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Introduction 

The research in solid state physics at the University of Latvia restarted after World 

War II. The Institute of Solid State Physics (ISSP UL) of the University of Latvia was 

established on the basis of Laboratory of Semiconductor Research and Laboratory of Ferro- 

and Piezoelectric Research in 1978. Since 1986 the ISSP UL has the status of an 

independent organization of the University and now is the main material science institute in 

Latvia.  

Four laboratories from the Institute of Physics of the Latvian Academy of Sciences 

joined our Institute in 1995. Twenty scientists of the former Nuclear Research Centre joined 

the ISSP UL in 1999 and established Laboratory of Radiation Physics. In 2004 scientists 

from the Institute of Physical Energetics joined ISSP UL and established Laboratory of 

Organic Materials.       

In mid 90-ties the ISSP UL has intensified its teaching activities. A number of 

researchers have been elected as professors of the University of Latvia. Post-graduate and 

graduate curricula were offered in solid state physics, material physics, chemical physics, 

physics of condensed matter, semiconductor physics, and experimental methods and 

instruments.  

In December 2000 the ISSP UL was awarded the Centre of Excellence of the 

European Commission (Centre of Excellence for Advanced Material Research and 

Technologies – CAMART). This honorary recognition with the accompanying financial 

support of 0.7 M EUR has increased our research activities, particularly extending the list of 

our research partners and scientists who came to work to our Institute from the leading 

European research centres. In 2001 the Association EURATOM - University of Latvia is 

established and the ISSP UL becomes a coordinator of the Latvian Research Unit. ISSP UL 

is leading laboratory of three associates in the Unit: The Institute of Solid State Physics, 

University of Latvia, Institute of Chemical Physics, University of Latvia and Institute of 

Physics, University of Latvia. ISSP UL is involved in theoretical modelling as well as 

experimental characterization of constructive and functional materials and has an expertise 

in material erosion and re-deposition in Plasma-Facing Components using Laser Breakdown 

Spectroscopy. In 2014 EUROfusion consortium agreement was signed, reglamenting 

European cooperation in thermonuclear synthesis research. In the consortium Latvia offers a 

deep expertise in the field of materials and in plasma-facing components. A collaboration of 

34 countries aims to achieve conditions necessary for providing basis for an electricity-

generating fusion power plant. 

Next step of CAMART was in 2015, when ISSP UL won Horizon 2020 Teaming 

project: “The Excellence Centre of Advanced Material Research and Technology 

Transfer – CAMART2”.  169 proposals were submitted, however only 31 were selected to 
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develop their Business Plans. Among them with a score 14.5 (from 15) was the only project 

from Latvia submitted by the  ISSP UL  in cooperation with Swedish colleagues from the  

Royal Institute of Technology (KTH) and Acreo Swedish ICT. During 12 months of the 

Phase 1, a Business Plan for the future Centre of  Excellence CAMART2 was elaborated, 

demonstrating the long - term science and innovation development strategy.  Its vision is to 

upgrade and establish the ISSP UL as a key centre of excellence for education, science, 

innovation and technology transfer in the Baltic countries. Already being one of Latvia’s 

leading research institutions, the ISSP UL will become a hub for a joint collaboration and 

technology transfer platform for material physics based on high technologies. 

The Business Plan was highly estimated in Phase 2 of Horizon 2020 Teaming project 

dedicated to the establishment of significantly stronger Centre of Excellence during 2017 – 

2023. 

 

 

The ISSP UL is further focusing on education and undertaking an overhaul of the 

University’s master’s programme in physics to make it relevant to projected industrial 

needs. Similar upgrades are also planned for the University’s doctoral programme.  

The ISSP UL’s goal is to improve and enhance collaboration with industry in Latvia 

and abroad. To achieve this, it has set up a platform intended to serve as a single point of 

contact for scientists and companies. Named Materize, the platform provides access to the 

ISSP UL’s expertise and resources while also facilitating communication with companies 

http://www.materize.com/
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for the purpose of implementing projects based on industry-specific standards. Current case 

studies being undertaken include a prototyping facility for cleanrooms, organic light-

emitting diodes, optical lithography, vacuum deposition of thin films and composite 

nanomaterials synthesis. 

 Upon its launch in May 2018, Materize hosted its first event, the Deep Science 

Hackathon 2018. The Hackathon’s goal was to identify high-tech ideas and find teams for 

their implementation, with a view to creating new products and companies that would 

contribute to the Baltic region’s high-tech industry.  

The research at the ISSP UL puts emphasis on four priority directions: 

 Theoretical and experimental studies of materials structure and properties; 

 Nanotechnology, nanocomposites and ceramics; 

 Functional materials for electronics and photonics; 

 Energy 

These priority research directions for increasing strong international scientific 

capacities have been strategically established and are further elaborated and implemented 

within 4 interdisciplinary and inter-laboratory mission-oriented Domain groups: 

1. Functional material theory & modelling; 

2. Sensors & actuators; 

3. Photonics & micro & nanoelectronics; 

4. Energy 

 Domains represent most current trends of material science and are developed 

in cooperation with partners and CAMART2 Research & Development Council. Within 

Domains ecosystem for innovation in material science is being developed. Domains system 

is basis of the new, sophisticated project applications development concept, part of ISSP UL 

Research Program. It is novel, well developed and step-by-step system for ensuring flow of 

highly promising project applications. Exciting projects’ portfolio will attract most suitable 

workforce to ISSP UL. 

In year 2018, the concept has already shown first results, granting 6 out of 24 

projects in first Fundamental and Applied Research Projects (FARP) contest of Latvian 

Science Council, ensuring 25% success rate instead of 16% success ratio, average in this 

contest. In second FARP contest it granted 3 more projects. In European Research 

Development Projects contest, the ISSP UL got one single project and three projects in 

cooperation with partners: Riga Technical University, Institute of Organic Synthesis and 

EUROLCD Ltd.  

ISSP UL is also active in project proposal development for largest European 

Research & Innovation program Horizon 2020. Twinning project for WIDESPREAD-03-

2018, with ISSP UL as coordinator, “Development Research Potential for Thin Film 

Nanotechnologies and Modern Characterization Techniques” was submitted and another 

project proposal is prepared for submitting on January 22nd 2019 for the call LC-NMBP-32-

2019: Smart materials, systems and structures for energy harvesting for topic "The 

development of new materials and material combinations with energy harvesting and storage 
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capabilities". 

Two international conferences: “Functional Materials and Nanotechnologies” and 

"Developments in Optics and Communications" were organized by ISSP UL in 2018. 

“Functional Materials and Nanotechnologies” in October 2-5, 2018 was attended by 192 

participants from 22 countries: Belarus, Estonia, Finland, France, Germany, Hungary, Israel, 

Italy, Kazakhstan, Lithuania, Norway, Poland, Portugal, Russia, South Africa, Sweden, 

Taiwan, Thailand, Ukraine, United Kingdom, United States, and Latvia. 6 plenary, 19 

invited and 35 oral talks were given and 114 posters were presented. The next “Functional 

Materials and Nanotechnologies” conference will be held in Vilnius, Lithuania in year 2020. 

The highest decision-making body of the Institute is the Scientific Council of 15 

members elected by the employees of the Institute.  Presently Dr. phys. L.Trinklere is the 

elected chairperson of the ISSP UL Council. The Council appoints director and its deputies.  

The interdisciplinary research at the ISSP UL is performed by its highly qualified 

staff. At end of 2018, there were 226 employees working at the Institute (196 employees at 

the end of 2017). For establishing horizontal laboratories, the structure of ISSP was 

reorganized and at the end of 2018 is as shown in Table 2. The new structure promotes 

research and innovation by creating service-oriented environment, fostering openness and 

product-oriented research. 
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Table 1 

ISSP Employees Dynamics 2008-2018 

 

 

 

Table 2 

Organisational Structure of the ISSP in 2018 
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Table 3 

The Scientific Council of the Institute 

1. Laima Trinklere, Dr.phys. Chairperson of the Council 

2. Anatolijs Sarakovskis, Dr.phys. 

3. Gunars Bajars, Dr.chem. 

4. Jurgis Grube, Dr.phys. 

5. Martins Rutkis, Dr.phys. 

6. Andrejs Silins, Prof., Dr.habil.phys. 

7. Donats Millers, Dr.habil.phys. 

8. Andris Sternbergs, Dr.habil.phys. 

9. Anatolijs Truhins, Dr.habil.phys. 

10. Andris Anspoks, Dr.phys. 

11. Dmitrijs Bocarovs, Dr.phys. 

12. Janis Kleperis, Dr.phys. 

13. Liga Grinberga, Dr.phys. 

14. Marcis Auzins, Dr.habil.phys. University of Latvia 

15. Maris Knite, Dr.phys. Riga Technical University 

Table 4 

The International Scientific Council 

1. Prof. Juras Banys, Vilnius University, Lithuania 

2. Prof. Antonio Bianconi, Rome International Center for Materials Science Superstripes, 

Italy 

3. Prof. Anette Bussmann-Holder, Max-Planck-Institute for Solid State Research, Germany 

4. Prof. Ming-Chi Chou, Department of Materials and Optoelectronic Science, National Sun 

Yat-sen University, Taiwan 

5. Prof. Niels E.Christensen, Aarhus University, Denmark 

6. Prof. Robert Evarestov, St.Petersburg University, Russia 

7. Prof. Claes-Goran Granqvist, Uppsala University, Sweden 

8. Prof. Dag Høvik, the Research Council of Norway, Norway 

9. Prof. Marco Kirm, University of Tartu, Estonia 

10. Dr. Jiri Kulda, Institut Laue-Langevin, France 

11. Prof. Ergo Nommiste, University of Tartu, Estonia 

12. Prof. Toshio Ogawa Shizuoka, Institute of Science and Technology, Japan 

13. Prof. Pauls Stradins, Colorado School of Mines, USA 

14. Prof. Stefan Schweizer, South Westphalia University of Applied Sciences, Germany 

15. Prof. Vladimir Shur, Institute of Natural Science, Ural Federal University, Russia 

16. Prof. Andrejs Silins, Latvian Academy of Sciences, Latvia 

17. Prof. Sergei Tuituinnikov, Institute for Nuclear Research of the Russian Academy of 

Sciences, Russia 

18. Prof. Juris Upatnieks, Applied Optics, USA 
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The annual report summarizes the research activities of the ISSP in 2018. The table No 5 

below presents the key performance indicators of ISSP. 

