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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 of the University of Latvia (ISSP UL) 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 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 (Table 1).

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 2002 the Chair of Solid State and Material Physics University of Latvia was
established at ISSP UL.

Research and training in optometry and vision science is taking place in the
Laboratory of Visual Perception of the ISSP UL since 1992. Co-located with the Institute,
the Optometry Centre has been established in 1995 with facilities for primary eye care and
serving as a technological research basis for students and staff.

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 come to work to our Institute from the leading
European research centres.

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 - CAMART?”. 169 proposals were submitted, however only 31 were selected to



develop their Business Plans. Between 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 CAMART? was elaborated,
demonstrating the long - term science and innovation development strategy.

The Business Plan was highly estimated in the second phase of Horizon 2020
Teaming project dedicated to the establishment of significantly stronger Centre of
Excellence during 2017 - 2023.

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

¢ Functional materials for electronics and photonics,
¢ Nanotechnology, nanocomposites and ceramics,
e Thin films and coating technologies,

e Theoretical and experimental studies of materials structure and properties.

The highest decision-making body of the Institute is the Scientific Council of 15
members elected by the employees of the Institute (Table 2). Presently Dr.phys. L.Trinklere
is the elected chairperson of the ISSP UL Council. The Council appoints director and its
deputies. New elections of the Council were held in 2016.

The Scientific Council in June 2016 elected a new director - the former deputy
director for research of ISSP UL Dr. phys. Martins Rutkis.

The interdisciplinary research at the ISSP UL is performed by its highly qualified staff. At
end of 2017 there were 196 employees working at the Institute, 20 of 117 members of the
research staff hold Dr.habil.degrees, 65 hold Dr. or PhD. At the end of 2017 there were 16
PhD students and 48 undergraduate and graduate students in physics, chemistry, material

science and optometry programmes working at the ISSP UL.
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The Scientific Council of the Institute, elected in 2016

1. Laima Trinklere, Dr.phys., chairperson of the Council
2. Marcis Auzin§, Dr.habil.phys., UL

3. Gunars Bajars, Dr.chem.

4. Jurgis Griibe, PhD student

5. Martin$ Rutkis, Dr.phys.

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

7. Anatolijs Sarakovskis, Dr.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. Maris Knite, Dr.phys., RTU professor
14. Donats Millers, Dr.habil.phys.

15. Aivars Vembris, Dr.phys.

Table 2

The annual report summarizes the research and societal activities of the ISSP UL in 2017. The
table below presents the key performance indicators of ISSP UL.:

Key performance indicators for 2018
Research 2016 2017 (estimated)
Number of scientific publications
according to “Scopus” 96 93 120
Fraction of scientific publications in
Int. Collaboration (%) 74 61 62
Number of citations/year according to
“Scopus” 1908 1657 1800
Average SNIP per publications 0.748 0.896 0.920
Number of scientific and technical
personnel (FTE) 113 117 120
Publications/FTE 085 0.79 1.00
Gender balance of scientific and
technical personnel (% female) 24.5 22.2 24.0




Research Projects



Table 3
INCOME OF ISSP UL, k EUR, FROM 2008 -2017

Contracts,
Grants and
Total Infrastructure market Internat. Structural
Year financin programmes financin i funds funds from EU
g from budget g oriented
research
2008 6 063,28 1457,59 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 3038,68 634,89 664,40 118,53 465,70 1159,21
2011 3868,93 637,45 597,30 148,83 308,50 2176,99
2012 492598 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 3029,00 562,30 707,20 361,20 362,50 1 035,80
2015 4 246,60 506,70 1 059,90 274,70 953,90 1392,80
2016 2 747,00 483,06 1063,63 114,50 586,78 499,04
2017 7 267,50 414,70 1307,80 88,90 4769,30 686,80
8,00
7,27
7,00 |
6.06
6,00 -
5,00 | 4,93 -
[+ 4
2,00 3,87 225 -
="’ 352 3,03
= 3,04
3,00 2,75
2,00
1,00

0,00

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Years

Fig.1. Total financing of the ISSP UL in M EUR from 2008 to 2017

.— salaries




On-going projects at ISSP UL in 2017

International projects

No Title of project and Programme Supervisor from | Income 2017,
ISSP UL k EUR
1. The excellence centre of advanced material Dr. phys 4 050,00
research and technology transfer CAMART? M. Rutkis;
2017 - 2023 coordinator
H 2020, Widespread
2. The influence of the cell membrane Dr. habil. phys -
asymmetry and curvature on the functioning B. Bérzina;
of membrane proteins and the transport of partner
therapeutic compounds; 2016 - 2019
H 2020;
3. Implementation of activities described in the Dr. phys. 529,83
Roadmap to Fusion during Horizon 2020 A. Anspoks;
through a Joint programme of the EUROfusion coordinator
consortium;
EUROfusion project
4, Graded Membranes for Energy Efficient New Dr. habil. phys 12,90
generation Carbon Capture process GREEN- E. Kotomin;
CGC; partner
FP 7 project
5. Computer modelling of nanostructured Dr. chem. 51,63
photocatalysts for efficient hydrogen Y. Zhukovski;
production from water (WATERSPLIT) ; coordinator
Era Net Rus Plus
6. Metrology at the Nanoscale with Diamonds Dr. habil.phys. 20,00
(MYND); L. Skuja; partner
M EraNet
7. | Nano-structured, radiation sensitive materials Dr. habil.phys 18,00
for nuclear - medical and border protection D. Millers;
applications (NANORADOS) partner
M Era Net
8. Innovative nanomaterials and architectures Dr. habil.phys. 66,00
for integrated piezoelectric energy harvesting E. Kotomin;
applications (HarvEnPiez) partner
M Era Net
9. Fabrication, characterization and computer Dr. phys. A. 19,93
modelling of the nanostructured YAlO3:Mn Popov;
ceramics for novel radiation dosimeters; partner
2016 - 2018
Latvian - Ukrainian Bilateral Program
4 769,30 KEUR
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European Regional Development Fund projects

