systems and 

complete solutions for material analysis. As a high technology enterprise, Bruker AXS 

define technological trends and standards in order to open up new fields of application. 

XRD and XRF spectrometers, Profilers and AFM, Scratchers and more. 

• Bruker Optics - offers the most advanced FT-IR, FT-NIR, Raman, TD-NMR and 

TeraHertz spectrometers to meet all your demanding application requirements. The 

countless innovations found in our spectrometers, epitomize our philosophy of think 

forward. 

• Bruker Biospin  –Equipment for NMR and EPR spectroscopy and preclinical MRI research.  

World leading developer of NMR solutions starting from table top instruments up to 

enhanced customized scientific solutions. 

• Bruker Daltoncs – GC and mass spectrometers as powerful tool for a wide variety of 

applications with different analytical challenges. 

To better serve customers in Baltic countries Bruker has established a branch office Bruker Baltic 

OU in 2010. Company Bruker Baltic OU provides full service off all equipment included in Bruker 

portfolio starting from customer visits, including demos in demo labs, quoting, instalation, customer 

training, warranty and after warranty service. 

Contacts: 

Bruker Baltic OÜ 
Address: Pärnu mnt 141, Tallinn 11314, Estonia 
Phone:   +372 6899000 
Fax:       +372 6899009 
e-mail:  info@brukerbaltic.com 
internet: www.bruker.com 



  

 
 
 

SIA Saint-Tech - Latvian company focused on research equipment supply to different 

application laboratories. For our short history we have realized some turnkey projects for laboratory 

furniture and high-end laboratory equipment in Latvia and Estonia. 

Our partners are world known suppliers of innovative laboratory and research equipment. 

Starting up our company we brought to Latvian market new famous brands which were not 

presented to Latvian scientists in past. 

Not long time ago we released our new webpage what easily could be called by first Latvian 

laboratory equipment portal (www.saint-tech.eu). 

We would be happy to offer you appropriate solution for your research needs. 

 
Atomic Force Microscopes  
 
New approach PPL lithography tools 
 
 
Xradia x-ray microscopes 
 
 
 
 
Nano particle deposition systems 
 

 
 

   Tabletop SEMs 
 

 
     Confocal and optical microscopes 
 

Please contact us: vadim@saint-tech.lv, ph. +371 29706045 
www.saint-tech.eu 
 
Rīga, Latvija      Tel. (+371) 26769662; (+371) 29706045 
PVN reģistrācijas Nr.: LV40103232449    www.saint-tech.eu, mail: info@saint-tech.lv 



www.thorlabs.com
scandinavia@thorlabs.com

•	 Optomechanics

•	 Motion	Controls

•	 Tunable	Lasers

•	 Advanced	Imaging

•	 OCT	Systems

•	 Optics

•	 Fibers

Photonics Tools

You	Speak,	We	Listen.....

Thorlabs Ad_april 2012_FMNT.indd   1 2012-03-08   08.42
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Coffee&snacks 16:50 - 17:20

 
 
 



                 11 

  

PPlleennaarryy  pprreesseennttaattiioonnss  ((iinn  aallpphhaabbeettiicc  oorrddeerr))  

R. Evarestov BaTiO3 based Nanostructures: Nanolayers, Nanotubes, 
Nanowires 

Page 30 

M. Kirm 

Challenges and Contribution of Estonian Research 
Community at European Infrastructures – MAX-IV Lab,  
ESS and CERN and Facilitating Industrial Access Using 
the Sciencelink Project 

Page 31 

 

IInnvvii tteedd  pprreesseennttaattiioonnss  ((iinn  aallpphhaabbeettiicc  oorrddeerr)) 

A. Bagaturyants Atomistic Multiscale Simulation of Nanostructured 
Materials for Photonic Applications 

Page 34 

N.E. Christensen Quasiparticle Electronic Structures of Thermoelectric Pbx 
(X=S,Se,Te) 

Page 35 

C.G. Granqvist Nanothermochromics for Energy Efficient Fenestration Page 36 

D. Høvik Strategic Research Programmes within Nanotechnology 
and Advanced Materials in Norway 

Page 37 

A.L. Kholkin Piezoelectric Biomaterials: Structure, Properties, 
Applications 

Page 38 

J. Kulda Neutron Spectroscopy of Nanoscale Materials Page 39 

A. Montone Hydrogen Cycling Effect on MgH2 Nanocomposites Page 40 

V. Ozolins Using Lone s2 Pairs to Design Crystalline Compounds with 
Minimal Thermal Conductivity  

Page 41 

L. Pasquini Magnesium Nanoparticles for Hydrogen Storage: 
Structure, Kinetics and Thermodynamics 

Page 42 

P. Rodnyi Scintillating Ceramics Based on Zinc Oxide Page 43 

V. Trepakov Polaronic Excitons in KTN: Optical Absorption and Photo-
EPR Manifestations 

Page 44 

A. Züttel Storage of Renewable Energy in Synthetic Fuels Page 45 
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OOrraall   pprreesseennttaattiioonnss  ((iinn  aallpphhaabbeettiicc  oorrddeerr)) 

S. Abele The Story of Polymer Monoliths: From USA to Europe 
and to Latvia 

Page 48 

   

E. Aleksanyan 
Luminescence Properties of Re3+- Doped Hafnia and 
Zirconia Thin Films Grown by Atomic Layer Deposition 
Method 

Page 50 

J. Andzane Application of Ge Nanowire Mass Sensor for Graphene 
Exfoliation  

Page 51 

D.V. Azamat EPR Studies of Transition Metal Impurities in SrTiO3 Page 52 

A. Bandura First-Principles LCAO Calculations of Single-Walled 
ZrO 2 Nanotubes 

Page 53 

M.G. Brik Simulation of Lattice Constants for Cubic Crystals Page 54 

J. Butikova Processing of Amorphous Si by Pulsed Laser Irradiation 
at Different Wavelengths 

Page 55 

I. Bykov 
Measurements of Mechanical, Electrical and Optical 
Properties of Modern Nanostructures with AFM-Based 
Methods 

Page 56 

M. Chubarov High Quality Epitaxial r-BN Grown by CVD  Page 57 

V.N. Churmanov Low-Energy Charge Transfer Excitations in NiO 
Nanocrystals 

Page 58 

P.N. D’yachkov Linear Augmented Cylindrical Wave Method for 
Nanotubes 

Page 59 

A. Dauletbekova Colour Centers and Structural Damage in LiF Induced by 
150 MeV Kr ions 

Page 60 

L. Dolgov Fluorescence of TiO2:Sm3+ Composite Stimulated by 
Plasmon Waves 

Page 61 

G. Dovbeshko Vibrational Spectra of Opal-Based Photonic Crystals Page 62 

R.I. Eglitis 
Ab initio Calculations for the H Centers in SrF2, as Well as 
Surface H Centers in BaF2 and F Centers Aggregation in 
BaF2 and CaF2 

Page 63 

H.J. Fitting Ion Beam Mixing for Gradual SiOx Interfaces Page 64 
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I. Flerov 
Fluorides and Oxyfluorides with Elpasolite-Cryolite 
Structure: Order-Disorder Phase Transitions and 
Barocaloric Efficiency 

Page 65 

P.V. Fursikov Hydrogen Sorption Behavior of Nanostructured Mg 
Alloys with Ni and RE 

Page 66 

D. Gryaznov 
Ab initio Thermodynamic Calculations of Oxygen 
Vacancies in Perovskites: the Case Study of 
(La,Sr)(Co,Fe)O3-δ and SrTiO3-δ 

Page 67 

J.R. Kalnin One-dimensional Diffusion in Heterogeneous Medium Page 68 

A. Kaminska 
Recovery of Radiative Transitions of Ce3+ Ions in 
Gadolinium Gallium Garnet Crystal Using High 
Hydrostatic Pressure 

Page 69 

T. Kangur Micro- and Nanostructured Silica Surfaces as Cell 
Substrates 

Page 70 

E.A. Kotomin First Principles Calculations of Structural Stability for 
Complex Perovskites 

Page 71 

V. Krasnenko Ab initio Modeling of the Benzene Molecule Adsorption on 
Graphene 

Page 72 

S. Kulkova Ab initio Study of Metal-Zirconia Interfaces Page 73 

P. Kuzhir 
Microwave and THz Probing of Multi-Walled CNT / 
Polymer Composites versus CNT Oxidation Treatment, 
Average Outer Diameter and Number of Shells 

Page 74 

E. Lähderanta Magnetic Properties of Carbon Nanoparticles Page 75 

L. Lancere Commercial and Prosthetic PMMA Surface Wettability 
Regulation 

Page 76 

W. Lojkowski Microwave Solvothermal Synthesis of Highly 
Biocompatible Nano Hydroxyapatite 

Page 77 

C.-G. Ma 
Ab initio Calculations of Structural, Elastic, Electronic and 
Thermodynamic Properties for Cubic Perovskites CsMF3 
(M=Ca, Cd, Hg, Pb) 

Page 78 

S.A. Maksimenko Influence of Deformation of Carbon Nanotube Based 
Polymer Composites on Their Electromagnetic Properties 

Page 79 

M. Mannsberger XPS analysis of carbon nanostructures Page 80 

Yu.A. Mastrikov First Principles Study of Oxygen Vacancies in Perovskite 
Solid Solutions 

Page 81 
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E. Mikhaleva 
Caloric Effects and Phase Transitions in Ferroelectric-
Ferromagnetic Composites (x)La0.7Pb0.3MnO 3-                 
(1-x)PbTiO3 

Page 82 

N. Mironova-Ulmane Crystal Field Analysis of Energy Levels for the Off-center 
Ni2+ Ions in MgO 

Page 83 

S.E. Mourabit Stability of mesoporous silicas under acidic conditions Page 84 

S.I. Omelkov The Luminescence of Pr3+-Doped LiBaAlF6 Crystals Page 85 

A.C. Peterlevitz Synthesis and Characterization of Magnetic Nanodiamond 
Films 

Page 86 

M. Romanova PbS Nanodots in ZrO2 Thin-film Matrix as a Possible 
Material for Microdosimetry of Ionizing Radiation  

Page 87 

A.N. Salak Thermal Behaviour and Hydration Dynamics of Layered 
Double Hydroxide Zn-Al Pyrovanadate 

Page 88 

A. Shugai Luminescent Protection Against Defect Creation in 
Lu3Al5O12:Ce 

Page 89 

Y. Shunin Electromagnetic Properties in CNT and Graphene Based 
Nanostructures 

Page 90 

V.V. Shvartsman Converse Magnetoelectric Effect in CoFe2O4/BaTiO3 
Core-Shell Composites 

Page 91 

S.Yu. Sokovnin Production of Metal Oxide Nanopowders Using Pulsed 
Electron Beam in Low Pressure Gas 

Page 92 

A. Sozańska Modern Raman Techniques– Probing the Nanoworld Page 93 

I. Strazdina Hydrogen Influence on ITO Layer Sputtering on 
Polymeric Film Using HIPIMS  

Page 94 

A. Suchocki The High-Pressure Studies of Structural and Optical 
Properties of ZnO Bulk and Nano-Crystals 

Page 95 

J. Timoshenko Lattice Dynamics and Structural Disorder in Rhenium 
Trioxide: Reverse Monte Carlo Study 

Page 96 

L. Vil čiauskas First Principles Molecular Dynamics Studies of Proton 
Transport Mechanisms in Phosphorus Oxoacids 

Page 97 

Yu.F. Zhukovskii 
First Principles Calculations on Properties of the Rutile-
Based TiO2 Nanowires with Ti-atom Centered Symmetry 
Axes 

Page 98 

G. Zvejnieks Microscopic Approach to the Kinetics of Pattern 
Formation of Charged Molecules on Surfaces 

Page 99 
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IInnvvii tteedd  pprreesseennttaattiioonnss  iinn  tthhee  sseessssiioonn  ddeevvootteedd  ttoo  IInnttaa  MMuuzziikkaannttee 

S. Jursenas In Search for Efficient Blue-Light Emitters  Page 102 

G. Juška Reduced Langevin Recombination in Organic Solar Cells Page 103 

J.M. Nunzi Plasmonic Organic Electronic Devices Page 104 

L. Valkunas Coherent Dynamics and Dissipative Relaxation of 
Excitations in Molecular Aggregates 

Page 105 

  

OOrraall   pprreesseennttaattiioonnss  iinn  tthhee  sseessssiioonn  ddeevvootteedd  ttoo  IInnttaa  MMuuzziikkaannttee 

V. Gulbinas 
Excited State Dynamics of PPI Dendrimers Functionalized 
with 4-(4´-ethoxybenzoyloxy)salicylaldehyde 
Chromophores 

Page 108 

V. Kampars Influence of Specific and Non-Specific Solvent Effects on 
Frontal MO of DMABI System  

Page 109 

A. Ozols 
Holographic Studies of Photoinduced Anisotropy in 
Molecular Glassy Films Containing Diphenylamine Based 
Azochromophores 

Page 110 

M. Rutkis 
Assessment of Quantum Chemical and Experimental 
Methods for Ionization Energy and Electron Affinity  
Evaluation of Organic Thin Films 

Page 11 

J. Teteris Optical Field-Induced Surface Relief Formation on 
Chalcogenide and Azo-Benzene Polymer Films 

Page 112 
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PPoosstteerr  pprreesseennttaattiioonnss 

Po-1 D. Erts 
INTERREG project “Technet_nano” – National network of 
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BaTiO3 based Nanostructures: Nanolayers, Nanotubes, Nanowires 
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The first-principles LCAO calculations with hybrid HF-KS exchange correlation functional 

and the structure optimization are performed on the cubic BaTiO3 based nanostructures: diperiodic 

(2D) layers with the periodicity in (001) and (110) planes, monoperiodic (1D) nanotubes (with the 

square morphology), monoperiodic (1D) nanowires with the translation axis along [001] and [110] 

directions. The convergence of the results with the nanosystem size increasing is studied under 

stoichiometric condition. 

2D layers. BaTiO3 (001) slabs, being consisted of even number of atomic planes with BaO 

and TiO2 terminations, obey stoichiometry. Oxygen-terminated (110) slabs with odd number of 

planes can be converted to stoichiometric sheets by removing extra oxygen atoms from surface 

planes. The converged results for the surface energy of 1.28 J/m2, 1.22 J/m2, and the values for the 

formation energy of 24 kJ/mol, 33 kJ/mol are obtained for the (001) and (110) slabs consisting of 10 

formula units. 

1D nanotubes. The comparison of the surface and formation energies for the nanotubes 

rolled up from two (2L) and four (4L) planes (both with Ti and Ba terminations for the outer 

nanotube shell) is made. The monoperiodic unit cell consisting of 300 atoms was used to model the 

nanotubes with chiralities (60,0), (30,30) and (30,0), (15,15), respectively. The smallest surface 

energy (1.1 J/m2) and the smallest formation energy (130 kJ/mol) were found for both 2L Ba 

terminated and 4L Ti terminated (30,0) nanotubes, respectively. The strain energy is about of –10 

kJ/mol in the first case and +10 kJ/mol in the second case. The strain and formation energies of 4L 

nanotubes at chirality (n,n) are noticeably greater than those at chirality (n,0) for the both 

terminations. 

1D nanowires. [001] nanowires were constructed using n×n×1 supercells of the bulk crystal 

and removing the periodical boundary conditions in the [100] and [110] directions. For n = 4 (80 

atoms in 1D unit cell) the surface and formation energies of [100] nanowire are 1.52 J/m2 and 122 

kJ/mol, respectfully. The results obtained for [110] nanowires are close to those for [001] nanowires 

of the equivalent size, except that their formation energy is slightly larger. 
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In 2010 the Estonian Roadmap of Research Infrastructures [1] consisting of 20 selected 

infrastructure objects was compiled after the careful analysis of 50 proposals by a special working 

group. The research infrastructures are „facilities", "resources" and related "services" needed for the 

development of leading-edge research in the most efficient manner as well as for knowledge 

transmission. In Estonia it will be used in long term (10-20 years) planning and they have to be of 

national importance, either new or in a need of upgrading. 

Among these 20 objects there are the activities of Estonian scientists foreseen at several 

large scale European facilities. Among the funded objects are an Estonian beam-line at the MAX-

IV Lab [2] and participation in the European Spallation Source [3], both located near Lund in south 

Sweden. In these facilities the Estonian researchers plan to develop own research equipment like the 

soft X-ray beam-line, at MAX-IV storage ring, with the end station for the gas and solid phase 

spectroscopy in order to investigate electronic structure and properties. The neutron science 

community is under formation with the main challenge to build-up knowledge needed by training 

young researchers, develop connections with neutron scientist in other countries and join the 

consortia setting up equipment covering our research interest. In CERN there is a well established 

scientific cooperation in high energy physics at CMS. Here we are targeting knowledge and 

innovation transfer, where industries from Estonia can participate in the upgrade of CERN research 

infrastructures. The number of Baltic Sea Region projects: Science Link and Technet_Nano with 

the involvement of all Baltic countries provide access of local SME’s to large scale and specialized 

facilities (cleanrooms) for increasing their innovation potential. The Estonian strategy along with 

activities foreseen at European large scale facilities and cooperation possibilities will be discussed. 
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Atomistic Multiscale Simulation of Nanostructured Materials for Photonic 

Applications 
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Atomistic multiscale simulation is applied to hierarchically constructed nanostructured 

materials, in which the structure of a lower level of scale is built into the structure of a higher level 

of scale. The development of nanostructured materials for optical chemical gas sensors is 

considered as an example. The functionality of such a material is provided by a photoactive 

molecule (indicator molecule, IM) such that it changes its optical response (mostly, luminescence) 

upon interaction with a target molecule (detected or analyte molecule, AM). IM represents the 

lowest level of the hierarchy and is built into a local structure forming a receptor center (RC), which 

in its turn is built into a nanoparticle (NP). An NP may bear many RCs. Finally, nanoparticles are 

assembled into a layer or a multilayered structure (nanoparticle assembly, NPA). The goal of 

simulation in this case is to predict the optical properties of the entire structure (sensing material) 

and its response to various AMs. Direct calculations in real time and space scales are impossible 

with the currently available computational resources. Instead, a multiscale approach is used, in 

which simulations and calculations at each level of scale are performed using methods and 

approximations appropriate for the corresponding scale, while the results of modeling the structure 

and properties of a material at a lower level are transferred as input data to the next, higher level of 

scale. The main steps of such modeling are considered: modeling at the molecular level, modeling 

at the supramolecular level, and modeling at the level of nanoparticles. Problems arising at each 

step of modeling are analyzed, and current approaches to their solution are discussed. The 

possibilities of modern atomistic simulation methods are considered using specific examples. 
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Quasiparticle Electronic Structures of Thermoelectric Pbx (X=S,Se,Te) 

 

A. Svane1, N.E. Christensen1 
1Department of Physics and Astronomy, Aarhus University, DK-8000 Aarhus, Denmark 
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A thermoelectric material’s potential to convert heat into electricity is quantified by the 

thermoelectric figure of merit ZT=S2Tσ/κ, where T is the temperature, S the Seebeck coefficient, σ 

and κ the electrical and thermal conductivities. A high figure of merit requires large S and σ values, 

but small thermal conductivity. The thermal conductivity has contributions from electrons (κe) and 

phonons (κl), and for electrons it is difficult to simultaneously maximize σ and minimize κe 

(Wiedemann-Franz “law” for metals). Therefore materials for thermoelectrics are often 

semiconductors (doped), and nanostructured (to reduce the thermal conductivity), nanowires, 

nanodots. Lead telluride, PbTe, has for many years been known to be a good thermoelectric 

material with ZT up to 1.3-1.5 at high temperatures, but lately it has been realized that new doping 

and alloying has made it possible to reach even higher values, close to ZT=2 using the lead 

chalcogenides [1,2]. A materials “design” for such applications requires that the electronic 

structures, the electron-phonon and phonon-phonon interactions [3] are well understood and 

accurately modeled. The present work is focused on the electronic structures, and it is shown that 

conventional density-functional calculations are not sufficiently accurate, and therefore 

quasiparticle bands are calculated in the quasiparticle self-consistent GW approximation (QSGW, 

van Schilfgaarde, Kotani and Faleev) including spin-orbit coupling [4]. The semiconducting gap is 

formed between states of L6 symmetry (L6+ and L6-), which is the reason why these materials are 

semiconductors even in the local-density approximation (LDA). Closer inspection reveals that the 

order of the L6 states is reversed in the LDA, and this leads to the wrong sign of the band gap 

deformation potentials. With QSGW both sign and magnitude of the deformation potentials are in 

agreement with experiment. Also, the details of the electronic structures which have particular 

relevance in connection with thermoelectric applications of these materials are discussed. 
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Nanothermochromics for Energy Efficient Fenestration 
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Thermochromic technology can be employed for regulating the solar energy throughput in 

“smart” windows with the object of achieving energy efficiency in buildings. Thin films of 

vanadium dioxide (VO2) give an appropriate starting point for developing this functionality; they 

have a significantly higher infrared transmittance below a “critical” temperature τc than above this 

temperature as a result of a reversible structural transformation. However VO2 films cannot be used 

without modification for three main reasons: (i) the modulation of solar transmittance ∆Tsol is too 

small at τc, (ii) the luminous transmittance Tlum is too low, and (iii) τc is ~68 °C and hence too high 

for normal buildings-related applications. I describe how these three problems can be met to a large 

degree and thus how thermochromic fenestration for energy efficient buildings can come closer to 

practical realization. In particular, I discuss how nanothermochromics—involving VO2-based 

nanoparticle composites rather than thin films—make it possible to significantly improve ∆Tsol as 

well Tlum, how magnesium doping of VO2 can give further enhancements of Tlum, and how tungsten 

doping (and to some extent also magnesium doping) can bring τc to a normal comfort temperature. 

Finally, I outline how thermochromics may be combined with electrochromics and vacuum 

insulation in order to create novel “super fenestration” for buildings with radically improved energy 

performance and a high degree of indoor comfort. 
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 Strategic Research Programmes within Nanotechnology and Advanced 

Materials in Norway 
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In the end of 2011 The Research Council of Norway (RCN)’s Programme on 

Nanotechnology and New Materials (NANOMAT) was concluded after ten years of pioneering 

activity. The external final evaluation of NANOMAT, conducted by the international consulting 

firms DAMVAD of Denmark and Econ Pöyry of Norway, concluded that it has succeeded in 

building knowledge and capacity, coordinating national research communities and developing 

research groups in the areas of the ethical, legal and social aspects of biotechnology, 

nanotechnology, and HSE (health, safety and environment).  

Education in the field was given a major boost during the NANOMAT programme period as 

well. All of the largest educational institutions in Norway introduced their own study programmes 

in nanotechnology at the bachelor, master and doctoral levels. NANOMAT was also very active on 

international co-operation, as being one of the key partners within the ERA NET MATERA, where 

also Latvia participated. 

NANOMAT was established as a follow up of the external evaluation of RCN, an earlier 

RCN programme within basic materials science, plus initiatives from the Norwegian universities 

and largest research institutes. During the NANOMAT programme the Norwegian Government 

through RCN invested more than Euro 95 mill. In addition, the project partners, mainly from the 

industry, have invested almost Euro 24 mill.  

When a national research programme comes to an end, there is no automatic start-up of a 

new programme with the same economic funding per year. In 2006 the Research Council of 

Norway completed a national strategy on Nanoscience and Nanotechnology, which was handed 

over to the Ministry of Science and Education. In 2009 RCN started an open process where relevant 

stakeholders from the academy, research institutes, industry and others were asked about priorities 

and directions for a new programme on nanotechnology and advanced materials. Based upon these 

processes and the evaluation of NANOMAT, the new strategic programme NANO2021 was 

established this year with a 10 years programme period and an annual programme budget of appr. 

Euro 12.5 mill. More insights into NANOMAT, NANO2021 and the process of establishing the 

Norwegian Government’s national strategy on nanotechnology will be given. 
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Piezoelectric Biomaterials: Structure, Properties, Applications 
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One of the key aspects of biological systems is the intricate relationship between chemical 

and electrical functionality, ranging from piezoelectricity in amino acid derivatives and calcified 

tissues to the complicated dynamics of ionic channels and flexoelectricity in cellular membranes 

[1]. Traditionally, it was believed that the polarization or piezoelectricity in biological systems are 

unambiguously defined by the structure, and cannot be tuned by external electric fields. In other 

words, many biomaterials possess piezoelectricity, but ferroelectricity is rather rare. With the recent 

advances in Scanning Probe Microscopy it has become possible to investigate local piezoelectricity 

and ferroelectricity in artificial biological materials such as amino acid microcrystals [2] and 

peptide nanotubes [3]. These biomaterials have the potential to replace some inorganic 

piezoelectrics in sensors and actuators and can be used, e.g., as naturally biocompatible components 

in medical implants where bioelectromechanical actuation or charge redistribution is required. 

In this presentation, recent advances in the fabrication and investigation of artificial 

biopiezoelectrics and bioferroelectrics will be presented. It will be shown that some of them possess 

high piezoelectric effect (>50 pm/V) and, in addition, polarization can be switched by the external 

electric field. The smallest amino acid glycine is shown to possess ferroelectric properties and phase 

transition at about 200 ºC. These studies open up a set of interesting possibilities regarding the role 

of piezoelectricity and ferroelectricity in protein formation, as well as emerging properties in 

peptides from the biophysical point of view. 
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Neutron Spectroscopy of Nanoscale Materials 
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The traditional image of neutron inelastic scattering is usually connected with studies 

elementary excitations - phonons and magnons - in condensed matter, possibly using large single 

crystals as samples. In this talk we shall concentrate on recent trends, making use of more advanced 

instrument configurations, characterized by simultaneous data aquisition over large ranges in the 

momentum-energy space and marked by applications to materials containing inhomogeneities on 

the nanometer scale. While neutron scattering cannot investigate individual objects on this scale, 

due to its inherent flux limitations, it is highly efficient to establish energy spectra and correlation 

functions in space and time characterizing the nano-objects and their ensembles. Spectroscopy of 

adsorbed molecules at levels equivalent to 10 µg of hydrogen, freezing-in of polar nanoregions in 

relaxor ferroelectrics and molecular nanomagnets are just a couple of examples to be cited, which 

illustrate applications making use of recent instrumentation developments at the ILL. 
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Fig.1 Secondary Electron image of ball-milled 
MgH2 with Nb2O5 as additive after cycling. 

Hydrogen Cycling Effect on MgH2 Nanocomposites 
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00123 (Rome) Italy 

e-mail: amelia.montone@enea.it 

 

MgH2 is a very attractive material for safe and cheap solid-state hydrogen storage, due to a 

high theoretical gravimetric capacity, to the reversibility of the reaction with hydrogen and to a 

relatively low cost. Nanostructured composite materials obtained by ball milling MgH2 with 

different additives (Fe, Nb2O5 or carbon-based materials) [1] were studied by a microstructural and 

kinetic point of view. The evolution of MgH2 ball-milled during a sequence of hydrogen absorption 

and desorption reactions at different experimental conditions was explored by the Scanning 

Electron Microscopy (SEM) and by the analysis of the kinetic curves, in order to derive information 

about the reaction rates and the rate limiting step. The main features coming up by the cycling 

procedure was the presence of micrometrical structures protruding from the particle surface and of 

hollow particles constituted by empty nanometric 

MgO shell box. Despite the microstructural 

evolution, the kinetics slightly changes in terms of 

H2 capacity and sorption rate. Focusing the 

attention to the application of these metallic 

hydrides inside tanks for hydrogen storage, studies 

were carried out with MgH2-based pellets 

prepared with the addition of Nb2O5 and carbon 

based materials [2]. The sorption kinetic of the 

pellets was studied revealing the material to have a similar kinetic with respect to the powder. SEM 

observations of the inner core of the pellets, before and after the cycling process, were performed. 

The effects of air exposure were also investigated. 
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Good thermoelectric materials should possess a combination of seemingly incompatible 

properties, such as high electronic mobility and low lattice thermal conductivity. Therefore, search 

for crystalline materials with glass-like thermal conductivity has been an active field of research. 

Several cubic I-V-VI2 semiconductors, the paradigm for which is AgSbTe2, have been shown to 

exhibit minimal values of lattice thermal conductivity at ambient temperatures when the phonon 

mean free path equals the interatomic distance. These modes are due to the existence of highly 

polarizable lone s2 electron pairs on the group V cations. Hybridization and repulsion repulsion 

between the lone pairs and the valence p electrons on group VI anions tends to favor locally 

distorted bonding configurations and may lead to unstable phonons. We present the results of first-

principles density functional theory (DFT) calculations of phonon dispersion and electron-phonon 

interactions in cubic I-V-VI2 semiconductors, where the group I elements are Cu, Ag, Au or alkali 

metals, the group V elements are P, As, or Bi, and the group VI elements are S, Se, or Te. 

Compounds that have only marginally stable phonons have extremely large Grüneisen parameters 

that result in a thermal conductivity limited by Umklapp processes to values at the amorphous limit 

above 200 K. Following the ab initio calculation, we synthesized AgSbTe2, AgSbSe2, AgBiTe2, 

NaSbTe2, NaSbSe2, and NaBiTe2 and report their thermal conductivity and specific heat: in all 

cases, the experiments confirm the theory. 
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The widespread interest in novel light-element solid-state hydrogen (H) storage media has 

triggered the investigation of a quite impressively variety of candidate materials. In alternative to 

the synthesis of new compounds, an interesting strategy consists in the engineering of 

nanostructures with a large specific area of properly functionalized surfaces. Nanoparticles (NPs) of 

light metal hydrides are appealing in this sense because their fine size and large surface area can 

lead to radically improved H-sorption kinetics. Moreover, the possibility that surface and/or 

interface effects alter the thermodynamics of the H-metal interaction could pave the way towards 

tunable hydride forming materials. 

In this work we focus on magnesium-based NPs with metal/oxide core/shell morphology, 

synthesized by inert gas condensation and surface decorated by in situ post-evaporation of transition 

metal clusters [1-6]. The structure and morphology of the NPs are characterized by electron 

microscopy, including high-resolution observations. The kinetics and thermodynamics of H-

sorption are investigated using standard laboratory techniques as well as in situ experiments of X-

ray diffraction and absorption, that allow a correlation with ongoing structural transformations. In 

this respect we address several features like the irreversible formation of intermetallic phases, the 

H-induced reversible transition between these phases, and the possible formation of hollow 

nanoparticles driven by hydrogenation at sufficiently high temperature. 
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Zinc oxide has a unique combination of properties of a semiconductor material with a 

significant fraction of ionic bonding. Powdered ZnO is known to be an effective phosphor, while 

thin ZnO films are used as particle detectors in deuterium–tritium generators [1]. It was recently 

proposed to use ZnO optical ceramics as scintillators [2]. The scintillators based on ZnO show a 

high radiation hardness and sufficient stopping power. 

Densification of different ZnO powders into ceramics was realized by uniaxial hot pressing 

method [2]. Ceramics were prepared from a commercial zinc oxide powders (Alfa Aesar Company) 

with initial particle sizes within 120÷160 nm and from the highly purified powders produced in 

Russia with initial particle sizes within 300÷600 nm. The sample preparation conditions 

(temperature, pressure, gaseous medium, etc.) were varied so as to obtain the optical ceramics with 

maximum transparency and light yield (LY). 

Obtained ZnO and ZnO:Zn ceramics of 24 mm diameter and 1.0 mm thickness exhibit high 

transmission up to 45% in the region of maximum wavelength of X-ray induced luminescence (520 

nm); an absolute LY about 29000 photons/MeV; and very good linearity of the relative light output 

in a 10÷662 keV energy range. The decay constant of the ZnO ceramics is about 1.1 µs. The level 

of afterglow is about 0.01% at 10 ms after an X-ray excitation pulse. These characteristics show that 

ZnO ceramics is a promising scintillator for use in X-ray computed tomography (CT). 

In ZnO:Ga ceramics the long-wavelength emission band is suppressed and excitonic 

emission peaked at 385 nm  predominates. Excitons in the doped ceramics possess subnanosecond 

decay time of scintillations, such a short decay time is very important for the Positron Emission 

Tomography (PET) which operates in the time-of-flight mode. 

It is shown that in ZnO, ZnO:Zn and ZnO:Ga luminescence centers are zinc vacancies VZn, 

oxygen vacancies VO and excitons localized on the donors, respectively. 
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The “quantum paraelectrics” KTaO3 and SrTiO3 can be considered as systems close to the 

quantum mechanical limit at low temperatures. In such systems, unlike in the classical case, the 

phase transitions can be achieved by tuning not the temperature, but the other parameters, such as 

pressure, electric and magnetic field, chemical composition, impurity doping. The giant 

photodielectric effect recognized in SrTiO3 and KTaO3 [1-3], where UV light irradiation at low 

temperatures strongly enhances the dielectric constant is another example. Qualitatively, this 

phenomenon has been assigned to the inhomogeneous polar state induced by photocharge carriers, 

but understanding of their microscopic nature had not been achieved.  

We report on results of low-T studies of optical absorption and photo-EPR of KTN (KTa1-

xNbxTaO3, x=0.004÷0.02) crystals. It was found that UV light irradiation results in a broad 

absorption band in NIR region. Together with photoconductivity and photoluminescence 

experiments it provides the broad hint of strong localization of the charge carriers in the form of 

Nb4+ electronic polarons. Strict verification and characterization of photo-polaronic states is 

provided by the x-band photo-EPR experiments. So, photo-EPR spectrum of KTN with x = 0.012 

reveals the anisotropic component originated from the axial centres with S = 1, g= 0.82±0.04, 

g^=0.52 ± 0.04, and D = 0.44 ± 0.03 cm−1 attributed to the polaronic excitons Nb4+-O− with 

activation energy Ea1 ~ 3.7 meV for internal dynamics and destruction energy Ea2 ~ 52 meV. 

Namely Nb4+-O− polaronic excitons manifest themselves via the wide absorption band at ~0.7 eV, 

which arises in the KTN under UV illumination. 
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Fig. 1: Volumetric vs. gravimetric energy density of important energy 

carriers. 

Storage of Renewable Energy in Synthetic Fuels 
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The world wide energy demand increases just as rapidly as the average temperature of the 

atmosphere. The reserves of fossil fuels worldwide are limited and the combustion of the carbon 

fuels leads to a severe increase of the CO2 concentration in the atmosphere. The latter is responsible 

for the climate change. The future of the industrialized word, i.e. the economy as well as the 

society, is determined by the ability to change from fossil fuels as energy carriers to renewable 

energy. The main difference between the fossil period and the future is the requirement of 

producing synthetic energy carriers. 

Hydrogen as an energy carrier opens the path to a society based on renewable energy. The 

storage of hydrogen in metals and 

complex hydrides as stable 

compounds offers a great 

volumetric storage density, 

however the gravimetric storage 

density is limited to less than 

20mass% in the materials. In 

order to replace fossil fuels 

without scarification on energy 

density synthetic fuels based on 

hydrogen e.g. NH3 or C8H18 have 

to be developed [1]. The latter 

also represents a effective CO2 

sink for the atmosphere. 
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Fig.1. SEM image of polymer monolith in 
fused silica capillary, 100 µm i.d., 
magnification 250 x 

The Story of Polymer Monoliths: From USA to Europe and to Latvia 
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Separation technologies - gas chromatography (GC), liquid chromatography (LC), ion 

chromatography (IC), capillary electrophoresis (CE) - are used to extract, separate, detect and 

quantify compounds in pharmaceutical, biochemical and petrochemical industries. 

Chromatographic research over many years has focused 

on the development of new stationary phases. Originally 

the predominant technology used was that of the packed 

column but the invention of monolithic columns in 1992 

by Svec, Fréchet, and co-workers has pioneered the use of 

rigid, porous monoliths based on organic polymers [1] as 

alternative column materials for high performance liquid 

chromatography (HPLC). 

The monolith is formed in situ as a continuous bed within the capillary (Fig.1) or other type 

of mold and therefore can be covalently bound to the capillary wall. Monolithic materials as 

stationary phases offer several advantages in comparison to particle packed columns (improved 

mechanical stability, spatial control, range of different pore size and different surface chemistries 

available). A lot of efforts are devoted to studies of monolithic materials in many research groups, 

as there has been a growing demand for new and more selective chromatographic materials. 

In the present work thermal polymerisation and photoinitiated polymerisation have been 

studied for the synthesis of methacrylic and styrenic monoliths [2, 3]. Examples of chromatographic 

separations of proteins [2, 3] or pharmaceutical compounds using styrenic or methacrylic monoliths 

are demonstrated. 
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In order to achieve good spatial resolution needed for micro-imaging of ionizing radiation 

based techniques it is necessary to use a scintillator as a thin film. As it has been shown for ALD 

grown hafnia and zirconia films [1], the performance of such films strongly depends on growth 

methods and parameters. In this work luminescence of Sm, Eu and Er ions as well as intrinsic 

(STE) emission in ALD grown HfO2 and ZrO2 was investigated using time-resolved luminescence 

spectroscopy under VUV-XUV excitation and cathodoluminescence. The 300 keV ions were 

implanted into the films, which were annealed to restore host lattice [2]. The ALD grown 

ZrO2:Er2O3 nanolaminates [3] were also spectroscopically investigated and results compared with 

the ion-implanted samples. 

Our investigations under XUV excitation revealed that at low temperatures Sm3+, Eu3+ and 

Er3+ ions possess characteristic f-f lines superposed by STE emission with considerable intensity, 

which has the asymmetric shape peaked at about 4-4.5 eV. Such wide bandwidth in all ion-

implanted films is due to superposition of several bands of excitonic origin, attributed to radiative 

recombination of STE at perfect sites or perturbed ones near different defects. At RT STE emission 

is quenched and the emission in the region of 2.5-3.5 eV was revealed. In  Y-stabilized zirconia [4] 

such bands were attributed to recombination emission at centers distorted by presence of oxygen 

vacancy. In ZrO2:Er2O3 nanolaminates at room temperatures non-radiative relaxation channels 

cause complete quenching of excitonic and defect related luminescence and only rather weak f-f 

transitions were observed. Relaxation and energy transfer processes will be discussed for studied 

samples. 
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As a novel material with several unique features, graphene, since it was discovered, caused 

recently an increasing number of related researches. Graphene may be described as 2D allotrope 

form of carbon – the thinnest material in the world with hundreds of properties which are unique or 

surepior to other materials. 

Graphene properties are strongly dependent on purity and number of single layers of the 

sample. Thickness of individual graphene samples has to be determined and after that samples with 

appropriate layers can be used for applications [1]. Best quality graphene is obtained by mechanical 

exfoliation of pyrolitic graphite although thickness of samples are unpredictable and number of 

layers has to be determined in each graphene flake before application. 

Here we present simple and accurate method for graphene flake selection from the pyrolitic 

graphite surface and determination of the number of layers in it in situ by using a nanowire-based 

nanoelectromechanical tool. This method is based on adhesion between the nanowire material and 

carbon, which is stronger then carbon cohesion and thus allows to place the selected graphene flake 

on the certain area of the single-clamped nanowire. Then the mass of the graphene flake can be 

accurately calculated from the difference between resonant frequencies of empty and loaded 

nanowire [2]. Knowing flake’s mass, geometry and interplanar spaces between the graphite layers, 

it is possible to estimate the number of layers in it. Then using the same tool the selected graphene 

sample with certain number of layers can be placed in defined position on the substrate for further 

applications. 
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Transition-metal doped perovskites continue to attract significant attention as promising 

materials for a wide range of applications from actuators, ferroelectric nonvolatile memory and 

modern optical devices to anodes for solid-electrolyte and solid-oxide fuel cells. The development 

of perovskite-based semiconductor devices relies on controlling the point defects, such as oxygen 

vacancies and transition metal impurities. Strontium titanate, the incipient ferroelectric with 

perovskite structure, has become in the focus of interest in attempt to combine magnetic and 

ferroelectric properties of the material. In this work we use electron paramagnetic resonance (EPR) 

spectroscopy for the accurate determination of different oxidation states and local environment of 

manganese and chromium impurities in SrTiO3. Trivalent manganese ions in SrTiO3 crystals look 

like a model ones to study exchange-coupled systems in mixed-valent manganese oxides. 

The single crystals of SrTiO3 were grown in Furuuchi Chemical Corporation by use of 

Verneuil technique through the melting of SrTiO3 and 0.5% wt of MnO/Cr2O3 crystalline powders. 

EPR spectra originating from the S = 2 ground state of Mn3+ ions are shown to belong to the three 

distinct types of Jahn-Teller centres. The present results indicate the strong covalent reduction of 

the density of unpaired spins (Fermi term) at the manganese nucleus for the various types of 

centers. 

When crystals of SrTiO3 are heavily doped with fourvalent manganese (or trivalent 

chromium) there is a tendency for the impurity ions to form exchange coupled pairs. The EPR 

spectra indicate the formation of exchange-coupled transition-metal dimer centers lying along the 

<110> directions (in the next nearest neighbor position). 
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Nanotubes of zirconia have been recently synthesized by different techniques such as 

template-assistant deposition, hydrothermal treatment and anodization methods. The diameter of 

fabricated ZrO2 nanotubes (ZNT) vary from tens to hundred of nanometres. Experimental 

observations give evidences that the atomic structure of ZNT may correspond to cubic, tetragonal, 

and monoclinic phases of bulk zirconia, or to be a mixture of all mentioned structures. In this work, 

for the first time, we theoretically analyse the structure and stability of ZNT obtained by folding of 

layers in three low-pressure zirconia phases. All calculations are made using hybrid PBE0 LCAO 

approach via the CRYSTAL-2009 computer code. 

We have optimized the atomic structure of thin slabs corresponding to all possible low-

index surfaces in cubic, tetragonal and monoclinic ZrO2 phases, which are compatible with 

orthogonality condition between supposed helical and translational vectors. Considered nanosheets 

include up to 12 atomic planes, depending on the parent phase and surface indexes. Taking into 

account atomic reconstruction, the final number of 2D structures proved to be less than the total 

number of considered surfaces. Accordingly, the faces (110), (111) of the cubic phase, (001), (110) 

of the tetragonal phase, and (100), (-101) of monoclinic phase were chosen as generic for single-

walled ZNTs. 

The initial structures of nanotubes have been obtained by rolling up the relaxed or 

reconstructed ZrO2 slabs. Different ZNT chiralities compatible with the 2D symmetry of parent 

nanosheets have been considered. Positions of all atoms have been optimized to obtain the most 

stable ZNT structure with preserving the rototranslational symmetry. Basing on the formation and 

strain energy estimations we found that the most stable tubes with thin (one ZrO2 layer) walls have 

hexagonal (cubic (111) face) morphology. The tubes with walls composed by two ZrO2 layers most 

probably have lepidocrocite (tetragonal (001) face) morphology. The tubes with thicker walls can 

possess a different structure originated from cubic or tetragonal phases. 
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Fig.1 Comparison between the predicted and experimental 
lattice constants for the A2XY 6 compounds. The axes units 
are Å. 
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It has been recognized for a long time that the crystal lattice constants (LCs) are determined 

by properties of the particular ions, such as ionic radii, electronegativity, oxidation state etc [1]. Up 

to now, two methods were used to calculate and/or predict the LCs of crystals: i) experimental X-

ray diffraction technique and ii) theoretical ab 

initio calculations. However, both methods 

are time-consuming. So there exists a strong 

demand for a reliable and quick estimation of 

the structural parameters, using empirical 

model and statistical analysis of the LCs for a 

large number of iso-structural crystalline 

materials. 

In the present work, we considered 85 

crystals with general chemical formula 

A2XY6 (A=K, Cs, Rb, Tl; X=tetravalent 

cation,Y=F, Cl, Br, I), crystallizing in the Fm-3m space group. For this group of crystals, we 

derived the following equation, which links together their lattice constants a (expressed in Å) with 

ionic radii R (measured in Å) dimensionless electronegativities χ: 

( ) ( ) ( )1.96325 0.98102 0.07593 0.57901A X X Y Y Xa R R R R χ χ= + + + + − +  [2]. 

Fig.1 illustrates good agreement between the experimental and predicted LCs; the studied 

compounds are grouped into 4 categories depending on the nature of the Y anion (fluorides, 

chlorides, bromides, iodides). The mean error of the model’s prediction is 1.05 % only, which is 

comparable with the accuracy of the experimental determination of the LCs. 
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Fig.1. Lateral crystal growth after laser irradiation 
(355 nm) of the amorphous Si sample. Scale bar 3 µm 
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Polycrystalline silicon is a promising material for various thin film electronic devices. There 

have been the attempts of using laser crystallized poly-Si to increase the efficiency of thin film solar 

cells. The second field of interest is using laser-treated silicon as an active layer in thin-film 

transistors for large area liquid crystal displays [1]. 

In this study, a-Si thin films deposited on 

SiO2-coated Si/SiO2 wafers have been processed 

by the 2nd and the 3rd harmonics of Nd:YAG 

laser, as well as by KrF excimer laser. Surface 

modification of amorphous silicon layers have 

been investigated scanning electron microscopy 

before and after chemical etching of processed 

silicon films. 

The order of a grain size in 

polycrystalline Si samples prepared by 

successive crystallization in the lateral growth 

regime is of 1 µm. It varies with the laser 

fluence. 

At an initial stage, a pulsed laser processing results in nucleation of Si nanocrystals which 

starts from unmolten silicon islands. Nanocrystals are growing near the a-Si layer surface. Si 

nanocrystals obtained during the pulsed laser processing can be used as seed particles for the 

following laser stimulated processing to produce poly-Si layer. 
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Scanning Probe Microscopy gives an opportunity to carry out studies of spatial, physical and 

chemical properties of objects with the typical dimensions of less than a few nanometers. Owing to 

its multifunctionality, availability and simplicity, Atomic-Force Microscope (AFM) has become one 

of the most prevailing “tools for nanotechnology” nowadays. The next step towards the new 

functionality should be combining with various other modern research methods. Besides the 

extending the measurements to specific conditions: vacuum, liquids, low and high temperatures, etc 

the combination of AFM with other methods has given an opportunity of going beyond the limits of 

traditional methods and carry out researches (mechanical, electric, optical properties) with the 

highest resolution. 

Possibility to operate with AFM in low vacuum conditions provides increased Q- factor of 

the cantilever, better sensitivity, accuracy of low-force measurements and elimination of influence 

of adhesion and contaminations. 

Quantitative measurements of elastic properties (soft polymers, biology, graphene and other) 

require further development of standard AFM modes. The calculation of real tip shape, detailed 

analysis of contact area and correct model of interaction – considered of all these aspects we can 

achieve the true information about surface. 

Using of diamond probe instead of silicon cantilever becomes very important while studying 

of mechanical properties of relatively hard materials. Elastic modulus, hardness, strength, crack-

resistance and even the elastic conductivity can be measured highly doped semiconductor diamond 

probe. 

Simultaneously with AFM, confocal Fluorescence and Raman measurements provide 

information about sample chemical composition, crystal structure and its orientation, presence of 

impurities and defects, macromolecular conformation, and so on. By using a specially prepared 

sharp needle tip, in TERS mode we can multiply the Raman signal strength by a few orders of 

magnitude from a precisely scanned, localized spot on the surface several nanometers in diameter. 

Even single molecules can be detected and recognized by their spectra. Lateral resolution of Raman 

(TERS) and fluorescence maps is no longer limited by light diffraction and can be less than 15 nm. 
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Fig. 1 Growth temperature influence on the sp2 BN 
film quality. The growth was done with H2 as carrier 
gas, at 100 mbar, B/N of 615 and B/H2 of 0.02%. 
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Hexagonal (h-BN) and rhombohedral (r-BN) are the two sp2-hybridized phases of boron 

nitride. They differ only by their stacking sequence, where h-BN has ABAB stacking and r-BN has 

ABCABC stacking. This makes phase identification by XRD in Bragg-Brentano configuration 

difficult. Both phases are interesting as semiconductor and optoelectronic thin film materials in the 

UV range given a bandgap of around 6 eV [1]. 

For growth of such materials, thermal CVD has 

often been the choice of technique and from 

these studies the literature reports on growth of 

h-BN [2].  

From hot wall CVD and with triethyl 

boron and ammonia as precursors, we 

demonstrate epitaxial growth of high quality r-

BN films on Al2O3 (0001) substrates with an AlN 

buffer layer grown by in-situ nitridization [3]. 

Pole figure measurements confirm that the 

deposited phase is r-BN with a twinned growth 

behavior. Further, our studies on the influence of 

the process parameters (temperature (Fig. 1), N/B-ratio, B/H2-ratio and carrier gas composition) 

show that epitaxial r-BN film can only be deposited in a narrow process window and that a thin 

strained AlN buffer layer is needed to support epitaxial growth. 
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Explaining the electronic properties of transition metal monoxides is one of the long-

standing problems in the condensed matter physics. Main goal of our paper is to show with NiO as 

an example that the photoluminescence excitation (PLE) spectroscopy of the nanocrystalline 

materials appears to be a novel informative technique for inspection of different charge transfer 

transitions. 

In this paper we have performed a comparative analysis of photoluminescence and 

photoluminescence excitation spectra of NiO poly- and nanocrystals in the spectral range 2-5.5 eV. 