Table 5 

Key performance indicators for Research 

Key performance indicators for Research 2017 

 

 

2018 

 

 

2019  

(Mid-CAMART²) 

Number of scientific publications according to 
“Scopus” 

 

93 
 

140 
200 

Fraction of scientific publications in Int. 
Collaboration (%) 

 

61 65,7 55 

Number of citations/year according to “Scopus” 

 
1657 1800 2 000 

Average SNIP per publications 

 
0.896 0.875 1.000 

Number of scientific and technical personnel 

(FTE) 
 

117 126 130 

Publications/FTE 

 
0.79 0.90 1.54 

Gender balance of scientific and technical 
personnel (% female) 

 

22.2 
 

27.2 

 

30 

 

The analysis of Key performance indicators (KPIs) is reported in the Action Plan for 2018. 
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Research Projects 

Table 3 

INCOME OF ISSP, k EUR, FROM 2008 -2018 

Year 
Total 

financing 

Grants and 

programmes 

from budget 

Infrastructure 

financing  

Contracts,

market 

oriented   

research 

Internat. 

funds 

Structural funds 

from EU 

2008 6 063,28 1 457,59 1 385,50 221,83 605,70 2 406,22 

2009 2 443,64 898,69 705,40 91,35 348,20 399,97 

2010 3 038,68 634,89 664,40 118,53 465,70 1 159,21 

2011 3 868,93 637,45 597,30 148,83 308,50 2 176,99 

2012 4 925,98 606,57 485,60 170,74 180,00 3 304,05 

2013 3 518,90 345,92 599,70 232,21 581,00 1 405,66 

2014 3 029,00 562,30 707,20 361,20 362,50 1 035,80 

2015 4 246,60 506,70 1 059,90 274,70 953,90 1 392,80 

2016 2 747,00 483,06 1 063,63 114,50 586,78 499,04 

2017 7 267,50 414,70 1 307,80 88,90 4 769,30 686,80 

2018 6 158,40 763,70 1 198,40 136,00 3 089,00 961,30 

 

 

Fig.1. Total financing of the ISSP in  M EUR from 2008 to 2018 

- salaries 



12 
 

On-going projects at ISSP UL in 2018 

International projects 

No Title of project and Programme Supervisor from 

ISSP UL 

Income 2018, k 

EUR 

1. The excellence centre of advanced material research and 

technology transfer CAMART2 (2017 – 2023) 
H 2020, Widespread  

Dr. phys 

M. Rutkis; 
coordinator 

2 546,4 

2.  CO2 – based Electrosynthesis of ethylene oXIDE – CO2EXIDE 

H 2020  

Dr. phys  

J. Kleperis; 

partner 

304,6 

3. Implementation of activities described in the Roadmap to Fusion 

during Horizon 2020 through a Joint programme of the 

EUROfusion consortium 

EUROfusion 

Dr. phys. A. 

Anspoks; 

coordinator 

348,4 

4. Graded Membranes for Energy Efficient New generation Carbon 

Capture process GREEN-CC 

FP 7 project 

Dr. habil. phys  

E. Kotomin; 

partner 

36,0 

5. Computer modelling of nanostructured photocatalysts for efficient 

hydrogen production from water (WATERSPLIT)  

Era Net Rus Plus 

 

Dr. chem. Y. 

Zhukovski; 

coordinator 

47,3 

6. Metrology at the Nanoscale with Diamonds (MYND); 
M Era Net 

Dr. habil.phys. 
L. Skuja; partner 

4,0 

7. Nano-structured, radiation sensitive materials for nuclear – 

medical and border protection applications (NANORADOS)  

M EraNet 

Dr. habil.phys 

 D. Millers; 

partner 

2,6 

8. Innovative nanomaterials and architectures for integrated 

piezoelectric energy harvesting applications (HarvEnPiez)  

M EraNet 

Dr. habil.phys. 

 E. Kotomin; 

partner 

64,3 

9. Low temperature characterization and ab initio calculations of 

anmalous behavior of structural, luminescent and conductivity 

properties of ABO3 perovskite surfaces 

Latvian – Ukrainian Bilateral Program 

Dr. habil. phys 

 E. Kotomin; 

partner 

16,0 

10. Development of ultrafast ceramic detectors of ionizing radiation 

based zinc oxide nanocrystals (ZnO_Nano_Lum) 

Era Net Rus Plus 

Dr. habil. phys 

L. Grigorjeva; 

partner 

46,8 

11. Polymeric Emitters with Controllable Thermally Activated 

Delayed Fluorescence for Solution–processable OLEDs 

(PolyTADFer) 
Latvia – Lithuania – Taiwan mutual project 

Dr. phys 

 M. Rutkis 

13,06 

12. Novel TADF materials and device architectures to enchance the 

performance of OLED 

Latvia – Lithuania – Taiwan mutual project 

Dr. phys 

A. Vembris 

13,06 

13. Design, Development and Valdation of the European Gyrotron 

for ITER 

(Eurofusion) 

Dr. phys 

O. Dumbrajs 

3,3 

   3 445,9  

k EUR 
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European Regional Development Fund projects 

No Title of project Supervisor from 

ISSP UL 

Income 2018, 

k EUR 

1. Design and Investigation of Light Emitting  and Solution 
Processable Organic Molecular Glasses; 

2017 – 2020 

Dr. phys 
A. Vembris; 

partner 

59,2 

2. Application assessment of novel organic materials by 

prototyping of photonic devices; 

2017 – 2020 

 

Dr. phys. M. Rutkis, 

coordinator 

234,2 

3. Phosphorescent coatings prepared by plasma electrolytic 

oxidation; 

2017 – 2019 

Dr. phys. K. Smits; 

coordinator 

172,7 

4. Novel nanosized upconverting oxide materials for practical 

applications; 

2017 – 2020 

postdoctoral project 

Dr. phys T. 

Gavrilovic (Serbia) 

41,8 

5. Blue thermally activated delayed fluorescence emitters for 

high efficiency OLEDs; 
2017 – 2020 

postdoctoral project 

Dr. Chem. D. 

Gudeika 
(Lithuania) 

42,4 

6. Reducing/cancelling the effects of vitreous floaters using a 

phase retrieval method based on coded diffraction patterns; 

2017 – 2020 

postdoctoral project 

Dr. phys. V. 

Karitans 

(Latvia) 

38,13 

7. Quantum chemical and molecular dynamics study of 

advanced solids and nanomaterials: challenging road to 

reality;   2018 - 2021 

postdoctoral project 

Dr. phys  

D. Bocharov 

(Latvia) 

62,8 

8. Thermoelectrical sensor of radiation; 

2018 – 2021 

Innovatioon project 

Dr. phys 

K. Pudzs 

117,6 

9. LATOLED; 

2018 – 2021 
Innovation project 

Dr. phys 

A. Vembris 

89,0 

10. New generation wavefront sensors based on the method of 

coded diffraction pattern;  2018 – 2021 

Innovation project 

Dr. phys 

S. Fomins 

58,0 

11. Mini spectrometer for analysis of food; 

Innovation project 

Dr. phys 

K. Smits 

22,2 

12. Si base for ASM, SEM and TEM nanomechanical 

experiments; 

Innovation project 

Dr. habil.phys 

J. Purans 

22,4 

   960,43 kEUR 
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National Research Programs and Grants 

No Title of Program/ Grant Supervisor from ISSP 

UL 

Income 2018, 

 k EUR 

1. Multifunctional Materials and composites, photonics and 
nanotechnology (IMIS2) 

2014 – 2017 

Materialscience Programme 

Dr. phys.  
M. Rutkis 

26,4 

2. Energy efficient and low-carbon solutions  

 2014 – 2017 

LATENERGY Programme 

Dr. phys. 