No

Title of project and Programme Supervisor Income 2017,
from ISSP UL k EUR
1. Design and Investigation of Light Emitting Dr. phys. 44,08
and Solution Processable Organic Molecular A. Vembris;
Glasses; partner
2017 - 2020
2. Application assessment of novel organic Dr. phys. 277,11
materials by prototyping of photonic devices M. Rutkis,
2017 -2020 coordinator
3. | Phosphorescent coatings prepared by plasma Dr. phys. 276,76
electrolytic oxidation; K. Smits;
2017 - 2019 coordinator
4. | Novel nanosized upconverting oxide materials Dr. phys 25,42
for practical applications; T. Gavrilovic
2017 - 2020 (Serbia)
postdoctoral project
5. | Blue thermally activated delayed fluorescence Dr. Chem. 25,42
emitters for high efficiency OLEDs; D. Gudeika
2017 - 2020 (Lithuania)
postdoctoral project
6. Reducing/cancelling the effects of vitreous Dr. phys. 38,13
floaters using a phase retrieval method based V. Karitans
on coded diffraction patterns; (Latvia)
2017 - 2020
postdoctoral project
686,80 KEUR
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National research programms and grants

No Title of Program Supervisor Income 2017,
from ISSP UL thousand EUR
1. Multifunctional Materials and composites, Dr. phys. 351,48
photonics and nanotechnology (IMIS2); M. Rutkis
2014 - 2017
Materialscience Programme
2. Energy efficient and low-carbon solutions; Dr. phys. 21,99
2014 - 2017 J. Kleperis
LATENERGY Programme
3. Synthesis and studies on controlled porosity Dr. phys. 41,2
composite thin layers and systems for energy J. Kleperis
storage and conversion applications;
research cooperation grant
414,70 KEUR

12




Scientific Highlights

ISSP UL contribution into
the most significant achievements
of Latvian science in 2017
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Novel materials for infrared light convertors and white light sources

U. Rogulis, M. Springis, A. Sarakovskis, J. Griibe, A. Fedotovs, E. Elsts, G. Krieke,
A. Antuzevi¢s, M. Kemere

Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, LV-1063, Riga, Latvia

Novel transparent glass ceramics with fluoride nanocrystals doped with rare-earth ions have been
sintered. The important optical properties for applications have been optimized, by controlling
the size of the nanocrystals and concentration of the rare-earth ions, namely, the luminescence
efficiency and the colour of the emitted light. The obtained oxyfluoride glasses and glass
ceramics efficiently transform the infrared radiation (IR) into the visible light (Figure 1). By
variation of the chemical composition, we obtained materials which emit eye-pleasant white
light, are long-term durable and applicable in the light sources (Figure 2). The efficiency of the
materials and compatibility with optical waveguides allow one to use them for the development
of optical sensors and IR visualisation.

O I

S lem
-~ o~ S e

stikls 550°C 600°C  650°C 700°C

0.7
CIE1931

Figure 1. Luminescence of IR irradiated oxyfluoride Figure 2. UV excited photoluminescence of rare-
glasses and glass-ceramics obtained at different ions activated oxyfluoride glasses and glass-

temperatures. ceramics (1), (2), (3), (4) and corresponding
colour coordinates in the CIE1931 colour
diagram.

Published in:

1. G. Krieke, A. Sarakovskis, R. Ignatans, J. Gabrusenoks, Journal of the European Ceramic Society 37
(2017) 1713-1722, DOI: 10.1016/j.jeurceramsoc.2016.12.023 (IF=3.411, SNIP=1.776).

2. G. Krieke, A. Sarakovskis, M. Springis, Journal of Alloys and Compounds 694 (2017) 952-958, DOI:
10.1016/j.jallcom.2016.10.156 (IF=3.133, SNIP=1.321).

3. M. Kemere, J. Sperga, U. Rogulis, G. Krieke, J. Grube, Journal of Luminescence 181 (2017) 25-30,
DOI: 10.1016/j.jlumin.2016.08.062 (IF=2.686, SNIP=1.140).

4. A. Antuzevics, M. Kemere, G. Krieke, R. Ignatans, Optical Materials 72 (2017) 749-755, DOI:
10.1016/j.optmat.2017.07.024 (IF=2.238, SNIP=1.055).
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|.Functional materials for electronics and photonics.
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Unveiling molecular changes in water by small luminescent nanoparticles

L. Labrador-Paez?, D.J. Jovanovi¢®, M.I. Marqués®?, K. Smits®, S.D. Doli¢®, F. Jaque?,
H. E. Stanleyf, M.D. Dramicénin®, J. Garcia-Solé?, P. Haro-Gonzalez?, D. Jaque?

& Institute Departamento de Fisica de Materiales, Universidad Autonoma de Madrid, Madrid 28049,
Spain
Y Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade 11001, Serbia
¢ Departamento de Fisica de Materiales, Universidad Auténoma de Madrid,Madrid 28049, Spain
¢ Condensed Matter Physics Center (IFIMAC) and Nicolas Cabrera Institute, Universidad Auténoma de
Madrid, Madrid 28049, Spain
¢ Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, LV-1063, Riga, Latvia
" Center for Polymer Studies and Department of Physics Boston University MA 02215, USA

Nowadays a large variety of applications is based on solid nanoparticles dispersed in liquids —
so called nanofluids. The interaction between the fluid and the nanoparticles plays a decisive role
in the physical properties of the nanofluid. A novel approach based on the nonradiative energy
transfer between two small luminescent nanocrystals (GdVO4:Nd*" and GdVO4:Yb*") dispersed
in water is used in this work to

investigate how temperature ~ (a) _°* - (c)
2 3+
affects both the processes of t (oo 0000 g Yb Nd®*
interaction between g °
- (0.05 ©
nanoparticles and the effect of & Hintiog ®
the fluid on the nanoparticles. 3 .,_,’,,——"
From a systematic analysis of NPT Lad
20 40 60 80
the effect of temperature on the Temperature (°C)
GdVOsNd** — GdVO4Yb3* (b) ety (d)
interparticle energy transfer, it 4 z -
can be concluded that a & + + _____ ' = =50°C
dramatic increase in the energy g + t &S e
transfer efficiency occurs for 5 15 3 - @DE® - - CUERD
temperatures above 45 °C. This s * |
change is properly explained by et R

taking into account a crossover
existing in  diverse  water
properties that occurs at about
this temperature.