The PL spectra for both types of samples have a very similar spectral shape with broad emission 

bands centered at about 2.5 eV. The PLE spectra reveal two PLE bands peaked near 3.7 and 4.6 eV 

with a dramatic rise in the low-temperature PLE spectral weight of the 3.7 eV PLE band in the 

nanocrystalline NiO as compared with its polycrystalline counterpart. In frames of a cluster model 

approach [1-2] we assign the 3.7 eV PLE band to the low-energy bulk-forbidden p-d (t1g(π)-eg) 

charge transfer (CT) transition which becomes the allowed one in the nanocrystalline state while the 

4.6 eV PLE band is related with the bulk allowed d-d (eg-eg) CT transition scarcely susceptible to 

the nanocrystallization. For the first time we succeeded to distinctly separate contributions of the 

low-energy p(π)-d and d-d CT transitions to the fundamental absorption of NiO and show that NiO 

is close to the intermediate regime of the Zaanen-Sawatzky-Allen scheme. 
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In the terms of muffin-tin and DFT theory, we developed a linear augmented cylindrical 

wave (LACW) method for electronic structure of the single- and double-wall nanotubes. We 

calculated the band structures of the nanotubes up to the chiral (100, 99) tubule. The electronic 

spectrum of nanotubes is governed by the electrons movement in interatomic space of cylindrical 

layers, by scattering on the atomic spheres, and tunneling between the layers. A model for 

electronic structure of nanotubes embedded in a crystal matrix is developed too. The LACW-Green 

function theory is elaborated for the nanotubes with point defects. A first-principles numerical 

method for calculation of the electronic structure of the point impurities in the single-walled carbon 

nanotubes based on a Green’s function technique is developed. The host nanotubes electron Green’s 

function is calculated using a linear augmented cylindrical wave theory. The Green’s function of the 

impurities is calculated in the terms of matrix Dyson equation. The impurities are described by the 

single-site perturbed muffin-tin potentials in otherwise perfect nanotubes with the rotational and 

helical symmetries. Due to the account of these symmetry properties, the method is developed 

applicable to any tubule including the chiral nanotubes with point defects independent of the 

number of atoms in translational unit cell of the host systems. Finally, a relativistic version of the 

LACW method is elaborated and applied to calculating the spin-orbit coupling effects in the 

armchair nanotubes. 
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Color centers and structural damage was investigated in LiF crystals irradiated at room 

temperature with 150 МеV 84Kr ions with a beam current of 10nA/cm2 in the fluence range 1011 - 

1014 ions/cm2 at the cyclotron accelerator DC-60 (Astana, Kazakhstan). 

UV-VIS spectroscopy was utilized to study the concentration of electron color centers (F 

and Fn) as a function of fluence (Ф). A saturation of F centers occurs at Ф ~ 1013 ions/cm2 but due to 

strong aggregation of single F centers, at higher fluences their concentration decreases. A rapid 

increase of Fn centers begins at fluences above 1012 ions/cm2 (details about the mechanism can be 

found in [1, 2]). 

The ion-induced modifications of structure on the irradiated surfaces and cross-sections of 

samples were investigated using scanning electron microscope JSM-7500F (JEOL). The structural 

defects were revealed by chemical etching. At the fluence of 1011 ions/cm2, SEM imaging revealed 

mainly formation of etchable ion tracks.  Above this fluence, severe structural modifications in the 

irradiated layer were observed which include the ion-induced formation of dislocations and grains 

with nano-scale dimensions. The intensity of nanostructuring depends on fluence and energy loss of 

ions. Nanostructuring dominates in the near-surface region whereas formation of dislocations 

prevails in the tail part of ion range where the energy loss of ions decreases below the threshold for 

track core damage. 
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Metal oxides with rare earth dopants are perspective fluorescent materials because of several 

reasons. Rare earth ions in metal oxide matrices are chemically stable and do not suffer from 

photobleaching in contrast to organic fluorophores.  Rare earth fluorescence can serve as a marker 

of surrounding metal oxide crystal structure [1] 

or work as a sensor if metal oxide pores are 

filled by exterior gas [2]. On the other hand, rare 

earth fluorescence can provide gained signal in 

the metal oxide active optical fibers [3] and laser 

resonators [4]. Recently we demonstrated that 

direction, polarization and intensity of 

fluorescence can be tuned for rare earth ions, 

which are incorporated in the layered metal-

dielectric structure [5]. Fluorescent TiO2:Sm3+ 

film was deposited on the gold-plated glass, 

which was attached to the base of semi-cylindrical prism. The emitted light penetrates especially 

effective through the gold film to the prism at the definite resonance angles. It is caused by coupling 

of Sm3+ fluorescence with surface plasmons induced at the gold surface. Such coupled part of 

emission becomes strongly polarized and directional. Here we demonstrate that surface plasmons 

can stimulate Sm3+ ions by such a way to get about 10 % of non-linear emission growth over the 

pumping (Fig. 1). It opens attractive possibilities for generation of coherent plasmons and plasmon 

coupled lasing effects. 
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Periodicity of structural units in photonic crystals, particularly in silica opals, is dependent 

strongly on the shape and packing type of their globules. Infrared (IR) and Raman scattering (RS) 

spectroscopy allow identify the framework of silicates in the globules by the signal from bridging 

oxygen breathing mode of the SiO4 rings [1].  

Hereby we represent the synthetic silica opals prepared by Stöber method and investigated by 

methods of IR and RS spectroscopy. It was obtained opals with globules 230-270 nm arranged in 

periodical domains 50-250 µm. Similar features in RS and IR spectra of opal and fused quartz testify 

about the major amorphous structure of these materials, but there are several distinctions in their 

spectra: 

- quartz IR absorption bands of Si-O-Si stretching vibrations at 1060-1250 cm-1 were red-shifted 

by 6-10 cm-1 and became twice narrower for opal, which testify about decreasing of phonon 

location zone in globular opal in comparison with crystalline quartz; 

- twice increase of IR intensity for the stretching vibrations at 440 cm-1 for opal;   

- IR band at 650-750 cm-1 and RS bands at 650-750 cm-1 and near 997 cm-1 together with shoulder 

at 304 cm-1 suggest the presence of a small amount of cristobalite and tridymit phases in the 

major amorphous opal globules. These bands could be assigned to defects in SiO2, namely Si-H, 

Si-O [1].  

Using of light confinement effects in opal for optical sensing along with plasmonic effects can 

be perspective. Our first experiments with doping of colloidal gold and biological molecules into opal 

led to drastic changes in RS and practically did not influence IR spectra [2]. 
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The ground state of H-center systems for the SrF2 crystal is simulated with two different 

arrangements, which are oriented along either [100] or [111] axes [1]. The calculations are 

performed by using density functional theory (DFT) with hybrid exchange potentials, namely DFT-

B3PW. The energy difference between H centers with different orientations shows that the H-center 

oriented in the [111] direction in alkaline earth fluorides is the most stable configuration. 

Two different configurations of surface H-centers are investigated carefully in BaF2 [2]. 

Both surface H-center systems have strong relaxations because of the surface effect. In the 

configuration that the interstitial fluorine atom is within the surface, the unpaired electron is almost 

equally distributed onto the two atoms of the H-center, which is quite different from the bulk H-

center case.  

The association energy calculations on R centers (a defect composed of three F centers) in 

BaF2 and CaF2 [3, 4] indicates stable aggregation of isolated F centers. During F-center 

aggregation, a considerable chemical bond covalency between two neighbor fluorine vacancies with 

trapped electrons forms.  Our calculations show that the F-center transfer barrier is equal to 1.83 eV 

in BaF2, whereas the F-center diffusion barrier is equal to 1.67 eV in CaF2 [3, 4]. 
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Scanning transmission electron microscopy (STEM) and energy filtered transmission electron 

microscopy (EFTEM), see [1], in combination with electron energy loss spectroscopy (EELS), and 

cathodoluminescence (CL) have been used to investigate Si+ ion beam mixing and Si nanocluster 

formation at the interface of amorphous silicon dioxide layers to crystalline Si substrate. 

Thin amorphous, thermally grown SiO2 layers of 28 nm thickness, wet oxidized at 1100 °C on 

Si substrate, have been doped by Si+ ion implantation with an ion energy of 12 keV and a dose of 1016 

ions/cm2, leading to a Si+ atomic dopant fraction of about 

7 at.% at a mean depth of 20 nm in SiO2, i.e. near the 

interface. 

After this high fluence Si+ ion implantation near 

to the interface an ion-beam mixed SiOx buffer layer in 

this region is detected by means of EFTEM and EELS, 

demonstrated in figure 1. 

This structure is due to atomic knock-on and 

knock-off effects and respective ion beam mixing 

processes during the Si+ ion implantation near and into 

the SiO2/Si interface region. Thus  the interface layer is 

smeared out and extended over 20 nm, even 10 nm  into the previous Si substrate and consists mainly of 

an understoichiometric SiOx matrix 2 < x < 0 with gradually decreasing of x towards and into the Si 

substrate. 

The respective cathodoluminescence (CL) spectra in the near infrared (NIR) region indicate 

such structural changes by appearance of an additional side-band shifting with thermal annealing from 

the red band R towards lower energies, very probably caused by Si nanocluster growth and respective 

quantum confinement effects as we had seen previously in Refs.[1] and [2]. 
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Six-coordinated species [MeOxF6-x] (x = 0, 1, 2, 3) are the important structural elements 

which strongly effect on the physical properties behaviour of compounds with the general chemical 

formulation A2A′MeOxF6-x (A, A′ = K, Rb, Cs, NH4; Me: trivalent metals including Ln at x = 0 and 

W, Mo, Ti, Nb at x≠0 ). In spite of the low local symmetry of anionic species at x ≠ 0, the crystal 

structure is very often characterized by the elpasolite-like cubic symmetry (Fm-3m, Z =4). A lot of 

compounds above undergo structural phase transitions and show interesting properties such as 

ferroelectricity and ferroelasticity important from the fundamental and practical points of view [1]. 

In the present paper we consider the effect of both internal and external pressure on 

structural stability of initial and distorted phases, and order-disorder as well as displacive processes 

followed the phase transitions of different physical nature. The models of structural ordering are 

considered and the role of ions with different shape and size in the mechanism of structural 

distortions is discussed. 

One of the most promising properties of fluorides and oxyfluorides with crystal structure 

containing octahedral species is connected with the significant barocaloric effects associated with a 

heat emission or absorption at the change of external hydrostatic pressure. It is shown that both 

intensive and extensive caloric effects are strongly dependent on the order and entropy of structural 

transformation and also on the susceptibility of phase transition temperature to pressure. The 

comparison of some results of barocaloric effect determination with the cooling efficiency of 

ferroelectrics and ferromagnetics in electric and magnetic fields, respectively, show that some 

fluorides and oxyfluorides under study can be considered as new highly efficient solid refrigerants. 
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Our recent studies of hydrogen-accumulating alloys which belong to the RE-Mg-Ni system 

are reported. The first group comprises Mg-based alloys which are suitable for solid state 

accumulation of hydrogen gas: a) ECAP-ed alloys of the binary Mg-Ni and ternary Mg-La-Ni (or 

Mg-Mm-Ni) eutectics [1], b) rapidly solidified (RS-ed) LaMg12 and LaMg11Ni [2]. 

By varying the ECAP parameters, such as temperature and pressing number one may refine 

the microstructure and enlarge the area of phase boundaries. An increase in the cooling rate during 

RS changes the microstructure of the alloys LaMg12 and LaMg11Ni: starting from microcrystalline 

to nanocrystalline and finally to almost amorphous. It is discussed in details how the microstructure, 

phase composition, crystal lattice structure, and crystallite sizes of the modified magnesium alloys 

influence their hydrogen sorption and desorption performances. An improvement to the hydriding 

kinetics is provided by the modified alloys having submicro- and nanosized crystallites of Mg and 

by LaHx (or MmHx) and Mg2Ni phases catalyzing the dissociation of H2 molecules and facilitating 

the hydrogen diffusion. In particular, appropriately ECAP-ed binary eutectic Mg-Ni and annealed 

RS-ed LaMg11Ni alloys exhibit the following hydrogen sorption characteristics: at 350°C stages of 

both sorption and desorption of 5 wt.% of hydrogen last about 3 min. 

The second group under study encompasses Mg-containing intermetallics (La,Mg)Ni3 and 

(La,Mg)2Ni7. The replacement of RE by light metal would increase the hydrogen storage capacity 

of the corresponding hydrides, which is useful for the development of novel materials for Ni-MH 

batteries. Recent obtained results are discussed in terms of microstructure and phase composition of 

the Mg-containing alloys. 
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The ab initio thermodynamic approach to calculate the point defect formation energies as a 

function of temperature in perovskites is discussed in detail. In order to demonstrate good 

quantitative agreement with the existing experimental data, two cases were chosen, namely La1-

xSrxCo0.25 Fe0.75O3-δ (LSCF) and SrTiO3-δ (STO).  

The content of Sr in LSCF was varied from 12.5% to 50%. The thermodynamic calculations 

of oxygen vacancy formation energies included the chemical potential of oxygen and phonon 

frequencies. We show for LSCF that the phonon contribution to the formation energy becomes 

important not only with the temperature increase but also with the Sr content. Thus, the defect 

formation energies decrease significantly with the Sr content due to two effects: charge 

compensation of Sr2+ ions and the phonon contribution. The neglect of phonon contribution to the 

formation energy leads to the errors as high as 0.5 eV in the formation energy of oxygen vacancy.  

The formation energy of oxygen vacancy in STO was calculated for the concentrations of 

oxygen vacancies 6.25% and 12.5% taking into account the phonon contribution. A particularly 

good agreement with the experiment was obtained for the relatively low concentration of oxygen 

vacancies 6.25%. The formation energy decreases here considerably (by ~0.8 eV) as temperature 

increases from 300 K to 1000 K. The phonon contribution to the oxygen vacancy formation energy 

increases with temperature; being ~5% at 1000 K. We, thus, demonstrated that the method 

employed in this paper could be used for a wide class of defects in non-metallic solids.  
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Fig.1 One dimensional heterogeneous medium (A) is 
replaced by simple model (B). 

One-dimensional Diffusion in Heterogeneous Medium 
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A closed formula for the effective diffusion coefficient in the heterogeneous media with the 

periodically distributed inclusions has been developed. It is shown that previously1,2 accepted ad-

hoc assumption about concentrations on the boundary matrix-inclusion follows in a self consistent 

way from the effective medium approximation.  

One representative element of one dimensional medium is shown in Fig.1 (A), where l1, l2 

are mean free paths and   D1, D2 – diffusion 

coefficients for matrix and inclusions, 

respectively. Simple, considerations (replacement 

(B)) give us for the effective diffusion coefficient 

Deff : 
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with the averaged concentration 

ratio 2 1/ 2 / 1c c h b= + . Additional assumptions about equilibrium concentrations are not necessary. 

Discussion of diffusion with trapping also included. 
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Studies of the spectroscopic properties of Ce3+ dopant in bulk gadolinium gallium garnet 

(GGG) crystal under pressure are presented. In spite of strong inter-shell 4f → 5d absorption bands 

at ambient pressure the cerium luminescence in GGG is entirely quenched even at low temperature. 

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 possible phenomena: (i) by pressure-induced 

electronic crossover of the excited 5d energy level of the Ce3+ 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. 

The results of high-pressure absorption and luminescence measurements point out, that the 

ambient pressure luminescence quenching is caused by the donor-like charge transfer processes due 

to the resonant location of the Ce3+ 5d electronic levels with respect to the host conduction band. In 

such a situation the ionization of Ce3+ to Ce4+ occurs, accompanied by large lattice relaxation, 

which enables the non-radiative recombination to the Ce 4f state. The pressure induced crossing of 

the conduction band bottom of host crystal by the excited 5d energy level of the Ce3+ results in 

appearing of the 5d → 4f radiative transitions. Using the configuration coordinate model, 

quantitative description of the system has been carried out. Additionally, crystal field analysis of the 

temperature dependence of absorption bands enabled us to determine the strength of tetragonal 

distortion of cube-like surrounding of cerium dopant and symmetry properties of the Ce 4f and 5d 

states split by the crystal field. 
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Fig1. Human dental pulp stem cells on 
microstructured silica substrate. 

 
Fig2. Human dermal fibroblasts on 
microstructured silica substrate. 
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Investigation of biomaterials, including 

materials and technical solutions, is a relatively new 

and growing field of materials science and 

nanotechnology. The topography has important role in 

cell adhesion [1, 2]. It has also been shown that cells 

are essentially affected not only by the microstructure 

of the surrounding environment, but also by the 

nanostructure of the substrate [3, 4]. Additionally, 

materials electrical and mechanical properties are 

significant as electrical stimulation has been shown to 

enhance wound healing [5] and mechanical properties 

have been shown to affect cell growth [6]. 

We have studied topographic interactions 

between different human cell lines and silica 

structures, which were obtained via sol-gel technology 

by phase-separation between silicon alkoxide and 

solvent (Fig 1 and 2). Varying several parameters, 

micro- and nanostructures with different size, contact 

angle and density have prepared. Fluorescence and 

scanning electron microscopy analysis have applied to evaluate cell viability, adhesion, migration 

and spreading on prepared surfaces. 
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The flexibility of the perovskite structure provides significant technological advantages for 

making fuels cell cathodes and permeation membranes. The perovskite ABO3 lattice allows for a large 

variety of chemical elements to be used in designing the material and hence crafts a playground for 

achieving targeted mass and charge transport properties by manipulating chemical compositions. 

However, understanding the interplay between the chemical composition, structural order/disorder, and 

crystalline stability in most perovskites is extraordinarily complex and essentially unexplored. 

Among novel advanced materials for clean energy, BaxSr1−xCo1−yFeyO3−δ (BSCF) are considered 

as promising materials for cathodes in solid oxide fuel cells (SOFC) and oxygen permeation 

membranes. BSCF exhibits a good oxygen exchange performance, mixed ionic and electronic 

conductivity, high oxygen vacancy concentration, and low diffusion activation barrier, which largely 

define the oxygen reduction kinetics. 

We present first principles calculations of an ideal BSCF crystal, the crystal containing basic 

point defects, and a set of relevant solid-solid solutions. Our DFT modeling of defects (Frenkel, 

Schottky and cation exchange) and disordering in the BSCF perovskites reveals that the material tends 

to decompose at low temperatures into a mixture of new perovskite and oxide phases, including grain 

boundaries and surfaces. This instability is predicted to negate advantages of fast oxygen transport 

chemistry and impede the applicability of BSCF-based SOFC and ceramic membranes. We discuss 

possible mechanisms of defect-induced (in)stability in the context of available experiments. 

The DFT calculations were used to develop thermodynamics of perovskite solid solutions under 

realistic operational conditions, and in particular, to draw BSCF phase diagram.  

The energy parameters determining the relative stability of different BSCF phases are extracted 

from DFT calculations. It is demonstrated that these parameters are concentration-dependent which 

results in asymmetric (with respect to stoichiometric compositions) regions of the homogeneity of 

phases on T-c phase diagram 
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Fig.1 Optimized structure of the benzene/graphene system 
at the covalent bonding distance of 1.56 Å. 
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Recently, enormous research efforts are placed into graphene and its interaction with various 

chemical substances. Understanding of behavior of graphene under different conditions is of 

paramount importance for gaining a deeper insight into the physical properties of the carbon 

nanotubes, graphite and fullerene as other 

allotropic modifications of carbon. 

In the present work we report on our 

recent results of ab initio modeling of the 

benzene molecule adsorption on a graphene 

sheet.  

Two scenarios can be realized, 

depending on separation between the 

graphene layer and benzene molecule. The 

first situation is characterized by the weak 

van der Waals interaction between the graphene and benzene at a greater distance of about 0.33 nm. 

In this case, both graphene and benzene keep their planar structure. Even a finite density of such 

adsorbates on the graphene (regular placement with a distance of 1.05 nm) does not destroy the 

metallic nature of the pure graphene. 

The second one is characterized by the strong covalent bonding between carbon atoms of 

both graphene and benzene, which is formed at a short separating distance of 1.56 Å. The 

geometrical shapes of graphene and benzene demonstrate a strong deviation from planarity (Fig. 1). 

For a regular placement of benzene molecules on the surface of graphene with the regular spacing 

of 1.05 nm, the gapless graphene (in the absence of benzene) is transformed into the 

semiconducting material with the calculated band gap of about 0.8 eV. 

Formation of such controlled defects on the top of a single graphene layer can be important 

for application in 2D electronics and for modification of desirable electronic properties of graphene 

by properly chosen molecules and/or atoms attached to the graphene sheet. 
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ZrO2-based ceramics exhibit various interesting properties which can be used in industrial 

applications. Zirconia is used as refractory material and support material for catalysis, for metal 

coatings and composite materials, in gas sensors and fuel cells. Alloying of zirconia by MgO, CaO, 

CeO, Y2O3 allows to stabilize cubic (c) and tetragonal (t) ZrO2 at room temperatures that influence 

considerably on their functional properties. Oxide doping leads to increase of oxygen vacancies in 

ZrO2 and to its high ionic conductivity. Metal-zirconia interfaces are very important for producing 

of structural composites in which a zirconia matrix is reinforced with metal particles. Since many 

properties are related to the existence of strong metal-zirconia interfaces, we present a comparative 

study of differently oriented Me/ZrO2 interfaces with fcc (Cu, Ni, Fe, Pd, Pt, Rh) and bcc (Mo, Ta, 

W, Nb, etc.) metals using ab-initio methods within density functional theory. Obtained results 

demonstrate that the high adhesion can be achieved at the O-terminated interface with bcc metals. 

The high adhesion at the interface is related to an ionic contribution in the chemical bonding. The 

structural and electronic factors which are responsible for decrease of adhesion at (110) and (111) 

interfaces are discussed. The influence of CaO, MgO and Y2O3 doping on the work of separation at 

Ме(001)/c-ZrO2(001) is analyzed. It is shown that appearance of oxygen vacancies in the interface 

layer leads to substantial decrease of the work of separation (Wsep) but this effect is less pronounced 

in the case of substitutional impurities (Ca, Mg, Y). For fully stabilized zirconia the decrease of 

Wsep is connected with decrease of hybridization between Ca(Mg) s-states and Me s,d-orbitals in 

comparison with yttria stabilized cubic zirconia (YSZ). In YSZ decrease of Wsep is mainly 

connected with the reduction of a number of Me-O bonds due to presence of O vacancies but not 

with weakening of Me-O interaction. The restore of interatomic bonds in the presence of Y in the 

interfacial layer in YSZ leads to decrease of critical influence of oxygen vacancies on Wsep. The 

estimation of displacement of metals and oxygen atoms near the interface as well as interatomic 

distances was performed. Finally we discuss a relationship between electronic, geometrical factors 

and mechanical properties at Zr- and O-interfaces with fully stabilized zirconia. 
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Fig.1 CNT Polarizability in microwave and THz 
ranges versus number of CNT walls.  
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Electromagnetic response properties of polymethyl methacrylate (PMMA) filled with small 

amounts (0.25-2 wt.%) of multi-walled carbon nanotubes (CNT) versus nanotubes diameter, 

number of walls and oxidation treatment have been studied in wide frequency range (26-37 GHz, 

100GHz-4THz). CNT (10-20 µm length) with 

narrow outer diameter  distribution (~ 9 nm and 

12-14 nm) and known number of inner shells 

(estimated as 3-7 for thin CNT and 8-15 for thick 

ones) were produced via reaction of ethylene 

decomposition at 650-700 0C in standard CVD 

setup using Fe-Co catalysts.  

It was proved experimentally that CNT 

oxidation treatment has a significant impact on 

CNT/PMMA electromagnetic behavior both in 

the THz and microwave frequency ranges. The constitutive parameters of CNT/PMMA composites 

in microwave frequencies have been also found to be strongly dependent on CNT mean diameter. In 

contrast to that, in THz frequency range CNT average diameter has not been denoted as an 

important factor influencing the EM response of composites for particular CNT geometry. The 

theoretical background for these experimental observations has been proposed within the 

nanoelectromagnetics theory [1]. 
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Unusual magnetic properties, including ferromagnetic behavior even well above the room 

temperature, attracted recently considerable attention to a broad variety of carbon-based materials 

[1]. Here we investigate magnetization, M, of powder and glassy samples containing carbon 

nanoparticles in the interval of temperature T ~ 3 – 300 K and magnetic field B up to 5 T. Low-field 

magnetization exhibits large magnetic irreversibility, which is suppressed above B ~ 1 T. The 

dependence M (B) demonstrates saturation already at room temperature above the field of ~ 2 T. 

Magnetic hysteresis is observed already at T = 300 K, as well. The values of the low-temperature 

saturation magnetization, Ms (0) ≈ 4.7 – 7.2 Am2/g, the coercivity field, Bc (0) ≈ 36 – 52 mT and the 

maximum blocking temperature Tb
* ≈ 400 − 580 K are obtained. Analysis of the experimental data 

gives evidence for concentration of the magnetization close to the surface of the particles, yielding a 

thickness of the magnetic layer of the particle ~ 1 nm. This is consistent with the origin of 

magnetism in nanocarbon presumably due to intrinsic surface defects. 
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Fig.1 Contact angle increment depending UV 
radiation exposure time.  
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The subject of current research is modification of surface properties in nano scale with aim 

to improve poly methyl metha acrylate performance for biomedical applications where interaction 

between material and surrounding environment is critical, e.g. contact lenses, dental applications, 

bone cement and many others. Charge on materials surface is strongly related to surface energy 

which in turn influences surface adhesion property and wettability property. Prosthetic PMMA 

surface properties including related biocompatibility are affected during time due to mechanical 

impact – wear between eye lense and eye lid; surrounding factors – wind, sand, sun. Mentioned 

factors lead to discomfort, inflammations for patients in case of eye lenses; to poor attachment 

capability in case of dental applications therefore many are trying to improve PMMA material.  

It has been found previously that Ultra Violet radiation might be in use to regulate 

wettability properties of prosthetic PMMA [1]. 

Namely UV radiation affects surface level 

influencing surface charge which is strongly 

related to surface hydrophobicity/ hydrophilicity, 

werewith – to adhesion and biocompatibility 

property.  

The mentioned irradiation method is new 

(200-400nm wavelength has been very poorly 

studied) and relatively to existing methods – a simple method at room conditions, with energy 

enough to modify properties only at surface level. Therefore in frames of current study commercial 

PMMA (“Nudec”) was brought under the same UV radiation influence to verify efficiency of the 

method. Contact angle measurements (sessile drop method) demonstrated very close effect that on 

prosthetic PMMA occurred (fig.1) – material properties alterate from more hydrophobic to more 

hydrophilic.  

Results show that it might be possible to regulate surface properties also of commercial 

PMMA that would open new possibilities in both medical and non-medical fields. 
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Fig 1: TEM pictures of n=HAP produced at IHPP 
using the MSS technology 

Microwave Solvothermal Synthesis of Highly Biocompatible Nano 

Hydroxyapatite 
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The most common approach for regrow of bone in case of large bone gaps is to use 

autografts and various hydroxyapattite (HAP) containing grafts to fill small fissures. For large bone 

gaps bone regrowth scaffolds are being developed. 

The Institute of High Pressure Physics of the Polish Academy of Sciences (IHPP) developed 

the technology for synthesis of ndoped nanoparticles with narrow size distribution, using 

Microwave Solvothermal Synthesis (MSS) technology. The MSS technology permits synthesis of 

nanoparticles with precise control of the reaction 

time in the range of 100 seconds. The powders 

were pressed into dense flat pellets and tested in 

vitro for their biocompatibility. In collaboration 

with the Warsaw Medical University it was 

shown excellent spreading of the osteoblasts on 

the surface of these pellets, superior than on tests 

samples from renown HAP suppliers. 
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Ab Initio Calculations of Structural, Elastic, Electronic and Thermodynamic 

Properties for Cubic Perovskites CsMF3 (M=Ca, Cd, Hg, Pb) 
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The cubic perovskite crystals are extensively studied, both theoretically and experimentally, 

due to their remarkable properties such as ferroelectricity, high-temperature superconductivity, 

ionic conductivity etc. In the present work we have chosen four representatives from the 

fluoroperovskites’ group, CsMF3 (M=Ca, Cd, 

Hg, Pb). The reason for such a selection was that 

in spite of a simple structure of these materials, 

only CsCdF3 has been studied previously [1]. 

So, we performed the ab initio 

calculations of the structural, electronic, elastic 

and thermodynamic properties of the selected 

compounds using the CRYSTAL 09 program 

[2]. Special attention has been paid to the 

pressure effects on the structural and electronic 

properties; in particular, pressure dependences of the band gap, lattice constant and interionic 

distances were obtained. Elastic anisotropy for all hosts was visualized by drawing three-

dimensional dependences of the Young’s moduli on the direction in the crystal. Using the 

calculated values of the elastic stiffness constants, the Debye temperatures and specific heat 

capacities (Fig. 1) were calculated. All obtained results were systematically analyzed to relate the 

variation of the calculated properties to the second cation changes (Ca→Cd→Hg→Pb). We 

emphasize that for three perovskites (CsCaF3, CsHgF3, and CsPbF3) the obtained results are 

reported for the first time, to the best of the authors’ knowledge. 

 
References 

1. B. Ghebouli, M.A. Ghebouli, M. Fatmi, Eur. Phys. J. Appl. Phys. 53, 30101 (2011), and ref. therein. 
2. R. Dovesi et al, CRYSTAL09 User’s Manual, University of Torino, 2009 



 

                 

 

79 

 
Fig.1 Dispersion function of stretched composite 
(relative deformation χ=1.5). 

Influence of Deformation of Carbon Nanotube Based Polymer Composites on 

Their Electromagnetic Properties 
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Experimental measurements and theoretical model of the deformation influence on 

electromagnetic response of carbon nanotube (CNT) based polymer composites is presented. 

Anisotropy of dielectric permittivity was observed and theoretically modeled in frequency range 26-

37 GHz (Ka-band). 

Cylindrical structure of carbon nanotubes 

(CNT) causes anisotropy of their electromagnetic 

and mechanical properties. For instance, 

polarizability of isolated CNT in axial direction 

is much greater than polarizability in 

perpendicular to nanotube axis direction. 

Therefore in the case, when CNT are oriented in 

composite, it is possible to observe the 

anisotropy of electromagnetic properties. Stretching deformation was used for orientation of CNT 

in polymer matrix (PMMA). In this case electromagnetic response of composite depends on 

direction of electric-field vector of scattered electromagnetic wave. The change of nanotube 

orientation during stretch deformation of composite was simulated. The distribution function of 

carbon nanotubes  in deformed composite  material was analytically derived (see Fig.) and used for 

calculation of complex dielectric permittivity tensor of composite material. Obtained theoretical 

results are in good agreement with experimental measurements of electromagnetic response in 

microwave frequency range. 
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XPS enables us to do a semi-quantitative analysis of the sp2/sp3 hybridization ratios on 

various carbon nanostructures. This is demonstrated on Reduced Graphene Oxide (RGO), a material 

which – when doped with TiO2 – is used for photocatalysis, i. e. for the decomposition of organic 

compounds. High performance sputter depth profiling in combination with principal component 

analysis (PCA) allows us to identify two distinct graphene oxide layers.  

X-ray photoelectron spectroscopy (XPS, also known as ESCA) is commercially available 

since about 40 years. However, it is particularly the latest generation of instruments which has 

developed it into a highly demanded technique. It allows the researcher to identify the local 

chemical environment of the topmost 5 - 10 nm of material. The key benefit of ESCA (electron 

spectroscopy for chemical analysis) is the ability to quantify individual chemical states.  
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Complex ABO3-type perovskite solid solutions with oxygen deficiency exhibit a perceptible 

ionic conductivity, leading to their use as electrolytes ((La,Sr)(Ga,Mg)O3-δ or materials for oxygen 

permeation membranes and solid oxide fuel cell cathodes ((La,Sr,Ba)(Mn,Fe,Co)O3-δ). The oxygen 

migration in these materials occurs by the vacancy mechanism with the migration through "critical 

triangle" of one B site cation and two A cations as the bottleneck [1]. 

Based on first principles DFT calculations for supercells containing 40 atoms, we analyze 

the formation and migration of oxygen vacancies in a series of complex (La,Sr)(Co,Fe)O3-δ (LSCF) 

perovskites, which are two major factors determining oxygen reduction rate. The atomic relaxation, 

charge redistribution and energies of the transition states for oxygen ion migration are obtained and 

compared to those of (Ba1-xSrx)(Co1-yFey)O3-δ (BSCF) perovskites [2] (which exhibit considerably 

lower migration barriers). 

Used in LSCF calculations, oxygen deficiency value δ=1/8 is comparable to the 

experimental values under SOFC operation conditions. Some compositions (SCF) of the material 

exhibit even larger deficiencies of δ ≈ 0.4 at 800°C in air. 
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Electro- (ECE), magneto- (MCE) and barocaloric (BCE) effects in ferroics attract a great 

attention thanks to their importance from the fundamental and applied points of view. Of particular 

interest is the study of different caloric effects in the same material. 

In this paper we present the results of ECE, MCE and BCE studies in ferroelectric PbTiO3, 

ferromagnetic La0.7Pb0.3MnO3 and composites (x)La0.7Pb0.3MnO3 - (1-x)PbTiO3. 

Analyzing in the framework of phenomenological theory of phase transitions the results of heat 

capacity Cp(T) and thermal dilatation β(T) measurements we determined the coefficients in electric 

equation of state: E=2A`(T-TC)P+4BP3+6CP5. From the polarization-temperature-electric field surfaces 

using equation ∆TAD
ECE=−(T/Cp,E)(∂P/∂T)p,E ∆E, the temperature dependence of intensive ECE ∆TAD

ECE 

for PbTiO3 was evaluated. 

Direct measurements of intensive MCE in La0.7Pb0.3MnO3 performed by adiabatic calorimeter 

have revealed significant temperature change at S=const even under low magnetic field due to rather 

large phase transition entropy ∆S ≈ 0.5 R. 

Using the data on Cp(T) and β(T) and Pippard relation we determined the baric coefficients 

dT/dp for both ferroics. Assuming a negligible effect of low pressure on lattice entropy SL the total 

entropy S(p,T) can be considered as the sum of pressure independent SL=∫(Cp/T)dT part and anomalous 

∆S=∫(∆Cp/T)dT contribution determined at p = 0 and shifted along temperature scale in accordance with 

dT/dp value. The values of intensive BCE was evaluated as the difference ∆TAD
BCE (S, p) = T(S, p≠0) − 

T(S, p=0) at constant entropy. 

It was found that the equal effects |∆TAD
ECE| = |∆TAD

BCE| ≈ 1.6 K in PbTiO3 can be realized at 

low values of electric field E = 1.5 kV/cm as well as pressure p = 0.16 kbar. To get the same 

temperature change ∆TAD
MCE associated with MCE near ferromagnetic phase transition in 

La0.7Pb0.3MnO3 it is necessary to use rather strong magnetic field ~ 20 kOe. 

The study of composites (x)La0.7Pb0.3MnO3 - (1-x)PbTiO3 allowed us to obtain information 

about the effect of magnetic and electric fields as well as hydrostatic pressure and temperature on the 

caloric efficiency of different physical nature in the same material. 
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Fig.1. Experimental absorption spectra of 
Mg1-xNixO  system for x=0.01 (I), 0.05 
(II), 0.1 (III). The split components of the 
3T2g state are denoted by T and E. 
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The magnesium oxide MgO can be easily doped with the transition metal ions, which 

occupy the substitutional octahedral Mg sites. Doping with Ni2+ ions is of special interest, since no 

charge compensation is needed and for any concentration of dopant the Mg1-xNixO system forms a 

continuous series of solid solutions without any composition-induced phase transitions [1]. This 

circumstance suggests that the Ni2+ ions are always six-

fold coordinated by the oxygen ions. The difference in the 

ionic radii of the Mg2+ and Ni2+ ions may induce 

appearance of a low-symmetry component of crystal field, 

which, in its turn, may lead to the splitting of the Ni2+ 

orbital triplets. This idea has been suggested in Ref. [2] 

(see Fig. 1 for the corresponding absorption spectrum), and 

in the present work we quantify it by performing consistent 

crystal field calculations of the Ni2+ energy levels in the 

trigonal crystal field. The exchange charge model of 

crystal field [3] has been employed in all calculations. We 

have shown that the off-center displacement of Ni2+ by 0.2 

Å along the (111) direction in a crystal splits the 3T2g state into two sublevels located at 8008 cm-1 

and 8177 cm-1, which agrees very well with the corresponding experimental peaks presented in Fig. 

1 (8005 cm-1 and 8182 cm-1, [2]). We also note that this result is very close to the values reported 

for Ni2+ in SrO (0.26 Å, [4]) and for Fe3+ in SrO (0.22 Å, [5]). 
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Stability of mesoporous silicas under acidic conditions 
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Ordered mesoporous silicas, which are already widely found in applications such as 

catalysis, sensing, drug delivery and optics, are also promising materials for applications in the field 

of ion separation, be it for environmental remediation or metallurgical purposes. Up to now, 

numerous (hybrid) mesoporous solids have been 

investigated as solid ligands especially for 

extracting heavy metal cations from waste fluxes 

[1].  

The application of these mesoporous solids 

for the above mentioned purposes are heavily 

relying on the chemical and mechanical stability of 

these matrices in, usually, acidic to strongly acidic 

media. Consequently, it is necessary to carry out 

stability studies of these materials under the 

conditions in which they are going to be employed. 

To the best of our knowledge such stability data were not yet recorded.  We thus investigated the 

behaviour of different mesoporous silicas under strongly acidic conditions. In particular, we 

intended to establish the incidence of various synthesis parameters, such as the nature of the 

surfactant, the pH of the synthesis or the presence of catalysts, on the chemical stability of our 

matrices. 

These materials were characterized by N2 adsorption-desorption, by X-ray scattering 

(SAXS) and by NMR 29Si solid state. Our results evidence that all types of mesoporous silicas are 

altered very rapidly (within 24h) under such acidic conditions, but also that silicas synthetized 

under acidic conditions and featuring interconnected porosity were the most stable (loosing no more 

than 20% of the specific surface area within 24 hours). 
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In recent years, great attention has been paid to the investigation of photon cascade emission 

(PCE) in different luminophores. PCE is a subsequent emission of two and more photons under UV 

or VUV excitation. This mechanism is promising for enhancing the efficiency of mercury-free 

luminescent lamps, solar cells and for other applications [1]. Pr3+ ion is one of the most studied 

cascade photon emitters, because of its suitable energy level scheme and intraconfigurational 4f 

transitions in the visible spectral region. The main criterion for the observation of the PCE in Pr3+ 

activated compounds is given by the following relation: the higher excited 1S0 level of the 4f-

configuration should lie at lower energies than the 5d levels [2]. The position of the latter is heavily 

affected by the strength of crystal field. Therefore, the search of new efficient PCE-active materials 

should begin with the spectroscopic investigation of novel hosts. The promising hosts for Pr3+, 

enabling PCE process, include binary and ternary fluorides with low-symmetry and weak crystal 

field at the activator positions, such as LiBaAlF6 [3]. 

In the present work, the PCE of Pr3+ ions and host-related luminescent phenomena in 

LiBaAlF6:Pr3+ are studied. The lowest 4f15d1 state of isolated Pr3+ ions is located approximately 

0.13 eV higher than the (4f2)1S0 state, providing a possibility for emitting two photons in two stages 

of Pr3+ relaxation. At least part of the Pr3+ ions is accompanied by the defects, responsible for 

excess charge compensation of dopant ions. A broad emission band peaking at 3 eV and two fast 

emission decay components (τ1=2.0 ns, τ2=8.5 ns) can be ascribed to the transitions occuring in the 

defect centers. Energy transfer from the defects to the 3P0 state of the Pr3+ ions is also observed. A 

configuration diagram of the complex luminescence center explaining consistently the observed 

experimental facts will be discussed. 
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Magnetic semiconductors are promising materials for electronic applications. While 

traditional (non-magnetic) electronic devices operation is based on the control of charge carriers in 

n-type or p-type semiconductor, in magnetic semiconductors it is also possible to control the 

quantum state of the electron spin (up or down), providing almost total spin polarization. 

We present nanocrystalline diamond boron doped samples with magnetic properties 

prepared by Chemical Vapor Deposition (CVD) process. Ferromagnetic elements were incorporated 

into the diamond films by diffusion from stainless steel substrates, during film growth. The CVD 

process allows the incorporation of magnetic particles concomitantly to boron incorporation, 

forming p-type magnetic semiconductor materials. We believe that this process, compared with ion 

beam implantation, produces better samples since there is no need of annealing to reconstruct the 

damaged path caused by implantation. 

The material characterization was performed by Energy Dispersive X-ray Spectroscopy 

(EDS), Raman Spectroscopy, Scanning Electron Microscopy (SEM), X-ray Photoelectron 

Spectroscopy (XPS) and Superconducting Quantum Interference Device (SQUID). 
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Lead sulfide (PbS) nanodots embedded in a thin layer of zirconia (ZrO2) (ZrO2:PbS thin 

films) can be a promising material for radiation dosimetry purposes [1]. Application of the 

ZrO2:PbS thin films for microdosimetry of ionizing electron radiation was studied in this research. 

Spatial resolution of the radiation dosimeter is important in microdosimetry. This means it is 

important to define the smallest sensitive area of the dosimeter that can respond to radiation. To 

estimate the detection resolution of the ZrO2:PbS films, the samples were irradiated with 6 MeV 

electron beam using medical linear accelerator. One half of each sample was covered with radiation 

attenuating material (2.3 mm thick aluminium plate). This resulted in scattering of the electrons on 

the border between the irradiated and covered parts of the samples. It was hypothesized that 

electron scattering distance limited the resolution of the potential dosimeter. Electron scattering 

distance was estimated by scanning surface electrical potential of the films in the direction from the 

covered to the irradiated part perpendicularly to the border line. Measurements were done using 

Kelvin mode of atomic force microscopy. The film surface right and left to the border line had an 

increased value of the electrical potential in comparison with the other parts of the films. 

It was found that the electron scattering distance depended on the concentration of the PbS 

nanodots in the ZrO2 matrix. The estimated electron scattering distance was: in the ZrO2:20%PbS 

films ~ 1.5 mm; in the ZrO2:10%PbS films ~ 0.6 mm; in the ZrO2 matrix ~ 0.4 mm. It was 

supposed that increase in the concentration of the PbS nanodots might have resulted in possible 

deterioration of the ZrO2:PbS dosimeter spatial resolution. Perhaps this was due to the electron 

scattering on PbS nanodots. 
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Polycrystalline Zn-Al layered double hydroxide (LDH) intercalated with pyrovanadate 

(V2O7
4-) anion is promising as a (nano) container-inhibitor system in self-healing coatings for 

corrosion protection of aluminium alloys. Because of the extremely complex chemistry of 

vanadium anions in aqueous solution, variety of polytypes and their dependence on pH and other 

factors, preparation of this LDH is not straightforward. The best crystallized Zn(2)Al-pyrovanadate 

(Zn/Al=2:1) is prepared by anion exchange from the parent composition Zn(2)Al-nitrate at pH~8. It 

was found, however, that even for the properly prepared LDH-pyrovanadate, some variations in 

drying/storage conditions can result in noticeable change of its crystal structure.  

TG, in situ XRD and IR spectroscopy methods were used in order to investigate the thermal 

behaviour of Zn(2)Al-V2O7 in comparison with relative LDH compositions. In Zn(2)Al-

pyrovanadate, the calcination was found to lead to an irreversible decomposition of the LDH phase. 

Only samples that were heat-treated up to temperatures not exceeded 1000C were able to retrieve 

the initial crystal structure and crystallinity on rehydration. The pyrovanadate polytype of the 

intercalated anion was found to remain stable until the collapse of the layered structure, which were 

observed at about 3000C. Two structural modifications of the LDH corresponding to different 

arrangements of the pyrovanadate anions were observed, depending on the relative content of the 

crystal water in interlayer. The observed dehydration path of Zn(2)Al- V2O7 differs from those 

observed in Zn-Al LDHs intercalated with either different vanadate polytypes or volatile species 

(nitrate, carbonate etc.).  
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The resistance of various metals, semiconductors, dielectrics and superconductors against 

irradiation with X- and γ-rays, fast electrons, neutrons, protons, light and heavy swift ions is one of 

the "hottest" problems of modern technology and energetics. It is generally recognized that Frenkel 

defects (FD) in solids can be formed due to the universal impact (knock-out) mechanism connected 

with elastic collisions of high-energy incident particles with the atoms/ions of a crystal causing the 

creation of separated vacancies (v) and interstitials (i). This rapid creation mechanism of v−i pairs is 

especially essential for metals as well as for dielectrics, where the formation energy of a pair of FD 

exceeds the energy gap, EFD > Eg. In metal halides with EFD < Eg, FD can be efficiently formed at 

the recombination of relaxed conduction electrons (e) and valence holes (h) or at the decay of 

excitons (the so-called nonimpact mechanisms). In the present study, the nonimpact processes of 

defect creation are investigated on the example of Lu3Al 5O12 single crystals (LuAG, 160 atoms per 

unit cell). The possibility to suppress these processes by doping LuAG with Ce3+ ions, which are 

able to transform partly the energy of hot e−h pairs into impurity luminescence or phonon package 

are analysed as well. LuAG samples have been irradiated with fast electrons (Institute of Physics) or 

2.2-GeV 238U and 198Au ions (GSI, Darmstadt; ion range is ~46 µm). At fluences of 1011−1012 

ions/cm2, the average distance between ion cylindrical tracks varies from 30 to 10 nm. More than 

99% of ~GeV-ion energy is spent to the formation of electronic excitations. The applied methods of 

VUV (6−35 eV) and thermoactivation (5−800 K) spestroscopy allowed to estimate the contribution 

of excitons, cold and hot e−h pairs to the creation of FD. 
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CNT and graphene nanostructures constitute the basis of effective high-speed 

nanoelectronics and nanosensors. Special attention has been paid to fundamental properties of 

various CNT-Me, GNR-Me and CNT-graphene interconnects. The cluster approach based on the 

multiple scattering theory formalism as well as effective medium approximation (EMA-CPA) can 

be efficiently used for nano-sized systems modeling. This allows calculating the dispersion law 

E(k), the electronic density of states, the conductivity, etc. The multiple scattering problems are 

stated for radial (e.g., quantum dots) and axial (e.g., nanowires, nanotubes) symmetry approaches 

[1]. 

Technological interest to contacts of CNTs or (GNRs) with other conducting elements in a 

nanocircuit has been the major reason for making calculations of C-Me interconnect resistances 

taking into account the influence of chirality effects in interconnects of single-wall (SW) and multi-

wall (MW) CNTs, single-layer (SL) and multi-layer (ML) GNRs with the fitting metals (Me = Ni, 

Cu, Ag, Pd, Pt, Au) for the predefined carbon system geometry [1, 2].  

Wide-scale simulation results on interconnect electromagnetic properties (interconnect 

resistances, interconnect frequency (GHz, THz) and temperature properties) have been presented. 

Parametric calculations of CNT conductivities for various chiralitites have been carried out. The 

model of CNT growth with the predefined chiralities in a magnetically managed CVD process with 

the use of magnetically anisotropic FexPt1-x nanoparticles with various substitutional disorders has 

been developed. A special attention is paid to the unique property of interconnects such as the 

presence of dangling atomic bonds that make interconnects chemically, electrically and 

magnetically sensitive. This property allows considering interconnects as perspective nanosensor 

structures. 
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The magnetoelectric (ME) effect, which enables to control the magnetic state by applying an 

electric field and vice versa, opens attractive possibilities to invent novel types of sensors, actuators, 

and memory devices.1 The largest effect was observed in so-called composite multiferroics: 

compounds consisted of separate electric and magnetostrictive phases. In these materials the ME 

coupling is artificially engineered between the polarization and magnetization of two phases via a 

mechanical strain arising at the phase interfaces under an external electric or magnetic field. The 

magnitude of the ME effect depends not only on the properties of the constituents, but also on the 

type of connectivity. In particular, an enhanced ME coupling is expected in composites with a core-

shell structure having relatively large, well-defined interface areas. 

We report on ME characterization of cobalt ferrite/barium titanate core-shell ceramic 

composites prepared by covering cobalt ferrite nanoparticles by a barium titanate layer using a sol-

gel route. Scanning probe microscopy studies confirm formation of the core-shell structures with a 

magnetic core and a piezoelectric shell. The converse ME effect, M(E), was measured using a 

modified SQUID ac susceptometer. The ME coefficient reaches 22 ps/m surpassing values reported 

previously for similar structures. A change of the sign of the ME coefficient was observed at the 

increasing magnetic bias field.2 This effect is related to the non-monotonic field dependence of 

magnetostriction in polycrystalline CoFe2O4. 
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Fig. 1 Installation diagram of the «Nanobeam-2» 
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The installation for production of metal oxide nanopowders was created. The method 

involves evaporation of the target by a pulsed electron beam, condensation of the vapors of the 

material in low-pressure gas, and deposition of nanopowders on a cold large area crystallizer [1]. In 

new installation, a higher power electron gun 

with  hollow cathode, which ensures the 

formation of the current pulse of the electron 

beam with an amplitude up to 1A and duration 

of 100µs, and crystallizer of larger diameter 

(0.3 m) and length (0.5 m), which makes it 

possible to decrease the agglomeration of 

nanoparticles, were used. 

The results of the evaporation of YSZ, 

CeGdOx, Al2O3 and ZnO targets were 

presented.  

Room-temperature ferromagnetism has 

been observed in YSZ [2], Zn-ZnO and Cu,Al-

doped Al2O3. The proposed method makes it possible to obtain nanopowders of oxides with a 

characteristic particle size of 3–5 nm and agglomerates consisting of them 20–600 nm in size, 

specific surfaces of up to 338 m2/g, productivity of up to 12 g/h, and a specific power consumption 

≥112 (W h)/g. 
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Fig.1. Zoomed view of SWNT Raman image 
overlaid on white light image. Green part of 
image shows where G band is strongest, and red 
part where RBM band is strongest (265.2 cm-1) 

 
Fig. 2. Analysis of a multilayered 
graphene flakes 
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Confocal micro-Raman spectroscopy is a powerful tool for chemical characterization of 

nanomaterials like carbon nanotubes, graphene flakes, 

thin layers, semiconductors and composite materials. 

The unique confocal and spatial resolution of micro-

Raman systems enables optical far field resolution to 

be pushed to its limits with often sub-micron (to 

100nm) resolution achievable for chemical imaging of 

small structures.  

When micro-Raman is combined with 

Scanning Electron Microscope (SEM), chemical 

information form Raman spectra is supplemented with 

structural characterization obtained form SEM.  

The combination of SEM and Raman provides 

high spatial resolution, large depth of field and good contrast, 

whilst Raman, photoluminescence (PL) and 

cathodoluminescence (CL) allows determinate chemical, 

physical, electronic and structural information from the 

sample. 

