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SEGNETOELEKTRIKU UN PJEZOELEKTRIKU FIZIKAS PROBLEMU
LABORATORIJAI —50: ATTISTIBA UN PETIJUMU VIRZIENI

Andris Sternbergs, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Segnetoelektriku un Pjezoelektriku Fizikas Problému Laboratoriju (SPFPL)
1968.gada nodibinaja Profesors Voldemars Fricbergs. Latvijas Universitates Cietvielu
Fizikas Institiita sastava Laboratorija ieklavas 1978.gada. Laboratorija bija izveidots
jauns virziens segnetoelektrisko cieto $kidumu izpété. Kimiska sastava variésana, kas
daudzos gadijumos ir praktiski neiesp€ama audz€jot monokristalus darija
keramiskos cietos Skidumus &rtus dazadu fizikalo paradibu, it seviski fazu pareju
dabas izpéte. IzpliduSo fazu pareju aprakstam tika attistita fenomenologiska teorija.
Sos agrinos darbus visai pamatoti var uzskatit par tagad pladi pazistamo
segnetoelektrisko relaksoru tematikas aizsakumu. Astondesmito gadu sakuma
izmantojot tam laikam visai izsmalcinatu nanotehnologisku pieeju Laboratorija tika
iegiita augstas kvalitates caurspidiga segnetokeramika un veikta virkne jaunu
keramikas 1pasibu, t.sk. optisko un elektroptisko parametru izpéte, ka ari izstradata
virkne iericu: gaismas slédzi, modulatori, lazera stara deflektori uc.. Devindesmitajos
gados galvenie akcenti tika likti uz segnetoelektrisko plano kartinu un heterostruktiiru
iegliSanu un to Ipasibu izpéti, izverSot plasu starptautisko sadarbibu S$aja joma.
Savukart pedejas dekades petijumu tematika fokuseta uz bezsvina keramikas iegtiSanu
un materiala iesp&jamo pielietojumu elektromehaniskas un elektrokaloriskas ierices.

PROBLEM LABORATORY OF FERROELECTRIC AND PIEZOELECTRIC
PHYSICS - 50: DEVELOPMENT AND RESEARCH AREAS

Andris Sternberg, Eriks Birks
Institute of Solid State Physics, University of Latvia

Problem Laboratory of Ferroelectric and Piezoelectric physics was founded in 1968
by Professor Voldemars Fricbergs, and in 1978 Laboratory joined the ISSP UL. The
research was focused on systematic studies of ferroelectric solid solutions. Wide
modification possibilities of chemical compositions makes ceramic solid solutions
convenient for study of various physical phenomena comprising phase transitions.
The phenomenological theory for description of diffuse phase transitions was
developed. These early studies can be recognized as some kind of outset until now
progressing field of relaxors. At the beginning of eighties by use of rather
sophisticated nanotechnology high quality transparent ferroelectric ceramic were
obtained in Laboratory, and up to this time unusual qualities of ceramics as optical
and electrooptical properties, photoconductivity, photorefraction, nonlinear optical
properties, thermooptical phenomena are discovered and design of electrooptical
modulators, light switches, laser deflectors etc. managed. In nineties the research
activities in progressing international cooperation were changed-over obtaining and
study of ferroelectric thin films and heterostructures. During the last decades studies
are focused on lead-free ferroelectric ceramics for proposed application in
electromechanical and electrocaloric devices.
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NESTEHIOMETRIJAS IETEKME UZ MIKROSTRUKTURU UN
FIZIKALAJAM IPASIBAM TIRA UN AR LANTANIDIEM LEGETA NBT

Laura Eglitel’z, Maija Antonova®, Karlis KudZiI’lﬁl, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskds universitates Tehniskds fizikas institiits

Modificeti NBT cietie Skidumi tiek plasi pétiti ar mérki uzlabot to 1pasibas,
galvenokart elektromehaniskas. Sis Tpasibas iesp&jams ievérojami mainit arT veidojot
nestehiometriskus sastavus ar dazadu Bi/Na attiecibu. Palielinot Bi/Na attiecibu,
butiski samazinas vaditsp&ja pie augstam temperatiram, pie tam dominé elektronu
vaditsp&ja. Savukart samazinoties Bi/Na attiecibai, par domingjoSo klist skabekla
jonu vaditsp&ja. Ievérojami mainas ari depolarizacijas temperatiira. Bi/Na attiecibas
ietekme uz mikrostruktiiru v€l nav izpétita, bet ir aktuala p&tijumu t€ma nemot vera to,
ka sastavos ar Bi virsstehiometriju var veidoties $kidra faze, kas ietekm& gan
mikrostruktiiru, gan Tpasibas.

Darba tiek pétita nestehiometrijas ietekme uz tira un ar lantanidiem legéta NBT
mikrostruktiru un fizikalajam 1pasibam. Noverots, ka stehiometriskiem NBT
sastaviem parsvara piemit bimodals graudu izm&ru sadalijums, kas izskaidrojams ar
anomalo graudu augSanas mehanismu (AGG). Bi virsstehiometrija ievérojami
ierobezo lielo graudu veidoSanos, ko var izskaidrot ar Skidras fazes veidoSanos
sakepSanas laika. Lielo graudu koncentraciju iesp&jams samazinat ari izmantojot
divpakapju sakepSanas metodi.

EFFECTS OF NONSTOICHIOMETRY ON MICROSTRUCTURE AND
PHYSICAL PROPERTIES OF PURE AND LANTHANIDE-DOPED NBT

Laura Eglite™?, Maija Antonova', Karlis Kudzins®, Eriks Birks*
YInstitute of Solid State Physics, University of Latvia
?Institute of Technical Physics, Riga Technical University

NBT based solid solutions are being extensively studied in order to improve their
properties, mainly electromechanical. These properties can be significantly altered by
creating nonstoichiometric compositions with various Bi/Na ratios, too. Increasing of
Bi/Na ratio creates reduction of conductivity at high temperatures, while electron
conduction dominates. If Bi/Na ratio decreases oxygen ionic conduction becomes
dominating. Depolarization temperature also is shifted remarkably. Influence of Bi/Na
ratio on microstructure has not been studied sufficiently, still is actual topic taking
into account possible presence of liquid phase in compositions with over-
stoichiometric content of Bi and its role on microstructure and properties.

In this work effects of nonstoichiometry on microstructure and physical properties in
pure and lanthanide (Er, Yb) modified NBT are studied. It is found that stoichiometric
NBT based compositions generally have bimodal grain size distribution which is in
conjunction with anomalous grain growth mechanism (AGG). Over-stoichiometric Bi
noticeably suppresses AGG because of apparent presence of liquid phase during
sintering. Reduction of AGG can also be achieved through two step sintering.
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CuMoO,; UN CuMo,W1.404 LOKALAS STRUKTURAS UN TERMOHROMO
IPASIBU PETIJUMI, IZMANTOJOT RETNGENABSORBCIJAS
SPEKTROSKOPIJU

Inga Jonane, Arturs Cintins, Andris Anspoks, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Vara molibdats (CuMoQO,4) ir funkcionals materials ar termohromajam un
pjezohromajam 1paSibam, kas izpauzas plasa temperatiiru diapazona. Normalos
apstaklos CuMoQO, ir o fazé, kam raksturiga zala krasa. Temperatiiras un/vai
spiediena ietekm& materials pakapeniski maina savu krasu no zalas uz tumsi brinu,
gan rezga deformacijas, gan elektronu-fononu mijiedarbibas d€]l. Manipulgjot ar
CuMoO, sastavu (pieméram, aizstdgjot Mo®" jonus ar W®" joniem), ari ir iesp&jams
mainit materiala optiskas 1pasibas un iegiit kadu no CuMoQO, fazém, kas ir stabilas pie
paaugstinata spiediena.

Saja darba tiek izmantota rentgenabsorbcijas spektroskopija (XAS) un apgriezta
Monte-Karlo metode ar evolucionara algoritma pieeju (RMC/EA), lai pétitu saistibu
starp CuMoQ;, optiskajam un strukturalajam 1pasibam temperatiru diapazona no 10
lidz 973 K, ka ari tiek peétita volframa koncentracijas ietekme uz CuMo1.xWxO4
atomaro struktiiru un 1pasibam.

STUDY OF THE LOCAL STRUCTURE AND THERMOCHROMIC
PROPERTIES IN CuMo00O4 AND CuMoyW1.,O4 USING X-RAY ABSORPTION
SPECTROSCOPY

Inga Jonane, Arturs Cintins, Andris Anspoks, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

Copper molybdate (CuMoQ,) is a functional material with thermochromic and
piezochromic properties in a wide temperature range. At room temperature and
atmospheric pressure CuMoOQy is in o phase with green colour. By the influence of
temperature or pressure, the colour changes into dark brown due to the lattice
deformation and electron-phonon interaction. By manipulating with CuMoO,
composition (for instance, by substituting some Mo® ions with W®" ions), optical
properties of the material can be affected and high pressure modifications of CuMoO,
can be achieved.

In this study we use X-ray absorption spectroscopy (XAS) and reverse Monte Carlo
method with evolutionary algorithm approach (RMC/EA) to investigate the
relationship between structural effects and optical properties of CuMoO, in the
temperature range between 10 and 973 K. The influence of tungsten on the atomic
structure and properties of CuMo;.,W,O, solid solutions is also investigated.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2017/5 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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DZELZS FAZU PAREJU ANALIZE AR RENTGENABSORBCIJAS
SPEKTROSKOPIJU

Arturs Cinting, Andris Anspoks, Aleksejs Kuzmins, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Dzelzs (Fe) ir pamata elements, kurs ir sastopams daudzos savienojumos un tiek
lietots dazadiem pielietojumiem ka sakaus€jumos, téraudos u.c. RazoSanas procesa,
dzelzs paklaujas fazu parejai no a-Fe (BCC) uz y-Fe (FCC) strukttiras [1]. Tamdél, ir
daudzas publikacijas saistiba ar tiru Fe, bet diemz€l, nav loti daudz publikacijas
saistiba ar rentgenabsorbciju spektroskopiju (RAS)

Saja darba tika veikta in-situ rentgenabsorbcijas analize Fe K-malai, izp&tot lokalas
struktliras izmainas pie dazadas termiskas apstrades temperatiiras (20-1000°C),
ieskaitot pareju no a-Fe (BCC) uz y-Fe (FCC).

Fe K-malas rentgenabsorbcijas spektru piemalas sikstruktiru (XANES) datu analize
deva kvalitativu informaciju par Fe lokalo struktiiru dzelzs matrica, un tas atkaribu no
apstrades temperatiiras. Izmantojot rentgenabsorbcijas spektra sikstruktiiru (EXAFS)
datus, veicam lokalas struktiiras analizi un veicam koordinacijas sféras rekonstrukciju.

IRON PHASE TRANSITION ANALYSIS USING X-RAY ABSORPTION

Arturs Cintins, Andris Anspoks, Alexei Kuzmin, Juris Purans
Institute of Solid State Physics, University of Latvia

Iron (Fe) is the most common element, present in many compounds of high practical
importance like steel and alloys. In many real-life manufacturing processes iron
undergoes phase transition from a-Fe (BCC) to y-Fe (FCC) structure® and vice versa.
However, there aren’t many publications on X-ray absorption spectroscopy for Fe,
especially with temperature dependence.

In this study, we performed in-situ X-ray absorption spectroscopy for the Fe K-edge
as a tool to understand the local structure evolution of the iron matrix during the
thermal treatment in a wide range of temperatures (20-1000 °C) including a transition
from a-Fe to y-Fe phase.

Analysis of Fe K-edge X-ray absorption near edge structure (XANES) revealed
qualitative information about dependency of local structure in iron (Fe) and extended
X-ray absorption fine structure (EXAFS) spectra allowed us to obtain information of
local structure parameters and reconstructed radial distribution function of Fe.

[1] S. Basnski, W. Hume-Rothery, F.R.S. and A.L. Sutton, Proc. The Royal Society A,
459 Ipp.
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DEFEKTU AGREGATU UN DISLOKACIJU VEIDOSANAS AR ®He UN “He
JONIEM APSTAROTOS LIF KRISTALOS

Roberts Zabels', 1lze Manika®, Janis Maniks*, Kurts Svarcs?, Rolands Grants®,
Tamara Krasta®, Aleksejs Kuzmins!
'Latvijas Universitates Cietvielu fizikas institiits
2GS, Darmstate, Vicija

Pétita defektu agregatu un dislokaciju veidoSanas, ka ari mehanisko un optisko
ipasibu izmainas ar 13.5 MeV *He un 5 MeV “He joniem apstarotos LiF kristalos.
Defektu evoliicijas raksturoSanai jonu trajektorija izmantotas selektivas kimiskas
kodinasanas, fotoluminescences, dislokaciju kustiguma un nanoindentéSanas metodes.
Jonu treku parklasanas rezultata, uzkrajoties defektiem, novérota ievérojama
dislokaciju kustiguma samazinasanas un cietibas palielinasanas. Pie augstam dozam
(fluence 10™ions/cm?, doza 166 MGy, vidgja absorbéta energija 2.3x10* eV/cm®)
cietiba sasniedz piesatinagjumu ~3.5 GPa, kas divkart parsniedz neapstarotam
kristalam raksturigo, apliecinot apstaroSanas ar vieglajiem joniem efektivitati
strukttiras un mehanisko 1pasibu modifikacija. Jonu izraisitie efekti tika noveroti ari
apgabala, kas iev€rojami parsniedz jonu iespieSanas dzilumu. To rasanas saistama ar
sekundaro starojumu, ko rada He jonu kodolreakcijas ar LiF atomu kodoliem. Veiktie
novertgjumi lauj secinat, ka nozimigako ieguldijumu defektu radiSana aiz jonu
iespieSanas dziluma dod reakcijas veidotie protoni, ka art y-stari un elektroni.

FORMATION OF DEFECT AGGREGATES AND DISLOCATIONS IN
LiF CRYSTALS IRRADIATED WITH ®He AND “He IONS

Roberts Zabels®, 1lze Manika®, Janis Maniks®, Kurt Schwartz?, Rolands Grants®,
Tamara Krasta', Alexey Kuzmin®
'Institute of Solid State Physics, University of Latvia
’GSI, Darmstadt, Germany

Influence of the irradiation with 13.5 MeV *He and 5 MeV “He ions on the formation
of aggregate color centers (F,), evolution of dislocation structure, and change of
mechanical and optical properties of LiF single crystals was studied. The depth
profiles of nanoindentation, dislocation mobility, selective chemical etching and
photoluminescence served for the characterization of damage. Strong ion-induced
increase of hardness and decrease in dislocation mobility at the stage of track
overlapping due to accumulation of ion-induced dislocations and other etchable
extended defects was observed. At high fluences (10" ions/cm?, dose 166 MGy,
average absorbed energy 2.3x10%* eV/cm?®) the hardness saturates at about 3.5 GPa
(twofold increase in comparison to a virgin crystal) thus confirming high efficiency of
light projectiles in modification of structure and properties. The ion-induced effects
were observed also at depths from few tens to hundred micrometers beyond the
calculated ion range. Estimates show that the irradiation with secondary products of
nuclear reactions of ions with target nuclei including protons and other particles as
well as emission of y-rays, electrons, etc. could be considered as a cause of damage
beyond the range.

The financial support of the Latvian national program IMIS2 is greatly acknowledged.
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1D UN 2D ReS; NANOSTRUKTURU FOTODETEKTORI

Edgars Butanovs, Boriss Polakovs
Latvijas Universitates Cietvielu fizikas institiits

1D un 2D materialu izmantoSana elektronika un optoelektronika ir aktuals pétijumu
temats ne tikai iesp&jamas iekartu miniaturizacijas, bet ar1 materialu atskirigo 1pasSibu
dél nanomeroga. Pedgjos gados lielu zinatnieku interesi ir piesaistijusi parejas metalu
halkogenidu materiali, it 1pasi WS, un Mo0S,, to neparasto 1pasibu del, tadgjadi
paverot iesp€jas tos izmantot pielietojumos elektronika un optoelektronika. Mazak
pétits, tau potenciali tikpat nozimigs ir ReS; [1].

Darba gaita tika sintez&tas ReS; nanostruktiiras: izmantojot ar magnetronu uzputinatas
rénija oksida planas kartinas sulfuré$anu, tika iegiitas ZnS-ReS, nanovadu core-shell
heterostrukturas, ka ar1 tika ieglita ReS, mikrokristalu suspensija etanola ar kimisko
tvaiku transportu audzetu kristalu ultraskanas sonikaciju.

legtitas nanostruktiiras tika raksturotas ar transmisijas elektronu mikroskopu un
rentgenstaru difrakciju, ka ari tika noteiktas to fotoelektriskas 1pasibas pie dazadu
vilpu garumu gaismas. Tika izdariti secinajumi par ReS; izmantoSanas iesp&jam
fotodetektoros.

1D AND 2D ReS;-BASED NANOSTRUCTURE PHOTODETECTORS

Edgars Butanovs, Boris Polyakov
Institute of Solid State Physics, University of Latvia

Potential applications of 1D and 2D materials in electronics and optoelectronics is a
topical research subject due to the possible miniaturization of currently used devices
and due to interesting properties, that materials exhibit in nanoscale. In recent years,
transition metal dichalcogenide materials, especially WS, and MoS,, have attracted
significant attention due to their unusual properties, therefore offering numerous
potential applications in optoelectronics, sensing and microelectronics. Less studied
however potentially as important is ReS; [1].

In our work we synthesized ReS, nanostructures: ZnS-ReS, nanowire core-shell
heterostructures were grown by sulfurizing rhenium oxide thin film obtained via
magnetron sputtering, and ReS, microcrystal suspension in ethanol using ultrasound
sonication of ReS, macrocrystals grown via chemical vapour transport.

Obtained nanostructures were characterized with scanning and transmission electron
microscopy, X-ray diffraction, as well as photoelectric properties were determined at
different illumination wavelengths. Applicability of ReS,-based photodetectors is
discussed.

Financial support provided by Scientific Research Project for Students and Young Researchers Nr.
SJZ/2017/1 realized at the Institute of Solid State Physics, University of Latvia is greatly
acknowledged, financial support by National research program IMIS2 is highly appreciated.

References:
[1] M. Rahman, K. Davey, and S.-Z. Qiao. Advent of 2D Rhenium Disulfide (ReS2): Fundamentals to
Applications. Adv. Funct. Mater., vol. 27, no. 10, p. 1606129, 2017.
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TERMOELEKTRISKO IPASIBU PETIJUMI TETRATIOTETRACENU
ATVASINAJUMU PLANAS KARTINAS

Janis Uiulisl, Kaspars Pudzs’, Martins Rutkis?, Simon Woodward?
! Latvijas Universitates Cietvielu fizikas institiits
22GSK Carbon Neutral Laboratories for Sustainable Chemistry, University of Nottingham

Radikaliem jonu saliem, kas veidoti oksidgjot elektroniem bagatus ac€nus un
tetratiotetracénus (TTT) ir potenciali plass pielietojums, veidojot organiskos metalus
un termoelektriskas ierices, pateicoties to spgjai veidot elektriski vadosus
viendimensionalus kvazikristalus.

Saja darba ir pétitas TTT atvasindjumu planas kartinas, kas ir iegiitas ar termiskas
iztvaicéSanas vakuuma metodi. Plano kartinu elektriska vaditsp&ja ir robezas no
1.02 x 10° S-em™ di(MeO)TTT lidz 3.74 x 10* S:.em™ MeTTT. Attiecigi plano
kartinu Zebeka koeficients ir robezas no 230-870 uV-K'l. Plano kartinu morfologija ir
pétita ar skengjoSo elektronu mikroskopiju (SEM). Ta parada asmenu, adatveida un
izliektu diegveida struktiras.

Planas kartinas dopgjot ar jodu ir iegiits p-tipa pusvaditaju Ipasibas, sasniedzot
elektrisko vaditsp&ju 6.44% 10 S-cm™ un Zabeka koeficientu 175 nv-K*,

Peétijjums ir finansiali atbalstits ERAF projekta Nr. 1.1.1.1/16/A/046 un Valsts
P&tijumu Programmmas Daudzfunkcionalie Materiali un kompoziti, fotonika un
nanotehnologijas (IMIS2) ietvaros.

THERMOELECTRICAL PROPERTIES OF THIN FILMS OF
TETRATHIOTETRACENES DERIVATIVES

Janis Uzulis', Kaspars Pudzs', Martins Rutkis, Simon Woodward?
YInstitute of Solid State Physics, University of Latvia
22GSK Carbon Neutral Laboratories for Sustainable Chemistry, University of Nottingham

Radical ion salts from the oxidation of the electron-rich acene tetrathiotetracenes
(TTTs) are potentially of wide use in synthetic organic metals and thermoelectric
devices due to their ability to form quasicrystalline one dimensional electrical
conductors.

In this work we report studies of vacuum deposited thin films of TTT derivatives. It
shows final electrical conductivities, o(in plane) from 1.02 x 10° S-cm™ di(MeO)TTT
to 3.74 x 10” S.cm™ MeTTT. A associated range of Seebeck coefficients from 230-
870 uVK™' (vs. 855 pv K* for TTT) was also determined. Well defined micro
crystallites showing blade, needle or mossy like habits are observed by scanning
electron microscopy.

Doping of TTT derivatives with iodine produces optimal p-type behaviour where:
electrilcal conductivity in plane is 6.44x 10° S-cm™ and Seebeck coefficient 175
uv-K™=.

Acknowledgement: This work has been supported by ERAF project

Nr. 1.1.1.1/16/A/046 and National Research program °‘Multifunctionalmaterials
and composites, photonics and nanotechnology (IMIS2)”.
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STRAVAS IMPULSI UN PLAZMAS EMISIJAS SPEKTRS Ar UN Ar/O;

HiPIMS IZLADE

Martin$ Zubkins, Halil Arslan
Latvijas Universitates Cietvielu fizikas institiits

Augstas jaudas impulsu magnetrona izputinaSana (HiPIMS) ir moderna plano kartinu
uzklasanas tehnologija, kura jauda tiek pievadita ar Tsiem un retiem, bet loti
intensiviem impulsiem (darbibas cikls < 10 %, frekvence < 10 kHz). Rezultata liela
dala no izputinatajiem atomiem un gazes atomiem mérka tuvuma tiek joniz&ti. ST
metode sniedz plasakas kartinu ipasibu kontroles iespgjas.

Saja darba tiek izmantots Zn/Al (98:2 svara %) mérkis, jo to bieZi lieto caurspidigo un
elektrovadoso Al:ZnO (AZO) kartinu izgatavosSana. Elektrisko impulsu un plazmas
optiskas emisijas spektru izmaina Iidz ar procesa parametru (frekvence, impulsa
garums, skabekla pliisma) izmainu tika registréta.

Pika strava palielinas, ja tiek samazinata frekvence vai impulsa garums. Samazinot
frekvenci, plazmas emisijas spektros strauji palielinas ierosinatu Zn un O atomu liniju
intensitate, bet ierosinatu Ar liniju intensitate samazinas. Pie zemam frekvencém ir
novérojama ari Zn jonu emisijas linija ar nelielu intensitati. Palielinot skabekla
plismu, stravas pika forma izmainas un maksimala vertiba pieaug.

Ar HiPIMS procesa parametriem iesp&jams butiski izmainit plazmas sastavu un
kartinas uzklaSanas nosacijumus.

CURRENT PEAK AND PLASMA EMSSION SPECTRUM
CHARACTERISTICS OF THE Ar AND Ar/O; HiPIMS DISCHARGE

Martins Zubkins, Halil Arslan
Institute of Solid State Physics, University of Latvia

High-power impulse magnetron sputtering (HiPIMS) is a new advance thin film
deposition technology in which the power is supplied by short and rare impulses, but
very intense ones (duty cycle < 10 %, frequency < 10 kHz). As a result, large fraction
of the sputtered atoms and near-target gas atoms are ionized. This technique provides
wider control possibilities of the films properties.

In this study the Zn/Al (98:2 wt.%) target is selected because it is often used to
deposit transparent conductive Al:ZnO (AZO) thin films. The changes in the electrical
impulses and plasma optical emission spectra were recorded along with the change in
process parameters (frequency, pulse time, oxygen flow).

The peak current increases if the frequency or pulse time is reduced. When the
frequency decreases the intensity of the excited Zn and O atom emission lines
increases, but the intensity of excited Ar atom lines reduces. At low frequency there is
also Zn ion emission line with a low intensity. The form of the current peak changes
and the peak current increases if the oxygen flow is increased.

With the HiPIMS process parameters, it is possible to significantly change the plasma
composition and the film deposition conditions.

Financial support provided by Scientific Research Project for Students and Young Researchers Nr. SJZ/2017/4
realized at the Institute of Solid State Physics, University of Latvia is greatly acknowledged
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SKALARU HOLOGRAFISKO REZGU VEKTORIERAKSTS
MOLEKULARO STIKLU KARTINAS

Andris Ozols, Péteris Augustovs, Dmitrijs Saharovs, Elmars Zarins, Valdis Kokars
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate

Ka zinams, polarizacijas jeb vektorhologrammas ir hologrammas, kas sp€j atjaunot ne
tikai signala gaismas vilna amplitiidu un fazi, bet ar ta polarizaciju. Saja darba esam
eksperimentali pétijusi holografisko rezgu vektorierakstu ar ortogonalam cirkularam
polarizacijam azobenzola molekularo stiklu kartinas ar dazadi ievietotam
trifenilgrupam ZGD-1, ZGD-ZGD-1Q, ZGD-1T, ZGD-2, ZGD-2Q un konstatgjusi,
ka pie lielam ekspozicijam vektorrezgi Sajas kartinas darbojas ka skalari rezgi.
leraksts tika veikts ar 532 nm gaismu, bet nolase-ar 632.8 nm staru. Paraugos ZGD-1
tika sasniegta maksimala difrakcijas efektivitate 57%. Pie mazam ekspozicijam
difragéto staru novérotas polarizacijas ipatnibas atbilda fotoinducétas dubultlauSanas
vektorrezgim, bet vélak -skalaram rezgim. Maksimala virsmas reljefa modulacija
1100 nm tika sasniegta ZGD-1Q kartipa. Sie mérfjumi un aprekini, ka ar
salidzinajums ar eksperimentalajam DE vertitbam lava secinat, ka pie lielam
ekspozicijam kartinas ZGD-1Q, ZGD-2 un ZGD-2Q domingé virsmas reljefa rezgi,
bet kartinas ZGD-1, ZGD-1T- tilpuma fazes rezgi ar skalaru difrakciju.