The obtained results allow
elucidation on the molecular
arrangement of water molecules
below and above this crossover

Dependence of IPET efficiency on temperature. a) Temperature
dependence of the CA-IPET efficiency as obtained during a
heating (black) and cooling (gray) cycle. b) Diameter of the SLNPs
estimated from TEM images of mixed LNF heated at diverse
temperatures. ¢) Schematic representation of a collision-assisted
interparticle ion exchange process. d) Long-term evolution of CA-
IPET efficiency as obtained at two different temperatures (25 °C

(gray) and 50 °C (black)).

temperature. In addition, it is observed that an energy transfer process is produced because of

interparticle collisions that
nanoparticles.

Published in:

induce

irreversible

ion exchange between the

interacting

L. Labrador-Pdez, D.J. Jovanovié, M.I. Marqués, K. Smits, S.D. Doli¢, F. Jaque, H. E. Stanley, M.D.

Dramicanin, J. Garcia-Solé,

P. Haro-Gonzalez,

D. Jaque,

10.1002/smll.201700968 (IF=8.643, SNIP=1.505).
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Luminescence and Raman detection of molecular Cl, and CICIO
molecules in amorphous SiO2 matrix

L.Skuja?, K. Kajihara®, K. Smits?, A. Silins® H. Hosono®

& Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, LV-1063, Riga, Latvia
® Department of Applied Chemistry, Graduate School of Urban Environmental Sciences,
Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, Japan
¢ Laboratory for Materials and Structures & Materials Research Center for Element Strategy,
Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan

Amorphous (glassy) silicon dioxide SiO2 is one of the most important contemporary optical
materials: nearly all optical fiber waveguides are manufactured from glassy SiO2. This is due to
its exceptionally high optical transparency, extending from the near-infrared spectral range
(1200-1600 nm) used for optical communication fibers, through the visible range down to the

vacuume-ultraviolet (V-UV) wavelengths
(160 nm). Therefore, apart from the
telecom fibers, many specific applications
of fibers in medicine, laser processing of
materials, Sensors, analytical
instrumentation, using visible/UV ranges
have emerged.

Glassy SiO2 is manufactured by oxidizing
SiCls. This process ensures the parts-per-
billion level purity necessary for telecom
fibers. However, much higher amount of
Cl impurities remains in glass, either in
the form of interstitial Cl. molecules or
bound Si-Cl groups and decreases the
ultraviolet transparency of SiOs.

Our work is the first report of detailed
spectroscopic parameters of Cl> molecules
in SiO2 and their photochemical behavior.
It was found that they give a very
characteristic low temperature

Luminescence

hw=1.2 eV
Excitation: VN )_. T=13K
hw =3.8...4.7eV o

12 14 16 18

he (eV)
-~ O. 0
Photolysis: -
s = 7960 S Ve@®
VAV ANV AN o o

0, +Cl, +hw (7.9eV) 2 O + CI—CI—O

Behavior of Clomolecules in SiO, glass. On excitation
by UV photons dissociation is prevented by SiO; "cage",
retaining Cl molecule together, which goes to triplet
state manifested by a characteristic Cl, luminescence.
High energy photons dissociate interstitial O, molecules,
and mobile O atoms enter the cage and form CICIO
molecules, detected by their Raman signal.

luminescence, which can be used as high-sensitivity diagnostic tool for detecting the presence of
Cl2 in SiO». Our data indicate that Cl is stabilized in SiO2 by the "cage effect”, and Cl> atoms
cannot easily leave the SiO> interstices on photodissociation.

By using high-sensitivity Raman technique, we identified the Raman signal of interstitial Cl in
SiO, (546 cm™). In UV excimer-laser irradiated glass we found a new signal at 954 cm™, which
can be assigned to interstitial CI-CI-O, formed when interstitial O atom enters the Cl> cage.
Optical absorption by CICIO may be detrimental to optical fibers for UV-related applications.

Published in:

L. Skuja, K. Kajihara, K. Smits, A. Silin, H. Hosono, The Journal of Physical Chemistry C 121 (2017)
5261-5266, DOI: 10.1021/acs.jpcc.6b13095 (IF=4.536, SNIP=1.181).
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Doped zirconia phase and luminescence dependence on the nature of
charge compensation

K. Smits?, D. Olsteins?, A. Zolotarjovs?, K. Laganovska?, D. Millers?, R. Ignatans?, J. Grabis®

& Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, LV-1063, Riga, Latvia
® Institute of Inorganic Chemistry, Riga Technical University, Latvia

Zirconia is a relatively new material with many promising practical applications in medical
Imaging, biolabeling, sensors, and other fields. In this study we have investigated lanthanide and
niobium doped zirconia by luminescence and XRD methods. It was proven that charge
compensation in different zirconia phases determines the incorporation of intrinsic defects and
activators. Thus, the
structure of zirconia does not

affect the Er luminescence @ .
directly; however, it strongly @ -«
affects the defect distribution © =
around lanthanide ions and
the way in which activator
ions are incorporated in the
lattice.

2Er (monoclinic) 2ErY (tetragonal) 2ErYN (monoclinic)

Our results demonstrate the
correlation  between the

crystalline phase of zirconia _ _ _ _ _
and charge compensation, as Possible mechanisms for the incorporation of Er ion and oxygen

well as the contribution of vacancies in tetragonal, monoclinic and Nb doped monoclinic zirconia.

different nanocrystal grain

sizes. In addition, our

experimental results verify the theoretical studies of metastable (tetragonal, cubic) phase
stabilization determined using only oxygen vacancies. Moreover, it was found that adding
niobium drastically increases activator luminescence intensity, which makes Ln** doped zirconia
even more attractive for various practical applications.

Although this study was based on the luminescence of the Er ion, the phase stabilization, charge
compensation, and luminescence properties described in our results are expected to be similar for
other lanthanide elements. Our results suggest that the luminescence intensity of other oxide
matrices where lanthanides incorporate in place of tetravalent cations could be increased by
addition of Nb ions.

Published in:
K. Smits, D. Olsteins, A. Zolotarjovs, K. Laganovska, D. Millers, R. Ignatans, J. Grabis, Scientific Reports
7 (2017) 44453, DOI: 10.1038/srep44453 (IF=4.259, SNIP=1.401).
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Phase transitions and upconversion luminescence in oxyfluoride glass
ceramics containing BasGdsF17 nanocrystals

G. Krieke, A. Sarakovskis, R. Ignatans, J. Gabrusenoks

Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, LV-1063, Riga, Latvia

Recently considerable attention has been devoted to investigation of rare earth doped materials
for upconversion luminescence. Among others oxyfluoride glass ceramics containing barium rare
earth fluoride nanocrystals are excellent candidates for applications in which transparency is
required.