We present the results of SEM-SCA analysis on single 

nanotubes (Fig.1.), and ultra high resolution imaging at nm 

scale of SWNT samples, graphene and defects investigation in 

semiconductors The ability to create chemical and 

compositional images by acquiring Raman spectra from an 

array of positions and then processing them to reveal the parameters of interest is a powerful 

technique. Raman signal from graphene is proportional to layer thickness. Using Streamline Plus 

technique for Raman analysis we can identified graphene thicknesses including mono- and bi-layer 

regions (Fig 2.) and other nanomaterials. 
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Fig.1 Resistivity and transmission dependence on 
amount of oxygen flow during deposition. Sample 1 
with the H2 supply, sample 2 without. 
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Indium Tin oxide is the most widely used material for transparent conductive oxide coatings 

[1]. However, concern about increasing price and depleting resources leads to two alternative 

directions: to find alternative materials to substitute the ITO; or to look for technological 

development how to deposit the ITO coating 

more effective [1]. The focus of this research is 

on the second one, where ITO sputtering process 

is analyzed using HIPIMS power supply and 

adding Hydrogen gas during the deposition. 

ITO was deposited using magnetron 

sputtering roll-to-roll laboratory coater. The 

substrate width was 80 cm and it was treated by 

glow discharge before the deposition. During the 

deposition different oxygen gas flow amount 

with and without the Hydrogen was studied. The 

best result were achieved using Hydrogen gas 

(5sccm) during the deposition process when sheet resistance 44Ω/� was reached with the thickness 

of 142nm and transmittance 83% in visible range. The influence of Oxygen flow on resistivity and 

transmission with and without Hydrogen gas supply during the deposition process is presented in 

Figure 1 and discussed more detailed in the paper. 

The advantages and drawbacks of HIPIMS power supply as a tool for improved ITO coating 

are analyzed. 
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Nowadays zinc oxide (ZnO) is promising wide-band-gap semiconductor for optoelectronic 

applications, especially in the blue and ultraviolet spectral ranges. An important factor affecting 
mechanical, electric and optical properties of ZnO are methods/conditions of growth as well as its 
crystal form.  

In this project we have studied pressure dependence of the near band gap 
photoluminescence (using the diamond anvil cell technique) of various samples: 

- bulk ZnO crystal grown by vapor-phase deposition during industrial process of 
production of zinc white, 

- two samples of hexagonal ZnO nano-powders (size of crystallite: 1µm and 65 nm) 
grown by plasma technique. 
We also investigated the stability and the volume behaviour under hydrostatic pressure by 

X-ray powder-diffraction of bulk crystal using synchrotron radiation. The values the bulk moduli 
(B0), and their pressure derivative (B0’), before and after phase transition from wurtzite (B4) to rock 
salt (B1) structure were obtained from these measurements for very good quality ZnO crystals. We 
found that for wurtzite structure B0 is equal to (156 ± 13) GPa and for rock salt phase B0 = (180 ± 
18) GPa. In zinc oxide the B4-B1 transition has been earlier reported at ~ 10 GPa. The change of 
nanoscale grain size has a strong influence on the characteristic of phase transition. However, we 
did not find any signs of existence of a tetragonal (iT) or a hexagonal intermediate phases (iH) at the 
B4/B1 transition, predicted theoretically in earlier publications. The experimental data of pressure 
dependence of the energy gap Eg (≈ EPL), has been studied in our samples. The band gap pressure 
coefficients for bulk crystal, films grown on sapphire are about 20 meV/GPa, but for nano-powders 
are lower, d equal to about 15 meV/GPa. This effect will be discussed. 

The photoluminescence is quenched at about 10 GPa for ZnO bulk materials as results of 
transition from direct to indirect gap in the rock salt structure. Nonetheless for smaller size nano-
powder the photoluminescence vanishes at 20 GPa. The origin of this phenomenon will be 
analysed in this work.  
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Fig.1 RMC modeling for ReO3 (T = 100 K): the atomic 
configuration, obtained in the simulations (top left panel); 
experimental and simulated Re L3-edge EXAFS spectra 
(bottom left panel), thermal ellipsoids for Re and O (top right 
panel) and the obtained distribution of the Re-O-Re bond angle 
(bottom right panel). 
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Reverse Monte Carlo (RMC) method is a simulation technique, which allows one to 

determine a 3D model of the material atomic structure by minimizing the difference between its 

structure related experimental and calculated properties. Mostly it is used to analyze diffraction 

data, but in our recent paper [1] we have demonstrated that it can be also applied to the analysis of 

the extended fine structure of X-ray absorption spectra (EXAFS) of crystalline materials. 

We present the application of the method to study EXAFS signals from Re L3-edge in 

perovskite-type oxide ReO3. The study of 

the structure and lattice dynamics of ReO3 

using conventional EXAFS analysis is a 

challenging task due to strong influence of 

the so-called multiple scattering (MS) 

contributions. In this work we show that the 

RMC method can successfully be used to 

treat the MS contributions. Moreover, the 

presence of the MS effects allows us to 

obtain the information not only about 

interatomic distances, but also about bond 

angles, anisotropy of atomic oscillations and 

even bond strength (Fig. 1). 

In this work we present the RMC 

analysis of thermal disorder effect on the 

temperature-dependent Re L3-edge EXAFS data [2] in ReO3 as well as of the hydrogen intercalation 

effect [3] on the local structure in HxReO3. 
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Pure molten phosphoric acid (H3PO4) has the highest intrinsic proton conductivity of any 

known substance.[1] Our results from ab initio molecular dynamics simulations, for the first time, 

reveal the microscopic mechanism of this phenomenon. [2] We observe that strong, polarizable H-

bonds are involved in coupled proton motion and a pronounced protic dielectric response of the 

H3PO4 medium. This leads to the formation of extended, polarized H-bonded (Grotthuss) chains, 

and it is the interplay between these chains and a frustrated H-bond network that is found to lead to 

extremely high proton conductivity in phosphoric acid. [2] This mechanism stands in stark contrast 

to water, which cannot form extended, polarized chains and has negligible intrinsic proton 

conductivity. Aqueous media transport excess charge defects at anomalously high rates, however 

this primarily occurs not through extended chains but rather through local H-bond rearrangements 

that drive individual proton transfer reactions. [3] 
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Fig. 1. Cross sectional images of rutile-based TiO2 [001]-oriented NW (a) and [110]-oriented NW (b) containing 
81 vs. 105 formula units per large NW unit cells, respectively. Quasi-square rectangles show borders for prism 
models of middle, small and smallest TiO2 NWs (containing 49 vs. 55, 25 vs. 21 and 9 vs. 3 formula units per 
unit cells, respectively). Figure indicates indices of lateral facets and diameters (d) of both NW types. 
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Due to a variety of promising applications, single-crystalline titania nanowires (TiO2 NWs) 

attract enhanced attention in modern nanotechnology [1]. Rutile-based TiO2 NWs are modeled as 

monoperiodic (1D) structures cut from 3D crystal along [001] and [110] crystallographic axes (Fig. 

1). These nanowires in the case of Ti-atom centered symmetry axes can be described using the same 

rod group Pmmm (D2h point symmetry). 

We have performed systematic large-scale calculations on structural and electronic 

properties of both types of nanowires using DFT-LCAO-PBE method as implemented in 

CRYSTAL-09 code [2]. We have found that nanowire with [001] orientation and lateral {110} facets 

is energetically more favorable than that with [110] orientation containing {001} facets. 
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Fig.1 Calculated “finger”-like structures (Reverse 
Monte Carlo snapshot) formed by oppositely charged 
particles A (red) and B (blue). 
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A microscopic formalism based on computing many-particle densities is applied to the 

pattern formation analysis in the diffusion-controlled kinetics of oppositely charged molecules (i) 

on surfaces or (ii) adsorbed at interfaces with competing long-range Coulomb and short-range 

Lennard-Jones interactions. Particular attention is paid to the proper molecular treatment of 

energetic interactions that drive pattern formation in inhomogeneous systems. The reverse Monte 

Carlo method is used to visualize the spatial molecular distribution based on the calculated radial 

distribution functions (joint correlation functions). We show the formation of charge domains for 

certain combinations of temperature and dynamical interaction parameters. The charge segregation 

evolves into quasicrystalline charge clusters, 

due to the competing long- and short-range 

interactions. The clusters initially co-exist with 

a gas phase of charges that eventually attach to 

the clusters, thus generating ”fingers” or lines of 

charges of the same sign, Fig.1. This differs 

from the nanopatterns expected in molecular 

dynamic simulations in systems with competing 

(such as strain or dipolar versus van der Waals) 

interactions in two dimensions. 
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Stability of phosphorescent blue emitters is a major challenge for both organic light-emitting 

diode (OLED) display and OLED-based general lighting technologies. An alternative to 

phosphorescence emitters is fluorescent blue emitting compounds that can provide high emission 

efficiency, longer lifetime and pure blue color. 

In the present work a series of pyrene-functionalized soluble 9-alkyl-carbazole and 9-alkyl-

fluorene compounds have been designed, synthesized and investigated. Aiming for high efficiency 

emitting compounds, 2,- and 2,7- positions of the carbazole and fluorene moieties were utilized, 

which, particularly in the case of the pyrenyl di-substituted compounds, resulted in an elongated 

molecular shape favorable for controlling molecule orientation in layers, and consequently, for 

enhancing their emission efficiency. Introduction of the different alkyl chains, ethylhexyl and 

dixehyl, into carbazole and fluorene moieties, respectively, permitted to investigate their effect on 

the glass-forming and emission properties of the wet-casted films.  

To reveal the emission properties of the compounds they were thoroughly studied by measuring 

fluorescence spectra, fluorescence quantum yields, fluorescence decay times in dilute solutions, 

polymer (polystyrene) matrixes at different chromophore concentrations and wet-casted neat films. 

The photophysical properties of the compounds were also assessed by density functional theory. 

Theoretical analysis of electronic transitions was addressed by emphasizing intramolecular twisting. 

The advantages of the emission properties of the pyrenyl di-substituted fluorene and carbazole 

compounds against mono-substituted compounds were rationalized in terms of differently twisted 

conformers. Intermolecular coupling peculiarities were disclosed by thorough investigations of 

emission concentration quenching of the compounds in a solid state. The possibility of using the 

mono- and di-substituted compounds as efficient blue emitters as well as optical gain media for 

lasing applications was explored. 
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In the organic solar cells due to low charge carriers mobilities a bimolecular Langevin 

recombination is usually observed, which causes reduction of the energy conversion efficiency. 

Recently, the reduced Langevin recombination was observed in the high efficiency solar cells [1].  

In this work we will discuss different models of the Langevin recombination’s reduction: the 

influence of the random potential [2], the intrinsic electric field [3], the influence of the mobility of 

the slower charge carriers in the bulk heterostructures [4] and the morphology of the structure [5]. 

For the determination of the origin of the reduction we used three methods: the extraction of the 

photogenerated charge carriers by the linearly increasing voltage (photo-CELIV), the double 

injection current transients (DoI) and time of flight (TOF). 

The experimental results of the reduced Langevin recombination in the regioregular poly(3-

hexylthiophene) with [6,6]-phenyl-C61-butyric acid methyl ester (RRP3HT/PCBM) organic solar 

cells proof  that this reduction is caused by two-dimensional Langevin recombination when the  

lamellar structure is formed [5]. In this case the relaxation of the density of the photogenerated 

charge carriers follows n ~ t -2/3 and the bimolecular recombination coefficient depends on the 

density of the charge carriers β ~ n1/2. The spacing between the lamellas evaluated from the 

experimental results is close to one determined from the X-ray studies. 
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Fig. 1. Configuration of PHOLED doped 
with silica coated Ag NPs 

 
Fig. 2. Schematic diagram of inverted 
plasmonic solar cell. 
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Surface plasmons are known as collective oscillations of the conduction electrons at a 
metallic interface. The phenomenon has been extensively studied in the fields of surface enhanced 
Raman spectroscopy, metal enhanced fluorescence, and non-linear optics.1-2 However, only limited 
research has been dedicated to its application in organic light emitting diode (OLED). Here we have 
fabricated a plasmonic OLED by incorporating silica 
coated silver nanoparticles (NPs) into the emitting layer of 
a phosphorescent organic light emitting diode (PHOLED), 
as shown in the schematic diagram Fig. 1. As a result, the 
luminescence efficiency of the PHOLED is significantly 
improved under low charge carrier injection level due to 
surface plasmon enhanced exciton formation probability. 
In contrast, the incorporation of uncoated bare silver NPs 
greatly suppresses luminescence of the PHOLED due to 
metal NPs induced luminescence quenching. A silica shell 

with thickness 13 nm or above coated on Ag NPs surface 
can avoid the luminescence quenching of the emitting 
molecules caused by Ag NPs. 

So far metal nanoparticles (NPs) have been used in 
thin film silicon solar cell research successfully as the 
substitute of traditional inverted pyramid surface texture for 
light trapping. However, the application of metal NPs in 
organic solar cell research is not as successful as that in 
silicon solar cell. Although many works have been 
dedicated to organic solar cells incorporating NPs, none 
explicitly isolates the optical function of NP from its 
electronic function in organic solar cells due to the multiple roles played. 

We designed a polymer solar cell with configuration shown in Fig. 2 from which we can 
investigate solely the optical functions of metal NPs in the solar cell. The incorporation of NPs 
underneath the active layer results in degraded performance due to massive light loss caused by Ag 
NPs scattering and absorption. In contrast, the incorporation of Ag NPs above active layers can 
harvest more sun light due to the fact that the surface plasmon of Ag NPs enhances the extinction 
coefficient of the active polymer layer and the back-scattering from Ag NPs improves the optical 
absorption path length in the active layer, thus solar cell power conversion efficiency (PCE) is 
improved. However, a direct contact of Ag NPs with active polymer results in exciton quenching, 
which compromises its enhancement effect on PCE. The best position to incorporate Ag NPs into 
the solar cell appears to be above the active layer, with a spacer layer, which is PEDOT in our 
prototype device. 
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To efficiently harvest solar light, photosynthetic organisms are equipped with pigment-protein 

antenna complexes. These complexes are responsible for the absorption of light energy, which is 

subsequently transferred to the reaction center (RC), where this energy is stabilized as a chemical 

potential. As a result of the structural arrangement and spectral composition of the pigment molecules, 

at low excitation intensities the efficiency of this process is close to unity. In addition to the light-

harvesting function, the light-harvesting complexes have also another – regulation function, which is a 

physiologically significant strategy evolved by plants [1]. Rapid excitation density control in 

photosystem II (PSII), termed as non-photochemical quenching (NPQ), ensures high efficiency and 

robustness of plant photosynthesis under fluctuating light, even at very high intensities. For a reasonable 

effect to be achieved, the mechanism responsible for NPQ should be competitive with the excitation 

trapping by an open RC [2]. The NPQ phenomenon is usually attributed to some activated quenching 

species which allow the excitation to undergo a rapid non-radiative decay. The exact location of these 

quenching species within the antenna and its precise nature are a matter of on-going debate, with both 

chlorophylls (Chl) and carotenoids (Car) being put forward as essential components of the quenching 

mechanism, while the regulation function is usually attributed to the external conditions. For this 

purpose the exciton dynamics in a molecular heterodimer is studied as a function of differences in 

excitation and reorganization energies, asymmetry in transition dipole moments and excited state 

lifetimes. It is demonstrated that the system-bath interaction rather than the excitonic effect determines 

the excitation quenching ability of such a dimer. The dynamics are simulated using nonperturbative 

density matrix theory, which allows us to describe the spectral and temporal signatures of various 

system-bath coupling regimes [3]. Electronic excitations in molecular aggregates embedded in protein 

environment experience a complex multistep relaxation, which could be traced using various time-

resolved spectroscopy techniques. To understand the regulation abilities a diffusion-controlled model 

describing the fluorescence blinking of single photosynthetic light-harvesting complexes (LHCII) is 

developed and discussed [4]. 
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Fig. 1. Structures of the first and fifth generations PPI dendrimers 
functionalized with 4-(4′-ethoxybenzoyloxy) salicylaldehyde terminal groups. 

Excited State Dynamics of PPI Dendrimers Functionalized with 

4-(4´-ethoxybenzoyloxy)salicylaldehyde Chromophores 
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1Center for Physical Sciences and Technology, Savanorių Ave 231, LT-02300 Vilnius, Lithuania 
2Liquid Crystals Laboratory, Lithuanian Educological University, Studentų st. 39, LT-08106, Vilnius, Lithuania 

3Facultad de Ciencias de Materiales de Aragon, Universidad de Zaragoza, Pedro Cerbuna 12, E-50009, Zaragoza, 

Spain. 

 

In this study we present ultrafast dynamics investigations of different generations (G1 and G5) 

poly(propylene-imine) (PPI) dendrimers functionalized with 4-(4´-ethoxybenzoyloxy)salicylaldehyde (SA) 

chromophore moieties (PPI-SA). Structures of the first and fifth generations PPI dendirmers containing SA 

type terminal groups are shown in Figure 1. Reaction of a primary amine-terminated dendrimers with 

aldehyde (composite part of 4-(4’-ethoxybenzoyloxy)salicylaldehyde (SA)) yields imine functional group – 

responsible for the keto-enol tautomerization reaction. Keto-enol tautomerism of the salicylidenimine 

functional group may take place due to the intramolecular proton shifts between the phenol–oxygen and the 

imine–nitrogen via 

intramolecular hydrogen 

bonds O–H···N or 

O···H–N determining 

their excited state 

dynamic properties. 

Based on the 

analysis of the 

absorption spectra and quantum chemistry calculation results, we attribute different absorption bands to the 

enol closed trans-keto and cis-keto tautomers and to nπ* transitions of keto tautomers, which gain intensity 

under their geometrical distortion.  Relative concentration of keto tautomers in solutions increases with the 

dendrimer generation. We attribute this dependence to the interaction between dendrimer chains, in 

particular to formation of interchromophore hydrogen bonds stabilizing the trans-keto form. 

Transient absorption investigations revealed different relaxation dynamics of different tautomeric 

forms. Excited cis-keto tautomers decay to the weakly fluorescent excited state during about 10 ps and form 

conformationaly distorted photoproduct states absorbing in the blue spectral region. Excited enol-closed 

tautomers relax to photoproduct states on a subpicosecond time scale, however they form different 

photoproducts than excited cis-keto tautomers. Only a small fraction of terminating groups forms fluorescent 

states, which are identical for all tautomeric forms, however formation yields are different. 
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Carbonyl group containing molecules are popular nonlinear optical chromophores and 

components of electro-optical devices, but derivatives of 2-(4’-dimethylaminobenzylidene)-1,3-

indandione (DMABI) within this field are traditional objects of investigation. Electro-optical device 

is build up from thin films, containing active chromophore. Medium (polymer or molecular glass) 

alter the electronic energy levels of the individual, isolated chromophore molecule. The effect of the 

medium depends on the strength of local electric fields inside the electro-optic material and the 

effect of specific interaction with medium and is analogue of liquid solvation effect. It is known that 

the solvents with different polarity and weak H-bond interaction can change the energies of frontal 

MO of DMABI within 1300 cm-1 what is more than one order below the influence of substituents 

with strong electron donating or withdrawing effect on the frontal MO energies. In order to obtain 

information about more powerful medium influence on the frontal MO energies of DMABI system 

in this work we have studied the electronic spectra of derivatives of 2-benzylidene-1,3-indandiones 

(I) and 4-aza-2-benzylidene-1,3-indandiones (II) in 

an ethanol/hydrochloric acid media. 

Strong acidic medium alter the electronic 

energy levels of 1,3-indandione dyes and cause a 

remarkable bathochromic shift of the long wave 

absorption band. The bathochromic shift as result 

of strong H-bond formation with carbonyl groups 

is about 800-900, as a result of protonation of 4-N 

atom 2200-2600 and as a result of protonation of 

carbonyl groups about 6500 cm-1. 
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Photoinduced anisotropy (PA) is experimentally studied in  three molecular glassy films 

synthesized in our Faculty and containing diphenylamine based azochromophores {4-((4-

nitrophenyl)diazenyl)-N-(4-((4-nitrophenyl)diazenyl)phenyl)-N-(2-trityloxy)ethyl) benzeneamine 

(shortly K-D-24), 4-((2-chloro-4-tritylphenyl)diazenyl)-N-(4-((2-chloro-4-

tritylphenyl)diazenyl)phenyl)-N-(2-(trityloxy)ethyl)benzenamine (shortly K-D-25) , 4,4'-(2-

(trityloxy)ethylazanediyl)bis(4,1-phenylene)bis(diazene-2,1-diyl)dibenzonitrile (shortly K-D-32) } 

and, for comparison, in an a-As2S3 film. Holographic method enabling simultaneous measurements 

of s- and p-polarized diffracted light powers proposed in Ref.[1] was applied in both transmission 

and reflection modes. Holographic grating recording with the period of 2 µm was made by two 

equally strong 532 nm p- polarized laser beams with total light intensity of 0.81 W/cm2. The 

readout was made by 633 nm circularly polarized beam, and the s- and p-polarized components of 

diffracted light were separated by Glan-Thompson prism. 

PA was characterized by diffraction efficiency difference (DED), ηs – ηp , and by anisotropy 

contrast A = (ηs – ηp)/(ηs + ηp). Corrections of the results were made taking into account the inherent 

anisotropy of HG and the anisotropy of Fresnel reflection losses [2]. DED exhibited markedly 

different kinetic behavior in transmission and reflection modes. There was a deep negative 

minimum in transmission mode in all samples, and a growth with oscillations up to saturation in 

reflection mode. Small initial DED maxima were specific to a-As2S3 film. The highest PA was 

found in K-D-24 film in transmission mode (A=-0.23) and in K-D-25 film (A=0.49).The 

photoinduced refractive index difference, |ns-np| absolute values of the studied samples were 

estimated to vary in the 0-0.24 range. The obtained results can be explained in terms of trans-cis 

photoismerisation (K-D films) and photooriented bond switching (a-As2S3) accompanied by other 

processes. 
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Organic molecular thin films have attracted remarkable attention due to their great potential 

for different practical applications, such as organic light emitting devices (OLED), organic solar 

cells, organic thin film transistors, sensors and optoelectronic devices. Performance of organic films 

employed in devices is defined by energy levels. Depending of them films can work as a 

transporters or barriers of electrons, holes and excitons. Energy level engineering quite often is done 

on basis of quantum chemical (QC) HOMO and LUMO eingenvalues in vacuo. This approach 

could lead to significant ambiguities and errors due to fact that molecular orbitals are an abstraction 

from molecular orbital theories and environment surrounding is not taken into account. Therefore 

direct calculation scheme of solid state ionization energy (IE) and electron affinity (EA) should be 

developed. One of possibilities is based on single point energy calculation of neutral molecule and 

corresponding charged ions in “self-solute” environment by DFT and polarizable continuum model. 

Solid state IE and EA of the material can be measured directly by ultraviolet photoemission 

spectroscopy (UPS) and inverse photoelectron spectroscopy (IPES). Unfortunately, realizations of 

those methods are expensive and connected with experimental problems. Therefore investigators 

are looking for alternative methods to evaluate energy levels. One of possibilities is based on 

correlation of solid state IE and EA levels with oxidation and reduction potentials obtained in 

solution by cyclic voltammetry (CV). Another possibility could be measurements of the molecule 

IE in solid state by Kelvin probe (KP) technique in combination with the energy gap obtained by 

photoelectrical (PE) methods. 

Assessment of QC, CV and KP+PE methods will be done on the basis of the investigation results of 

fourteen 4’- substituted 2-benzyl-1,3-indandiones. These structurally equal dyes allow us to cover 

wide range of IE and EA and at same time to minimize unwanted side effects in correlation analysis 

of results obtained by above mentioned methods. 
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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) and azo-

dye doped organic polymers were used for studies. The influence of the amorphous film thickness, 

recording laser wavelength (532 nm, 632.8 nm and 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 gratings were obtained with (+450, -450) and (RCP, 

LCP) combinations, which involve primarily variation in polarization state across the film. The 

relief grating profile on amorphous films was analyzed by means of atomic force microscope 

(AFM).  

A strong relationship between surface relief grating (SRG) and polarization holographic 

grating formation was observed and studied. The study of the phase relationship between the 

exciting light field and the resulting surface deformation is crucial in understanding the mechanism 

of SRG formation. It was observed that the peak of the SRG on chalcogenide films was formed at 

the position of p-polarization state in the polarization modulation pattern. The peak formation of the 

surface relief on organic azobenzene doped polymers was observed at the position of s-polarization 

state. 

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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Technet_nano project aims to join innovation resources of clean rooms and research 

institutions around the Baltic Sea in the field of micro- and nanotechnology. The purpose of this 

network is to make these innovation facilities and high quality services accessible across the borders 

to regional SMEs.  

Universities with clean rooms, R&D institutions in the field of micro- and nanotechnology 

and technology transfer organisations and business development agencies are involved in the 

project. 

Lead partner of the project is University of Southern Denmark, partners are Royal Institute 

of Technology (Sweden), Christian Albrechts University Kiel (Germany), Flensburg University of 

Applied Sciences (Germany), Business Development and Technology Transfer Corporation of 

Schleswig Holstein (Germany), University of Latvia, Kaunas University of Technology (Lithuania), 

Applied Research Institute for Prospective Technologies (Lithuania), Center of Physical and 

Technology Science (Lithuania), Silesian Science and Technology Centre of Aviation Industry Ltd. 

(Poland), Acreo AB (Sweden), University of Tartu (Estonia). 

During the project the validation of regional demands will be finalised. Specialization of the 

partners, clean room facilities, and R&D services will be analyzed. R&D potentials between SMEs 

and Technet_nano partners will be identified. High quality services for SMEs fostering innovations 

through micro- and nanotechnology will be developed as well as concept of transnational services 

for SMEs.  

Rules for the access to the research facilities, demonstrations and services for industrial 

partners will be discussed. In the presentation, special attention will be devoted to the local 

industrial demands and R&D accessibility. 
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Nowadays no common methodology exists to organize computer simulation data in material 

science produced by the popular simulation packages for molecules and solids. The traditional way 

is to process needed data manually and exchange and review them via the peer reviewed journal 

publications, which however suffers due to high time costs, much non-automated computer work 

and lack of interoperability standards between software packages and, additionally, within scientific 

community [1]. Several attempts have been made so far in the last years to collect and organize raw 

calculations results and to present them using World Wide Web (WWW) [2-5]. 

A new approach [6] is to utilize a free operating-system-independent graphical user interface 

(GUI) in a web browser to solve the above-mentioned tasks. The popular programming languages 

Python, PHP and JavaScript have been employed for this purpose. The resulted software allows 

users to store, visualize and manipulate complex input or output results derived from modeling via 

only a web browser (though minimal installation of additional software is recommended). This 

solution dramatically speeds up both the results processing and bugs fixing, with the several usage 

scenarios being supported: (1) crystalline structures rendering, (2) visualization of geometry 

optimization and phonon calculations, (3) organizing the data depending on modeling methods, 

employed techniques and resulted physicochemical properties. Among the range of simulation 

software, the focus is currently on CRYSTAL, VASP and WIEN2K packages. 
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Fe-doped SrTiO3 represents a wide group of materials promising for non-volatile resistive 

random access memory devices [1]. In the presented work the novel structural information on iron 

impurity and oxygen vacancy complexes in SrTiO3 is provided by ab initio and XANES 

simulations. The relation of Fe–O bond length, doping level and Fe oxidation state in SrTi1–xFexO3–d 

systems is discussed. A combination of the experiment methods (EXAFS, XANES, EPR and 

Raman spectroscopy) [1] and state-of-the-art ab initio simulations [2] is used, to give new insights 

into the local structure and oxidation state of Fe in SrTi1–xFexO3–d. 

For both defects considered separately [2], the Jahn-Teller effect occurs thus reducing the 

cubic symmetry of a perfect SrTiO3 crystal and leading to the asymmetric structural relaxation 

around the defect. In its turn, this results in appearance of the observable Raman modes in the 

phonon spectrum of SrTiO3. On the other hand, for these two defects considered in a complex [1], 

no Jahn-Teller effect fingerprints are detected. The phonon spectrum remains insensitive to the 

defects introduction. This phenomenon is addressed in a presented study. It is shown that simulated 

XANES spectra based on the ab initio calculated defect geometry are in a good agreement with the 

real experiments. Additional focus is on insulator-to-metal transitions, which take place at the very 

low defect content in SrTiO3. 
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In this work, we demonstrate for one important class of the wide-gap compounds how the use of 

the first-principles calculations allows one not only to look at the underlying dynamical processes 

associated with bonding arrangements, but also to assess specific features of alkaline earth metal cations 

in terms of the overall bonding picture. By taking Ca2+ ions as a test case, we have carried out ab initio 

electronic structure calculations on eight representative members of Ca-based crystalline systems: CaF2, 

CaCl2, CaFCl, CaHCl, CaH2, Ca(OH)2, CaSO4, and Ca10(PO4)6(OH)2. The investigation employed both 

GGA and hybrid functional schemes, as well as semi-empirical dispersion corrections. Local charge 

geometries, the bonding properties, different roles of cations and anions, and the extent of cation-anion 

electron transfer were studied for these systems in terms of effective charges and the electron 

localization function. In the context of the cation-anion interactions, the obtained results were used to 

perform a comparative analysis of relative strengths and weaknesses of ionic bonding and covalent 

effects associated with presence versus absence of the certain structural and compositional features. Our 

investigation indicates that for most members of the given class of compounds, the relevant bonding 

arrangement involves an admixture of the dynamic covalency effects related to the calcium cations. The 

work demonstrates how the interplay between the lattice and electronic degrees of freedom provides a 

delicate covalent linkage of the Ca2+ cations to anion groups and how this leads to a certain optimization 

of an ionic bonding picture typical for the crystal structures like CaF2. For the given series of Ca-based 

dielectric materials we also considered why the coupling of the lattice and electronic degrees of freedom 

may never play the same fundamental role which it plays in lattice dynamics of displacive ferroelectrics. 
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The properties of excitons, a variety of particle-like excitations in solids, is a long standing 

problem and so far no appropriate solution has been obtained. A conventional approach to this 

problem is the effective- mass (Wannier-Mott) approximation, a hydrogen-like bound state of an 

electron and a hole interacting through their Coulomb attraction. Corrections to the hydrogen-like 

properties are of special importance for excitons with radius, comparable with the lattice spacing 

and are accounted for by implementing fermionic operators for electron and hole. These conceptual 

developments tremendously enlarges the computing resource consumption and provides motivation 

for methods going beyond the conventional matrix diagonalization techniques. 

The present work is addressed to the matrix eigenvalue problem on a lattice distinguished by 

an electron – hole Hamiltonian with anharmonic terms [1]. The discrete variable representation 

(DVR) [2] treatment includes orthonormality, completeness, variational principle preserving and the 

error propagation tests for basis functions providing both periodic and nonperiodic boundary 

conditions. A distinguishable advancement to the standard DVR is adapting of the original DVR in 

a form in which the matrix elements of the potential energy operator are diagonal. 

The survey of DVR calculations for the simplest models include estimates of the exciton 

energies and the exciton Bohr radius corresponding to the minimum energy with potential 

extensions toward realistic band structures from ab initio LDA and GW calculations. 
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Photovoltaic power industry requires economical mass production methods for producing solar-

grade silicon from metallurgical-grade silicon. One of such methods, currently under development, is 

melting and purifying silicon by using electron beam technology [1, 2]. Polycrystalline silicon in a water 

cooled crucible is melted and overheated by an electron beam in a system depicted in Fig. 1. High 

overheating temperatures (∆T~1000 K) ensure effective evaporation of some impurities from the melt 

due to differences in the evaporation rates of silicon and these impurities. Due to extremely high 

temperature gradients in the silicon, melt motion is strong enough to be turbulent and to be an important 

aspect of the melting process. 

In the present work, a system of axially-symmetric mathematical models is proposed for the 

modeling of the turbulent silicon melt flow in the crucible. Turbulent heat transfer in the melt is studied 

by solver based on OpenFOAM library (see Fig. 1 and 2). 

 

Acknowledgements 

Work has been supported by the European Social Fund, project contract No. 2009/0223/1DP/1.1.1.2.0/09/APIA 
/VIAA/008, and by the European Regional Development Fund No. 2011/0002/2DP/2.1.1.1.0/10/APIA 
/VIAA/085 and No. 2010/0245/2DP/2.1.1.1.0/10/APIA/ VIAA/114. 
 
References 

1. Kazuhiro Hanazawa, Noriyoshi Yuge, Yoshiei Kato. Evaporation of Phosphorus in Molten Silicon by an Electron 
Beam Irradiation Method. Materials Transactions, Vol. 45, No. 3 (2004), p. 844 to 849. 
2. A. Krauze, A. Muiżnieks, K. Bergfelds, K. Janisels, G. Chikvaidze. Reduction of silicon crust on the crucible walls in 
silicon melt purifying processes with electron beam technology by low-frequency travelling magnetic fields, 
Magnetohydrodynamics, Vol. 47, No. 4 (2011), p. 369 to 383. 
 

 
Fig.3 Velocity and temperature 

 
Fig.2 Turbulence kinetic energy 

 
Fig.1 System schematics 



 

                 

 

120 

 
Fig.1 Induced 3D HF current lines on silicon (poly feed rod, melt and single crystal) surfaces (left) and 3D 
calculated flow in the molten zone (right) 
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Floating zone (FZ) growth process with high frequency (HF) inductor is mainly used for 

silicon single crystal production for power-electronics needs due to high purity of the FZ material. 

The industrial development of FZ process is continuously supported by mathematical modeling of 

the process [1]. 

Modeling of FZ process contains 3 main components: 1) 2D axis-symmetric solid silicon 

phase boundary calculation; 2) coupled 3D calculation of the melt free surface and HF EM field 

(both components implemented in self-developed program FZone [1]); 3) unsteady 3D calculations 

of melt motion and dopant transport inside the molten zone by self-developed solver based on open 

source code library OpenFOAM [2]. Calculation results for FZ 4” crystal growth system from 

Institute for Crystal Growth (Berlin) are illustrated in Fig. 1. 
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The WOCl4 structure consists of pyramidal WOCl4 units which are linked by linear 

asymmetric O- - - W----O bridges to polymeric (WOCl4)n chains. The vibrational modes of WOCl4 

have been investigated. Calculations have been performed by using hybrid exchange density 

functional theory to determine equilibrium geometries and phonon frequencies. The Grimme 

dispersion correction for energy and gradient has been used in combination with B3LYP functional. 

The CRYSTAL09 computer code was used. 
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HAP is one of the most widely used materials in contemporary nanobiomedicine and 

nanotechnology. The interaction between HAP based biomaterials and living cells is improved, if 

the HAP surface is charged electrically [1]. The charge is inducible on HAP structures by the proton 

transport along the OH chains in columnar channels. These chains are formed by OH ions along c-

axis and are surrounded by calcium triangles.  

The results of computing simulation and studying of hydroxyapatite (HAP) properties and 

its hydrogen bonds and proton transfer peculiarities, surface and polarization properties [1] are 

presented. The reported data presents as ab initio quantum-chemical calculations (with Gaussian98 

code, HF, 6-31G(d),), as well semi-empirical (PM3) and DFT by HyperChem 8.0, which clarify the 

double-well asymmetric potential energy profile and were held to investigate the energy barriers for 

proton transport along the columnar channel. The calculated values of barriers can explain long 

storage of polarization charge, which is observed in experiments, as electrets effect. A possibility to 

transfer proton via the barrier is supported due to the experiment. High pressure of hydrogen and 

followed electromagnetic stimulation induced transfer of the proton. In fact, the electron work 

function was altered for different kind of ceramics. 
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Metal-ceramic interfaces play very important role for modern technologies. They are in a 

focus of both experimental and theoretical studies in the last decade. The first principles 

calculations can provide a deep insight into microscopic nature of the metal-ceramic interfaces. We 

present a comparative ab-initio study for some metal/metal carbide (Me/TiC, Me/VC, Me/NbC, 

etc.) and metal/metal nitride (Me/TiN, Me/VN) interfaces performed by the projector-augmented-

wave method. The structural and electronic properties, surface and interface energies were 

calculated. It was shown that elastic deformation influences significantly on the metal carbide 

(nitride) surface stability. The change in the binding energy and magnetic moments of metal atoms 

was studied in dependence on a number of metal layers at the interface. The chemical bonding of 

metals (Al, Fe, Ni, Co, Mo, Rh, etc.) at the polar and non polar metal/ceramic interfaces are 

analyzed. The study of the adhesion at the Me(001)/TiC(001), Me(001)/VC(001) interfaces showed 

that the work of separation is less in the case of Me-Ti(V)-top configuration in comparison with 

Me-C(N)-top one. The values of 0.66 and 2.49 J/m2 were obtained for Al/VC(001) as well as 0.76 

and 1.99 J/m2 for Al/TiC(001) system, respectively. The same trends were obtained for Al/TiN and 

Al/VN systems. The analysis of the local densities of states and charge density distribution confirm 

a more stronger interaction in the case of Al-metalloid component-top position that indicates the 

dominant role of the covalent contribution in the chemical bonding at these interfaces. The 

influence of metal and carbon or nitrogen vacancies on the adhesion is discussed. It was shown that 

in the case of metal vacancy in substrate the diffusion of aluminum inside substrate is observed 

alongside with the change of the metal film configuration from metal-top to metalloid-top that 

results in the increase of the adhesion. In general, the performed investigations allow us to reveal a 

relationship between electronic, geometrical factors and mechanical properties of considered metal-

ceramic interfaces. 
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While the (001) surfaces of  ABO3 perovskites, such as SrTiO3, BaTiO3, PbTiO3, CaTiO3, 

SrZrO3, PbZrO3 and BaZrO3 have been extensively studied [1-5], much less is known about the 

(011) and (111) surfaces. On the (001) surfaces, I consider both AO (A=Sr, Ba, Pb or Ca) and BO2 

(B=Ti or Zr) terminations. The (001) surface AO layer is found to relax inward for all seven 

materials with the sole exception of SrO-terminated SrTiO3 (001) surface first layer O atom. My 

calculated surface rumplings of 6.77 % for the SrO-terminated SrZrO3 (001) and 3.32 % for the 

PbO-terminated PbZrO3 (001) surfaces are almost ten times larger than those of the corresponding 

ZrO2-terminated SrZrO3 and PbZrO3 (001) surfaces [5].  

As for the (011) surfaces, I consider three types of surfaces, terminating on a BO layer, A 

layer and O layer. Turning now to the surface energies, I find that both the AO and BO2-terminated 

(001) surfaces are about equally energetically favorable and may co-exist. In contrast, I see very 

large differences in the surface energies on the ABO3 (011) surfaces. The calculated surface 

energies for ABO3 perovskite (111) surfaces is even larger than for the (011) surfaces [6]. I 

demonstrate that Nb is shallow donor in SrTiO3 and discuss also its segregation towards the SrTiO3 

surface [7].  
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ScF3 is a peculiar compound having simple ReO3-type cubic structure. Recent discovery of 

strong negative thermal expansion (NTE) coefficient in ScF3 over a wide range of temperatures, 

from 10 to 1100 K [1], makes its investigation challenging. In spite of a number of attempts has 

been made to explain the NTE in ScF3 by estimating anharmonicity of certain phonon modes within 

the framework of Rigid Unit Modes model, the origin of the NTE is still under debate [2]. 

In our study we have performed ab initio LCAO calculations of ScF3 using hybrid HF-DFT 

approach as implemented in CRYSTAL09 total energy program [3]. The use of hybrid HF-DFT 

computational scheme allowed us to reproduce the experimentally observed lattice constant (a0 = 

4.026 Å [1]) and to obtain the values of the band gap and bulk modulus, which to the best of our 

knowledge are not known experimentaly at low temperatures. 

The calculation of phonon modes in high symmetry k-points (Γ, M, X, R) across the 

Brillouin zone allowed us to access the thermodynamic properties of ScF3. The analysis of different 

phonon modes and their variation upon lattice contraction/expansion gives us the ground for the 

prediction of the phonons impact on uncommon thermal properties of ScF3. 

Finally, the ab initio calculated parameters for ScF3 were used in the construction of the 

force field model, which provides an access towards its temperature dependent dynamics via 

classical molecular dynamics simulation.  
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Zinc oxide is considered as a suitable material for manufacturing of transparent conducting 

films, which can be used in production of e.g. solar cells and LCD screens. Properties of ZnO vary 

with the concentration and the type of defects that are present in the lattice of monocrystals. The 

main point defects usually considered for practical applications are substitutions of Zn with other 

metal atoms (Al, Ga, etc.) and hydrogen interstitials [1]. 

The technological process of manufacturing of doped ZnO is connected with formation of 

intrinsic defects, such as Zn and O vacancies. These defects can influence the conductivity rather 

strongly, and so they are to be considered both in experiments and when making theoretical 

predictions of electronic properties of ZnO. In this work we investigate the way in which such 

properties are affected by zinc vacancies. 

In this study ab initio calculations employing density functional theory with a basis set of 

the linear combination of atomic orbitals were used [2]. The hybrid exchange-correlation functional 

PBE0 was chosen for wide-band gap ZnO (Eg = 3.44 eV). The concentration of VZn was sufficiently 

low, 2 %. Moreover, the vacancies were treated using the so-called ‘ghost’ functions replacing a 

missing atom. A particular emphasis in our study is given to 1) Basis set optimization of both Zn 

and O for pure ZnO; 2) The symmetry changes related to the formation of vacancies; 3) 

Incorporation of Al(Ga) into vacancies. The resulting electronic structure is analysed in detail. We 

calculated the defect formation energies with respect to chemical potentials of species and estimated 

the phonon contribution. 
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The atomic and electronic structure of zinc oxide continues to attract great attention due to a 

number of promising technological applications. For example, successful development was 

achieved in the growth of perfect ZnO single crystals (with the band gap Egap = 3.44 eV) [1]. After 

special treatment these crystalline samples transformed to a suitable material for synthesis of 

transparent conducting films. This is due to a fact that a variety of intrinsic and extrinsic defects 

considerably modify physical and optical properties of ZnO. 

In this study, we analyze the influence of neutral H impurity defects on the redistribution of 

the electronic charge, the band structure and optical 

properties of ZnO. Special attention is paid to an 

interstitial hydrogen atom (Hi) (Fig. 1). To solve the 

problems of the relaxation of zinc oxide lattice around 

point defect, the transformation of electronic structure 

and the charge density redistribution, we have 

performed large-scale ab initio calculations within the 

formalism of linear combination of localized atomic 

functions (LCAO), including optimized atomic basis 

sets, combined with the PBE0 hybrid exchange-

correlation functional as implemented into the 

CRYSTAL-09 code [2]. Hybrid exchange-correlation functionals provide much better correlation of 

calculated band structures with experiment, including width of band gap and position of defect 

levels. As in earlier studies [3, 4], we confirm that the impurity hydrogen Hi give rise to shallow 

levels, close to the conduction band minimum of ZnO, which can explain the increase of the 

electrical conductivity. 
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Fig. 1. Arrangement of the interstitial hydrogen 
atom Hi in the 3×3×3 supercell of ZnO 



 

                 

 

128 

Po-15 

The Role of Nanopowder Particle Surfaces and Grain Boundary Defects in the 

Sintering of ZnO Ceramics 

 

F. Muktepavela1, V. Sursajeva2, L. Grigorjeva1, K. Kundzins1, E. Tamanis3 

1Institute of Solid State Physics, University of Latvia 
2Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka 

3University of Daugavpils, Latvia 

e-mail:famuk@latnet.lv 

 
It is well-known that individual nanoparticles in the nanopowder compacts tend to 

agglomerate and form strong inter-particle bonds associated with their high surface-to-volume ratio. 

That is why in recent years energy-intensive compaction technologies have been widely applied. In 

the meanwhile, improving the structure and properties of ceramic obtained by simple high 

temperature sintering remains a live problem. ZnO has a variety of 1D and 3D nanostructures: 

such as tetrapods, nanowires, etc., which have extended free surfaces with minimum 

energy, surface-to-volume ratio is low and, we can assume they will not cling together. In 

our work the obtained grained (d=50-100 nm) and tetrapod-like (d=50-100 nm, l= 3-10 µm) ZnO 

powders have been sintered at 12000 C and the role of free surface and grain boundary (GB) defects 

(pores, facets, triple junctions) are considered. Results showed that ceramics sintered from the 

grained powder have high (8%) porosity at GB as well as inside grains that causes brittleness. At 12 

K temperature the photoluminescence (PL) spectrum of this ceramics besides excitonic peak 

exhibited broad green band attributed to defect states. The structure of ceramics obtained from the 

tetrapod-like powder contains small individual micropores in the vicinity of triple junctions (TJ), 

porosity was <2%. PL at 12 K revealed a narrow excitonic band with a satellite peaks (LO_Ex 

states) and an almost non-existent green luminescent band that is an evidence of high quality of this 

ceramic. Experiments on the bi-and three crystals have shown that motion of GB in the stages of 

grain growth is controlled by TJ mobility. The influence of TJ is very high for spherically shaped 

particle powders and depends on temperature. The obtained results from the point of view of 

thermally activated adhesion and evolution of GB microstructure processes at different sintering 

stages are discussed. 
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The deformation behavior of LiF crystals after irradiation with high energy ions has been 

investigated. The irradiation was performed using different ions (U, Pb, Au, Ni, S) with energy in 

the range from 3 MeV to 2 GeV at fluences up to 1014 ions/cm2. For the study of deformation 

mechanisms the microindentation and instrumented nanoindentation where applied. In unirradiated 

LiF, the deformation occurs by dislocation glide on the {110} planes along the <100> and <110> 

directions. The ion irradiation leads to decrease of dislocation mobility and increase of hardness due 

to impeding of dislocations by radiation defects [1]. 

The obtained results show that at high-fluence irradiation the resource of the dislocation 

mechanism is depleted and the deformation develops by means of shear banding. The evolution of 

shear banding follows the stress distribution in the indentation zone and shows no preferable 

crystallographic directions. The formation of localized shear bands was more pronounced in the 

case of heavy ions exhibiting track core damage. The initiation of shear banding, which develops 

without work hardening, intermits the ion-induced increase of hardness at a definite comparatively 

high limit (around 4 GPa), which surpasses the hardness of the unirradiated LiF by 170%. 

The deformation by shear banding at indentation is known to occur in nanocrystalline 

materials exhibiting grain boundary sliding and in amorphous materials, in which the formation of 

deformation bands is facilitated by a free volume [2]. We suggest that the grain boundary sliding, 

which becomes possible due to nanostructuring in heavily irradiated LiF [3], and localization of 

deformation, facilitated by swelling-induced formation of free volume, are the main mechanisms of 

shear banding in ion-irradiated LiF. 
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Multicomponent nanostructural coatings basis on titanium nitride with additives Zr, Al, Si, 

B, Cr, Y possess high hardness, corrosion resistance and thermal stability [1]. Investigation 

properties stability of nitride coatings at various kinds of an irradiation is represented an actual 

problem [2, 3]. In this study the influence of ion-implanted deuterium on changes of the mechanical 

properties TiZrN, TiAlSiN, TiAlYN films were investigated. Films with thickness ~3 µm were 

deposited by filtered vacuum arc plasma flux [4]. Composition of the coatings was determined by 

X-ray fluorescence method. According to X-ray diffraction analysis of the films is detected a single 

crystalline phase – cubic nitride based on TiN (structural type NaCl). Nanohardness measured on 

Nanoindenter G200. In the table the composition, characteristics of the substructure and hardness of 

the films are shown.  

The irradiation was performed at room temperature with 12 keV D+ ions to dose ~1·1018 

D/cm2. For all irradiated films nanohardness are decreased. The lowest changes occurred in the 

coatings Ti99Zr1N and Ti75Al21Si4N in which columnar structure are dominated. 

Coating 
composition, at% 

Texture 
axis 

crystallite size, 
nm 

Н, GPа 
as deposited 

Н, GPa 
Irradiated  ~1×1018 D/cm2 

Ti99Zr1N [111] 22 30 26 
Ti59Al37Si4N [110] 10 40 15 
Ti75Al21Si4N — 10 25 23 
Ti31Al68Y1N amorphous 23 15 
Ti50Al48Y2N — 7 26 11 
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Fig. 1. Bremsstrahlung (BS) high energy edge 
measurements at E0 = 30 keV showing the 
actual electron landing energies E0* = E0 + eV0 
with the respective surface potentials V0 ≈ -2.12 
kV (top) and -10.64 kV (bottom) for two Al2O3 
ceramics of different compositions and with 
decreasing electrical conductivity c (higher 
internal resistance) of the second sample below. 
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The former flight-drift model (FDM) of charge 

carriers in pure insulating materials of the authors, [1, 2], has 

been extended by an intrinsic field conductivity j = cF to a 

flight-drift-conduction model (FDCM), [3] and describes the 

selfconsistent charge transport and storage in full insulators 

(c=0), semi-insulators and/or wide-gap semiconductors up to 

an intrinsic conductivities of c =10-6 S/m. It reflects a more 

realistic simulation of charging processes in dielectric 

semiconducting, semi-insulating, and insulating materials. 

Thus, the electron-hole creation, their ballistic 

flight, followed by field-drift transport, superposed by a 

variable but small and limited intrinsic conduction cF, 

together with  trapping in localized states and/or electron-

hole recombination are taken into account. The 

experimentally accessable quantities of field assisted 

secondary electron emission σ(t) as well as the resulting 

surface potential V0(t) (see Fig.1) due to internal currents 

j(x,t), charges ρ(x,t), field F(x,t), and potential V(x,t) 

distributions are obtained. The detailed results for semi-

insulating materials are described in Ref. [3]. 

The surface potential V0 can be measured directly in real time by the x-ray bremsstrahlung (BS) high 

energy edge, where the landing energy E0* of the electron beam is diminished by a negative surface potential: E0* 

= E0 + eV0, as demonstrated in Fig.1. The intrinsic electrical conduction current IC is measured by the sample 

current mode  

ISC = IP + IC where IP presents the short-time dynamical displacements (polarization) current during 

charging and IC the real steady-state dc-current due to an intrinsic electrical conductivity c. Thus the given Al2O3 

ceramic samples approach an intrinsic electrical conductivity of c  ≈ (10-10 – 10-8) S/m.  
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New multifunctional coatings with advanced performance and functional properties, 

combining neutron shielding properties of boron compounds with the outstanding heat resistance 

and mechanical strength of thermally stable phosphate composites produced at room temperatures, 

are discussed for nuclear physics applications. 
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Studies of mechanical characteristics of niobium and tantalum pentoxide ceramics obtained 

by conventional ceramics technology and exposed to concentrated light flow (CLF) in an optical 

furnace are reported. As a rule, ceramics of Nb2O5 and Ta2O5 refractory oxides obtained by 

conventional techniques are of macro-crystalline structure, extremely brittle and feeble, of weak 

plasticity and crack resistance limiting practical applications. Mechanical characteristics of the 

ceramics can be improved by advanced methods of treatment (for instance, by exposure to CLF) to 

obtain a material of the smallest scale (micro- and nano-meter) structure. Ceramic niobium and 

tantalum pentoxides subjected to CLF in an optical furnace are demonstrated to increase micro-

hardness and mechanical characteristics such as strength, crack resistance and brittle hardness. 