 J. Kleperis 

1,5 

3. X-ray Absorption studies of metal hydrides under 

extreme pressure (XA-EXTREM) ; Research Grant 

Dr. habil. phys J. Purans 47,0 

4. Theoretical prediction of hybrid nanostructured 

photocatalytic materials for efficient water splitting; 

Research Grant 

Dr. phys 

S. Piskunov 

46,9 

5. Optical properties of advanced silicon dioxide-based 

materials for ultraviolet and high-power photonics; 

Research Grant 

Dr. habil. phys L. Skuja 100,0 

6. Radiation damage studies in scintillator materials for 

high-energy physics and medical applications;  Research 
Grant 

Dr. phys 

 A. Popov 

100,0 

7. Theoretical prediction of new materials for intermediate 

temperature ceramic fuel cells; Research Grant 

Dr. phys 

D. Grjaznov 

95,2 

8. Nanostructured Nitrogenated Carbon Materials as 

Promoters in Energy Harvesting and Storage 

Technologies;  Research Grant 

Dr. phys 

J. Kleperis 

100,0 

9. Research of luminescence mechanisms and dosimeter 

properties in prospective nitrides and oxides using TL 

and OSL methods; Research Grant 

Dr. phys 

L. Trinklere 

100,0 

10. Novel transparent nanocomposite oxyfluoride materials 

for optical applications; Research Grant 

Dr. habil. phys 

U. Rogulis 

100,0 

11. Development of novel scintilator materials for medical 

application; Research Grant 

Dr. phys 

V. Pankratov 

46,6 

   763,7 kEUR 

https://www.cfi.lu.lv/en/research/projects/lcsgrants/x-ray-absorption-studies-of-metal-hydrides-under-extreme-pressure-xa-extrem/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/x-ray-absorption-studies-of-metal-hydrides-under-extreme-pressure-xa-extrem/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/theoretical-prediction-of-hybrid-nanostructured-photocatalytic-materials-for-efficient-water-splitting-2018-2020/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/theoretical-prediction-of-hybrid-nanostructured-photocatalytic-materials-for-efficient-water-splitting-2018-2020/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/optical-properties-of-advanced-silicon-dioxide-based-materials-for-ultraviolet-and-high-power-photonics-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/optical-properties-of-advanced-silicon-dioxide-based-materials-for-ultraviolet-and-high-power-photonics-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/radiation-damage-studies-in-scintillator-materials-for-high-energy-physics-and-medical-applications-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/radiation-damage-studies-in-scintillator-materials-for-high-energy-physics-and-medical-applications-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/theoretical-prediction-of-new-materials-for-intermediate-temperature-ceramic-fuel-cells-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/theoretical-prediction-of-new-materials-for-intermediate-temperature-ceramic-fuel-cells-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/nanostructured-nitrogenated-carbon-materials-as-promoters-in-energy-harvesting-and-storage-technologies-2018-2021-nn-carma/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/nanostructured-nitrogenated-carbon-materials-as-promoters-in-energy-harvesting-and-storage-technologies-2018-2021-nn-carma/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/nanostructured-nitrogenated-carbon-materials-as-promoters-in-energy-harvesting-and-storage-technologies-2018-2021-nn-carma/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/research-of-luminescence-mechanisms-and-dosimeter-properties-in-prospective-nitrides-and-oxides-using-tl-and-osl-methods-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/research-of-luminescence-mechanisms-and-dosimeter-properties-in-prospective-nitrides-and-oxides-using-tl-and-osl-methods-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/research-of-luminescence-mechanisms-and-dosimeter-properties-in-prospective-nitrides-and-oxides-using-tl-and-osl-methods-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/novel-transparent-nanocomposite-oxyfluoride-materials-for-optical-applications-2018-2021/
https://www.cfi.lu.lv/en/research/projects/lcsgrants/novel-transparent-nanocomposite-oxyfluoride-materials-for-optical-applications-2018-2021/
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Scientific Highlights 

Novel method of phosphorescent strontium aluminate coating preparation on 

aluminum 

 

Ivita Bite, Guna Krieke, Aleksejs Zolotarjovs, Katrina Laganovska, Virginija Liepina, 

Krisjanis Smits, Krisjanis Auzins, Larisa Grigorjeva, Donats Millers, Linards Skuja 
Institute of Solid State Physics, University of Latvia, LV-1063, Riga, Latvia 

 

This study presents a novel approach to produce phosphorescent coatings on metal 

surfaces. 

Strontium aluminates are the most popular modern phosphorescent materials 

exhibiting long afterglow at room temperature and a broad spectral distribution of 

luminescence in the visible range. However, despite a large amount of research done, 

methods for synthesis of such materials remain relatively energy inefficient and 

environmentally unfriendly. 

A long-afterglow luminescent coating containing SrAl2O4:Eu2+, Dy3+ is prepared 

by the plasma electrolytic oxidation on the surface of commercial aluminum alloy Al6082. 

During the electrical discharges in this process, the strontium aluminate is formed in a 

similar way to the solid-state reaction method. X-ray powder diffraction analysis confirms 

that the monoclinic SrAl2O4 phase is present in the coating.  

Optical properties of the obtained coating were analyzed with luminescence methods 

classically used for studies of luminophores. The performance of the coating was compared 

with commercially available strontium aluminate powder. 

The proposed method of coating synthesis may be of value for the development of 

energy-efficient and long-lasting automotive and public safety infrastructure.  

 

 
Schematic illustration of phosphorescent coating formation during PEO process 

 

Published in:  

Ivita Bite, Guna Krieke, Aleksejs Zolotarjovs, Katrina Laganovska, Virginija Liepina, Krisjanis Smits, 

Krisjanis Auzins, Larisa Grigorjeva, Donats Millers, Linards Skuja, Novel method of phosphorescent 

strontium aluminate coating preparation on aluminum, Materials and Design 160, (2018), 794–802 
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This work was announced by the Latvian Academy of Sciences as one of ten most 

significant achievements in Latvian science of the year 2018 

Theoretical and experimental studies of materials structure and properties 

Domain: Computational Material Science& Modelling 
 

Impact of point defects on the elastic properties of BaZrO3: comprehensive insight 

from experiments and ab initio calculations. 

 

E.A. Kotomin1, M.F. Hoedl2, I. Lubomirsky3, R. Merkle2, and J. Maier2 

1Institute of Solid State Physics, University of Latvia, Kengaraga Str. 8, LV-1063, Riga, Latvia 
2Max Planck Institute for Solid State Research, Stuttgart, Germany 
3Department of Materials and Interfaces, Weizmann Institute of Science, Rehovot, Israel 

 

Acceptor doped BaZrO3 is the prototype of proton conducting perovskites which are 

of strong interest as electrolytes for intermediate temperature fuel cells. Elastic properties of 

both dry and hydrated Y-doped BaZrO3 (1.5—17 mol% Y) were determined using 

ultrasound time of flight (TOF) measurements, and complemented by ab initio calculations 

which allow for an analysis of the different contributions. The experimental and theoretical 

findings are consistent and reveal a strong decrease of the Young's, shear and bulk moduli 

upon increasing dopant concentration. This decrease is attributed to a combined effect of (i) 

macroscopic lattice chemical expansion mainly caused by differing ionic radii, and (ii) 

presence of point defects such as acceptors AccZr (with decreased cation charge), oxygen 

vacancies VO*, and protonic defects OHO (hydroxide ions on oxide ion sites) that locally 

weaken the chemical bonds in the perovskite structure. The effect from modified lattice 

parameter is minor relative to the decrease in moduli caused by AccZr, VO*, OHO 

weakening the chemical bonds. The elastic moduli differ only slightly between the 

dehydrated and hydrated samples. The decrease in the elastic moduli with increasing 

acceptor and oxygen vacancy concentrations is much stronger in Y-doped BaZrO3 (-5.8% in 

Y:BaZrO3 per mol% of vacancies) compared to similar earlier investigations on Gd-doped 

CeO2 (-2% in Gd:CeO2). This result indicates a 

greater effect of oxygen vacancies on the elastic 

properties in ABO3 perovskites with the linear 

B—O—B bonds as compared to fluorites with 

strongly bent M-O-M bonds. 

Lattice parameters of Y-doped BaZrO3 

from current work and literature (Kreuer et al. 

pseudocubic parameter for 0.1 <x <0.2 with slight 

tetragonal distortion, Schober et al., Iguchi et al., 

Yamanaka et al., Levin et al. ICSD 97460, Han et 

al. ICSD, 187800). Dashed lines are linear fits. 

 
Published in:  

M.F. Hoedl, E. Makagon, I. Lubomirsky, R. Merkle, E.A. Kotomin, and J. Maier. 
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Tb-doped CeO2 (ceria) is a promising mixed conductor for oxygen permeation 

membranes and reversible oxygen sorbents. To predict solubility of Tb ions in ceria for a 

wide range of concentrations, density functional theory (DFT+U) calculations with two 

different values of Hubbard U-parameter on Tb and Ce ions were combined with alloy 

thermodynamics and the Concentration Wave approach. It is shown how to predict 

properties of disordered solid solutions at finite temperatures, using the energy parameters in 

the mixing energies extracted from the DFT + U calculations performed at T = 0 K for two 

ordered configurations of the dopant in the supercells. The unlimited solubility of Tb4 + in 

CeO2 in the quasi-binary cross-section CeO2-TbO2 is predicted in the temperature range 

where both stoichiometric TbO2 and CeO2 reveal fluorite structures (above 700 °C). 

 
The projected density of states (DOS) for CeO2 (a) and TbO2 (b). The Fermi energy is set to zero. Notice that 

CeO2 is non-magnetic, and, therefore, its spin down electrons are not shown. Me stands for Ce in (a) and Tb in 
(b). In b) Tb 4f peak at −2 eV was multiplied for better visibility by the factor of 4. 
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The annealing kinetics of the primary electronic F-type color centers (oxygen 

vacancies with trapped one or two electrons) is analyzed for three ionic materials (Al2O3, 

MgO, and MgF2) exposed to intensive irradiation by electrons, neutrons, and heavy swift 

ions. MgO, α-Al2O3 (sapphire, corundum), and MgF2 are three wide gap insulating materials 

with different crystalline structures and chemical bonding. All three materials are radiation 

resistant and have many important applications, also in fusion reactors. 