VECTOR RECORDING OF SCALAR HOLOGRAPHIC GRATINGS
MOLECULAR GLASSY FILMS

Andris Ozols, Peteris Augustovs, Dmitrijs Saharovs, Elmars Zarins, Valdis Kokars
Faculty of Materials Science and Applied Chemistry,, Riga Technical University

Polarization holograms are holograms which reconstruct not only the amplitude and
phase of the signal wave but also its polarization. In this paper, we have
experimentally studied holographic grating vector recording by orthogonal circular
polarizations in azobenzene molecular glassy films ZGD-1, ZGD-ZGD-1Q, ZGD-1T,
ZGD-2, ZGD-2Q with differently incorporated bulky triphenyl groups and have
concluded that at large exposures vector gratings in these films exhibit scalar
grating diffraction properties. Recording was performed at 532 nm while readout at
632.8 nm. The highest diffraction efficiency (DE) of 57% was achieved in ZGD-1
samples.The polarization peculiarities of the diffracted beams corresponded to
photoinduced birefringence vector grating at small exposures whereas they
corresponded to scalar gratings at large enough exposures. The maximal surface relief
modulation of 1100 nm was found in ZGD-1Q film. These measurements and
calculations as well as comparison with experimental DE values led to the conclusion
that surface relief gratings dominate at large exposures in ZGD-1Q, ZGD-2 and
ZGD-2Q films whereas volume phase gratings enabling scalar diffraction are
dominant in ZGD-1 and ZGD-1T films.

The financial support of Latvian-Ukrainian project LV-UA/2016/3 is greatly
acknowledged.

16



Organiskie materiali un fotonika, 20. februaris

TIESA OPTISKA IERAKSTA FOTOREZISTU IZSTRADE

Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Darba apskatits pasreiz€jais stavoklis ,,tiesa “ optiska ieraksta organisko un
neorganisko fotorezistu izstrad€ un izmantoSana materialu virsmas
strukturé$anas tehnologijas. P&tijjumos tika izmantoti amorfo halkogenidu
(As-S, As-S-Se un Ge-S,Se sistémas) un azobenzolu saturo$i organiskie
savienojumi.

Holografiska ieraksta atkariba no ieraksta lazera vilnpu garuma un staru
polarizacijas konfiguracijas tiek analizéta. P&tita ieraksta materialu paSibu
ietekme uz virsmas reljefa veidosanas efektivitati.

Holografiskais ieraksts, ka arT laboratorija izstradata vienstara rezgu ieraksta
metode dod iesp€ju iegit rezgus ar periodu no 100 nm lidz 50 um.
Izmantojot immersijas holografisko litografiju ir iesp&jams iegit difrakcijas
rezgus ar periodu ~150 - 250 nm.

DEVELOPMENT OF PHOTORESISTS
FOR DIRECT OPTICAL RECORDING

Janis Teteris
Institute of Solid State Physics, University of Latvia

This review covers the present state of research and practical application of
direct recording photorezists based on the formation of photo-induced
surface relief in amorphous thin films. The research was performed on the
thin films of amorphous chalcogenide (As-S, As-S-Se and Ge-S, Se systems)
and azobenzene containing organic compounds.

Holographic recording conditions, which include recording wavelength and
polarization state configuration of light beams, are analyzed. The influence
of properties of recording material on surface relief formation efficiency is
considered.

Holographic recording as well as the one beam method for the grating
recording worked out at laboratory allows a recording of gratings with a
period from 100 nm up to 50 um. By means of immersion holographic
lithography the surface relief gratings with a period of ~100 — 250 nm can be
fabricated.
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VIRSMAS RELJEFA HOLOGRAMMU DIFRAKCIJAS PARAMETRU
UZLABOSANAS METODES

Mara Reinfelde, Jelena Mikelsone, Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Zinams, ka paradiba, ko sauc par ,holografisko paSpastiprinaSanos” ir spéka
hologrammam, kuru ieraksta pamata ir gaismas intensitates modulacija. Dota darba
pamata ir lidziga veida paradibas pé€tijumi attieciba uz virsmas reljefa hologrammam
(VRHG), ko ierosina gaismas elektriska lauka modulacija. Jaatzimé, ka VRHG ir
izteikti gaismas polarizacijas jiitigas, t.i., ieraksts, nolasiSana, ka ar1 pastiprinasSana ir
atkariga no gaismas staru polarizacijas nosacijumiem.

Saja darba ka bazes materials izmantotas ~ 3um biezas azo-epoksida plévites.
Eksperimenta pirmais solis bija izv€l&ties atbilstoSus polarizacijas nosacijumus
procesa iesaistitajam starojumam (A=532 nm). Tika ierakstiti HG virsmas rezgi ar
nelielam difrakcijas efektivitatém (DE). Tad viens no ieraksta stariem tika aizklats un
turpinats starot ar otru ieraksta izmantoto staru. Tika meérita difragéto staru kinétika
refleksijas rezima ieraksta vilna garumam, ka ar1 transmisijas rezZima maz absorb&tam
zond€joSam staram (A=645 nm). Me&rijjumu rezultati paradija, ka HG pastiprinajums
pie fiksétam ierosmes intensitatém ir atkarigs no sakuma DE. Tai pat laika, pie
fiksetam sakuma DE, process ir atkarigs no pastiprinosa stara intensitates. Bez tam,
noskaidrots, ka VRHG reZzga parametrus ir iesp&jams ievérojami uzlabot, ja sakuma
ieraksta procesa tiek izmantots papildus starojums (A=491nm).

IMPROVEMENT METHODS OF DIFFRACTION PARAMETERS FOR
SURFACE RELIEF HOLOGRAMS

Mara Reinfelde, Jelena Mikelsone, Janis Teteris
Institute of Solid State Physics, University of Latvia

It is known, that the phenomenon called “holographic self-enhancement” for the
holograms recorded under intensity modulated light illumination, takes place. The
object of presented work are studies for the similar behavior on the surface relief
holograms (SRHG) induced by the light electric field modulation. It should be noted
that SRHG are strongly polarization sensitive, i.e., the recording, reading and
enhancing depends on light beam polarization conditions.

In this work as base material = 3um thick azo-epoxy films were used. The first step of
the experiment was to elect the adequate polarization relationship for the light beams
(A=532 nm) involved in the process. Next one was testing the behavior of surface
holographic grating recorded with two beams up to tiny diffraction efficiency (DE)
afterwards illuminated with one beam but the second one was closed. The kinetics of
diffracted light was measured — reflected for recording wave length and transmitted
for probing beam with small absorption (A=645 nm). The measurements showed that
the values of HG enhancement for excitation at fixed intensities depend on beginning
(DE). At the same time, it was found, that the process was dependent on the excitation
beam intensities as well. Furthermore, the parameter of recorded grating is possible to
improve, if during recording, the assisting light (A=491 nm) illumination takes place.
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FOTOJUTIGA REZISTA IZSTRADE HOLOGRAFISKAM IERAKSTAM AR
532 nm LAZERI

Jelena Mikelsone, Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Darba tiek veidots fotojutigs rezists holografiskajam ierakstam uz azo-epoksida bazes.
Rezista veidosanai tiek izmantotas azo-krasvielas, kuru absorbcijas josla ietilpst plasi
izmantota un pieejama lazera ar vilna garums 532 nm.

Tiek izstradata paraugu veidoSanas metode, kura lauj izveidot liela laukuma rezistus,
kuru jutiba batu pietickama, lai tajos varétu ierakstit licla izméra difrakcijas rezgi.

Lai iegiitu nepiecieSamu jutibu un parauga optisku kvalitati, tiek izmantotas
azokrasvielas 4-aminoazobenzene (AAB) un Disperse Orange 3 (DO3), epoksidi -
bisphenol A diglycidyl ether (BADGE) un Poly[(phenil glycidyl ether)-co-
formaldehyde].

Darba tiek pétits ka fotorezista jutibu ietekmé azo-krasvielu koncentracija parauga,
fizikalas virsmas reljefa pastiprinaSanas metodes. Tiek apskatiti fotoinducétie procesi
azo-epoksidu savienojumos un to ietekme uz virsmas reljefa veidosanas procesu.

DEVELOPMENT OF PHOTOSENSITIVE HOLOGRAPHIC RESIST BY

532 nm LASER

Jelena Mikelsone, Janis Teteris
Institute of Solid State Physics, University of Latvia

In this work photosensitive resist on azo-epoxy base for holographic recording is
developing. For resist development azo-dyes with absorption band saturating 532 nm
wavelength are used. The wavelength of 532 nm has chosen because of wide
availability of lasers whit this wavelength.

In this work we describe sample preparation method allowing to obtain photoresists
with large area, possessing high sensibility, in order to record large area diffraction
gratings.

For sample preparation azo-dyes 4-aminoazobenzene (AAB) and Disperse Orange 3
(DO3) and epoxy - bisphenol A diglycidyl ether (BADGE) and Poly[(phenil glycidyl
ether)-co-formaldehyde] were used.

We studied azo-dye mixture concentration impact on photo resist sensitivity,
photoinduced processes and their impact on surface relief grating formation process,
observed physical surface relief self-enhancement methods.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2017/7 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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METODES IZSTRADE INTRAOKULARO LECU IMPLANTU IETEKMES
UZ KRASU REDZES JUTIBU UN DISKRIMINACIJU NOVERTESANAI
Miris Ozolins™?, Zane Jansone’
'Latvijas Universitates Cietvielu fizikas institiits
Z Latvijas Univ Fizikas un matematikas fakultates Optometrijas un redzes zindtnes nodala

Acs l&ca, kura attistijusies katarakta, misdienas tiek aizvietota ar plastikatu - PMMA,
silikonu, akrilatu, kolaméru implantiem (IOL). Kataraktas izsauktas gaismas
izkliedes rezultata acs krasu jutiba tiek iev€rojami izmainita, 1pasi zili-dzeltenas ass
virziena. Sakara ar to, ka cilveks ilgstosi atradies apstaklos, kad redzama spektra 1so
vilnu garumu gaisma aci tiek intensivi izklied€ta, acs spektralas jutibas un krasu
diskriminacijas izmainas ir butiskas un, pat iesp&jams neatgriezeniskas. Mges,
izmantojot krasu redzes deficita standarta Farnsworth D-15 testa piesatinato un
nepiesatinato etalonu komplektu, piemérojam to, lai noteiktu implanté§jamo IOL lecu
iespaidu uz krasu redzes jutibas uzlabojumu un, lai detekteétu gadijumus, kad
uzlabojuma vértiba vairs nesp&j jutibu atgriezt uz ne-kataraktas acs jutibas Iimeni.

Lai izmainas varétu skaitliski novértét, pamata mes izmantojam Farnsworth D-15
etalonu izkartojuma Bowmana krasu diferen¢u summeésanas metodi, ka arT vidgjojot
krasu diferen¢u vektorus saskana ar Vingri un King-Smita algoritmu.' Pedgjais lauj
erti novertet [OL materiala kombinacija ar acs talako segmentu Tpasibam pielietoSanas
sekmes normalas krasu redzes atjauno$ana. Autori pateicas acs kataraktas pacientu
atsaucibai eksperimentu laika.

DEVELOPMENT OF TECHNIQUE TO ESTIMATE IOL IMPACT ON EYE
COLOR SENSITIVITY AND DISCRIMINATION REMOVING CATARACT

Maris Ozolinsh'?, Zane Jansone?
YInstitute of Solid State Physics, University of Latvia
“Dept.of Optometry and vision science Fak.of Physics and Mathematics, University of Latvia

Nowadays intra ocular lens (IOL) implants are manufactured from different colorless
or tinted plastic materials: PMMA, silicone, hydrophobic acrylate, hydrophilic
acrylate and collamers. To test patients with IOL implants color vision sensitivity we
developed technique based on saturated and unsaturated Farnsworth D15 Color vision
arrangement test. It is easy perceptible (that is essential to elder patients), and color
sensitivity changes in tritan, protan, deutan confusion line directions can be detected.
Results were analysed in three ways: by summing the color differences between
adjacent caps according to Bowman, by averaging color difference vectors according
to Vingry* and King-Smith, and using linear regression line which is created from
incorrect error D-15 cap arrangements. It can find good eye clarity results after
cataract surgery, however the color sensitivity and discrimination can be also
irreversibly diminished yet for generally positive surgery cases. In our research
participated patients’ 26 eyes with cataract. We thank all these patients for their
understanding. Authors supported by IMIS2.

References.

Vingrys, A.J. Quantitative Scoring Methods for D15 Panel Tests in the Diagnosis of
Congenital Color Vision Deficiencies. Optometry and Vision Science, 68(1), 41-48
(1991).
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FOTOLUMINISCENCES UN PASTIPRINATAS SPONTANAS EMISIJAS
PETIJUMI 4H-PIRANA ATVASINAJUMA (MWK-1) AMORFAJAS PLANAJAS
KARTINAS

Jilija Pervenecka®, Aivars Vembris®, Elmars Zarins®, Valdis Kokars®
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Lietiskas kimijas institiits

Organiskie cietvielu lazeri ir lazeri, kuru aktivas vides radiSanai tiek izmantotas dazada,
amorfas struktiiras kartinas veidojosas, organiskas krasvielu molekulas. Miisdienas, Iidz ar
tehnologijas strauju attistibu, ta kltst arvien perspektivaka. Salidzinagjuma ar neorganiskiem
lazeriem, tie biitu daudz letaki un vieglak integréjami fotoniskas ieric€s [1]. Tacu ne visi
savienojumi ir derigi lazer aktivas vides radiSanai, $im nolikam var tikt izmantotas tikai tadas
vielas, kuru planajas kartinas ir ierosinama pastiprinata spontana emisija (ASE).

Darba gaita tika pétita fotoluminiscence un pastiprinata spontana emisija, amorfas strukttras
kartinas no $kiduma veidojosas, 4H-pirana atvasinagjuma MWK-1 planajas kartinas.

MWAK-1 planas kartinas ar spin-coating metodi tika uzklatas uz stikla pamatnes no
hloroforma $kiduma. Fotoluminiscence un pastiprinata spontana emisija tika ierosinatas pie
MWK-1 maksimalas absorbcijas vilna garuma (491 nm). ASE ierosinasanai tika izmantots
Ekspla 310 s@rijas impulsa lazers. Apstarojama laukuma forma uz parauga virsmas bija svitra
ar izmériem 3x0,4 mm?®. Gaismas emisija tika savakta parauga mald un mérita ar spektrometru
OceanOptics HR4000. Referata tiks pastastits par MWK-1 fotoluminiscences un ASE
eksperimentos apkopotajiem rezultatatiem un savienojuma turpmakam izmantoS$anas
perspektivam.

INVESTIGATION OF PHOTOLUMINESCENCE AND AMPLIFIED
SPONTANEOQOUS EMISSION PROPERTIES OF 4H-PYRAN
DERIVATE (MWK-1) AMORPHOUSE THIN FILMS

Julija Pervenecka®, Aivars Vembris!, Elmars Zarins?, Valdis Kokars?
YInstitute of Solid State Physics, University of Latvia,
“Institute of Applied Chemistry, Riga Technical University

Organic solid-state lasers are one of in nowadays perspective and intensively developing
technology in which as laser dyes are used non crystalline structure films forming organic
molecules. In comparison with inorganic lasers, they would be more easily integrated into
photonic devices and much cheaper [1]. However, not all organic compounds could be used
as laser active medium. For preparation of a laser active medium can be used only materials,
in thin films of which, it is possible to excite amplified spontaneous emission (ASE).

In this work were investigated photoluminescence and amplified spontaneous emission
properties of one original 4H-pyran derivative MWK-1 that form amorphous thin films from
solution.

Thin films of investigated compound on glass substrate were made from chloroform solution
by spin-coating method. Photoluminescence and Amplified spontaneous emission of MWK-1
were excited at to the compound absorption maximum wavelength: 491 nm. For the
excitation of ASE, a pulse laser of the Ekspla 310 series was used. The irradiation area on
surface of the sample was stripe form with dimension 3x0.4 mm?® Light emission was
collected at the edge of the sample and measured by spectrometer OceanOptics HR4000.
Photoluminescence and ASE properties of MWK-1 pure thin films will be discussed.

This work was supported by European Regional Development Fund within the Project No.
Nr.1.1.1.1/16/A/046 and A.Riekstina SIA “Mikrotikls” donation, administered by University of Latvia
Foundation.

[1] Sebastien Forget, Sebastien Chenais, “Organic Solid-State Lasers”, Springer-Verlag Berlin
Heidelberg 2013, Volume 175, p. 179.
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111 ELEMENTU GRUPAS NITRIDU NANODALINAS - LUMINISCENTI
MARKIERI BIOLOGISKOS MATERIALOS

Baiba Berzina, Laima Trinklere, Valdis Korsaks
Latvijas Universitates Cietvielu fizikas institiits

Nanobiofizika ir jauns virziens dabas zinatn€s, kur sasniegumi nanozinatn€s tiek
pielietoti biologisku materialu izp&té. Tas lauj pétit biologiskus procesus molekulara
liment, kas savukart ir aktuali pielietojumiem medicina un nanobiotehnologijas.

LU CFI Platzonu materialu laboratorija jau daudzu gadu garuma tiek pétitas
luminiscences 1pasibas III elementu grupas nitridiem tadiem ka AIN un hBN
nanopulveri, lietojot spektralas raksturo$anas metodes.

P&tijuma mérkis ir noteikt piemérotakas luminisc€josas nanodalinas, kas varét kalpot
par markieriem biologiskos materialos - §iinu membranas un to sastavdalas.

Tiek izvertéti un salidzinati luminiscences un tas ierosinasanas spektri parastiem un
dopétiem AIN nanopulveriem un hBN pulveriem ar dazadiem graudu izm&riem.
Veiktie pétijumi lauj secinat, ka vispiemérotakie biologisku materialu markéSanai
varétu biit dopé&tie AIN nanopulveri tadi ka AIN:Tb, AIN:Mn uc.

LUMINESCENT NANO PARTICLES OF 111 ELEMENT GROUP NITRIDES -
MARKERS IN BIOLOGICAL MATERIALS

Baiba Berzina, Laima Trinkler, VValdis Korsaks
Institute of Solid State Physics, University of Latvia

Development of nanobiophysics is a new field in natural sciences in which the
knowledge in nanosciences is applied to biological materials. It allows investigation
of biological processes at the molecular level being topical for medical and
nanobiotechnology applications.

Luminescence properties of nanopowders of 111 group element nitrides such as AIN,
hBN and others have been studied in laboratory of Wide Band Gap Materials at ISSP
LU for many years using spectral characterization methods.

Task of the present investigation is estimation of luminescent nano-particles for use as
markers in biological materials — cell membranes and their components.
Luminescence and its excitation spectra are analysed and compared for doped and
conventional nanopowders of AIN and hBN with different grain sizes.

In conclusion it can be considerate that the doped AIN nanopowders such as AIN:Tb,
AIN:Mn , etc. are the best candidates for luminescent markers in biological materials.

This investigation is a part of the International Project Horizon -2020-MSCA-RISE-
2015; Proposal Nr. 690853; acronym — assymcurv;
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LiGaO, LUMINISCENCES POLARIZACIJAS TPASIBAS

Laima Trinklere, Anatoijs Truhins, Baiba Bérzina, Valdis Korsaks
Latvijas Universitates Cietvielu fizikas institiits

Litija metagalats LiGaO, (LGO) ir platzonu (Eg = 6 eV) oksids, kuru var&tu izmantot
dazadiem praktiskiem pielietojumiem optoelektronika un pusvaditaju epitaksija.
Kristala luminiscences spektra ir vairakas joslas pie 280, 330, 520 un 700 nm. Sis
darbs ir veltits LGO 1so vilnu joslas izpétei, izmatojot fotoluminiscences un
polarizétas luminiscences metodes pie zemam temperatiram. 280 nm luminiscenci
var interpretét ar donoru-akceptoru paru tunela rekombinaciju, kur defektu savstarpgjo
attalumu nosaka gadfjuma sadalfjums. Sis luminiscences iero§inasanas spektrs atrodas
fundamentalas absorbcijas rajona (A < 210 nm) un tiek izskaidrots ar eksitonu un
starpzonu pareju kombinaciju. Polarizétas luminiscences merijumi liecina, ka gan 280
nm luminiscences josla, gan tas ierosinasanas spektrs satur vairakas apaksjoslas ar
dazadu luminiscences polarizaciju. Luminiscences un ierosinaSanas apaksjoslam ar
savstarp&ji ortogonalu polarizaciju ir atSkiriga intensitates atkariba no temperatiiras un
atSkirigs spektralais izvietojums. Polarizétas luminiscences pé&tijumi dod papildus
informaciju par luminiscence mehanismiem LiGaO; kristala.

POLARIZATION PROPERTIES OF LiGaO,; LUMINESCENCE

Laima Trinkler, Anatolij Trukhin, Baiba Berzina, Valdis Korsaks
Institute of Solid State Physics, University of Latvia

Lithium metagallate LiGaO, (LGO) is a wide band gap (Eq = 6 eV) oxide compound
potentially attractive for various practical applications, including use as a substrate for
semiconductor heteroepitaxy and optoelectronics. The luminescence spectrum
contains the 280, 330, 520 and 700 nm bands. Here we present a detailed study of the
most short wave luminescence done by methods of photoluminescence and polarised
luminescence at low temperatures. Luminescence at 280 nm is assigned to tunnel
recombination of donor-acceptor pairs with random distribution of separation distance.
Excitation spectrum of the 280 nm emission band located entirely in the spectral
range of fundamental absorption (A < 210 nm) corresponds to superposition of
exciton and band-to-band transitions of LiGaO, crystal. Measurements of polarised
luminescence demonstrate that both 280 nm luminescence emission and excitation
bands consist of several subbands with different luminescence polarisation. The
emission and excitation subbands with mutually orthogonal polarisation are
characterised with different thermal evolution of intensity and spectral position of
maximum. Studies of the polarised luminescence provide additional information
about luminescence processes in LiGaO, crystal.
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S-STAVOKILA JONU STRUKTURA UN IPASIBAS SrF, NANODALINAS

Andris Antuzevi¢s, Meldra Kemere, Guna Krieke
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju elementiem aktivéti nanostrukturéti fluoridi ir perspektivi materiali
optiskos  pielietojumos. Jonu icbuvésanas ir daudzpusigi raksturota SrF;
monokristalos un polikristalos, tacu par piejaukuma centru lokalo struktiiru un
1pasibam nanokristaliska SrF; literatura informacijas ir mazak.

Darba gaita, izmantojot nogulsné$anas metodi, tika iegiitas ar manganu, gadoliniju un
eiropiju aktivétas SrF, nanodalinas, kuras péc tam tika kars€tas dazados apstaklos.
P&tfjumi ar elektronu paramagnétiskas rezonanses (EPR) un optiskas spektroskopijas
metodém liecina, ka aktivatoru lokalo struktoru butiski ietekmé karséSanas
temperattra, ka arT izveletais gazu sastavs.

Kubisku Mn?" centru veidoSanas tika novérota inerta atmosféra karsétiem SrF,
paraugiem pé&c superhipersikstruktiras paradisanas EPR spektros. Trisvertigie
gadolinija joni zemas temperatiiras kars€tajos paraugos ari pamata veido kubisku
apkartni, tacu, pieaugot termiskas apstrades temperatiirai un kristalitu izm&ram, sak
dominét zemakas simetrijas Gd** centru EPR signali. AtSkirigas kristaliska lauka
apkartnes gadolinija un eiropija jonu aktivatoriem konstatétas ar1 fotoluminiscences
spektros.

STRUCTURE AND PROPERTIES OF S-STATE IONS IN SrF,
NANOPARTICLES

Andris Antuzevics, Meldra Kemere, Guna Krieke
Institute of Solid State Physics, University of Latvia

Rare earth doped nanostructured fluorides are perspective materials for optical
applications. Incorporation of ions has been thoroughly characterized in SrF; single
crystals and polycrystals, however, nanocrystalline SrF, has not been investigated as
much.

In this work SrF, nanoparticles doped with manganese, gadolinium and europium ions
were synthesized using the precipitation method and annealed afterwards under
different conditions. Studies with electron paramagnetic resonance (EPR) and optical
spectroscopy methods revealed that activator local structure is dependent on
temperature as well as the gas composition during the heat treatment procedure.
Formation of cubic Mn®* centres was observed in SrF, samples annealed in inert
atmosphere from the superhyperfine structure of EPR spectra. After relatively low
heating temperatures trivalent gadolinium ions also incorporate in SrF, nanoparticles
retaining the cubic environment, however, after increased annealing temperatures
lower symmetry Gd** centre EPR signals start to dominate. The differences in
crystalline field symmetry have also been observed in the photoluminescence spectra
of gadolinium and europium.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2017/2 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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KRISTALIZACIJA UN ERBIJA JONU LUMINISCENCE BayLusF7
SATUROSA STIKLA KERAMIKA

Guna Krieke, Anatolijs Sarakovskis, Maris Springis
Latvijas Universitates Cietvielu fizikas institiits

Barija retzemju fluoridu nanokristalus saturoSas stikla keramikas ir perspektivi
luminofori pielietojumiem, kam nepiecieSami caurspidigi materiali.