The strength of Nb2O5 and Ta2O5 ceramics is found increasing with the intensity of the CLF, 

reducing the size of the structures forming under the CLF. Mechanical characteristics of ceramics 

treated in optical furnace are likely due to the smaller size of forming structures increasing the 

volume fraction of the boundaries between the nano-structures (nano-cracks). 
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A comparative evaluation of the microstructure and electrical characteristics of two ceramic 

samples of the ferroelectric Li0.03Na0.97Ta0.05Nb0.95O3 ceramic solid solution obtained by conventional 

ceramic technology using feed charges preliminary ground in a ball mill to different grain sizes is 

presented. Analysis of the microstructure has revealed that the sample prepared from a charge with grain 

sizes of d ≤ 28 µm has the mean grain diameter of ~ 6.53 µm. The average grain size of ceramics from 

charge of particle sizes 28 µm ≤ d ≤ 63 µm, is slightly larger, viz. ~ 8.58 µm. The electrical properties 

of the samples are strongly dependent on the grain size of the initial charge, regardless of identical 

chemical composition and regimes of synthesis. Thus, the dielectric permittivity of a sample obtained 

from charge of d ≤ 28 µm is lower over a wide range than compared with the sample obtained from 

particles of the size 28 µm ≤ d ≤ 63 µm. The high-frequency dielectric permittivity ε∞ reflecting the 

lattice contribution to dielectric response representing one of fundamental characteristics of the system 

is provided as a function of temperature ε∞(Т). 

The diagrams of admittance and impedance reveal two relaxation processes: a high-frequency 

one and a low-frequency. Within the ferroelectric phase, specific conductivity for both relaxation 

processes in the samples is quantitatively the same and has identical enthalpies of activation: 0.5 and 

0.67 eV, respectively, for each of the contributions to the general pattern of conductivity. Upon passing 

the Curie point, within the paraelectric phase, the conductivity of the ferroelectric solid solution (FE SS) 

from feed charge particles of up to 28 µm increases a little in comparison with the FE SS from charge of 

particle sizes between 28 and 63 µm. Simultaneously, the activation enthalpy of conductivity increases 

for both the relaxation processes. Actually, the difference of properties of the FE SS does not depend 

directly on the particle size of the feed charge but is rather due to possible emergence of component 

gradients at the diffusion stage and some difference in the composition in grains of different size likely 

significantly altering the structure and physical characteristics of a solid solution, especially the 

Li 0.03Na0.97Ta0.05Nb0.95О3 SS belonging to the region of the morphotropic ferroelectric-antiferroelectric 

phase transition. 
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The current interest in methods improving measuring and control of the optical parameters of 

crystals is due to the importance of the quality of crystalline materials used in laser physics, recording 

systems, processing of optical data, and optical communication. The conoscopic technique since long is 

applied to analyse the optical properties determining the functional capabilities of crystals. 

An essential modification of conoscopy is proposed in the presented study to observe figures on 

a larger scale by using a system wherein a diverging wide-aperture beam provided by a diffuser enters 

the crystal. The system, consisting of a polarizer, a diffuser, the crystal, and an analyzer, projects the 

conoscopic figures to the size of up to 0.5 m on a semi-transparent screen to be  recorded by a digital 

camera. The large size of the image enables to analyze the fine features in both the centre and periphery 

of the visual field. The results of conoscopic examination of Mg-doped lithium niobate crystals: 0.01; 

0.1; 0.25; 0.5; 1.0; and 1.5  mole% reveal a fairly high optical homogeneity of weakly doped samples 

containing 0.01 – 1.5 mole % of Mg, even from different crystals grown under different conditions. The 

scale of the conoscopic figure, intensity distribution, the shape and size of the Maltese cross, and the 

isochromatic lines of LiNbO3:Mg crystals are found to be not changed upon the dopant concentration 

(Mg) between 0,01 and 1,5 mole % in samples with similar geometric parameters. At higher Mg 

contents (3.0 – 5.5 mole %)  in lithium niobate samples basically remaining uniaxial local inclusions of 

double refraction are recorded as extra interfering figures on the background of  the main conoscopic 

figure (both in the centre and periphery of the visual field). The largest limited anomalous bi-axial 

region is recorded in the case of 3.0 mole%, as proved by a rupture and blooming of the Maltese cross in 

the centre of the conoscopic figure of the crystal. Both defectiveness and degree of distortion of the 

conoscopic image of the crystal tend to diminish with increasing the dopant concentration from 3.0 to 

5.5 mole% suggesting the applicability of the proposed technique of conoscopic examination to reveal 

even the minor changes in optical characteristics of crystals. 
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Ferroelectrics and antiferroelectrics are the materials most frequently used in practice. Among a 

number of well-known ferroelectric materials the perovskite-type structure ferroelectrics are most 

interesting. One of examples is a sodium niobate Na+1Nb+5O3. Some solid solutions based on sodium 

niobate have very good piezoelectric properties, moreover, they contain no lead so they fulfil a very 

important demand of high technology industry concerning the reduction of environmental pollution. 

One of the most interesting and extensively studied systems is a sodium niobate-lithium niobate solid 

solution (NaNbO3-LiNbO3). The Li0.02Na0.98NbO3 ceramic sample was prepared by a conventional 

method in the Institute of Solid State Physics at University of Latvia in Riga. The X-ray measurements 

were made by means of Seifert equipment XRD-7. It was shown by XRD at room temperature that the 

structure of Li0.02Na0.98NbO3 is of perovskite type, with a single phase of orthorhombic symmetry. From 

the analysis of the structural rentgenographic investigation the values of lattice parameters a, b, c and 

the volume of unit cell V were determined. The microstructure and EDS measurements were performed 

by means of a scanning electron microscope with field emission Hitachi S4700 and a microanalyses 

system Noran-Vantage. They revealed that the Li0.02Na0.98NbO3 sample was perfectly sintered. It 

contained a little glassy phase and its grains were well shaped. The electric measurements were 

performed in heating and cooling processes at temperature ranging from 300K to 750K and frequency 

from 0.1kHz to 200kHz. It was shown that the dielectric behaviour of the investigated sample was 

sensitive to the frequency of the applied electric field. On the Arrhenius plot the local minima of 

electrical conductivity σ which are associated with a polaronic transport mechanism can be observed. 

The minimum values of this electrical conductivity are the result of the change in the nature of the 

conduction mechanism: from a tunnel into a hopping mechanism, from a  short-range into a long-range 

mechanism. These measurements revealed that the a.c. conductivity changed with frequency according 

to the formula: σ(ω)=σdc +Aωn where n<1. These results were discussed considering the conduction 

mechanism as a type of polaron hopping. 
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The barium zirconium titanate samples BaHfxTi1-xO3 )35x0( ≤≤ were prepared by a 

conventional ceramic technology. The room temperature X-ray powder diffraction profiles show a 

single phase with perovskite structure. The performed SEM and EDS studies reveal that the samples 

are perfectly sintered and the material is chemically homogeneous. The examined samples are of 

good quality, the grains are well shaped and there is a very small amount of a glassy phase. To 

determine the elastic constants (the Young′s modulus E, the shear modulus G and the Poisson′s 

ratio v) of BaHfxTi1-xO3 a method of measurement of the longitudinal (VL) and transverse (VT) 

ultrasonic wave velocities for this type of material was developed, as well as the selection of a 

suitable apparatus and ultrasonic heads was executed. The ultrasonic method is based on the 

measurement of a propagation velocity of ultrasonic waves in elastic media, where the velocity is a 

function of microstructure, elastic constants, density as well as the geometrical dimensions of the 

investigated material. The ultrasonic tests are repeatable and they can be taken on the samples of 

different shapes, sizes and compositions (phase and volume) in the different directions and places of 

the studied object. The ultrasonic measurements were performed on 11 samples of the following 

dimensions: the height (h) ranging from 4 to 6 mm and the diameter (Φ) from 14 to 15 mm. With 

the increase in hafnium content in the BHT the values of the velocity of the longitudinal and 

transverse ultrasonic waves increase. The largest average velocities 5758.3 m/s and 5472.5 m/s for 

UZP-1 and MT-541 apparatus respectively were obtained for the BaHf0.30Ti0.70O3 sample. The 

values of both the Young′s modulus and the shear modulus are the highest for BHT30 sample (E = 

147.7 GPa and G = 57.72 GPa for both devices UZP-1 and MT-541). The measurements of the 

longitudinal wave velocity in the direction of the samples formation and in the perpendicular 

direction indicated a small anisotropy in BaHfxTi1-xO3 solid solutions but its value did not exceed 

3.8%. The tested samples should be treated as isotropic.  
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Alkali niobates are promising material for replacing lead containing piezoelectric ceramics. 

In the present work dielectric and ferroelectric properties of lead free KNN based ceramics have 

been studied. Compositions with a stoichiometric formula (1-x)(K0.5Na0.5)Nb1-ySbyO3-xBaTiO3  

(x=0.01, 0.015, 0.02, 0.04; y=0.04, 0.07) were produced by solid state sintering method. Manganese 

oxide MnO2 was used as a sintering aid. Presence of MnO2 in the composition lowers the optimal 

sintering temperatures. The influence of BaTiO3 on the density, microstructure, dielectric and 

ferroelectrical properties was investigated. X-ray diffraction analysis confirmed pure perovskite 

structure with no traces of secondary phase. However with increasing content of BaTiO3 the cell 

changed from monoclinic to tetragonal at room temperature. The density of modified ceramic 

samples exceeds 4.5g/cm3 in comparison to 4.2g/cm3 for pure KNN. Microstructural investigation 

reveals that ceramic samples have homogenous structure with cubical grain shape and grain sizes of 

0.4-2 µm. Phase transition point Tc is shifted to lower temperatures with increasing BaTiO3 content 

in the composition. Phase transition peak at Tc is broad indicating the diffuse phase transition. The 

highest value of dielectric permittivity and Pr had the samples with 1 wt% of BaTiO3.Mechanical 

properties determined by ultrasonic method revealed that the highest value of Young’s modulus is 

for the sample with a formula 0.985NKNb0.96Sb0.04O3-0.015BaTiO3+0.5%MnO2.  
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Na1/2Bi1/2TiO3-SrTiO3 is a well-known relaxor ferroelectric. The transfer from relaxor to 

normal ferroelectric state, passing various intermediate states, characteristic for relaxor 

ferroelectrics, was found in Na1/2Bi1/2TiO3-SrTiO3-PbTiO3 solid solutions, if Pb content is 

increased. Particularly for 0.4Na1/2Bi1/2TiO3-0.4SrTiO3-0.2PbTiO3 the spontaneous transfer 

between relaxor and ferroelectric state at temperature Tt is approaching the relaxing maximum of 

temperature dependence of dielectric permittivity at temperature Tm. As a result the relaxing state 

almost disappears. 

In the present work the influence of monovalent metals (Me1+: Li, K, Ag) on the properties 

of 0.4(Na1-xMe1+
x)1/2Bi1/2TiO3-0.4SrTiO3-0.2PbTiO3 solid solutions is studied in the concentration 

range till x=0.25. The x-ray diffraction results show that all obtained compositions are single-phase 

solid solutions with tetragonal symmetry. The concentration dependences of the unit cell parameters 

indicate that Me1+ ions in all cases substitute Na1+ ions in the A-site of the perovskite structure. The 

obtained compositions can be characterized by phase transition and dielectric properties, 

qualitatively similar to those of 0.4Na1/2Bi1/2TiO3-0.4SrTiO3-0.2PbTiO3. However their 

concentration dependences are mostly not monotonous. Na substitution by Li increases, while 

substitution with Ag decreases the temperatures of the dielectric permittivity maximum (Tm) and of 

the ferroelectric phase transition (Tt). The stability of the relaxor state, which can be characterized 

by the temperature Tm-Tt difference, increases in case of substitution of Na by Li and decreases in 

case of substitution by Ag. Influence of K is weak in comparison with Li and Ag. The obtained 

results show rather small role of Me1+ in formation of ferroelectric properties in 0.4Na1/2Bi1/2TiO3-

0.4SrTiO3-0.2PbTiO3. 
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Na1/2Bi1/2TiO3 (NBT) containing solid solutions is one of the most studied family of 

ferroelectric materials. It is well known that SrTiO3 (ST) and PbTiO3 (PT) act differently upon the 

NBT [1]. Strontium titanate enhances relaxor properties, while lead titanate increases characteristics 

of the 1st order phase transition.  

Compositions of ternary solid solutions 0.4NBT-(0.6-x)ST-xPT represent various stages of 

the relaxor state, allowing to follow changes of physical properties depending on stability of the 

relaxor state. 

Results of dielectric measurements, made for x = 0-0.25 in 35-500K temperature range and 

0.01 Hz–40 GHz frequency range, are used 

to construct a distribution function of 

relaxation times and calculate the 

parameters of Vogel-Fulcher law. It is 

found that these parameters follow a 

simple trend depending on stability of the 

relaxor state. 

The obtained phase diagram for 

0.4NBT-(0.6-x)ST-xPT system of solid 

soultions is shown in Fig. 1.  
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Tetragonal Tungsten Bronze (TTB) structure allows solid state chemists to perform a wide range 

of substitutions triggering various ferroic properties. Recently, the family of Ba2LnFeNb4O15 (Ln = La, 

Pr, Nd, Sm, Eu, Gd) TTB niobates has been identified as a unique room temperature multiferroic 

composite system in which ferroelectric and magnetic properties evolve with respect to a unique crystal-

chemical parameter [1]. Besides the multiferroic aspect, unexpected dielectric behaviours were also 

discovered in this family of TTBs. In the Ba2PrxNd1-xFeNb4O15 solid solution, while for the 

unsubstituted Nd and Pr compounds, purely ferroelectric and relaxor behaviours were observed, a 

coexistence of ferroelectric and relaxor behaviours was found in all the substituted samples [2]. The 

associated phase transition sequence “paraelectric–ferroelectric–relaxor states” upon cooling, already 

observed in perovskite systems, is still controversial in the literature [3]. 

We have investigated elastic properties of Ba2PrxNd1-xFeNb4O15 solid solution family using 

ultrasonic spectroscopy. This method is a non-destructive technique and is very useful for identification 

of the phase diagram, as it can characterize all kinds of phase transitions - magnetic, ferroelectric, 

ferroelastic and etc. We have studied the temperature dependence of the longitudinal ultrasonic velocity 

and ultrasonic attenuation. In addition our ultrasonic method allowed us to investigate piezoelectric 

sensitivity of these TTB ceramics. The experiments showed small anomalies of ultrasonic velocity and 

attenuation with heating-cooling temperature hysteresis, dependent on the thermal history of samples. 

The piezoelectric sensitivity which was observed in low temperature phase confirmed the existence of 

the polar phase e.g the ferroelectric phase transition in Ba2NdFeNb4O15 material and their solid solutions 

with Ba2PrFeNb4O15. 
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Spinel ferrites CoFe2O4 and NiFe2O4 are magnetic oxides, possessing high magnetic 

ordering temperatures and large saturation magnetizations, which make them very attractive for a 

wide range of applications. Recently, special interest has been paid to the possible use of spinel 

ferrites as magnetic components in the design of artificial multiferroic heterostructures and 

composite materials [1]. Furthermore, they have been shown to exhibit interesting magnetic 

properties in the nanocrystalline form compared with those of the micrometre-size grains [2]. 

Despite the growing number of publications addressing the properties of small size ferrite structures 

(thin films, nanoparticles, etc.), few reports are available in the literature on the electrical 

conductivity and dielectric properties of bulk CoFe2O4 and NiFe2O4. The dielectric properties of 

these ferrites are dependent on several factors, such as the method of preparation, sintering 

temperature, sintering time and chemical composition. 

We have investigated CoFe2O4 and NiFe2O4 ceramics prepared by conventional ceramic 

technology. Powders of CoFe2O4 and NiFe2O4 were synthesized from the corresponding oxides by 

solid phase thermal chemical reactions. Dielectric properties were measured in the 20 Hz – 1 MHz 

frequency range starting from 120 K and reaching temperatures above magnetic phase transitions. 

Dielectric responses of characteristic shape, caused by electrical conductivity, common for both 

investigated materials were obtained. Two conductivity processes were distinguished with 

Arrhenius behaviors of σDC and possible underlying mechanisms of charge transport are discussed. 
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A-site La3+-doping has been found to be an effective way to enhance B-site cation order in 

PMN ABO3 perovskite structure [1]. However, it is not clear how the chemically ordered regions 

affect the dynamics of polar nano regions (PNRs). Thus the investigations of broadband dielectric 

properties of 0.98Pb(Mg1/3Nb2/3)O3 – 0.02La(Mg2/3Nb1/3)O3 (PLMN) crystal promotes the deeper 

understanding of the mechanisms of relaxor behavior and PNRs dynamics. 

 The dielectric properties of PLMN 

crystal were observed in frequency range of 100 

Hz – 48 GHz and in temperature range of 110 K 

– 500 K. The sample was heated to 500 K 

temperature in order to eliminate “memory 

effects” – dissarange “frozen” PNRs. The 

measurements of dielectric permittivity took part 

in freezing cycle with 1 K/min temperature drop 

rate. Fig. 1 shows the temperature dependency of 

complex dielectric permittivity. The peak of ε’ (T) goes towards higher temperatures with increase 

of frequency. This is common behavior of FR and is caused by the broad distribution of PNR 

relaxation times. The dispersion of complex dielectric permittivity ε* (f)  was fitted with Cole – Cole 

formula, which describes the conventional relaxation process rather well. Although, another 

dispersion was found in frequencies f < 1 kHz, which requires further investigations. The 

temperature dependency of mean relaxation time τ can be described with Vogel – Fulcher formula, 

which showed that the dynamic of the system slow down critically at temperature Tf = 191 K. 
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Recently, there is a great interest in multiferroics – materials which in certain temperature 

range are ferroelectrics and ferromagnetics. One of the most popular multiferroics are lead – iron 

tungsten Pb(Fe2/3W1/3)O3 and bismuth ferrite BiFeO3. These multiferroics could be used in 

microelectronics, for example, producing 

MERAM memories. 

In order to produce high quality samples, a 

modified B-site precursor method was proposed 

as an effective method to obtain a pure perovskite 

phase in lead-based ceramics [1]. Pb(Fe2/3W1/3) 

ceramic was prepared using this method. 

Dielectric measurements were performed at (110 

– 500) K temperature range and in 20 Hz – 40 

GHz frequency band.  Measurements were 

performed during cooling cycle with temperature 

variation rate of about 1 K/min. 

Figure 1 shows the temperature dependence of the real and imaginary parts of dielectric 

permittivity of PFW+1%MnO2 ceramic. We observe the anomaly of dielectric permittivity which is 

typical for ferroelectric relaxors at temperatures below 300 K: peaks of dielectric permittivity move 

to higher temperature with increasing frequency with frequency independent losses observed at 

temperatures below 120 K. 
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Relaxor ferroelectric (RFE) single crystals and ceramics (1–x)Pb(Mg1/3Nb2/3)O3–xPbTiO3 

(PMN-PT) have attracted a huge amount of attention over the last years. Properly manufactured and 

oriented, they have piezoelectric coefficients which are the highest yet reported, with 

electromechanical deformations one order of-magnitude larger than those of conventional high 

piezoelectric PbZrO3-PbTiO3 PZT materials [1]. Such properties make them very attractive for next 

generation sensors and actuators and much work is currently being done to implement PMN–PT 

solid solutions in underwater hydrophones, ultrasonic transducers, etc. These materials are also 

important from the fundamental point of view. Four characteristic regions having different 

crystallographic symmetry and accordingly different physical properties can be distinguished in 

PMN–PT family solid solutions [2]. While the region near the morphotropic phase boundary is 

under active research, (1–x)Pb(Mg1/3Nb2/3)O3–xPbTiO3 with small x content still lacks a 

comparable interest. Thus, the aim of this work was the broadband dielectric spectroscopy of small 

x PMN-PT compounds. 

Dielectric permittivity measurements of (1–x)Pb(Mg1/3Nb2/3)O3–xPbTiO3 (x0.1)ceramics 

were performed at frequencies ranging from Hz to GHz range by several techniques: HP4284 

impedance analyzer, AGILENT 8718ET network analyzer and by a set of some built rectangular 

waveguide transmission lines. Obtained results showed broad frequency dispersion below 400 K. 

The anomaly of dielectric permittivity shifts to the region of lower temperatures with decreasing the 

frequency of measurement. The frequency dependencies have shown behaviour, typical for RFE. 

Calculated distributions of relaxation times are composed from two overlapped peaks at short and 

much longer relaxation times. The peaks at short relaxation times can be attributed to the 

contribution of individual dipoles and these at long relaxation times  to the contribution of polar 

nano regions. 
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The most popular ferroelectrics under consideration for the technical applications are 

perovskite oxides represented by AB03 structure. They are very sensitive to electric fields, 

temperature, defects, and dopants. 

Regardless of a lot of studies having been made, the microscopic nature of the dopants (as 

3d elements: Mn, Fe, Co) effects is still unclear.  

In this work the structural and dielectric properties of (Ba1-x, Pbx)TiO3 + Me (x=0; 0,05; 0,2 

and Me=0,001; 0,01; 0,1 wt. % of Mn, Fe, Co) ceramics  were investigated by: 

1) dielectric spectroscopy (ε(f,T) in temperature (T=20-400o C) and frequency (f=102-

106 Hz) range),  

2) room temperature scanning electron microscopy (SEM), XRD analysis,  electron 

paramagnetic resonance (EPR), Raman spectroscopy. 

A doping causes following changes  in dielectric behaviour of (Ba, Pb)TiO3 + Me: 

1) decreasing of εmax value, which is due to decreasing of contribution of high frequency 

mechanisms, simultaneously increasing the role of low frequency mechanisms 

2) increasing of  diffuseness of ε(T); 

3) increasing of the Tmaxε only for Mn, Co, but for Fe - even decreasing of the Tmaxε ; 

XRD patterns show following changes: 

1) increasing of ratio of diffraction maxima 210/211;  

2) asymmetric broadening of diffraction maxima. 

The micromechanisms of doping effects are discussed. 
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The PLZT 8/65/35 compound, commonly known for relaxor behaviour, doped with 3d 

elements (Cr, Mn, Fe, Co, Ni, Cu) is being studied. 

A number of different techniques being used: 

1) measure of complex dielectric permittivity ε*=ε’-i ε’’ in temperature (T=20-400oC) and 

frequency (f=102-106Hz) range; 

2) x-ray diffraction (XRD), Raman scattering, EPR and Electron Microscopy Studies 

(Fracture Mode Behaviour). 

At doping were found changes in ε(f, T) behavior: 

1) increasing the Tmaxε  of ε(T); 

2) εmax value: decreasing for Mn doping, increasig for Fe, Co doping; 

3) diffuseness of ε(T): broadening for Mn doping, sharpening for Co, Fe doping; 

4) depth of dispersion (relaxation effect), 

and in XRD: 

1) decreasing of unit cell volume; 

2) increasing of  ratio of diffraction maxima 210/211; 

3) appearance of likely monoclinic distortion. 

According to our studies, the magnitude of most of the dopant-induced effects follows the 

sequence Mn>Fe>~Co or Co>~Fe>Mn. 

The micromechanisms of doping are being discussed now. 
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The Ba0.95Pb0.05TiO3+0.1%Co2O3 ceramic were prepared by a conventional ceramic 

technology. A single-phase perovskite structure of the investigated ceramic was identified by the X-

ray diffraction method. The performed SEM, EDS and EPMA studies reveal that the samples are 

perfectly sintered and the material was chemically homogeneous. The examined samples are of 

good quality, the grains are well shaped without a glassy phase. For the measurements of dielectric 

properties a computerised automatic system based on LCR 821 meter was used. The investigations 

were made in the frequency range from 1 kHz to 200 kHz with amplitude 2 kV/m as a function of 

temperature. A differential scanning calorimetry (DSC) measurement was carried out using a DSC 

200 F3 Netsch apparatus. The results for the tested sample were compared to the DSC outcomes 

obtained for the original BaTiO3 sample. All obtained results pointed out the diffused character of a 

phase transition. The reflectance spectroscopy made on UV-VIS-NIR Cary 5000 spectrophotometer 

was helpful in the determination of the energy gap. The performed measurements showed that the 

addition of lead (Pb) and cobalt (Co) strongly influences the physical properties of pure barium 

titanate particularly the phase transition. 
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Fig.1 SEM images of the fracture surface of PFT (left) and 
0.8 PFT/0.2 PTO (right) ceramic samples 
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The coexistence of ferroelectric and magnetic orders is pushing a number of research fronts in 

the area of multiferroic materials because of their promise in the realization of new types of electronic 

devices. Of special interest are some unusual perovskite-type oxide materials including magnetic 

elements (Feibig M., J. Phys. D, 2005). Lead ferrotantalate PbFe0.5Ta0.5O3 (PFT), being one of the 

group, is a ferroelectric exhibiting a diffuse phase transition and antiferromagnetic ordering occuring at 

low temperatures. In the present study we examine the effect of alliovalent substitutions with lead 

titanate PbTiO3 (PTO) on the microstructure and electromagnetic properties of PFT / PTO compounds. 

Standard ceramics technology (sintering, firing) were used for the sample preparation.  

Shown in Fig. 1 are secondary electron SEM images of single phase PFT and 0.8 PFT/0.2 PTO 

ceramics demonstrating polycrystalline microstructure of both samples. Modification by PTO 

significantly decreases the grain size. X-ray microanalysis confirmed the assumed chemical 

composition. Specific saturation magnetization measurements in a field of 1.2 T gave a negligible value 

of σs < 1 emu/g typical of antiferromagnetic, weak ferromagnetic or paramagnetic ordering of pure 

PFT, while unexpectedly high σs = 

 16 emu/g values characteristic of 

ferro- or ferrimagnetic ordering were 

measured for 0.8 PFT/0.2 PTO. The 

extra observed moment may be 

explained by the ferrimagnetic 

arrangement of Fe2+ and Fe3+ ions in 

the modified PFT compounds. 
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The thermal analogy is presented to predict the static behaviour of composite rotor blade 

with distributed piezoelectric Macro-Fiber Composite actuators. Based on the analogy between the 

converse piezoelectric effect and thermoelastic effect, an applied electric field is modelled as a 

thermal load and piezoelectric coefficients characterizing an actuator are introduced as thermal 

expansion coefficients. 

The application of this method is discussed using a cantilever composite rotor blade with 

surface bonded Macro-Fiber composite actuators. The results in terms of static response obtained 

from the model based on thermal analogy are compared with the results of experiment by German 

Aerospace Centre (DLR). DLR developed a demonstrator blade with a rotor radius 2 m. The 

helicopter rotor blade consists of C-spar made of unidirectional glass-fiber reinforced plastic (UD 

GFRP), skin made of ±450 GFRP, foam core and MFC actuators.  

The experimental twist deformation of blade is obtained using MFC embedded in the 

composite blade construction. These actuators are situated at the top and bottoms of helicopter rotor 

blades and oriented at ±450 to the spanwise axis of the rotor blade. Electric field activates the 

piezoelectric effect in the piezoceramic fibers of MFC, which elongate along the length of fibers 

and thus distribute a twisting movement along the blade. 

Modelling a voltage actuation with a piezoelectric Macro-Fiber Composite actuators based 

on the thermal analogy was performed in ANSYS finite element program.  The finite element 

model of rotor blade was built using ANSYS two different types of elements: linear layered 

structural shell elements SHELL 99 and structural solid elements SOLID 186, which was used to 

model the different components of blade. The rotor blade skins and MFC are modelled by shell 

elements (SHELL99) and foam with 3D 20-node structural solid elements (SOLID186). The spar is 

modelled by shell and solid elements. 

Excellent agreement is observed and it is concluded that the use of thermal analogy to 

simulate the static behaviour of piezoelectric structures leads to promising results. 
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Fig.1.Hysteresis loops of the FePt compositions:  
1- Fe50%Pt50%; 2 - Fe60%Pt40%; 3- 
Fe80%Pt20%; 4 - Fe40%Pt60%. 
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Synthesis based on decomposition of iron pentacarbonyl Fe(CO)5 and reduction of platinum 

acytylacetonate Pt(acac)2 is widely used to produce FePt nanoparticles[1]. To transfer FePt nanoparticles 

from the low-anisotropy face-center-cubic (FCC) phase to the high-anisotropy face-center-tetragonal (FCT) 

phase, thermal treatments above 600 0C are necessary [2]. To prevent oxidation, it is necessary to rapidly 

anneal in Ar. 

In the present work, possibilities of the 

extractive-pyrolytic method to produce FePt with the 

FCT phase were studied. The performed 

investigations show that if an equimolar mixture of 

solutions of iron caproate Fe(С6H11O2)2 in caproic 

acid and tri-n-octylammonium hexachloroplatinate 

[(С8Н17)3NH]2PtCI6 in toluene (Fe:Pt = 1:1) produced 

preliminary by metal extraction from aqueous 

solutions, is used as a precursor, then due to  XRD 

phase analysis data, as a result of pyrolysis in air (Tpyr= 500 0C, tannil = 5 min), no formation of FePr alloy 

takes place. The obtained sample contains pure Pt with the FCC phase and hematite α-Fe2O3.  

If a fine-disperse powder of carbonyl iron is used in the initial mixture instead of the solution of iron 

caproate, the thermal treatment (Tpyr = 600 0C, tannil = 30 min) results in the formation of FePt with the FCT 

phase (a = 3.857, c = 3.726). The final product contains admixture phases as well. The composition of these 

phases is determined by the content of metals (mol%) in the precursor: Fe50%Pt50% composition - hematite, 

Fe0.14Pt0.86 and PtxFe1-x with x = 0.25-0.55; Fe60%Pt40% composition – FePt3, maghemite γ-Fe2O3 and 

hematite; Fe80%Pt20% composition – hematite and wustite FeO. If the content of Fe is more than 50%, the 

FeCl2 phase appears in the final products. If the content of Fe is 40 mol%, then, along with FePt with the 

FCT phase (a = 3.853, c = 3.713), the formation of FePt with the FCC phase (a = 3.816) occurs as well as 

Fe3Pt and Fe0.65Pt0.35. The magnetic measurements show (Fig. 1) that the coercivity decreases with the 

increasing Fe concentration from 50 to 80 mol%. 
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The lead free, environmentally friendly tungsten-bronze type uniaxial ferroelectric material 

strontium barium niobate, SrxBa1-xNb2O6 (SBN100x) bears a high potential for a variety of 

applications, particularly in the fields of pyroelectricity, piezoelectricity, electro-optics, 

photorefractive and nonlinear optics. These compounds take a particular place among the 

ferroelectrics, since by changing the ratio between the strontium and barium components one may 

tune the system from conventional ferroelectric (x < 0.5) to relaxor behavior (x > 0.6) while keeping 

the structure unchanged. 

Investigations of the linear dielectric response measured in the frequency range 
52 1010 ≤≤− f Hz along the polar c-axis of eleven single crystalline SBN compounds with nominal 

concentration 80.026.0 ≤≤ x  reveal a gradual crossover from ferroelectric (SBN26) to relaxor 

(SBN80) behavior. Analysis of these data within the framework of activated dynamic scaling shows 

that the Curie points of the ferroelectric compounds lie on a linear extrapolation of the "estimated" 

phase transition temperatures determined for the other SBN crystals. Correspondingly, a change 

from "normal" compact domains (SBN40) to the smaller ones with jagged (fractal-like) boundaries 

was revealed by piezoresponse force microscopy. 

In the case of the composition SBN80, which reveals utmost relaxor behavior, the relaxation 

of polar nanoregions (PNRs) reveals a distinct anisotropic breathing mode when approaching the 

structural phase transition, TC ≈ 290 K, on cooling. Two distinct dispersion steps and peaks, 

respectively, of the complex susceptibility components in the milli- and megahertz frequency range 

reflect their large length-to-width aspect ratio. 
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Cadmium telluride (CdTe) and cadmium zinc telluride (CdZnTe) compound semiconductor 

crystal has been shown to be the most promising materials for X-ray and gamma ray detectors [1, 

2]. It is due to possibility to use this material at room temperature. However, the yield of high- 

quality crystals is still limited due to presence of Te inclusions, crystal twins, dislocations, grain 

boundaries and other defects. 

Several researchers have shown a possibility to improve crystal quality by CO2 laser 

irradiation [3, 4]. The disadvantages of this method are long processing time - about 100 h and 

damage of crystal the surface. 

We have studied the influence of weakly absorbed laser radiation on CdZnTe crystal 

electrical properties and radiation detector parameters. 

CdZnTe crystal was grown by vertical gradient freezing method using high-purity Cd, Zn 

and Te. Grown crystal had high concentration of non-controllable impurities and Te inclusion. 

Infrared microscopy was used to characterize concentration of Te inclusions. CdZnTe samples 

where irradiated by Nd:YAG laser and afterwards current voltage (I-V) characteristic measurements 

were performed. I-V characteristic showed that the sample resistivity increased after irradiation by 

700 laser pulses at intensity 6.6 MW/cm2. Treatment by higher intensity laser radiation leads to 

damage of the opposite side of the crystal. This effect is more pronounced with higher Te inclusion 

concentration. Moreover, scanning electron microscopy did not show any changes of chemical 

composition. 

CdZnTe samples performed as a better radiation detector after laser treatment due to 

reduction of leakage current by 30% and improved spectral energy resolution, especially at low 

quantum energies. 
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The perovskite structure of LixNa1-xTayNb1-yO3 solid solutions (SS) allows for different 

deformations inducing complex and diverse of properties, a number of concentration-induced phase 

transitions including ferroelectric and anti-ferroelectric, and determining existence of morphotropic 

regions. All of it generates internal strain, particularly in ceramics, affecting elastic properties of 

polycrystalline samples. 

The presented study concerns effects of the temperature of synthesis and proportions of the 

components on microstructure of high-pressure LixNa1-xTayNb1-yO3 solid solution perovskite 

ceramics (х = 0.12, 0.17; у = 0; у ≥ 0.5). Original results on elastic properties of high-pressure 

Li xNa1-xTayNb1-yO3 (х = 0.17; 0 ≤ у ≤ 0.5) solid solutions measured by contact probe techniques are 

reported. The high-pressure LixNa1-xTayNb1-yO3 SS ceramics is mainly composed of isomorphic 

grains the shape of which is characteristic to perovskite structure compliant with rhombic unit cell 

symmetry. Increasing the temperature at which the Li0,17Na0,83TayNb1-yO3 ceramics is synthesised 

under high pressure reduces the elasticity modulus, obviously being related to re-crystallisation of 

disordered SS at synthesis under high pressure and, consequently, to emergence of microscopic 

fractions weakening adhesion along the grain boundaries. The decrease of the modulus of elasticity 

with increasing the baking temperature observed in high-pressure Li0,17Na0,83TayNb1-yO3 is assumed 

to be related to conditions of re-crystallisation of disordered solid solutions at high pressure 

synthesis. 

The modulus of elasticity of Li0.17Na0.83TayNb1-yO3 (0 ≤ у ≤ 0.5) high-pressure ceramics has 

a complex behaviour with concentration. A considerable anomaly of the modulus of elasticity is 

observed in the region of Ta concentrations y ~ 0.1 which is close to the singular concentration 

point y = 0.125 (Ta:Nb =1:7) and likely related to a concentration-induced structural transition. 
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The multi-component mixed perovskites of extraordinary crystal structure and unique 

properties, an enormous dielectric permeability, strong piezoelectricity and electrostriction in 

particular, for decades have been of increasing interest. The (1-х)PbNi1/3Nb2/3O3 – хPbTiO3 ((1-

х)PNN-хPT) solid solution system is one of mixed ferroelectric relaxors. 

The presented study is focused on heat capacity and dielectric permittivity of the (1-х)PNN-

хPT (x = 0.5, 0.4, and 0.3) ferroelectric ceramics within the 150 – 750 K range of temperature. The 

PNN-PT samples were obtained by conventional ceramics technology. 

Results of dielectric measurements reveal decreasing of the temperature Tm of the maximum 

of dielectric permittivity ε of the (1-х)PNN-хPT system with the increase of the PNN component 

while the maximum value of the dielectric permittivity increases and the region of phase transition 

broadens. Dispersion of the dielectric permittivity peak value εm specific to ferroelectric relaxors is 

observed in case of the 0.7PbNi1/3Nb2/3O3–0.3PbTiO3 compound. 

Two thermal anomalies on the heat capacity Cp curve characteristic to phase transitions are 

observed in compounds of x = 0.5 and x = 0.4, four – in case of x = 0.3. The high-temperature 

anomaly around 520 K on the Ср(Т) curves of all the compounds has never before been observed. In 

the latter case a broad irregularity of heat capacity Ср(Т) characteristic to relaxors is observed in the 

250 – 450 K range. 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. 

According to the obtained data of the (1-х)PNN-хPT measurements the “temperature-

composition” phase diagram is linear indicating to regular thermodynamic type of solid solutions. 

The experimental results are discussed with respect to the structure of the ceramics. 
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Fig. 1. Effective dielectric permittivity 
as a function of bias field at 
frequencies of 0.1, 1, and 10 Hz. 
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The dielectric nonlinearity of the lead-magnesium 

niobate Pb(Mg1/3Nb2/3)O3 (PMN) with admixture of lithium is 

studied in the thermal range of the low-frequency dielectric 

permittivity maximum (at 1 Hz frequency and weak measuring 

field intensities the maximum is reached at temperature Tm ≈ -16 
оC, at frequency of 1000 Hz – at Tm ≈ -3 оC [1]). A Sawyer-

Tower circuit was used to detect the dielectric response at 

frequencies from 0.1 to 10 Hz. The Pb(Mg1/3Nb2/3)O3 + 2wt.% 

Li 2O samples were prepared by conventional ceramics 

technology. 

The features of the behaviour of the effective dielectric 

permittivity are revealed from polarisation loops in accordance 

to ε΄eff =P/(εo·E). Dependence on the amplitude of field intensity 

ε΄eff(E) at temperatures above and near the Tm is illustrated by 

Fig. 1. As seen from Fig. 1, at some Ei the effective dielectric 

permittivity ε΄eff becomes independent of temperature the value 

of Ei substantially depending on the frequency of the measuring 

field: the lower the frequency, the lower is Ei. The feature is the 

result of a significant contribution of conductivity to relaxation 

of polarisation at T > Tm and, at approaching Tm and growing E 

– of a gradually increasing contribution of polar clusters and 

phase (domain) boundaries of widely scattered relaxation 

constants. 
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The electric field effects in high-Tc superconductors are studied in [1-7]. The theory of the 

surface and bulk superconductivity in ferroelectric-superconducting film structures are developed. The 

modified Ginzburg-Landau (GL) equations are derived for these structures within the two-band model. 

We obtained new de Gennes boundary conditions for the GL equations. The ferroelectric polarization 

essentially determines the dependence of the de Gennes boundary condition for the GL equations 

through the electric induction. In a general case this dependence can be a nonlinear one. The dielectric 

constant of the quantum paraelectrics and their temperature dependence can lead to an additional shift of 

the superconducting transition temperature. The small coherence lengths (in the two-band model there 

are two correlation lengths ξ1 and ξ2). The length ξ1 depends critically on the temperature in the high- Tc 

superconducting films. The smallness of the coherence lengh (ξ1(0) ~ 5-15 Å) and the Thomas-Fermi 

radius lead to the appearence of electric field effects. A boundary condition for the GL wave function of 

a one-band superconductor on surfaces biased by a strong static transverse electric field is derived with 

the de Gennes approach. This boundary condition is applied to the metal-dielectric-superconductor 

structure. The dependence of the Tc shift with the electric field in thin and thick cuprate films is 

calculated. The positive transverse electrostatic field leads to the increase of the critical temperature, 

which does not depend on the width of the sample and saturates in thick films. The dependences of ∆Tc 

for negative fields are also obtained. 
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The present methodology of active vibration control has been developed for an optimum 

placement of actuators in the rectangular plate. The main aim of this work is modelling and analyze 

of smart structures under harmonic loading and influence of the Macro-Fiber actuators placement 

and size on the response of this structures. 

The development of smart structure technology offers great potential in the field of active 

vibration control and noise control of structures in different fields of application, such as aerospace, 

civil, and mechanical engineering. 

During the past few years, piezoelectric materials have been extensively used as actuators 

and sensors for noise and vibration control. This new structural concept requires the use of sensors 

and actuators for controlling the mechanical behavior of structural systems when using the converse 

piezoelectric effect to induce control forces and moments. 

Due to increasing interest in the design of complex smart structures with piezoelectric 

actuators and the need for fast and simple implementation of piezoelectric control systems, 

technology developers are beginning to provide more convenient tools to model smart structures. 

In this work, MFC actuators are used for the modeling of piezoelectric actuators, as an 

innovative actuator that offers high performance and flexibility in a cost-competitive device. 

Simulation and numerical computations of smart structures are performed in ANSYS 11.0 

environment.  The applied voltage is modelled as a thermal load according to thermal analogy for 

MFC actuator. According to numerical researches of smart structures, maximal reduce of vibration 

was achievement by the placement and direction of MFC actuators depended of mode shapes. 

Finally numerical results in terms of the harmonic response of smart structures with surface bonded 

MFC actuator demonstrates the validity of this method, which can be used for implementation of 

piezoelectric control system. 
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It is well known that material properties determined from the standard tests of small 

specimens, which are made by cutting samples, may differ from the actual material properties in 

structure. Therefore, the determination of realized material properties using non-destructive 

evaluation techniques has become actual problem. The determination of stiffness parameters for 

complex materials is much more complicated than for isotropic materials. A number of various non-

destructive evaluation techniques have been proposed for determining the material properties of 

materials. 

In the present study, attention is focused on the identification of the material properties 

using vibration test data. The problem associated with vibration testing is converting the measured 

modal frequencies to elastic constants. A standard method for solving this problem is the use of a 

numerical-experimental model and optimization techniques. The numerical-experimental method 

proposed in the present investigation consists of the experimental set-up, numerical model, and 

material identification procedure. 

The work comprises two main experimental parts. The first part, deals with the 

identification of material properties of composite plate. Elastic constants of laminated composite 

plates are identified via modal frequencies by using a mixed numerical-experimental technique. The 

presented method derives the properties from the measured modal frequencies of unidirectional as 

well as multidirectional reinforced laminated composite plates and is able to identify four out of 

five major elastic constants of a transversally isotropic material. 

In the second part, identification technique is applied for determination of elastic material 

properties of aluminium alloys with different Carbon nanotubes (CNT) volume content. Nowadays 

CNT-reinforced aluminium alloys have promising perspectives for an application in many industrial 

sectors such as aerospace, automotive and electronics industries. 
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In the general case the effects of dimensions within polycrystalline ferrites (PF) may manifest 

themself through at least two attributes of a sample: its microstructure (adequately characterized by 

polycrystal grain size distribution, the average grain size and defects) and geometrical dimensions 

(typically toroidal cores with different outer/inner diameters, OD/ID, and cross section areas, A). The 

effects of these attributes there are investigated as to the one of most important characteristic of PF for 

their applications at high frequencies: the magnetic spectrum (MS) – the frequency dependence of 

complex initial permeability (CIP):  where   and  stands for the real 

and imaginary parts. 

Experiments have been performed on toroidal samples of NiZn-ferrites. The cores with different 

sizes were specifically cut out from sintered PF tile of Ferroxcube 4S60 with the goal to have the 

samples with similar microstructure. The Raman spectra of PF were recorded on “Nanofinder-S” using 

the 532nm excitation line; the elemental composition was assessed by energy dispersive X-ray 

spectrometry (EDS, Oxford instruments 7378) performed on the scanning electron microscope. 

Microstructural characteristics of samples were obtained by analysis of differently oriented 

micrographs. They reveal that probability distribution function  of grain sizes D actually is log-

normal: 

 

where  is the median of distribution and  is the standard deviation of   correspondingly. The 

micrographs allow to determin the parameters and show that within numerous of grains there are clearly 

observable defects. Measurements of CIP were performed within typical frequency range of large 

amplitude dispersion of  for these ferrites (50kHz…50MHz; the quality of measured spectra were 

verified by their compatibility to Kramers-Kronig relations). The graphical display of MS demonstrates 

that there is combination both of relaxation features (dispersion of CIP within broad range of frequency) 

and resonance ones (overshoot and backswing). Such a combination in spectrum is possible to explain 

only on the basis of grain size distribution effects. The obtained MS for the samples with similar 

microstructure show almost no difference as to the changes of size of cores; thus it is possible to 

conclude that no size-dependent electrodynamics effects manifest themselves at least in the samples of 

NiZn-ferrites up to their moderate size ( ). 
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Zinc oxide (ZnO) is a wide band gap semiconductor with potential applications in 

multifunctional transparent electronic devices. Depending on the dopant, the films may exhibit 

either n- or p- type conductivity. The aim of the present work was to investigate the process of DC 

magnetron deposition of n-type conducting thin films of Al:ZnO (AZO) and p-type conducting thin 

films of Ir:ZnO (IZO). 

AZO films were deposited by reactive sputtering from metallic (Zn=98%, Al=2%) target in 

an Ar+O2 and Ar+O2+H2 atmosphere. IZO films were deposited by reactive sputtering from 

metallic mosaic targets made of Zn and Ir pieces, with Zn 92-96%, Ir=4-8% surface area. In both 

cases, the substrate was glass kept at ≈310°C temperature, the sputtering was conducted at 3 mTorr 

working pressure and 100W sputtering power. 

The process was controlled by plasma optical emission spectroscopy. To achieve the highest 

conductivity in AZO films, and to reproduce the process conditions from run to run, the behavior of 

zinc emission line at 480.05 nm was investigated as a function of oxygen flow. For IZO films, the 

process control was based on zinc emission line at 480.05 nm and iridium emission line at 390.2 

nm. 
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Li 2FeSiO4 has recently received much attention from scientific comunity as a promissing 

cathode material for lithium ion batteries. Its main advantages are its relatively high charge capacity 

(166 mAh/g theoretically, up to 162 mAh/g experimentally[1]), high stability and potentially low 

cost of production. It is also environmentally friendy, especially when compared to most of the 

widely used cathode materials in lithium ion batteries, such as LiCoO2 and LiMn2O4. Li2FeSiO4 has 

been used in combination with other Li2MSiO4 type materials (M – metal), yealding a higher charge 

capacity. Such cathode materials, however, often have signifficantly higher charge capacity loss 

during first few cycles due to structural instabilities. 

Li 2FeSiO4 has been synthesized via solid state synthesis. Its structure and morphology have 

been studied via x-ray diffraction and scanning electron microscopy. Voltammetry, 

chronopotentiommetry and EIS (electrochemical impedance spectroscopy) have been performed in 

order to determine the electrochemical performance of the obtained material. 

Cyclic voltammetry shows peaks characteristic to charge and discharge processes of 

Li 2FeSiO4, which descend to lower voltages during cycling, suggesting structural changes in the 

material itself. Discharge capacity of the material has been determined at various discharge rates. 

Lithium ion diffusion coefficient in Li2FeSiO4 has been determined by using cyclic voltammetry 

and EIS. 
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LiFePO4 has been considered as one of the most promising cathode material for lithium-ion 

batteries. In spite of such attractive features as low cost, environmental benignity and thermal stability, 

LiFePO4 requires further modifications to overcome limitations involving low electronic conductivity 

and slow lithium-ion diffusion. One way to solve these problems is to increase the surface area of the 

cathode by the use of thin film technology. In addition, the use of thin film electrodes enables to 

investigate electrochemical properties of active material in detail. This is especially useful for poorly 

conductive materials because the thickness can be reduced to an extent which does not significantly 

affect the electrochemical behaviour. In this study, LiFePO4/C composite thin films prepared by RF 

magnetron sputtering were investigated by electrochemical impedance spectroscopy (EIS), which is a 

very powerful method to determine the rate of individual electrode kinetic steps.  

Three element equivalent circuit which contains charge transfer resistance Rct, Warburg 

impedance ZW and constant phase element CPE was constructed to analyse the EIS results of LiFePO4/C 

thin film. The dependence of charge transfer resistance, double layer capacitance Cdl and lithium ion 

diffusion coefficients on applied electrode potential were calculated from EIS data. The charge transfer 

resistance increases in relation with an appearance of the FePO4 phase. The minimum value of charge 

transfer resistance is acquired in discharged state which corresponds to maximum concentration of Li+ 

ions in lithium iron phosphate. Contrary to Rct, values of double layer capacitance decrease with the 

lithium ions extraction from the thin film material. Obtained values of lithium diffusion coefficient were 

in the range from 8.3·10-13 cm2 s-1 to 1.2·10-13 cm2 s-1
 at 3.4 V and 3.7 V, respectively, and show a 

similar dependence on applied voltage as Cdl. 
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Textiles have wide technical applications. The different kinds of physical and chemical 

treatments and metal coatings are widely used for functionalization of textiles (woven and nonwoven) 

for different technical applications. Our research work is devoted to study the influence of moisture on 

the functional properties of the fabrics based on glass, hemp and flax fibers. The interaction of metal 

particles with fiber as well as the influence of environment moisture on physical and chemical properties 

is topics for research functionality of technical textiles.  

There are used leaching, etching and coating technologies to modify properties of the fabrics 

based on glass, hemp and flax fibers. The fabrics and yarns have been modified in the technological 

processes in vacuum: etching with argon plasma and deposition of particles (Al, Ni, Cu, Cu2O and 

CuO) in magnetron process. The electrical and thermo-mechanical properties for such fabrics have been 

studied.  The electrical properties have been studied by impedance analyzers HP 4194A (100 HZ – 15 

MHz) and Solartron FRA 1250/ECI 1287 (0.01Hz -50 kHz) with Dielectric Test Fixture for solids HP 

16451B and Liquid Test Fixture HP16452A. The impedance characteristics of fabrics analyzed at 

different moisture content. 