 

Phenomenological theory of diffusion-controlled recombination of the F-type centers 

with much more mobile interstitial ions (complementary hole centers) allows us to extract 

from experimental data the migration energy of interstitials and pre-exponential factor of 

diffusion. The obtained migration energies are compared with available first-principles 

calculations. It is demonstrated that with the increase of radiation fluence both the migration 

energy and pre-exponent are decreasing in all three materials, irrespective of the type of 

irradiation. Their correlation satisfies the Meyer−Neldel rule observed earlier in glasses, 

liquids, and disordered materials. The origin of this effect is discussed. This study 

demonstrates that in the quantitative analysis of the radiation damage of real materials the 

dependence of the defect migration parameters on the radiation fluence plays an important 

role and cannot be neglected. 

 

 
Correlation of the effective diffusion energies and pre-exponents for interstitial oxygens in sapphire (a), MgO 

(b), and MgF2 (c). The high quality of this correlation is characterized by the standard Pearson correlation 

coefficient: (a) r = 0.92819, (b) r = 0.87847, and (c) r = 0.99291, very close to the perfect case (r = 1). In all 

three cases the positive linear relationship takes place between the two variables. 
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As known, Y2O3 nano-clusters considerably improve radiation resistance of reactor 

construction materials. To model the nano-cluster formation kinetics, we propose the 

simplest possible mathematical model and perform kinetic Monte Carlo (KMC) simulations. 

We extended the KMC simulated results to the experimentally relevant times using 

autoregressive integrated moving average forecasting. Within the model, we have studied 

prototypical attractive interaction energies and particle concentrations, and compared the 

simulations with experiments.  

 

We have observed the standard Lifshitz-Slyozov-Wagner (LSW) theory, predicting 

the average cluster radius growth with time, R ~ t1/p, with p=3 in the long-time limit, for 

weak (0.1 eV) mutual particle attraction. However, the respective cluster growth rates in 

these KMC simulations are overestimated compared to the experiments. The best agreement 

with experiment is obtained for a medium (0.3 eV) and strong (0.5 eV) attractions, when 

nano-cluster formation occurs during intermediate asymptotic time scale, where power order 

p ranges from 5 to 7.6 depending on interaction, without reaching actually the LSW long-

time limit. Such a stronger interaction leads also to a more compact {110}-faceted nano-
clusters. 
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Average cluster radius growth time dependence for weak, medium and strong mutual particle 

attractions. Different kinetic regimes are marked with dotted and dashed lines. The characteristic 

clusters are shown for weak, medium and strong interactions. 
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Photosynthetic system of plants carries out the photosynthetic process and consists of 

two functionally different parts: an antenna system (light-harvesting complex, LHC) and a 

reaction center. LHC is large pigment-protein assembly specialized to collect solar radiation 

and to efficiently transfer the resulting excitation energy to photochemically active reaction 

center complex. The trimeric LHC of photosystem II (LHC II) is the major antenna complex 

of green plants (LHC II contains ~65 % of the chlorophyll associated with photosystem II). 

The specific structural arrangement of pigment 

molecules in LHC II provides the framework for 

efficient, ultrafast (sub-picosecond) excitation energy 

transfer (EET). Although structure of LHC II is well 

characterized by X-ray crystallography, light harvesting 

and EET in these pigment-protein complexes are 

relatively well understood at low temperatures only (up 

to ∼100 K). Most of the experimental and theoretical 

studies of EET in LHC II have been restricted to 

cryogenic temperatures in order that to be below the 

onset of conformational dynamics in proteins and 

calculations could be based on the static protein 

structure. Although EET in antenna complexes is fully 

functional even at very low temperatures, molecular 

flexibility and dynamics are essential for biological function of proteins. A number of 

spectroscopic properties of LHC II exhibit pronounced temperature dependences above a 

characteristic temperature ∼120–150 K, which cannot be explained in terms of a static 

protein structure. Rather, such effects may point to a specific functional role of vibrational 

and conformational protein dynamics, which can be directly studied using inelastic and 

quasielastic neutron scattering (INS and QENS). 

In the presented study we investigated the vibrational and conformational protein 

dynamics of monomeric and trimeric LHC II from spinach using INS in the temperature 

range of 20–305 K. The effects of the changes in protein dynamics on the spectroscopic 

properties of LHC II are considered in comparative model calculations. The obtained data 

characterize the functionally important protein vibrations in LHC II up to physiological 

temperatures. 
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Crystal structure of the LHC II 

monomer. 
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The knowledge of the local atomic structure of functional materials is a key point for 

understanding and optimizing their properties. This task can be addressed by X-ray 

absorption spectroscopy, however in many practical cases the problem becomes challenging 

and requires the use of unconventional approaches. High-temperature phase transitions are 

an example of such 

complicated case both from 

experimental and theoretical 

sides. 

In this study, an artificial 

neural network (ANN) 

approach was used to extract 

the information on the local 

structure of bulk iron and its 

in-situ temperature 

dependence directly from 

the Fe K-edge extended X-

ray absorption fine structure 

(EXAFS) spectra. The 

capability of the method was 

demonstrated by extracting 

the radial distribution 

functions (RDFs) of iron atoms in ferritic (body-centered cubic) and austenitic (face-

centered cubic) phases across the temperature-induced transition, occurring at about 1190 K.  

The approach is based on a pre-trained ANN to convert experimentally measured EXAFS 

data (k) to the RDF G(R). The important advantage of the ANN-based approach is very 

small computing time required to extract the RDF from EXAFS: when pre-trained ANN is 

available, it takes just few seconds compared to several weeks using the reverse Monte 

Carlo method. 

The ANN approach has a wide range of possible applications for rapid analysis and real-

time control of in-situ and in-operando experiments.  The pre-trained ANNs can be easily 

shared, therefore an openly available library of ANNs can be developed in the future, 

allowing the researchers in the field to analyse their own data without the need to do the 

tedious ANN training process themselves.  

This work is rated in the top 5% of all research outputs scored by Altmetric and has been 

included among Top-Stories of ELETTRA synchrotron. 
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Scheme of the EXAFS spectrum analysis using the artificial neural 

network on the example of the Fe K-edge for bcc iron at 300 K. 
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Photocatalytic water splitting is considered as a clean and environmentally 

responsible way of satisfying global energy demands. For this purpose, the ability of 

different photocatalysts to drive the water splitting reaction under sunlight illumination has 

been studied. 

 
Snapshots of equilibrium trajectories for the pristine, Ndoped, S-doped, and N+S-codoped nanotube surfaces 

covered with a single (top row) or two monolayers of water (bottom row). 

 

Our molecular dynamics simulations show that on the defect-free anatase TiO2 (001) 

nanotube surface water adsorbs molecularly via weak interactions with the Ti sites and 

hydrogen bonds to surface oxygens. This binding mode is a consequence of strain-induced 

curvature effects, as our investigations have shown that neither the nanostructuring by slab 

thickness reduction nor solvation of thin planar TiO2 (001) films alters the surface chemistry 

of the partially dissociated contact layer. The water molecules form a relatively strong 

hydrogen bond network, both for a buckled monolayer and for a multilayer-like (2 ML) film. 

While doping with sulfur, at the atom fraction (1/18) studied, weakens the interactions 

between the surface and water, nitrogen doping renders the surface more reactive to water, 

with a proton transfer to the surface and the formation of an NH group at the N site taking 

place in every studied case. At 2 ML coverage, even a second surface-assisted proton 

transfer takes place within the water film, resulting in the formation of an OH− group and an 

NH2ion on the surface. This effect is present only in the absence of sulfur codoping, due to 

the generally weaker water−nanotube interactions. The consequences of this behavior for the 

density of excited states will have to be investigated in a forthcoming publication. 
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Ternary spinel-type AB2O4 oxides known and studied for a rather long time belong 

to the class of advanced compounds with various electrical, magnetic and optical properties. 

Spinel-structured magnesium aluminate (MgAl2O4), both single-crystalline and ceramic, 

characterized by cubic close-packed spatial crystalline morphology, possesses high 

transparency from visible to infrared wavelength range, enhanced strength and increased 

melting temperature, excellent chemical and radiation resistance as well as low electrical 

losses. 

 
Axonometric views of L4 conventional unit cell for MgAl2O4 spinel bulk containing: (a) labeled positions of 

site symmetry imaged by smallest balls of different colors (S24, S8, S6 and S2); (b) interstitial S1 sites 
occupied the same positions as S6 ones but after total distortion of their symmetry (C1), while dotted rectangle 

images one of possible dumbbell orientations. 

 

The site symmetry approach applied for various configurations of a neutral Oi 

interstitial per L4 and L8 supercells of MgAl2O4 spinel is based on the group-theoretical 

analysis of the split Wyckoff positions in the perfect crystal. When performing this analysis, 

we have compared five possible spatial configurations for inserting oxygen atoms into 

interstitial positions of a spinel structure. As expected, the interstitial configuration, highest 

by symmetry in the supercell model, provides the highest formation energy, while 

arrangement of Oi atoms in less symmetric sites of the spinel lattice is essentially more 

preferable energetically values of Eform Oi in the former are found to be 5–6 times larger. 