Saja pétijuma iegiitas caurspidigas ar Er*t joniem aktivetas stikla keramikas, kas satur
BasLusFi7; nanokristalus. Stiklos ieglitas divas kristaliskas fazes — kubisks un
romboedriski deforméts kubisks BaslLusFi7. lzmantojot Er’t jonus ka zondes
struktliras analizei, pétita fazu pareja starp STm divam modifikacijam. Romboedrisku
BasLusFi7 saturo$as stikla keramikas novérota efektiva augSupparveidota
luminiscence, kas ir vismaz par divam kartam lielaka neka amorfos oksifluoridu
stiklos. Salidzinot spektroskopiskas 1pasibas ar polikristalisku Er* aktivetu BaslusF47,
stikla keramikas novértéta Er** jonu koncentracija nanokristalos, un ta ir lielaka neka
lidzigas stikla keramikas.

Petjuma noskaidrots, ka BayLusF;7 nanokristalus saturoSas stikla keramikas ir
piemérotas matricas Er>* joniem un tam ir raksturiga efektiva augSupparveidota
luminiscence, ko nodrosina fluoridu kristaliem raksturiga zema fononu energija un
liela Er** koncentracija kristaliskaja fazg.

CRYSTALLIZATION AND ERBIUM LUMINESCENCE IN BasLusF17
CONTAINING GLASS CERAMICS

Guna Krieke, Anatolijs Sarakovskis, Maris Springis
Institute of Solid State Physics, University of Latvia

Oxyfluoride glass ceramics containing barium rare earth fluoride nanocrystals are
excellent luminophores for applications, in which transparency is required.

In this research transparent Er’* doped glass ceramics containing BasLusFis
nanocrystals were successfully prepared. Two crystalline phases were formed in the
investigated glasses — cubic and rhombohedrally distorted cubic BasLusFi7. Phase
transition between the two modifications was studied using Er** as a structural probe.
Efficient upconversion luminescence was detected in these materials and it was at
least two orders of magnitude higher than that in the precursor glass. The activator
content in the crystalline phase was estimated using polycrystalline Er®* doped
BasLusF;7 as the reference and it was found to be higher compared to similar glass
ceramics.

Glass ceramics containing BasLusF;7 nanocrystals were proven to be suitable hosts
for Er** ions combining low phonon energy characteristic to fluoride crystals and
allowing for high content of Er®" ions in the crystalline phase resulting in the intense
upconversion luminescence.

The financial support of National Research Program IMIS? and Arnis Riekstins

"MikroTik" donation is greatly acknowledged. Donations are administered by the
University of Latvia Foundation.
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RENTGENA STAROJUMA IEROSINATAS LUMINISCENCES PETIJUMI
SrAl,O4:Eu,Dy MATERIALA

v —

Latvijas Universitates Cietvielu fizikas institits

SrAl;O4:Eu,Dy un citi ar eiropiju aktivéti elementi aluminati ir loti efektivi luminofori
ar plasam pielietoSanas iesp&jam — energoefektivs apgaismojums, pulkstenu
ciparnicas, luminescentas krasas, utt. Saja pétljuma més apskatijam ar rentgena
starojumu ierosinatu luminiscenci neaktivéta SrAl,04 SrAl,O4:Dy un SrAl,O4:Eu,Dy
materiala, tai skaita pe€cspidéSanas merjjumus zemas temperatiiras. Gan p&cspidésana,
gan termostimul@tas luminiscences (TSL) merijjumos tika noverotas gan Eu, gan Dy
raksturigas luminiscences joslas. Pécspidésanas kinétiku izpéte atklaj to, ka zinamu
ieguldijumu luminiscences procesos un ierosinata luminiscences centra radiSana dod
elektronu tuneléSana no kada keérajcentra uz Eu®". Temperatiiru dipapazona 10-70K
nav novéroti TSL maksimumi, kas ir spécigs pamatojums apgalvojumam, ka 10K
temperattra ladini netiek termiski atbrivoti no kérajcentriem. Nesenos pétijumos ir
tikusi apskatita elektronu tunel€Sana no kerajcentriem uz Eu un $aja p€tjjuma mes
nonacam pie sencindjuma, ka rentgenstarojuma ierosmes laika Eu®" un Dy3+ kalpo par
caurumu kerajcentriem; elektronu tuneléSana notiek gan SrAl,O,: Eu, Dy , gan
SrAl;O4: Dy, un luminescence 10 K temperatira rodas no ierosinatu Eu?* un Dy3+
centru parejas pamatstavokli, kas radusies, elektronam tunel&jot no 1adinu kerajcentra
uz Eu®* un Dy*" joniem. Apskatita ar neaktivéta SrAl,O, luminiscence, lai atklatu
pasvielas defektu lomu.

X-RAY EXCITED LUMINESCENCE OF SrAl,04:Eu, Dy AT LOW
TEMPERATURES

Virginija Vitola, Donats Millers, Krigjanis Smits, Aleksejs Zolotarjovs, lvita Bite
Institute of Solid State Physics, University of Latvia

SrAl,04:Eu,Dy, as well as other aluminates doped with europium, are very efficient
phosphors with wide range of possible applications — emergency signage, watch
dials, luminous paints, in vivo imaging, etc. We carried out the study of X-ray excited
luminescence of undoped SrAl,O, as well as SrAl,0,:Dy and SrAl,O4:Eu,Dy
samples, including the measurements of afterglow at low temperatures within
extended time scale. We observed at low temperature both Eu and Dy luminescence
peaks in the afterglow and TSL spectra. The study of afterglow kinetics reveals that
electron tunneling from some trap to Eu** is involved in the creation of the excited
state of Eu**. No thermally stimulated luminescence glow peaks were observed in the
TSL within 10-70K and this is the strong evidence for the claim that at 10K electrons
are not thermally released from the trap centers. In recent articles the tunneling of
electron from trap levels to excited Eu luminescence center was discussed, and in this
research we conclude that under X-ray irradiation Eu** and Dy*" serve as hole traps;
electron tunneling is present in both SrAl,O4:Eu,Dy and SrAl,04:Dy, and
luminescence afterglow at 10 K arises from decay of excited Eu** and Dy*" centers
created via electron tunneling from host trap to Eu®* and Dy** ions. The luminescence
of undoped SrAl,O4 is observed and the role of intrinsic defects is discussed.
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ENERGIJAS PARNESES PETIJUMI AR RETZEMJU JONIEM KO-
AKTIVETOS CaF, UN SrF; NANOKRISTALITUS SATUROSOS
STIKLOS UN STIKLA KERAMIKAS

Meldra Kemere, Uldis Rogulis
Latvijas Universitates Cietvielu fizikas institiits

Oksifluoridu stikla keramiku strukttira un optiskas Ipasibas tiek plasi pétitas, ar mérki
pielietot dazados sensoros un optiskas iericés. Ar Dy3+ joniem aktiveéti materiali tiek
plasi pielietoti optiskds ierices, tai skaitd baltds gaismas luminoforos. Eu®" jonu
pievienoSana sp&j uzlabot materiala izstarotas gaismas krasu parametrus.

Sintezeti oksifluoridu stikli ar sastavu SiO,-Al,03-Na,O-SrF,, kuri aktiveti ar Dy3+ un
Eu* joniem (0.5-2 mol%). Karsgjot stikla paraugus 650, 700 un 750 °C temperatiiras
1-4 stundas, iegiitas stikla keramikas, kuras satur SrF, nanokristalitus. Veikti
fotoluminiscences, luminiscences ierosmes un dziSanas kinétiku mérijjumi. Rezultati
salidzinati ar ieprieks novéroto SiO,-Al,03-Ca0-CaF; sastava 3paraugu serija.

SrF, kristalitus saturo$ajas stikla keramikas novérota Dy>" jonu luminiscences
dzisanas laiku palielinaSanas, salidzinot ar stikliem, tas liecina par retzemju jonu
iebiivéSanos SrF; kristalitos. Salidzinot ar CaF; kristalitus saturoSiem paraugiem, StF»
saturo$ajos paraugos dziSanas laiki ir garaki, tacu novérota energijas parneses
efektivitate ir nedaudz zemaka. Analiz&ti energijas parneses procesus ietekmgjosi
faktori abas paraugu serijas.

ENERGY TRANSFER STUDIES IN RARE EARTH CO-DOPED GLASSES
AND GLASS-CERAMICS CONTAINING CaF; AND SrF;
NANOCRYSTALLITES

Meldra Kemere, Uldis Rogulis
Institute of Solid State Physics, University of Latvia

The structure and optical properties of oxyfluoride glass-ceramics have been widely
investigated for uses in sensors and optical devices. Dy** doped materials are widely
used in optical devices, including white light luminophores. Adding of Eu®* ions can
improve the emission colour properties of the material.

In the present study, oxyfluoride glasses with the composition SiO,-Al,03-Na,O-SrF,
activated with Dy** and Eu®" ions (0-2 mol%) have been synthesized. Glass-ceramic
samples containing SrF, nanocrystallites were obtained by heating the precursor
glasses at 650, 700 and 750 °C temperatures (1 to 4 hours). Luminescence emission,
excitation and decay measurements have been made. The obtained results were
compared with the previos series of composition SiO,-Al,03-CaO-CaF;.

In the SrF, containing glass-ceramics the luminiscence lifetimes have increased
compared to the precursor glasses. It indicates that rare earth ions have been
incorporated in SrF, nanocystallites. Compared to CaF, containing samples, the SrF,
serie show longer luminescence lifetimes, but the energy transfer efficiency is lower.
The energy transfer efficiency and its impact factors in both series were analyzed.

This work was carried out thanks to SIA “Mikrotik” donation. Donations are
administred by the University of Latvia Foundation.
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KAS SLEPJAS ZEM MATERIALIEM ENERGIJAS IEGUSANAI UN
UZKRASANAI?

Janis Kleperis, Liga Grinberga, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institiits

Sis ir laiks, kad atjaunojamie energoresursi un alternativas energijas sistémas tiek
ieviestas daudzas pasaules valstis, lai samazinatu fosilo energoresursu lietoSanu un
vides piesarnosanu. Tas ir cel§ ne tikai uz tiraku vidi, bet arT mieru pasaul€. Intensivi
tiek mekleti 1&ti un plasi pieejami materiali energijas iegiiSanai un uzkraSanai no
Saules, V&ja, Udens un citiem atjaunojamiem resursiem.

Gandriz katru no materialiem, kur$ tiek pétits LU CFI, kaut kada méra var pieskaitit
materialiem, kur$ pielietojams energétika gaismas, siltuma, elektriska un magnétiska
lauku, vibraciju, apkart§jas vides atmosfeéras un citu ietekmju uztverSanai un
registracijai, saglabasanai un atgrieSanai.

Apvienotaja tdenraza energétikas un cietvielu jonikas materialu laboratorija tiek
sintez€ti un pétiti ne tikai inovativi materiali litija, natrija, magnija jonu baterijam, bet
arT materiali, kas izmantojami tdenraza un oglskabas gazes saistiSanai; Udenraza
iegtSanai, CO2 reforméSanai. Novarta nav atstati ar1 recikl€jami materiali, tadi ka
grafita tigeli un krasaino metalu industrijas, izlietotas auto riepas, no kuriem
iespgjams ieglit mikronu un nano izmeéru struktiiras dazadiem tautsaimnieciba
noderigiem pielietojumiem.

WHAT LIES BENEATH THE MATERIALS FOR ENERGY HARVESTING
AND STORAGE

Janis Kleperis, Liga Grinberga, Gunars Bajars
Institute of Solid State Physics, University of Latvia

This is the time when renewable energy sources and alternative energy systems are
being introduced in many countries around the world to reduce the use of fossil
energy and environmental pollution. This is a path not only for a cleaner environment,
but also for peace in the world. Intensive search for cheap and widely available
materials for energy from solar, wind, water and other renewable resources.

Almost every material that is being studied in the University of Latvia's CFI can to
some extent be attributed to materials used to capture and register, maintain and return
the light, heat, electric and magnetic fields, vibrations, ambient atmospheres and other
influences in energy.

The combined hydrogen and solid-state ionic materials laboratory synthesizes and
explores not only innovative materials for lithium, sodium, magnesium ion batteries,
but also materials that can be used to link hydrogen and carbon dioxide; hydrogen,
CO2 reforming. Also, recyclable materials such as graphite crucibles and non-ferrous
metal industries, used car tires, which can be obtained from micron and nano-sized
structures for various useful applications in the national economy, have also been
neglected.

The financial support of CO2EXIDE, LATENERGI, IMIS2 is greatly acknowledged.
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GRAFENU INTERKALACIJA AR CU DEFEKTU ZONAS UN UZ
PLAKSNEM CO; REGENERACIJAI

Janis Kleperis, P&teris Lesni¢enoks
Latvijas Universitates Cietvielu fizikas institiits

Graféna plaksnu aglomeratu (GSS) elektrodu materiala sint€ze izmantojot
elektrokimiskas eksfoliacijas metodi dod iesp&ju atri un Ieti sintezet lielus tilpumus
pulvera. Ta pecapstradé iegiistams ultraskanas vanna sadalits, reducéts (Ar/Hz) — no
sulfatiem attirits pulveris. ST briza tehnologija nelauj pilnigi novérst elektroda karSanu
un skabes tvaiku nonaksanu uz elektriska kontakta ar grafita darba elektrodu. Tapéc
izstradata sintézes tehnologija un piedavats moduléta signala sint€zes panémiens un
analiz€tas atSkiribas sintezeétaja materiala. SEM pétijumi, ka ar potencialais elektrodu
dizains apspriests CO, regenerésanai kimijas tehnologijas pielietojama izejviela.

GRAPHENE INTERKALATION WITH CU ON DEFECTS AND ON PLATE

SURFACE FOR CO; REGENERATION

Janis Kleperis, Peteris Lesnicenoks
Institute of Solid State Physics, University of Latvia

Graphene Sheet Stack (GSS) electrode material synthesis by electrochemical
exfoliation is a method which to acquire large volume of material quick and cheap.
After sonication and reduction in Argon — hydrogen gas mix clean and sulfur less
material. Technology at this moment does not allow to avoid heating of the work
electrode, as well as exposure of the electrical contact to the graphite electrode to the
acid fumes. Because of this, we consider new synthesis method — modulation of the
synthesis signal and we compare the materials. Published SEM research and potential
electrode design for regeneration of CO; in a chemically usable gas.

Authors Greatly acknowledge NRP IMIS? and COEXIDE for financial support.
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MODIFICETO DIVFAZU KERAMIKAS TRITIJU GENEREJOSO
MINILODISU RADIACIJAS STABILITATE

Artiirs Zarind"?, Janis Cipa', Larisa Baumane®, Laima Trinklere’, Arnis Supe’, Gunta Kizane'
'Kimiskas fizikas institits, Latvijas Universitdte
’Dabas zindtnu un matematikas fakultate, Daugavpils universitate
3Laz‘vijas Organiskas sintéezes institits
* Latvijas Universitates Cietvielu fizikas institiits

Modificétas litija  ortosilikata/metatitanata  (Li4SiO4/LioTiO3) minilodites ir
piesaistijusas starptautisku uzmanibu ka alternativs kandidats tritija generéSanai
nakotnes kodoltermiskas sintézes reaktoros. Saja pétijuma apskafiti radiacijas
izraisitie procesi LisSiO4 minilodites ar dazadu Li; TiO3 daudzumu, kas apstarotas ar 5
MeV paatrinatiem elektroniem (D<5000 MGy, T=300-1285 K, argona atmosfera), lai
novertétu un salidzinatu Li;SiO4 minilodisu radiacijas stabilitati. Li4SiO4 minilodites
pirms un péc apstaroSanas analiz&ja ar elektronu paramagnétiskas rezonanses,
termostimulétas luminiscences, diftizas izkliedes, pulvera rentgendifrakcijas, Furjé
transformaciju infrasarkanas un skengjosas elektronu mikroskopijas metodi. Iegitie
rezultati parada, ka modificétam LisSiO4 miniloditém ar Li,TiO3; piedevam ir augsta
radiacijas stabilitate salidzinajuma ar references LisSiO4 miniloditém (bez Li,TiO3
piedevam), kopgja paramagnétisko radiacijas defektu un radiolizes produktu
radiacijas kimiskais iznakums (G) ir zem 0,8 defekti/produkti uz 100 eV un radiolizes
pakape (o) ir mazaka par 1 mola% péc apstaroSanas ar 5000 MGy absorbé&to dozu.

RADIATION STABILITY OF MODIFIED TWO-PHASE CERAMIC
TRITIUM BREEDER PEBBLES

Artiirs Zaring"? Janis Cipa®, Larisa Baumane®, Laima Trinklere*, Arnis Supe’, Gunta Kizane'
YInstitute of Chemical Physics, University of Latvia
“Faculty of Natural Science and Mathematics, Daugavpils University
3Latvian Institute of Organic Synthesis
*Institute of Solid State Physics, University of Latvia

Modified lithium orthosilicate/metatitanate (Li,SiO4/Li,TiO3) pebbles have attracted
international attention as an alternative candidate for the tritium breeding in the future
nuclear fusion reactors. In this research, the radiation-induced processes in the
Li,SiO, pebbles with various contents of Li,TiOs; were analysed, which were
irradiated were irradiated with 5MeV accelerated electrons (D<5000MGy, T=300-
1285K, dry argon atmosphere), in order to estimate and compare the radiation
stability of the Li,SiO4 pebbles. The Li,SiO4 pebbles were analysed by electron spin
resonance, thermally stimulated luminescence, diffuse reflectance, powder X-ray
diffraction, Fourier transform infrared and scanning electron microscopy technique.
The obtained results revealed that the modified Li;SiO, pebbles with additions of
Li,TiO3 have a high radiation stability in comparison to the reference LisSiO4 pebbles
(without additions of Li,TiO3), the total radiation chemical yield (G) of paramagnetic
radiation-induced defects and radiolysis products is below 0.8 defects/products per
100 eV and the radiolysis degree (a) is under 1 mol% after irradiation up to
5000 MGy absorbed dose.

The authors greatly acknowledge the technical and experimental support of O. Leys, M. H.H. Kolb and
R. Knitter (Karlsruhe Institute of Technology, Institute for Applied materials, Germany). The work is
performed in the frames of the University of Latvia financed project No. Y9- B044-ZF-N-300, “Nano,
Quantum Technologies, and Innovative Materials for Economics”.
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POLIETERETERKETONA-IMIDAZOLIJA DIMETILFOSFATA JONU
SKIDRUMU KOMPOZITMEMBRANU PROTONU VADITSPEJA
PAAUGSTINATA TEMPERATURA

Einars Spragis’, Guntars Vaivars®?
"Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Jonu 8kidrumi (JS) ir savienojumi, kuriem raksturiga liela molekularas uzbiives un
lidz ar to ari fizikalo un kimisko ipasibu daudzveidiba. P&tfjumi rada, ka JS
molekularajai strukttrai ir ieverojama ietekme arT uz So savienojumu protonu
vaditspgju. Uz imidazolija dimetilfosfatu balstitie JS visai neseni jaunpienac&ji JS
saim@. Tiem raksturiga augsta termiska stabilitate, labas bionoardiSanas spgjas, ari
sam@ra létas un vienkar$as sintézes metodes. Saja darba tika pétita tris dazadus
imidazolija dimetilfosfatu JS saturodu poligteréterketona kompozitmembranu protonu
vaditspgja temperatiras virs 100 °C. Sadu kompozitmembranu potencialais
pielietojums ir protonu apmainas membranu degsiinas, kuras Sobrid plasak izmantoto
membranu darba temperatiira nevar parsniegt 80 °C, jo par protonu nes€ju tajas kalpo
fidens.

Analizei tika izgatavotas 3 dazadu JS kompoziti, katrs ar §adam JS masas dalam: 10%,
20%, 30% 40%. Vaditsp&jas noteikSanai pielietoja impedances spektroskopijas
metodi. Mérjjumus veica temperattiru intervala 100 — 150 °C beztdens atmosfera.
Tika konstatéta vaditspéjas samazinasanas, pieaugot JS alkilkeédes garumam, ka arl
augsta temperatiiras ietekme uz kompozitmembranu vaditspgju.

PROTON CONDUCTIVITY OF POLY(ETHER ETHER KETONE)-
IMIDAZOLIUM DIMETHYLPHOSPHATE JONIC LIQUID COMPOSITE
MEMBRANES AT ELEVATED TEMPERATURE

Einars Sprugis’, Guntars Vaivars"?
Faculty of Chemistry, University of Latvia
“Institute of Solid State Physics, University of Latvia

lonic liquids (ILs) are chemical compounds possessing high variety of molecular
structure and thus high variety of physical and chemical properties. Research shows
that molecular structure of IL have considerable influence on the proton conductivity
of these substances. Imidazolium dimethylphosphate based ILs are relative
newcomers to the IL family. They are characterized by their high thermal stability,
high biodegradability as well as cheap and simple methods of synthesis. In this work,
proton conductivity of poly(ether ether ketone) composite membranes containing
three different imidazolium dimethylphosphate based ILs were investigated at
temperatures above 100 °C. Potential application of these composites is in proton
exchange membrane fuel cells where operating temperature of currently most
commonly used membrane are limited to 80 °C due to water being a proton carrier.
For analysis, composite membranes incorporating 3 different ILs each with following
IL content were prepared: 10%, 20%, 30%, 40%. Conductivity was determined using
the impedance spectroscopy method. Measurements were conducted at a temperature
interval from 100 °C to 150 °C in anhydrous atmosphere. Decrease of conductivity
was detected as the length of the alkyl chain in IL incresed. Also, high temperature
influence on the conductivity of composite membranes was observed.
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PRIEKSLIKUMS ALTERNATIVO ENERGIJU LABORATORIJAI LU
AKADEMISKAJA CENTRA

Janis Kleperis', llze Dimanta?, Justs Dimants®, Biruta Sloka®,
Yatvijas Universitates Cietvielu fizikas institiits,
2Latvijas Universitates Biologijas fakultdte,
3Laz‘vijas Universitates BVEF Ekonomikas un vadibas zinatniskais institits,
*Latvijas Universitates Biznesa, vadibas un ekonomikas fakultate

Sis ir laiks, kad atjaunojamie energoresursi un alternativas energijas sistémas tiek
ieviestas daudzas pasaules valstis, lai samazinatu fosilo energoresursu lietoSanu un
vides piesarnosanu. Tas ir cel$ ne tikai uz tiraku vidi, bet arT uz citu ekonomiku un
mieru pasaulé. Griiti iedomaties zinatnu nozari, kura tiesi vai netiesi nebiitu saistita ar
atjaunojamiem energoresursiem un alternativas energijas sisttmam, jo tas ir pamats
ilgtsp&jigai sabiedribai uz tiras planétas.

Tadel passaprotama ir Alternativo Energiju Laboratorijas klatbiitne Latvijas
Universitates Akadémiskaja centra (LU AC). Laboratorija ietilpst saules fotovoltaisko
panelu (lapas Saules koku zaros LU AC centralaja laukuma) un dazada tipa v€ja
energijas generatoru (vertikalas ass V&ja ziedi Saules koka zaros, elektrostriktiva
poliméra mazas Saules koka lapas) sarazotas energijas uzkrasana akumulatoros un
fidenraza gaze adsorbéta (metalhidrida)/saspiesta (balonos) veidos; sisteémas vadibas
bloks, ka ar laboratorijas darbu iekartas un plakati alternativo energijas tehnologiju
izmantoSanai studentiem un demonstracijam.

PROPOSITION OF RENEWABLE ENERGY LABORATORY FOR THE
ACADEMIC CENTRE OF THE UNIVERSITY OF LATVIA

Janis Kleperis', Ilze Dimanta?, Justs Dimants®, Biruta Sloka*
YInstitute of Solid State Physics, University of Latvia
?Faculty of Biology, University of Latvia,
*Economics and Management Scientific Institute of FBME, University of Latvia
*Faculty of Business, Management and Economics, University of Latvia

This is the time when renewable energy sources and alternative energy systems are
being introduced in many countries around the world to reduce the use of fossil
energy and environmental pollution. This is a path not only for a cleaner environment,
but also for another economics and peace in the world. It is hard to imagine a science
sector that is not directly or indirectly related to renewable energy and alternative
energy systems, as it is the basis for a sustainable society on a clean planet.

Therefore, the presence of the Alternative Energy Laboratory at the Academic Center
of University of Latvia's is self-explanatory. The laboratory includes the system of
storage green electric energy in accumulators and in hydrogen gas (absorbed in metal
hydride/compressed in cylinders). Green electric energy is produced in Solar Trees
that “grows” in the central square of the Academic Center. The Solar Tree has large
leafs from solar photovoltaic panels, small leafs from electrostrictive polymers (wind
power generators) and Wind Blossoms as vertical ass wind power generators. There
are also energy management system unit, as well as demonstration equipment and
posters for teaching alternative energy technologies in the laboratory.