All samples of glass fabrics below the equilibrium moisture content (about 2 mg/cm2) behave as 

insulators with dielectric constant of the corresponding substances in the sample in the range from 100 

Hz to 15 MHz. The increase of moisture above of its equilibrium values, leads to increase of dielectric 

constant of fabric. The increase of dielectric constant is much higher at the lowest frequencies (100 Hz) 

and exceed the value of 100 000 at moisture level of 10 mg/cm2. The complex impedance Z’-Z’’ plane 

shows diffusion of ions and percolation threshold in dielectric constants and losses dependency of water 

content.  

The thermo-mechanical strength of unmodified and modified hemp yarns at fixed temperatures 

in the range of 25-500 OC depending on the humidity and density of deposited mass of active of 

particles have been studied. TGA shows two weight loss temperature areas of 30-110 OC (moisture 

retention) and 200-300 OC (hemp fiber carbonization). Modified yarn strength decreases by 30%, which 

correlated with the moisture content (6-12 %wt). Relative strength at 280 OC yarn with active particles 

respect to unmodified increased in the direction Cu, Cu2O and CuO. 
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The electrochemical impedance characteristics of sodium alumosilicate glass fabric are 

analyzed at different its moisture content. The elements of threads have the pores containing oxides 

of alkali metals that may be partly eluted by water or acids. As measurement capacitor there was 

used HP 16451B dielectric test fixture with contacting plates coated by sputtered Ni (or other 

metal).  

All samples of fabric below equilibrium moisture content (around 2 mg/cm2) behave similar 

to dielectrics having dielectric constants values that may be prospective from its materials values in 

range of 100Hz-15MHz. The increase of moisture usually above its equilibrium values leads to the 

increase of dielectric constant of fabric. The increase of dielectric constant is much higher at the 

lowest frequencies (100 Hz) and usually exceed the value of 100 000 at moisture level of 10 

mg/cm2. In contrary at frequencies of 15 MHz the increase is small and may be associated with the 

increase of water content. The increase of oxide content in sample and metal deposition on the 

surface of fabric leads to the increase in dielectric constant. The results mentioned above indicate 

that water serves as continuous media of ions transportation. The Randles-cicuit type characteristic 

in Z’ -Z’’ plane is indicative of ions diffusion to metallic surface and formation of the charge layer if 

there are  continuous water paths in fabric and low enough frequency (sufficient time). The role of 

water in pores and in space between the elements of threads and threads is discussed. 
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Zinc oxide show high absorption in the ultraviolet (UV) region of the light spectrum, while 

absorption of visible light is quite low. In comparison with organic absorbers conventionally used in 

the textile industry, inorganic materials show no significant degradation and are therefore extremely 

stable and the oxides are classified as non-toxic 

materials. [1] Sols were prepared using sol-gel 

technology. Ethanol, tetraetoxysilane, distilled water 

and hydrochloric acid was stirred for 30 minutes, 

after stirring was added Zn acetate and for second 

variant ZnSO4. The fabric samples were immersed 

in the prepared sols, after samples was dried at 50ºC 

and cured in an oven at 120ºC. Experiment results 

show that a moderate thermal treatment at 120°C 

after the sol is applied to the cotton textile is 

appropriate. In this work comparison of coatings of 

samples prepared using Zn acetate or ZnSO4 was made (Fig.1.). 

SEM and laser laboratory complex were used to examine the nature of the surface 

modification with ZnO coating by the sol-gel technique as also after exploitation of samples; energy 

dispersive X-ray spectroscopy was used for the analysis of chemical composition of coated fabric 

samples. 
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GDLC (Gel-Glass Dispersed Liquid Crystal) materials were first reported in 1991 [1]. GDLCs 

are, in their nature sol-gel analogs to polymer dispersed liquid crystal materials (PDLCs) composing of 

organically modified silica [1-3] or mixed oxide [4] dispersed liquid crystal. GDLC material strongly 

scatters light in its normal state and changes its optical transmittance when electric field is applied, 

becoming more transparent. In order to achieve high performance, refractive index of the matrix must 

match the ordinary refractive index of the liquid crystal and the film thickness must be in order of 10µm. 

Achieving these conditions has been very difficult until now. 

GDLC has several potential advantages over PDLC: smaller solubility of LC inside the matrix 

(smaller amount of LC needed in preparation of unit volume of the film material), better resistance to 

ultraviolet radiation, easier to control LC director field configuration through droplet shape and surface 

anchoring forces, determined by the chemical composition. Also, refractive index of the matrix is more 

easily tunable due to the availability of large amount of suitable precursors. The main potential 

applications of GDLC materials is “smart glass” (window with variable transmittance).  

In this work we report the significant improvement compared to our previously reported results 

[3]. GDLC film preparation process was elaborated to incorporate titanium alkoxides in synthesis 

process. This enabled the adjustment of the refractive index of silica glass matrix without having 

destructive influence on macroscopic liquid crystal phase separation at the same time. A high-

performance xerogel-liquid crystal composite electro-optical film that exhibits a 75.9 % change in its 

transmittance as an electric field is applied was prepared. Field-dependent scattering behaviour of a 

refractive index matched GDLC film over a broad spectral (from visible to near-IR) and temperature 

range was investigated. Transmittance vs. applied voltage measurements at different temperatures 

demonstrate electro-optical effects at least down to -13 °C which means that liquid crystal must be in 

molten (liquid crystal) state at these temperatures in the microscopic volume confined in xerogel matrix. 

That is remarkable since it is known that the used liquid crystal 4-cyano-4'-pentylbiphenyl crystallizes in 

macroscopic volume at 24.5 °C. The largest electro-optical effect was observed at 25.2 °C. 
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Sol-gel chemistry is versatile route for preparation of ceramic materials with different defined 

geometries (fibers, tubes, powders, films, monoliths etc.) at relatively low temperatures. Gelation of sols 

enables to prepare highly homogenous nanocrystalline materials.  

Much attention has been devoted to the microtubes and coatings obtained via sol-gel route [1]. 

Although methods for preparation of materials with mentioned geometries exist, the gaps have still left. For 

example, it is very difficult to prepare high enough quality metal oxide ceramic microtubes. The methods 

also are too expensive and complicated in order to apply for real production.  

We have elaborated sol-gel composite material: glass dispersed liquid crystal (GDLC). Its 

transparency can be controlled by electric field [2]. Microdroplets of liquid crystal are obtained into 

ORMOSIL matrix by phase separation. We have achieved 74% transparency difference (between transparent 

and opaque state), which marks superior performance of our GDLC based devices, compared to these 

reported in papers by other groups.  

We have also developed new technique to obtain microtubes and fibers from metal alkoxide-based 

precursors and provided theoretical background for explaining the phenomena behind the formation process 

[3, 4]. Like GDLC, microtubes form as a results of phase separation processes from initial jet. Obtained YSZ 

microtubes exhibit highly unique physical and chemical properties e.g. mechanical and chemical stability in 

wide temperature range and high ionic conductivity. The tubes can be used in applications like ionic 

membranes in microfluidic systems operating at high pressure and temperature [4], gas or fluid carriers in 

microfluidic devices, nozzles in spray heads and reactors for plasma environment. 
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The binary systems of metal carbide fine powders have a great potential in technological 

applications as the precursors for preparation of highly homogeneous nanocomposites. 

In our work we use combination of 

sol-gel method and carbothermal reduction for 

preparation of homogeneous metal carbide 

fine powder mixtures [1-3]. 

The goal of our work is elaboration of 

a novel way for synthesis of ZrC–TiC mixture 

using Zr and Ti alkoxides as starting 

materials. The main advantage of the used 

sol-gel process is the reduction of the kinetic 

barriers between the formed metal oxide and 

the carbon particles created in pyrolysis of 

metal alkoxide polymer due to the homogeneous dispersion of reactants in the precursor material. 

Titanium and zirconium carbides were synthesized by carbothermal reduction from of metal 

alkoxide polymer at 1500 oC in an argon the resulting products had crystallite size (~40 nm). 

However, these products contained little amorphous carbon. 

The structural transformations of the polymeric materials into the carbides were 

characterized by SEM and by X-ray diffraction analysis in Fig.1., energy dispersive X-ray 

spectroscopy and Raman spectroscopy method. 
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Fig.1. X-ray diffraction patterns of fine ZrC-TiC mixture 
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During the past decade, significant efforts have been made to convert extraordinary and 

unique properties of carbon nanotubes (CNT-s) for bulk materials in order to give them some novel 

functionality. To take advantage of the unique properties of CNT-s, numerous studies have carried 

out on reinforcing different materials. Resulting composites combine the properties of CNT-s and 

the matrix material. CNT doping is widely acknowledged as a means of improving tensile strength 

and electrical properties of organic polymers [1]. Aforementioned materials may still not be suitable 

for applications under harsh conditions. Contrary to organic polymers, high corrosion resistance and 

thermal stability makes metal oxide ceramics very attractive candidates to be alternatively used as 

CNT composite matrices. A wide selection of papers have published in recent years, reporting 

nanotubes in ceramic matrices like SiO2, Al2O3, MgO, SiC, TiN, BaTiO3 etc. [2]. 

In the current paper we describe our studies of the preparation and characterization of CNT 

doped ceramic composites obtained by sol-gel chemistry. Fiber-shape electrodes were prepared by 

pulling jets from polymerized CNT-alkoxide mass. SEM and FIB analysis revealed that fiber-

pulling process orients CNT-s in host matrix. The electrical properties of the materials were 

measured by 4-point method using In-Ga alloy contacts. The best electrical conductance, 2000 S/m, 

was achieved with SnO2 fibers heated up to 450 °C and containing 0,1% MWCNT-s.  
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Color deficiency tests are widely used to diagnose the type and severity of color vision 

deficiencies. Among the most frequently used are pseudoisochromatic test plates. 

Previous studies have shown that the printing technology impacts the color display accuracy 

of the test plates, resulting in a wide distribution of color coordinates along the desired points on the 

confusion lines in CIE color space diagrams [1]. 

The aim of the research is to study availability of different color print technologies (three 

layer photographic process, tint printing) for creation of color vision test plates, for an accurate 

diagnosis and grading of color vision anomaly. 

The study incorporates (1) evaluating the adequacy of commercially available color vision 

deficiency test plates, (2) modeling the vision perception in terms of cone signals and thus 

predicting the outcome perception in case of deficiency and (3) evaluating the impact of non-

standard illuminating conditions on the manifestation of color vision deficiency. 

For final assessment of printed tests six (four color deficient, 2 unaffected) subjects to be 

tested using both: commercially available tests and generated color sets, and their color 

discrimination thresholds to be acquired. The threshold increases with severity of color vision 

anomaly [2]. 
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Fig.1 Reflection spectra of red ink of three 
intensities (dots) and same reds spectra 
under LED (3000K) illumination (solid).   

 
Fig.2. Pigment colorimetric coordinate shifts 
due to LED illumination in CIE 1931 x,y 
diagram. Reflection plotted by points and 
reflection under LED 3000K is plotted by 
crosses. Red and green lines are protanope 
and deuteranope color confusion lines. 
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Halftone print ink composition of CMYK devices could be well characterized using 

Neugebauer and Demichel equations [1], and is a necessary procedure for specific (color vision 

tests) and precise color reproduction. Colorimetry of 

reflected objects could be represented as the combination 

of illumination spectra, reflectance and human color 

matching functions (CMFs) [2]. ASTM E308 (2008) 

standard provide CMFs adapted for different standardized 

illuminations and is a standard procedure for CIE 

colorimetry [3]. However, growing in popularity LED 

illumination was not included in ASTM standard.  

We analyze the spectral composition of printed 

color vision tests and chromatic samples to obtain 

illumination introduced colorimetric changes, according 

to E308. Alternatively, color appearance model (CAM) 

[4], which takes into account adaptation illumination 

properties and viewing conditions, is applied. More 

thorough analysis of fluorescent and LED lamps produced 

spectral and colorimetric changes is provided.  
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The decrease of density and consequentially optical density of macular pigment (MPOD) serves as a 

diagnostic mean for a number of ophthalmological pathologies. Macular pigment absorbs light in short 

wavelength blue spectral range. Thus MPOD can be detected by various optical – both objective and subjective 

psychophysical techniques. Latter techniques use eye and brain visual pathways as spectral sensitive optical 

detector and decision maker, and exploit perception facility to process information flow in a unique manner to 

create various perception illusions. The psychophysical methods of detection of MDOD include heterochromatic 

flicker photometry and minimum illusory motion photometry [1-3]. 

The minimum motion technique is applied to determine effective red-blue isoluminance affected by 

MPOD in central retina areas. Test stimuli are consecutively presented on CRT screen in concentric arcs with 

central fixation, thus allowing to measure MPOD in different retinal eccentrity. 

We employ a similar motion nulling grating method as proposed by Cavanagh and Anstis [1]. A 

chromatic CRT generated red-blue grating is displayed sequentially with a neutral luminance grating.  The 

perceptual left-right direction of grating drift is dependent on the relative perceived luminance of the red and blue 

components. The same principles are used in a method developed by us where LED are used as stimuli light 

emitted elements. LED emission maximum wavelengths in blue spectrum region can choose in range 445-460 nm, 

that corresponds to maxima of light absorption for two types of macula pigments – lutein and zeaxanthin [4]. Thus 

replacement of planar CRT screen with a modular LED compound consisting of controllable red, neutral and two 

types of blue LEDs allows to realize a separate detection of lutein and zeaxanthin macular pigment densities. 
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In previous research [1] we developed LED based anomaloscope [2]. Pulse width 

modulation technique was used to control LEDs brightness with computer controlled 

microcontroller. We were able to correctly classify [3] persons with color vision deficiencies. 

Developed device prototype identified color matching range for trichromatic vision is 103 to 171 

units on red-green scale. Normal color vision patients make consistent matches in specified region. 

Further our aim is to built multifunctional device that contain anomaloscope and 

heterochromatic flicker (HCF) with extra possibility to modulate LEDs brightness in real time 

which will be use to form stimulus for previously mention devices. Our hypothesis is that there is 

light intensity distribution in time what we would perceive with greater sensitivity which would 

allow increasing the specificity of anomaloscope match and linking color vision phenotype with 

existing genetic model. There is plausible information that sensitivity on OFF – sawtooth stimuli 

are greater than ON- sawtooth stimuli [4]. HCF originally is designed to determine overall and 

specific cone type sensitivity, which could serve an additional tool in color vision diagnostics in 

ambiguous cases, as well as independent method for other color vision and photometry related 

research. Possibilities of temporal light intensity modulations enable us to modify HCF to 

investigate visual system nonlinearities [5]. 
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Bone loss is one of the complications after implantation of biomaterial into the hard tissue 

and inflammation is the main reason of it. Cytokine Interleukin-1 (IL-1) is suggested to increase the 

bone loss [1]. hBD-2 (human β defensin-2), hBD-3 and hBD-4 expression is different in patients 

with periodontal disease [2]. There is no complete data about expression of cytokines and defensins 

into the bone around the different implants. The aim of this work was to investigate the distribution 

and appearance of proinflammatory cytokines and anti-inflammatory proteins in the lower jaw and 

tibial bones of experimental rabbits in three months after implantation of different biomaterial. 

Material was obtained from lower jaw and tibial bone of 4 Californian rabbits after implantation of 

each pure and covered by polycaprolactone hydroxyapatite (HAp) tablets, unburned and burned 

under 11500C HAp granules, commercial and uncommercial polymethylmethacrylate (PMMA) 

bone cement, α-Tricalcium phosphate cement with pH6 and pH7. Tissue was processed for 

immunohistochemical detection of IL-1, IL-6, IL-8, IL-10 and hBD-2, hBD-3, hBD-4. Bone 

developing zones and signs of bone-implant contact were detected in experimental tissue. Activity 

of cytokines and defensins in experimental material was different. The most weak activity of IL-1, 

IL-6 and IL-10 was presented by bone tissue with HAp granule implant, while reaction of hBD-2, 

hBD-3 and hBD-4 in this experiment was variable. Bone developing zones, signs of bone-implant 

contact and low expression of proinflammatory and anti-inflammatory cytokins in tissue with HAp 

granules possibly indicate better biocompatibility with this material than others used in our study. 
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In this report direct photo-induced formation of surface relief gratings (SRG) in thin layers 

of arsenic sulfide (As2S3) are shown. This anisotropic light-induced mass transfer phenomenon has 

been discussed with the special attention focused on the polarization and intensity of the 

corresponding light. The experimental setup for the SRG recording is straight-forward consisting of 

~10µm optical slit through which an unfocused beam of light is projected on the surface of sample. 

The verified sets of experimental parameters (light intensity, polarization and slit opening) were 

chosen in accordance to the theoretical model which provided the highest recording efficiency. 

Additionally the evolution of surface relief in dependence from the recording time and polarization 

has been investigated in detail. The processes of SRG formation and mass transfer which are based 

on the photo-induced plasticity in As2S3 have been discussed. 
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Possibility of UV optical record and electron beam lithography in different type of 

polymeric films was studied. Mechanisms of molecular structure changes: photoisomerization, 

destruction, cross-linking and oxidation have been discussed. The results of UV illumination of 

polyurethanes, polyacrilates, and some block-copolymers were described. The element analysis of 

polybutadien block copolymer was performed before and after UV illumination, and the changes in 

transmission spectra of the polymer film were measured. The resolution of electron beam 

lithography on polymeric films also was studied. 
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In this work a photoinduced properties of azo-dye doped gelatin films was studied. Gelatin 

is the oldest polymeric matrix, which is used in holography and photography. Preparation of these 

films is simple and cheap, but ingredients aren’t toxic. Films were synthesized using gelatin and 

several azo-dyes – Disperse Red 1, Disperse Red13, methylene blue and Chromotrope FB. Non- 

aqueous solvents - dimethyl sulfoxide and acetic acid, were used [1]. Films were coated on glass 

plates using applicator with layer thickness 30, 60, 90 µm then were heated in vacuum chamber. 

Azo-dyed gelatin films were studied by 532nm laser radiation. Photoinduced birefringence 

and photoinduced dichroism dependence on films ingredients ratio, laser light intensity and sample 

treatment temperature were investigated [2]. Holographic recording on these films was performed 

in dependence on recording beam intensity and polarization. Volume polarization gratings and 

direct surface relief formation were studied by measuring diffraction efficiency with 660nm diode 

laser radiation. The obtained surface relief was investigated by AFM. 
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Fig.1 Stress-strain curves of HDPE and HDPE/Fe3O4 
composites at 150oC temperature and the absorbed 
radiation dose equal to D = 300kGy. 
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Reinforcement of polymer matrices to develop multifunctional nanocomposites, has 

experienced increasing interest among researchers during the past decade. That is mainly attributed 

to several shape-memory effects upon the application of heat, electricity, magnetic field and other 

external stimulus [1]. This study is a continuation 

of our research of thermosetting properties of 

radiation cross-linked polyolefin composite 

materials [2]. Binary blends of high density 

polyethylene (HDPE) 0-10 wt.% iron ferrite 

content have been made. The blends have been 

irradiated with accelerated electrons up to 

irradiation absorbed doses 150-300 kGy.  

Thermomechanical properties –  

thermorelaxation  stresses formed in thermal 

heating and the thermo residual stresses resulting in the process full seating and cooling of materials 

have been investigated for orientated (ε – 100 %) specimens. Stress-strain and stress relaxation 

characteristics have been also investigated (Fig. 1) at different temperatures. An increase of 

mechanical stiffness, thermoresidual stresses have been found.  
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Fig.1. Spectral dependences of short circuit photocurrent 
EQE and optical density for ITO/PEDOT:PSS/GaOHPc: 
PCBM/P3HT:PCBM/Yb/Al/Se cell at light intensity 
1012 - 1013 phot/(cm2*s). 
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The hydroxygallium phthalocyanine (GaOHPc) and soluble fullerene derivative (PCBM) 

bulk heterojunction layer [1] have been used as additional layer for bulk heterojunction solar cell of 

poly-3-hexylthiophene (P3HT) and PCBM 

to increase its spectral range up to 850 nm 

as seen in Fig.1. Large Ga atom connected 

with OH group in the centre of 

phthalocyanine molecule provides its non-

planarity and provokes strong 

intermolecular interaction between GaOHPc 

molecules in nanoclusters of GaOHPc 

molecules. Due to this interaction strong 

intermolecular charge transfer (CT) band in 

optical absorption spectra is observed in 

infrared region around 830-850 nm (see curve 5 in Fig.1). So practically uniform and strong optical 

absorption has been obtained for our built bi-layer bulk heterojunction system 

GaOHPc:PCBM/P3HT:PCBM as shown by curve 4 Fig.1. To increase internal electric field in the 

cell as top electrode material Ytterbium (Yb) was used having work function ~2.6 eV covered with 

Al and Se protective layer [2]. Cell thermal annealing in vacuum 10-6 – 10-5 mbar at 100ºC for 24 

hours significantly increases photocurrent external quantum efficiency (EQE) as shown in Fig. 1. 
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The study of metal complexes incorporated into a polymer gel matrix has recently attracted 

considerable interest because polymer gels may react with metals to form metalorganic hybrids with 

unusual properties. Such systems find many applications in medicine, nonlinear optics, 

fluorescence, and photochromic and photorefractive systems. 

In our work polymethacrylic acid (PMAA) gel was incubated in different media: the 

aqueous solutions of iron(II) and iron(III) chloride, the aqueous solution of ferroin (Fe2+–

phenanthroline complex). The interaction of weakly crosslinked PMAA gel with iron complexes 

results in their absorption and gel collapse. This collapse occurs due to iron ions/polymer functional 

groups bonds that form additional cross-links contracting gel network. Internal structure of the 

samples was well distinguished on the images obtained by means of SEM. 

The aim of present work is study of molecular lattice dynamics and metal-polymer bonds 

strength in PMAA gel/iron complexes systems by means of Mossbauer spectroscopy.  

Mossbauer spectroscopy data for all incubated PMAA gels and for used solutions were 

obtained in the temperature interval from 120K till the Mossbauer effect disappear temperature. 

Mossbauer parameters (isomer shift and quadrupole splitting) after gel immersion kept unchanged. 

It means that iron ions are incorporated in gel matrix with unchanged nearest neighborhood. 

Mossbauer lattice temperatures θM and effective vibrating mass Meff were estimated from 

temperature dependences of recoilless fraction and second order Doppler shift dSOD. All obtained 

data allow us to conclude that the complexes incorporate in PMAA gel matrix without destruction 

and forms inside the gel strong additional cross-links which have influence on gel structure. 
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The regular complex crystals of Na2SiF6 have been obtained in the aqueous solutions of 

different methylalkylimidazolium (ethyl-, butyl- and decyl-) tetrafluoroborate ionic liquids. It is 

demonstrated that sodium hexafluorosilicate crystalline compounds with good regularity and 

narrow size distribution containing dialkyl imidazolium ions between the hexagonal crystalline 

clusters interconnected to each other to a whole hexagonal aggregate can be obtained  in large 

quantities. This characteristic phenomenon of crystallization of ionic liquids containing BF4
-
 ions is 

reported for the first time. The mechanism of formation of various [RMIm]BF4-Na2SiF6 

microcrystalline morphologies and the influence of temperature on growth kinetics are discussed. 

Crystallographic studies of the product were carried out by X-ray diffractometer (XRD), 

characterization by scanning electron microscopy (SEM) and optical microscopy; also infrared 

spectra (IR) were recorded. Thermal analyses were performed by differential scanning calorimetry-

thermogravimetric analyser (TGA-DSC). Presence of ionic liquid cations was confirmed by high 

resolution mass spectrometry (HRMS). 
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Ordered mesoporous organosilicas are very attractive materials due to their high surface 

areas, large volumes of ordered mesopores and diverse morphology what makes them attractive 

potential catalysts and adsorbents. From the other hand the possibility of introduction of the organic 

groups into the ordered structure of the final material during the synthesis is an invaluable 

advantage of the sol-gel processing of organosilicas. In the present work mesoporous SBA-15 and 

SBA-16 organosilicas were synthesized via co-condensation of tetraethyl orthosilicate (TEOS) with 

alkoxysilanes bearing terminal functionalities. 

 Obtained materials were characterized by broad range of instrumental techniques including 

infrared spectroscopy, powder X-ray diffraction, thermogravimetry, nitrogen sorption 

measurements, elemental analysis, scanning electron spectroscopy, and transmission electron 

microscopy. The resulted materials exhibit well-ordered mesoporous structure, high values of 

specific surface areas and pore volumes and a high content of functional groups introduced during 

co-condensation. It was establish that even small amount of alkoxysilanes substantially changes the 

properties of the final materials so co-condensation can be used not only to introduce the surface 

functional groups but also to modify the structural-adsorption characteristics of the resulted 

materials. 
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a)                                            b) 
Fig.1 Amylin 10-29 parallel beta-sheet stack after 110 ns of MD run: 
a) cartoon representation displaying secondary structure – beta 
structure, b) hydrophobic  residues (in VdW representation) keeping 
together the beta-sheet stack.  
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Amyloid formation mechanism is investigated both to find amyloid inhibitors as potential 

medical drugs, and to use amyloids as potential self-assembling biomaterials [1]. Amylin is one of 

the most amyloidogenic peptides. Amylin amyloid fibrils cause type II diabetes. Amyloid formation 

of amylin 10-29, its reverse and designed analogue beta-sheets and beta-sheet stacks was studied by 

molecular dynamics (MD), Amber 9.0, f99 force field. MD revealed that for amylin 10-29 and its 

reverse analogue both the parallel 

(Fig.1) and antiparallel beta-sheet and 

beta-sheet stack structures are stable 

suggesting that this could explain the 

high tendency of amylin to form 

amyloid fibrils. Parallel amylin beta-

sheet stacks are kept together by two 

hydrophobic cores (Fig.1.b), while for 

the antiparallel system the dominating 

is the backbone hydrogen bonding 

between neighbor strands. 

 

Acknowledgments 

Supported by ESF project 2009/0197/1DP /1.1.1.2.0/09/ APIA/VIAA/014, Gdansk Academic Computer Center TASK. 
 

References 

1. Juan José Valle-Delgado, Inta Liepina, Dmitrijs Lapidus, Raimon Sabaté, Salvador Ventura, Josep Samitier,  Xavier 
Fernàndez-Busquets. Self-Assembly of Human Amylin-Derived Peptides Studied by Atomic Force Microscopy and 
Single Molecule Force Spectroscopy. Soft Matter, 2012, 8, 1234-1242. 



 

                 

 

185 

 

  
 

a)                                         b) 
 

Fig.1 MK beta-sheet stack after 74ns of MD run strongly 
keeps together because of Met-Phe-Leu hydrophobic 
core, b) KK-beta-sheet stack after 20ns of MD run 
dissolves. 
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Molecular dynamics (MD) of two peptides DLSFMKGE  (MK ) and DLSFKKGE  (KK ) 

not related to any known disease was run to 

investigate the mechanism of the amyloid 

formation. The beta-sheet stacks built from six 

ten stranded antiparallel beta-sheets of MK- and 

KK-peptides: 10x6xMK and 10x6xKK, were 

subjected to MD, Amber 9.0, f99 force field. It 

was found that the MK-system, 10x6xMK, is 

strongly kept together due to hydrophobic core 

built from metionine, phenylalanine and leucine, 

but KK-system, 10x6xKK, which differs only by 

one mutation dissolves already at 20 ns of MD 

run (Fig.1). The hydrophobic core of the MK-

system consists of hydrophobic units centered on 

the phenylalanine-metionine hydrophobic interactions, and two leucines from the both sides 

stabilize the unit. This mechanism could be used in amyloid based biomaterials. 
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Fig.1 Relative resistance change of polyisoprene/nanostructured 
carbon composite with 8 m.p. of carbon black irradiated by 532 nm 
laser beam of different intensity. 
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It is known that polymer/carbon nanotube composites are being tested for their potential use 

in optoelectronic devices [1]. It is also known that polyisoprene/nanostructured carbon (PNC) 

composites have a pronounced resistance change under the influence of mechanical strain and 

vapour of volatile organic 

compounds [2,3]. The goal of this 

study was to test PNC composites for 

their potential use as optoelectronic 

materials. Measurements of relative 

resistance change of poly- 

isoprene/nanostructured carbon black 

composites irradiated by 

semiconductor laser beam were 

conducted. One illustration of 

composites photoresistivity 

measurements at different intensities 

of laser radiation is given in Fig.1. Two competing mechanisms of composites resistivity change, 

induced by laser radiation, have been proposed: 1) photoconductivity of carbon nanostructures and 

2) exponential reduction of tunnelling currents between carbon nanostructures in composite caused 

by to thermo-optically induced matrix expansion. Further photoresistivity and optical studies of 

PNC composites are in progress. 
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Organic molecules mostly form polycrystalline films in the evaporation process when 

substrate is at room temperature. The grain boundaries may act as trap states for charge carriers 

which negatively affect the electrical properties. This problem could be avoided in amorphous 

films. Cooled substrate during the evaporation could assist formation of amorphous films from 

organic molecules. 

In this work we have investigated electrical properties (charge carriers mobility, energy 

structure and current-voltage characteristics) of thin pentacene films which were evaporated on 

substrates with different temperatures. We used “sandwich” type samples consisting of pentacene 

film as an active layer sandwiched between aluminium as top and gold as bottom electrode. The 

thickness of pentacene layer was 1 µm which allows us to use space charge limited current regime 

to characterise charge carrier injection and energy distribution of traps in the samples [1]. 

Energetical structure of local trapping states was obtained from activation energy dependence on 

voltage which was measured by thermally modulated space charge limited current method [2]. 

Charge carrier mobility was determined using charge extraction by linear increasing voltage 

(CELIV) method [3]. Thin film morphology was investigated by optical microscope. 

The dependence of charge carrier mobility, local trapping state distribution and film 

morphology on substrate temperature during evaporation process will be discussed. 
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Fig.1 The effect of filler content on the elastic 
modulus of HDPE (1), HDPE-BAD (2), PP (3) and 
PP-BAD (4) based composite materials. 
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Polymer nanocomposites of high density polyethylene (HDPE) and polypropylene (PP) with 

different content (2-10 wt.%) of iron ferrite Fe3O4 nanofiller have been made. It is known that 

photo, radiation or thermally initiated grafting of acrylate monomers can improve the properties of 

polyolefin based polymers [1]. For such a 

purpose the 2,2’-bis-[4-(2-methylprop-2-

enoyloxy)phenyl]-propane (BAD) has been aded 

to  polymers during the thermoplastic mixing to 

improve compatibility of the filler and polymer 

matrix in composite materials. The mechanical 

properties of have been estimated, showing 

increase of stifness as reinforcment effect of 

nano filler [2], an  increment of plasticity for 

composites modifed with BAD (Fig 1.) was 

found. 

The methods of XRD, DSC and TGA have been used to investigate the effect of filler 

dispersion in the polymers on the crystallinity and the calorimetric properties, showing increase of 

thermal stability of composites in comparison to that of pure polymers.  
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Fig.1 Structure of poly(glycidyl methacrylate - co -
dimethacrylate) monolith, image obtained by SEM, 
magnification 3,5 K 
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Research of new progressive and more efficient methods for detection and quantification of 

various substances in different samples is one of the objectives of analytical chemistry. In HPLC there 

are several aspects that can be still optimised, one 

of them being the research of new alternative 

stationary phases. In early 1990’s F. Svec and 

Fréchet suggested methacrylic organic monoliths 

as stationary phase in HPLC [1-2], this column 

was used to separate proteins [3]. 

Organic monoliths are continuous cross 

linked polymers with porous structure and large 

surface area synthesized in situ in fused silica 

capillary or other molds (Fig 1.). 

In the present work separation of a mixture 

of uracil and tegafur was done using obtained capillary column of poly(styrene – co – divinylbenzene) 

monolith. The best results were obtained using 95 % water with 5 % methanol as mobile phase. 

Retention time was 1.65 min for uracil and 3.61 min for tegafur. Poly(glycidyl methacrylate – co –

 ethylene dimethacrylate) monolithic capillary column was used for separation of imatinib base, 

imatinib mesilate and aminophenyl pyrimidine. Retention times were 9.40 min for imatinib base and 

imatinib mesilate and 8.20 min for aminophenyl pyrimidine. Both monolithic columns showed a 

potential in separations of pharmaceutical compounds and their byproducts. 
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A series high active tri-metallic platinum group metal nanocatalyst was successfully 

synthesized by a simple but effective solvent free, organometallic chemical vapour deposition 

method (OMCVD). The electrocatalysts were characterized by ICP, XRD, HRTEM. The catalytic 

activity was determined by cyclic voltammetry (CV). In the investigation of platinum alloy 

electrocatalysts, the results of the tri-metallic catalysts showed that the additional metals of 

platinum alloys could reduce the metal particle sizes and resulted in a larger chemical-active surface 

area and higher methanol oxidation activity of the catalysts. A significantly higher electrocatalytic 

activity for PtRuV/CNT catalyst was also found in this study. 
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Fig.1 25% Sr substituted hydroxyapatite X-ray diffraction 
before (1) and after (2) heating. 
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Hydroxyapatite (HAp) is a widely used biomaterial for bone regeneration and provides a 

surface for bone attachment to implants. The crystal lattice of hydroxyapatite [Ca10(PO4)6(OH)2] 

can accommodate many divalent cation substitutions such as strontium (Sr), magnesium (Mg), 

barium (Ba) and zinc (Zn). These influence the processability of hydroxyapatite and impact the 

biological properties. The osteoconductive properties of Sr make it a very interesting candidate for 

inclusion in the lattice for the preparation of nanosized apatite. The inclusion of the larger strontium 

ion may decrease the diffusion within the lattice and thus enable easier formation of nanosized Sr 

enriched hydroxyapatite.  

In the current work atomic 

assemblies were produced to a chemistry of 

hydroxyapatite and different degrees of 

calcium substitution with Sr (0%, 25%, 75% 

and 100%). These were heated using 

differential thermal analysis and 

thermogravimetry (DTA/TGA) to follow the 

evolution of the apatite phase upon heating. 

A larger concentration of Sr produces a less 

stable assembly that provides crystallization at a lower temperature. The transition does not have a 

large driving force, and this provides control of both the crystallinity and nanocharacteristics of the 

strontium enriched phase. The phases were investigated with X-ray diffraction (XDR) both before 

and after heat treatment at 900oC and confirmed apatite phase purity. Quantitative analysis of 

calcium, strontium and phosphorus was performed using wavelength dispersive X-ray fluorescence. 
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The purpose of the present investigation is to elaborate a method for determining the 

flexural modulus of a polymer material based on the solution of compression  problem by using the 

finite-element method in the finite element program ANSYS. 

The cylindrical shell consists of two layers with different elastic modulus. The inner layer 

(bandage) of the cylindrical shell is made from a rigid polymeric material with relatively high 

Young’s modulus. The outer layer is unknown and made from a softer polymer. Layers are 

considered homogeneous and isotropic. 

For the identification of the elastic modulus of the outer layer the TWCS method (Method 

for the Identification of the Elastic Properties of Polymer Materials by Using Thin-Walled 

Cylindrical Specimens) is considered. 

The contact problem is solved by using the Finite Element Method. The deformation of a 

thin polymer shell is characterised by great displacements and relatively low elastic deformations in 

a large range of movement of parallel planes. 

According to the above mentioned method at first the so-called reduced elastic modulus Epriv 

(modulus of inelastic buckling) is determined from the compression experiment of a cylindrical 

shell. The cylindrical shell is assumed to be single-layered with thickness t=t1+t2. Then the step-

down ratio for the elastic modulus K=E1/Epriv is introduced. Further a Finite Element model for the 

problem of compression of a two-layer cylindrical shell is built by using software package ANSYS. 

The series of calculations of the cylindrical shell with different elastic modulus of the outer 

layer are carried out. Obtained results are tabulated and then on the basis of theses tables the graph 

of the dependence of the relative Young’s modulus E1/Epriv from the logarithm of the ratio of the 

elastic modulus of layers lg(E1/E2) is constructed. 
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Hydroxyapatite (HAp) is chemically similar to the mineral component of bones and hard 

tissues in mammals. It is one of few materials that are classed as bioactive, but it shows insufficient 

antibacterial properties. The antibacterial properties can be improved by substituting calcium with 

cerium in the HAp structure [1]. This research investigates the quantitative determination of cerium 

content in each oxidation state by using potentiometric titration with iron ions in an acidic media. 

Cerium substituted HAp (Ce-HAp) were synthesized in the Faculty of Chemistry, Vilnius 

University with the sol-gel method. Ce-HAp samples with total theoretical amount of 1, 3, 5 and 10 

Ce wt% were produced. The actual amount of Ce4+ ions was obtained by titrating solutions of Ce-

HAp with a Fe2+ standard solution. Meanwhile, the Ce3+ ion content was obtained by titrating with a 

Fe3+ solution. The samples were prepared for titration by dissolving Ce-HAp powders in 0.1M 

hydrochloric acid at atmospheric pressure and in 0.08M  nitric acid at increased pressure and 

temperature. Total amount of cerium was determined using the ICP-MS method. 

The results of total amount of cerium in Ce-HAp determined by ICP-MS, show that all of 

the added cerium incorporates in the HAp structure using the sol-gel route. Potentiometric titration 

is applicable for determination of cerium oxidation states in Ce-HAp. However, the limiting factor 

is the low solubility of Ce-HAp, which decreases at increasing concentrations of cerium. The 

solubility could be encouraged by heat treatment at optimal temperature, thus facilitating 

dissolution for the analysis of the cerium content. By optimizing the titration conditions 

(temperature, solution media) successful determination of cerium in different oxidation states in Ce-

HAp is possible. 
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Fig.1. Potential structure of a repeated unit in 
hardwood lignin 
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In the last years, instead of the synthetic antioxidants usually employed, natural ones are being 

investigated to reduce the ecological problems. Lignin (Fig.1) is the second after cellulose most 

abundant natural polymer. Lignin in situ serves to protect plants against chemical, biological and 

mechanical stresses. Technical lignins are multi-tonnage by-products of pulp and paper industry. The 

well documented antioxidant properties of 

technical lignins open variety of fields for their 

application as multifunctional products. Due to 

molecular complexity of lignins, it is difficult to 

assign their antioxidant activity to specific 

structural elements and further search of the 

relationship “structure-activity” is needed to 

determine directions for goal-oriented tuning of lignin structure, in order to use these naturally 

originated products successfully. In the present work, the lignins isolated by alkaline delignification 

from deciduous wood species and lignin fractions of pyrolytic oil produced from the same wood 

species, were characterized using EPR spectroscopy, size exclusion chromatography, analytical 

pyrolysis and wet chemical analysis. The data obtained were considered together with the results of 

DPPH•, ABTS•+ and superoxide radical anion (O2
•−) antioxidant assays. It was found that, besides 

OHphen and molecular weight, paramagnetic clusters formed by π-polyconjugation systems play a crucial 

role in lignin antioxidant activity. The positive Pearson correlation of antioxidant capacity and size of 

lignin paramagnetic clusters was found and explained by the high ability of the π-polyconjugation 

systems to form donor-acceptor auto-complexes. In the experiment in vitro it was shown that the 

relationship found was in compliance with the decreasing indices of lipids peroxidation 

(malondialdehyde content, MDA) and proteins oxidation (Protein carbonyl content, PCC) in blood as 

the result of it incubation with lignin. 
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In recent years, the incorporation of excimer-forming luminescent molecules in transparent 

polymers has been extensively investigated as materials which could be used for sensors. Such 

materials are attractive due to the abundance of potential commercial applications. Significant 

interest has been directed towards the investigation of systems, in which the application of stimuli 

has to induce the formation or breakup of excimer-forming dye aggregates in the dye-polymer 

blend. Sensors based on fluorescent dye/polymer system could exhibit a change of their 

fluorescence characteristics (fluorescence enhancement or quenching) in response to external 

stimuli as heat, deformation, light.  

In the present work the characterization of blend films of different polymers and excimer-

forming, photoluminescent N,N-dimethylaminobenzylidene indan-1,3-dione (DMABI), which 

function as threshold temperature sensors are described. The impact of aggregate states on optical 

and morphological properties of blend films doped by DMABI molecules was studied. Formation of 

DMABI nanocrystallites (up to micrometer size) after annealing above polymer glass transition 

temperature was shown to have impact on the extent of molecular aggregation and emission 

properties of the films. The annealing of films leads to variation of contributions of the DMABI 

monomer and the self-trapped excitation crystallite emission. This results in pronounced change in 

the emission color of the DMABI/polymer films from orange (before annealing) to green (after 

annealing). We report on reversible colour change effect upon annealing (from excimer-like to 

molecular-like luminescence), which is attributed to diffusion induced crystallisation. 
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Fig.1 Structures of investigated low molecular glasses forming 
compounds. 
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Coupling of bulky triphenyl molecular fragments, as anti-crystallization agents, with 

chromophores allows us to obtain amorphous materials for nonlinear optic (NLO) applications. 

Potential perspective of such materials we would like to proof on a basis of compounds with three 

types of core chromophores (see 

fig.1 A, B, C) in combination with 

different triphenyl fragments (S2 – 

S8). For all these materials, by 

spin coating from chloroform or 

chlorbenzene solution we are 

capable to obtain glassy optical 

quality thin films. To produce 

NLO active media thermo assisted 

electrical field poling procedure 

was applied via custom build 

corona triode setup. NLO 

efficiency and polar order (PO) 

thermal stability was evaluated by 

Maker fringe technique and SHG efficiency with temperature scans. Relation of these properties 

with structure of chromophore and triphenyl fragment containing substitutes will be discussed. The 

highest NLO efficiency d33(0)= 22 pm/V was archived in case of structure A3 involving an 

indadione chromophore. A relatively high for molecular glasses PO stability (50% SHG decay at 

71ºC) was characteristic for this compound. 
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Since remarkable NLO properties of 4-dimethylamino-

benzylidene-1,3-indandione (DMABI) were reported we have promoted 

indane-1,3-dione derivatives as chromophores for NLO application. Based 

on results of quantum chemical (QC) screening, we have synthesized 

phenylamine indane-1,3-dione derivatives including octupolar NLO 

chromophore A3BI. According to these calculations, molecular first 

hyperpolarizability (β) should be enhanced upon replacement of methyl 

substituents with phenyl groups. Surprisingly, β values obtained in our 

measurements by hyper-Rayleigh scattering (HRS) are much higher than 

one could expect from QC. Acquired β values (relative to standard 

compound DANS) was 1.17 (QC 0.87), 2.58 (1.04), 5.44 (1.07) and 7.89 

(1.10) for DMABI, DPABI, PA2BI and A3BI, accordingly. Bearing in 

mind that two-photon luminescence (TPL) is usual cause for 

overestimation of β in HRS measurements, we have accomplished 

investigations of TPL properties of these compounds. All triphenylamine 

derivatives exhibit strong TPL. At similar excitation conditions the highest 

TPL intensity was recorded for PA2BI (relative TPL intensities of 

DMABI, DPABI, A3BI and PA2BI are 1, 10, 50 and 100). At same time 

TPL spectra showed comparatively low emission intensity at 532 nm, where the HRS signal should 

occur. Due to this only small overestimation of β by HRS could be expected. Nevertheless, to clarify our 

β measurements, we decided to make an attempt to record TPL spectra and HRS signal simultaneously. 

In case of DMABI, both signals are clearly resolved, and TPL free β value can be defined. For all 

triphenylamino compounds, due to fairly intensive TPL, the HRS signal was rather indistinguishable 

and therefore correct β values could not be extracted. 

 



 

                 

 

198 

 
 

Fig.1 Polystyrene cluster with adsorbed Nile Red dye 
considered at different level of theory: thin lines, 
molecular dynamics; bold lines, effective fragment 
potentials; balls-and-sticks, quantum mechanics 
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The structure and absorption spectra of Nile Red (NR) dye adsorbed on the surface of 

polystyrene (PS) nanoparticles is studied by DFT. 

Polystyrene nanoparticle with an adsorbed NR molecule was simulated by a large cluster 

consisting of PS chains using molecular 

dynamics in the OPLS-aa force field in the 

NVT ensemble at 298 K. Different surface 

models were tried: a surface of a single-chain 

coil (up to 1000 monomeric units) and of a 

periodic box. Next, the surface was truncated 

so that only the nearest-neghiboring phenyl 

rings surrounding the chromophore (bold lines 

in the figure) were treated either explicitly by 

DFT or as effective fragment potentials (EFP). 

The structure of the dye from MD calculation 

was re-optimized by DFT in the frozen environment, and its absorption and emission spectra of 

were calculated by TDDFT in this environment and compared with those in vacuo and in toluene 

(simulated through polarizable continuum model). It is shown that the transition energies calculated 

in an explicit environment and in EFP are almost the same, but EFP makes the calculation cheaper. 

The positions of the absorption, locally excited (LE) and twisted intramolecular charge transfer state 

fluorescence bands are in good agreement with the experiment. 
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We report luminescence and structural properties of 3-N, N-diacetylaminobenzanthrone thin 

films deposited on glass substrate by thermal evaporation. The structural and optical properties of 

organic thin films were studied by means of the confocal microscope with an input of femtosecond 

laser radiation, X-ray diffractometer, and scanning electron microscope (SEM). 

Intense luminescence with the maximum at 530 nm was observed when excited by laser 

radiation with the wavelengths 458-514 nm. In addition, the luminescence caused by two-

photon absorption of infrared femtosecond (fs) laser radiation has been investigated. The study 

of the structure of benzanthrone derivative thin films, created by X-ray diffraction (XRD) methods, 

indicate the distance between molecular layers and ordered molecular fragments. 
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Fig.1. Photoluminescence spectra of CZT crystals. The crystal shows a good (a) and bad (b) 
detector spectrometric characteristics. 
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Cadmium zinc telluride, Cd1-xZnxTe (CZT) is a promising material for the room temperature X- 

and γ-ray detectors as well as for electro-optic modulators, solar cells and other devices. The CZT is 

direct band gap semiconductor with efficient exciton transitions at low temperature [1,2].   Therefore, 

the near-band luminescence is due to neutral donor bound exciton (D0 Ex), to neutral acceptor bound 

exciton (A0Ex) and its phonon replicas (LO phonon energy is 22 meV).   The luminescence of donor-

acceptor pair (DAP) and deep energy level due to undefined defect state (A band) are typical for CZT 

crystals [1,3].  Since the luminescence centers involves the donor, acceptor and defect states we assume 

that the near band luminescence correlate with detectors quality and the luminescence studies could be 

used for nondestructive detector material selection. The luminescence spectra and decay kinetics were 

measured at 15K under pulsed YAG:Nd laser excitation (266 nm, 2 ns), spectral energy resolution better 

than 0.25 meV over the measuring range. 

The samples were taken from different ingots. From the same samples the γ-ray detectors were 

prepared and tested.  The luminescence bands were identified and the correlation with detector 

characteristics and the near band luminescence (Fig.1) was established and discussed. 
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The study of induced short-lived absorbtion in PLZT 8/65/35 compound, commonly known 

for relaxor behaviour, was carried out. 

The used equipment for short- lived absorption registration contain a pulsed electron beam 

(source operated at 270 kV accelerating voltage, pulse length 10 ns) source for excitation, a xenon 

flash (pulse had flat top within 10 µs) for probing light. The probing light enter in the sample from 

one side, was totally reflected from the irradiated surface of sample and come out from sample 

other side. This configuration used allows longer optical path of probing light through the sample 

and therefore the more sensitive registration of absorption changes.  

The induced short-lived absorption was observed within 1.10 – 2.85 eV. The spectrum 

reveals poor resolved bands at ~ 1.3; 1.7 and 2.3 eV. The absorption spectrum depends on recording 

time – the growth of absorption starts simultaneously with excitation pulse, continues after 

excitation pulse and this growth was followed by absorption decay. The absorption decay rate is 

different over spectrum. Therefore the induced short-lived absorption kinetics details were studied. 

It was found the time for short lived absorption maximum value reaching is approximately the same 

within 1.25 – 2.05 eV range, whereas within 2.25 – 2.65 eV the absorption growth time is 

significant longer; therefore the short-lived absorption growth time showed step like dependence 

over spectrum. 

The induced short-lived absorption (optical density D) decay can be approximated with the 

stretched exponent D = D0 exp{-(t/τ)β}, the value of β being close to the 0.6 for all kinetics, 

however the τ is different and thus the absorption spectrum changes during short-lived absorption 

decay. 

The possible mechanisms responsible for short-lived absorption induction by electron beam 

pulse as well as some details of this absorption decay will be discussed on bases of results obtained 

in experiments. 
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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 well as due to relatively low phonon energy of 

the matrix especially among oxides (about 470 cm-1) which is an important factor for the overall 

efficiency of the up-conversion processes in a material.  

As up-conversion luminescence center we chose Er, the additional doping with Yb enhances 

up- conversion process efficiency due to Yb ion large cross-section for optical absorption and 

effective energy transfer to Er. Both Er and Yb incorporate in Zr4+ sites as RE3+, therefore for 

charge compensation oxygen vacancies appear. Oxygen vacancies stabilizes tetragonal or even 

cubic zirconia phase, but oxygen vacancies disturb energy transfer from one RE ion to another RE 

ion. Therefore, to prevent the formation of oxygen vacancies additional doping of Me5+ ions was 

performed 

ZrO2:Er:Yb samples with and without Nb codoping were prepared by sol-gel method. Both 

types of the samples were annealed at different temperatures to study the phase transition impact on 

up-conversion luminescence. The study of stationary and time-resolved luminescence was carried 

out to study the energy transfer process and an impact of intrinsic defects on the luminescence. X-

ray diffraction measurements were used to determine phase composition and grain sizes. The Nb 

doping significantly increased up-conversion luminescence intensity. 
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For the materials doped with Er3+ ions intensive luminescence bands are often observed in 

wide spectral region (500 – 1000nm). Our previous studies have showed that NaLaF4 could be 

promising host material for practical application due to low phonon energy [1]. 