However, the examination of the lowest symmetry sites S1 only is insufficient since the low 

formation energy can correspond not only to C1 symmetry, but also to a higher one (it 

depends also on the size and shape of a supercell). 
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Surface and interface phenomena, occurring in the complex oxide materials and their 

nanostructures, the nature of surface and interface states, and the mechanisms of surface 

electronic processes are very important topics in modern solid state physics. SrTiO3, 

BaTiO3, PbTiO3, CaTiO3, SrZrO3, BaZrO3, PbZrO3 and CaZrO3 perovskites belong to the 

family of ABO3-type perovskite oxides, and possess a large number of industrially important 

applications, including charge storage devices, capacitors, actuators, as well as many others. 

 
Calculated and experimental bulk C–C band gaps for eight ABO3 perovskites obtained by means of different 

exchange–correlation functionals: (1) PWGGA; (2) Experiment; (3) B3LYP;(4) HF. 

 

By means of the hybrid exchange–correlation functionals, as it is implemented in the 

CRYSTAL computer code, ab initio calculations for main ABO3 perovskite (001) surfaces, 

namely SrTiO3, BaTiO3, PbTiO3, CaTiO3, SrZrO3, BaZrO3, PbZrO3 and CaZrO3, were 

performed. For ABO3 perovskite (001) surfaces, with a few exceptions, all atoms of the 

upper surface layer relax inward, all atoms of the second surface layer relax outward, and all 

third layer atoms, again, inward. The relaxation of (001) surface metal atoms for ABO3 

perovskite upper two surface layers for both AO and BO2-terminations, in most cases, are 

considerably larger than that of oxygen atoms, what leads to a considerable rumpling of the 

outermost plane. The ABO3 perovskite (001) surface energies always are smaller than the 

(011) and especially (111) surface energies. The ABO3 perovskite AO and BO2-terminated 

(001) surface band gaps always are reduced with respect to the bulk values. The B–O 

chemical bond population in ABO3 perovskite bulk always are smaller than near the (001) 

and especially (011) surfaces. 
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Studies of structural phase transitions driven by pressure play an important role in 

materials science and geosciences. Recent developments in the field have been made 

possible by coupling diamond anvil cells (DACs) with synchrotron radiation based 

techniques. Among these, X‐ray absorption spectroscopy is a powerful tool to probe in-situ 

changes in the local structure of a material 

induced by pressure. 

In this study, high-pressure (0–

26.7 GPa) Cu K-edge X-ray absorption 

spectroscopy is used to probe possible 

structural modifications of anti-

perovskite-type copper nitride (Cu3N) 

crystal lattice. The peculiarity of the Cu3N 

crystal lattice is the presence of an empty 

space between eight NCu6 octahedra 

located at the cube corners. Such crystal 

lattice and its low decomposition 

temperature (600–800 K) indicate on the 

possibility of the Cu3N structure 

instability under high pressure. In fact, the 

pressure-induced metallization of Cu3N 

above 5 GPa has been observed in the 

past by electrical resistance and optical 

absorption measurements. However, its 

origin remains a puzzling task. 

The analysis of X-ray absorption near-edge structure (XANES) and extended X-ray 

absorption fine structure (EXAFS), based on theoretical full-multiple-scattering and single-

scattering approaches, respectively, suggests that at all pressures the local atomic structure 

of Cu3N remains close to that in cubic Pm-3m phase. Therefore, the transition to metal state 

above 5 GPa is explained by the band gap collapse due to a decrease of the unit cell volume. 

In particular, the lattice parameter of Cu3N is reduced by 2% upon increasing pressure up 

to 26.7 GPa, and the structure is restored upon pressure release. 

The paper was selected for Back Cover of Physica Status Solidi B special issue on 

Synchrotron Radiation: Progress of Data Analysis, Data‐Driven Science, and Theory for 

Science.  
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Upper panel: scheme of pressure-dependent X-ray 

absorption spectroscopy experiment using diamond 

anvil cell.  Left panel: Pressure-dependence of the Cu 

K-edge XANES of Cu3N. Right panel: comparison of 

the experimental (open circles) and calculated (solid 

lines) Cu K-edge EXAFS spectra χ(k)k2 of Cu3N at 0 

and 26.7 GPa. 
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α-Al2O3 (corundum, sapphire) is important radiation-resistant material with potential 

applications in fusion reactors, e.g. for components of diagnostic windows. The radiation 

produces in oxygen sublattice electronic defects (color centers)- vacancies with trapped one 

or two electrons (the F+ and F centers, respectively) and more complex defects (e.g. dimers 

F2). 

The experimental annealing kinetics of the primary electronic F,F+ centers and dimer 

F2 centers observed in Al2O3 produced under neutron irradiation were carefully analyzed. 

The developed theory takes into account the interstitial ion diffusion and recombination with 

immobile F-type and F2-centers, as well as mutual sequential transformation with 

temperature of three types of experimentally observed dimer centers which differ by net 

charges (0, +1, +2) with respect to the host crystalline sites. The relative initial 

concentrations of three types of F2 electronic defects before annealing are obtained, along 

with energy barriers between their ground states as well as the relaxation energies.  

Analysis of the kinetics of the mutual transformation of three types of dimer F2-type 

centers observed under intensive neutron irradiation allows us to extract all kinetic 

parameters and supports the idea that these three centers differ by the charge states (neutral, 

single- and double-charged defects with respect to the perfect crystal). 

 

 
 

Experimental points and their theoretical analysis (full lines). Maximum of the 450 nm band intensity was 
normalized to unity. Background was substracted and peaks normalized. 
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For the first time nanocrystalline erbium doped glass ceramics containing 

rhombohedral Ba4Yb3F17 and tetragonal NaF-BaF2-YbF3 ordered fluorite related phases 

were prepared from melt-quenched precursor glasses. Intense red upconversion 

luminescence observed under near-infrared excitation is explained by efficient cross-

relaxation processes between erbium and ytterbium ions.  

In BaF2 nanocrystallites containing glass ceramics luminescence corresponding to 

isolated Er3+ sites and their clusters was detected. For the glass ceramics heat treated at 

lower temperature the formation of the cluster sites was dominant, whereas the heat 

treatment of the glass ceramics at higher temperatures increased the relative number of 

single Er3+ sites in BaF2 nanocrystals suggesting that Er3+ ions act as nucleating agents 

during the crystallization of BaF2.  

The introduction of YbF3 in the precursor glass promoted the formation of solid 

solutions with fluorite-type structure. The results of DTA, XRD as well as site-selective 

spectroscopy data analysis demonstrate the ordering of fluorite-type structure upon the heat 

treatment of the precursor glasses. Two ordered phases with rhombohedrally (Ba4Yb3F17 for 

glass ceramics with low YbF3 content) and tetragonally (NaF-BaF2-YbF3 solid solution in 

the glass ceramics with higher YbF3 content) distorted fluorite structure were confirmed. 

The results show that the site-selective spectroscopy of rare earth ions is an essential tool to 

study the phase formation of the nanocrystalline structures. 

 

 
a) Crystal structure of the rhombohedral Ba4Yb3F17, projection along a axis an axis and b) Ba8Yb6F68 structural 

unit. 
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Copper molybdate (CuMoO4) attracts considerable interest due to its thermochromic 

and piezochromic properties, which originate from the first order phase transition between 

the γ and α phases. Based on diffraction data, the γ-to-α phase transition is described as 

“pseudoreconstructive” with an extensive two phase coexistence range and hysteretic 

behavior. A deep understanding of the 

structure-thermochromic property 

relationship in CuMoO4 requires detailed 

information on the temperature dependence 

of the local atomic structure. In this work, 

thermochromic phase transition was studied 

in CuMoO4 using the Cu and Mo K-edge X-

ray absorption spectroscopy in the 

temperature range of 10–300 K.  

The hysteretic behavior of transition 

was evidenced from the temperature 

dependence of the pre-edge shoulder 

intensity at the Mo K-edge, indicating that 

the transition from brownish-red γ-CuMoO4 

to green α-CuMoO4 occurs in the 

temperature range of 230–280 K upon 

heating, whereas the α-to-γ transition occurs 

between 200 and 120 K upon cooling. The 

analysis of X-ray absorption near edge 

structure (XANES) was supported by ab 

initio full-multiple-scattering calculations. 

The temperature dependence of the 

radial distribution function (RDF) for the Mo–O atom pairs in the first coordination shell of 

molybdenum atoms reconstructed by the regularization-like method from the extended X-

ray absorption fine structure (EXAFS) spectra suggests that the transition occurs gradually 

within the two-phase coexistence range. The local environment of molybdenum atoms 

transforms upon the γ-to-α phase transition from strongly distorted octahedral to less 

distorted tetrahedral coordination in agreement with the behavior of the pre-edge shoulder at 

the Mo K-edge. 
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Temperature dependence of the mean-square relative 

displacement (MSRD) σ2 for the four shortest Mo–O 

interatomic distances in CuMoO4. Inset: the phase 

transition hysteresis obtained from the Mo K-edge 

XANES of CuMoO4 upon heating and cooling 
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Thorough studies of electric field-induced strain are presented in 0.4Na1/2Bi1/2TiO3-

(0.6-x)SrTiO3-xPbTiO3 (NBT-ST-PT) ternary solid solutions. The increase of concentration 

of lead x induces crossover from relaxor to ferroelectric. Strain in a relaxor state can be 

described by electrostrictive behaviour. The electrostrictive coefficients correspond to other 

well-known relaxor ferroelectrics. 