The financial support of ERDF and University of Latvia are greatly acknowledged.
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ELEKTROKATALITISKA CO; PARVERSANA LIETDERIGA DEGVIELA:
ELEKTRODU MATERIALU APSKATS

Ainars Knoks, Janis Kleperis, Liga Grinberga, Peteris Lesnic¢enoks, Julija Hodakovska,
Martin§ Vanags
Latvijas Universitates Cietvielu fizikas institiits

Globalu klimata parmainu mazinasanai ir nepiecieSams samazinat gazveida izmesu
daudzumu. Avotu samazinasana ne vienmér ir iesp€jama, bet to emisijas var
samazinat ar dazadam metodém. CO; emisijas ir ne tikai dimenos krasnim, kuras tiek
dedzinati fosilie vai biologiskie energoresursi, bet ari partikas riipnieciba dazados
partikas raZoSanas procesos, pieméram rig$anas reaktoros alus daritavas. Sadu CO,
iesp&jams parveidot par lietderigu kimisku produktu, pieméram, metanu vai etilénu.
ReducéSanai nepiecieSami katalizatoru materiali ar specifiskam 1paSibam, lielas
virsmas laukums, pietickams potencials reakciju nodroSinasanai, pietickosa CO;
molekulu adsorbcija u.c.

Saja darba apskatiti elektrodu materiali CO; reduc@$anai par lietderigu produktu,
fokusg€joties uz etiléna iegisanu. Materialu apskate veikta, nemot v&ra materialu
razoSanas potencialu un reducéSanas iespg&jas mérogoSanu, ka ari skatitas elektrodu
geometrijas un iesp&jamas sintézes metodes.

ELECTROCATALYTIC CO, REDUCTION INTO USEFUL FUEL:
INVESTIGATION OF ELECTRODE MATERIAL

Ainars Knoks, Janis Kleperis, Liga Grinberga, Peteris Lesnicenoks, Julija Hodakovska,
Martins Vanags
YInstitute of Solid State Physics, University of Latvia

To reduce global climate change it is necessary to lower the amount of harmful
emissions into atmosphere. Source reductions are not always feasible, but their
emissions can be reduced by different methods. CO, emissions are not limited to
chimneys for burning fossil or biological energy resources, but also for the food
industry in various food production processes, such as fermentation reactors in
breweries. These emissions could be separated and reformed into useful chemical
products such as methane or ethylene.

In this work overview of possible electrode materials for catalytic CO, reformation
into methane and ethylene was performed. Discussion of material design, structural
properties as well as synthesis methods is carried out. Focus is put on materials
suitable for synthesis of desired chemical product and potential for scaling up. Based
on the overview results the conclusions on most suitable materials are made.

The financial support of H2020 project CO2EXIDE is greatly acknowledged.
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SINHRONA INTEGRACIJA BIOIMPEDANCES NELIELU VARIACIJU
NOTEIKSANAI

Paul Annus®, Alberts Kristins”
! Tallinas Tehnologiskas universitates Tomasa Johana Zébeka elektronikas nodala.
2Latvijas Universitates Cietvielu fizikas institiits

Lai efektivi noteiktu biomodulaciju, mérot elektrisko bioimpedanci, tiek piedavata
metode, ka izveleties atbildes signala vertibu starpibu. Butiba atskiribas starp blakus
esoSajam nolasém tika apstradatas un péc tam digitaliz€tas (saciparotas). Ta ir
vienkarsaka neka iepriekseja tiesa nes€ja kompensacijas metode un tapec ta ir izdevigaka
parnésajamo medicinas instrumentu projektésana. Ideala gadijuma, pie klasiskas
vienmeérigas nolasijumu nemsanas, ieejas signala vertiba tiek uztverta bezgaligi 1sa laika.
Reali nolasijumu nemsana aiznem zinamu laiku, pat ja tas tiek nemts pec iesp€jas 1saks.
Bet, kas notiktu, ja paraugu nemsanas periodu apzinati pagarinatu un aizstatu ar
integréSanu, izmantojot sinhrono integréSanu visa pétita signala perioda? P&c riipigas
parbaudes izradijas, ka rezultats ir lineari saistits ar minéta signala atvasinajumu, tapec
tam ir lidzigas 1pasibas ka klasiskajai nolasijumu nemsanas metodei, bet ar papildus
ieguvumu — pateicoties integrésanai ir mazaka troksnu sastavdala. Loti ieteicama ir iegtita
signala ieprieksgeja filtréSana, lai samazinatu nevélamus papildu traucgjumus. Sinhronais
»lock-in” prieksfiltrs, kur§ ir ideali salagots ar ierosmes signalu, lauj novertét ari
impedances bazes vertibas 1€éno mainibu un elektrodu stiprinajumu kvalitati.

Lai noteiktu nelielas bioimpedances variacijas, tika piedavata un modeléta jauna ,,Jock-in”
integréSanas metode. Tas pielietoSana kopa ar ,lock-in” filtru lauj ar vienkarSiem
mazjaudas ievadiem iegiit bioimpedances méerijumus ar pastiprinatu aizsardzibu pret
artefaktiem. Var butiski samazinat prasibas analogai- ciparu parveidosanai, kuru izmanto
péc detektésanas shémas.

SYNCHRONOUS INTEGRATION FOR DETECTION OF TINY BIOIMPEDANCE
VARIATIONS

Paul Annus', Alberts Kristins®
Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology (TTU)
2 Institute of Solid State Physics, University of Latvia

Sampling of the response signal differences during electrical bioimpedance measurement
has been proposed as method of choice for effective bio modulation detection. Essentially
differences between adjacent samples were processed, and then digitized. It is simpler
than earlier direct carrier compensation method, and is therefore practical for design of
wearable medical instruments. Ideally the value of the input signal is captured during
infinitely short time instance in case of classical uniform sampling. In real applications
sampling takes some time, even if it is kept as short as possible. But what if the sampling
period is deliberately prolonged and replaced with integration instead, by taking
synchronous integrals over the period of investigated signal? Result is linearly related to
the derivative of said signal as it turns out after closer inspection, and as such has similar
properties as sampling method, but with added benefit of lesser noise contribution due to
integration. Pre-filtering of the acquired signal is highly recommended to minimize the
contribution of unwanted additive disturbances. Synchronous lock-in pre-filter, which is
ideally matched to the excitation signal, will also enable assessment of the slowly varying
base value of the impedance, and enables assessment of the quality of the electrode
attachment.

Novel lock-in integration for detection of tiny bioimpedance variations has been proposed
and simulated. When applied together with lock-in filtering it enables design of simple
low power front ends for bioimpedance acquisition with enhanced protection against
artefacts. Requirements for the analog to digital conversion used after the detection
circuitry can be substantially relaxed.
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ATOMU KODOLU STRUKTURAS PETIJUMI LATVIJA (1961.-2017.99.)

Tamara Krasta, Lubova Simonova
Latvijas Universitates Cietvielu fizikas institiits

1958.gada LZA Fizikas institita tika izveidota Reaktora laboratorija, par kuras
vaditaju tika iecelts P&teris Prokofjevs. Laboratorijas uzdevums bija p€tnieciska
kodolreaktora celtnieciba Latvija un ta turpmakas izmantoSanas planoSana. Lidz ar
Salaspils reaktora sekmigo palaiSanu ekspluatacija 1961.gada 26.septembri,
laboratorija sadalijas vairakas atseviskas strukttrvienibas. P&tera Prokofjeva vadiba
tika izveidota Kodolreakciju laboratorija atomu kodolu struktiiras fundamentaliem
pétijumiem. Eksperimentalo mérjjumu veikSanai tika uzbuivéta unikala iekarta — beta-
spektrografs, kas péc saviem parametriem toreiz bija viena no labakajam pasaul€.
Tika ar1 izveidots augsti kvalificetu kodolfiziku kolektivs, kas lava nodibinat un
uzturét plasu starptautisku sadarbibu ar citiem kodolp&tniecibas centriem (Dubna,
Rosendorfa, Minheng, Grenoblé, Brukheivena, Livermora, Reza, u.c.). 80.-jos gados
jaunu eksperimentalo struktiiras p€tjjumu veikSanai Salaspili tika uzbiivéta iekarta
atro neitronu neelastigas izkliedes (n,n’y) reakcijas mérjjumiem. Starptautiska
sadarbiba sekmigi turpinajas ar1 péc Salaspils pétnieciska reaktora slégSanas, veicot
eksperimentus citos kodolp@tniecibas centros, bet mérjjumu rezultatu analizi un
teorétisko interpretaciju - Latvija. Kopuma laboratorija piedalijas pari par 80 kodolu
struktiiras izp&t€, galvenokart masas skaitla 144<A<194 apgabala, kas ietver gan stipri
deformétos kodolus, gan kodolus deformacijas fazu parejas apgabalos pie A~150 un
A~190. Iegitie rezultati tika publicéti pari par 150 zurnalu rakstos, 2 monografijas,
pari par 50 materialos rakstu krajumos, 12 preprintos, ka ar1 pari par 300 konferencu
Zinojumos.

NUCLEI STRUCTURE STUDIES IN LATVIA (1961.-2017.)

Tamara Krasta, [Lubova Simonova
Institute of Solid State Physics of the Latvian University

In 1958, in the Physics Institute of the Latvian Academy of Sciences, the Reactor
laboratory was created. The aim of laboratory headed by Peteris Prokofjevs was to
build nuclear research reactor in Latvia and to plan its future use. In September, 1961,
when Salaspils reactor was put into operation, the laboratory was divided into several
separate units. Peteris Prokofjevs became a head of Nuclear Reaction laboratory
whose field of research was fundamental nuclear structure studies. The beta-
spectrograph created for experimental measurements was at the time one of the best
research instruments of such a kind in the world. The staff of Nuclear Reaction
laboratory - a group of highly qualified nuclear physicists, established and ensured
wide international collaboration with other nuclear research centers (Dubna,
Rossendorf, Munich, Grenoble, Brookhaven, Livermore, Rez, etc.). In 80-ies, in order
to perform new experiments in Salaspils, the set-up for fast neutron inelastic
scattering (n,n’y) reaction measurements was built. International collaboration was
continued successfully also after the shut-up of Salaspils research reactor.
Experiments were performed in other nuclear research centers, while analysis and
theoretical interpretation of measurement results were carried out in Latvia. In total,
the laboratory participated in structure studies of more than 80 nuclei, belonging
mostly to the 144<A<194 mass number region, including strongly deformed nuclei, as
well as nuclei of the shape phase transition regions at A~150, and A~190. Research
results have been published in more than 150 journal articles, 2 monographs, more
than 50 papers in various scientific material collections, 12 preprints, as well as
reported in more than 300 conference presentations.

39



Energetika, 21. februaris

KODOLENERGIJA UN RADIACIJA, MITI UN ISTENIBA

Visvaldis Graveris
Latvijas Universitates Cietvielu fizikas institiits

Saskana ar SAEA datubazes PRIS datiem §1 gada sakuma pasaulé darbojas 448
energétiskie kodolreaktori, no tiem apméram 1/3 ES un kopéja reaktoru lietoSanas
pieredze sasniegusi 17500 reaktoru-gadus. Tiek buvéti jauni — 59 reaktors un tikai 4
ES, bet 2/3 Azijas valsts, visvairak Kina.

Tai pasa laika ES vadosa valsts Vacija péc FukusSimas avarijas apnémusies slégt visus
reaktorus.

e Vai ties$am FukuSima notika apokaliptiska radiacijas avarija?

e Uz kadiem klidainiem pienémumiem balstas masveidigd un tumsoniga
radiacijas biedésanas politika?

e Kade] Iidz $im radiacijas aizsardziba par pamatu nemta LNT (Lineara Bez
Sliek$na) teorija vairs neatbilst miisdienu zinaSanam un praksei par radiacijas
iedarbibu?

Pienacis laiks, nosakot jaunos radiacijas aizsardzibas normativus, no Iidz§ingjas
ALARA (Tik Zema Cik Racionali Sasniedzams) pieejas pariet uz musdienu radiacijas
medicinas un radiobiologijas zinasanam balstitu AHARS (Tik Augstu Cik Relativi vél
Drosi) principu. Sada pieeja novérstu daudzus nevajadzigus naves gadijumus, ka ar
noverstu milzigus ekonomiskos zaud&jumus.

NUCLEAR ENERGY AND RADIATION, MYTHS AND REALTY

Visvaldis Graveris
Institute of Solid State Physics, University of Latvia

According to IAEA PRIS data beginning this year in the world operate 448 power
reactors, 1/3 among them in EU. Experience of power reactors reach 17500 reactor-
years. Now there are build 59 new reactor, 2/3 of them in Asian countries, but only 4
in EU.
Concurrently leading country of EU Germany after Fukushima accident pledged to
close all nuclear power reactors.
e Are you sure that Fukushima accident was apocalyptic radiation disaster?
e What faulty presumptions the massive and obscure radiation harassing policy
is based?
e Why LNT (Linear No Threshold) theory still used for setting radiation limits
don’t comply with the modern knowledge of radiation impact?
It is time to change radiation limits leaving ALARA (As Low As Reasonably
Achievable) approach and switch to the AHARS (As High As Relatively Save) limits
based on knowledge derived from the modern nuclear medicine and radiobiology.
This will avoid a lot of unnecessary deaths and huge economical losses as well.

40



21. februaris

STENDA REFERATI



Stenda referati, 21. februaris

FOTOELEKTRISKAIS SIGNALS IEROSINOT LOKALIZETUS STAVOKLUS
TIROS 111 UN 1V VEIDA SILICIJA DIOKSIDA STIKLOS

Anatolijs Truhins
Latvijas Universitates Cietvielu fizikas institiits

Lokalizétie stavokli stiklos ir fundamentala paradiba, silicija dioksida stiklos tos atklaja
pctotot tajos ierosinatu rekombinativo luminiscenci. Uzskata, ka rekombinativas
luminiscences ierosmé tiek raditi lokalizéti stavokli, kas saistiti ar ladinu telpisku
atdaliS8anu un lokalizaciju - elektrona sakerSanu uz ta saucama | veida skabekla deficita
centra jeb ODC(I) un autolokalizéta cauruma izveidosanos.. Rekombinativa luminiscence
rodas tunela vai virs barjeras procesos. Uzskats, ka notiek ladinu atdaliSanas, paredz
ierosmes laika foto elektrisku signalu. Veiktajos eksperimentos paraugu ierosinaSanai
izmantoja tris eksimera lazerus KrF (248 nm), ArF (193 nm) un F, (157 nm).un foto
elektriska signila detektdanu veica ar VA-J-52 elektrometru, kura jutiba ir ~10" A. Tika
novérota ladinu telpiskas atdaliSanas radita foto elektriska polarizacija (Dembera efekts),
kura rada telpiski limittu stravu. ~10™ A limeni (pie nepartrauktas ierosmes signals ir
lidz nullei krito$s impulss). P&tijuma izmantotie paraugi bija tiri kvarca stikli IIT (liela OH
grupu koncentracija sintézes tehnologijas dél, KY-1) un IV tipa (nesatur OH grupas,
KC4B) ka ari IV tipa kvarca stikli ar Al. Al efektivi saker caurumus pie istabas
temperatiiras. Tadejadi eksperimentos ir ieguts apstiprindjums, ka lokalizétu stavok]u
radisanas laika, notiek ladinu telpiska atdaliSana.

PHOTOELECTRIC RESPONSE FROM LOCALIZED STATES
OF PURE SILICA TYPES 111 AND IV

Anatoly Trukhin
Institute of Solid State Physics, University of Latvia

Localized states of glass are fundamental property. Localized states of silica glasses were
discovered trough recombination luminescence after excitation. It was assumed that
excitation of localized states leads to charge separation with electron trapping on so called
oxygen deficient center type | or briefly ODC(I) and self-trapped hole. Recombination in
tunneling of over barrier process provides luminescence. Assumption of charge separation
foresees existence of electric response under excitation. Experiments of photoelectric
response detection were performed. Photoelectric polarization due to charge separation in
space (Dember field) was detected by electrometer VA-J-52 with sensitivity ~10™° A. The
samples of investigation were purest silica glass of type 11l (high OH containing KY-1)
and type IV (OH free KC4B). Comparison was made with Al containing silica type 1V,
efficiently trapping holes at 293 K. For excitation three excimer lasers KrF (248 nm), ArF
(193 nm) and F, (157 nm) were used. Photoelectric responses with effect of space charge
limited current (a pulse of response falling to zero for continuous excitation) is on the level
of ~10™® A. Its detecting is supporting assumption of charge separation when localized
states are excited.
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ZnO NANOPULVERU UN KERAMIKU EKSITONU LUMINISCENCE

Larisa Grigorjeva, Aleksejs Zolotarjovs, Donats Millers, Jurgis Griibe
Latvijas Universitates Cietvielu fizikas institiits

Nanostrukturétu ZnO iegtiSanas metodes strauji attistas pédejo gadu laika, piem&ram
tiek sintez&te nanopulveri ar dazadu morfologiju, ka arT planas kartinas.

Izmantojot nanopulverus ka izejas materialus tiek izgatavotas keramikas, tanT skaita
ar1 optiskas keramikas [1].

Viens no praktiskajiem pielietojumiem ir ZnO atrie keramiskie scintillatori joniz&josa
starojuma detekt&$anai. So scintillatoru darbibas princips saistits ar ZnO eksitonu
luminiscenci, kura nav pilniba nodzg&sta pie 300K.

Veikti  eksitonu luminiscences pétijumi neaktivétiem un ar Ga, In aktivétiem ZnO
nanopulveriem un keramikam. Noteiki un salidzinati ExD° luminiscences dzives
laiki atkariba no aktivatora. Paradits, ka isakie dzives laiki ir novérojami ZnO:In
keramika (~19 ps pie 300K).

EXCITONIC LUMINESCENCE OF ZnO NANOPOWDERS AND CERAMICS

Larisa Grigorjeva, , Aleksejs Zolotarjovs, Donats Millers, Jurgis Grube
Institute of Solid State Physics, University of Latvia

The synthesis of ZnO nanostructures, nanoparticles with different morphology as well
as thin films are being intensively developed in last years. Various ZnO nanopowders,
were used as a raw material for ceramic sintering, including optical ceramic [1].

One of the practical applications of ZnO is fast ceramic scintillators for ionizing
radiation detection. The scintillation mechanism is based on ZnO excitonic
luminescence that is not completely quenched at 300K.

Excitonic luminescence was studied in undoped ZnO nanopowders and ceramics as
well as doped with Ga and In. The ExD° luminescence decay times were estimated
and are compared depending on dopants. It is shown that the faster decay time is
observed in ZnO:In ceramic (~19 ps at 300K).

[1]. P.A. Rodnyi, K.A. Chernenko, E.I. Gorokhova et al. Novel scintillation material —
ZnO transparent ceramics. IEEE Trans. Nucl. Sci. 59, 2152 (2012).

The authors gratefully acknowledge the financial support for this work from research
grant ERA.NET RUS _ST2017-051.
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FOSFORISCEJOSU PARKLAJUMU IEGUSANA AR PLAZMAS
ELEKTROLITISKAS OKSIDACIJAS METODI

v —

Latvijas Universitates Cietvielu fizikas institiits

Plazmas elektrolitiskas oksidacijas (PEO) procesa iegiitiem metala parklajumiem
piemit palielinata cietiba, noturiba pret koroziju un nodilumu salidzinot ar
neapstradatu metala virsmu. Relativi neilga laika iesp€ams iegiit vairakus
mikrometrus biezu oksida slani, kura kristalisko struktiiru, morfologiju un sastavu
iespgjams modificét mainot procesa parametrus. Ped€jos gados PEO metodes
petijumos ir ieglti luminiscgjosi parklajumi, kuriem ir plass potencialo pielietojumu
klasts, tomér So parklajumu industrialiem pielietojumiem ir nepiecieSama procesa
pilnveidos$ana un optimizacija.

Saja pétijuma veikta PEO procesa parametru optimizacija ar mérki uzlabot iegiito
oksida parklajumu luminiscences ipaSibas un pé&cspidéSanas ilgumu. Tika pétita
elektrolita sastava esoSo vielu koncentraciju un PEO procesa ilguma ietekme uz
iegito parklajumu luminiscences Tpasibam. Parklajumu luminiscences 1pasibu
raksturoSanai un savstarp&jai salidzinaSanai tika wveikti fotoluminiscences un
termostimulétas luminiscences (TSL) mé&rfjumi, ka arT apskatita luminiscence pie
zemam temperatiram (10K). Papildus tam tika veikti SEM un XRD mérijumi, lai
parliecinatos par aluminija o fazes klatbiitni iegiitajos parklajumos.

PRODUCTION OF PHOSPHORESCENT COATINGS USING PLASMA
ELECTROLYTIC OXIDATION METHOD

Krisjanis Auzins, Krisjanis Smits' Aleksejs Zolotarjovs, lvita Bite, Katrina Laganovska
Institute of Solid State Physics, University of Latvia

Oxide coatings on metal surfaces obtained using plasma electrolytic oxidation (PEO)
process have increased hardness as well as outstanding resistance to corrosion and
wear when compared to an unprocessed metal surface. In a relatively short time it is
possible to produce tens of micrometres thick oxide layer as well as to modify its
crystalline structure, morphology and composition by changing PEO process
parameters. During the recent years, a selection of luminescent PEO coatings have
been developed; although various technological improvements and optimization of
the process is necessary for industrial usability.

In this research the optimization of PEO process parameters was performed to
improve luminescent properties and afterglow duration of the acquired
phosphorescent oxide coatings. The effects of concentrations of main additives in
electrolyte and duration of PEO process on luminescent properties of the acquired
coatings were studied. Measurements of photoluminescence and thermally stimulated
luminescence (TSL) were made for characterization and comparison of luminescent
properties of coatings and to gain additional data the luminescence at low
temperatures (10K) was examined. Additionally, SEM and XRD measurements were
performed to verify the presence of a alumina phase (corundum) in the acquired
coatings.

The financial support of ERAF project Nr.1.1.1.1/16/A/182 realised at the Institute of
Solid State Physics, University of Latvia is greatly acknowledged.
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EIROPIJA JONU LUMINISCENCE HAFNIJA DIOKSIDA
NANOKRISTALOS AR NIOBIJU

v —

Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju elementiem aktivéts HfO, ir piemérots materials jaunas paaudzes mikro-
un opto- elektronikas iekartam, tomér viela esoSie defekti ierobezo un apgriitina to
plasu praktisku pielietojumu. Neseni pétijumi liecina par ievérojamu defektu skaita
samazinasanos un luminescences intensitates uzlaboSanos metala oksidu materialos ar
ladinu kompensgjosa elementa (Nb>*) piejaukumiem.

Darba gaita LU CFI sintezgti vairaki HfO,:Eu**,Nb>* paraugi: 5mol% Eu®"; 10mol%
Eu®*; 5mol% Eu®** un 5mol% Nb®*. Katras koncentracijas paraugi tika izkarséti
800°C, 1000°C un 1200°C gradu temperatiiras.

Fazu noteikSanai paraugiem uznemtas rentgendifraktogrammas un secinats, ka fazes
svarstas no kubiskas uz monoklinu atkariba no kars€Sanas temperatiiras un
piejaukumu koncentracijas. Apstarojot paraugus ar 266nm lazera starojumu, tika
nomerits paraugu fotoluminescences spektrs. Uznemts termostimul&tas luminescences
spektrs 10K Iidz 300K robezas un konstatéta ievérojama defektu (skabekla vakancu)
skaita samazina$anas paraugos ar niobija piejaukumu. Salidzinatas “Do-'F, un °Do-'Fy
parg€ju intensitates un veikti secinajumi par izmainam kristala lokalaja simetrijas.
Apkopojot rezultatus tika izdariti secindjumi par HfO,:Eu®*, Nb®* optiskajam
1pasibam un izmainam defektu klatbttne un struktiira.

NIOBIUM ENCHANCED EUROPIUM ION LUMINESCENCE IN HAFNIA
NANOCRYSTALS

Katrina Laganovska, Krisjanis Smits, lvita Bite, Aleksejs Zolotarjovs
Institute of Solid State Physics, University of Latvia

HfO, doped with rare earth (RE) elements is a promising material for applications in
micro- and opto- electronic devices, however defects present in the material limit and
complicate practical use of the material. Recent studies show a significant defect
decrease and an increase in luminescence intensity in RE doped metal oxide materials
with a charge compensating element (Nb>*) added.

In this work multiple samples of HfO,:Eu** Nb>* were synthesized: 5mol% Eu**;
10mol% Eu**; 5mol% Eu®* and 5mol% Nb>*. Samples were annealed at 800°C,
1000°C and 1200°C temperatures.

To determine the phase of the samples, X-ray diffractograms were taken. It was
concluded that the structure of samples can be monoclinic or cubic depending on
dopant concentrations and annealing temperatures. Samples were excited with a
266nm laser and their photoluminescence spectra were recorded. Thermostimulated
luminescence was observed in temperatures from 10K to 300K and samples
containing niobium showed a significant decrease of defects (oxygen vacancies). “Do-
’F, and °Dq-"F; transition intensities were compared and conclusions about changes in
the local symmetry were drawn.

Based on the experimental results, changes in HfO:Eu®*, Nb®>" sample optical
properties, defect concentration and structure are discussed.