In this work Er3+ doped NaLaF4 at different Er3+ ion concentrations (0.2 – 10mol%) were 

synthesized. Intensive green luminescence band (origin from 4S3/2 to 4I15/2 transition) was observed 

for all Er3+ content. Studies of Er3+ green luminescence decay kinetics at different Er3+ ion 

concentration, which could not be fitted by a simple exponent, reveals that energy transfer process 

appears. Several energy transfer processes, like direct relaxation, fast migration and migration-

limited relaxation, have been proposed to describe luminescence decay kinetics. 

Based on the experimental results peculiarities of energy transfer processes in NaLaF4 and 

their variation at different Er3+ content will be discussed.  
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Fig.1 Energy level shemes of Er3+ - Nd3+ and 
possible energy transfer mechanisms. Full and 
dashed arrows stands for radiative and 
nonradiative transitions, respectively 
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Due to very promising optical applications rare-earth doped fluorides have been intensively 

studied for several decades. In past few years as one of the best host material for rare-earth ions 

NaLaF4 is mentioned [1]. 

In this work NaLaF4:Er3+, NaLaF4:Nd3+ and NaLaF4:Er3+,Nd3+ at different Er3+ and Nd3+ 

concentrations were synthesized. For these samples photoluminescence and excitation spectra as 

well as photoluminescence kinetics were measured. 

From the analysis of the experimental data it 

is concluded that there are energy transfer from 

Nd3+ to Er3+ (Fig. 1). The most likely transfers are 
2H11/2 (Nd3+) → 4F9/2 (Er3+) and 4G7/2 (Nd3+) → 
2H11/2; 

4S3/2 (Er3+) followed by 4S3/2 (Er3+) → 4F9/2 

(Er3+). Electronic transition within Er3+ from 2H11/2, 
4S3/2 and 

4F9/2 to ground state 4I15/2 results in 

emission of “green” (540 nm, 520 nm) and “red” 

(660 nm) luminescence. 

Based on obtained results the activator 

concentration impact to energy transfer mechanisms 

and photoluminescence spectra are discussed. 
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Up-conversion luminescence process, which is related to absorption of several light photons 

(usually infrared) followed by emission of light in the visible or even ultraviolet spectral regions, 

has attracted interest of scientists due to its potential practical use in various applications including 

biolabels, temperature sensors, light sources etc. Although observable in d- and f-ions doped 

materials, the highest efficiency of up-conversion luminescence is usually attained in lanthanides 

doped hosts. Among huge variety of materials suitable as up-conversion hosts the most prominent is 

considered to be NaYF4, both due to its low phonon energy and multisite nature of the crystalline 

lattice. 

In the present report erbium doped NaYF4 nanomaterial has been synthesized by molten salt 

method. Depending on the synthesis temperature the structure of the material varied from solely 

cubic to exclusively hexagonal. Up-conversion luminescence spectra and luminescence kinetics for 

the samples having different phase compositions have been measured. It was found that the shapes 

of the up-conversion luminescence spectra related to the cubic and the hexagonal phase were almost 

independent of the structure while the overall efficiency of the up-conversion process in hexagonal 

phase was at least order of magnitude higher compared to the cubic. In the report the structure 

impact on the up-conversion luminescence of NaYF4:Er3+ will be discussed.  
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The goal of the current work is to study the kinetics of induced optical absorption spectra in 

pure and doped with Nd3 + (0,7; 1,5; 2 mol%) LiYF4 crystals (INCROM, St.Petrsburg, Russia) 

irradiate at low electron fluxes at 15 K. Samples were cut from single crystals along and 

perpendicular to the optical axis, and then polished. The irradiation and measurement were 

conducted at electron spectrometer.  Average electron energy, pulse duration of high-current pulsed 

accelerator are 0.2 MeV and -10 ns, respectively. Energy per pulse absorbed by the crystal is 102 

Gy. Bands with maximums at 2.1, 2.9, 3.6 eV were found in spectra of radiation-induced absorption 

at 15 K in crystals of LiYF4 and LiYF4-Nd. At longer wavelengths in the pure crystal the band has 

a maximum at 2.1 eV and in doped crystal at 2.0, 2.3 eV. The absorption at 2.1 eV in pure crystal is 

dominant. The introduction of Nd leads to a sharp decrease in generation efficiency of the centers 

that shows these spectra. Perhaps the capture of electrons in Nd3+ is a process competing with the 

formation of color centers responsible for the 2.1 eV band. Absorption spectra do not change with 

increasing the dose of radiation.  This behavior was observed as for LiYF4 and for LiYF4-Nd 

crystals. With increasing the dose decrease there is a pronounced downward trend in the rate of 

increase of absorption in all bands. The ratio of the absorption bands in crystals irradiated at 15 K is 

clearly are mostly in favor of the long wavelength band, in contrast to the irradiation at 300K. 

Thermal annealing of the absorption spectra showed that up to 45K induced absorption remains 

almost unchanged. At temperatures above 45K sharp decline in the absorption is observed caused 

by destruction of the centers. The maximum rate of destruction of the centers is at 60K. Induced 

centers and corresponding induced absorption completely disappear at 80K. 
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This work is devoted to studying of LiF crystals irradiated with 56 MeV 40Ar ions, 25 

nA/cm2 current density (range R = 12.21 µm) at the cyclotron accelerator DC-60 (Astana), at 300K. 

Fluence varied from 1011 to 1013 ions/cm2. Corresponding flux (φ) was equal to 2.6x1010 

ions/(cm2×с). Radiation defects were studied using methods of optical absorption spectroscopy, 

thermostimulated luminescence (TSL), atomic force microscopy (AFM).  

It was determined, that efficiency of creation single F centers under high fluences decreases 

and concentration of complex Fn centers increases nonlinearly due to considerable recombination 

losses of Frenkel primary pairs and processes of aggregation, as a result of track overlapping. 

During TSL study the crystal was divided into 2 parts, the upper part’s thickness amounted 

to 12 µm, equal to the track length of argon ion. TSL spectra for the upper part, which contained 

tracks, differ significantly from TSL spectrum of the lower part, which did not contain tracks. TSL 

of the lower part -  two maximums at 460K and 525K, and in TSL of the upper part – 520K, 640K. 

Stepped thermal annealing with measurement of absorption spectrum showed thermostimulated 

aggregation of defects, and annealing at 653K showed presence of metal colloids. 

The investigation of the structure of irradiated LiF crystals was performed on the cross-

sections prepared by cleaving along the ion path (normal to the irradiated (100) surface). The 

cleavage surfaces before etching showed no elements of the microstructure besides cleavage steps. 

The AFM research showed the beginning of the process of nanostructuring along the ion track and 

dislocation in the end of the track. Monocrystallity was preserved to the greater extent of that 

indicate dislocation rosettes under nanoindentation. 
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Radiation stimulated transformations of the oxygen-containing impurity in LiF crystals 

under pulsed electron radiation have been researched with high time (20 ns) and spectral (2 nm) 

resolution measurement techniques.  

The diversity of radiation energy dissipation channels can be observed in hydroxyl ions 

doped crystals. Firstly, the number of dissociated free hydroxyl ions is determined by the value of 

the absorbed doze in all the tested crystals only. Whereas, the yield of a stable defect in the form of 

a hydrogen atom (ion) can be observed in the process of hydroxyl ions disssiation depends on the 

crystal type. In LiF-ОН crystals with no co-activators it is found to be the least efficient. In 

activated LiF crystals it depends on the type of the cation co-activator and decreases in the co-

activator raw: Fe, W, Ti. 

Secondly, the transmission spectrum of polyvalent Me-nOH ̶ complexes formed in the 

process of crystal growing makes a number of narrow bands in the region of 3700 – 3500 cm-1 and 

it is determined by the co-activator type and crystal growing modes. Radiation transformation of the 

structure in these types of complexes changes the number, relation and amplitude of the bands 

inherent in the complex, and it is caused by the change in the charge and magnetic state of its 

components and the distance between them as well.  

Thirdly, the formation of Ме-О2
 ̶ complexes (where Ме: Fe, W, Ti) can be observed under 

radiation with specific parameters. The cathodoluminescence spectrum of this type of complexes 

makes 11 narrow equidistant bands, the characteristic decay time of the spectrum is equal to 100 ns 

at 15 K for all the crystals with the spectral position of the amplitude envelope in the region of 2.7-

2.8 eV according to the co-activator type. 
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Single crystals of lead tungstate (PbWO4) are known as a fast and heavy scintillation 

material for high-energy physics experiments. Co-doping with stable trivalent rare-earth A3+ ions, 

substituting for Pb2+ ions in the PbWO4 crystal lattice, suppresses the lead-deficient structure and 

reduces the number of single lead and oxygen vacancies [1-3]. As a result, considerable 

improvement of the scintillation characteristics of PbWO4 crystals is achieved. However, the 

peculiarities of the luminescence and defects creation processes in these materials were not studied 

in detail. Therefore, the luminescence of PbWO4 crystals doped with various A3+ ions (La3+, Lu3+, 

Y3+, Ce3+, Gd3+, Eu3+) is investigated in the 4.2-200 K temperature range by the time-resolved 

spectroscopy methods. Photo-thermally stimulated defects creation processes are studied under 

selective UV irradiation of the crystals in the 3.5-5.0 eV energy range. The optically created centers 

are detected by the TSL and ESR methods. 

The electron (WO4)
3- and {(WO4)

3--A3+} centers are found to be created under irradiation in 

the defect-related 3.80±0.40 eV energy range. In this energy range, a new UV emission peaking at 

3.05-3.20 eV is excited. At T>60 K, both the thermal quenching of this emission and the photo-

thermally stimulated creation of {(WO4)
3--A3+} centers take place with the same activation energy 

(10-25 meV). It is suggested that the UV emission arises from the radiative decay of the excitons 

localized near A3+ ions which are produced as a result of the two-step excitation process. The non-

radiative decay of these excitons is responsible for both the appearance of {(WO4)
3--A3+} centers 

and the thermal quenching of the UV emission. 
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Rayleigh and Mandel’shtam-Brillouin scattering (RMBS) spectroscopy and high 

temperature ultrasonic study (HTUS) are effectively used for estimation of “frozen-in” fluctuations 

in inorganic glasses [1]. For the first time these methods are applied to a glass forming system 

characterized by stable liquid immiscibility such as PbO-Al2O3-B2O3 system studied by SAXS 

earlier [2]. HTUS includes temperature dependencies of longitudinal velocity in melts at 550 - 

1300оС taken at 1 - 5МHz frequencies [1]. Abnormal “water-like” variation of equilibrium 

ultrasonic velocity and compressibility in these melts with temperature was observed. From HTUS 

data the density fluctuations in glass melts were estimated. “Frozen-in” index fluctuations of single 

phase glasses were estimated on the base of Landau-Placzek ratios found from RMBS spectra of 

glasses at room temperature.The data was discussed in terms of Macedo-Schroeder formalism [3]. 

Comparison with SAXS data evidences that 30-100Ǻ fluctuations are the origin of light scattering 

in the studied glass forming system.  
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We have studied influence of fluorine on germanium oxygen deficient luminescence center 

(GeODC) in films (~100 µm) produced by the surface-plasma chemical vapor deposition (SPCVD) 

without any consequent treatment, then corresponding to amorphous layer production at 

temperatures lower than temperature of glass softening. Two kinds of samples were studied: a 

sample with “high” concentration of fluorine and a sample with “low” concentration of fluorine. 

Main feature of the samples difference corresponds to difference in detection of GeODC 

luminescence. For the case of “high” level of fluorine a “normal” GeODC or so call GeODC(II) or 

twofold coordinated germanium is observable. That there is absorption band at 5 eV were 

luminescence of GeODC is excited. In the case of low fluorine consentration the absorption band at 

5 eV is not well expressed and however luminescence of GeODC is observed there under 248 nm 

excimer laser (KrF) it intensity is much lower than in the case of high fluorine concentration. Most 

significant difference is observed for excitation with higher than 5 eV photons – that is excitation 

with 193 nm (ArF) and 157 nm (F2) of excimer lasers. The decay kinetics of luminescence for 

observed under these conditions is very different from usual GeODC, however luminescence bands 

positions are close to usual GeODC. Noticeable effect under both last case of excitation is 

luminescence intensity growth during long time excitation (half an hour and more), therefore it was 

concluded that GeODC are produced by this irradiation. 

In the case of “high” concentration of fluorine the yield of GeODC luminescence excited 

with 157 nm photons (F2 excimer laser) still be high and the absorption in the range of such 

excitation is high. Then is was concluded that hypotetical GeODC(I) does not exist at least in the 

produced samples. It is known from literature that SiODC(I) of pure silica glass could be passivated 

with fluorine with strong diminishing of famous 7.6 eV absorption band of oxygen deficient pure 

silica glass. 
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Our work is concerned with the preparation and investigation of high-frequency electrode-less 

light sources (HFELS). Such lamps are well suited for the investigation of plasma interaction with the 

lamp bulb, due to the absence of electrodes. During the operation of electrode-less lamp plasma interacts 

with the bulb wall material, causing nanoscale modifications of this material. The surface topography 

influences some important properties of the lamp, for example, the operating lifetime. The 

characteristics of surface become especially important when decreasing the dimensions of the light 

source. Plasma-surface interaction studies are also interesting for surface treatment technologies [1,2], 

as plasma  could be used as alternative to chemically active substances that are used in chemical surface 

cleaning methods. 

In this work we tested how does different types of treatment change surface of SiO2 glass. For 

our experiments we used five equal high-frequency electrode-less lamps. One was without treatment, 

two were chemically treated - one with tequila and another with alcohol and two were treated with 

Ar+Se and Ar+As plasma respectively. For exploration of surface of lamps we broke them to obtain 

glass samples. Then acquired samples were measured by atomic force microscope and data were 

processed with analytical program. In the end we got results for one untreated and four differently 

treated SiO2 glass surface samples. The main conclusion is that every treatment method changes SiO2 

glass surface and its characteristics. By comparing chemical and plasma treatment methods we can see 

that surface treated with plasma is smoother and maxima have decreased. Also SiO2 surface modified 

with Ar+As plasma has irregular topography because in some places metallic coating has formed up. 
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The development of new quantum cutting phosphors for the efficient converting of vacuum 

ultraviolet photons into visible light has physical interest from phenomenological point of view and 

great practical importance for application in high-performance mercury-free lighting and in plasma 

display panels (PDP). Recently, it was shown that Gd-based phosphates doped with Eu3+ ions are rather 

promising luminescence materials for these devices due to their easy preparation and high physical and 

chemical stability as compared with commercial PDP phosphors [1, 2]. The present work reports on the 

investigation of the luminescence properties of LiGd1-xEuxP4O12 (x=0, 0.1 and 0.5) performed with the 

aim to clarify the processes of the excitation energy migration and transfer, which take place between 

the Gd3+ and Eu3+ ions. 

Under selective excitation of unpoded LiGdP4O12 with the high-energy VUV photons, the 

photon cascade luminescence of Gd3+ ions is studied in detail. Doping with Eu3+ ions leads to the 

essential changes in the luminescence parameters. Upon VUV excitation, the LiGdP4O12:Eu3+ shows not 

only the emission of Gd3+, but also the intense emission of Eu3+ ions. In the excitation spectrum of 

LiGdP4O12:Eu3+ monitored at 590 nm (5D0→7F1), the absorption lines at 273 nm (8S7/2→6IJ) and 311 nm 

(8S7/2→6PJ) of Gd3+ ions are revealed. This indicates to the Gd3+→Eu3+ energy transfer. The study of 

time-resolved emission spectra of Eu3+ (5D0→7F1) under excitation in the Gd3+ absorption lines 

(8S7/2→6IJ) as well as of the decay kinetics of Gd3+- (6PJ→8S7/2) and Eu3+- (5D0→7F1) related 

luminescence, carried out at 4.2-300 K, confirms the conclusion on the presence of the Gd3+→Eu3+ 

energy transfer. Temperature dependence of the decay and rise times of these emissions indicates that 

the energy transfer is effective at T>160 K. As the high-intensity charge transfer band of Eu3+ is 

overlapped with the absorption lines of Gd3+ ion (8S7/2→6GJ), the well known quantum cutting process 

via downconversion in {Gd3+-Eu3+} couples [3] is excluded. 
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Fig.1 Photoluminescence spectra of Y3Al 5xMnxO12 
crystal irradiated by electron (fluence Φ=1016 cm-2). 
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Yttrium aluminum garnet (Y3Al 5O12, YAG) based phosphors have been widely used in 

advanced optical technologies, solid-state laser, and fluorescent materials for luminescent applications 

[1-3]. Y3+ and Al 3+ in YAG can be replaced by many kinds of other cations with different valency and 

size with in a suitable range. The point defects and its associates presence in structure influence on a 

number of physical properties and make impossible the use this crystals in devices. The current 

understanding of the role of transition metal impurities in optical absorption and photoluminescence of 

YAG is not yet completely established, particularly in 

relation to the effect of irradiation in this material. 

The photoluminescence (PL) and optical absorption 

of Y3Al 5O12 containing transition metal ions and 

defects produced by fast neutron and electron 

irradiation are investigated. 

The 370, 500 and 830 nm bands are observed 

in absorption spectra of Y3Al 5O12 containing 

manganese. After neutron irradiation in absorption 

spectra additional bands with maxima 549.5, 595.2 and 714.3 nm appear, the 370 and 500 nm bands 

intensity increases but the 830 nm band intensity decreases. Photoluminescence spectra of YAG before 

neutron irradiation at T=80 K contain in orange region fine lines, ascribed to Mn2+ ions in octahedral 

position. After irradiation in the luminescence spectra of garnet crystals band broadening is observed. 

Electron irradiation produced broad band with a complex structure related to Mn4+ ions (Fig.1). 

Exchange interaction between radiation defect and impurity ions during neutron irradiation lead to 

appearance of addition lines and luminescence bands broadening in investigated crystals. 
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Europium doped yttrium vanadate (YVO4:Eu) is one of the most important phosphor materials, 

which currently finds a variety of applications in cathode ray tubes, fluorescent lamps and as a 

scintillator in radiation detectors. Nanocrystaline YVO4:Eu is relevant for these issues as well, since 

nanoparticles do not show any scattering effect in the visible region, being embedded in transparent 

matrices.  

Three samples have been studied in the present 

work: commercial powder (from Philips), 

nanocrystalline powder (particle size about 12 nm) and 

nanocrystalline powder coated by YF3 1-2 nm thick 

layer. Synthesized powders have zircon-type tetragonal 

structure (I41/amd) [2]. The luminescence properties of 

these samples were recently studied in details in [1, 2]. 

Characteristic Eu3+ radiative transitions were observed 

for all three samples. However, quantum yield of Eu3+ emission in nanosized YVO4:Eu is drastically 

lower compared with bulk powder, but protection of the luminescent core with YF3 layer results in a 

partial recuperation of the quantum yield. Besides, significant differences were observed in excitation 

spectra for all three samples in UV and vacuum UV spectral ranges.  

In order to understand the difference in luminescent properties, the samples were studied by 

Raman spectroscopy. The obtained Raman spectra agree with literature data for bulk and uncoated 

YVO4:Eu nanocrystals [3,4] and can be assigned to the vibrational modes of YVO4. However, the 

reduction in crystallites size below 20 nm results in the Raman bands broadening and can be 

significantly influenced by coating with YF3 layer (Fig. 1). 
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Fig. 1. Raman spectra of YVO4: Eu samples. 



 

                 

 

216 

Po-103 

Time-Resolved Luminescence Properties of YVO4:Eu3+ Nanocrystals 

 

L. Shirmane, V. Pankratov, A. Sarakovskis 

Institute of Solid State Physics, University of Latvia, 8 Kengaraga, LV-1063, Riga, Latvia 

e-mail: liana.shirmane@inbox.lv 

 

Europium doped yttrium vanadate is one of the most important phosphor materials which 

currently find a variety of applications in cathode ray tubes, fluorescent lamps and scintillator in 

image detectors. YVO4:Eu is characterized by its high energy-conversion efficiency, brightness, 

color purity, and high thermal stability.  

Recently we demonstrated luminescence properties of YVO4:Eu in vacuum ultraviolet 

spectral range investigated under using synchrotron radiation [1], where a significant defference in 

excitation spectra was established between bulk and nanocrystalline samples. In order to clearify the 

origin of such difference a comparative analisys of time-resolved luminescence properties under 

excitation of picosecundrs laser was performed. Temperature dependence measurments of 

luminescence spectra as well as luminescence decay kintecs were carried out in 20-300 K  range. 

 In the present study a macrocrystalline sample was commercially produced by Philips, 

while nanocrystalline YVO4:Eu (average particles size is about 12 nm) was produced by means of a 

microwave-induced synthesis in ionic liquids, which allows the efficient particle size, quality and 

impurity level control. In order to minimize possible surface related losses YVO4:Eu nanoparticles 

have been covered by non luminescent 1-2 nm thickness YF3 layer [2].  

A significant discrepancy of time-resolved luminescence characteristics (both intrinsic and 

Eu3+) between nano and macro crystals was obtained and analyzed. The mechanisms explaining 

such distinctions as well as the role of surface states in luminescence quenching and energy transfer 

processes will be elucidated and discussed. 
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The presence of ultra-fast emission component in BaF2 (0.9 ns) allows the creation of 

ionizing radiation detectors with a high (110 ps) time resolution [1]. BaF2 single crystals are well 

studied; in this work ceramics based on BaF2 have been investigated. Ceramics have several 

advantages compared with single crystals: the freedom in choosing the shape and size of samples; 

increased mechanical strength; relatively low cost. 

The growth of crystals for investigations, preparation of ceramic materials, and subsequent 

treatment of samples (annealing, cutting, polishing, etc.) were performed at the Joint Stock Venture 

“INCROM” [2]. The ceramic materials were prepared by uniaxial hot pressing of the initial crystals. 

To control the spectral and kinetic characteristics of the samples the following conditions were 

varied: i) the impurity type and concentration; ii) annealing in reducing atmosphere of gaseous CF4, 

and iii) the degree of sample deformation.  

The main technological stages of the process of obtaining the scintillation ceramics are the 

following: a sample is subjected to cold pressing; press-shape with the sample is loaded into the 

furnace; the oven is set on a press; pressure is applied to the sample; the furnace is evacuated; mold 

with the sample is heated to a temperature of hot pressing; the sample is kept under pressure given 

time to achieve a given degree of deformation.  

We obtained the following ceramics with improved scintillating characteristics: BaF2:Tm, 

BaF2:Sc, BaF2:Ce. The ceramics show a high light yield of the ultrafast component (220 nm, 0.8 ns) 

and a decrease of light yield and decay time of slow component of scintillations compared with the 

BaF2 single crystals. 
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TERS requires the tip to be as close to the sample as possible without affecting the integrity of 

tip or sample. In addition, a metallic tip is necessary for the enhancement. STM provides a convenient 

way to combine these requirements and study the effects of various tip shapes, coupling mechanisms, 

and other variables. The analysis of opaque samples 

creates a challenge as high-NA oil immersion 

objectives cannot be used, as in transmission mode 

setups. A parabolic mirror approach would provide 

a high NA of 1 but puts a lot of constraints on the 

setup and flexibility. A good compromise and 

excellent way to excite the AFM tip and collect the 

Raman signal is to place the Raman objective at 

about a 60 degree angle with respect to the tip axis. 

It seems counter intuitive but the side illumination 

scheme has shown the highest enhancement factor 

for TERS in theoretical studies. A setup using this 

side-on geometry is realized in the Innova IRIS. The Innova lends itself as a platform for TERS on 

opaque samples due to its openness, its very stable and low-noise closed-loop feedback system, and its 

near-IR feedback diode. It can be operated in STM and a variety of AFM modes with easy switching. 

IRIS enables TERS measurements in AFM modes and in STM. The control of both the AFM 

and Raman microscope is handled by a software package residing on the AFM computer. The sample 

used is Malachite Green, a dye for which literature data exist. Single-molecule sensitivity on Malachite 

Green using a side illumination scheme was previously reported by Neascu et al in 2006. Spectra like 

the one presented can be acquired in as little as 0.1s using just a few micro-watts of incident laser 

power. 
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Fig. 2 TERS spectra of Malachite Green obtained using 
a gold tip iluminated by 633 nm light at verying 
distances above surface 
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Fig.1 Raman spectra of land snail shells (the bands of 
calcium carbonate indicated as *). 
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In this work we have performed Raman spectroscopy studies of coral, pearls, eggshells, land 

snail shells. Also pure calcium carbonate was used for comparison. Our Raman spectra of white 

coral, white pearls are very similar to the spectra of pure calcium carbonate. The five fundamental 

bands predicted from the group theory analysis of calcite. The bands at 154 cm-1 and 281 cm-1 in the 

calcite spectrum have been assigned to translational and rotational modes, respectively [1]. The 

weak band 711 cm-1 and 1434 cm-1 modes corresponding to in-plane bending and antisymmetric 

stretching modes of carbonate ions. The 

strongest band, at 1085 cm-1, is an internal 

mode that derives from the symmetric 

stretching mode of the carbonate ion. We 

found that the Raman spectra of white 

coral, white pearls are very similar to the 

spectra of pure calcium carbonate. But 

Raman spectra of eggshells, land snail 

shells, pink pearls have additional bands 

(Fig.1). The origin of these additional 

bands will be discussed. 
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Fig.1 Example of the aging effect in case of  
cadmium iodide luminescence. 
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Layered CdI2 crystals can be used as prospective fast scintillators for the detection of 

ionizing radiation. Layered structure of theses crystals allow for multiple mechanisms of the 

impurity localization. Thus, various ways for creating spatially confined emission and 

recombination centers are possible. However, efficient application of these materials require clear 

understanding of the electronic processes in case of high-energy excitation. 

 Luminescence spectra (in the 1,5–3,5 еV range) and luminescence excitation spectra (in the 

3,5–45 еV range) of pure and In, Sb and Sn doped cadmium iodide crystals have been investigated 

using synchrotron radiation. Origin of the 

luminescence bands and the influence of impurities 

on the radiative centers formation are discussed. 

Luminescence spectra features in the fundamental 

absorption range are analyzed considering band 

structure data for CdI2 [1].  

Luminescence excitation and 

photoluminescence spectra were studied at 

Т = 10 К exploiting synchrotron radiation at 

SUPERLUMI station (HASYLAB, DESY, 

Hamburg, Germany). 

The effect of aging (see Fig. 1) on the luminescence from pure CdI2 and CdI2 doped with In, 

Sb and Sn has been investigated. The origin of significant difference in the emission spectra is 

discussed.  
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Lanthanum-modified lead zirconium titanate ferroelectric ceramics 

Pb1−yLay(ZrxTi1−x)O3 (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 behaviour 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 ca. 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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Bulk nickel oxide (NiO) experiences a phase transition from paramagnetic (Fm-3m) to 

antiferromagnetic (R-3m) phase on cooling below the Néel temperature TN=523 K [1]. The 

magnetic ordering of nickel spins in the antiferromagnetic phase leads to a weak structural 

distortion due to the magnetostriction effect [1]. The lattice dynamics of NiO has been traditionally 

probed by Raman spectroscopy, in spite of there are no first-order Raman active modes. All 

available Raman data suggest the existence at 300 K of seven bands [1,4]: one-magnon band at 34 

cm-1; two defect-induced one-phonon bands at 400 cm-1 (TO) and 560 cm-1 (LO); three two-phonon 

bands at 740 cm−1 (2TO), 925 cm-1 (TO+LO), 1100 cm-1 (2LO); two-magnon band at 1400 cm-1. 

In this work we have performed temperature dependent Raman spectroscopy studies of 

single-crystal (sc) and polycrystalline (nano & micro) NiO across the antiferromagnetic-to-

paramagnetic phase transition. The high-quality (signal/noise ratio) of the experimental Raman 

data, compared to previous works [1,4], allowed us to reliably detect several effects: a new weak 

band at ~200 cm-1 in all samples, a weak splitting of the band at 400 cm-1 below 360 K in sc-NiO, 

and anomalous temperature dependence of some phonon bands in sc-NiO. The origin of these 

effects will be discussed. 
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Effect of the chemical etching and the next laser irradiation on the (111) wafers of CdTe single 

crystals was studied. Chemical etching of the CdTe wafers were done in 5% bromine-methanol solution 

and, just after, the samples thoroughly rinsed in methanol. Concerning the laser effect, the whole surface 

area of the wafer was irradiated by 7 ns single pulse of the 532 nm second harmonic of a YAG:Nd laser 

with energy density of 45 or 80 mJ/cm2, i.e., below and above the melting threshold. 

Refraction n and absorption k indices were 

defined within of both the semi-infinite medium 

model and model of homogeneous absorbing 

surface layer upon an absorbing substrate. 

Photoluminescence was excited by an 

LGN-402 argon-ion laser with 488 nm wavelength. 

The results are presented in Fig. 1, the curves are 

normalized by the edge band intensity. Two bands 

are observed at the photoluminescence spectra. The 

peak of the high-energy band at 1.56 eV 

corresponds to the bandgap value for CdTe at the 

liquid nitrogen temperature. This is obviously the 

band of intrinsic luminescence. The another broad band peaked at 1.45 eV was slightly weakening as a 

result of the etching in bromine-methanol solution (curve 2). It is naturally to suggest that the band is 

caused by recombination at the near-surface states. 

Light irradiation of CdTe sample with the energy density above the melting threshold strongly 

modifies the crystal surface. 
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Micro- and nanostructuring of materials can lead to novel physical properties as well as new 

applications. We have developed a sol-gel route leading to the formation of metal-oxide multiwall 

microrolls. The rolling of uniform thickness film segments is believed to be due to a gradient of 

gelation extent of the sol exposed to high humidity air that is introduced into the system during 

preparation. Initial thin gel film segments are obtained when proper solvent is added to dissolve the 

underlying sol layer. The obtained freestanding film segments roll spontaneously into microscopic 

rolls of metal-oxide alkoxide gel because gelation causes sols surface to shrink and therefore exert 

forces on the whole upper layer of the gelating sol [1]. However, monoclinic ZrO2 microrolls 

undergo a destructive phase transformations what leads to the cracking of microrolls when annealed 

at high temperatures due to the formation of tetragonal and cubic phases [2]. Stabilization of desired 

crystallographic phase of zirconia is often problematic because the only stable phase at room 

temperature is the monoclinic one. Fortunately the addition of certain dopants (like yttrium) to 

zirconia usually helps to form stable tetragonal and cubic phases at room temperature [3]. 

Hereby we applied above-described method for preparation of 8 mol% of yttrium doped 

ZrO2 (YSZ) microrolls, additionally co-doped with 1 mol% of samarium and annealed step by step 

at 500, 700 and 900°C to functionalize material for luminescence applications. Annealing is needed 

to induce a crystalline structure since the as-prepared microrolls were amorphous and contained 

hardly any crystallographic phases of zirconia. 

Micro-Raman and photoluminescence measurements performed confirm formation of stable 

tetragonal phase for microrolls annealed from 500 to 900oC. The microrolls also remain transparent 

and non cracked because no destructive phase transformations occur during the annealing process 

due to the stabilised tetragonal phase. 
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Strontium aluminate phosphors activated with Eu and Dy has been reported for high 

brightness and long lasting afterglow [1] with wide range of applications in, for example, 

emergency lighting, luminous paints, optical memories etc. [2] The properties of strontium 

aluminates phosphors strongly depend on material preparation. The method most frequently used 

for this phosphor is high temperature solid state reaction; it requires high calcination temperature 

(~1300o C) and reducing atmosphere. Unnecessary by-products can appear as well as the 

incorporation of unexpected impurities is possible during material calcination. To avoid the need for 

high temperature treatment, other methods are used, i.e. sol-gel method, where the material is 

synthesized at low temperature, however the obtained materials contain a large amount of 

amorphous phase and its composition might be inhomogeneous. 

In present investigation a different method for the synthesis was applied - the solar physical 

vapour deposition. This method gave the possibility for solid state reaction at high temperature in 

clean environment – the solar energy was concentrated on relative small area of the raw material 

target, the target holder was cooled and in the reactor camera the gas atmosphere and pressure was 

controlled. Therefore the content of non-controlled impurities is expected to be small, although it 

didn’t prevent the origination of multiple strontium aluminate complex oxides, as it was shown by 

XRD analysis.  

The luminescent properties of the obtained material were studied – the luminescence 

excitation and emission spectra, luminescence decay kinetics and thermally stimulated 

luminescence. The obtained results were compared with those for similar composition phosphor 

synthesized by conventional solid state reaction using the same raw material.  
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In this work we continue electron paramagnetic resonance (EPR) spectroscopy studies of the 

oxyfluoride glass ceramics containing BaF2 fluoride component using Mn2+ ion as a paramagnetic 

probe [1]. 

After successful material synthesis and specific heat treatment at temperatures above first 

crystallization temperature transparent glass ceramics samples were obtained. For these samples 

superhyperfine (SH) structure in the X-band EPR spectra taken at 77 K has been observed. Such SH 

structure is characteristic to fluorine hyperfine interaction observed in the fluoride crystals [2]. 

Obtained data allow analyzing the structure of the BaF2 crystallites and possible location of the 

Mn2+ ion in the BaF2 crystalline lattice. 

Theoretical calculations and comparison of EPR spectra of oxyfluoride glass ceramics with 

the spectra of the pure BaF2:Mn2+ powder confirming hypothesis of Mn2+ ion incorporation in the 

BaF2 crystalline lattice will be discussed in this presentation.  
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Structure sensitive spectroscopic method electron paramagnetic resonance (EPR) 

spectroscopy is useful for the structure studies of oxyfluoride glass ceramics which after specific 

heat treatment contain crystallized nanoscale fluoride components [1, 2]. 

In this investigation Mn2+ ion has been used as a paramagnetic probe in the oxyfluoride 

glass ceramics containing SrF2 nanocrystals. Main characteristic in the EPR spectra of heat-treated 

samples is the appearance of the resolvable superhyperfine (SH) structure which indicates Mn2+ ion 

incorporation in the fluoride structure. The EPR spectra could be explained by the Mn2+ ion 

entering in the SrF2 crystal structure. In such case it has SH interaction with the nearest fluorine 

atoms located at the vertices of the cube. Similar EPR spectrum has been observed also in the pure 

SrF2:Mn2+ powder which along with the theoretical modeling of the spectra supports hypothesis of 

the cubic structure of the SrF2 crystallites. 
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In the present work we report results of investigations of gallstones. Different types of 

gallstones were studied. Accordingly the paramagnetic composition gallstones could be divided on 

three main types: cholesterol, brown pigment and black pigment stones [1]. The samples of 

gallstones were received from the P.Stradins Clinical hospital of Latvia, some gallstones was 

donated by private persons. 

The EPR spectra of gallstones were measured on a BRUKER EMX-6/1 spectrometer 

equipped with an Aspect 2000 data system. An ER 4102 ST Universal X-Band Resonator (TE102 

mode) was used. The samples were observed in a scanning electron microscope (SEM, TESCAN 

Mira\LMUField-Emission-Gun) as well. The elemental composition of gallstones was assessed by 

energy dispersive X-ray spectrometry (EDS, Oxford instruments 7378) performed on the scanning 

electron microscope. 

The gallstones was separated in different samples by gallstone’s component color. EPR and 

EDX observed spectra show differences for studied components. We received information about 

composition of gallstones by EDX spectroscopy. EPR spectroscopy let us to reiceve information 

about electronic states of transition metal ions. 

EDX spectroscopy technique let us to study the composite of gallstones and EPR 

spectroscopy give us information about electronic states of transition metal ions.  
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NiWO4 belongs to a series of transition-metal tungstates as MnWO4, FeWO4, CoWO4, and 

ZnWO4, having wolframite-type structure. To our knowledge, its luminescent properties have been 

scarcely studied in the past. In the only work [1], it was observed that a broad blue-green (2.07-3.54 

eV) photoluminescence band exists in NiWO4 powders and sol-gel derived NiWO4 films, calcined 

above 600°C. 

In the present study, the low temperature photoluminescence spectra and excitation spectra 

of micro and nanocrystalline (crystallites size below 2 nm) NiWO4 powders were measured 

exploiting ultraviolet (UV) and vacuum ultraviolet (VUV) synchrotron radiation (3.6-20 eV) 

emitted from DORIS III storage ring at SUPERLUMI station (HASYLAB DESY, Hamburg).  

The obtained results were analyzed, based on our previous studies of nanocrystalline 

ZnWO4 and solid solutions ZncNi1-cWO4 [2,3] as well as recent electronic structure calculations for 

NiWO4 [4]. We found that the shape of the photoluminescence band at 2.5 eV, being due to 

radiative electron transitions within the [WO6]
6− anions as in ZnWO4, is strongly modulated by the 

optical absorption of Ni2+ ions (d-d transitions) as suggested in [3]. The maximum of the 

photoluminescence band in nano-NiWO4 is shifted to 2.7 eV, thus located at ~0.32 eV higher 

energy than in nano-ZnWO4 [2]. Such blue-shift can be explained by the difference in the 

relaxations of WO6 octahedra in the two tungstates, which are directly supported by our W L3-edge 

and Ni(Zn) K-edge EXAFS data. The excitation spectra of both micro and nanocrystalline NiWO4 

can be well interpreted based on the first principles band structure calculations [4]. 
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The operation of Redox Resistive Memory (ReRAM) is based on a change in resistance of a 

metal-insulator-metal (MIM) structure driven by ion migration combined with redox processes 

involving the electrode material or the insulator material, or both [1]. ReRAM can be realized utilizing 

electrochemical, thermochemical, and valence change phenomena [1]. Electrochemical metallization 

cell (EMC) device, known also as Conductive Bridging (CB) cell or Programmable Metallization Cell 

(PMC), is based on the electrochemical control of nanoscale quantities of metal in thin film solid 

electrolyte [1]. EMC devices can be, for example, realized using a thin WO3 film sandwiched between a 

copper anode and an inert cathode [2-4]. One believes that under the influence of an electric field, the 

electron current from the cathode reduces an equivalent number of Cu-ions injected from the anode, and 

a Cu metal-rich electrodeposit is formed in the WO3 electrolyte [3]. 

In this work we have performed first synchrotron x-ray absorption spectroscopy study of the 

local atomic and electronic structure around Cu and W atoms in as-prepared and annealed in air at 

~135°C multilayered EMC structures WO3/Cu/Si and WO3/Cu/WO3/Si. 

Our analysis of the W L3-edge EXAFS spectra indicates that the local environment around W 

atoms in both as-prepared and annealed samples is similar and resembles that of pure a-WO3 thin film. 

On the contrary, the local environment of Cu atoms depends strongly on the type of the sample and 

annealing procedure. We found that as-prepared multilayers contain nanosized metalllic copper, which 

is oxidized to Cu+ upon annealing. The oxidation of Cu ions in the multilayers upon annealing is also 

supported by the Cu K-edge shift of about 0.7 eV to higher binding energies, whereas no shift of the W 

L3-edge was detected. The monovalent Cu+ ions having small size are able to diffuse across the 

multilayer and, thus, presumably participate in the formation of conducting pathways in the EMC cell. 
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Copper tungstate CuWO4 belongs to the wolframite series of structurally related materials 

MeWO4 (Me=Mg, Mn, Fe, Ni, Co, Cu, Zn, Cd), in which metal cations and tungsten ions occupy 

non-equivalent octahedral sites. However, opposite to other tungstates adopting the wolframite-type 

structure, the crystal structure of CuWO4 is triclinic (space group P-1) due to a strong Jahn-Teller 

distortion of CuO6 octahedra caused by the d9 electron configuration of the Cu2+ ions [1]. CuWO4 is 

paramagnetic at room temperature, but exhibits long-range antiferromagnetic (AFM) order below 

the Néel temperature of 24 K [2]. Besides its magnetic properties, during last years copper tungstate 

has been attracted an increasing interest because of numerous possible applications such as a 

photoanode material in photovoltaic electrochemical cells, in all-solid-state thin-film lithium 

batteries, for gas-sensitive resistors and as photocatalysts. Thus, understanding of CuWO4 

functional properties as well as their further optimization requires a precise knowledge of its 

electronic structure. 

To the best of our knowledge, until now the band structure of CuWO4 has been theoretically 

studied only using the full potential linearized augmented plane wave (FP-LAPW) method by two 

groups [3,4] and [5]. In the present work, the atomic, electronic, and magnetic structure as well as 

phonon properties of CuWO4 have been systematically investigated using the first principles spin-

polarized periodic linear combination of atomic orbitals (LCAO) method with the pure density 

functional (DFT) and hybrid Hartree-Fock (HF)-DFT Hamiltonians. The obtained results will be 

compared with previous theoretical studies and available experimental data. 
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Among perovskite-type compounds, copper nitride Cu3N, having a cubic anti-ReO3-type 

structure composed of the NCu6 octahedra joined by corners [1], has been little studied, in spite of 

the practical interest in the fabrication of copper nitride has grown in the recent years motivated by 

its possible applications as a material for write-once read many (WORM) optical storage devices [2] 

and for the fabrication of low-resistance magnetic tunnel junctions for the use in non-volatile 

magnetic random access memories [3]. 

The dynamic properties of Cu3N lattice are driven by the anisotropic thermal vibrations of 

Cu atoms, whose thermal ellipsoids are flattened perpendicular to the N-Cu-N bonds [4]. The 

thermal displacement parameters indicate that there could be some degree of positional disorder at 

the Cu site [4]. Therefore, it is possible that this disorder and the resulting local lattice distortion are 

one of the reasons for the structural instability of Cu3N under pressure of ~5 GPa [5]. The 

anisotropy of the copper atoms thermal vibrations could also lead to the negative thermal expansion 

of Cu3N at low temperatures. 

In this work we have performed first temperature dependent (10-300 K) synchrotron x-ray 

absorption spectroscopy study of the local atomic structure and lattice dynamics around copper 

atoms in polycrystalline and nanocrystalline thin film Cu3N.  

The comparative analysis of the first coordination shell for polycrystalline and 

nanocrystalline thin film Cu3N will be given and discussed. The advanced MD-EXAFS analysis 

technique was applied to the EXAFS spectra of polycrystalline Cu3N at 300K,  allowing the 

analysis beyond the first coordination shell to obtain the information on the N-Cu-N angle 

distribution. 
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MnWO4 is recently discovered multiferroic material, which contains formally only one 

magnetic ion (Mn) [1, 2]. At ambient pressure and in absence of magnetic field multiferroic 

material MnWO4 undergoes three magnetic phase transitions to antiferromagnetically (AF) ordered 

states: paramagnet→AF3 (TN=13.5 K), AF3→AF2 (T2=12.3 K), and AF2→AF1 (T1=8.0 K) [3]. 

Ferroelectric polarization appears only in the AF2 phase: it can be explained by the loss of inversion 

symmetry due to the helical magnetic order and a strong spin-lattice coupling. The magnetic 

properties of MnWO4 can be influenced by replacing Mn2+ with Fe2+ or Co2+ ions. The c-T phase 

diagram of Mn1-cCocWO4 (c<0.3) has been established recently using the temperature-dependent 

magnetic susceptibility and neutron powder diffraction studies [4]. It was found that Co doping at 

c>~0.05 suppresses the commensurate AF1 phase and stabilizes the incommensurate spiral AF2 

phase down to the lowest temperature [4]. The lattice parameters as well as the unit-cell volume 

decrease linearly with cobalt doping, reflecting the smaller radii of Co2+ ions. However, the 

temperature coefficients of the lattice parameters a and b show non-linear behavior with cobalt 

concentration suggesting that complex magnetism and transitions in Mn1-cCocWO4 are closely tied 

to the temperature-dependent changes in the lattice [4]. 

In this work we have performed the first x-ray absorption spectroscopy study of the local 

atomic structure and lattice dynamics around W, Mn and Co ions in pure MnWO4 and CoWO4 as 

well as in the solid solution Mn0.7Co0.3WO4. The obtained results give direct evidence of that cobalt 

doping influences significantly the distortion of the MnO6 octahedra and, thus, confirm the 

stabilizing role of cobalt doping in solid solutions Mn1-cCocWO4, suggested recently in [4, 5]. 
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Fig. 1. Fourier transform of the Pb L3-edge EXAFS spectra for PbS 
quantum dots (dashed line) and polycrystaline PbS (solid line). 
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PbS is an IV-VI semiconductor with the sodium chloride type of structure and rather small 

bandgap (Eg = 0.42 eV at T=300 K [1]). It is a classical material for quantum dots based devices, 

where quantum confinement leads to an increase of effective Eg to values beyond 1eV. Therefore 

PbS quantum dots are a promising 

material for harvesting visible and 

infrared radiation [2]. 

In this work we have 

performed the Pb L3-edge x-ray 

absorption spectroscopy (XAS) study 

of the local atomic structure and 

lattice dynamics around lead ions in 

PbS polycrystals and nanocrystals. 

The obtained results give direct 

evidence of strong nonuniform 

atomic structure relaxation in 

nanosized PbS. 

Optical absorption spectra of our PbS quantum dots show well defined excitonic peak 

centered at about 760 nm (1.63 eV). Using this value and the energy gap dependence on the particle 

size [3], one could estimate the average size of nanoparticles to be about 2.4 nm, being in good 

agreement with our findings from XAS. 
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Several nanocrystals (NC) based solar cell architectures were demonstrated in recent time. 

Main architectures are Schottky type [1], blend of two different NC materials [2], Gratzel type solar 

cell [3] and blend of NC and polymer [4]. One of most significant advantage of NC based solar cell 

technology is synthesis from solution, which is much cheaper in comparison with conventional 

vacuum technologies used for silicon solar cells. 

It is well known that band gap of nanocrystals may be tailored in wide range varying its size 

due to quantum confinement effect. Sulphide materials have rather large Bohr radius (18 nm for 

PbS and 2.4 nm for CdS). Another important material characteristic for solar cell engineering is 

work function. Ability to modify work function of NC is essential for increasing solar cell 

efficiency. 

In this study we report on varia methods of the synthesis of PbS, CdS, Cu2S and ZnO 

nanocrystals and their investigations with optical absorption methods and Kelvin probe 

measurements of work function of chemically synthesized nanocrystal thin films. 
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Metallothermic reduction of chromium and silicon halides by alkali and alkali-earth metals 

is proposed as promising method of chromium silicides synthesis. 

Process of simultaneous metallothermic reduction of CrCl3 and Na2SiF6 by potassium could 

be presented as follows: 

CrCl3 + 2Na2SiF6 + 11K ⇒ CrSi2 + 4NaF + 8KF + 3KCl 

Molten phase formed at synthesis temperatures (923-1023 K) facilitates nanocrystalline 

product formation. Obtained by metallothermic reduction method powders consist of hexagonal 

chromium disilicide phase. Average size of CrSi2 particles obtained by metallothermic method is 

35-60 nm. 

Thermostability of synthesized powder was studied in air at up to 1273 K by TGA and DTA 

methods. Results analysis allow one to stipulate that obtained powders are stable up to 973 K. 

Further temperature increase causes significant oxidation of powders leading to formation of 

protective oxide layer at their surface. 

Change of metal-reductor with different reaction ability in metallothermic synthesis leads to 

changes in structure of nascent silicides nanoparticles. Instead of nanopowders, nanorods are 

formed. 

Process of simultaneous metallothermic reduction of CrCl3 and SiCl4 by magnesium could 

be presented as follows: 

6CrCl3 + 2SiCl4 + 13Mg ⇒ 2Cr3Si + 13MgCl2 

All peaks at the X-ray diffractogram of this process product can be attributed to the cubic 

Cr3Si phase. 

According to the results obtained by methods of TEM and transmission electrons 

diffraction, all the investigated samples contain primarily nanorods 30-90 nm in diameter and up to 

500 µm long. 
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Frequency nanosecond electron accelerators type URT have been developed for use in 

radiation technologies [1]. The accelerators include a thyratron, a pulse transformer and a 

semiconductor opening switch. The accelerating voltage is up to 0.9 MV, FWHM pulse length is up 

to 60 ns, and the repetition rate is up to 250 Hz (Table). A metal ceramic cathode, which is used in 

the accelerator, provides an electron beam cross section up to 16 cm in diameter or rectangular with 

the dimensions of 45*5cm2 at a maximum density of the pulse current equal to 2 A/cm2. 

Table. Parameters of URT accelerators 
Accelerator U, kV Pulse energy, J Tp, ns Repetition rate, pps 
УРТ-0.2 200 1.75 35 250 
УРТ-0.5 500 6.25 50 200 
УРТ-1 900 25 60 50 

 
Thus, a family of nanosecond electron accelerators has been developed for use in radiation 

technologies applied to layers up to 0.4 g/cm2 thick, such as production of nanopowders from gas 

and liquid precursors. 

Experiments on the irradiation of silver nitrate solutions in various liquids by a URT-0.5 

accelerator facilitated the development of technology for producing silver nanopowders (NPs). The 

powder yield and particle size as a function of the irradiation mode has been established. An 

increase in the adsorbed dose results in an increased powder yield; however, the particle size 

decreases and the powder agglomeration rate increases. Therefore, the targeted production of silver 

NPs with a mean particle size in the range of 90-1100 nm is possible. Besides to produce TiO2 and 

SiO2 NPs the gas precursors were used. 
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Fig.1.  Thermal desorption spectra of deuterium (dose 
~1.3×1017 D/sm2) implanted in Zr-1%Nb alloy: (a) - 
source, (b) - deformed by cool rolling RT under on 
~96%; (c) - deformed by cool rolling RT under on 
~96% and irradiated by electron beam fluence 
~6×1017 cm-2 
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Nanostructured condition of the alloy Zr-1%Nb was received by deformation cool rolling (~300 

K). The degree to deformation was formed ~96%. The average size of grain after deforming was 

d ≈ 61 nm. For such nanostructure typical high concentration three-dimensional concentration borders 

(~3,4 %) and significant level microstrains. The 

high degree of unsoundness and spottiness of the 

sharing the internal voltages conditions change the 

thermal desorption spectra of deuterium. In thermal 

desorption spectra of ion-implanted deuterium this 

reveals itself as additional low-temperature area 

desorption of deuterium within the range of the 

temperature 770-1000 К (see fig. 1, curve b). 