The concentration region with a stable ferroelectric phase revealed that the 

polarization dependence of strain does not exhibit nonlinearity, although they are inherent to 

the electric field dependence of strain. In this case, electric field dependence of strain is 

described in terms of the Rayleigh law and the role of domain wall contribution is extracted. 

Finally, the character of strain at the electric field-induced phase transition between 

the nonpolar and the ferroelectric states is studied. The data shows that in the vicinity of the 

electric field induced phase transition the strain vs. electric field displays electrostrictive 

character. 

 

 
Piezoelectric coefficient as a function of the electric field amplitude d33(Emax) for the composition 0.4NBT-

0.4SrTiO3-0.2PbTiO3 at 70oC and at 110oC (a), as well as temperature dependence of the extracted values of 

the parameters entering in Rayleigh formula (b). 
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Photoluminescence in Er-doped NBT is studied at different temperatures. 

Remarkable reduction of the luminescence intensity in the green spectral range is found in 

the poled state comparing with the depoled state. Luminescence spectra at low temperatures 

reveal continuous wavelength shift of some maxima belonging to the 4S3/2→
4I15/2 transition 

depending on the excitation wavelength, which is explained by large variety of different 

environments around Er3+ related to the random distribution of Na+ and Bi3+ in A-sublattice 

of the ABO3 perovskite structure. Poling extends the wavelength range where shift of 

luminescence maxima is observed in the direction of longer excitation wavelengths. This 

feature can be explained by more ordered structure characteristic to the poled state 

comparing with the depoled one. Luminescence spectra of Er-doped BaTiO3 are also 

measured at low temperatures, and confirm the role of Na+ and Bi3+ ion disorder in the 

observed spectral features of Er-doped NBT.  

 

 
 

Contour plot of fixed luminescence intensity lines in dependence on emission and excitation wavelength of the 

Er-doped NBT composition. Shifts of particular luminescence maxima as a function of the excitation 

wavelength in left side are explained by variation of energetic levels, responsible for luminescence from large 

number of local environment of Er. 
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Unexpecteddomain patterns in 0.1NBT-0.6ST-0.3PT ceramics which are responsible 

for a complex macroscopic response are revealed. The investigated ceramics consist of at 

least two different sizes of grains having different kind of polar structures. The large micron-

sized grains show a clear phase transition that matches the one observed in the temperature 

dependence of the dielectric permittivity. On the other hand, submicron-sized grains show 

irregular or single domain structures which persist even above the phase transition 

temperature. The polar features of the smaller grains resemble polar nanoregions of relaxors. 

The dielectric anomaly above the transition temperature can be related to the response of 

these smaller grains. The contribution of larger grains to the permittivity at the phase 

transition is quite small and is reflected in the Terahertz properties of the sample. It indicates 

that the largest contribution to the dielectric anomaly comes from correlated collective 

motion of nano-sized polar entities in small grains. 

The observed domains can be easily manipulated by external electric field. Thus it is 

reasonable to assume that the contribution to the macroscopic (dielectric, ferroelectric) 

properties is a superposition of all the different kinds of domains below Tc. In the smaller 

grains the correlation length changes during the phase transition resulting in the crossover 

from ferroelectric domain-like structures to polar nanoregions. This is evidenced by the 

possibility to manipulate the polarization of these small grains above Tc. 

 

 
 

Local piezoresponse hysteresis loops measured inside a grain with irregular domain patterns of 0.1NBT-

0.6SrTiO3-0.3PbTiO3. Measurement locations are shown in the DART PFM image (a). Panels (b)-(d) show 

examples of the hysteresis loops taken at different temperatures. Panel (e) shows the temperature dependences 

of the remanent piezoresponse for the various locations. The location 1 corresponds to a “very stable” domain, 

while locations 3 and 6 correspond to nanodomains. 
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Oxyfluoride glass-ceramics have been widely investigated in the last years because 

of their favourable properties the stability of the oxide matrix and the low phonon energy of 

fluoride nanocrystallites. In oxyfluoride glass-ceramics, rare-earth (RE) ions tend to 

segregate preferentially in the fluoride nanocrystallites by occupying the cationic positions 

in the nanocrystallites. When incorporated into nanocrystallites, RE ions find themselves in 

strictly ordered surroundings with a lower phonon energy than in the glass phase. As a 

result, the luminescence emission intensity and the quantum efficiency of the RE ions in the 

material can be improved and are similar to that in the single fluoride crystals. Among the 

applications in lighting devices, WLEDs, the low phonon energy of fluoride nanocrystallites 

is essential for upconverted luminescence processes as well, Er3+, Yb3+ and Tm3+ doped 

materials have promise in solar cells, infrared light converters and applications in medicine. 

A series of oxyfluoride SiO2-CaF2-Al2O3-CaO-Eu2O3-Dy2O3 glasses were 

synthesized using the melt quenching method starting from high purity raw materials in 

powder form. The glass-ceramics were obtained from the prepared glasses using the heat 

treatment method. To introduce the CaF2 crystalline phase into the samples, the precursor 

glasses were annealed isothermally at 680 OC or 750 OC for 1 h, then removed from the 

furnace and cooled down in air. 

The glasses doped with 0.5 mol% of Dy3+ showed the highest emission intensity 

compared with the Dy3+/Eu3+ co-doped samples and 

the samples doped with Dy3+ in higher concentrations 

(1 mol%). The average luminescence lifetimes of Dy3+ 

(4F9/2/
6H13/2) decreased linearly with the addition of 

Eu3+ ions in the concentration range of 0-2 mol% Eu3+. 

With higher Eu3+ concentration, luminescence 

lifetimes deviated from the linear correlation due to 

concentration quenching of the Eu3+ ions. 

The colour coordinates of the samples under 

453 nm excitation for most of the studied 

concentrations were close to those of white light. For 

350 nm excitation, white light was achieved for the 

codoped samples in which the concentrations of Dy3+ 

and Eu3+ions were nearly equal. 
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Nanostructured photodetectors operating from ultraviolet (UV) to terahertz 

frequencies have attracted much attention during the last few decades due to their appealing 

performance for various applications. Current developments in the field are concentrated on 

precisely controlling the manufacturing of nanostructured materials, modifying their 

properties, and developing methods 

for mass production. Photodetectors 

based on one-dimensional (1D) 

nanostructured materials have 

become one of the most attractive 

photoelectronic devices that can be 

implemented using individual or 

assemblies of nanostructures. A 

fabrication of hybrid nanostructures 

composed of two or more 

components opens new possibilities 

to control their properties, in 

particular, in photodetection 

capability in a broad spectral range 

from UV to infrared. 

The surface plays an 

exceptionally important role in nanoscale materials, exerting a strong influence on their 

properties. Consequently, even a very thin coating can greatly improve the optoelectronic 

properties of nanostructures by modifying the light absorption and spatial distribution of 

charge carriers. To use these advantages, 1D/1D heterostructures of ZnO/WS2 core/shell 

nanowires with a-few-layers-thick WS2 shell were fabricated. These heterostructures were 

thoroughly characterized by scanning and transmission electron microscopy, X-ray 

diffraction, and Raman spectroscopy. Then, a single-nanowire photoresistive device was 

assembled by mechanically positioning ZnO/WS2 core/shell nanowires onto gold electrodes 

inside a scanning electron microscope.  

The results show that a few layers of WS2 significantly enhance the photosensitivity 

in the short wavelength range and drastically (almost 2 orders of magnitude) improve the 

photoresponse time of pure ZnO nanowires. The fast response time of ZnO/WS2 core/shell 

nanowire was explained by electrons and holes sinking from ZnO nanowire into WS2 shell, 

which serves as a charge carrier channel in the ZnO/WS2 heterostructure. First-principles 

calculations suggest that the interface layer i-WS2, bridging ZnO nanowire surface and WS2 

shell, might play a role of energy barrier, preventing the backward diffusion of charge 

carriers into ZnO nanowire. 
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Left panels: schematics of ZnO/WS2 core/shell nanowire-

based photodetector. Right panels: on-off photoresponse 

measurements of ZnO/WS2 nanowire photoresistors at 1 V 
bias voltage and light illumination using 0.5 W/cm2 light 

intensity of 405, 532, and 660 nm wavelengths. TEM image of 

ZnO/WS2 nanowire is also shown. 
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High purity or synthetic silica is the toughest glassy optical material for use in 

radiation environments or high-power laser applications. Point defects - dangling bonds, 

vacancies and interstitial atoms set limits to the radiation toughness. It is different between 

the glassy and crystalline SiO2, despite the similar near-range structure (corner-shared SiO4 

tetrahedra) in both states. This problem has been extensively studied, however, mostly by 

using irradiation modes, causing nano-scale or meso-scale locally amorphized regions in 

crystal. That comprises studies, which use high-energy nuclear particles or low-energy 

electrons, absorbed in thin layers. The behavior of the most important point defects 

(dangling O and Si bonds, oxygen vacancies and interstitials) in non-amorphized quartz is 

still not well-understood. 