The financial support of ISSP UL Scientific Research Projects for Students and
Young Researchers project SJZ/2016/15 is greatly acknowledged.
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ELEKTRONU MIKROSKOPIJAS IETEKME UZ AUGSUP-PARVEIDOJOSO
NANODALINU LUMINISCENCES IPASIBAM
Aleksejs Zolotarjovs', Krigjanis Smits', Guna Krieke', lvita Bite', Daniel Jaque?
"Latvijas Universitates Cietvielu fizikas institiits
2Fluorescence Imaging Group, Universidad Auténoma de Madrid, Spain

P&dgjo gadu laika atri attistas uz luminiscences efekta balstitas in-vivo skrininga un
mérjjumu metodes, jo paredzamas plasas pielietojumu iesp€jas. Ka vienu no materialu
grupam var atzimét augSup-parveidotas luminiscence nanodalinas (UCNP, no ang].
Up-converting nanoparticles). Stm dalinpdm novérojama pietickami liela kvantu
efektivitatei, ierosmes un luminiscences vilna garumu pielagosSanas iesp&ja un jitiba
pret argjiem apstakliem (piem., temperatiiru). Diemz€l, vairakas tehniskas un
tehnologiskas problémas patreiz ierobezo $ada tipa materialu lietoSanu reala
mediciniska izmekléSana. Viena no problémam ir dalinu aglomeracija biologiskas
sistémas, kas ir loti griiti kontrol€jama un ietekm& meérjjumu rezultatus. Lai izpétit
dalinu aglomeracijas efektu ir javeic komplekss pétijums: uznesot UCNP uz TEM
rezgiem un mé&rot luminiscenci no precizi definétam vietam. Tomér, $ada pétijjuma
veiksmigai rezultatu interpretacijai ir nepiecieSams no sakuma izpetit papildus
ietekmgjosos faktorus ka pieméram UCNP reakcija ar rezga materialu, intensiva
elektronu kiila ietekme uz luminiscenci u.c., kas art tiek darfts ST darba gaita.

Pé&tijums tiek veikts izmantojot ar retam zemém legétas NaYF,, ka ari oksidu dalinas.

THE IMPACT OF ELECTRON MICROSCOPY ON THE LUMINESCENCE
OF UP-CONVERTING NANOPARTICLES

Aleksejs Zolotarjovs®, Krisjanis Smits', Guna Krieke', Ivita Bite', Daniel Jaque’
YInstitute of Solid State Physics, University of Latvia
?Fluorescence Imaging Group, Universidad Auténoma de Madrid, Spain

In recent years the luminescence based in-vivo screening and sensorics methods are
rapidly developing due to their wide possible application range. One of the widely
studied groups of materials is up-converting nanoparticles (UCNPs), which exhibit
great quantum efficiency, tuneable emission and luminescence wavelengths as well as
sensitivity to environment (e.g. temperature). Unfortunately, many technical and
technological problems limit UCNP use in real medical applications. One of the
problems is particle agglomeration in biological medium, which is hardly controllable
and affects the measurement results. To study the effect of the agglomeration a
complex study should be performed: inserting UCNPs on TEM grids followed by the
luminescence measurements from precisely defined points. However, to successfully
interpret the results of such study it is important to know any additional impacting
factors: UCNP reaction with TEM grid, intense electron beam irradiation and others,
and that is the aim of the present study.

The study is performed using NaYF, nanoparticles doped with rare earth atoms as
well as oxides.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2017/12 realized at the Institute of Solid State Physics,
University of Latvia is greatly acknowledged.
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AR NEITRONIEM, ELEKTRONIEM APSTAROTU UN TERMOKIMISKI
REDUCETU Y3Als0;; UN Gd3GasO;; MONOKRISTALU
TERMOSTIMULETAS LUMINISCENCES MERIJUMI

Anatoli I. Popovs', Edgars Elsts®, Evgeni Shablonin? , Evgeni Vasil'chenko?®, A. Ch.Lushchik?,
Vladimir Kuzovkov, Meldra Kemerez, Laima Trinkler', Juan Enrique Munoz Santiuste®
! Latvijas Universitates Cietvielu fizikas institiits

%Institute of Physics, University of Tartu
3 Departamento de Fisica, Escuela Politécnica Superior, Universidad Carlos 111 de Madrid

Ar dtrajiem neitroniem, kuru energijas blivums 2.1 x 10" vai 2.18 x 10" n/cm?® vai ar
elektroniem, kuru energija ir 1.8 MeV apstarotiem, vai termokimiski reducétiem Y3Als0, un
Gd3;Gas0O;, monokristaliem tika veikti uzkratds energijas termostimul&tas luminiscences
mérjjumi temperatiru diapazona no 300 Iidz 720 K, kuri tiks salidzinati ar ieprieks
publicétiem datiem.

Tika konstatéta un analizGta skaidri izteikta starojuma dozas ietekme. Tai skaita, Y3AlsOq,
paraugos, kas tika paklauti 2.18 x 10*° n/cm? starojumam, tika novéroti Getri TSL maksimumi,
bet parauga, kas paklauts 2.16 x 10" starojumam, tika konstat&ti tikai tris TSL maksimumi.
Tika veikta Y3Als0,, izspidina8anas maksimumu Kkingtiska analize. Katram TSL
maksimumam raksturiga atbilstoSa aktivacijas energija, kuras abiem kristaliem ir 0,8-1,3 eV.
legitas vertibas tika salidzinatas ar aktivacijas energijam, kas atbilst F-tipa centru
izkarseSanai. Turklat, m&s esam ari veiku$i fotoluminiscences IpaSibu salidzino$u analizi
neitronu apstarotu paraugu s€rijai un neapstarotam Y3Als01, monokristalam. Visbeidzot, tika
parbaudita un raksturota lazera inducéta F — F* krasu centra fotokonversija.

THERMOSTIMULATED LUMINESCENCE MEASUREMENTS OF
NEUTRON, ELECTRON AND THERMOCHEMICALLY-REDUCED
Y3Als012 AND Gd3;GasO12, SINGLE CRYSTALS

Anatoli . Popov', Edgars Elsts', Evgeni Shablonin? , Evgeni Vasil'chenko? A. Ch.Lushchik?
Vladimir Kuzovkov, Meldra Kemere?, Laima Trinkler' , and Juan Enrique Munoz Santiuste®
YInstitute of Solid State Physics, University of Latvia
%Institute of Physics, University of Tartu

® Departamento de Fisica, Escuela Politécnica Superior, Universidad Carlos 111 de Madrid

The results of the thermostimulated luminescence measurements, performed between 300 and
720 K of the stored energy in Y3AlsO., and Gds;GasO,, single crystals, irradiated by fast
neutrons with fluencies of 2.1 x 10 or 2.18 x 10'° n/cm? or 1.8 MeV electrons, or
thermochemically reduced will be reported and compared with previously published data.

A clear pronounced dose effect was found and analyzed. In particular, four TSL peaks were
observed in Y3Als0,, samples subjected 2.18 x 10" n/fcm?, while in sample subjected 2.16 x
10", only three TSL peaks were detected. A comprehensive kinetic analysis of the glow peaks
in Y3AIs0q; is performed. As usual, each TSL peak is characterized by the appropriate
activation energies, which both crystals are 0.8-1.3 eV. The obtained values are compared
with the appropriate activation energies for F-type center annealing. Furthermore, we have
also performed a comparative analysis of the photoluminescence properties of a series of
neutron-irradiated and non-irradiated Y3;AlsO,, single crystals. Finally, a laser-induced F —
F* color center photoconversion was examined and characterized as well.
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SINTETISKA ALEKSANDRITA OPTISKAS IPASIBAS

Vera Skvorcova’, Nina Mironova —UImane®, Laima Trinklere', Vladimir Merkulov?
Latvijas Universitates Cietvielu fizikas institiits
2 Cietvielu un pusvaditdju fizikas institiits BNZA, Minska, Baltkrievija

Aleksandrits ir hrizoberila kristalu paveids ar $adu kimisko sastavu: BeAl,O,: Cr¥.
Sis materials ir no dargakmenu saimes ar augstu ekonomisko un tehnologisko
potencialu. Saja darba més apskatisim optiskas absorbcijas un luminiscences
mérfjumu rezultatus sintétisko aleksandrita paraugiem.

Plasas joslas, kuras noveérotas aleksandrita kristalu absorbcijas spektros, ir saistitas ar
pareju no pamatstavokla 4A29 uz ierosinatajiem stavokliem 4T29 (josla A, centréta pie
575 nm) un 4T19 (josla B, centréta pie 420 nm). STs joslas attiecina uz Cr®* joniem,
kas var atrasties divu veidu mezglos ar atskirigu simetriju. Tresa josla, kuru parasti
sauc par C, atrodas UV rajona (250 nm) un ir saistita vai nu ar ladina parneses pareju
vai pareju uz 3d° konfiguracijas augstakajiem ITmeniem, piem&ram, 4T1g I[Tmeniem.
Bez tam, tiek novérotas R Iinijas, kas saistitas ar Cr3+j0na aizliegto ‘A, — °E pareju,
un svarstibu linijas. Aleksandrita kristalos tika novérotas luminiscences joslas (Aex =
325 nm) ar maksimumiem pie 676, 680, 689 un 695 nm. Joslas 676 un 680 nm atbilst
Cr**jona Rz un Ry linijam Al vieta. Joslas 689 un 695 nm atbilst Cr** jona S, un S;
Iinjjam Al; vieta.

OPTICAL PROPERTIES OF SYNTHETIC ALEXANDRITE

Vera Skvortsova®, Nina Mironova-Ulmane!, Laima Trinklere!, Vladimir Merkulov?
YInstitute of Solid State Physics, University of Latvia
®Institute of Solid State and Semiconductor Physics NASB, Minsk, Belarus

Alexandrite is a variety of chrysoberyl crystal that contains chromium in its
structure and presents the following chemical composition: BeAl,O,:Cr**. It belongs
to families of gems of high economical and technological interest. In this paper, we
present results of optical absorption and luminescence measurements for synthetic
alexandrite samples.

The wide bands observed in absorption spectra of alexandrite crystals are associated
with the transition from ground state A, to excited states “T,q (band A, centered at
575 nm) and 4Tlg (band B, centered at 420 nm). These bands are attributed to Cr**
ions, which may be present in the two sites of distinct symmetries. A third band is
generally called C and is located in the UV region (250 nm), it has been related either
to a charge transfer transition or to a transition terminating in one of the highest levels
of the 3d® configuration, such as the T4 levels. In addition, there are observed R-
lines assigned to the forbidden *A, — 2E transition of Cr** ions and vibronic lines. We
found that the alexandrite crystals showed the luminescence spectra (Aex=325 nm),
with Cr** peaks at 676, 680, 689 and 695 nm. Bands 676 and 680 nm belong to the R,
and R; lines of Cr** ions in Al, site. Bands 689 and 695 nm belong to the S, and S;
lines of Cr** ions in Al; site.
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ZnO, PLANO KARTINU UZKLASANA AR REAKTIVU MAGNETRONO
IZPUTINASANU PIE KRIOGENAS TEMPERATURAS

Jevgenijs Gabrusenoks, Martin$ Zubkins, Kaspars Vinis, Halil Arslan, Roberts Kalendarevs,
Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Cinka peroksids (ZnO,) ir pusvaditajs ar platu aizliegto zonu, kas péd€jo desmit gadu
laika ir piesaistijis lielu zinatnieku interesi. Zinatnieki galvenokart koncentr&jas uz
Zn0;, nanodalinam, pateicoties t0 daudzsoloSajam ipasibam un dazadam tehnologijam,
kas izstradatas nanodalinu sint€zei. AtSkiriba no ZnO; nanodalinam, ZnO; plano
kartinu izgatavosanas iesp€jas un to Tpasibas ir maz izpétitas.

Rentgenstariem amorfas (nanokristaliskas) ZnO; kartinas uz stikla, Ti un Si pamatném
tika izgatavotas ar reaktivu lidzstravas magnetrono izputinasanas metodi pie
kriog€nas temperatiiras (- 150 oC). Lai iegiitu kriogé€nu pamatnes temperatiru,
vakuuma iekarta tika aprikota ar skidra slapekla dzesgjamu parauga turétaju.

Zn0; fazes veidosanos apstiprina Ramana un FTIR spektri, kuros novérojamas ZnO;
svarstibu modas. Svartibu joslas ir platas, kas liecina par amorfu vai nanokristalisku
struktiiru. So faktu apstiprina XRD mérijumi, jo netika novéroti ZnO, struktiiras
difrakcijas maksimumi.

Saja darba tiek paradits, ka, samazinot pamatnes temperatiru lidz kriogénai
temperatirai, ir iesp&jams izgatavot ZnO; kartinas.

CRYOGENIC DEPOSITION OF ZnO; THIN FILMS BY REACTIVE
MAGNETRON SPUTTERING

Jevgenijs Gabrusenoks, Martins Zubkins, Kaspars Vilnis, Halil Arslan, Robert Kalendarev,
Juris Purans*
Institute of Solid State Physics, University of Latvia

Zinc peroxide (Zn0O,) is a wide band gap semiconductor which has gained the interest
of scientists in the last decade. The scientists mainly focus on the ZnO, nanoparticles
due to the promising properties and various techniques developed for the nanoparticle
synthesis. In contrast to the ZnO, nanoparticles, only few studies deal with the ZnO,
thin films.

X-rays amorphous (nanocrystalline) ZnO, films on glass, Ti and Si substrates were
deposited by reactive DC magnetron sputtering at cryogenic temperature (- 150 ° C).
To obtain the cryogenic substrate temperature, the vacuum system was equipped with
a liquid nitrogen cooled sample holder.

The ZnO, vibration modes in the Raman and FTIR spectra confirm the formation of
the ZnO, phase. The vibration bands are wide, indicating an amorphous or
nanocrystalline structure. This fact is supported by the XRD measurements, because
no diffraction maximums of the ZnO, structure were detected.

In this study, it is shown that by reducing the temperature of the substrate to the
cryogenic temperature, it is possible to deposit ZnO, film.
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IRIDIJA JONU VALENCES STAVOKLIS CINKA-IRIDIJA OKSIDA
PLANAJAS KARTINAS

Halil Arslan, Vera Skvorcova, Martin$ Zubkins, Roberts Kalendarevs, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Lai gan caurspidigajiem vadosajiem oksidiem (TCO) ir iev€rojama nozime pasreizgja un
nakotnes zinatné un tehnologijas, caurspidigas elektronikas razoSana ir ierobezota, jo ir
gritibas izgatavot p-tipa TCO. Lai atrisinatu So problému, ZnM,0O, (M: Rh, Co, Ir)
kartinas ar $pinela struktiru nakotné var tikt izmantotas ka p-TCO materials. Saja
pétijuma tiek paraditi cinka- iridija oksida plano kartinu ar dazadu Ir koncentraciju (7,
16,1, 29,4, 53,5, 67,4 at.%) absorbcijas un XANES spektru izpétes rezultati. Kartinas tika
izgatavotas ar reaktivu DC magnetrono kop-izputinasanu (pamatnes = stikls, Ti, Si un
poliimida pléve). Iridija joniem (5d parejas metalu joni) var bt atskirigi valences stavokli
dazados savienojumos. Rodas loti sarezgita situacija, ja joniem viena un taja pasa
materiala ir dazadas valences, turklat Sie joni aiznem gan tetraedriskas, gan oktaedriskas
pozicijas. Jonu valences stavokli un poziciju bitiski ietekmé kartinu augsanas apstakli. Zn
K-malas (9659ev) un Ir Lz-malas (11215ev) XAS mérijumi tika veikti caurlaidibas
rezima SOLEIL sinhrotrona ar eksperimentalo Iiniju Samba. XAS rezultati atklaj, ka Ir
koncentracijas izmaina kartinas izraisa Ir valences stavokla daudzveidibu, citiem vardiem
sakot, Ir jonu oksidacijas stavokli ar dazadam veértibam (3+, 4+, 5+). No otras puses, tika
konstatéts, ka cinka-iridija oksida kartinu absorbcijas spektri satur plaSas absorbcijas
joslas redzamaja un tuvaja infrasarkanaja spektra dala. Plano kartinu caurlaidiba
samazinas, palielinoties Ir koncentracijai. Tas norada uz tieSu saikni starp valences
stavokla mainu (d orbitala hibridizaciju vai novirzisanu) un plano kartinu optiskajam
Tpasibam.

IRIDIUM IONS VALENCE STATE IN ZINC-IRIDIUM OXIDE THIN FILMS

Halil Arslan, Vera Skvorcova, Martins Zubkins, Roberts Kalendarevs, Juris Purans
Institute of Solid State Physics, University of Latvia

In spite of transparent conductive oxides (TCO) have an appreciable space in the
current/future science and technology, there has been a limitation in the fabrication of
transparent electronics since it is difficult to obtain p -type TCO. In order to close this gap
in p-type TCOs, ZnM,0,4 (M: Rh, Co, Ir) with spinel structure can be shown as an
appropriate candidate. In this study we present the results of the absorption and the
XANES spectra investigation of zinc-iridium oxide thin films with different Ir
concentration (7, 16.1, 29.4, 53.5, 67.4 at.%) which is deposited by reactive DC
magnetron co-sputtering (substrates = glass, Ti, Si, and polyimide tape). The iridium ions
(5d transition metal ions) are known to be present in different valences in many
compounds. A very complex situation can occur where a certain ion in more than one
valence state is present and in addition these ions occupy both tetrahedral and octahedral
sites (Ligand field). The valence and site occupation of these ions is essentially
determined by the growth conditions. The Zn K-edge (9659ev) and Ir Lz-edge (11215ev)
XAS measurements were done at the SOLEIL synchrotron bending-magnet beamline
Samba. The results of XAS reveal changing the Ir concentration in the film causes the
diversity in the valance state in other words the oxidation state (3+, 4+, 5+) of the Ir ions.
On the other hand it was found that the absorption spectra of zinc-iridium oxide thin films
contain a broad band within the visible region and in near infrared region. The
transmittance of the thin film decreases as the Ir concentration is increased (Metallic
shift). That indicates the direct relation between the valance state shift (hybridization or
shifting of d orbital) and the optical properties of the thin film.
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LUMINISCENCES PROCESI BayLusF17:Er** UN TO ATKARIBA NO
TEMPERATURAS UN Er** KONCENTRACIJAS

Elina Pavlovska, Jurgis Griibe, Guna Krieke
Latvijas Universitates Cietvielu fizikas institiits

Luminiscences procesu pétiSana dazados materialos aizvien ir aktuala, laujot izprast
dazadu materialu spektroskopiskas ipasibas un to praktisko pielietojumu. Saja darba
tieck apskatits Ba4Lu3F17:Er3+ spektroskopiskas 1pasibas un to atkaribas no
temperatiiras (8-300K) un aktivatoru jonu, Er**, koncentracijas (1 un 10mol%). Lidz
Sim $is materials zinatniskaja literattra ir maz apskatits.

Sintez&tajiem pulverveida paraugiem tika izme@riti luminiscences un augSup-
parveidotas luminiscences spektri dazadas temperatiiras, ierosinot ar starojumu
redzamaja un infrasarkanaja diapazona. Vietas jutiga spektroskopija lauj noteikt, ka
Er® atrodas dazadas pozicijas BagLusFi7 kristaliskaja strukttira. Mainoties parauga
temperattrai, tiek novérota izmainas luminiscences joslu platuma un intensitate.
Domingjosajam Er** luminiscences joslam tiek uznemtas luminiscences dziSanas
kingtikas un to atkariba no parauga temperatiiras.

Balstoties uz iegiitajiem eksperimentalajiem datiem, darba tiks spriests par
luminiscences procesiem BasLusF17:Er® un ka tos ietekmé materiala temperattra un
Er*t koncentracija.

LUMINESCENCE OF BayLusFi7:Er** AND ITS DEPENDENCE ON
TEMPERATURE AND Er** CONCENTRATION

Elina Pavlovska, Jurgis Grube, Guna Krieke
Institute of Solid State Physics, University of Latvia

Study of luminescence processes in various materials are still of great importance
allowing to understand spectroscopic properties and its practical applications. In this
work spectroscopic properties of BasLusF17:Er®", its dependence from temperature (8-
300K) and activator ion Er®" concentration (1 and 10mol%) were measured. This
material is yet little described in scientific literature.

Luminescence and up-conversion luminescence spectra of powder samples excited in
visible and infrared spectral region were measured in various temperatures. Site
sensitive spectroscopy reveals different Er** arrangements in crystalline structure.
Temperature dependence of phonon induced luminescence bands broadening and
changes in intensity were observed. Furthermore, luminescence decay kinetics of the
dominant Er** spectral bands and its dependence from temperature were measured.
Based on acquired experimental data, the impact of Er** concentration and
temperature on the luminescence process in the BasLusF17:Er®* will be discussed in
this work.
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BISMUTU SATUROSU GAISMAS AVOTU GAZES TEMPERATURAS UN
EMISIJAS SPEKTRU ANALIZE

Annija Fridmane®, Madara Zinge', Zanda Gavere'?
YLatvijas Universitates Atomfizikas un spektroskopijas institiits
2 Latvijas Lauksaimniecibas Universitates Informacijas Tehnologiju fakultate

Absorbcijas spektroskopija viens no svarigakajiem elementiem ir gaismas avots. Ir
pieradits, ka sadiem mérijjumiem vispiemeérotakas ir augstas frekvences bezelektrodu
lampas (HFEDLSs), jo tas emit€ Sauru, augstas intensitates linijspektru.

S1 darba mérkis ir izpétit spektra Tpasibas un gazes temperatiiru atkariba no ierosmes
generatora sprieguma bismuta saturo$am augstas frekvences bezelektrodu lampam.
P&tama plazma — bismuta saturo$i gaismas avoti ar nedaudz atSkirigiem pildijjumiem:
(1) Bils+Ar un (2) Bi+Sbls+Ar. Emisijas spektrs satur gan atoma spektrallinijas, gan
arT molekulu, ka OH un Bil, spektrallinijas. Lai aprékinatu temperatiiru tika izmantota
OH rotacijas josla pie 306nm. Kaut arT gaismas avotu temperatira apmeéram ir
vienada (800-1000K), spektralliniju intensitaSu uzvediba manami atskiras, pieméram,
Bi novéroto spektralliniju intensitate ir augstaka lampa, kura ir pievienots Sb.

GAS TEMPERATURE AND EMISSION SPECTRA ANALYSIS OF BISMUTH
CONTAINING LIGHT SOURCES

Annija Fridmane', Madara Zinge', Zanda Gavere*?
YInstitute of Atomic Physics and Spectroscopy, University of Latvia
“Faculty of Information Technologies, Latvia University of Agriculture

In absorption spectroscopy one of the most important elements is light source. High-
frequency electrodeless light sources (HFEDLS) are proven to be very convenient for
such measurements since they emit narrow line spectra of high intensity.

The aim of this work is to study the changes of spectral characteristics and gas
temperature of bismuth containing HFEDLSs in dependence on excitation generator
voltage.

Plasma under study was Bi-containing light sources with slightly different fillings: (1)
Bilz+Ar and (2) Bi+Sbls+Ar. Emission spectra contain not only spectral lines of
atomic species, but molecular bands as well, for instance OH and Bil. Rotational band
of OH at 306 nm was used to estimate the gas temperature. Although the gas
temperature range for both light sources is practically the same (800-1000 K), the
behavior of spectral line intensities is significantly different, for instance, the
intensities of Bi atomic lines for HFEDL filled with admixture of Sb are much higher.
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AR MANGANU AKTIVETA TRIKALCIJA FOSFATA LUMINISCENCES UN
ELEKTRONU PARAMAGNETISKAS REZONANSES PETIJUMI

Andris Antuzevigs', Uldis Rogulis', Anatolijs I. Popovs®, Aleksej Zarkov?, Lauryna Sinusaite?,
Aivaras Kareiva®
Yatvijas Universitates Cietvielu fizikas institiits
?Institute of Chemistry, Vilnius University

Trikalcija fosfats (TCP) ir plaSi izmantots materials tadas medicinas nozarés ka,
pieméram, zobarstnieciba, kirurgija un ortopedija. Saja pétijuma ka optiskas un
paramagnétiskas zondes tiek izmantoti mangana joni, lai raksturotu dazado TCP fazu
struktiiru un fotoluminiscences 1pasibas.

Kalcija hidroksiapatita (CHAp), B-TCP un a-TCP paraugi ar Mn koncentracijam 0,2-
1,0 mol% tika sintez&ti ar nogulsnéSanas metodi. CHAp, B-TCP un o-TCP fazes tika
iegiitas, kars@jot izzavetas nogulsnes attiecigi 600, 1000 un 1250 °C. Kristalisko
struktiiru noteikSanai izmantota rentgenstaru difrakcijas (XRD) analize.

Saja referata tiks apspriesti fotoluminiscences un elektronu paramagnétiskas
rezonanses (EPR) spektru rezultati.

LUMINESCENCE AND ELECTRON PARAMAGNETIC RESONANCE
INVESTIGATION OF MANGANESE DOPED TRICALCIUM PHOSPHATE

Andris Antuzevics', Uldis Rogulis®, Anatoli I. Popov', Aleksej Zarkov?, Lauryna Sinusaite?,
Aivaras Kareiva®
YInstitute of Solid State Physics, University of Latvia
?Institute of Chemistry, Vilnius University

Tricalcium phosphate (TCP) is a widely used material in clinical applications such as
dentistry, surgery and orthopedics. In our investigation we have used manganese ions
as optical and paramagnetic probes to study the structure and photoluminescence
properties of various phases of TCP.

Mn-doped calcium hydroxyapatite (CHAp), B-TCP and o-TCP with Mn
concentrations from 0.2 to 1.0 mol% were synthesized by the wet precipitation
method. CHAp, B-TCP and a-TCP were obtained by annealing the dried precipitates
at 600, 1000 and 1250 °C, respectively. Phase analysis and crystal structure
determination was performed by X-ray diffraction (XRD) analysis.

The results of photoluminescence and electron paramagnetic resonance (EPR) spectra
will be discussed in this report.