In this study novel transparent Er®*
doped oxyfluoride glass-ceramics
containing BasGdsFi7  nanocrystals
were prepared by melt quenching
followed by heat treatment of as-
prepared  glasses.  The  phase
composition,  microstructure  were
investigated by X-ray diffraction,
scanning electron microscopy and
transmission electron microscopy. The
spectroscopic  properties of glass
ceramics were compared with single
phase cubic and rhombohedral Photographs of the Er** doped glass and glass ceramics heat
BasGdsF1; ceramics. The local treated at different temperatures: upper row — as prepared,
environment of Er3+ and the phonon lower row — excited with 975 nm laser.

energy of both polymorphs were

analyzed using luminescence and Raman spectroscopy.

)

Q
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glass 600°C 650°C 700°C

In the temperature range of 650-700°C, a phase transition from metastable cubic to
rhombohedrally distorted fluorite phase in the glass ceramics was detected using Er®* as a probe.

Intense upconversion luminescence resulting from energy transfer between erbium ions was
observed under near-infrared excitation (975 nm). Longer characteristic decay times and splitting
of the luminescence bands compared to the precursor glass indicated the incorporation of erbium
ions in the crystalline phase. The intensity of the upconversion luminescence in the glass
ceramics with rhombohedral BasGdsF17 nanocrystals was two orders of magnitude higher than in
the precursor glass and at least two times higher than in the cubic phase.

In conclusion, low local symmetry of RE3* (C1) and low effective phonon energy (310 cm™) of
rhombohedral BasGdsFi7 nanocrystals make this glass ceramics a desirable host for UCL
applications.

Published in:
G. Krieke, A. Sarakovskis, R. Ignatans, J. Gabrusenoks, Journal of the European Ceramic Society 37
(2017) 1713-1722, DOI: 10.1016/j.jeurceramsoc.2016.12.023 (IF=3.411, SNIP=1.776).
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1. Nanotechnology, nanocomposites and ceramics.
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Enhanced flexibility and electron-beam-controlled shape recovery in
alumina-coated Au and Ag core-shell nanowires

S. Vlassov?, B. Polyakov®, M. Vahtrus?, M. Mets?, M. Antsov?, S. Oras?,
A. Tarre?, T. Arroval®, R. Lohmus?, J. Aarik?

& Institute of Physics, University of Tartu, W. Ostwaldi 1, 50411, Tartu, Estonia
® Institute of Solid State Physics, University of Latvia, Kengaraga 8, LV-1063, Riga, Latvia

The properties of nanowires (NWs) can be efficiently modified by coating them with a thin layer
of another material, resulting in the formation of a 1D core-shell-type heterostructure. In the
simplest case, the coating is used as a dielectric spacer for isolation purposes in nanoscale
electronics, but it can be also employed to enhance certain properties of 1D nanostructures (NS)
and to improve their functionalities. Oxide coatings, such as SiO2 and Al2Os, can strongly
enhance the optical properties of metallic NWs, as surface plasmons confine electromagnetic
fields near the metal-dielectric interface, permitting the overcoming of the conventional
diffraction limit of dielectric optics. Therefore, metal oxide core-shell NWs are promising
candidates for dense on-chip integrated circuits for next a

generation information technology, solar cells, and LED
devices based on single 1D NS. Such a coating is also
expected to improve the mechanical characteristics of 1D NS.

Herein, we investigated the influence of e-beam irradiation
on mechanical behavior of alumina-coated Ag and Au NWs
under bending deformations. The NWs were coated with
Al;O3 by the atomic layer deposition method and studied
inside a high-resolution scanning electron microscope (HR-
SEM) equipped with a nanomanipulator. The influence of the
alumina coating on the mechanical properties was also
studied in bending tests performed with an atomic force
microscope (AFM) in the absence of an e-beam.

AFM tests revealed that coating protected the core material

from the fracture and plastic yield, allowing it to withstand ~Schematics of three-point bending

significantly higher deformations and stresses in comparison (€St (). SEM image of alumina-

to uncoated NWSs. The most important finding was that even  cCated Au NWs broken after the
. AFM bending test (b).

at moderate accelerating voltage and probe current values, the

e-beam was capable of inducing reversible elastic-to-plastic

transition in Ag/Al>03 and Au/Al,0s NWSs. Without e-beam irradiation, the core-shell NWs

behaved elastically, while under e-beam irradiation, it was possible to freeze the bent core-shell

NW at any arbitrary curvature below the yield strength of the core materials and later restore its

initially straight profile by irradiating the NW with electrons. Therefore, an e-beam has great

potential for controlled modulation of the mechanical properties of amorphous oxide

nanomaterials and offers advanced flexibility in the assembly of NW-based systems.
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Upconversion luminescence of a transparent glass ceramics with hexagonal
Na(Gd,Lu)Fs nanocrystals
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Transparent oxyfluoride glass ceramics are composites that combine the good chemical and
mechanical stability of oxide glasses with the excellent optical properties of fluoride crystals.
These materials are ideal hosts for rare earth ions due the low phonon energy of fluorides reduces
the nonradiative relaxations therefore they suitable candidates for infrared to visible upconversion

luminescence (UCL) processes. Among others,
hexagonal NaLuFs is considered highly efficient
host for UCL surpassing other NaREF4 (RE-rare
earth ion). Unfortunately, only its high
temperature polymorph cubic NaLuFs; has been
obtained in the glass ceramics, therefore this
research is devoted to the stabilization of
hexagonal phase by formation of Na(Gd,Lu)F4
solid solutions.