  We performed a study of super-high purity α-quartz irradiated by 2.5 MeV electrons, 

that is, under conditions, which provide for vacancy-

interstitial creation, but exclude the formation of 

amorphized particle tracks. The maximum dose 

(3×1019 e−/cm2) was just below the amorphization 

threshold of SiO2. The optical properties were studied by 

luminescence techniques, and the data were compared to 

those for neutron-irradiated quartz and glassy SiO2.  

  The results show for the first time that oxygen 

dangling bonds ("NBOHC"), characteristic to the glassy 

state, can be created in non-amorphized SiO2 crystal. In 

comparison to the dangling O bonds created in neutron-

damaged quartz, their environment is much more 

ordered, as illustrated (Fig) by narrowing of their site-

selective luminescence lines and their higher amplitude 

relative to the continuum.  

In contrast to the cases of neutron-irradiated 

α-quartz and glassy SiO2, interstitial oxygen atoms 

knocked out by e− irradiation, did not form O2 

molecules, illustrating that interstitial spaces in α-quartz 

are insufficiently large for their formation.  They 

evidently form peroxy linkages (Si-O-O-Si bonds). Their optical properties are still poorly 

known and are a subject of our present studies.  
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Comparison of high-resolution low-

temperature (T=14K) luminescence 

spectra of e− (b) and neutron- irradi-

ated (a) α-quartz, demonstrating the 

emergence of highly-ordered oxygen 

dangling bonds in crystalline SiO2. 
V1-V4 are Raman bands Excitation at 

ħω= 1.959 eV. 



35 
 

Top line 

(2001–2003): 
left – simulated wavefront; right – reconstructed wavefront. 

Bottom line – practical measurements. Left – reference 

wavefront; right – reconstructed wavefront. 

Optical phase recovery from light intensity measurements using a single binary 

amplitude modulating mask 
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In various fields of signal processing and especially optics, one often faces the phase 

problem, i.e., a detector can only record intensity while the information about phase is lost. 

Various methods have been proposed to recover the missing information about phase. In 

optics, during the last years methods recovering the phase from intensity measurements by 

modulating the light beam become increasingly popular. In this study, we investigate 

whether the optical phase can be recovered using a single binary amplitude modulating 

mask by rotating it in four different positions. 

First, we carry out simulations to verify whether a single mask is sufficient for 

reasonable recovery. We generate a random wavefront and modulate it with a mask 

containing only zeros and ones. We calculate the corresponding diffraction pattern and 

apply a PhaseLift method to recover the phase. Simulations show perfect reconstruction of 

the original wavefront with small noise superimposed on it probably due to the low number 

of modulating masks. 

We also carried out practical 

experiments by spin-coating 

polydimethylsiloxane (PDMS) on a 

glass substrate. Again, we applied the 

PhaseLift method to recover the 

structure of object from intensity 

measurements. The masks were 

designed using the optical 

lithography. Size of the masks was 

64 x 64 pixels one pixel being equal 

to 80 m. The wavefront measured 

with the Shack-Hartmann 

aberrometry was selected as the 

reference wavefront. Similarity, 

between the reconstructed wavefront 

and the reference wavefront can also be noted. 

The algorithm PhaseLift recovering the phase from intensity measurements seems 

to perform well even in the case of a very few modulating masks. The biggest problem 

with the algorithm PhaseLift is time-consuming limiting its applicability for real-time 

wavefront correction. While the data on performance of PhaseLift in presence of noise is 

still to be estimated it also seems that PhaseLift can successfully recover the phase in low 

signal-to-noise ratio (SNR). 
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  The surface plays an exceptionally important role in nanoscale materials, exerting a 

strong influence on their properties. Consequently, even a very thin coating can greatly 

improve the optoelectronic properties of nanostructures by modifying the light absorption 

and spatial distribution of charge carriers. To use these advantages, 1D/1D heterostructures 

of ZnO/WS2 core/shell nanowires with a-fewlayers-thick WS2 shell were fabricated. These 

heterostructures were thoroughly characterized by scanning and transmission electron 

microscopy, X-ray diffraction, and Raman spectroscopy. Then, a single-nanowire 

photoresistive device was assembled by mechanically positioning ZnO/WS2 core/shell 

nanowires onto gold electrodes inside a scanning electron microscope. 

 

 
Simplified band diagram of the ZnO/WS2 core−shell NW (a). Atomic structure of ZnO/WS2 interface (b). 

 

  An effective photodetector based on ZnO/WS2 core/shell nanowire is demonstrated 

in this work. The photodetector responds to illumination at the wavelengths of 660 nm, 532 

nm, and 405 nm. The ZnO/WS2 core/shell nanowire-based device shows a clear advantage 

over pure ZnO nanowire-based photodetector in terms of both higher responsivity (4.6-fold) 

and faster operation (90-fold) for 405 nm illumination. The photodetector band diagram was 

supported by the first principles calculations, suggesting that the interface layer i-WS2, 

bridging ZnO nanowire surface, and WS2 shell, might play an important role in preventing 

backward diffusion of charge carriers into the ZnO nanowire, whereas WS2 shell serves as a 

charge carrier channel in the ZnO/WS2 heterostructure. The obtained results clearly show 

the potential of combining layeread 2D TMDs materials with semiconducting nanowires to 

create novel core/shell heterostructures with advanced optoelectronic properties. 
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One of the main challenges for the next generation of nuclear fusion reactors is to 

improve the resistance of construction materials towards radiation- and heat-induced 

damage. This year we have completed HORIZON 2020 EUROfusion project “When and 

how ODS nanoparticles are formed?” By using the world’s leading synchrotron radiation 

big facilities, we investigated the local structure of oxide dispersion-strengthened (ODS) 

ferritic steels and investigated the formation mechanisms of the nanoparticles within the 

structural materials for the next generation of fusion reactors. These materials are promising 

for high-temperature applications, allowing one to increase the reactor working temperature 

above 650°C. 

  In this project we have carried out a series of X-ray absorption spectroscopy 

experiments, to obtain experimental evidences about the formation of nanoparticles within 

ODS steels during different manufacturing stages, to optimize the manufacturing process 

and to validate existing theoretical models. By using world’s leading synchrotron radiation 

big facilities, we have developed a new methodology for the investigations of nanoparticles 

formation mechanisms with the ODS steels. In a series of X-ray absorption experiments we 

have discovered the formation mechanisms of oxide nanoparticles, and investigated, how 

are formed and what happens with the oxide nanoparticles during different stages of steel 

production. It allowed significant improvements in the steel manufacturing process.  
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Solid oxide fuel cells (SOFCs) continue to attract great attention as a promising 

source of ecologically clean and efficient electricity generation. The key factor, largely 

determining the SOFC performance, is the oxygen reduction reaction (ORR) rate at the 

surface with further oxygen incorporation into the cathode. La1-xSrxMnO3 (LSM) was one of 

the first ABO3-type perovskites employed as a SOFC cathode material, which is still used in 

the form of porous composites with the respective electrolyte material, to increase the 

average ionic conductivity.  

The results of first principles calculations of oxygen vacancy and oxygen adsorbate 

concentrations are analyzed and compared for the polar (La,Sr)O and MnO2 (001) 

terminations of (La,Sr)MnO3 fuel cell cathode materials. Both quantities strongly depend on 

the average Mn oxidation state (La/Sr ratio). In thin symmetrical slabs, the cation 

nonstoichiometry also plays an important role by modifying the average Mn oxidation state. 

The surface oxygen vacancy concentration for the (La,Sr)O termination is more than 5 

orders of magnitude smaller when compared to the MnO2 termination. The vacancy and 

adsorbed oxygen migration energies as well as the dissociation barriers of adsorbed 

molecular oxygen species are determined. The encounter of adsorbed atomic oxygen and 

surface oxygen vacancy is identified as the rate determining step of the oxygen 

incorporation reaction. Since the increase of atomic and molecular oxygen adsorbate 

concentration is limited by the typical saturation level in the range of 20% for charged 

adsorbates, the overall oxygen incorporation rate is predicted to be significantly smaller for 

the (La,Sr)O termination. 

 

 
Charge of molecular oxygen adsorbates on the (La,Sr)O termination and MnO2 termination versus O-O bond 

length. This plot allows for a distinction of superoxide vs. peroxide species. 
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Gyrotrons are known as the efficient sources of millimeter-wave and sub-THz 

radiation capable of delivering high power in the long-pulse and continuous-wave 

regimes.The highest efficiency, however, is typically realized in the regime of hard self-

excitation where oscillations start to grow only when their initial amplitude exceeds a certain 

critical level. Therefore, achieving this optimal point in the parameter space requires a 

special manipulation of gyrotron parameters, a so-called start-up scenario. 