The State Education Development Agency of the Republic of Latvia is gratefully
acknowledged for a Latvian state research scholarship to A. Z.
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DAZADU KIMISKO METOZU IETEKME UZ HfO, NANODALINU
MORFOLOGISKAJAM IPASIBAM

Ivita Bite, Krigjanis Smits
Latvijas Universitates Cietvielu Fizikas Institiits

Zinatniskaja literatiira ir pieejama plasa informacija par dazadam kimisko sintézu
metodém HfO, nanodalinu iegtisanai, kuru morfologiskas ipasibas ir analiz&tas vienas
ktmiskas sint€zes ietvaros. Savukart, nav atrodama informacija par pétijumiem, kuros
apskatita dazadu Kkimisko sintézu metoZzu ietekme uz HfO; nanodalinu
morfologiskajam pasibam.

Darba gaita sintezeti neaktivétu HfO;, nanodalinu paraugi, izmantojot dazadas kimisko
sint€Zzu metodes: pasaizdegSanas, izgulsnésanas, sola-gela, hidrotermala un kauséto
salu metodi.

leglito paraugu morfologisko Tpasibu raksturosanai tika izmantotas divas dazadas
metodes: pulvera rentgendifraktometrija (XRD) un transmisijas elektronu
mikroskopija (TEM). XRD difraktogrammas ir redzams, ka visos gadijumos iegiito
neaktivéto HfO; nanodalinu paraugu kristaliskas struktiiras ir monoklinas. Tomer,
TEM rezultati uzrada, ka dazos HfO, paraugos, monoklinajai fazei, ir arm amorfas
fazes piejaukumi, ka ar1 XRD un TEM rezultati uzrada savstarpgji atSkirigus graudu
izmé&rus ieglitajiem paraugiem.

Apkopojot sakotngjos rezultatus, tika veikti secinajumi par izvéléto kimisko sintézu
metozu ietekmi uz neaktivétu HfO, nanodalinu paraugu morfologiskajam Tpasibam.

THE EFFECT OF VARIOUS CHEMICAL SYNTHESIS METHODS ON THE
MORPHOLOGICAL PROPERTIES OF HfO, NANOPARTICLES

lvita Bite, Krisjanis Smits
Institute of Solid State Physics, University of Latvia

A broad range of information about chemical synthesis methods of HfO,
nanoparticles is available in the scientific literature, but there is no information
available about studies in such field as the influence of chemical synthesis methods on
the morphological properties of HfO, nanoparticles.

In this study, the samples of non-doped HfO, nanoparticles were synthesized
according to different chemical synthesis methods: auto-igniting combustion synthesis,
precipitation, sol-gel, hydrothermal and molten salt method.

The morphological properties of the obtained samples were characterized by two
different methods: powder X-ray diffractometry (XRD) and transmission electron
microscopy (TEM). The XRD pattern shows that crystalline structures are monoclinic
in all cases of the obtained non-doped HfO, nanoparticles. However, TEM results
indicate that in some HfO, samples monoclinic crystallites are mixed with amorphous
phases, as well as XRD and TEM results shows different grain sizes.

The influence on the morphological properties of non-doped HfO, nanoparticles by
using various chemical synthesis methods is further discussed.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2017/11 realized at the Institute of Solid State Physics,
University of Latvia is gratefully acknowledged.
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ZnFe;0,4/TiO; KOMPOZITU MIKROVILNU SINTEZE UN
FOTOKATALITISKA AKTIVITATE

Pavels Rodionovs, Janis Grabis, Aija Kriimina
Rigas Tehniskas universitates Neorganiskas kimijas institiits

TiO; ir plasi pazistams fotokatalizators ar augstu efektivitati. Tomer tas ir aktivs tikai
UV starojuma. Lai uzlabotu TiO, fotokatalitiskas ipasibas redzamas gaismas
starojuma spektra, to var modific€t ar citu pusvaditaju.

Saja darba pagatavoti ZnFe;O4/TiO, nanokompoziti ar ZnFe,O4 masas dalu 1% un
2%. ZnFe,04 nanodalinas tika sintez&tas un uzklatas uz TiO,, izmantojot mikrovilnu
sintézi, ar mérki uzlabot fotonu absorbciju redzamas gaismas regiona. ZnFe,O,4 dalinu
izmérs ir 5+6 nm un Ipatngjais virsmas laukums 51,7 m?/g. legiito paraugu
fokotokatalitiskas TpaSibas izpétitas, sadalot metilénzila tGdens S$kidumu redzama
gaisma. legitie rezultati uzrada, ka modificgjot TiO, ar ZnFe,O4 nanodalinam, ir
iespgjams butiski uzlabot fotokatalitiskas 1pasibas. Augstaka fotokatalitiska
efektivitate piemit paraugam ar ZnFe;O4 masas dalu 1%.

MICROWAVE-ASSISTED HYDROTHERMAL SYNTHESIS OF
ZnFe,04/TiO, COMPOSITE AND PHOTOCATALYTIC PROPERTIES

Pavels Rodionovs, Janis Grabis, Aija Krumina
Institute of Inorganic Chemistry, Riga Technical University

TiO, is well recognised as photocatalyst with high performance. However it is
effiecient only under UV radiation. In order to enhance TiO, photocatalytic properties
under visible light it can be modified with other semiconductor.

In this work ZnFe,O4/TiO, nanocomposites with ZnFe,O, mass loading of 1% and 2%
were produced. Obtained ZnFe,O, nanoparticles were coupled with TiO, via
microwave-assisted hydrothermal method in order to improve photon absorbtion in a
range of visible light. ZnFe,O, nanoparticles have size of 5+6 nm and specific surface
area up to 51,7 m?/g Photocatalytic activity of prepared samples was investigated by
degradation of methylene blue under visible light source. The results showed that
doping TiO, with ZnFe,O, nanoparticles significantly increases photocatalytic
activity. The highest photocatalyst performance was observed when amount of
ZnFe;04 was 1%.
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AR Au, Pt, Pd un Ag MODIFICETU TiO, NANOSKIEDRU SINTEZE UN TO
FOTOKATALITISKO IPASIBU PETIJUMI REDZMAJA GAISMA,
LIETOJOT LED GAISMAS AVOTU

Reinis Drunka, Janis Grabis, Dzidra Jankovi¢a' Aija Krimina
Rigas Tehniskas universitates Materialzinatnes un lietiSkas kimijas fakultates Neorganiskas
kimijas institits

Lietojot mikrovilnu sintézes metodi 245 °C temperatiira un 27 bar spiediena, iegiitas
TiO, nanoskiedras ar diametru no 10nm un Ipatngjo virsmu 158.5 m?/g. TiO,
nanoSkiedras modificétas ar Au, Pt, Pd un Ag nanodalinam, tas uznesot uz
fotokatalizatora virsmas lietojot kimiskas izgulsnéSanas metodi. P&c modificéSanas
fotokatalizatoru 1patngja virsma samazinajas lidz 73.1 — 74.7 m2/g.

Fotokatalizatoru aktivitati noteica spektrofotometriski, sadalot metilénzila (MB)
Skidumu redzamas gaismas ietekm&. Ka redzamas gaismas avotu lietoja augstas
gaismas intensitates LED (100 W; 10 000 lux).

TiO, nanoskiedras, kas modificétas ar 1% Au uzrada augstako fotokatalitisko
aktivitati un sadala 97.5% MB 60 minutgs. Tikai par 1.5% sliktaku rezultatu uzrada
TiO; nanoskiedras, kas modificgtas ar 1% Pd. Paraugi, kas modificéti ar 1% Pt un 1%
Ag sadala attiecigi 86.2% and 70.4% MB.

Modificétas TiO, nanoskiedras iesp&jams pielietot kaitigo organisko vielu noardiSanai
un vides problému risinasanai, ka arT idenraza iegtsSanai, sadalot Gideni gaismas un
fotokatalizatora ietekmé.

PREPARATION OF Au, Pt, Pd AND Ag DOPED TiO, NANOFIBERS AND
THEIR PHOTOCATALYTIC PROPERTIES UNDER LED VISIBLE LIGHT
ILLUMINATION

Reinis Drunka, Janis Grabis, Dzidra jankovicaand Aija Krumina
Institute of Inorganic Chemistry, Riga Technical University Faculty of Materials Science and
Applied Chemistry

Microwave-assisted synthesis at 245 °C temperature and 27 bar pressure permitted to
obtain TiO, nanofibers and nanowires with a diameter of 10nm and a specific surface
area up to 158.5 m%g. Nanofibers were modified with Au, Pt, Pd and Ag
nanoparticles by using chemical deposition method. After modification with precious
metal nanoparticles, specific surface area of photocatalysts decreased and were in
range 73.1 — 74.7 m%/g.

Photocatalytic activity was determined by degradation of the methylene blue solution
under visible light irradiation. High intensity LED lamp (100 W; 10 000 lux) was
used as light source.

TiO, nanofiber doped with 1% Au sample reached MB degradation degree of 97.5%
in 60 minutes. Only about 1.5% lower photocatalytic activity demonstrated TiO,
sample doped with 1% Pd. When doped with 1% Pt and 1% Ag TiO, nanofiber
samples reached degradation rate of MB 86.2% and 70.4%.

Doped TiO, nanofibers were appropriate for degradation of harmful organic
compounds as well as for hydrogen production by water splitting.
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ENERGIJAS LIMENU NOTEIKSANA PURINU SATUROSIEM
ORGANISKIEM SAVIENOJUMIEM ZILAJAM ORGANISKAJAM
GAISMAS DIODEM

Raitis Grzibovskis®, Aivars Vembris®, Armands Sebris?, Zigfrids Kapilinskisz, Matris Turks?
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Materidlzindtnes un Lietiskas Kimijas fakultate

Organiskas gaismu emitgjosas diodes (OGED) jau tiek pielietotas mobilo telefonu un
TV ekranos. Lidz Sim pieejamas diodes tiek veidotas izmantojot dargo termisko
iztvaicéSanu vakuuma. OGED razoSanas izmaksas varétu samazinat, izmantojot
slapjas metodes, pieméram, rotgjosa diska metodi.

Saja darba més esam pétijusi vairakus zilo gaismu emit&josus purina atvasinajumus,
kurus varétu pielietot OGED veido3ana. So savienojumu prieksrociba ir to sp&ja
veidot amorfas kartinas no Skidumiem. Visi paraugi tika veidoti ar rotgjosa diska
metodi no hloroforma §kiduma, par pamatni izmantojot ar ITO parklatu stiklu.
Savienojumu jonizacijas energija tika noteikta izmantojot fotoemisijas kvantu
iznakuma metodi. Energijas sprauga starp jonizacijas energiju un elektronu afinitati
tika noteikta no fotovadamibas mérijumiem. Elektronu afinitate tika aprékinata ka
starpiba starp jonizacijas energiju un fotovadamibas sliek$na vertibu.

Prezentacija tiks apspriestas energijas Iimenu veértibu izmainas atkariba no elektronu
akceptoras grupas novietojuma molekula, no pievienotas aizvietotajgrupas, ka ari no
telpiskas grupas izméra.

ENERGY LEVEL DETERMINATION OF PURINE CONTAINING
ORGANIC COMPOUNDS FOR BLUE ORGANIC LIGHT EMITTING
DIODES

Raitis Grzibovskis', Aivars Vembris', Armands Sebris?, Zigfrids Kapilinskis?, Maris Turks?
YInstitute of Solid State Physics, University of Latvia
“Faculty of Materials Science and Applied Chemistry, Riga Technical University

The organic light emitting diodes (OLED) have found their applications in mobile and
TV screens. Till now commercially available diodes are made by expensive thermal
evaporation in a vacuum. The costs of OLED fabrication could be decreased by
applying low-cost wet casting methods, for example, spin-coating.

In this work, we have studied a group of blue light emitting purine derivatives which
could potentially be used in OLEDs. The advantage of these compounds is their
ability to form amorphous thin films from solutions. All the thin films were prepared
by the spin-coating method from chloroform solution on ITO glass. lonization energy
was determined using photoelectron yield spectroscopy. The gap between ionization
energy and electron affinity was determined using photoconductivity measurements.
Electron affinity then was calculated as a difference between ionization energy and
photoconductivity threshold value.

The energy level value changes depending on the position of electron acceptor group,
the type of the attached substitute group, and the size of the bulky group will be
discussed.
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PEROVSKITA CH;3NH3Pbl;,Cly SAULES ELEMENTS AR UZLABOTIEM
LADINU TRANSPORTA SLANIEM

Anastasija Ivanova', Kristina Lebedeva®, Andrey Tokmakov?, Modris Roze®, Igors Kaulags®
'Fizikalas Energétikas institiits
2Latvijas Universitates Cietvielu fizikas institiits
3— .- . .=
Rigas Tehniska universitate

Petita l1adinu transporta slanu dop€Sanas un modificéSanas ietekme uz perovskita
bazes saules elementa ITO/PEDOT:PSS/CH3NH3Pbl3«Cli/PCBM/Cgo/Ag
galvenajiem fotoelektriskajiem parametriem.

Perovskita slanis tika uznests uz caurumu transporta slana PEDOT:PSS, izmantojot
divpakapju interdifuzijas metodi [1] no Pblp+PbCl, skiduma DMF+DMSO
Skidinataju maisijuma, un to talak parverSot perovskita ar CH3NH3zl Skidumu
izopropilspirta. PEDOT:PSS slanim tika piejaukts 5% DMSO, lai uzlabotu ta
vadamibu, ka ari tas tika v&l talak uzlabots, aizvietojot ar V,Os/PEDOT:PSS
dubultslani, lai palielinatu elektronu blok&Sanas iespgjas. Arl elektronu transporta
slanis no S$kisto$a fulleréna PCBM tika uzlabots, to dop&ot ar DMOAP [1], lai
palielinatu slana vadamibu, kontaktu ar perovskitu un mitruma necaurlaidibu. Ka
Stnas augsejo elektrodu izmantojam vakuuma uzsublimetu 100 nm biezu Ag slani.
Visi fotoelektriskie parametri tika pétiti 10° mbar vakuuma in situ, neiznemot
paraugu no vakuumkameras péc elektroda uzsublimésanas.

PEROVSKITE CH3NH3Pbl;.4Cly SOLAR CELL WITH IMPROVED CHARGE
TRANSPORT LAYERS

Anastasija Ivanova', Kristina Lebedeva®, Andrey Tokmakov?, Modris Roze®, Igors Kaulachs®
YIntitute of Physical Energetics
%Institute of Solid State Physics, University of Latvia
*Riga Technical University

The influence of charge transport layer doping and modification on perovskite base
solar cell ITO/PEDOT:PSS/CH3NH3Pbl;4Cl,/PCBM/Cgo/Ag main electric parameters
has been investigated.

Perovskite layer was deposited on hole transport layer PEDOT:PSS using two step
interdiffusion method [1] from Pbl,+PbCl, (with molar ration 3,4) solution in mixture
of DMF and DMSO and converted into perovskite by CH3NHgsl solution in IPA.

The PEDOT:PSS layer was doped by 5 wt% DMSO to increase its conductivity and
further it was improved by replacing it by V,0s/PEDOT:PSS double layer to increase
electron blocking. Also electron transport layer PCBM was improved by doping it
with DMOAP [1] to increase its conductivity, contact with perovskite and moisture
impenetrability. As top electrode 100 nm thick Ag layer was deposited by thermal
evaporation in vacuum 10°® mbar, where all photoelectric measurements were made in
situ.

1. A.lvanova, A.Tokmakov, K.Lebedeva, M.Roze, |.Kaulachs, Latv. J. Phys. Tech.
Sci. 2017, 54(4), 58-68
The financial support of IMIS2 and “LATENERGI” projects is greatly acknowledged.
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ROTACIJAS PARKLASANAS METODES ATRUMA IETEKME UZ
KVANTU PRETESTIBAS KIMISKA SENSORA IPASIBAM

Santa Stepina, Gita Sakale, Maris Knite
Rigas Tehniskas universitates Tehniskas fizikas institiits

Kvantu pretestibas kimiskais sensors ir kompozitmaterials, kas sastdv no poliméra
matricas un elektovado$am nanodalinam. Sadam kompozitmaterialam izmainas
elektriska pretestiba, ja tas tiek ievietots tvaiku atmosféra, §1 pretestibas izmaina
notiek pateicoties kvantu tuneléSanas efektam sarp nanodalinam. Ka matricas
materials Saja darba tiek izmantots etiléna vinilacetata kopoolimérs (EVA; Sigma
Aldrich) ar vinilacetata (VA) saturu 40%, bet ka elektrovadosa pildviela grafitizétas
oglekla nanodalinas (CB; PRINTEX XE-2) ar vidgjo primaras dalinas izméru 30nm.
Dalinu 1patngja virsma: 950m2/g un DBP (dibutilfatlata) absorbcija: 380mli/100g.
IepriekS€jos péetijumos noskaidrots, ka wuzklasanas metode un izmantotie
substrata/elektroda materiali ietekmé kvantu pretestibas kimiska sensora reag€tspeju
(sensorefektu), detektgjot dazadus gaistoso organisko vielu tvaikus. Saja darba tiks
apskatits ka rotacijas atrums (paraugu izgatavosanas procesa, kur izmanto uzklasanu
ar rotacijas palidzibu) ietekm€ gaistoSo organisko vielu tvaiku sensorefektu un kads ir
optimalais atrums, lai ieglitu vislielako pretestibas izmainu.

SPIN COATING ROTATION SPEED INFLUENCE ON QUANTUM
CHEMO-RESISTIVE SENSOR PROPERTIES

Santa Stepina, Gita Sakale, Maris Knite
Institute of Technical Physics, Riga Technical University

Quantum chemo-resistive sensor is composite that contains polymer matrix and
conductive nano fillers. Sensing mechanism is based on resistance change via
quantum tunnelling effect between nanoparticles when sensor is exposed to volatile
organic compound vapours. As matrix material in this work is used ethylene vinyl
acetate copolymer (EVA,; Sigma Aldrich) with vinyl acetate (VA) content 40% and
electro conductive filler was chosen carbon nanoparticles (CB; PRINTEX XE-2) with
average size 30nm. Specific surface area of particles was 950 m2/g and DBP (dibutyl
phthalate) adsorption was 380 ml per 100 g.

In previous researches it was concluded that application method, used substrate and
electrode materials influenced the quantum chemo-resistive sensor sensing effect
when various volatile organic compound vapours were detested. In this work is going
to be researched how spin coating rotation speed influence quantum chemo-resistive
sensor sensing effect in various volatile organic compound vapours as well as what is
optimal rotation speed for highest electrical resistance change.

This work was supported by National research programme IMIS2.
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ELEKTRISKA LAUKA INDUCETA KAPACITATES IZMAINA MERSUNAL,
KAS PILDITA AR SILIKONA ELLAS/OGLEKLA KVEPU SUSPENSIJU

Kaspars Ozols, Sabine S¢egoleva, Maris Knite
Rigas Tehniska universitate, Materialzindatnes un lietiskas kimijas fakultate, Tehniskdas fizikas
instituts

Ieprieks veikto miisu pétijumu rezultati rada, ka lidzstravas (DC) elektriska lauka
pieliksana silikona ellas/oglekla kvépu (SO/CB) suspensijai izraisa suspensijas
elektriskas vaditsp&jas palielinaSanos par vairak neka sesam kartam. Sakotngjie
eksperimenti tika modificéti ta, lai varétu pétit elektriska lauka ietekmi uz SO/CB
suspensijas kapacitativajam ipasibam. Sajos eksperimentos tika noskaidrots, ka DC
elektriska lauka pieslégSana mérsunai, kas pildita ar suspensiju, kas satur 0.2 wt% CB,
palielina meérstnas kapacitati lidz trim kartam. levérojami mazaks kapacitates
izmainas lielums, salidzinot ar vadamibas izmainas lielumu, kas tika novérots pie tas
pasas elektriska lauka intensitates, var tikt skaidrots ar linearaku ("lénaku")
kapacitates pieauguma sakaribu starp tam CB dalinam, kuras tuvojas elektriska lauka
ietekme.

Paredzams, ka iegiitie rezultati tiks izmantoti poliméru/nanodalinu kompozitu ar
anizotropam Tpasibam model€$ana un izstrade.

CAPACITANCE CHANGE OF SILICONE OIL/CARBON BLACK
SUSPENSION FILLED MEASUREMENT CELL INDUCED BY ELECTRIC
FIELD

Kaspars Ozols, Sabine Scegoleva, Maris Knite
Institute of Technical Physics, Faculty of Materials science and Applied Chemistry, Riga
Technical University

Results of our previous studies show that application of direct current (DC) electric
field to silicone oil/carbon black (SO/CB) suspension leads to electrical conductance
increase of the suspension by over six orders of magnitude. The initial experiments
were modified to study capacitive properties of the DC field processed SO/CB
suspension. It was found that application of the DC electric field to a measurement
cell, filled with the suspension containing 0.2 wt% of the CB, increases the
capacitance of the cell by up to three orders of magnitude. Significantly smaller
capacitance change rate comparing to the conductance change rate, which was
observed at the same electric field strength, can be explained by more linear (“slower”)
capacitance increase relation among approaching particles.

The obtained results are intended for use in modelling and elaboration of
polymer/nanoparticle composites with anisotropic properties.

This research was supported by the Latvian National Research Program in Materials
Science, IMIS?.
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OGLEKLA KVEPU UN ETILENA-OKTENA KOPOLIMERA
KOMPOZITMATERIALS KA PASREGULEJOSAIS SILDELEMENTS

Astrida Bérzina®, Velta Tupureinaz, Maris Knite?
'Rigas Tehniskds universitdtes Materialzinatnes un lietiskas kimijas fakultates Tehniskas
fizikas institits
2Rigas Tehniskas universitates Materidalzindtnes un lietiskas kimijas fakultates
Polimérmaterialu institiits

Pasregulgjosie sildelementu materiali ir noderigi jomas, kuras temperatiiru regul&josas
elektronikas izmanto3ana ir griiti realiz&jama. Saja darba apliikotas oglekla kvépu (CB)
un etiléna okténa kopoliméra (EOK) kompozita elektro-termiskas ipaSibas, lai
pielietotu materialu ka pasregul&josu sildelementu.

Izgatavoti un pétiti EOK-CB kompozita paraugi ar 10 — 30 masas dalam CB uz
100 masas dalam EOK. Paraugiem tika veikti elektriskas pretestibas mérjjumi
atkariba no temperatiiras, ka ar1 temperatiiras mérijjumi atkariba no pielikta stravas
stipruma un sprieguma.

Kompozitmaterialam noverots pozitivais temperatiiras pretestibas koeficients, kas
izpauzas eksponenciala pretestibas kapuma, palielinot temperatiiru. Paraugu lidzsvara
punkta temperatiira vari€jama atkariba no kompozita pildijuma pakapes un pievaditas
jaudas.

CARBON BLACK AND ETHYLENE-OCTENE COPOLYMER COMPOSITE
AS SELF-REGULATING HEATING MATERIAL

Astrida Berzina®, Velta Tupureina?, Maris Knite'
YInstitute of Technical Physics, Faculty of Materials Science and Applied Chemistry, Riga
Technical University
?Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry, Riga
Technical University

Self-regulating heating materials are a type of smart materials, which are useful for
applications where temperature controlling electronics are difficult to implement. In
this work, the electro-thermal properties of carbon black (CB) and ethylene-octene
copolymer (EOC) composites are investigated for use as self-regulating heating
material.

EOC-CB composites with different mass parts of CB ranging from 10 to 30 phr were
investigated. The sample electrical resistance was measured as a function from
temperature and the sample temperature was measured as a function from strength of
electric current and voltage.

The composite material exhibits positive temperature coefficient of resistivity, which
means that the electrical resistance increases exponentially with the increase of
temperature. The equilibrium temperature of composite samples is tunable with filler
content and power supplied.

The financial support of Latvian National Research Program IMIS? and RTU
Doctoral Research Scholarship is greatly acknowledged.
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DAUDZSLANU ONC SAKARTOSANAS PVAc POLIMERA LIDZSTRAVAS
ELEKTRISKA LAUKA IETEME

Linards Lap¢inskis, Santa Stepina, Artis Linarts, Maris Knite
Rigas Tehniskas universitates Tehniskas fizikas institiits

Ir zinams, ka iedarbojoties ar pietickami spécigu elektrisko lauku uz elektrovadosam
oglekla nanodalinam ir iesp&jams panakt to sakartosanos pa elektriska lauka linijam.
Saja darba ir apskatita daudzslanu oglekla nanocaurulisu (DONC) sakarto$anas spéja
polivinilacetata (PVAc) poliméra Skiduma acetona, ka ar1 pievienojot §1 poliméra
Skidumam dazadus polietilenglikola (PEG) daudzumus: 2 wt%, 5 wt%, 10 wt% un 20
wt%. DONC kustiba un sakartoSanas poliméru Skidumos tiek panakta ar
lidzsprieguma elektrisko lauku un §is sakartosanas laika tiek paral€li veikti parauga
elektriskas pretestibas mérjjumi. Pretestibas izmaina sakartosanas laika lauj secinat
par parauga notiekosajiem procesiem — DONC sakartoSanos, skidinataja iztvaikoSanu
un dispergéto DONC tieksmi aglomeréties.