In this study novel Er®* doped transparent glass
ceramics containing hexagonal Na(Gd,Lu)F4
nanocrystals were prepared using melt quenching
and subsequent heat treatment of precursor glasses
with molar composition of 17Na,O-7NaF-(8-
X)GdFs-XLuF3-7Al>03-61Si0, (x=0-8) doped with
0.1 and 1 mol% Er®*. The distribution of rare earth
ions in the crystalline and glassy phase was
analyzed by X-ray diffraction and erbium
luminescence decay Kkinetics measurement. A
strong deviation of rare earth ion content in
fluoride nanocrystals in comparison to the base
glass was observed. Preferential incorporation of
Gd** over Lu®* ions in the fluoride lattice leads to
the stabilization of hexagonal Na(Gd,Lu)Fs
structure and prevents the formation of cubic
fluorite type solid solutions. An efficient UCL of
Er** ions was observed under infrared excitation.
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With the increase of LuF3s content in nanocrystals a gradual decrease of unit cell dimensions and
lifetimes Er®" emitting states was detected indicating a reduction of average distance between
erbium ions in the nanocrystals. The most efficient UCL was detected for Er®* doped hexagonal
Na(Gd,Lu)F4 glass ceramics with approximately 6 mol% LuFs incorporated in the hexagonal
lattice, however, the maximum Lu®* ions concentration reaching 45 mol% could be obtained.
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S.N. Kallaev*?, Z.M. Omarov?, A.G. BakmaeVv?, R.G. Mitarov¢, L.A. Reznichenko?, K. Bormanis®

# Institute of Physics, Dagestan Science Centre, RAS, 367003, Makhachkala, Russia
® Dagestan State University, 367045, Makhachkala, Russia
¢ Dagestan State Technical University, 367015, Makhachkala, Russia
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A study of thermal diffusion, heat capacity and thermal conductivity of multiferroic BiixEuxFeO3
(x=0-0.40) within the range of 130-1200 K is reported. Modifying by admixture of Eu is found to
change substantially the thermal anomalies of diffusion and thermal conductivity of the
antiferromagnetic phase transition, to increase heat capacity over a wide range of temperatures
and to shift the antiferromagnetic transition temperature. The excess heat capacity is shown being
related to Schottky effect of three-level states. The mechanisms dominating thermal transfer of
phonons at the phase transition and dependence of the mean free path of phonons on the

temperature are determined.
The studied ceramic solid solution samples of Bii- I R
«EuxFeOs obtained from high-purity oxides by -
conventional solid phase 2-stage synthesis with i R
intermediate grinding and granulation of the powder i
and consecutive baking under atmospheric
conditions were chosen to be within the x=0-0.40

range of Eu admixture concentrations.

Cp, J/mol K

Specific heat capacity C, of the BiixEuxFeOs (x =

0, 0.05, 0.10, 0.15, 0.20, 0.30, 0.40) multiferroics ~ _[£ .~~~ " " "™ "
shows an anomaly at the antiferromagnetic phase B T o
transition temperature T;_u. Nc_>t|ceable anomalies are Heat capacity of BivEu,FeOs (x = 0-0.40) as
seen on the thermal diffusion n(T) and thermal 5 fynction of temperature. Dotted and solid
conductivity A(T) curves around the temperature of |ines - approximations of phonon heat
the antiferromagnetic phase transition Tn~643 K. A capacity of BiFeO; and BiixEuxFeOs; with
significant  shift of the temperature of Debye function, respectively. Insert - Neel
antiferromagnetic phase transition and an additional ~ temperature Ty as a function  of
contribution to heat capacity within the 140-800 K  concentration.

range is caused by Eu admixture, which can be interpreted as Schottky anomaly of triple states.

Results of the present study together with available structural and acoustic data suggest that local
distortions of the lattice raised by deformations of the FeOs octahedra and polar shifts of Bi** and
Fe®" ions pose the main centres of phonon scattering. Admixture of Eu is found to cause
considerable change of the anomalies of thermal diffusion and thermal conductivity at phase
transitions - appearance of minimum at the antiferromagnetic transition around Tn and
broadening of the ferroelectric transition at Tc.
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Radioluminescence, thermoluminescence and dosimetric properties
of ZnO ceramics
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In recent years the ZnO attracted many researchers due to its possible applications as transparent
conductive electrodes, particle detectors, fast scintillators, sensors and others. The peak position
of defect luminescence band needed for most of these practical applications, its intensity and
decay kinetics are very sensitive to the type and morphology of ZnO as well as to the synthesis

method used, annealing conditions, doping and
other parameters. Unfortunately, up to now the
defect pairs responsible for the luminescence are
not completely identified. Therefore, the
following study was performed to get closer to the
understanding of the processes.

Two types of ZnO ceramics were fabricated and
characterized by XRD, SEM methods. The
radioluminescence spectra were measured within
the 300-550 K range. The defect luminescence
band peaking at about 2.35 eV is the dominant
one in radioluminescence spectra in both of the
fabricated ceramics. The thermostimulated
luminescence (TSL) glow-curves were measured
after X-ray irradiation at 300 K. It was concluded
that the complex overlapping peak within the
320-450 K temperature range consists of two
components (about 360-375 K and 400-420 K).
The ratio of component intensities differs in both
ceramics. The positions of high temperature TSL
components (480-520 K) also differ in both
samples; therefore not only sintering conditions
but also the properties of the initial powder are
very important for characteristics of TSL. A linear
dependence of peak intensity on irradiation dose
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TSL and TSL intensity dependence on
irradiation time (inset) for ceramic 1 (a) and
ceramic 2 (b).

was observed up to about 3 kGy for ceramic 1 and up to 9 kGy for ceramic 2.
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Thin film organic thermoelectric generator based on tetrathiotetracene
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Thin films of p- and n-type organic semiconductors for thermoelectrical (TE) applications are
produced by doping of tetrathiotetracene (TTT). To obtain p-type material TTT is doped with
iodine during vacuum deposition of thin films or by postdeposition doping using controlled
exposure to iodine vapors. Thermal co-deposition in  vacuum of TTT and
tetracyanoquinodimethane (TCNQ) is used to prepare n-type thin films. The attained thin films
are characterized by measurements of the Seebeck coefficient and electrical conductivity. The
Seebeck coefficient and conductivity can be varied by altering the doping level.