The gyrotron operation can be facilitated by optimizing some parameters in such a 

way that the maximum efficiency becomes realizable in the regime of soft self-excitation 

where oscillations can start to grow from the noise induced by beam electrons. One 

possibility to do this is to use the tapering of the external magnetic field produced by an 

additional small solenoid. In the present study, we consider the role of an additional small 

external magnetic field with parabolic tapering along the device axis, which can be produced 

by a small solenoid. The effect of this additional field on the efficiency and the boundaries 

between the regions of soft and hard self-excitation is analyzed. Our study demonstrated that 

small, simple additional solenoids can be used in high-power gyrotrons for improving the 

device efficiency in the regimes of soft and hard selfexcitation. 
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Organic thermoelectric (OTE) materials offer new opportunities for sustainable 

waste heat recovery, personalised power (via body heat use) and microcooling (via the 

Peltier effect). Recently, radical cation salts of electron-rich acene tetrathiotetracenes (TTTs) 

emerged as a new class of materials for OTE device preparation. Such TTT cores are highly 

suited to derivatisation (via position 1-4 or 7-10 

functionalisation). Such derivitisation is expected 

to strongly affect the thermoelectric properties of 

the conducting states formed upon oxidation of 

the TTT core potentially leading to improved or 

tunable OTE performance. Reaction of elemental 

sulfur with 2-R1 and 2,8-R1,R2-substituted 

tetracenes (2) in refluxing DMF affords 

5,6,11,12 tetrathiotetracenes (1) in good yields 

(74-99%) for a range of substituents. The 

reaction rate is limited only by the solubility of 

the tetracene (2); 2g-h being both the least 

soluble and slowest reacting. At partial 

conversion recovered single crystalline 2g led to 

its X-ray structure determination. Vacuum deposited thin films from 1 (of initial 88-99% 

purity) show final electrical conductivities, σ(in plane) from 1.40 × 10-5 S cm-1 (1g) to 3.74 × 

10-4 S cm-1 (1b) for the resultant near pristine films; while 1d proved too involatile to be 

effectively sublimed under these conditions. In comparison, initially 95% pure TTT (1a) 

based films show σ(in plane) = 4.33 × 10-5 S cm-1. The purities of 1a-h are highly upgraded 

during sublimation. Well defined micro-crystallites showing blade, needle or mossy like 

habits are observed in the films. The Seebeck coefficients (Sb) of the prepared 1 range from 

374 (1c) to 900 (1f) μV K-1 (vs. 855 μV K-1 for identically prepared 95% pure TTT, 1a). 

Doping of films of 1f (R1 = Me, R2 = iPr) with iodine produces optimal p-type behaviour: 

σ(in-plane) = 7.00 × 10-2 S cm-1,Sb = 175 μV K-1. The latter’s 

Power Factor (PF) at 0.33 μW m-1 K-2 is more than 500-times that of the equivalent 

I2-doped TTT films (1a, R1 = R2 = H), previously regarded as the optimal material for thin 

film thermoelectric devices using acene radical cation motifs. 
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Known and new substituted tetrathiotetracenes 

(TTT is reserved for the parent 1a; X-Z = alkyl 

derivatives, ether or amine derivatives, carbonyl 

derivatives, halide, CF3, thiopyridyl).  
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Developing devices and related materials for producing and storing electricity is a key issue 
to meet the increasing energy demand. Modern electronic devices require high-performance and 

high- energy batteries, from which Lithium-ion battery (LIB) has attracted much interest. Great 

efforts have been devoted to develop different types of LIB electrode materials with high reversible 
capacity, long cycle life and low cost.  

Recently discovered graphene as a single layer of graphite possesses many excellent properties, such 

as good chemical stability, high quantum Hall effect, and extraordinary electronic transport 

properties. Besides, as a highly conducting form of carbon, graphene provides a perfect substrate to 
host active nanomaterials for energy applications. Separately hematite α-Fe2O3 and TiO2 are known 

as anode materials in LIB, but low electronic conductivity and relatively low theoretic capacity limit 

their application. However, there are no reports about α-Fe2O3/TiO2/graphene oxide composites as 
anode for LIBs prepared by electrophoretic deposition. 

Two nanostructured oxides, α-Fe2O3 and TiO2 with a particle diameters 50 nm and 21 nm, 

were mixed with graphene oxide (GO). Composite thin films on a stainless steel substrate were 
obtained by electrophoretic deposition (EPD) procedure from water suspensions: α-Fe2O3/GO, 

TiO2/GO and α-Fe2O3/TiO2/GO. Subsequently reduction of as-prepared thin films was performed. 

Thicknesses of acquired films were evaluated in the range of 2–6 μm. Structure and morphology 

were investigated as well as electrochemical properties of all samples were studied. 
The results revealed that 

α-Fe2O3/TiO2/rGO (in this 

article denoted as FTGO) 
exhibited the specific discharge 

capacity of 790 mAh·g−1 after 

150 cycles at the current density 

100 mA·g−1. The improved 
electrochemical properties were 

obtained due to rGO uniform 

dispersion within inter-space of 
α-Fe2O3 and TiO2 as well as 

synergic effect between both 

metal and graphene oxides. 
Additionally, rGO not only has 

excellent electron conductivity, 

but also can alleviate the solid-

electrolyte interphase film 
formation. Prepared composite 

exhibit excellent cycle 

performance, coulombic efficiency (66%) and rate capability. Therefore, FTGO ternary structure 
material has perspective application as lithium ion battery anode in comparison with a α-Fe2O3/rGO 

and TiO2/rGO composites. The results showed obtained composite is a promising anode material for 

high energy and long cycle life lithium ion batteries. 
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Photographs of (A) – TGO, (B)– FTGO, (C) – FGO composite 

electrodes, their Raman spectra and discharge rate performance. 
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The ITER strategy foresees applying laser induced breakdown spectroscopy (LIBS) 

for quantitative in situ diagnostics of fuel retention in the first walls during maintenance 

breaks. Quantitative information could be obtained by calibration-free LIBS, where the 

elemental composition of a sample is determined on the basis of the accurate knowledge of 

the electron temperature and the electron density. To this end, reliable detection of spectral 

lines of hydrogen isotopes as well as those of the host material is required.  

The aim of the present study is to 

compare the effect of different pulse 

durations on LIBS results of ITER-

relevant samples. Other experimental 

conditions, e.g. pressure and fluence, 

were selected to show the most clear the 

effect of pulse duration. The study is a 

necessary groundwork for following 

studies at atmospheric pressure relevant 

for actual diagnostics conditions. 

LIBS spectra produced by lasers 

of 0.15 and 8 ns pulse durations were 

recorded. Experiments with ITER-

relevant samples were carried out at low 

values of laser fluence, which allowed a 

reliable design of depth profiles of 

deuterium and tungsten. The main factor 

limiting the accuracy of curve-fitting of 

deuterium line was the high-intensity 

hydrogen signal. 

Although comparatively low 

value of the S/N ratio has been observed for the ps laser in comparison to ns pulse width, in 

the case of ps laser, almost the same intensity of α-lines of hydrogen isotopes was achieved 

at two times lower values of laser fluence, and Intensities of W lines were less influenced by 

self-absorption. The latter is important considering the applications of calibration-free LIBS.  
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Profiles of craters formed by 30 pulses of nanosecond 

and picosecond lasers 
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Oxide-Dispersion Strengthened (ODS) steels with Y2O3 nanoparticles are promising 

structural materials for fusion and future fusion reactors. A large number of experimental as 

well as theoretical studies provided valuable information on the ODS particle formation 

process. However, some important details of this process still remain unexplained. 

 

 

 

 

 

 

 

 

 

 

 
 
 

Oxygen in the bcc Fe lattice at interstitial octahedral 6b a) and tetrahedral 12d b) positions. 

 

Our calculations have confirmed the applicability of the DFT method, as 

implemented in the computer code VASP, for defect calculations in ODS steels. The 

following particular conclusions can be drawn: vacancies precipitate, creating stable clusters 

in the bcc Fe lattice. Y solute atoms can be stabilized in the host matrix by vacancies. Y 

solute migration occurs in multiple steps by the vacancy mechanism. Clusters with 2 and 1.5 

vacancies per Y solute atom provide a basis for creation Y-O bixbyite-type bonds. These 

results are supposed to be used at the next step of the kinetic Monte Carlo simulations of 

nanoparticle growth. 
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The splitting of H2O molecules on semiconducting electrodes under the irradiation of 

solar light is a clean and renewable way for the generation of hydrogen fuel. Efficiency of 

photocatalysis in the case of a defectless electrode depends on the relative position of the 

edges of the bandgap (the top of the valence band and the bottom of the conduction band), 

which should be properly aligned relatively to the oxidation andreduction potentials 

separated by 1.23 eV. 

 

Dependence of calculated WS2 band gap on nanosheet thickness and alignment of CB bottom and VB top 

edges with respect to O2/H2O and H+/H2 redox potentials. 

 

In the current study, we have performed hybrid DFT-LCAO calculations of WS2 

nanosheets possessing stable hexagonal phase with thickness between 1 and 40 monolayers 

using hybrid exchange-correlation functional HSE06 adopted for this purpose. Defectless 

pristine WS2 nanosheets have been found to be suitable for photocatalytic applications since 

widths of their band gaps correspond to the range of visible light between the red and violet 

edges (1.5 eV < gap < 2.7 eV) while the top of the valence band and the bottom of the 

conduction band are properly aligned relative to the oxidation and reduction potentials. We 

found that the band gap of nanolayers decreaseswith growing the number of monolayers in 

layered WS2 2D structure. The highest solar energy conversion efficiency (15–18%) usually 

achieved for the gap of 2.0–2.2 eV (yellow range of the visible spectrum) has been found for 

the 2-monolayers thick stoichiometric WS2 (0001) nanosheet. WS2 nanolayers as 

prospective material for photocatalysis demand no doping or formation of vacancies as in 

the case of nanostructures of transition metal oxides. Quite the contrary, presence of these 

defects can worsen photocatalytic suitability of WS2 nanolayers. 
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