Iegtitajiem paraugiem ir noteikts vaditsp&jas anizotropijas koeficients A = R;/R ., kur
R, ir elektriskas pretestibas vertibas paraleli un R, ir vertibas perpendikulari
sakartoSanas procesa izmantota elektriska lauka virzienam. Ir nov&rojamas atskiribas
A vertiba atkariba no meérjjuma vietas iegiitaja paraugd. Maksimala izmérita
koeficienta A vértiba ir 1.1x10°,

MULTIWALLED CNT ALIGNMENT UNDER DC ELEKCTRICAL FIELD IN
PVAc POLYMER

Linards Lapcinskis, Santa Stepina, Artis Linarts, Maris Knite
Institute of Technical Physics, Riga Technical University

It is known that by applying sufficiently high electrical field it is possible to achieve
movement and alignment of carbon nanoparticles in direction of applied electrical
field.

Alignment of multiwalled carbon nanotubes (MWCNT) in polyvinylacetate (PVAc)
solution in acetone and as well as with addition of different amounts — 2 wt%, 5wt%,
10 wt% and 20 wt% of polyethylene glycol (PEG) has been addressed in this work.
Movement and alignment of MWCNT in polymer solutions is achieved using DC
electrical field and electrical resistance measurements of the sample are conducted
simultaneously as alignment takes place. Change of resistance during the alignment
allows to make conclusions about processes taking place in the sample — alignment of
MWCNT, evaporation of solvent and tendency of dispersed MWCNT to create
agglomerations.

Anisotropy coefficient A = R, /R, where R is the electrical resistance parallel and
R, is the resistance value perpendicular to direction of electrical field used in
alignment process, have been estimated for prepared samples. Discrepancies in A
value can be observed depending on the place of measurement in prepared sample.
Maximal measured value of A coefficient is 1.1x10°,

The financial support of project “National Research program IMIS2” is greatly
acknowledged.
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SUPERKONDENSATORIEM PIEMEROTU PVA HIDROGELA
ELEKTROLITU IZSTRADE

Linards Lap¢inskis®, Imants Cirulis®, Péteris Lesni¢enoks?, Maris Knite'
'Rigas Tehniskds universitdtes Tehniskas fizikas institiits
2Latvijas Universitates Cietvielu fizikas institiits

Superkondensatori ir ierices energijas uzkrasanai. Tie spgj izladeties daudz straujak ka
akumulatori, nodroSinot lielaku jaudu, tomér superkondensatoros uzkratais energija ir
mazaka. Pedgja laika popularitati ir iemantojusi superkondensatori, kuros Skidra
elektrolita vieta tiek izmantoti poliméru elektroliti, jo Sada veida superkondensatoriem
nav nepiecieSams 1pass iepakojums.

Saja darba hidrogglu elektroliti ir izgatavoti no polivinilspirta (PVS) un dazadiem
jonu avotiem izmantojot ‘“sasaldéSanas-atlaidinasanas” metodi ar mérki palielinat
uzlades sprieguma diapazonu. Ka jonu avoti elektrolitu izgatavoSana ir izmantota
koncentréta HsPO,4, 1M Na,SO4 un 1M BaCl,. Izgatavoto hidrogélu elektrokimiskas
pasibas ir noteiktas izmantojot ciklisko voltampérmetriju (CV), hronopotenciometriju
un elektrokimisko impedances spektroskopiju (EIS).

CV iegiitie rezultati liecina, ka visplaSakais darba sprieguma apgabals piemit
hidrogéla elektrolitam PVS/Na,SQOy; tas ir no -2.0 V lidz +2.0 V. Analizgjot EIS
iegiitos datus ir noteikta hidrogg€la elektrolitu jonu vadamiba un ladina parneses
pretestiba. Izveidoto paraugu mehaniskas 1pasibas ir novertétas tos testjot spiedes
rezima.

DESIGN OF PVA HYDROGEL ELECTROLYTES SUITABLE FOR
SUPERCAPACITORS

Linards Lapéinskis®, Imants Cirulis', Péteris Lesni¢enoks?, Maris Knite*
'Institute of Technical Physics, Riga Technical University
“Institute of Solid State Physics, University of Latvia

Supercapacitors are devices for energy storage. They are capable to discharge much
faster than batteries providing greater power, however the amount of energy stored in
supercapacitors is smaller. Recently supercapacitors using polymer electrolytes
instead of liquid electrolytes have gained popularity because this type of
supercapacitors doesn’t require special packaging.

To increase charging voltage of electrolyte the “freeze-thaw” method has been used in
this work to prepare hydrogel electrolytes consisting of poly(vinyl alcohol) (PVA)
and various ion sources. Concentrated H3sPO,4, 1M Na,SO,4 and 1M BacCl, are used as
ion sources in preparation of electrolytes. Electrochemical properties of prepared
hydrogels are determined using cyclic voltammetry (CV), chronopotentiometry and
electrochemical impedance spectroscopy (EIS).

Results obtained from CV show that the widest operational voltage window has
hydrogel electrolyte PVA/Na,SOy; it’s from -2.0 V to +2.0 V. lon conductivity and
charge transfer resistance of hydrogel electrolyte has been determined by analysing
data obtained from EIS. Mechanical properties of prepared samples are evaluated by
compression testing.

The financial support of ERAF project 1.1.1.1/16/A/013 is greatly acknowledged.

63



Stenda referati, 21. februaris

REDUCETA GRAFENA — NITROCELULOZES KARTINU IZVEIDE,
IZMANTOJOT SKIDINATAJA IZTVAIKOSANAS METODI

Ingars Lukosevics, Péteris Lesni¢enoks, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Viens no reducéta dazu-slanu graféna (rFLG) nanodalinu pielietojumiem ir rfFLG un
poliméru kompozitmaterialu izveide. Ir noverots, ka $adiem sintezétiem kompozitiem
ir uzlabotas mehaniskas ka ar elektriskas 1pasibas, kas lautu tos pielietot elektroniskas
ierices, kuras paklautas mehaniskam iedarbibam.

Darba izveidota metode rFLG un nitrocelulozes (NC) kompozita kartinu ieguvei, kas
ietver sevi procediiras: suspensijas/tintes izveide (ar N,N-Dimetilformamidu un
acetonu); uzklasana uz aluminija folijas; rTFLG-NC kartinas atdaliSana no folijas.
Izveidotajam rFLG-NC kartinam piemit Tpatn&ja pretestiba ar kartu ~1 Q-cm, ka ar1
noveérots, ka veiksmiga kompozita izveide iesp&jama ar rFLG:NC masu attiecibu
vismaz 9:1. P&tita arT Tpatngjas pretestibas atkariba no NC masas dalas kompozita, un
pec voltampéra raksturltkném konstatéts, ka materiala ipatngja kapacitate ir tuva
nullei. Kompozita pretestibas atkariba no temperatiiras novérota histeréziska uzvediba.

PREPARATION OF REDUCED GRAPHENE - NITROCELLULOSE FILM
USING SOLVENT EVAPORATION DEPOSITION METHOD

Ingars Lukosevics, Peteris Lesnicenoks, Janis Kleperis
Institute of Solid State Physics, University of Latvia

One of the applications of reduced few-layer graphene (rFLG) nanoparticles is
creation of rFLG and polymer composite materials. An improvement of mechanical
and electrical properties has been reported in these composites thus showing an
application of them in electronical devices which are exposed to mechanical stress.

In this work a method for synthesizing rFLG and nitrocellulose (NC) composite film
has been developed. This method involves procedures: creation of suspension/ink
(using N,N-Dimethylformamide and acetone); applying the ink on aluminum foil;
separation of rFLG-NC film and aluminum.

Resistivity of the composite has been measured to be on the order of =1 QQ-cm and it
has been observed that a successful synthesis of composite is possible with the mass
ration of rFLG:NC of at least 9:1. In this work resistivity dependence on NC weight
percentage has also been studied and from the volt ampere characteristics it has been
concluded that the self-capacitance of composite is near to zero. Furthermore, the
resistance dependence on temperature has shown a hysteretic behavior.

The financial support of H2020 project CO2EXIDE project is greatly acknowledged.
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NANOSTRUKTURETA Fe,03, TiO, UN REDUCETA GRAFENA OKSIDA
KOMPOZITS KA PERSPEKTIVS ANODMATERIALS LITIJA JONU
BATERIJA.

Anna Dorondo, Kaspars Kaprans, Janis Mateuss, Gunars Bajars,Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Izpétiti divu metalu oksidu, Fe;O3 un TiO,, ar raksturigiem dalinu izmériem attiecigi
50 nm un 21 nm, tris kompozitmaterialu kombinacijas ar reducétu graféna oksidu.
Izstradata elektroforétiska kartinu iegtiSanas metode un elektroforétiski iegttas
Fe,03/rGO; TiO,/Fe,03/rGO; TiO,/rGO kartinas. Raksturigais kartinu biezums 2-6
pm. Materialiem veikta elektrokimisko 1pasibu izpéte, ieglti gravimetriskas
ladinietilpibas rezultati, izpetitas gravimetriskas ladinietilpibas izmainas péc
vairakiem uzlades izlades cikliem. Elektroda kompozitmaterialiem veikta struktiras
analize izmantojot SEM, AFM, Ramana spektroskopiju.

Saja darba iegiitais kompozitmaterials uzradija labakus rezultatus pielietojumam litiju
jonu baterijas salidzinot ar iepriek§ sintez€tajiem materialiem, kas saturéja Fe,Os
dalinas ar raksturigo dalinu izm&ru ap 150 nm. legutie rezultati liecina, ka iegitais
materials potenciali izmantojams Li* jonu baterijas ka elektrodmaterials.

Pateiciba

Par finansialu atbalstu Eiropas socialajam fondam un projektam Nr.666/2014
»Kontrolg¢jamas porainibas kompozitmaterialu sint€ze un pétijumi plano slanu un to
sistému iegliSanai energijas uzkrasanas un parveido$anas pielietojumiem

NANOSTRUCTURED Fe,O3 AND TiO, COMPOSITE AS PERSPECTIVE
ANODE IN LITHIUM ION BATTERY

Anna Dorondo, Kaspars Kaprans, Janis Mateuss, Gunars Bajars,Janis Kleperis
Institute of Solid State Physics, University of Latvia

Two metal oxides, a-Fe,O3 and rutile phase TiO, with a particle diameter 50 nm and
21 nm respectively, were mixed with graphene oxide. Electrophoretic thin film
deposition procedure from water suspension under potentiostatic mode was performed
and the following composite thin films on a stainless steel substrate were obtained: o-
Fe,03/rGO, TiOy/rGO, a-Fe,O3/TiO,/rGO. Subsequently reduction of graphene oxide
were performed. Thickness of acquired thin films were in the range of 2-6 um.
Electrochemical properties of all samples were studied by chronopotentiometry,
cyclic voltammetry and electrochemical impedance spectroscopy. Values of
gravimetric capacity as well as rate capability after charge/discgarge cycles were
figured out. Structure and morphology investigations for each sample were
performed by SEM, AFM, XRD and Raman spectroscopy.

Our synthesized composite material a-Fe,O3/TiO/rGO showed excellent
electrochemical properties for application as lithium-ion battery anode material
compared with a a-Fe;O3/rGO and TiO,/rGO and as well as previously synthesized
material containinga-Fe,O3 with a main particle diameter of about 150 nm.

Acknowledgements

Authors acknowledge the Latvian Council of Science Cooperation Project No.
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MAGNIJA-JONU UN NATRIJA-JONU AKUMULATORI

Edgars AiSpurs®, Ansis Ecisz, Pé&teris Lesni¢enoks®, Janis Kleperis1
"Latvijas Universitates Cietvielu fizikas institiits
*4genskalna Valsts Gimnazija

Na-jonu (NJ) un Mg-jonu (MJ) akumulatori paliek arvien popularaki izpétei $o
elementu lielas izplatibas zemes garoza un pieejamibas d€l. Magnijam atskiriba no
Litija piemit 2 ladini nevis viens, savukart Natrijam elektronegativitate (0.93) ir
mazaka neka Litijam (0.98), kas padara akumulatoru jaudigaku un veido iemeslu
pétisanai.

Miusu darba lai iegiitu jaunu anodu — ezveidigas struktiiras MnQOy4, 1.7 MnSO4
iz8kidinatus 20ml tident, beigu Skidumu izkars€ja 110°C 6 h, tad izfiltr&ja un izzavéja,
un ieguva mangana IV oksidu, kuru izmantoja MJ akumulatora. Akumulators
MgOy/elektrolits ar membranu/Mg salikts Swagelock tipa §tna un testéts ar
potenciostatu, lai noteiktu izlades/uzlades parametrus akumulatoram.

MAGNESIUM-ION AND SODIUM-ION RECHARGEABLE BATTERIES

Edgars Aispurs?, Ansis Ecis?, Janis Kleperis', Peteris Lesnicenoks®
YInstitute of Solid State Physics, University of Latvia
’Agenskalna State Gymnasium

Na-ion (NI) and Mg-ion (MI) rechargeable batteries become more popular to be
improved because metal elements of these batteries are quite much in earth crust so
it’s available to be used in big quantity. Magnesium has 2 charges while Lithium only
one. Electronegativity of sodium (0.93) is less than Lithium (0.98), so batteries
powered by sodium ions should be much powerful then Lithium ones.

In our work to get a new anode - the needle-like structure of MnQOy,, the 1.7g MnSO,
was dissolved in 15 ml of water and 2 ml of 95% sulfuric acid, adding 2.72g of
potassium permanganate which was dissolved in 20 ml of water and then the final
solution was heated in 110°C for 6 hours and then it was filtered out and dried. The
final product was manganese IV oxide, which was used in Swagelock type Ml cell as
anode for electrochemical measurements and charge-discharge cycling.

The financial support of National Research Program LATENERGI is greatly
acknowledged.

66



Stenda referati, 21. februaris

POLIBENZIMIDAZOLA KOMPOZITMATERIALA SPEKTRALIE
PETIJUMI UV-REDZAMAJA RAJONA

Jlija Hodakovska', Baode Zhang?, Stanislavs Lozkins"®, Janis Kleperis*
YLatvijas Universitates Cietvielu fizikas institiits
’Freiburgas Universitates Fizikas institiits
$Rigas Tehniskas Universitates MLKF Polimérmaterialu institiits

Jauno materialu veidoSana lauj attistities jau eso$am un atrisinat jauno tehnologiju
pielietosanu, uzlabojot nepiecieSamas 1pasibas un samazinot nelabvéligus
raksturlielumus. Uz polimériem bazétie kompozitmateriali ir viens no materialu
attistibas virzieniem. Poliméru prieksrociba ir to izplatiba — organiskie savienojumi ir
sastopami, piem&ram, jebkura no dzivajam butném un augiem — ka arT iesp€ja no
vieniem savienojumiem izveidot citus. Tos var modificét dazados veidos: gan kimiski
mainot paSu savienojumu, gan ari veidojot kompozitmaterialus no vairakiem
savienojumiem materiala izgatavosanas laika.

Misu darba tiek analiz&ta oglekla nanocaurulu ietekme uz polybenzimidazolu, kas ir
viens no termiski un kimiski stabilakiem nemodificétiem polimériem. To galvenais
trikums ir mehaniskas Tpasibas — virsmas stipriba, tadel tiek meklétas piedevas un
veidoti kompoziti. Spektralie mérjjumi UV-redzamaja dala lauj analizét elektroniskos
spektrus poliméram un spriest par saiteém, kas veidojas starp piemaisijumiem —
oglekla nanocaurlém un poliméra k&dém.

RESEARCH OF THE SPECTRAL PROPERTIES OF
POLYBENZIMIDAZOLE COMPOZITE IN UV-VIS REGION

Julija Hodakovska', Baode Zhang?, Stanislavs Lozkins"?, Janis Kleperis'
YInstitute of Solid State Physics, University of Latvia
®Institute of Physics, Freiburg University
*Institute of Polymermaterials, Riga Technical University

New materials play major role in introducing and developing of new technologies by
improving some properties and decreasing unwanted ones. Composites based on
polymers are widely studied, because polymers are easily obtained, e.g. organic
compounds could be found if every living being, and there are many known methods
to make them produce other organic compounds. Apart from chemical reactions, there
is also a possibility to produce composites from several compounds.

In our work, we analysed carbon nanowire influence on polybenzimidazole, that is
one of the best polymers from thermal and chemical point of view, but it has problems
with surface strength. Sample Spectral measurements in the UV-visible region allow
to analyse the electron spectra of the polymer and estimate the links formed between
the additives - carbon nanotubes — and polymer chains.

Authors thanks technical assistance of Raitis Grzibovskis for solid film spectra. The
financial support of Baltic-German University Liaison Office project No 2017/8
supported by the German Academic Exchange Service (DAAD) with funds from the
Foreign Office of the Federal Republic Germany is greatly acknowledged.
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AR SLAPEKLI DOPETA OGLEKLA MATERIALA IEGUSANA UN
IZMANTOSANA DEGVIELAS SUNAS

Ance Plavniece™?, Galina Dobele', Aleksandrs Volperts', Aivars Zirins',
Ivars Krusenberg®
' Latvijas Valsts Koksnes Kimijas Institiits
2 Rigas Tehniska universitdte, materialu un lietiskas kimijas fakultate
3 Tartu universitate, Kimijas Institiits

Patlaban pieaugot energijas patérinam, efektiva un 1&ta elektrokimiska energija kltst
aktualu problému, jo 1pasi kurinamo S§tnu. Bez platina grupas metalu sakabekla
reducéSanas katalizatoru izmantoSana ir viens no svarigakajiem uzdevumiem
kurinamo elementu izstrades joma.

Nanoporainie oglekla materiali varétu but izmantoti $adam mérkim, tapéc, ka tie ir
videi draudzigi, salidzino$i 1&ti, ar augstu elektrokimisku aktivitati un zemu
elektropretestibu. Ir zinams, ka N, atomi oglekla materiala strukttra ir heteroatomi,
kas liela mera nosaka aktivéto oglekla elektroktmiskas 1pasibas.

Darba izmantotas nanoporainas ogles no koksnes, celulozes un celulozes iegtiSanas
procesa atlikumiem. Lai iegiitu ar slapekli dop@tu oglekla materialu, izmantojam
reakciju ar diciandiamidu 700 un 800 °C temperatiira. legiita ar slapekli dopéta
oglekla materialu poraina struktiira, ka ar skabekla reducéSanas spéja, tika salidzinata
atkariba no iegtiSanas apstakliem un izejvielam. Balstoties uz rezultatiem, atbilstosi
izvirzitajam méerkim, tika noteikts oglekla materials, kuru var izmantot degvielu §iinas
elektrodiem.

NITROGEN DOPED CARBON MATERIALS FOR FUEL CELLS

Ance Plavniece™?, Galina Dobele', Aleksandrs Volperts®, Aivars Zhurinsh?,
Ivars Krusenberg®
! Latvian State Institute of Wood Chemistry
2 Riga Technical University, Faculty of Material Science and Applied Chemistry
® Institute of Chemistry, University of Tartu

As energy consumption increases, efficient and cheap electrochemical energy sources,
such as fuel cells, are becoming more important. Implementation of oxygen reduction
catalysts without application of platinum group metals are one of the most important
tasks in the field of fuel cell development.

Nano porous carbon materials are environmentally friendly, relatively inexpensive,
with high electrochemical activity and low electrical resistance. It is known that in
carbon material structure N, atoms are heteroatoms form, which determine the
activated carbon electrochemical properties.

In order to synthesize nitrogen doped carbons the following materials were obtained
and doped with dicyandiamide at 700 and 800°: wood char, cellulose char, as well as
activated carbons based on wood, cellulose, black liquid and sludge.

The synthesized N-doped carbon materials porous structures as well as their
performance as electrodes were assessed taking in account preparation conditions and
raw materials. The results gave an insight for the selection of the optimal N-modified
activated carbon for the application as fuel cell cathode.

The study was supported by M-ERA.NET project “Wood-based Carbon Catalysts for

Lowtemperature Fuel Cells (WoBaCat)” and Latvian State program VPP Nr.6 ResProd
project Nr.3.
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RED-OX MEDIATORA SINTEZE UN PIRMIE EKSPERIMENTI IZDALITO
GAZU MASU NOTEIKSANA ELEKTROLIZES PROCESA.

Martin§ Vanags, Janis Kleperis, Artis Volkovs, Vladimirs Nemcevs
Latvijas Universitates Cietvielu fizikas institiits

S1 darba galvenais mérkis un uzdevums ir izveidot elektrolizé izdalito produktu masas
noteikSanas iekartu, balstitu uz red-ox mediatoru. Musdienas red-ox mediatori tiek
izmantoti Tidens elektrolizes un fotoelektrolizes $iinas, lai atdalitu anoda telpu no
katoda telpas tadgjadi atdalot skabekla un tidenraza gazes procesa laika. Ideja par red-
ox mediatora izmantoSanu produktu masas noteikSana ir unikala un Saja darba tiek
atspoguloti pirmie rezultati mediatora sint€z€, Stinas buivé un vajstravas merjumos.
Par mediatora materialu tika izv€léts NiOOH/Ni(OH); elektrodu paris. Darba gaita
sintez&ti NIOOH/Ni(OH); elektrodu pari. Elektrodi analizéti ar XRD un SEM. XRD
rezultati liecina par tira NiIOOH un Ni(OH); parklajumu, kas dod iesp&ju to talak
integrét divkameru elektrolizes $iina, kura anoda telpa tika ievietots NIOOH elektrods
un katoda telpa Ni(OH); elektrods. Abi elektrodi tika sasleégti k€de caur elektrometru
ar merki nomerit mazas stravas.

Mazakas stravas, kas iesp&jams noteikt red-ox mediatora kéde, un kas liecina par
masas noteik3anas precizitati, ir pikoamp@ru robezas. Sadas stravas atlauj detektat
tidens elektrolizé gazu izdaliSanos ar precizitati 10'189/5.

SYNTHESIS OF RED-OX MEDIATOR AND FIRST EXPERIMENTS IN
DETERMINING THE MASS OF GASES EMITTED DURING
ELECTROLYSIS

Martins Vanags, Janis Kleperis, Artis Volkovs, Vladimirs Nemcevs
Institute of Solid State Physics, University of Latvia

The main purpose and task of this work is to create device based on a red-ox mediator
for electrolysis product mass-detection. Nowadays, red-ox mediators are used in water
electrolysis and photoelectrolysis cells to seperate the anode section from the cathode
section, thereby parting the oxygen and hydrogen gas processes. The idea of using a
red-ox mediator in product weight determination is unique and this paper reflects the
first results in mediator synthesis, split cell design and low-current measurements.

A NiOH /Ni(OH); electrode pair was selected as the mediator material. During the
experimental setup NiOH /Ni(OH), electrodes were synthesized. Electrodes were
analyzed by XRD and SEM. The XRD results show pure NiOH and Ni(OH), coating,
which allows its further integration into a two-section electrolytic cell, where a
NiOOH electrode will be placed in the anode section and Ni(OH), electrode in the
cathode section. The two electrodes will be connected in a circuit through an
electrometer to measure small currents.

The lowest currents that can be detected in the red-ox mediator pair, which indicate
the accuracy of the mass determination, are within the range of picoamps. Such
currents allow the detection of gases in water for electrolysis with an accuracy of 108
g/s.

The authors gratefully acknowledge financial support from the Institute of Solid State
Physics, University of Latvia, for the project of young researchers.
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SAULEI SEKOJOSO UN STACIONARO PV PANELU EFEKTIVITATE
LATVIJA

Ieva Bebriga', Martin§ Vanags?, Janis Kleperis®
'Rigas 64. vidusskola
’Latvijas Universitates Cietvielu fizikas institiits

Latvijas teritorija nav perspektiva energijas iegiiSanai no fosilajiem kurinamiem, jo
valsti tie nav praktiski iegiistami. STiemesla dél licla nozime ir energijas iegfiSanai no
atjaunojamajiem avotiem. Viens no neizsmelamiem energijas veidiem ir saules
energija siltuma un gaismas starojuma veida. Latvijas sabiedriba maz izplatita ir ideja
par saules energijas pielietoSanas iesp&jam elektribas ieguisanai. Tacu Latvijas
teritorija vidéji gada sanem vairak saules energijas ka Vacija, un izteikti vairak ka
Danija, Somija, Zviedrija, lai gan §is valstis ir uzstadijusas daudz vairak panelus
saules elektribas iegiiSanai. 3-4 ménesi Latvija ir ar 1sam dienam, un seviSki maz
saulaino dienu ir novembri un decembri. Ja energijas uzkrasanai izmanto tikai
akumulatorus, tad gruti izveidot 1&tu un efektivu sistému vasaras liekas energijas
uzkrasanai. TieSi Latvijas platuma gradi ir piemeérotaki saules panelu pielietojumiem
ka dienvidu zemes, pieméram, Spanija, Turcija. Misu darba paradits, ka ar
vienkar$iem paliglidzekliem iesp&jams izveidot mérsist€tmu saules panelu generctas
jaudas noteikSanai dazados stavoklos un gada dienas. Tas loti ieteicams skolam,
veidojot laboratorijas darbus par saules energijas savakSanas iesp&jam un praktiskiem
pielietojumiem majsaimniecibas.

THE EFFECTIVENESS OF SOLAR TRACKING AND STATIONARY PV
PANELS IN LATVIA

leva Bebrisa’, Martins Vanags?, Janis Kleperis®
'Riga Secondary School No. 64
“Institute of Solid State Physics, University of Latvia

The territory of Latvia is not a prospect of obtaining energy from fossil fuels because
they are not practically available in the country. For this reason, energy from
renewable sources is important. One of the most inexhaustible forms of energy is
solar energy. The idea of the use of solar energy for obtaining electricity in Latvia is
not widely known in the society. The territory of Latvia on average per year receives
even more solar energy than Germany, and much more than Denmark, Finland and
Sweden. 3-4 months in Latvia are with short days, and a particularly the number of
sunny days is very low in November and December. If only batteries are used to store
solar energy, it's hard to create a cheap and effective system for storing excessive
summer energy. On the other hand, knowing that the efficiency of solar panels is less
in hot days, and the higher the cold, just the Latvian latitudes are more suitable for
solar panel applications than the southern terrain such as Spain, Turkey. This study
shows that with simple aids, it is possible to create a measuring system for
determining the generated power of solar panels in different positions and specific
days of the year. It is highly recommended for schools to develop laboratory work on
solar energy storage and practical applications in households.