We have demonstrated that by appropriate

doping of (potentially) low cost TTT it is oL i Aseig |
possible to obtain TE active organic thin & =—>._ - Postdeposioncoped /' 7 -
films of both p- and n-types. We have 2 . B
prepared p-type TTT iodide thin films witha 5 . v %
power factor of 0.52 pW m?! K2 an £ 5l . . <
electrical conductivity of 130 S m™, and a E . 5. 2 4 e
Seebeck coefficient of 63 uV K'! and n-type 8 . e . 1 g
TCNQ:TTT films with a power factor of 0.33 & - e R
uW m! K2, an electrical conductivity of 57 10 - ' ' -

S m™, and a Seebeck coefficient of =75 uV 2 > . =

Kil. Conductivity (S/m)

) _ ) Dependence of the Seebeck coefficient and power
This achievement has allowed demonstration  factor on electrical conductivity of TTT iodide

of the feasibility of thin film TEG based on doped thin films for reactive deposited (hollow
organic p- and n-type materials operating symbols) and postdeposition doped samples (filled
under near ambient conditions. Single couple ~ symbols).

thin film TEGs were made by deposition of

both p- and n-type TTT based materials on one substrate in two separated deposition cycles.
Particularly a “proof of concept” single couple TEG of p-type TTT iodide thin films coupled with
n-type thin films produced by co-deposition of TTT and TCNQ were prepared. The simple
fabrication process proposed allows easy duplication of such TEG modules therefore the power
of device could be multiplied several times. Power of 5.5 pW K™ was measured for fabricated
single couple TEG close to room temperature. This value is mainly limited due to electrical
conductivity of polycrystalline thin films. Two options to improve conductivity are proposed: one
is optimizing crystallite orientation in thin film plane, another is to reduce the impact of grain
boundaries on charge carrier mobility by developing denser packing of polycrystalline thin films.
Opportunities to increase thin film electrical conductivity should be pursued to raise the power
output of the thin films.
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Donor and acceptor substituted triphenylamines exhibiting bipolar
charge-transporting and NLO properties
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Low-molar-mass amorphous molecular materials having intramolecular charge transfer
properties represent an interesting class of materials which attracts increasing attention.
Compared to polymeric compounds, where batch to batch synthetic reproducibility, purification
and product characterization are often rather difficult tasks, the molecular materials are much
easier to obtain, isolate, identify and purify. Organic materials having triphenylamino moiety
have attracted attention of both experimental and theoretical communities due to their useful
thermal, electrochemical, photoelectrical and photophysical properties. The electron-donating
nature of triphenylamino moiety predetermines good hole-transporting properties and low
ionization potentials of the layers of the triphenylamine derivatives.

In this paper, we synthesized donor-

acceptor type triphenylamine-based

malonodinitriles and studied their Holes: Electrons: Nm rom
N N

gq i

-
o
ik

thermal,  optical,  photophysical, ’Zv? 0z 2
electrochemical and nonlinear optical g 10"} /
properties.  The derivatives of  Z1o° Oct,
triphenylamine  containing  the %, . ' o
different numbers of electron- S 00
accepting dicyanovinyl and electron- 103 / %}

CH,

5
=]
3

donating methoxy or methyl groups : . ; )
. 200 400 600 800 1000 2
were obtained by the Knoevenagel E"2 (v"%/cm'™)

condensation reaction. The o .
synthesized compounds form  Electric field dependences of hole and electron mobilities of

molecular  glasses  with  glass the layers of studied compounds 1 and 2 recorded at room

transition temperatures ranging from  temperature.

38 to 107 °C. The hole mobility

values of methoxy-substituted compounds were in the range of 107 - 10°® cm?/V-s while electron
mobility values reached 4.56:10* ¢cm?V-s at electric field of 7.5-10° V/cm. Nonlinear optical
studies showed that the molecules had positive sign for second order hyperpolarizability. The
smaller angle between the central plane of triphenylamino group and dicyanovinyl substituents
resulted in larger second order hyperpolarizability. Also, the second order hyperpolarizability was
larger for the compounds having methoxy groups as compared with those containing methyl
substituents.
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Organic solid state lasers are thoughtfully investigated due to their potential applications in
communication, sensors, biomedicine, etc. Low amplified spontaneous emission (ASE)
excitation threshold value is essential for further use of the material in devices.
Intramolecular interaction limits high molecule density load in the matrix. It is the case of
the well-known red light emitting laser dye - 4-(dicyanomethylene)-2-methyl-6-(4-
dimethylaminostyryl)-4H-pyran

(DCM). The lowest ASE threshold 1000 4
value of the mentioned laser dye :
could be obtained within the
concentration range between 2 and
4 wt%. At higher concentration
threshold energy drastically
increases. In this work optical and
ASE properties of three original DCM

100 4

DWK-1

ASE excitation threshold value (uJ/cm?)

derivatives in poly(N- % gwﬁ:;m
vinylcarbazole) (PVK) at various * + DCM
concentrations will be discussed. 16 . . ] ' . . . .
One of the derivatives is modified 0 5 0 15 20 25 30 35 40

DCM dye in which the methyl Molecule number density * 10 (cm™)
substituents in the electron donor Amplified spontaneous emission excitation threshold
part have been replaced with bulky energy for different dye load in PVK matrix.
trityloxyethyl  groups (DWK-1).

These sterically significant functional groups do not influence electron transitions in the
dye but prevent aggregation of the molecules.

The chemical structure of the second investigated compound is similar to DWK-1 where the
methyl group is replaced with the tert-butyl substituent (DWK-1TB). The third derivative
(DWK-2) consists of two N,N-di(trityloxyethyl) amino electron donor groups. All results
were compared with DCM:PVK system. Photoluminescence quantum yield (PLQY) is up to
ten times larger for DWK-1TB with respect to DCM systems. Bulky trityloxyethyl groups
prevent aggregation of the molecules thus decreasing interaction between dyes and amount
of non-radiative decays. The red shift of the photoluminescence and amplified spontaneous
emission at higher concentrations were observed due to the solid state solvation effect. The
increase of the investigated dye density in the matrix with a smaller reduction in PLQY
resulted in low ASE threshold energy. The lowest threshold value was obtained around 21
uJ/cm? (2.1 kW/cm?) in DWK-1TB:PVK films.
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Changes in structure and conduction type upon addition of Ir to ZnO
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Zn-Ir-O (Zn/Ir = 1/1) thin films are a potential p-type transparent conducting oxide
material. It is, however, unknown whether it is possible to achieve p-type conductivity at
low Ir content, and how the type and the magnitude of conductivity are affected by the film
structure. To investigate the changes in properties taking place at low and moderate Ir
content, this study focused on the structure, X X X X X

electrical and optical properties of ZnO:Ir films 002k ]
with iridium concentration in the range of 0.0-
16.4 at%. The films were deposited on glass, Si 0.00 Seebeck coefficient:

and Ti substrates by DC reactive magnetron co- s ® *6.8 VIK (16.4aL% In
sputtering at room temperature. E.002}
)

w ® -13.1pV/K (12.4 at% Ir)
[ ]