The irradiation by electron with energy 10 

MeV and by fluence ~6×1017 cm-2 brings about 

active development of the revocable processes in 

nanostructure alloy. Density of dislocations falls in 

grains object. The most intensive displacement dislocations occurs in top of the ragged borders - in 

places of the maximum concentration of the voltages. The dislocation glide and microslip is occurs 

because of interaction them with flow point defects of radiation origin. As a result is occurring of 

shaping new polygonal borders. The transformation nanostructure occurs in the manner of reduction of 

the average grain size (~d~58 nm) and increase to concentrations of the borders (~8,8 %). This reveals 

itself in increase temperature range of deuterium isotope retention and appearance additional peaks with 

the temperature in maximum ~700 and ~800 K (see fig.1, curve c). This reflects the structured changes 

of Zr-1%Nb alloy. 
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Cu and Pt nanoparticles are perspective materials for application as catalysts, photocatalysts, 

adsorbents, sensors. Different methods have been previously applied for fabrication of nanoparticle 

arrays on the surface, for example, Pt nanoparticles were fabricated by electron beam lithography 

on oxide surfaces [1] or by the reductions of H2PtCl6 in ethylene glycol [2]. Cu nanoparticles were 

deposited on the ultrathin polypyrrole film by constant current electrolysis [3] and on Al surfaces by 

internal electrolysis methods [4]. 

In the present study, the deposition of Cu and Pt nanoparticles on metallic Al surface were 

performed by electrolysis at constant electrode potential in acidic electrolyte media, by internal 

electrolysis method in the acidic electrolyte media and combination of these methods. Combination 

of electrolysis at constant electrode potential with internal electrolysis method was fond most 

effective for fabrication of nanoparticle arrays. 

Firstly Cu or Pt nanoparticles in the solution were synthesized by reduction of CuSO4 or 

H2PtCl6 using reducing agent and then Cu or Pt nanoparticles were deposited on the surface of 

metallic aluminum by electrolysis at constant potential with short controlled time and formation 

process of nanoparticles was completed by internal electrolysis. Then we described the formation 

mechanism of Cu and Pt nanoparticles during the internal electrolysis. The contact area of Cu and 

Pt nanoparticles with aluminium was analyzed by electrochemical impedance spectroscopy. The 

composition of deposited material was approved by equivalent circuit analysis, optical and scanning 

electron microscope methods. 
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Great variety of measurement methods is used in now day’s biology and pharmacology; 

however the demand for more measurement possibilities is permanent. Recent advances in high 

throughput microcultivation systems have greatly increased the possibilities to screen effects of any 

particular chemical (or potential drug) in the level of cell or few cells (lab on chip concept), 

however – the amount of parameters available for online analyses has remained limited. Until now 

– mainly integrative parameters are used - optical density (OD) measurements for cell count and 

color assays for cell enzymatic activity. On the other hand - there are many online parameters used 

in small-scale reaction systems (e.g. dissolved oxygen, CO2 production, temperature, etc.), which, 

usually due to lack of adequate methodology, are poorly covered in microcultivation systems. 

Already now rare earth doped ZrO2 are used successfully as sensors in bioreactor systems 

(both in lab and industrial scale). We propose to expand usage of these materials also to 

microcultivation systems by employing subsequent material’s nanocrystals. 

Effects of ZrO2 nanocrystals on live cells growth parameters were tested on baker’s yeast 

Saccharomyces cerevisiae - traditional eukaryotic cell and one of the “basic test organism” for 

pharmacology studies used for drug screening in microcultivation systems. 

A set of undoped as well as Er and Yb doped ZrO2 samples at different concentrations were 

prepared by sol-gel method. The optimal rare-earth ion concentration was determined.  The up 

conversion luminescence for free standing and for nanocrystals with baker’s yeast cells was studied 

and the differences in up-conversion luminescence spectra were analyzed.  

Carl Zeiss optical microscope was modified to use in up-conversion luminescence imaging. 

For the first time (to our knowledge) the images with sub micro up-conversion luminescent particles 

in biologic media were made. 
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Metal nanoparticle arrays are potential materials for novel sensor development and 

applications in electronic and optical devices. One of the array production technique is use of 

porous ultra thin anodized aluminum oxide (AAO) template (mask) through witch material is 

deposited to form arrays of 20-80 nm diameter nanoparticles on a substrate [1,2].  

We have successfully developed the technology of membrane production [3] as well as 

metal nanoparticle deposition on various surfaces including silicon and glass. The nanoparticle 

materials tested include Ag, Au/Pd alloy, Au with Ti layer for improved adhesion. The goal of 

present work is development of a recipe for uniform coverage of large areas with metal nanoparticle 

arrays. 

Metal nanoparticle arrays on transparent substrates form optically active systems, which 

respond to various stimuli in sensor applications. Their spectral properties can be tailored for 

particular need by changing particle shape and array density. 

Here we present optical scattering measurements of nanoparticle arrays of various metals 

and alloys produced by the above method; Optical imaging allows assessment of the uniformity and 

overall quality of deposited metal nanoparticle arrays and determines applicability for particular 

device design. The optical properties are compared to array structure analysis using electron and 

scanning probe microscopy techniques. 
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One of the problems in searching of magnetic nanostructures for biomedical application is to 

obtain particles with sufficiently hydrophilic surfaces and small average size so they can evade the 

reticuloendothelial system in vivo. 

Magnetic iron oxide based mixed-covered nanostructures bearing organosilicon heterocyclic 

choline analogues have been prepared to provide their physico-chemical investigation. The 

compounds, which were chosen as a cover for magnetite nanoparticles, are environmentally friendly 

substances, namely, widely spread in nature oleic acid and biologically active organosilicon 

heterocyclic choline analogues, so-called, silyl pro-drugs.  

According to the developed procedure [1-2] the structures assembling the final product 

composed of magnetite, an oleic acid and N-methyl-N-(2-decyl- and 2-hexadecyldimethyl-

siloxyethyl)-1,2,3,4-tetrahydroisoquinolinium iodide as biocompatible shell have been obtained. 

This complex compositions can be accepted as double pro-drugs due to its original unusual 

magnetosome-like structure containing non-covalently linked silyl pro-drug (the second surfactant) 

with oleic acid (the first surfactant). 

Structural conclusions and size determination for synthesized magnetic nanoparticles are 

drawn based upon methods of magnetogranulometry, DLS and X-ray diffraction analysis. Most 

expected iron oxide core diameter was 5.0–5.5 nm. 

The procedure for the preparation of water soluble nanoparticles has been modified. The 

micelles size in aqueous solution of nanoparticles, bearing N-methyl-N-(2-

decyldimethylsiloxyethyl)-1,2,3,4-tetrahydroisoquinolinium iodide, obtained according to the 

modified procedure,  was determined by DLS, which gave the value of about 30 nm. 
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Magnetic fluids (MF) are stable colloidal solutions consisting of magnetic nanoparticles 

dispersed in a carrier liquid and a surfactant acting as a dispersant. The unique ability to control and 

manipulate  the flow and energy transport processes, using an external magnetic field, makes MF an 

attractive media for potential technological applications in a variety of fields, such as electronics, 

mechanical engineering, thermal engineering, aerospace, and bioengineering. However, the 

application of a magnetic fluid in a particular area requires its specific properties. To produce a 

magnetic fluid with the desired properties for use in a particular area is possible by changing the 

materials of the magnetic nanoparticles, carrier medium and surfactant [1]. For an efficient heat 

transfer highly temperature sensitive MF is required with high pyromagnetic coefficient β = 

(∂M/∂T)H. For this purpose, we have synthesized nanoparticles of complex Fe2Mn0,3Zn0,6Ca0,1O4, 

Fe2Zn0,7Cu0,3O4, Fe1.9Gd0.1Mn0.6Zn0.4O4  ferrites.  These particles were coated with oleic acid 

(surfactant) and dispersed in tetradecane.  Many industrial applications require the use of thermally 

stable, chemically inert, magnetic fluid having a low vapor pressure. For the preparation of such 

magnetic fluid as the carrier medium castor oil and di(ethylhexyl) sebacate was used. Oleic and 

lauric acids are used as the surfactants and nanoparticles of magnetite as a dispersion medium. MF 

containing hard magnetic nanoparticles is characterized by the considerable heating effects in AC 

magnetic fields due to various energy loss mechanisms. These effects are of interest for technical 

heating processes. Hard ferrite CoFe2O4 particles are synthesized and dispersed in tetradecane 

(C14H30) for this purpose. Octadecanol (C18H38O) was used as the surfactant. Magnetic properties of 

colloids are measured by a vibration sample magnetometer in fields up to 1 T. 
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Transport properties of magnetic nanoparticles are important characteristics which 

determine the colloidal stability of magnetic fluids in various applications. At present there are 

considered several applications of ferrofluids under nonisothermal conditions. If strong temperature 

gradients are presented, there appears a new transport phenomenon – particle 

thermomagnetophoresis. Experiments on magnetic Soret effect usually are accompanied by 

uncontrollable thermal or solutal magnetic convection which strongly influences the measurement 

results. In present work the measurements of thermophoretic particle transport are performed using 

porous media thereby excluding the possible influence of convection. Thermphoretic mobility of 

nanoparticles is determined from measurements of particle concentration in two chambers which 

are located on both sides of the porous layer. The chambers are kept at different temperatures. 

Homogeneous magnetic field is oriented transversally to the membrane, it is induced by a water 

cooled solenoid. In frame of linear irreversible thermodynamics the flux densities of solvent, 

particles flux and heat flux contain summands proportional to the gradients of thermodynamic 

potentials: pressure, particle chemical potential and temperature. The measured dynamics of both, 

the particle separation and the thermoosmosis induced pressure difference allows evaluating the 

membrane transport parameters: the filtration coefficient, the coefficient of solutal osmosis and the 

coefficient of thermoosmosis. Onsager relations allow evaluation also the coefficient of particle 

reverse osmosis. Besides, from particle separation curves it is possible to calculate the fluid 

transport coefficients: mass diffusion and thermodiffusion. The magnetic field causes an increase in 

mass diffusion and a decrease in particle thermodiffusion. It is shown in the work that the origin of 

both effects is the magnetic pressure difference on borders of the layer due to breakdown of particle 

concentration (porosity of the filter is 0.8). Evaluations say that the conventional magnetic Soret 

effect due to magnetophoresis of particles is significantly smaller than the proposed here effect of 

magnetic barophoresis. 
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Fig.1 The size distribution of the ferrite nanoparticles: a- histogram from ferrite nanoparticle TEM, b-size 
distribution function from the sample magnetization analysis. 
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The polydispersity of nanoparticle systems give rise to special requirements of the particle 

size description. The size distribution function gives the most perfect presentation of particle sizes, 

although its determination is a very laborious way. There are direct and indirect methods of 

polydispersity analysis. The direct method is based on statistical analysis of transmission electron 

microscopy pictures (TEM). The indirect methods are based on analysis of various macroscopic 

phenomena which are related to particle sizes. For example, there may be used methods based on 

realization of inverse task: ∫ ⋅⋅= drrfrxgxy )(),()( , where y is the observed intensity, g is the intensity 

for one particle and  f(r) is the size distribution function. The present work is devoted to comparison 

of results of direct polydispersity analysis with those of indirect ones for superparamagnetic 

magnetic nanocolloids. In this case the function g(x,r) means the macroscopic magnetization curve 

of colloid which is represented as a superposition of Langevin functions. Such approximation may 

be employed for colloids of small magnetic interaction parameters (low concentrations small 

particle sizes). 
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Fig.1 The relaxation of the ferrofluid optical 
anisotropy from different place of volume after 
fractionation: 1,2-bottom and top of the gravity 
column accordingly, 3- top of the centrifuge cell. 
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A ferrofluid is a colloidal solution of the magnetic nanoparticles in the liquid carrier. 

Usually it is a polydisperse system with wide size distribution. Under some conditions, such as 

gravitation, acceleration, gradient magnetic field, gradient of the temperature, the redistribution of 

the magnetic nanoparticles occurs in the volume. 

As a result not only particle concentration but 

also the mean particle size of the colloidal 

solution varies with taken part of the solution 

volume i.e. a fractionation take place. 

The optical anisotropy occurs in the 

liquid colloidal solution of the magnetic 

nanoparticles under external magnetic field [1]. 

The nature of the phenomenon is orientation of 

the colloidal particles along direction forced by 

external magnetic field. The relaxation regards so called Brownian type rotation. The time of the 

particle rotation depends on the colloidal particle size. Owing to this feature, the study of the 

relaxation of the optical anisotropy in the pulse magnetic field may be a sensitive and quick way to 

observe the fractionation process in the ferrofluid. 
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If in the particle transport a constant velocity U takes place, the concentration distribution of 

particles c= c(x, t) can be obtained by solving the equation 
x

c
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x

c
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∂
∂

+
∂
∂

=
∂
∂

2

2

 with its initial and 

boundary conditions. Assuming that the diffusion coefficient D is known, this equation actually allows 

to study U. The simplest way to get a constant non-zero U is to subject suspended particles to 

gravitation. In this case the sedimentation velocity can be calculated as: 
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0

9
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η
ρρ dg

U
−
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where d is the hydrodynamic diameter of a particle, ρ its density, ρ0 and η0 the density and the viscosity 

of solvent. The real hindrance of sedimentation experiments is very low values of U, and thus very small 

changes of concentration c(x, t) per moderate time unit. 

Sedimentation experiments become reasonable at studying polydisperse suspensions, moreover, 

if stability of the particles is ensured by a surfactant layer of different density, and formation of 

aggregates is not eliminated. Properly measured U allows to conclude about mean hydrodynamic values 

of ρ and d, Eq.(1). 

We carried out a sedimentation experiment with suspended ferromagnetic nanoparticles. 

Polydispersity of nanoparticles obeys log-normal distribution, proved by independent measurements 

with the vibrating sample magnetometer (VSM) and the size analyzer (DSL). We measured the 

concentration of magnetic nanoparticles by measuring the inductance with two coils, placed at the top 

and at the bottom of the test-tube. 7 days were enough to evaluate U, however the experiment proceeded 

for 24 days with the aim to find the difference in size distributions between the top and the bottom of the 

test-tube by DSL. 

Measured mean sedimentation velocity U = 0.017 mm/h is in good agreement with that, 

estimated by Eq.(1). Polydispersity curves, taken by DSL, allow to perform more detailed analysis over 

the sizes of nanoparticles, U = U(ρ, d).  
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During the last decade there has been increasing interest for design and fabrication of extra 

small addressable electrodes, sensors and other devices for nanoelectonics and nanophotonics 

applications. Such device prototypes require investigation of relevant material properties in 

nanoscale. Atomic Force Microscopy (AFM) and its modifications have proven to be excellent tools 

for material parameter determination and device prototype testing and characterization. 

Kelvin probe force microscopy (KPFM), which is an application of the non-contact atomic 

force microscope, was used for measuring the contact potential difference between the conductive 

probe and sample simultaneously with the topography measurements [1]. In this study surface 

potential maps of electrodeposited Au nanodot array and the self-assembled film of azobenzene 

derivatives located on the Au film were acquired. The surface potential values of various materials 

with a lateral resolution below 50nm and potential resolution lower than 10mV were obtained. Also 

the comprehensive investigation of the influence of the main experimental parameters during 

KPFM has been analyzed. The effects of varying the tip-sample distance from 10 to 60 nm and the 

applied VAC from 500 to 2000 mV were investigated [2, 3]. Work functions of investigated surfaces 

are determined. 
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Fig.1 Dependences of ellipsometric  parameters Ψ(ϕ) and  ∆(ϕ) 
of samples with different silver volume fractions f=0.65 and 
f=0.11 
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We made a comprehensive research of nanostructured thin films, consisting of silver 

nanoparticles, embed in dielectric matrix (Al2O3) with different Ag volume concentrations. 

Thickness and optical constants of the films were measured with the help of ellipsometry. Measured 

angular dependences reveal, that optical conductivity changes from metallic to dielectric with 

decrease of silver volume fraction [1], (Fig. 1). We show, that optical properties of samples with 

f>0.4 can be extracted using semifinite medium approximation if thickness of film is higher than 

300 nm, and that optical constants of 

samples with f<0.4 can be described, 

using effective medium approximation. 

Complex dielectric function was 

measured within 295-825 nm wavelength 

range. We observed a red shift of silver 

particle’s plasma frequency with decrease 

of filling factor and suggest a mechanism 

that can explain such behavior. Average 

values of complex index of refraction 

n+ik for samples with f=0.08-0.2 is 

n=1.4-1.8; k=0.2-0.6. It means that thin films consisting of silver nanoparticles, embedded in 

dielectric matrix can perform a strong light absorption in broad spectral region [2], and such 

materials can be used to increase efficiency of photovoltaic elements and photo detectors. 
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Fig. 1a Image of „cauliflower-like” diamond particles 
produced in University of Bristol 

 
Fig. 1b Image of our „cauliflower-like” diamond coating on 
tungsten 
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Our work is concerned with the preparation and investigation of low pressure DC plasma 

chemical vapour deposition systems for diamond synthesis. A variety of chemical vapor deposition 

(CVD) methods have been developed over the last years to obtain layer of diamond at low pressure. 

These methods have led to many applications taking advantage of the exceptional properties of a 

diamond. However, their properties have to be improved and operational costs reduced. 

In this work we used low power (60W) DC plasma discharge system in order to deposit rare 

modification of nanostructural „cauliflower-like” high-quality diamond films from hydrocarbon–

hydrogen gas mixtures at low pressure on tungsten substrate. Discharge was operated for 100 hours, 

during whom coating on substrate was made.  

Analysis of tungsten substrate surface was performed by SEM-EDX and data showed that 

main component of the coating is carbon. There were also oxygen pollution traces. Obtained 

diamond coating image was very similar to that produced in University of Bristol (Fig. 1 a and b). 
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Fig.1 Compression isotherm of single sheet graphene 
oxide (SGO) monolayer on air/water interface. 
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Nowadays a huge attention is paid to single-sheet graphene (SG), an outstanding transparent 

material with a high electrical and thermal conduction. Due to these properties, replacement of 

traditional transparent electrodes by SG could lead to enhanced performance of optoelectronic 

devices. Large area substrates should be covered 

by SG for future applications like solid state 

lighting and solar cells. One of the possible 

routes of obtaining such films is to use 

dispersion of single-sheet graphene oxide (SGO) 

what can be produced in large scale by use of the 

different liquid phase graphite exfoliation 

methods. The challenging part is how to transfer 

SGO from dispersion on to large area substrate 

in controlled manner. One of such possibilities is 

to obtain Langmuir monolayer of SGO at the 

air/water interface and then transfer it to substrate by Langmuir-Blodgett (LB) or Langmuir-

Schaefer deposition method1. Optimization of optical and electrical properties could be achieved 

within a thickness control of GO films upon repeated deposition process2. 

In presentation we would like to show LB deposition results achieved by commercially 

available (Cheap Tubes Inc.) submicron size dried SGO with thickness 0.7 – 1.2 nm by AFM. 

Suspension treatment, spreading an LB deposition process parameter impact on film morphology 

and properties will be discussed.  
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Technical large scale implementation of super capacitors (EDLC) is being hindered by high 

costs of electrodes, which is an important factor in their acceptance at the world markets. Many 

researches use activated carbon electrodes due to their lower costs, wide working conditions range 

and high potential comparing to electrodes made from other carbon materials (fullerenes, 

nanotubes, etc.). 

The main goals of our work is the obtaining of effective nanoporous carbon materials with 

high specific surface using thermocatalytical synthesis with sodium hydroxide and their testing by 

X-ray scattering technique and micro-Raman spectroscopy. It was experimentally established that 

temperature 500оС is not sufficient (SBET 1200 m2/g) to reach the maximum porous structure of 

carbon materials. At 700оС specific surface maximum (SBET-3570 m2/g) is being achieved after 90 

minute synthesis. The hypothesis of the possible pore size formation mechanism has been drawn – 

it is proposed that graphene planes are being consequently removed from the reaction zone. 

On the X-ray scattering plots of the carbon materials obtained two diffraction maximums are 

being observed at 21.7 and 42.8 degrees, which is characteristic for the materials with partially 

ordered molecular structure. It was established that positions of diffraction maximums do not 

correspond to the ones observed in the case of graphite-like carbon materials. Average coherent 

scattering areas sizes L=1.2 and L=1.9 nm can be attributed to the average crystallites sizes. Raman 

spectra of the obtaining nanoporous carbon materials display two broaden bands: G-band (1333 

cm-1), D-band (1585 cm-1). Raman spectra have also the second order overtone of the D band and G 

band: broaden 2D band (2785 cm-1) corresponding to the graphite and sharp G `band (2685 cm-1) 

corresponding to the graphene  
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Titania (TiO2) is a material that has attracted great attention for many advanced applications 

using the sunlight. It has been studied extensively as a promising photocatalyst [1], solar energy cell 

material [2], antifogging and self-cleaning coating [3,4]. Unfortunately, it absorbs only a fraction of 

sunlight, which restricts the use of titania. Nickel containing titania thin films have been prepared 

on HF or methanol cleaned Si(100) substrate by using the sol-gel method and annealed in the air at 

450 to 1150 °C. Several experimental techniques (Atomic Force Microscopy, X-ray Diffraction, X-

ray Reflection, Raman spectroscopy, Energy Dispersive X-ray Analysis, X-ray Photoelectron 

Spectroscopy, X-ray Absorption Spectroscopy, UV-VIS Spectroscopy and Hydrophilicity 

measurements) have been applied to characterize these films. The morphological and structural 

properties of nickel containing titania were found to be dependent on substrate treatment. The thin 

films deposited on methanol cleaned Si(100) substrates, compared to similar films on HF cleaned  

Si(100) substrates, were more uniform, did not contain large pores and had smaller RMS roughness, 

especially when annealed below 650 °C. Also films on methanol cleaned substrate were more 

crystalline and anatase transformation to rutile phase occurred at 150 °C lower temperature. When 

films were annealed above 650 °C, nickel was found mainly in the NiTiO3 crystallites. Nickel 

compounds segregated to the surface of the film, forming islands. Nickel addition red-shifted the 

titania fundamental absorption edge further into the visible range. 
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Carbon nanotubes (CNT) and their mechanical properties have been closely investigated since 

the late 1990s. Initially researches were mainly focused on using of CNTs to reinforce polymer and 

ceramic matrices, later – on the reinforcing of metallic matrices. Thus, CNT-reinforced aluminium has 

potential applications in the aerospace, automotive and sports industries where light weight combined 

with high stiffness and strength is desired. 

Technologies of nanocomposite metals production are expensive and complex. For this reason it 

is perspective to apply non-destructive methods and to use specimens with small dimensions for 

determination of material properties. The specimens with cross-section 10x2 mm and a length of 60, 70, 

80 mm was used in the research. Two methods have been used to determine the elastic material 

properties: an impulse excitation method and a method, based on the three-point-bending tests. Peak-

picking method has been applied to determine dissipative material properties. Specimens machined from 

large billets made of aluminium alloy LM24 with CNT volume content of 0.0, 0.1, 0.3, 0.5 and 1.0% 

have been tested to determine the influence of the CNT on elastic and dissipative properties of the 

LM24 alloy. 

Specimens with free-free boundary conditions simulated by handing the specimens on thin 

threads have been used in the experiments conducted by the impulse excitation and peak-picking 

methods. The experimental results show that anchoring of specimen in the upper corners instead of the 

nodal lines of bending modes didn’t influence values of eigenfrequences and the dependency of loss 

factor on the frequency, but increased values of loss factor to constant value of 0.00025. 

The addition of CNT to the aluminium alloys did not yield a visible increase in their elastic 

properties, but decreased their dissipative properties. If for bending modes the maximal average 

deviation (in comparison with pure LM24 alloy) is 32%, for twisting modes it is 45%. It is necessary to 

note that material investigated did contain pores that have considerable influence on the elastic and 

dissipative material properties. Therefore it was not possible to obtain clear dependences of the material 

properties on CNT content. 
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Carbon nanotubes (CNT) have been widely investigated by researchers to improve 

understanding of the unique electric mechanism and optical properties. Semiconducting, single-

walled carbon nanotubes (SWCNT) are a promising material for saturable absorbers in laser mode 

locking. Furthermore, SWCNT-based saturable absorbers can be fabricated by simple and 

economical methods, such as spray, spin coating or horizontal evaporation methods. However, 

application of those techniques requires dissolution of CNT’s. Unfortunately, CNTs are insoluble in 

any solvents and forming bundles due to strong van der Waals interactions that tightly hold them 

together. CNT’s insolubility decrease the overall yield of usable material and interfere with most of 

the desired properties of the CNT’s. The use of various surfactants and polymers can highly 

increase solubility of CNT in polar and non-polar media.  

Currently, fabrication of CNT and polymer composites for saturable absorbers is very 

popular. But due to nature of organic polymer matrix, these composites are unstable on higher 

temperatures or in high energy light expositions. Therefore a sol-gel process for the fabrication for 

inorganic (i.e. silica) or semi-organic (organic-modified silica) matrix can be a promising way to 

produce photo-chemically and thermally stable CNT composites. 

The aim of this work - using spin-coating technique make a SWCNT’s and silica 

composites. So foremost SWCNT’s solubility in ethanol was investigated using different surfactants 

– Triton (X-100 and X-305), polyvinylpyrrolidone (PVP 360 000M and PVP 24 000M) and Poly(4-

vinylpyridine) (P4VP 40 000M). Most stable colloidal solution was obtained using a P4VP as 

surfactant – solutions were stable up to 6 weeks. Therefore this surfactant was used for the 

fabrication of SWCNT/Silica composite coatings. SWCNT’s was directly dispensed in a colloidal 

silica sol and coatings made by spin-coating technique. All samples were investigated under optical, 

atomic force microscopy methods, and optical non-linearity was measured. 
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In this work, the influence of multi-walled carbon nanotubes (MWCNTs) and commercial 

polyethylene/carbon nanotube masterbatch on mechanical and thermal properties of CNT reinforced 

linear low density polyethylene (LLDPE) nanocomposites is studied. The composites were obtained by 

using melt mixing.  

Tensile elastic modulus of the nanocomposites rapidly increase, by raising CNT content up to 2 

wt. %. Above 2 wt. % concentration of CNT gradual decrease in elastic modulus can be observed due to 

agglomeration. This shows that 2 wt. % is limiting CNT concentration for used mixing technique to 

achieve good dispersion of the nanofiller throughout the LLDPE volume. Greater modulus and yield 

stress increase is observed for polyethylene masterbatch filled composites.    

By analyzing calorimetric data of the investigated nanocomposites it was observed that the 

effect of nanofiller on the crystallization behavior is stronger in the case of the composites modified 

with the masterbatch.  

Thermogravimetric analysis measurements show that weight loss curves of the investigated 

nanocomposites shift to higher temperatures along with increasing CNT content. Thus 50% weight loss 

of LLDPE is reached at 470oC while that for the nanocomposite with 5 wt.% of CNT – at ~ 500oC, most 

probably due to better heat dissipation of the material. This indicates about increased thermal stability of 

the CNT modified nanocomposites.  

Investigated LLDPE nanocomposites show percolation threshold of electrical conductivity at 2 

wt. % or 1 wt. % of the nanofiller, depending upon whether neat CNTs or masterbatch is used. 

Permittivity measured in the frequency range from 10-2 to 106 Hz is independent from the frequency for 

unfilled polymer. For nanocomposites noticeable dielectric polarization is observed and the dielectric 

constant is higher for samples with higher CNT content. There is also similar increase in imaginary part 

of permittivity at higher CNT concentrations. 
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In the prevailing “nanoage” in science there are multiple evidences about development of 

nanostructured materials and composites on it bases. In many researches it is reported about 

modification of broad range of thermoplastic and thermosetting polymers with various inorganic 

and organic nanofillers such as cellulose whiskers and nanofibers [1], nanoclay [2], precious metals 

and metal oxides [3], various carbon allotropes (graphene, carbon nanotubes, nanodiamond etc) [4].  

Considerably less effort, however, is devoted to the development of polymer blend nanocomposites.  

In the current research the effect of ZnO nanoparticles on the structure and properties of 

common thermoplastic polymers - polyoxymethylene (POM), polypropylene (PP), ethylene- octane 

copolymers (EOC) - and their binary blends is investigated. Composites have been obtained in a 

broad component wt.-to-wt. ratio (0-50 % by EOC weight content) by using twin screw extruder. 

The amount of nanostructured ZnO filler in the composites is changed in the interval from 0 to 5 wt. 

%. 

Structure as well as quasistatic and dynamic stress-strain characteristics of ZnO modified 

nanocomposites has been investigated. In general results show that at small amount of EOC impact 

strength as well as superelasticity of the investigated nanocomposites increase. In the same time 

addition of ZnO improve heat resistance and mechanical properties of the investigated polymers 

and their blends to certain extent. 
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Complex shaped nanowires (NW) bent on a flat substrate by static friction force are 

investigated theoretically and experimentally. Zinc oxide NWs on oxidized silicon wafer are used 

for the experiments inside a scanning electron microscope (SEM). The complex shapes of NW’s are 

obtained by a nanomanipulation device as an actuator and an atomic force microscope (AFM) tip 

attached to it as a probe, in order to push the NW. Series of manipulations were conducted, where 

the NW was manipulated in steps to acquire different complex shapes, for example S- or arc-shapes 

of the same NW. NW bent profile is preserved due to balance of intrinsic elastic force and external 

lateral friction force from the substrate. 

Strus et. al [1] introduced a method, where an AFM image of a carbon nanotube was 

obtained and used as a basis for determining the static friction and elastic stresses in the framework 

of the elastic beam theory. The drawbacks of that method were the unconsidered boundary 

conditions and reduced equilibrium equations. 

Model based on elastic beam theory is proposed that enables to solve coupled equations of 

equilibrium for the NW, taking into account boundary conditions of free NW ends[ 2 ]. That 

method demonstrated successful interpretation of bent NWs of simple arc-shapes. In the present 

study we have developed a improved algorithm of NW skeletonization for analysis of complex 

shaped NWs. Calculation of distributed friction force, elastic energy and elastic stress along the 

complex shaped NWs from experimentally obtained SEM image is demonstrated. Depending on the 

shape of the NW, different degrees of interpolation polynomial functions can be applied. 
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Characterization of the fundamental mechanical properties of individual nanowires is crucial 

for their application in nanometer size devices. Young’s modulus defined as the ratio of tensile 

stress to tensile strain is one of the most important parameters used to determine material’s 

mechanical properties. It has been observed experimentally as well predicted by theory that 

Young’s modulus of nanowires of different materials may be size dependent, however 

measurements results show opposing trends.  

Antimony sulfide has attracted interest for its high photosensitivity and thermopower [1]. 

Mechanical properties of antimony sulfide nanowires to our knowledge have not been measured. 

Antimone sulfide nanowires were fabricated by reaction between SbCl3 and thiourea at 195o 

C temperature. Experiments were performed in situ by means of a nanomanipulation system 

compatible with scanning electron microscope. The advantage of this method is the possibility to 

directly investigate mechanical reaction of individual nanowires at the moment when an external 

force is applied. 

In our experiment Young’s modulus of antimony sulfide nanowires has been determined by 

two approaches – by measuring nanowire resonance frequency and nanowire deflection by an 

external electrostatic field. Young’s modulus has been determined for nanowires of varying cross 

sections and results compared to that of bulk antimony sulfide.  
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Semiconductor nanowires are perspective 2D materials for the applications in the future 

technologies. Band gaps of Bi2S3 (1.3 eV) and Sb2S3 (1.6-1.8 eV) cover the visible and near infrared 

ranges of the solar spectrum. Thus these nanowires are optimal candidates for the conversion of 

sunlight into energy. Another possible application is integration of individual nanowires and 

nanowire arrays in other functional devices, for example field effect transistor (FET) chemical 

sensors. 

In our experiments, we used Bi2S3 and Sb2S3 nanowires and highly ordered nanowire arrays. 

Nanowire arrays were grown inside AAO membrane pores with pore diameters of 50-200 nm. Here 

we present some results on our experimental work. 

Recently, Bi2S3 nanowire array based field effect transistor was demonstrated by our group. 

To make it possible to use such FETs as chemical sensors, it is important to increase a sensing 

surface. This can be done by providing a suitable arrangement of the nanowire in FET. To proof 

that we have manufactured an individual nanowire based transistor on a flat surface using 

lithography techniques. Characterisctics of individual nanowire based and nanowire array based 

transistors were measured and compared. 

Also, we have investigated photoconductive properties of highly ordered Sb2S3 nanowires 

encapsulated in AAO matrix. Samples were illuminated with light in the range from ultraviolet to 

the infrared. For the sample illumination both LED diodes and laser beam were used. Photocurrents, 

kinetic components, response and decay times and stability for the different wave lenghts were 

measured and compared. 
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Recently, some research groups including our group presented individual nanotube or 

nanowire based two-terminal nanoelectromechanical on-off devices [1,2]. The operation of these 

devices is based on the fine balancing between electrostatic, elastic and adhesion forces. For the 

successful operation of such device, one must rely on the elastic force of the bended nanowire. This 

force must be strong enough to overcome adhesion in the nanowire-electrode contact area and to 

tear the nanowire from the contact. The problem to be solved is to find improve the method for the 

nanowire detachment from the contact. Nanowire’s detachment should not be dependent only on 

elastic force of the bended nanowire. Thus it will be less dependent on the nanowire’s mechanical 

properties and the system configuration. 

In this work we present application of DC and AC electrical fields to help the elastic force 

of the nanowire to disconnect it from the contact. These methods were developed for the systems 

with two and more input electrodes and one output electrode. The experiments were carried out in 

situ by using nanomanipulation systems inside SEM. Ge nanowires were used as active elements 

and electrochemically etched gold tips was used as opposite electrodes. 

The first way to go is to combine the elastic force with the DC electrostatic field. The DC 

field must be applied between the second input electrode and output electrode. Although the 

experiments were successful, the nanowire disconnection required operating voltages up to 200V. 

So high voltages lead to the fast damage of the nanowire. This approach can be improved by 

applying AC field “on top” of DC field. With combined AC+DC electric field the detachment of the 

nanowire can be achieved at the AC field frequency nearly the same as the resonant frequency of 

the double-clamped nanowire. The AC and DC voltages in this case are in the range of just 3-25 V. 

Neither melting nor degradation of the nanowire is observed during repetitive switching of the 

nanowire by combined AC+DC method. 
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a  b  
Fig 1. SEM images of Au NW (a) and Au particles (white spots) on 
the ends of Bi2S3 NW(b). 
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Au nanowires (NW) and nanoparticles (NP) are perspective for application as  biosensors, 

DNS detectors, in nanoelectronics and for other purposes [1] In the current study, the deposition of 

Au NW in pores of anodized aluminium oxide (AAO) template and on the ends Bi2S3 of NW was 

performed in miniature (2-3 drops of electrolyte, in a few mm2 AAO) electrochemical cell. 

Effectiveness of developed cell was examined. Electrolyte composition containing H[AuCl4], 

K4[Fe(CN)6] was successfully used in the electrochemical synthesis of gold NW and NP. Active 

component, (K[Au(CN)2]) responsible for the electrochemical formation of Au NW, is produced in 

the electrolyte during chemical reaction between K4[Fe(CN)6] and H[AuCl4]. The products of 

chemical reaction between K4[Fe(CN)6] and H[AuCl4] are characterized and evaluated by UV-VIS 

molecular absorption spectrometry. 

The obtained Au NW and 

Au NP were characterized by 

scanning electron microscopy 

(SEM) and by atomic force 

microscopy (AFM). 

Electrodeposition of Au by using 

said electrolyte system is compared 

with electrodeposition by commonly used K[Au(CN)2] in citrate solution as electrolyte [2]. It was 

stated that generation of electrochemical active component during chemical reaction in electrolyte 

solution have several advantages such as electrolyte is non-cyano component electrolyte and growth 

nanowires is equally uniform. As presented in Figure 1, the developed method is suitable for the 

electrofabrication of Au nanowires and particles on the Bi2S3. 
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Quasi one-dimensional semiconductor nanostructures of ternary AlxGa1-xN compounds open 

a possibility to tailor their electrical and optical properties by combining both the composition 

(molar concentration of Al) and size-dependent electronic confinement. This novel approach for 

bandgap engineering is promising for sensing and optoelectronic applications, while requires detail 

studies of structural, optical and photoelectrical properties. 

In the given report we present an optical study of carrier dynamics in MBE-grown  AlxGa1-

xN nanorod structures on Si(111) substrate with Al content 1.5% or 6.6 %. The typical nanorod 

diameter was 55-60 nm. For comparison, carrier dynamics in 0.5 µm thick AlxGa1-xN/Al 2O3 layers 

with x = 6.7 – 13% has been investigated. Photoluminescence (PL), time-resolved transient grating 

(TG), and differential transmission (DT) techniques were applied to monitor recombination rates of 

excess carriers. We found out that the PL peak position in nanorod samples depends on Al content 

determined by XRD. Varying excitation wavelength in 250 - 310 nm, time-integrated PL spectra at 

low injections revealed the strongest response in 355 - 370 nm (3.46 - 3.35 eV) range for differently 

grown ternary nanaostructures. 

Time-resolved DT and TG experiments revealed two components of injected carrier decay 

in nanorods: the first one of 15 - 25 ps, which decay correlated with Al content, being faster at 

higher Al content. The second component of 0.4 – 1.6 ns varied across the layers. The reference 

AlGaN on sapphire layer (with x = 0.068) also revealed two-component relaxation with 

characteristic times of 25 ps and 500 ps. DT spectral response at 330 nm excitation was found in 

360-375 nm range and decayed with 14 ps time. 

Correlation of observed features with XRD data and Al content will be also discussed. 
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Nowadays scientific progress and improving of chemical industry has made a big step 

forward. That means, the possibility of various organic solvents to come in tracheas of workers is 

growing and it can make irreversible damage to workers organism. Therefore there is a need to 

design, elaborate and investigate polymer-nanostructured carbon composite (P-NCC), which would 

serve in factories as a sensor material and would warn workers about health risks or it can help 

manufacturers control production processes. 

Sensor material is made of polymer matrix (polyethylene glycol (PEG) and ethylene-vinyl 

acetate (EVA)) and conductive ingredient (high structured carbon black nanoparticles). Used 

polymer matrixes differ with structure and polarity. PEG is highly crystalline and polar polymer, 

while EVA has amorphous structure and is non-polar polymer. Specifically formed sensor material 

structure enables chemical vapour detection in the air. 

PEG-NCC and EVA-NCC percolation thresholds are determined. PEG-NCC percolation 

curve shows unexpected behavior, instead of one percolation threshold we observed two thresholds 

at 3 and 8 mass parts of carbon black. EVA-NCC percolation threshold is around 7 mass parts of 

carbon black. Conclusion is that linear polymer macromolecules, like PEG have, promoted faster 

conductive channel formation between carbon black nanopartilces. 

PEG-NCC and EVA-NCC chemical vapour sensitivity depending on concentration of 

carbon black have been evaluated. As expected both composites show the best ethanol vapour 

sensitivity slightly above percolation thresholds. PEG-NCC highest response is observed at 8 mass 

parts of carbon black. It can be explained with PEG crystalline structure reduction when increase 

the concentration of carbon black in the composite content. 
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Fig. 1 Piezoresistivity DC test of polyisoprene/TEG 
composite by 10 cycles of loading at room 
temperature. 10 phr TEG. 

 
Fig. 2 Chemoresistivity DC test of polyisoprene/TEG 
composite and polyisoprene/MWCNT composites at 
room temperature for ethyl acetate vapour.  
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Recently we have elaborated polyisoprene/high structured carbon black composites with 

excellent piezoresistivity effect [1] as well as chemoresistivity effect [2]. The task of this study is to 

test the thermoexfoliated graphite (TEG) as well 

as multiwall carbon nanotubes (with high 

(LMWCNT) and low (SMWCNT) aspect ratio) 

for their application in design of new sensitive 

polymer composites. TEG has been synthesized 

in Department of Physics of KNTSU. 

Polyisoprene/TEG and polyisoprene /MWCNT 

composites were prepared in Institute of 

Technical Physics of RTU.  

Piezoresistivity (Fig. 1) and 

chemoresitivity (Fig. 2) DC and AC tests of 

composites show promising results. 

Polyisoprene/TEG composite has higher 

sensitivity to chemicals (Fig.2) then 

polyisoprene/LMWCNT. It allows to expect all 

the better sensitivity of polymer/single graphene 

composites in future. 
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Fig.1 Piezoresistive behavior of separate similar 
CHPSM elements under 1 atmosphere of pressure 
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Previous studies of polyisoprene nanostructured carbon black composites (PNCBC) have 

proven that this material could be used to produce cheap pressure, impact or vibration detection 

units – sensors [1]. Depending on the carbon black concentration and filler dispersing methods 

PNCBC revieals higher or lower piezoresistive 

properties as well as good electrical 

conductivity [2].  In this article we try to 

elaborate completely hyperelastic pressure 

sensitive mat (CHPSM) capable of large scale 

pressure mapping using layered composite 

approach. 

The CHPSM were made from raw 

PNCBC compositions with variable 

electroconductive carbon black concentrations. 

Each element of CHPSM was semi-vulcanized 

separately so it could maintain its shape during final vulcanization when these elements were cured 

together to form a uniform sensor. The CHPSM consists of 6 separate piezoresistive elements with 

hyperelastic electrodes incorporated into non-conductive natural polyisoprene rubber shell. The 

piezoresistivity of each CHPSM element was determined under operational pressures up to 1 and 10 

atmospheres. Dimensions of the elaborated CHPSM are 100x70x5 mm but they can be easily 

tailored for a specific requirement. 
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It is progressive to look for ecology, health and air quality nowadays. People, who work in factories 

and laboratories, are taken precautions to avoid serious health problems that are related with exposure to 

various volatile organic compounds (VOC) concentration in the air. 

A sensor material polyvinylacetate – nanostructured carbon composite (PVAc-NCC) was created to 

detect various VOC. Its working principle is related to the ability of composite matrix to absorb VOC 

molecules that causes swelling and subsequent increase of composite electrical resistance. When the leak of 

VOC is removed, the composite relax fully to the initial electrical resistance value. 

Experimental results showed that PVAc-NCC cannot determinate lower ethanol concentration than 

10000 ppm because the sensor electrical resistance drift was comparable with the sensor response to VOC. 

To improve the sensitivity of the composite we used several plasticizers (polyethylene glycol (PEG) with 

low molecular weight (300; 400; 1000; 6000) and di-n-octyl sebacate (DOS)). We compared sensitivity in 

ethanol vapour of produced sensor materials and evaluted the significance of used plasticizer.  

Of all tested composites the largest electrical resistance increase was observed for PVAc-NCC_PEG 

300 20%, when exposed to ethanol vapour. That is related to decrease of composite glass transition 

temperature (Tg) due to addition of PEG 300 20%. The Tg of PVAc-NCC is 42,870C, but for the composite 

composition with PEG 300 Tg is -63,350C. It is known from the polymer glass transition theory that 

molecules have a great deal of freedom to move at temperatures well above Tg. Chains are free to take up all 

the conformations allowed by rotations around single bonds [1]. 

The possible lower detection threshold (130 ppm) of ethanol vapour has been determined for PVAc-

NCC_PEG 300 20% (with thickness 30µm). Selectivity of PVAc-NCC_PEG300 20% to polar VOC has 

been determined as well. 

 

References 

1. David I. Bower. An Introduction to Polymer Physics. Cambridge University Press, 2002, p. 209. 



 

                 

 

270 

 

 
 

Fig.1 1,4-DHP lipid.   
Fig.2 1,4-DHP lipids binding with the DNA 
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Self-assembling biomaterials are used to enwrap a gene or drug and deliver through a 

membrane into a cell. Molecular dynamics (MD, Amber 9.0, f99 force field) of a gene transfection 

agent 1,1'-{[3,5-bis(dodecyloxycarbonyl)-4-phenyl-1,4-dihydro-pyridin-2,6-diyl] dimethylene} 

bispyridinium dibromide (1,4-DHP lipid, Fig. 1.) showed that it forms tubular [1] and spherical 

supramolecular structures, and not planar bilayers. 1,4-DHP lipid tubomicellae is stable in water, 

but in smaller 1,4-DHP lipid concentrations a classic micellae can split from the tubomicellae, 

which is in agreement with electron microscopy showing both tubular and round structures. MD 

shows that the DNA could be bound between two tubular micellaes. The 1,4-DHP-lipid aryl rings 

tend to take tangential position towards the tubular micellae's surface (Fig. 2). 
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The paper presents a procedure for mapping large amounts of experimental measurement data in 

a compact and representable form, preserving information on the properties of the research object for 

further investigations. The experimental data comprise measurements of the complex dielectric 

permeability of nanocomposite samples, carried out over frequency range of 100Hz to 15MHz. The raw 

data are reduced to one of mathematical descriptions of dielectric relaxation – Debye or Havrilaki-

Negami. The conformity between experimental and theoretical coherencies is determined by correlation 

factor. Statistical significance of the 

experimental data is verified by measurement 

standard deviation and variation factor. 

The Debye model provides a more 

adequate representation of measurement data 

and tracks the experimental coherencies of real 

and imaginary components of dielectric 

permeability relatively precisely (see Fig.1.). 

The curves of Havrilaki-Negami model are of 

explicitly monotonous type – the model is 

applicable in cases where integral characteristics of the material or its components are of interest. 

The implemented dielectric relaxation model provides a possibility to recover the frequency 

characteristics for any argument value, even extrapolating outside the actual measurement range to some 

extent. 
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Fig.1. Frequency dependences of dielectric loss factor: 
εk' mod -theoretical data, εk"  exp- experimental data 
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Glycerol is a bio-fuel production by-product. This work studies novel supported Pt contained 

catalyst, prepared by extractive-pyrolytic method [1], activity and selectivity in process of glycerol oxidation 

in alkaline water solutions. In the process of catalysts preparation the support nature, the time of support 

dispersion in the precursor solution, drying temperature, temperature and duration of pyrolysis, as well as Pt 

concentration in the catalyst, were varied. Research revealed that catalysts activity and selectivity depends on 

catalyst support nature, pyrolysis temperature and duration as well as on Pt concentration in catalyst. The 

most active catalysts are Pt/AlO(OH), Pt/ZrO2, Pt/Y2O3, Pt/Lu2O3 and Pt/Al2O3. Depending on the catalyst 

composition and its synthesis conditions main oxidation products obtained were either glyceric or lactic 

acids 

The highest selectivity by glyceric acid 55-61% with glycerol conversion 85-90% has been achieved 

by use of 5%Pt/Al2O3 catalyst prepared from precursor with concentration 0.4 M, support dispersion time 10 

min, drying temperature 80-100 ºC and time 10 min, pyrolysis temperature and duration are equal 

correspondingly 300 ºC and 120 min. Glycerol oxidation conditions: c0(glycerol) = 0.3 M, c0(NaOH) = 0.7-

1.5 M, n(glycerol)/n(Pt) = 210-300, t = 60 ºC, P(O2) = 1 atm, oxidation time is 4-8 hours. 

The highest selectivity by lactic acid 63% with glycerol conversion 86% has been achieved by use of 

1.25%Pt/Y2O3 catalyst prepared from precursor with concentration 0.4 M, support dispersion time 10 min, 

drying temperature 80-100 ºC and time 3 min, pyrolysis temperature and duration are equal correspondingly 

400 ºC and 5 min. Glycerol oxidation conditions: c0(glycerol) = 0.3 M, c0(NaOH) = 1.5 M, n(glycerol)/n(Pt) 

= 300, t = 60 ºC, P(O2) = 1 atm, oxidation time is 7 hours. 
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Cementation has long been recognized as a valid technique to remove undesired elements 

from solutions in elecrodeposition processes [1] or in the recovery of rare metals from various 

sources [2-3]. A cobalt cementation process in a mixture of ethanol-water solvent at different 

temperatures is presented. A new theoretical model is proposed taking into account the depletion of 

the less electropositive metal undergoing solubilization. The kinetics [4-5] of cementation of Cobalt 

from hit complex are investigated and the relevant activation energy of the reaction suggests the 

onset of a chemical control regime for all experimental runs. Finally, the cemented phase is 

chemically characterized by means of energy dispersive spectroscopy and the size distributions of 

the relevant metal aggregates are determined by means of both dynamic light scattering in solution 

and atomic force microscopy after drop casting onto a solid substrate. 
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Fig.1. A SEM micrograph of a petrol smoke  
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The particulate matter and smoke has very different content, size and type. The particles of 

smoke can include pollutants such as heavy metallic elements (Zn, Cu, Fe, Pb etc.). Nowadays the 

airborne solid particles and smoke can collect fractionating them by size. Fractions of particulate 

matter can be characterized by physical (size, shape etc.), chemical (components, pollutants etc.) 

and electrochemical (impedance, zeta-potential etc.) parameters. It allows investigating properties 

of particulate matter including black carbon. In this research the fractionated collection of 

particulate matter from Riga city air is continued. Also solid particles of smoke are collected from 

burning of various combustibles in a laboratory 

system. 

A structure of solid particles of petrol smoke is 

determined by optical and scanning electron 

microscope (SEM). The average size of petrol smoke 

particles is from 1 to 10 µm (Fig. 1). From this it can 

be concluded - the solid particles of petrol smoke are 

fractals of Aitken and accumulation mode particles. 

Zeta-potential of petrol smoke particles in 

water [1] is negative for one part of particles (from -10 

to -30 mV) and it is positive for other part of particles (from +12 to +30 mV). Such distribution of 

zeta-potential promotes particles flocculation in petrol smoke. As a result, particles are forming 

large and heavy. They settle down adhering components of tar to the particle surface. Whereas 

airborne particulate matter have another electrochemical character. One part of airborne particles 

have very high negative zeta-potential (from -50 to -150 mV), but other part have very low zeta-

potential (from +8 to +9 mV). Particles with such distribution of zeta-potential can overcome tens 

kilometres of distance by air flow. 
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TiO2 (band gap ~3 eV) is the most attractive photocatalyst proposed for water-splitting 

applications. To dissociate water and to obtain hydrogen under influence of visible light, the band 

gap (∆εg) of efficient photocatalysts must be adjusted into the range of 1.23 <∆εg< 2.5 eV. When 

comparing with conventional catalysts, titania nanotubes (NTs) possess larger specific surface area 

and, consequently, have better adsorption capacity and higher photocatalytic activity. Although 

pristine NTs tend to have larger ∆εg with respect to the bulk, recent experimental studies suggest 

that low-dimensional structures of TiO2 with ∆εg> 3.0 eV are better starting point for doping which 

leads to the formation of the induced mid-gap states and adjusting the band gap width. 