ZnO:Ir thin films with Ir concentrations in the
range from 0.0 to 5.1 at% contain both nano-
crystallites of wurtzite w-ZnO structure and an X- ‘ ‘ ‘ ‘ ;
ray amorphous phase. The size of the crystallites 0 1 ZAT © 3 4 5
is below 10 nm, and the lattice parameters a and Change of the Seebeck coefficient sign
c are larger than those of pure ZnO crystal. The ¢, negative to positive when Ir
structure undergoes a transition from a wurtzite  concentration changes from 12.4 to 16.4
type structure to a structural atomic network at 9.

different from crystalline w-ZnO in the Ir

concentration range from 5.1 to 12.4 at%, according to the Fourier transform infrared
spectroscopy. The structure becomes completely amorphous at the Ir concentration

between 7.0 and 16.0 at%, according to the X-ray absorption spectra.

An intense Raman band at approximately 720 cm-! appears upon Ir incorporation and can
be ascribed to peroxide 022 ions. ZnO:Ir thin films with an iridium concentration in the
range from 0.0 to 9.5 at% are insulators. A measurable resistivity of 83 (cm at 12.4 at% of
the iridium appears when the w-ZnO structure disappears completely. The resistivity
decreases even further at 16.4 Ir at%: 2.1 Qcm. The electrical transport changes from
thermally activated hopping to metallic-like conductivity, and the conduction type
undergoes a transition from n-type to p-type at an Ir concentration between 12.4 and 16.4
at%.

Absorption in the visible light band increases linearly with the iridium atomic
concentration. The optical band gap of the films does not shift with the iridium
concentration. However, the sharpness of the absorption edge decreases.
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IV. Theoretical and experimental studies of

materials structure and properties.
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Thermal disorder and correlation effects in anti-perovskite-type
copper nitride
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So-called anti-perovskite materials have similar to perovskites crystal structure, which is
described by the same formula ABX3, but now the X site is occupied by a metal cation, while
B site is occupied by light anion. The local structure and dynamics play as important role for
the understanding of properties of anti-perovskites as they do in the case of perovskites.

In this study we have demonstrated on the

-
N
]

example of antiperovskite-type CusN that

EXAFS analysis, coupled with reverse o 4,
Monte Carlo simulations, is a powerful tool <

to study not only the local structure of a E 4
material, but also to probe its dynamicsand 3 0.6
correlations in atomic motion. The atomic 2 na
structure of CusN has been simulated using &

a supercell constructed based on x-ray 0.2
single-crystal diffraction data, whereas the 0.0 1A
displacements of Cu and N atoms due to
thermal disorder were optimized using the

- The Fourier transforms of the experimental Cu
RMC/EA fi f th K-
¢/ itting procedure of the Cu K-edge K-edge EXAFS spectra of CusN at four selected
EXAFS spectra.

temperatures.

We have found that the lattice dynamics and interatomic interactions in CusN bear many
resemblances with those in related perovskite-type ReOs. Pronounced anisotropy of Cu
atoms vibrations was detected in CusN, as it is known for O atoms in ReOs. Moreover, we
have found that strong correlations in the motion of atoms along -N-Cu-N- atomic chains
are present in CusN, as was found in -Re-O-Re- atomic chains in ReOs. Interatomic
interactions in CusN have also strong directional dependence, as expected for materials
with pronounced covalent bonding. However, the correlations in atomic motion in CusN
reduces rapidly with the increase of interatomic distance, resulting in less rigid -N-Cu-N-
chains. Upon temperature increase the strong anharmonic motion of Cu atoms in the
direction perpendicular to Cu-N bond distorts the linear -N-Cu-N- chain, and, as a result, the
average value of N-Cu-N angle decreases rapidly, in spite of CusN structure remaining
always cubic.

Distance R (A)

A substantial difference, nevertheless, exists between CusN and both ReO3 and metallic
copper. Most importantly, the pronounced anticorrelated motion of neighboring Cu atoms
occurs along Cu-Cu bonds in CusN and is consistent with the breathing-type motion of NCus
octahedra. Such behaviour is not observed neither for O atoms in ReOs3, nor for Cu atoms in
metallic copper.
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Novel carbon nanotubes rolled from 6,6,12-graphyne: Double Dirac
points in 1D material
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The mechanical and electronic properties of 6,6,12-GNTs with varied N from 3 to 20 were
investigated by using the density functional theory. Unlike the single-wall carbon
nanotubes, the Young’s moduli of 6,6,12-GNTs do not remain constant in the case of (N, 0),
but the (0, N) tubes possess almost the same one around 0.32 TPa. The band structures and

density of states are also exhibited in this work.

Using the DFT simulation technique we have
predicted two novel carbon nanotubes, namely, (N,
0) and (0, N) 6,6,12-GNTs rolled up from the
monolayer 6,6,12-graphyne, with some splendid
properties. To verify the possibility of their
existence, the cohesive energies as well as strain
energies of the tubes have been studied. It turns
out that the binding energy between the dangling
bonds overcomes the strain energy from the
curvature, which leads to the negative cohesive
energies of the 6,6,12-GNTs. The (0, N) 6,6,12-
GNTs have a constant Young’s modulus by ~0.32
TPa, while the Young’s moduli of the (N, 0) tubes
fall on an exponential curve and can be
extrapolated to 0.42 TPa. The calculated energy
band maps show that the (0, N) 6,6,12-GNTs are
semiconductors with narrow band gaps. On the
contrary, the (N, 0) tubes are all metallic because
they present an extra Dirac point in the Fermi
level. The Dirac points appear in their band maps
and obey an even-odd relation. The Fermi
velocities and effective masses of the charge
carriers have been estimated and discussed. The
nonequivalent Dirac points and the difference on
the direction dependence of the Fermi velocities at
these Dirac points could lead the 6,6,12-GNTs to be
versatile.
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(a) Sketches for the 6,6,12-graphyne and