Since the experimental synthesis and characterization of nanostructured materials is quite 

complicated and expensive procedure, in order to perform reliable band gap engineering of doped 

and co-doped TiO2 NTs we propose relatively cheap, but efficient large-scale ab initio calculations 

on the electronic structure. Using hybrid exchange-correlation functional within the density 

functional theory (DFT) we have calculated parameters of morphology for the energetically stable 

TiO2 tubular structure. This nanotube possesses negative strain energy being attractive for doping. 

We carried out calculations on real band structures of titania nanotubes doped by either light 

elements (C, N, S – as a substitute for O), or Fe substituting for Ti. Nanotubes containing O 

vacancies have also been modeled. Based on the results of our simulations we conclude that O 

vacancies reduce the band gap greatly and shift the band edges far above the required levels. 

Doping with Fe and C does not induce impurity levels in the band gap able to shift the band edges 

to required positions. Finally, sulfur doped titania NT with the bottom of conduction bands 

positioned slightly above normal hydrogen electrode level and the band gap close to 2.5 eV is 

predicted to be the most suitable catalyst for photocatalytic hydrogen generation under influence of 

visible light. 
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Fig. 3. Charge redistribution 
inside Ni-CNT(5,5) hybrid 
nanostructure. 

 
Fig. 2. Charge redistribution inside Ni-
CNT(10,0) hybrid nanostructure. 
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In this study, we consider monoatomic chains of nickel atoms encapsulated into single-

walled carbon nanotubes (CNTs) of zigzag-type (n,0) and armchair-type (n,n) chiralities with varied 

n indices. Performing large-scale calculations within the Density Functional Theory (DFT) as 

implemented in CRYSTAL-09 code [1] we obtain the equilibrium geometry of single Ni filament 

inside CNTs. For verification, we compare results of our calculations with those obtained using the 

DFT formalism of Linear Augmented Cylindrical Waves (LACW) [2]. In all the cases, Ni filament 

preserves a ferromagnetic ground state. Our calculations show that CNTs with Ni filament exhibit 

metallic behavior (Fig. 1), 

even if pristine nanotube 

is semiconductor (i.e., zz-

type, Fig. 2). Therefore, 

we predict that 

encapsulation of Ni 

filament inside CNTs is a 

way for reliable creation 

of stable conductive 

quasi-one-dimensional hybrid nanostructures. 

Ni-ac-CNTs are found to be a more stable, with a stronger interatomic Ni-C bonding than 

Ni-zz-CNTs, due to a smaller mismatch in the former system. The most preferable for Ni filament 

insertion are found to be CNT(5,5) and CNT(10,0). 
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SrTiO3 nanotubes (NTs) have attracted considerable recent interest because of their unique 

physical properties and promising novel functionalities compared with bulk materials [1]. Quantum 

confinement effects typical for nano-sized materials lead to a widening of the energy band gap of 

single-walled SrTiO3-NTs (~6.1 eV) as compared to the bulk (~3.6 eV), and, thus, makes them 

attractive for further band gap engineering through doping. Induced mid-gap states may enhance the 

reactivity of high-performance photo-electrochemical electrodes under influence of visible light. 

Therefore, photocatalysts made of doped SrTiO3-NTs are potential candidates to be used in future 

dye-sensitized solar cells or for photocatalytic hydrogen production. 

Analyzing results of calculations performed using the CRYSTAL-09 code based on the 

hybrid density functional theory within the LCAO approach [2], we predict that the most 

energetically favorable single-walled SrTiO3-NTs with negative strain energy can be folded from 

SrTiO3 (110) nanosheets of rectangular morphology [3]. Because SrTiO3 is a model material for a 

number of quasi-cubic perovskites, we suggest that NTs with the rectangular morphology may be 

produced from other types of ABO3 perovskites too. The increase of the Ti-O bond covalency in the 

outer nanotube shell may lead to an enhancement of adsorption properties. This would imply that 

nanotubes can be used in gas-sensing devices. The band gap structures of the SrTiO3-NTs doped by 

C, N, S, and Fe, as well as of NTs containing oxygen vacancies are thoroughly discussed in our 

presentation. 
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Usually two basic electron conductivity mechanisms in CNT-based structures are considered. 

The ballistic mechanism is engaged in electron transport within CNTs while the collisional mechanism 

is characteristic of CNT-substrate interconnects. Hence the general conductivitygenσ  is evaluated as 

follows: 
balcollgen σσσ

111 += . For pure CNTs, we clearly observe that collbal σσ >> . In the 

framework of multiple scattering theory formalism and effective medium approximation, we can 

evaluate both factors of conductivity. A special question for modeling is the dependence of both 

conductivity mechanisms on the electron free path length which, in the case of pure CNT, is usually 

considered as the nanotube length. The case of CNT-Metal interconnects has been parametrically 

investigated within the recent three years (e.g., [1,2]). We present here the results of numerical research 

of dc- and ac-conductivity for pure CNTs of various chiralities using multiple scattering theory 

principles and Kubo-Greenwood formula [1]: 
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′′, ,  )(KEΨ  the wave function of the system, K the complex wave vector of effective 

medium and )(Eρ  the electronic density of states [1,3].  The analysis of Kubo-Greenwood’s conditions 

in respect of CNT morphology is also present taking into account dc ( 0=ω ), ac ( 0≠ω ) regimes and 

the temperature factor of electron transport.  Parametrical numerical simulations of conductivity have 

been carried out for zig-zag (m,0) , arm-chair (m,m) and chiral (m,n)  CNTs.  
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When we theoretically describe nanodevice we have to treat the whole quantum system as 

two subsystems: small finite fragment of the system containing nanodevice (cluster) and the rest of 

the system containing electrodes. Problem "cluster in the field of the rest of system" is successfully 

solved in the frameworks of embedded molecular cluster (EMC) model [1] with orthogonal wave 

functions. We have developed modified EMC model [2] treating cluster embedding problem in the 

frameworks of one-electron approximation with non-orthogonal wave functions.  

Applicability of cluster embedding method with non-orthogonal wave functions for 

theoretical study of processes in nanodevices is studied. Processes in nanodevices are treated in the 

frameworks of time-dependent DFT (TDDFT) and quantum transport theory [3]. We 

demonstrate [4] that our cluster embedding method is compatible with DFT Kohn-Sham method. 

Therefore we may use TDDFT-based quantum transport theory if electron transitions are described 

correctly. For this purpose we need occupied and vacant cluster states of the same localization. Our 

initial embedding equations [2] are established to give localized in the cluster region occupied states 

and delocalized vacant ones [5]. To get the same localization degree for the both states, modified 

equations are proposed [5]. We conclude that our embedding scheme with modified cluster 

embedding equations may be combined with quantum transport theory based on TDDFT. We 

demonstrate that approach for electric current calculation [3] developed for orthogonal wave 

functions may be applied for non-orthogonal wave functions [4] if we transform initial equations 

assuming that overlaps are small (S2<<S).  
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Quantized charge pumping is transfer of an integer number of electrons per cycle through a 

periodically modulated nano electronic structure. It finds applications both in fundamental and 

applied areas of physics: metrology, quantum information, single-electronics, quantum dot 

spectroscopy etc. [1]. A significant goal for high-accuracy quantum pumps is the realization of new 

current standard which is based on electron counting. Thus theoretical understanding of charge 

dynamics and underlying processes in electron pumps are essential for improvement of 

experimental devices [2]. 

We develop a systematic generalization of the kinetics equations method [3] for strongly 

non-adiabatic charging of quantum dots [4] that takes place single-parameter charge pumps [1, 4]. 

Our primary goal is to connect the microscopic parameters of a quantum dot model (such as level 

spacing, charging energy and tunneling rates) to the experimentally measurable quantities 

(primarily the average pumped current). 

We explore the case of a multi-level quantum dot in good thermal contact with environment 

and separate fast (energy) and slow (electron number) variables. The resulting set of kinetic 

equations for the probability distribution of the number of captured electrons is formulated for the 

constant interaction model of Coulomb interactions on the dot. We present analytical expressions 

for kinetic equations’ coefficients in and develop numerical solutions that classify of possible 

temperature influence scenarios on the I-V characteristics of single-gate non-adiabatic quantum 

pumps. 
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Fig.1 Schematic depiction of our model of non-adiabatic 
quantum pump (in the centre) and of three basic factors that 
determine the fluctuations of the pumped current: temperature 
in the leads, inverse pinch-off time (speed of barrier closing) 
and the barrier-to-plunger ratio  (frequency-independent 
measure for the speed of changes of the energy on dot). In the 
3D plots the dependencies of the occupation fluctuations 
(second moments of the distribution of electron number) on 
applied control voltage and the dominating parameters are 
shown. 
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Quantum pumps are electrostatically controlled nano-sized current sources that produce an 

integer number of electrons per cycle and therefore can be used, for example, as current standards. A 

common setup for a quantum pump consists of a quantum dot, attached to leads and separated from 

them by potential barriers that are controlled by time-dependent voltages applied to gate electrodes [1]. 

The loading and unloading of the quantum dot 

are essentially time-dependent and often non-

adiabatic processes; therefore an appropriate 

mathematical description of charge transfer 

through the quantum pump is a challenging 

task. 

In this work we present a theory for 

the description of the non-adiabatic loading of 

a quantum dot with one energy level. Using 

non-equlibrium Green function approach [2] 

we calculate the time-dependence of the 

average number of electrons on the dot as well 

as the fluctuations of this number. We are able 

to isolate the essential parameters that affect 

the charge transfer in the quantum pump   

(Fig. 1). The presented model can be used to 

analyze experimentally obtained volt-ampere 

characteristics of real quantum pumps and to 

enhance the precision of currently available 

devices. 
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Irradiation of many metallic and insulating solids with energetic particles, such as heavy 

ions, neutrons, electrons, can result in a formation of ordered structures including periodic defect 

walls, bubble lattices, void lattices and periodic compositions in alloys [1-3]. The particular ordered 

structures arising in such open dissipative systems far from equilibrium depend on a type, energy, 

and flux of the energetic particles as well on the temperature. It was noticed [3] that despite the 

difference in the appearance, a similar underlying mechanism may be invoked to explain the 

selforganization behavior of these structures. 

In this work, we quantitatively analyze the experimental results of halogen gas void 

formation in an electron-irradiated CaF2. Two filters based on different assumptions are developed 

that digitalize the TEM micrographs and determine both void cluster distribution and characteristic 

void spacing (superlattice) depending on irradiation dose. Both approaches demonstrate that 

superlattice spacing increases with irradiation dose. Moreover, we propose a microscopic model for 

interstitial and vacancy creation, diffusion and recombination that uses pair interactions between 

reactants. The kinetic Monte Carlo simulations performed in 3D demonstrate that the model could 

describe the initial stage of experimentally observed void lattice formation. 
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Fig.1 Calculated labyrinth-like structures (Reverse Monte Carlo snapshots) in the absence of Coulomb 
interactions. Reactants A are shown in red, B in blue. 
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The kinetics of mesoscopic pattern formation is studied for a reversible A + B ↔ 0 reaction 

between mobile oppositely charged molecules at the interface [1]. Using formalism of the joint 

correlation functions, non-equilibrium charge screening and reverse Monte Carlo methods [2], it is 

shown that labyrinth-like percolation structure, Fig. 1, can be induced by even moderate reaction 

rate. The driving force for the formation of principally nonsteady-state percolating structure is 

associated with both (i) permanently growing segregation of dissimilar reactants and (ii) 

aggregation of similar reactants into mesoscopic size domains. A role of short-range and long-range 

reactant interactions in pattern formation is discussed.  
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Fig.1 Photoinduced convective rolls in a layer of 
ferrofluid under laterally applied magnetic field. 
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Ferrofluids are colloidal suspensions of magnetic nanoparticles in liquid carrier. Apart from 

the superparamagnetic properties of the dispersed phase, the ferrocolloid exhibits strong Soret effect 

under the applied temperature gradient. 

We consider a periodic concentration grating induced through photoabsorption and 

thermodiffusion in a thin layer of ferrofluid by interfering laser beams ([1, 2]) under the action of 

externally applied uniform magnetic field. The demagnetizing fields created by the complex 

interaction of the nonuniform perturbation of 

concentration and the external magnetic field 

cause the appearance of the magnetic force, 

which in turn promotes microconvection. 

We describe a stationary system of 

periodic convective rolls emerging within the 

photoinduced concentration grating under the 

action of the external magnetic field. The 

parasitic microconvection attempts to either 

suppress or enhance the induced grating 

depending on the orientation of the applied field. We investigate the stability of the stationary 

convective-diffusive structures and determine the critical control parameter and the wave-number of 

the critical perturbation of the instability of the primary system of periodic convective rolls in the 

first approximation via a combined crossroll-square type perturbation.  
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The effects of non-equilibrium charge screening in mixtures of oppositely charged 

interacting molecules on surfaces are analyzed in a closed system. The dynamics of charge 

screening and the strong deviation from the standard Debye-Hückel theory are demonstrated via a 

new formalism based on computing radial distribution functions suited for analyzing both short-

range and long-range spacial ordering effects. At long distances the inhomogeneous molecular 

distribution is limited by diffusion, whereas at short distances (of the order of several coordination 

spheres) by a balance of short-range (Lennard-Jones) and long-range (Coulomb) interactions. The 

non-equilibrium charge screening effects in transient pattern formation are further quantified. It is 

demonstrated that the use of screened potentials, in the spirit of the Debye-Hückel theory, leads to 

qualitatively incorrect results [1]. 
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Half a century ago two celebrated papers were published temporally close to each other 

which gave birth to two fundamental directions of theoretical physics. In 1955 the Fermi-Pasta-

Ulam (FPU) paradox was formulated which suggested the nonequipartition of energy among 

normal modes of an anharmonic atomic chain. This phenomenon is closely connected with the 

problems of ergodicity, integrability, chaos and stability of motion. A few years later, in 1958, 

Anderson suggested the possibility of electron localization (AL) in a random system, provided that 

the disorder is sufficiently large. This idea is one of the foundations for the understanding the 

electronic properties of disordered systems. 

Our purpose is to establish a close connection between the two fundamental problems [1]. 

That is, the AL is nothing else but the FPU effect in a modified dynamical system with interacting 

normal modes. Besides, the delocalized states in the AL problem are analogous to the stable quasi-

periodic motion (recurrence in the FPU problem) and, respectively, the localized states are similar 

to the thermalization (motion instability) in the FPU. Our FPU modification includes:  

(i) non-trivial change of the mode ensemble. In the FPU without interactions all 

normal modes are stable. In contrast, in the AL both stable and unstable modes also exist.  

(ii)  a modified mode interaction: the stochasticity in the AL is introduced directly, 

through random forces linear in coordinates and rather indirectly, through nonlinear terms in the 

dynamical equations. 
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Dynamic self-assembly aims at producing ordered structures in otherwise disordered 

materials by controlled energy influx into the system. This strategy has been widely successful in 

the design of nanoscale components - where the conventional mechanical design methods cannot be 

used. From a theoretical perspective, dynamic self-assembly processes pose several difficulties 

because of their intrinsic non-equilibrium nature, since the well-established toolset of equilibrium 

thermodynamics cannot be applied. Non-equilibrium thermodynamics is a field in its infancy, and 

one is often faced with computational challenges associated with tracking the dynamics of infinitely 

many particles, that are needed to explain the mesoscale behavior of systems. We are working on a 

novel method of kinetic Monte Carlo simulations, applied to the study of aggregation phenomenon 

in a model system of colloidal particles under periodic light forcing [1].  
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In all countries public research institutions offer high-level and expensive innovation- and 

development resources in the field of micro- and nanotechnology: scientific competence centers and 

clean rooms. However, the potential customers, including small and medium sized enterprises (SME), 

are not fully aware about those possibilities. Even more, the potentially suitable clean room might 

situate not in the same but in the neighboring country. 

To address these problems, a Baltic Sea Region (BSR) project [1] “Technet_nano – 

Transnational network of public clean rooms and research facilities in nanotechnology making 

accessible innovation resources and services to SMEs in the BSR” – was launched. The main goals of 

the project are: to create a transnational cooperation network of research institutions and developers in 

the field of micro- and nanotechnology; to give the SMEs and public bodies a cross regional access to 

nanotechnology facilities in the whole BSR; to communicate the SMEs and public community about the 

innovation potential of micro- and nanotechnology. Twelve partners from Denmark, Estonia, Germany 

(3), Latvia, Lithuania (3), Poland and Sweden (2) participate in this project funded by the BSR 

programme [1]. 

Why Estonia participates in the project? The corresponding nanotechnology investigation areas 

already exist in Estonia or are in the stage of active development. The competent research staff working 

at Tartu University and in Tallinn University of Technology contributes to the field of nanoscience. 

Knowledge based Estonian enterprises have reached the stage that clean room technologies are needed 

to unlock their full innovation potential and to develop advanced products and technologies.  

At late 2011, the construction of brand-new clean room facility was finalised at premises of 

Tartu Science Park [2]. At the moment, Nanotechnology Competence Center and Institute of Physics are 

in the process of furnishing the clean room. In year 2014 is scheduled an opening of a second clean 

room in Tartu, in new building of Institute of Physics. 
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Functionalized magnetic nanoparticles are technologically important materials with a wide 

range of applications, such as magnetic storage and microwave devices, gas sensing devices, for 

biorecognition and medical diagnostics. Nanocrystalline zinc ferrite is also of considerable interest 

in both research and technological fields due to its unique magnetic properties due to the dominant 

role of the surface magnetic ions that differ substantially from their bulk counterparts. Spray 

pyrolysis method make it possible to change the cation distribution and crystallite size of mixed 

metal ferrite thin film coatings, affecting their magnetic and catalytic properties. 

Experimental setup is made in our work to investigate the influence of magnetic and electric 

field on spray pyrolysis thin film growth process. The structure, morphology, magnetic and optical 

properties of different thin ZnFe2O4 films are investigated with X-ray diffractometer, X-ray 

fluorescence (XRF) spectrometer, Raman scattering spectrometer, SEM and optical microscopes, 

magnetic susceptibility stand, spectrophotometer. The growth mechanism of nano-grains on hot 

substrate includes the nonequilibrium process which enables the formation of a variety of meta-

stable phases (Zn and Fe interstitials, changing coordination number of oxygen around the cation) 

what lead to a random distribution of Zn and Fe ions on the tetragonal (A) and octahedral (B) 

crystal sites. 
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Energy crisis is the main stimulus for the design of structurally organized and functionally 

integrated artificial nanomaterial systems capable of harvesting solar energy. Titanium dioxide 

(TiO2) as environmentally friendly and photo-catalytic material is attractive for numerous 

technological applications: gas sensors, pigments in foodstuffs, paints, cosmetics, in dye solar cells 

etc. The absorption edge of TiO2 is in the blue part of visible light; therefore efficiency to solar light 

is low. ZnFe2O4 is another catalyst with a relatively small band gap (1.9 eV), which is used as co-

catalyst to shift the TiO2 absorption edge to visible light region of the spectrum, and simultaneously 

an effective photocatalyst due to its capability of utilizing visible light and good photochemical 

stability [1]. 

ZnFe2O4 nanoparticles obtained by auto-combustion method [2] can be used to synthesize 

TiO2/ZnFe2O4 composites. In our work a spray pyrolysis method was used to obtain well-

crystallized TiO2/ZnFe2O4 thin films on ITO coated glass substrates heated above 350°C. We used 

two spray guns to obtain multi-layer TiO2/ZnFe2O4 thin film structures. Optical properties and 

photo-activity of multilayer structures were measured. 
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Titanium dioxide (TiO2) is considered as a good photocatalyst for hydrogen generation due 

to its excellent resistance to chemical and photochemical corrosion in aggressive aqueous 

environments. It is also less expensive than other photo-sensitive materials. Traditionally, the 

photoactive coatings are deposited by sol-gel, spin coating, chemical vapor and sputter deposition 

methods which are suitable for flat substrates. For coating of irregular conductive surfaces the 

electrochemical methods are most eligible. The advantages of electrophoresis over other coating 

methods are the homogenity of deposition for complex shapes, reduction of material usage and high 

production rates, low contamination level and negligible initial capital investment, as well as easy 

transfer from the research laboratory to industry [1].  

In this paper TiO2 thin films were prepared by sol-electrophoretic process on various 

substrates – Cu, Ti, Pt and In2O3. The as-deposited thin films were annealed at 500 °C for 2 h to 

increase their crystallinity. Obtained TiO2 thin films were characterized by phase composition, 

morphology and their microstructures using X-ray diffraction, Raman spectroscopy, as well as 

scanning electron microscopy. Photoactivity measurements were carried out in two electrode cell as 

described in [2]. The possible correlations between the photoactivity and various parameters such as 

substrate material, preparation method, structural properties and thickness of thin films are 

discussed. The use of electrophoretic deposition enables to modify physical characteristics of TiO2 

films such as film grain size and roughness is demonstrated. 
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The present work describes the results of investigation of structure TiO2 depending on 

temperature and thermal treatment conditions. The structural characteristics of the samples were 

evaluated using X-ray diffraction, SEM and Raman spectroscopy. Cylindrical-shaped TiO2 ceramic 

specimens were prepared from plastic TiO2 ceramic mass by extrusion. Plastic ceramic mass was 

obtained by mixing the required components (TiO2 (anatase) powder, distilled H2O, binder and oil). 

Dried samples were sintered in air followed by thermal treatment in high vacuum conditions (2×10-

3 Pa). XRD patterns of all samples treated in vacuum, showed the presence of rutile crystalline 

structure. To compare morphology of the raw materials and obtained samples SEM was used. 

Raman spectra were measured using Renishaw inVia micro-Raman spectrometer equipped with 

argon laser (514.5 nm, max cw power Pex=10 mW). The spectral signal was dispersed by the 2400 

grooves/mm grating onto Peltier-cooled (-60°C) CCD detector. Raman spectrum for anatase at 

room temperature consists of following allowed bands 144 cm-1, 197 cm-1 399 cm-1(B1g), 513 cm-1 

(A1g), 519 cm-1 (B1g), and 639 cm-1. The Raman spectrum of rutile, exhibited dominant peaks at 

140, 235, 446, 610 and 820 cm-1 after thermal treatment in air. But Raman spectra of rutile after 

vacuum thermal treatment have additional bands. The origin of these additional bands will be 

discussed. 
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The sample camera of thermogravimetric analyzer Shimatzu DTG - 60/60H may be 

considered as almost sealed container; also sample chamber of Sievert type adsorption/desorption 

analyzer PCTPro-2000 is container with constant volume. Temperature is changed in both 

analyzers, but hydrogen is applied at constant pressure in thermogravimetric analyzer and at high 

pressure in PCTPro-200. Heating of a gas in a closed constant-volume container is an isochoric 

process where the system does no work and all the energy added as the heat or pressure remains in 

the system as an increase in internal energy only. Thermogravimetric analyzer used to study 

hydrogen adsorption in zeolite was adapted to two gases (Ar and H2) through the gas flow system. 

Next setup of experiments was performed: 1) heating to 200 (300) °C in argon atmosphere at the 

speed 10 deg/min, 2) cooling down in automatic mode to room temperature in hydrogen 

atmosphere. In PCTPro-2000 hydrogen adsorption/desorption in zeolite was measured at different 

pressures (1-10 bar) and temperatures (RT-200 oC). The applicability of both methods was tested on 

palladium powder reference sample. It is known that palladium metal absorbs hydrogen at given 

temperature in exothermic reaction and palladium hydride PH0.7-0.8 forms, which was fully observed 

in our experiments for both analyzers. 

There are a lot of controversial reports about applicability of zeolite as appropriate material 

for hydrogen storage. We have shown that natural zeolite can adsorb hydrogen up to 4 wt% of 

zeolite at room temperature. Zeolite samples were prepared from natural clinoptilolite (Ukraine), 

supplied as a coarse, medium and fine powder material. Activation of the samples was carried out in 

ion-exchange process by soaking zeolite powder in the solution, and in pyrolysis process, coating 

palladium nanoparticles on zeolite powder particles. 
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Fig.1. Thermoactivated deuterium desorption temperature 
of maximum versus the composition of Mg-V on the ratio 
of components concentration. Deuterium dose is 
~7.3×1017D/сm2, Тirrad. ~100 K 
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Alloys based on magnesium are promising in the view of present-day requirements to the 

low-cost metal-hydride hydrogen storage systems. However, the use of these alloys presents some 

difficulties, e.g. a high temperature (between 500 and 600 K) during hydrogen desorption from the 

alloys.  

In our opinion an attention should be given to composite materials which have a low 

solubility or do not interact with composite components at all. According to the phase diagram of 

the Mg-V system there is no compounds of these components. 

The plasma evaporation-sputtering method was used to manufacture composite materials of 

the Mg-V system. The ion-implanted deuterium desorption temperature variations depending on the 

component concentrations were studied. It has 

been established that the introduction of a V 

impurity to magnesium leads to the significant 

decrease of the deuterium desorption 

temperature (300-330 K) as compared to the 

release from Mg samples (fig. 1). 

A step-like form of the curve of the 

deuterium desorption temperature testifies to 

presence of two various structural conditions at 

composite Mg-V depending on the relation of 

components. The hydrogen desorption data 

obtained using Mg-V and Mg-Zr [1] composites can be used for the further investigations into the 

hydrogen storage materials containing chemical elements with a low solubility in the alloy 

components. 
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Experimental results about behaviors of hydrogen in electrochemical systems on the basis of 

nickel are considered at its doping by atoms of boron. It is shown that concentration of hydrogen in 

electrochemical system on the basis of nickel is defined by probability of formation of defective 

structures in metal and is function of parameters of electrolysis. Mathematical modeling of 

interaction of atoms of hydrogen with extrinsic and structural traps is made. The kinetics of capture 

of atoms of hydrogen is defined by structural traps. The physical model of formation of pulling 

stresses in a vicinity of atoms of boron is offered. 

Abundance of boron in system Ni-B makes 0,5-1 %. It means that on each 10-15 atoms Ni 1 

atom of boron [1] joins. In places of lattice imperfections atoms of hydrogen, forming connection 

with nickel and boron are deployed. It is possible in that case when boron is impurity of 

replacement of small atomic radius and at doping Ni by boron reduction of lattice constants is 

observed. In its vicinity there is a pulling stress that causes interaction of atoms of boron with 

hydrogen (extrinsic traps for 

atoms of hydrogen), (fig. 1.). 

Hydrogen unlike boron is 

impurity of introduction and 

increases nickel lattice constants. 

Hydrogen is located тетра – and 

oktapores nickeliferous covering. 
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Hydrogen is one of the most important gases which is highly demanded in chemical industry 

as well as in hydrogen economics. On commercial scale it is produced by steam reforming of 

hydrocarbons; however hydrogen of high purity can be obtained in a process of water electrolysis. 

Effective electrolysers are necessary to produce hydrogen as much as possible using a given 

quantity of electricity. The economics of electrolysis process can be improved only by efficient 

electrocatalysis so as to minimize the overpotentials on electrodes. The applied voltage to produce a 

given current and hence the desired amount of hydrogen is a sum of electrode potentials on both 

electrodes (cathode and anode), Ee - equilibrium cell voltage for decomposition of water 1.23 V and 

heat losses in electrolyte: Eappl = Ee + |ηc| + ηa + IR. Nanostructuring and modification of electrode 

surfaces can reduce both electrode potentials ηc and ηa and thus decrease applied voltage and heat 

loss in electrolysis cell. 

In our work the research is done how to make an alkali electrolysis more efficient using 

nanostructuring of electrode surface, electrocatalyst metal and modified supply voltage. Porous 

electrodes are obtained by plasma spray coating a Ni-Al alloy (ratio 4:1) layer onto 316L stainless 

steel plate as substrate, and etching it in the hot alkaline solution of KOH. Volt-ampere and 

impedance characteristics are measured for electrodes in 5M KOH solution and calomel electrode 

as reference, using potentiostat Voltalab 310. Electrochemical characteristics (value of exchange 

current, corrosion stability, hydrogen evolution potential) are compared for both fresh and long time 

exposed to electrolysis electrodes. It is found that the Ni-Al coating increases the electrolysis 

efficiency and stability of the electrode during the electrolysis. 
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Fig.1. In-plane and through-plane conductivity results 
for SPEEK polymer membrane. 
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Much of attention is paid by researches to membrane-electrode assembly (MEA) and its parts, 

when new materials are investigated to improve fuel cell performance. Ion conductivity is one of the 

most important properties which need to be determined for membrane. In our work the membrane’s 

through-plane conductivity is measured using MEA 

in the direction as it is used in an operating fuel 

cell. This is called a two-electrode method, and AC 

impedance or current interrupt techniques are used 

to obtain the conductivity values. In this method 

measured conductivity can be affected by contact 

resistances between the gas diffusion layer/current 

collector or catalyst layer; the resistance of ion 

diffusion media, interactions within the catalyst 

layer and interface catalyst/membrane. Moreover 

the treatments of the membrane during 

manufacturing MEA (stretching and hot-pressing) will change not only its structure, thickness, but also 

its proton conductivity. 

The other option to measure the membrane conductivity is four-electrode, in-plane conductivity 

when the bulk conductivity of a membrane is obtained using AC impedance or a DC voltage sweep 

techniques. Two different electrode positions can be used: current electrodes placed in the bottom of the 

membrane, but the voltage electrodes - at the top, and all four electrodes are on one side of membrane. 

The advantage of four-electrode method appears when comparison of synthesized sample series 

necessary - even if the absolute conductivity value is not exact, it is possible quickly determinate the 

differences between samples. 
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Fig.1. SEM image of TiO2 nanotubes. 
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Titanium dioxide is very promising material for photocatalysts, decomposition of organic 

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

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

phase composition and presence of dopants, which promotes absorption of visible light. 

Self-organized TiO2 nanotube-layers were 

formed by electrochemical anodization of titania 

foil in a (NH4)2SO4/HF electrolyte (Fig.). The 

prepared by anodization TiO2 nanotubes were fully 

X-ray amorphous. 

Doped with sulfur nanotubes and nanopores 

were prepared by their treatment at 380oC in H2S 

flow or by using method of micro arc oxidation in 

sulfur containing electrolyte. 

Doped with nitrogen nanotubes were obtained by their treatment at 500 oC per 2h in NH3or 

N2 flow. 

The catalytic activity was determined by degradation of MB solution under UV and visible 

light illumination. The prepared photocatalysts have higher activity with respect to pure TiO2 

nanotubes. Sulfur doped nanotubes have higher activity with respect to nitrogen doped nanotubes.  
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Fig.1. Influence of the platinum 
concentration in the precursor 
solution on dPt in Pt/ SiO2 
composites. 
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Advantages of the extractive-pyrolytic method (EPM) for the synthesis of oxide materials are 

demonstrated when metal extraction systems with monocarboxylic acids are used [1]. With reference to the 

extraction systems with the anion-exchange extractant tri-n-octylamine (С8Н17)3N, we studied possibilities of 

the EPM to produce palladium nanoparticles on α-Al 2O3 micro granules [2] and platinum nanocrystalline 

films on glass substrates [3]. Platinum has been widely used in many applications, especially for catalysis 

and fuel cell technology. 

In the present investigation, in order to coat platinum particles, a carrier sample was dispersed in a 

solution of the platinum-containing organic precursor [(С8Н17)3NH]2PtCI6 in toluene, then it was dried and 

thermally treated. As carriers, we used powders of Al 2O3, γ- AlO(OH), Y2O3, CeO2, SiO2. 

The influence of the specific surface area (SSA) of the carriers, parameters of thermal treatment 

(pyrolysis temperature and annealing time) and the concentration of metal in the precursor solution on the 

mean size of platinum crystallites (Ptd ) in the produced composites 

was investigated. It has been found that with the platinum content 

≤2.4 wt.%, X-ray diffraction do not allow to get information on Ptd  

for all studied carriers except for amorphous SiO2. It is shown (Fig. 1) 

that with the given carrier, the decrease in metal concentration in the 

precursor solution leads to a noticeable decrease of Ptd  in the 

composite. 

The decrease of the platinum particles’ size was also 

observed with the increase of the carrier SSA (4.8 wt.% metal concentration in composites): from 20 nm 

(Al 2O3 plasma processed nanopowder, SSA = 41 m2/g) to 10 nm (γ-Al 2O3, SSA = 122 m2/g) and 5 nm (γ-

AlO(OH), SSA = 146 m2/g). Metal particles with d  ≈ 10 nm have been accordingly obtained on CeO2 and 

Y2O3 nanopowders with the relatively small SSA of 26 m2/g and 21 m2/g. 
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Solar energy is potentially capable of supplying most of the global need for primary energy, 

and it is expected to become an alternative source for fossil fuels as a clean energy, but the 

economic aspect of the system is a major hindrance to its growth. 

About 95% of the current solar cell module market is based on solar cells using silicon as 

raw material, of which about 60% is polycrystalline silicon. The key element in a solar cell 

energetics is technology of purification of solar silicon. The power conversion efficiency of solar 

cells is largely dependent on impurity levels in the silicon. With the recent significant growth of 

solar cell production, the demand for high purity and cheap silicon as a principal raw material is 

rapidly increasing, eliciting a shortage of high purity silicon. 

Silicon matrix does not contain organic matter. There two methods had been applied for 

preparation of Silicon samples – wet mineralization at atmospheric pressure and mineralization by 

using the closed microwave technology. Earlier studies show that the mineralization, performed 

with the help of microwave technology, is three times more effective than the one – done at 

atmospheric pressure. Silicon dissolves only in HF and HNO3 acids mixture.  Hydrogen peroxide is 

also added to the acid mixture, to increase nitric acid oxidation capacity.  

It was experimentally found that optimal sample amount for the microwave mineralization is 

about 0.5 g and optimal ratio of HF and HNO3 acids mixture is 3 to 5. Special attention was paid to 

the B and P determination in solar Silicon. It is required specific sample preparation due to 

volatility of boron and special requirements for the phosphorus quantification by inductively 

coupled plasma mass spectrometry. Additionally 1 mL 1% manittol was added for the sample 

preparation of boron because Boron with mannitol forms complex, which is stable up to 80 0C. For 

the determination of phosphorus it is necessary to add 0.5 mL of concentrated H2SO4. 
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P-n junction is the most important component of many semiconductor devices. 

Thermodiffusion, ion implantation and molecular beam epitaxy are only a few methods to form a p-n 

junction. The main drawback for these methods is high cost per p-n junction. A possibility of p-n 

junction formation by laser radiation was shown in several semiconductors: p-Si[1,2], p-CdTe[3], p-

InSb[4,5], p-InAs[6], p-PbSe[7] and p-Ge[8]. Different mechanisms have been proposed to explain the 

nature of inversion of conductivity type: impurities’ segregation, defects’ generation, amorphization and 

oxygen related donor generation. However, the proposed mechanisms have many lacks and even 

contradictions; therefore the mechanism of p-n junction formation by laser radiation is not clear until 

now. For the understanding it, i-Ge crystal was irradiated by Nd:YAG laser with different energy of 

quantum. The crystal was used in the experiments as a model material because the concentration of 

impurities in this material is lower than the concentration of intrinsic point defects at RT. Increase of 

rectification ratio of I-V characteristics and barrier height with intensity of the laser radiation, energy of 

laser radiation quanta and numbers of pulses were observed in this experiment. The mechanism of this 

phenomenon is explained by generation and redistribution of intrinsic point defects in temperature 

gradient field, which causes strongly absorbed laser radiation. The redistribution of defects takes place 

because interstitial atoms drift towards the irradiated surface, but vacancies drift in the opposite 

direction – in the bulk of semiconductor according to Thermogradient effect. Since interstitials in Ge 

crystal are of n-type and vacancies are known to be of p-type, a p-n junction is formed. 
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The Nafion (DuPont) membrane is one of the most common and commercially available 

proton conducting membrane. Also, it is characterized by significant thermal, mechanical and 

chemical stability. Due to its good properties, Nafion membrane is widely used in fuel cells and 

other electrochemical applications. However, the temperature range is limited and typically do not 

exceed 100 oC since the ion conductivity is very sensitive to the water content changes. There are 

few options to solve the problem. It’s possible to produce the composite membranes using 

zirconium phosphate [1], heteropolyacids or inorganic 

oxides [2] to stabilize the water content. Recently, the 

room temperature ionic liquids due to their excellent 

chemical, electrical and thermal properties are used to 

impregnate the polymer membranes. 

In this work, the Nafion 112 membrane 

impregnated with nine various ionic liquids have been 

investigated. The used ionic liquids were combined 

from hydroxyl ammonium cations (2-hydroxyethylammonium/HEA, bis(2-

hydroxyethyl)ammonium/BHEA, tris(2-hydroxyethyl)ammonium/THEA) and carboxylate anions 

(formate, acetate, lactate). (Fig. 1.) These ionic liquids are highly biodegradable and non-toxic. 

The dependence of the membrane ion conductivity and thermal stability on ionic liquid 

content is presented.  
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Fig.1 Formation and the shape of atomically flat 
{111} facets on the external crystal surface have 
to be explained by simultaneous description of 
crystal growth at atomic and macroscopic scales. 
Crystal growth direction is <100>. 
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Industrial silicon crystal growth from a melt is largely determined by macroscopic properties of 

the crystal-melt system such as temperature field or capillary effects. However, the growth mechanisms 

at atomic scale can significantly affect the crystal growth even at macroscale. This is well pronounced 

by external faceting of conical crystal surface, Fig. 1, or formation of ridges and constrictions on 

cylindrical external crystal surface due to the presence of atomically smooth internal facets in the 

vicinity of triple point. In order to realistically describe the physical processes at different spatial scales, 

sequential multiscale modeling approach was used. The following steps were included: 

1) Molecular dynamics calculations on atomic scale in order to calculate the dependence of free 

surface energy of interfaces on the crystallographic orientation.  

2) Wulff’s figures construction to solve the 

Herring’s equation describing interface angles for 

equilibrium crystal growth.  

3) The use of the solution to construct the 

Voronkov’s angular diagrams in order to find the 

orientation of the external crystal surface depending 

on the melt orientation.  

4) The prediction of the crystal edge behavior 

in a macroscopic model.  

5) The use of a macroscopic model to predict 

the macroscopic physical crystal growth parameters.  

The results of the multiscale modeling are in 

agreement with the observed behavior of facets and 

ridges on the silicon crystal surface. 
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Uranium mononitride (UN) is considered nowadays by the Generation IV International Forum of 

nuclear reactors [1] as one of the most promising nuclear fuels alternative to UO2. However, it reveals 

unwanted oxidation in air which could affect the fuel fabrication process and its performance [2]. Recently, 

we performed a detailed study on oxygen interaction with UN surface using density functional theory 

calculations (see [3], and references therein) as implemented in VASP computer code [4]. We were able to 

identify a mechanism of UN surface oxidation consisting of several important 

steps starting from oxygen molecule dissociation and finishing with oxygen 

atom incorporation into vacancies on the surface. Taking into account the fact 

that synthesized specimens of polycrystalline fuel powder contains particles with 

differently oriented crystallographic facets and a wide variety of interfaces 

between the grains [5], we consider here a role of grain boundaries (GB) in UN 

oxidation. 

In the present study, we present the results of first calculations on 

oxygen behavior in the UN GBs. We focus our study on simplest interface 

models to describe oxygen behaviour in such complex objects. We, thus, suggest 

a model of (310)[001](36.8°) tilt grain boundary used previously for describing 

of electron-trapping in other rock-salt compounds like MgO, NaCl and LiF [6]. 

We have considered three positions of incorporated O atoms, enumerated with 

1-3 in Fig. 1. We have observed a clear trend for vacancy segregation at the 

interfaces (surface and GBs). The formation energies of N vacancy inside the 

GB (3.3-3.5 eV) and on the surfaces (2.9-3.7 eV) are smaller than those in the 

bulk material (~4.4 eV). Also, the O incorporation into and solution energies in the vacancies inside the GBs 

(-5.6÷-5.9 vs. -2.3÷-2.5 eV, respectively) are close to those for the UN surfaces (-5.7÷-6.2 eV for O atom 

incorporation and -2.4÷-2.8 for O atom solution). 
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Fig. 4. Cross-section of the 
(310)[001](36.8°) tilt grain 
boundary for UN slab model 
with oxygen incorporated 
into position 1. 
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MgF2 with rutile structure is important wide-gap optical material with numerous 

applications. We present and discuss the results of calculations for basic colour centers (F-, H-, 

Frenkel defects) in the bulk and at surface [1, 2]. 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 

compare also properties of close and well separated F-H (Frenkel) defect pairs and migration of 

defects. 
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Reduced activation ferritic-martensitic steels (RAFM) are promising structure materials for 

future fusion reactors. These materials possess better thermal conductivity, higher swelling 

resistance and lower damage accumulation than austenitic steels. Also these materials were 

developed to reduce the pollution and decrease the requirements for the facilities of the waste 

storage of the radioactive structures of the fusion reactors after service. Some elements that are 

contained in martensitic steels were substituted by other elements with faster decay of the induced 

radioactivity. One of the most used oxides used to reinforce RAFM steels is Y2O3. The RAFM 

steels strengthened by Y2O3 particles are being tested to evaluate the possibility of their 

implementation at temperatures of 650°C and higher instead of RAFM steels in combination with 

the advantages of the RAFM steels. Compared with the conventionally produced RAFM steels ODS 

RAFM steels have better tensile and creep properties. 

The work is aimed at theoretical study on atomic scale mechanisms of yttria particle 

nucleation and growth. For study of these mechanisms, it is necessary to investigate the interaction 

of yttrium solute atoms with vacancies and with oxygen atoms in interstitial positions as well as in 

substitute positions of Fe atoms. This stage requires systematic large-scale first principle 

calculations. The data set obtained at this stage [1,2] is used for further kinetic Monte Carlo 

simulations of yttria particle nucleation and growth. Deep understanding of the kinetics of ODS 

particle formation gained in this project would support the new ways for further improvement of the 

properties of ODS steels advancing their development for fusion and numerous high-temperature 

applications as well as increasing their radiation resistance. 
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Fig.1. ESR spectra of “pure“ Li4SiO4 powder 
after irradiation by γ radiation  
(Dabsorb.=56 kGy, P=14 kGy·h-1, air 
atmosphere) 
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Lithium orthosilicate pebbles with 2.5wt% SiO2 additions (Li4SiO4+2.5 wt% SiO2) have been 

selected as one of possible breeder material for the European Helium Cooled Pebble Bed (HCPB) 

blanket module [1]. Most of all previous research of radiolysis of Li4SiO4 was done with “pure” Li4SiO4 

ceramics [2]. Aim of our research was to investigate influence of additions of SiO2 on radiolysis of 

ceramics of Li4SiO4 in air atmosphere. 

Paramagnetic radiation defects - SiO3
3- and SiO4

3-, 

which are characteristic for “pure” Li4SiO4, also mostly 

forms in powders of Li4SiO4 with 2.0 wt% SiO2 additions 

under action of γ radiation (Dabsorb.=56 kGy,  P=14 kGy·h-

1),  

(Fig. 1.). Approximately two times less concentration of 

radiation defects forms in powder of Li4SiO4 with SiO2 

additions (2.7·1018 radicals per gram), than in “pure” 

powder of Li4SiO4 (4.6·1018 radicals per gram). 

Higher concentration of radiation defects in “pure” 

powder of Li4SiO4, comparing with powder with SiO2 

additions, might be caused by accumulation of chemisorption products of H2O and CO2. In support of a 

hypothesis, that on particles of powder Li4SiO4 with SiO2 additions forms a layer of SiO2, which delays 

chemisorptions of gases, is the fact that in ESR spectra of “pure” powder of Li4SiO4 after irradiation 

forms signals of radiation defects of products of chemisorptions. In powder of Li4SiO4 accumulate two 

radiation defects of radiolysis of Li2CO3 and one radiation defect (atomic hydrogen) of radiolysis of 

LiOH or (H2SiO3)n (Fig. 1.). 
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Fig.1 The scheme of MkII-SRP type divertor 
and position of examined tiles 
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Fig.2 Tritium mass activity in CFC tiles 
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The research experiments compare tritium mass activity in various divertor tiles of JET fusion 

device MkII-SRP type divertor. The two tiles examined 

(Fig. 1) are of the same divertor sector but having 

different plasma interaction therefore also different 

tritium accumulation conditions. Carbon fiber composite 

(CFC) divertor tile 14IN G3B is under direct plasma 

interaction while tile 14BW G4B is only partially 

interacting with plasma because of the different 

geometric positioning in the divertor structure. 

Because of the positioning tile 14IN G3B should 

have higher mass activity of tritium. Yet, it also has a 

higher erosion ratio as plasma actively re-interacts with 

the erosion material layer on the top of CFC tile. What 

concerns tile 14BW G4B, it has less plasma interaction 

on the surface and part of it is geometrically covered 

from plasma interaction by tile 14IN G3B. Therefore a 

part of tile 14BW G4B is covered with stable erosion 

material layer. This layer additionally accumulates tritium and later on it diffuses into the bulk of CFC 

tile. 

Tritium mass activity on surface of tile 14IN G3B is around 2.6·106 Bq·g-1 (Cyl4e and Cyl6e) 

while for tile 14BW G4B surface activity varies from 1.2·106 Bq·g-1 (2Cyl1) up to 1.6·108 Bq·g-1 

(1Cyl10). The same tendency remains in the bulk – the layer below 1 mm depth has activity around 

2·104 Bq·g-1 for tile 14IN G3B, while it is mostly 8·103 Bq·g-1 for tile 14BW G4B (Fig. 2, a) Top slice 

activity, b) Bulk activity). 
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Emission factors for solid biomass fuels are determined taking into account fuel 

consumption in natural units at the same moisture content in fuel used for reporting on fuel 

consumption to the Central Statistical Bureau. In determining emission factors, the IPCC 1996 

Revised Guidelines for National Greenhouse Gas Inventories and the 2000 Good Practice Guidance 

and Uncertainty Management in National Greenhouse Gas (GHG) Inventories, as well as physico-

chemical characteristics of solid biomass fuels used in Latvia are taken into account. For integral 

determination of concentration of individual components in the GHG emissions, Fourier infrared 

spectrometer IR Prestige-21, Shimadzu, Japan, graduated (calibrated) by the corresponding gases 

was mainly used. The results are summarized in Table 1. 

Table 1. CH4 emission factors, g/ MWh obtained energy 
Heat unit 

Fuel 
1 2 3 4 5 6 

1 Firewood 18.7 31.8 39.3 296 – – 

2 Wood chips 7.4 17.8 28.2 229.9 – – 

3 Wood waste 18.9 17.2 44.7 278.5 – – 

4 
Wood 
briquettes 

– 29.7 – 355.1 348.7 297 

5 
Wood 
pellets 

1588.88* – 574.44 330.00 – – 

6 Charcoal – – – 778.71 740.21 – 

Notes: 
* - The result was obtained for automatic boiler working in the smouldering mode as warm 
weather conditions determined a small actual power of boiler. 
1-Central heating boilers; 2. Hot water boilers; 3. Combined (two-functional) central heating and 
hot water boilers;  4. Room stoves;  5. Economic stoves; 6. Kitchen ovens. 
 
Conclusions 
1. CH4 emissions have been detected for practically all furnaces and can be assessed as minor, 
but precise result can be obtained only for the particular furnace in the particular circumstances. 
2. CH4 emissions are more dependent from combustion circumstances, but not from biomass 
quality. 
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Fig.1 Tipicle temperature dependance of heat flow and weight looses 
for biomass ashes. 
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The enhancement of biomass-derived energy plays an important role in the Europa energy 

and climate strategies. The use of new and upgraded biomass fuels, has become more common in 

recent years. Although municipal heating become still the most popular heating systems in Latvia. 

Currently biomass ash is a waste product, disposed of in landfills or stored elsewhere. Ash 

disposal generates costs for energy, and so also expenses for ash producers. 

The aim of investigation is to gate the content of different biomass ashes and to understand 

its influence on melting behaviour 

and possibilities for utilisation 

ashes as fertilising and liming agent 

in agriculture. Biomass ash usually 

contains mineral plant nutrients, 

especially base cations (e.g. Ca, 

Mg, K), and has a strongly alkaline 

pH. Thermogravimetrie and 

diferential thermo analyse – fig. 1 is 

used for analysing thermal behavior 

of biomas ashes . Tthere are 

obteined dependences betveen 

different biomass ash composition 

and qualities, detrmined fusion, 

liming and fertilising. 
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The investigation of semiconductor layers with a large mismatch with the substrate (>0.01) has 

become a rather interesting problem in physics and material science of semiconductors. In the case of 

strained layers grown on the substrates with larger lattice constants (when they are subjected to tension), 

two basic problems are distinguished [1]: 1. The defects also causing tension of the layers are pushed to 

the surface, forming the conditions for runoff defects and the decrease in the layer entropy, which is 

often necessary in the nanotechnology of semiconductors. 2. In IV-VI semiconductors, for instance, in 

the heterostructure PbSe/KCl ( 126.6=PbSeα Ǻ, 290.6=KClα Ǻ), the forbidden gap width must increase 

with the tangential lattice constant. Such conditions correspond to the effective “negative” pressure in 

lead selenide. This work is devoted to the investigation of the mentioned problem. 

The epitaxial PbSe layers were obtained on KCl substrates by the method of molecular epitaxy 

with a “hot wall”. The temperature of the polycrystalline PbSe source was in the interval from 450 to 

510ºC. The substrate temperature was relatively low, 240-300ºC. The growth rate of the layers was 

controlled from 1 to 10 nm/s by varying the intensity of the molecules flow on the substrate. The 

thicknesses of the layers were 20-2000 nm, but special attention was given to the layers < 100 nm thick.  

The investigation of the layers with the decrease of their thicknesses to 20 nm showed that the 

tangential lattice constant of PbSe increased up to 6.220 Ǻ [2]. 

By optical characterization of the layers, by the data on IR transmission the forbidden gap width 

over a wide range of thicknesses of the layers was determined. In the thin PbSe layer 72 nm thick, the 

forbidden gap width increased by 117 meV as compared with a thicker unstrained PbSe layer 1.8 µm 

(Eg=286 meV). 
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