its first Brillouin zone. (b) Band
structure and DOS maps for pristine
6,6,12-graphyne. (c) Sketches for (N, 0)
and (0, N) 6,6,12-GNTs; here, for
example, N=9.
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Magnetic nanoparticles (NPs) with sizes ranging from 2 to 20 nm represent an important
class of artificial nanostructured materials. Their magnetic properties essentially depend on
the NP size because the thermal energy kT becomes comparable to the KV product term,
where k T, K and V are the Boltzmann constant, the temperature, the constant of the so-
called magnetic anisotropy of the NP and its
volume, respectively. As a result, the
magnetization of the nanocluster can
randomly flip direction depending on the
temperature, and thus NP can be fixed in the
so-called superparamagnetic state. It was
shown recently that the atomic ratio of Fe
and Pt in FexPti-x NPs synthesized by the sol-
gel method plays an essential role for the
structural and magnetic properties of these
NP§. _ FePt _ NPs . possessing a near- Fe,Pt, Fe,,Ptyg
stoichiometric atomic percentage of Fe and
Pt belong to the important class of magnetic
nanomaterials. FePt L1o NPs have attracted
considerable attention because of their extremely high magnetic anisotropy making them
especially useful for practical applications in solid-state devices, e.g., in high-density
magnetic recording media and in biomedicine, e.g., as contrast agents for the magnetic
resonance imaging or as the basis for neutron activated coating when annealing the FePt
core-shell NPs for cancer treatment.

Fe;qPtgs
Selected icosahedral cluster models with initial
morphology.

In order to shed more light on the NP surface structure and the mechanism of NP growth,
we have performed large-scale DFT calculations of FePt nanoparticles of different shapes.
Our calculations show that the average magnetic moment of Fe and Pt atoms does not
change significantly when comparing it for bulk FePt structure and Fe3Pti04 cluster (e.g.,
Mreav = 3.17 pus and Mptav = 0.21 ps for FeasPtio4 particle vs. Mreav = 3.14 ps and Mptav = 0.17
us for FePt bulk phase). Using thermodynamical approach, we have found that the global
minimum of surface energy corresponds to nanocluster with icosahedron “onion-like”
structure and Fes3Pti104 morphology where the outer layer consists of Pt atoms only, which
is in a good agreement with results obtained experimentally. This nanoparticle can be used
for further simulations of enlarged cluster and adsorption of regular network of C atoms
upon it resulting in a growth of carbon nanotubes.
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Use of site symmetry in supercell models of defective crystals: case of
oxygen vacancy in CeO: and interstitials in a-Al203
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[t was not discussed so far that the commonly used supercell model for defective crystals
imposes certain site symmetry restrictions on atoms therein. In the present study we
suggest a novel approach: while choosing the supercell size of defective crystals, instead of
trial-and-error approach for the defect position, it is necessary to analyze the site symmetry
of the split Wyckoff positions of the perfect crystal atoms (which will be substituted and

removed in the defective crystals). Then, one needs
to perform defect calculations for different possible
site symmetries in order to find the most
energetically favorable ones. This approach could be
applied to a wide class of defects in crystalline solids
making the density functional calculations more
effective and reliable.

We have used the site symmetry approach for the
hybrid density functional calculations of oxygen
vacancy in CeOz and oxygen interstitial in a-Al20s.
Four positions were identified in both the cases
leading to a numerous defect configurations
depending on magnetic properties and/or degree of
electron localization.

As a result, we were able to demonstrate that oxygen
interstitial transport in «a-Al203 is controlled by
dumbbell bond breaking and re-forming, which is
important for the prediction of radiation properties
of material. Two oxygen atoms in the diamagnetic
dumbbell configuration have the distance 1.44 A
typical for peroxides 022 but the vibrational
frequency of 1067 cm! and charge -1 e close to a free
superoxide 02. Formation of small polaron
configuration in the presence of oxygen vacancy in
CeO2 is possible for low symmetry configurations,
namely, S2(Cs) or S4(Czv), where SP denotes the site
symmetry group with P point operations.

Published in:

©0 atoms @ Al atoms (@) 56 site () s3site @) s2site () s7site
Atop (top) and aside (bottom) view of

a-Al;03 conventional supercell
consisting of 121 atoms. The
distributions of interstitial positions
over 4 orbits: S6(Csi), S3(Cs3), S2(Ci),
S1(Cy).
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Other important news from ISSP UL

1. ISSP UL Organized international conferences and seminars:

1.1.  COST TO BE Fall Meeting; September 11- 13 2017, Riga, ISSP UL (J. Purans).

1.2.  EUROfusion workshop WPMAT Advanced Steels; May 22 - 23 2017; Riga,
hotel “Konventa seta” (J. Purans).

1.3.  ESS Science workshop in Latvia; May 23 2017, Riga, ISSP UL (A. Popovs).

1.4. Germany (DAAD) - Latvia workshop Non-covalent interactions between
carbon nanotubes and aromatic polyimide June 28 2017, Riga, ISSP UL (J. Kleperis).
2. ISSP UL researchers participated in international conferences with 93 reports. 16 of
these have been plenary or invited talks.
3. Continued activities contributing to the development of young scientists at the
Institute:

e Third competition was launched for the ISSP UL funded grants of young scientists,
PhD and M.Sc. students. In fierce competition, 2 young scientists and 7 PhD students
were granted to implement their individual scientific projects;

e Foreign scientists (from Serbia and Lithuania) involved, using post-doctoral
research grants (ERDF, SO 1.1.1.);

e Established money awards for successfully elaborated and defended theses (BSc,
MSc, PhD), as well as for the highest performance rates in the 2017 or assistants,
researchers and leading researchers;

e Additional funds for students starting to work at the ISSP UL.

4. Gradual modification of the structure of the Institute by switching to laboratories
with a higher number of employees and more precisely defined tasks, including the
establishment of “open - access” laboratories.

5. On October 25, the ISSP UL Infrastructure Development Project in ERDF activity SO
1.1.1.4 with a total funding of 15, 3 M EUR was launched. Its realization period is 40
months.

Signed agreement with the Investment and development agency of Latvia on participation
in the “Technology Transfer Programme, in activity 1.2.1.2.1.2.c “Support for the
development of the technology transfer system”. The following international projects have
been prepared and submitted:

. Five HORIZON 2020 projects;

. Three EUROfusion projects;

. Three ERA.NET projects;

o Seven ERA.NET.RUS.PL US projects;

. Two Taiwanese - Lithuanian - Latvian projects.
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