The technical assistance of engineers from the ISSP UL Vladimirs Nemcevs and
Paulis Gurdziels are greatly acknowledged.
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ELEKTROHROMAS PLANO KARTINU SISTEMAS WO/IrO PETTJUMI

Janis Mencis Jun', Janis Kleperis?
'Rigas Francu Licejs
’Latvijas Universitates Cietvielu fizikas institiits

Elektrohromisms tiek defin€ts plano kartinu sistémai ka caurejosas gaismas
intensitates, atstarotas un absorbetas gaismas izmaina elektriska lauka ietekmg,
katjoniem un elektroniem iespiezoties materiala un ekstrag€jot no ta. Visvairak
zinamais elektrohromo sistému pielietojums ir “viedie” logi, kuriem mainas gaismas
caurlaidiba, pieliekot mainigu spriegumu. Viedajos logos realiz€jas gan ekonomiskie,
gan vides aspekti, attiecigi siltuma energijas iectaupiSana un aizsardziba pret gaismas
piesarnojumu. Izskir katodiskos (WO3z, MoO; u.c.) un anodiskos (NiOy, IrOx u.c.)
elektrohromos materialus, kuri krasojas/atkrasojas pie pret&jas polaritates. No $adu
materialu pariem tiek veidotas elektrohromas sist€émas.

Misu darba apliikota elektrohroma sistéma WO3/IrOy. Volframa trioksida un iridija
oksida planas kartinas iegiitas ar magnetrona plazmas izlades izputinasanu attiecigi no
volframa un iridija metaliskiem mérkiem Ar/O; atmosféra. Ar SEM, EDAX un XRD
metodém pétita ieglto kartinu morfologija, sastavs un struktiira, bet ar potenciostatu
tris elektrodu $tna — elektrokimiskas ipasibas. Pirmajai saliktajai sistémai mérita
gaismas caurlaidiba atkariba no pielikta sprieguma veértibas.

RESEARCH OF THIN FILM ELECTROCHROMIC SYSTEM WOg3/IrOy

Janis Mencis Jun', Janis Kleperis®
'Riga French Lycée
%Institute of Solid State Physics, University of Latvia

An electrochromics is defined as optical modulation of light transmittance, reflectance
and absorbance in thin film systems with electric field assisted insertion and
extraction of cations and electrons. More known application is in “smart” windows
which can change transmittance under different voltage appealing both in economic
and environmental missions: for saving energy and/or avoiding excess lightening. It
distinguishes between cathodic (WO3;, MoO;3 etc.) and anodic (NiOy, IrOy, etc.)
electrochromic materials that colour/bleach at opposite voltage polarity.
Electrochromic systems are created from pairs of both cathodic and anodic materials.
Our work deals with the electrochromic thin film system WO3/IrOy. Thin films of
tungsten trioxide and iridium oxide are obtained by magnetron plasma sputtering,
respectively, from metallic tungsten and iridium targets in the atmosphere of the
Ar/O,. The morphology, composition and structure of the obtained films are been
studied with SEM, EDAX and XRD methods, but the electrochemical properties are
investigated with the potentiostat in three electrode cell. The light transmittance
depending on the applied voltage value is measured for the first electrochromic
system.

The technical assistance of researchers from the ISSP UL: Roberts Kalendarjovs,
Peteris Lesnicenoks and Karlis Kundzins are greatly acknowledged.
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ADSORBCIJA NO ATMOSFERAS UN SAISTITIE PROCESI
KARBONIZETA STIKLA SKIEDRAS AUDUMA PEC KARSESANAS

Mihails Vdoviéenko, Janis Balodis, Evalds Pentjuss
Latvijas Universitates Cietvielu fizikas institiits

Pétisanas objekts-dabiski karbonizéts NaAlSi stikla Skiedras audums ar tronas
(Na;CO3'NaHCO32H,0) kristalu ¢aulu uz Skiedras virsmas. Sadi pétijumi rada
interesi lai saprastu Caulas veidosanos. Otra motivacija ir kristalu mazie izméri (divas
dimensijas zem 1 pum) ar lielu virsmas/tilpuma attiecibu, kas atvieglo pasu kristalu
virsmas procesu pétisanu. Auduma paraugi tika silditi Iidz 150-180°C ar soli 5°C un
vienu stundu ilgi. Noteikta masas atjauno$anas dazadas atmosferas ka laika funkcija
viena gada garuma. Novéroti divi tronas sabrukSanas veidi ar sakumu pie 57°C un
73,5°C. Visos gadijumos masas atjauno$anas péc kars@Sanas bija eksponenciala un
saistita ar vismaz 15 miniites ilgu CO, un H,O fizikalo adsorbciju. VEélak, abu tronas
sabruk$anas veidu masas atjaunosanas bija neeksponenciala un dazada. Izmantojot
abu eksponentu laika atkaribu masas adsorbcijas konstantes A; un A, un laika
konstantes t; un t; (noteiktas regresijas metodi), analizéta CO, un H,O adsorbcija un
diskut@ta tronas sagrauSana atkariba no paraugu izkarséSanas temperatiiras.

ADSORPTION FROM ATMOSPHERE AND ASSOCIATED PROCESSES IN
CARBONISED GLASS FABRIC AFTER HEATING

Mihails Vdovicenko, Janis Balodis, Evalds Pentjuss
Institute of Solid State Physics, University of Latvia

The object of study was naturally carbonized NaAlSi glass fabric having a shell of
trona (Na,CO3'NaHCO3-2H,0) crystals on its filaments that has an interest to
understand the formation of carbonate shell. Another motivation is the small sizes
(below a um in two directions) of crystals that have increased attitude of surface to
volume and facilitates the investigation of surface phenomena itself. The fabric
samples were heated (up to 150-180°C with step of 5°C during a hour) and measured
its mass restoring in different atmospheres as a function of time up to about a year.
There are observed the two kinds of trona decomposition with beginning at 57°C, and
about 73,5°C, having different exponential mass increases caused by physical
adsorption of CO, and H,0O during about 15 min after heating, and non exponential
rules of mass adsorption for both mentioned kinds of decomposition later. In terms of
parameters of exponents (adsorption intensity constants A;(A;) and (time constants
t1(t2), determined by regression technique) analysed adsorption of CO,(H,0O) and
discussed the decomposition of trona in dependence of preheating temperature.

We are grateful to State program of Latvia IMIS2 for the financial support
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IZKARSESANAS ATMOSFERAS IETEKME UZ ANODISKU TiO,
PARKLAJUMU FOTOKATALITISKAM IPASIBAM

Ainars Knoks, Janis Kleperis, Liga Grinberga
Latvijas Universitates Cietvielu fizikas institiits

TiO, ir plasi pétits materials fotokatalitiskiem pielietojumiem. Neskatoties uz ta
potencialu dazadiem jau praks€ esoSiem pielietojumiem, joprojam plasi tiek pétitas
iesp€jas ta izmantoSanai energétika. Ir zinams, ka fotokatalitiskiem pielietojumiem
anataza faze ir aktivaka par rutila fazi, neskatoties uz plataku aizliegto zonu. Sintézes
parametri tieSi ietekmé€ ieglistama materiala fazi. Nemot véra, ka anodiski ieglistamais
TiO; ir amorfs, ir svarigi izvéleties ne tikai pareizu kristalizacijas temperatiiru, bet ar1
atmosferu.

Saja darba anodiski tika sintezéts TiO, un karséts dazadas atmosferas (gaiss, N,
Ar/H,), tika skatita aizliegtas zonas platuma izmaina atkariba no karséSanas
atmosferas un koreléts ar fotoaktivitates raditajiem. Balstoties uz eksperimentaliem
rezultatiem, tiek izdariti secindjumi par karséSanas atmosferas ietekmi uz struktiiru,
kas petita ar XRD un Ramana spektroskopijas metodem, ka ari fotokatalitiskam
Ipasibam.

HEAT TREATMENT INFLUENCE ON PHOTOCATALYTIC PROPERTIES
OF ANODIC TITANIA

Ainars Knoks, Janis Kleperis, Liga Grinberga
Institute of Solid State Physics, University of Latvia

TiO, is highly researched material for usage in photocatalysis. Despite its potential for
a variety of applications already in practice, there are still many obstacles to the
prospect of its use in the energy sector. It is well known that anatase phase is
preferable compared to rutile for photocatalytic purposes. The synthesis parameters
have a direct influence on TiO, structure and properties. Anodic titania in inorganic
electrolyte is amorphous. Considering that it is crucial to find proper parameters
(annealing temperature and atmosphere) to synthesize desired TiO, phase.

In this work anodic titania was synthesized and various atmospheres were applied (air,
N2, Ar/Hy) in crystallization procedure. Structure, morphology and photocatalytic
activity was investigated with XRD, Raman spectroscopy, SEM and photo-electro-
chemical methods. Influence of crystallization atmosphere on structure and
photocatalytic properties are discussed.

The financial support of National Research Program IMIS2 is greatly acknowledged.

73



Stenda referati, 21. februaris

KOBALTA FERITA IZMANTOSAMA MAKSLIGAS FOTOSINTEZES
PROCESA NODROSINASANAI.

Arvis Maizelis*, Ainars Knoks?, Janis Kleperis2
1 ‘. ..
Agenskalna Valsts gimnazija

2Latvijas Universitates Cietvielu fizikas institiits

Maksliga fotosintéze ir kimisks process, kas Iidzigi ka fotosint€zes procesa,
izmantojot Saules energiju un katalizatorus, dala Tideni sastavdalas par H, un Os.
Maksligaja fotosintéz& ir iesp&jams parvérst saules energiju tdenradi, kas tiktu
izmantots ka energijas nesgjs elektroenergijas iegiSanai. Darba gaita tika sintezeti
kobalta ferita (CoFe,O,) paraugi kimiski un ar izsmidzinasanas pirolizes metodi,
izmantojot 0,1M dzelzs nitratu (Fe(NOs)3:9H,0) un 0,2 M kobalta nitratu
(Co(NO3),-6H,0) skidumus.

Paraugu strukttiras noteikSanai tika izmantota rentgenstaru difrakcijas XRD un
Ramana spektroskopijas metodes. Morfologija tika pétita sken&josa elektronu
mikroskopa un fotoaktivitates noveért§jums veikts, lietojot mérfjjumos noteiktas
fotostravas. Apkopojot ieglitos mérfjumu rezultatus, tika izdariti secinajumi par
kobalta ferita iegiiSanas metozu ietekmi uz strukturalaja Tpasibam un fotoaktivitati,
lidz ar to par CoFe,O,4 izmantosanas iesp&jam maksligas fotosintézes veiksanai.

INVESTIGATION OF COBALT FERRITE AS ANODE MATERIAL FOR
ARTIFICIAL PHOTOSYNTHESIS

Arvis Maizelis', Ainars Knoks?, Janis Kleperis®
!Agenskalna State Gymnasium
%Institute of Solid State Physics, University of Latvia

In the worlds of high energy demand, it is necessary to find environmentally friendly
ways for energy generation. There is a process in nature, photosynthesis. In the
synthetic photosynthesis water is split into H, and O, using Solar energy. Further this
H, could be used as energy carrier to be stored and used as electricity when necessary.
In this work cobalt ferrite was synthesized through methods of chemical and spray-
pyrolysis using 0,1M iron nitrate (Fe(NO3)3-9H,0O) and 0,2 M cobalt nitrate
(Co(NO3),-6H,0) solutions.

Sample structure was investigated through XRD and Raman spectroscopy, as well as
morphology with SEM and photocatalytic activity though photochemical
measurements. Influence of synthesis method on photocatalytic activity was
investigated. Conclusions based on the experimental results are discussed in this work.

The financial support of National Research Program LATENERGI is greatly
acknowledged.
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KVALITATES KONTROLE TRITIJA AKTIVITATES MERIJUMOS AR LSC
METODI

Daina Riekstina®, Janis Rudzitis®
'Latvijas Universitates Cietvielu fizikas institiits
2 Latvijas Universitdtes Kimiskas fizikas institiits

Meérfjumu rezultatu kvalitate var ietekm@t pareizu spriedumu pienemsSanu zinatng,
razoSana, apkartgjas vides un partikas drosibas kontrole. Tritija (H-3, Eg = 18.6 keV,
Tip = 12.32 gadi) aktivitates noteikSana ar augstu ticamibas Itmeni ir svariga gan
radiacijas droSibas kontrolei, gan augsto tehnologiju attistibai (JET kodolsintézes
reaktora).

Darba apskatitas kodolreakcijas, kuras rodas tritijs, tritija koncentracijas noteikSana ar
Skidras scintilacijas metodi (LSC), izmantojot spektrometru Packard TriCarb 2100 un
scintilacijas kokteili OptiPhase “HiSafe3”, ka ari mérijjumu kvalitates nodroSinasanas
jautajumi. Lai iegiitie rezultati biitu ticami, kas svarigi gan paSiem pétniekiem, gan
iesp&jamiem pétijumu pasiititdjiem, ir svarigi nodroSinat kvalitates prasibu ievéroSanu
atbilstosi laboratorijas kompetences standartam LVS EN ISO/EIC 17025:2005L.
Galvenas standarta prasibas miisu mérfjumos ietver: kalibrétu etalonu izmantoSanu,
iekartu kalibréSanu, ilgstoSu iekartu stabilitates kontroli, rezultatu atkartojamibu,
nenoteiktibu noveértéSanu un piedaliSanos starptautiskos salidzino$ajos mérijumos.
Piedalisanas “IARMA Proficiency Test” salidzino$ajos mérjjumos paradija misu
analitisko rezultatu kvalitati un lava identificet dazas potencialas problémas.

QUALITY CONTROL OF TRITIUM ACTIVITY MEASUREMENTS USING
LSC METHOD

Daina Riekstina’, Janis Rudzitis®
! Institute of Solid State Physics of the Latvian University
ZInstitute of Chemical Physics of the Latvian University

Quality of measurement results is of utmost importance for making right decisions in
science, industry, environment and food safety control. Tritium (H-3, Eg = 18.6 keV,
T1p = 12.32 years) activity determination with a high confidence level is necessary
both for radiation safety purposes, and for development of high technologies (in JET
nuclear synthesis reactors).

Discussed topics are: nuclear reactions producing tritium, measurement of tritium
activity with the liquid scintillation method (LSC) using spectrometer Packard
TriCarb 2100 and scintillation cocktail OptiPhase “HiSafe3”, as well as measurement
quality assurance. Confidence of obtained results is important both for researchers
themselves as well as for possible customers. In order to ensure such confidence, one
must implement quality assurance system requirements according to the laboratory
competence standard LVS EN ISO/EIC 17025:2005L. The main standard
requirements in our measurements include: use of calibrated measurement standards,
calibration of measurement instruments, repeatability (stability) checks,
reproducibility of results, uncertainty assessment and participation in intercomparison
measurements. Participation in the “IARMA Proficiency Test” intercomparison
measurements demonstrated quality of our analytical results and allowed to identify
some potential problems.
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TRITIJA IZDALISANA PAAUGTINATA TEMPERATURA NO ITER VEIDA
SIENAS DIVERTORA MATERIALIEM

Liga Avotina', Mihails Halitovs', Elina Pajuste’, Juris Jansons', Bronislavs Les¢inskis’,
Gunta Kizane', JET sadarbibas partneri’
Latvijas Universitates Kimiskas fizikas institiits
2EUROfusion Konsorcijs, JET, Kalemas zindtnes centrs

Oglekla Skiedras kompozitmaterialus (carbon fiber composite — CFC) izmanto
Apvienota Eiropas tora (Joint European Torus — JET) ITER veida siena (ITER like
wall — ILW) ka divertora materialus un planots izmantot stellaratoros. Lai novértétu
procesus, kas varétu notikt vakuuma zuduma gadijuma, veikta situacijas modelesana,
karsgjot JET divertora materialu lidz 1000°C.

Petiti ILW 2010.-2012. gada kampanas divertora augstas pliismas sedzos$a (High Flux
Gap Closure — HFGC) CFC kiegela paraugi. Kampanas D-D reakcijas kopgjais
plazmas laiks 19 stundas. Paraugi karséti ar argonu atSkaidita gaisa plasma, 200
mL/min. Veikta termogravimetriskd (TG) un diferenciali termiska analize (DTA)
savienojuma ar FT-IR spektrometru. Kars€Sanas produkti analizéti ar FT-IR
spektrometrijas un $kidras scintilacijas metodi.

TG/DTA rezultati norada uz diviem galvenajiem procesiem, uz eksotermisku masas
samazinajumu lidz 1,0%, ap 300°C, un endotermisku procesu virs 900°C. Kars€Sanas
atlikuma FT-IR spektrs ir lidzigs JET neizmantota CFC spektram. Termiskas analizes
laika izdalijies 1,1 kBg/g tritija (1,5x10° T atomi/g), kas ir atbilst tritija daudzumam,
kas noteikts ieprieks ar pilnas oksidésanas metodi.

TRITIUM RELEASE AT ELEVATED TEMPERATURE FROM ITER LIKE
WALL DIVERTOR MATERIALS

Liga Avotina®, Mihails Halitovs', Elina Pajuste’, Juris Jansons®, Bronislavs Lescisnkis’,
Gunta Kizane*, JET Contributors®
'University of Latvia, Institute of Chemical Physics
2EUROfusion Consortium, JET, Culham Science Centre

Carbon fiber composites are used in Joint European torus (JET) in ITER like wall
(ILW) as divertor materials and are proposed as divertor materials in stellarators. To
estimate the processes that could take place in case of loss of vacuum accident, the
modelling is performed by heating the JET divertor material up to 1000° C.

In this research samples from CFC from high flux gap closure (HFGC) tile from a
campaign, total plasma time 19 h, D-D plasma, is analyzed. Heating is performed in
air flow diluted with Ar, 200 mL/min. Thermogravimetric (TG) analysis together with
differential thermal analysis (DTA) is performed. The gaseous products anayzed with
FT-IR spectrometry and liquid scintillation method.

In TG/DTA curves two main processes can be distinguished. Exothermic process with
mass loss up to 1.0%, around 300°C, and endothermic mass decrease, above 900°C.
The heating residue is with similar FT-IR spectrum as plasma non-exposed CFC.
During the thermal analysis 1.1 kBqg/g (1.5x10° T atoms/g) tritium were desorbed, that
corresponds to amount of tritium previously determined with a method of full
oxidation.

This work was carried out within the framework of the EUROfusion Consortium and has received
funding from the European Union’s Horizon 2020 research and innovation programme under grant
agreement number 633053. The views and opinions expressed herein do not necessarily reflect those of
the European Commission or of the ITER Organization.
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IZMAINAS RIEPU MATERIALA PAATRINATU ELEKTRONU
STAROJUMA IETEKME

Anna Lankovska?, Liga Avotina®, Valentina Kinerte?, Larisa Baumane”® Gunta Kizane®
"Latvijas Universitates Kimijas fakultate
2Latvijas Universitates Kimiskds fizikas institiits
3Laz‘vijas Organiskas sintezes institits

Automobilu riipnieciba attistas, salidzinot 2010. un 2016 .gadu saraZzoto automaSinu
skaits gada ir palielingjies par 17 miljoniem, palielinot arT nolietoto riepu skaitu [1,2].
Pirolizi ir perspektivs risinajums riepu parstradei un, izmantojot paatrinatu elektronu
starojumu, pirolizi varétu uzlabot. Visplasak, tiesi, ir pétita riepu materiala, apstaroSana
ar gamma starojumu. Tomér, attistams virziens ir arl riepu materiala destrukcija ar
paatrinatu elektronu starojumu. Lai novertétu elektronu starojuma ietekmi uz riepu
materialu, nepiecieSams novertét izmainas ta kimiskajas sait€s un brivajos radikalos.
Riepu materiala apstaroSana ar paatrinatiem elektroniem, izmantojot SMeV ELU-4
linearo elektronu paatrinataju dozas 20-1000 kGy. Nestarotie un starotie paraugi analiz&ti
ar Furje transformacijas infrasarkano spektrometriju (FT-IR), pavajinatas pilnigas
atstaroSanas (ATR) rezima un elektronu paramagnétiskas rezonanses (EPR) metodi.
Uznemtajos FT-IR spektros apgabala no 500—1700 cm™ ir atrodamas $adas kimiskas
saites C-H; CH=CHj,; -CH=; C-C; C-S. Elektronu starojuma rezultata mainas signalu
intensitate C-S saitei un EPR spektros registréto brivo radikalu koncentracija.

APPLICATION OF ELECTRON IRRADIATION FOR CHANGES
OF TYRE MATERIAL

Anna Lankovska®?, Liga Avotina®, Valentina Kinerte?, Larisa Baumane®*,Gunta Kizane?
! Faculty of Chemistry, University of Latvia
? Institute of Chemical Physics, University of Latvia
$Latvian Institute of Organic Synthesis

The rapid growth of the automotive industry, comparing the number of produced cars in
2010 and 2016 it has grown by 17 million per year, increases also the number of tyres
[1,2]. A perspective solution for waste car tyres recycling is pyrolysis and using ionizing
radiation we could improve pyrolysis. The most widely studied are the tyre material
irradiation with gamma radiation. However, also the development direction is the
destruction of tire materials with accelerated electrons radiation. To evaluate accelerated
electrons radiation influence on tyre materials, it is necessary to analyze changes in
chemical bonds and free radicals.

Tyre material irradiation with accelerated electrons in doses 20-1000 kGy using 5 MeV
linear electron accelerator ELU-4. Non-irradiated and irradiated samples are analyzed by
using means of Fourier transformation infrared spectrometry attenuated total reflection
(FT-IR-ATR) and electron paramagnetic resonance (EPR) methods. In FT-IR spectra in
the area from 500-1700 cm™are found the following chemical bonds C-H; CH = CH,; -
CH =; C-C and C-S. Electron irradiation causes changes in the intensity of the C-S bonds
as well as in EPR spectra registered free radical concentration.

References:

[1] Worldwide automobile production from 2000 to 2016 (in million vehicles)
https://www.statista.com/statistics/262747/worldwide-automobile-production-since-2000/

[2] Musidin A.; Microwave Devulcanization of Ground Tyre Rubber (GTR), Terrassa, 2015

Acknowledgment: The work is performed in the frames of the University of Latvia financed project No.
Y9-B044-ZF-N-300, "Nano, Quantum Technologies, and Innovative Materials for Economics"
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RADIACIJAS DEFEKTU DZILUMA PROFILI AR MeV-GeV ENERGIJAS
JONIEM APSTAROTOS MgO MONOKRISTALOS

Rolands Grants, llze Manika, Roberts Zabels, Janis Maniks
Latvijas Universitates Cietvielu fizikas institiits

MgO ir perspektivs materials izmantoSanai augstas energijas iericés un ar radiaciju
saistitas tehnologijas, pateicoties ta termiskajai un radiacijas izturibai. Pétiti defektu
veidoSanas procesi ar MeV- GeV energijas U, Au, Bi, Xe and Ni joniem apstarotos
MgO kristalos un apstaroSanas ietekme uz mehaniskajam 1pasibam. Izmantotas
nanoindentesanas, dislokaciju kustiguma, dislokaciju selektivas kodinasanas, optiskas
spektroskopijas un ASM metodes. Dislokaciju kustiguma un cietibas pétjjumu
rezultati uz profila virsmam apliecina elektronisko ierosinajumu un elastigo
sadursmju mehanismu ieguldijumu dislokaciju u.c. defektu agregatu veidoSana un
mehanisko 1pasSibu modifikacija. Elastigo sadursmju mehanisms dod nozimigu
ieguldijumu jonu trajektorijas beigu dala un kltist doming&joss augstu fluencu apstak]os.
Pétita jonu energijas un fluences ietekme un salidzinata defektu veidoSanas
efektivitate dazadiem joniem. Pielietojumu nozimé rezultati apliecina MgO spg&ju
izturét augstas apstaroSanas dozas, saglabajot mikroplastiskumu indent€$anas procesa
un uzradot [idz 50% paaugstinatu cietibu.

THE DEPTH BEHAVIOR OF DAMAGE IN MgO SINGLE CRYSTALS
IRRADIATED WITH MeV-GeV IONS

Rolands Grants, llze Manika, Roberts Zabels, Janis Maniks
Institute of Solid State Physics, University of Latvia

MgO is a promising material for application in high-energy and nuclear technologies
due to its high thermal and radiation resistance. The effect of irradiation with MeV
and GeV energy ions (U, Au, Bi, Xe and Ni) on structure and mechanical properties
of MgO single crystals was studied. The methods of nanoindentation, dislocation
mobility, selective chemical etching of dislocations, optical absorption spectroscopy
and AFM were used for damage characterization. Irradiation leads to an increase of
hardness associated with formation of ion-induced dislocations and other extended
defects. The depth profiles of indentation hardness and dislocation mobility confirm
joint contribution of electronic excitation and elastic collision mechanisms in
structural damage of MgO and in change its properties. The nuclear stopping
mechanism manifests in the tail part of the ion range and becomes dominant at high—
fluence irradiation. The effects of ion energy and fluence were studied and the
effeciency of damage as a function of average absorbed energy for different ions was
compared. The results show, that MgO survives severe irradiation, maintains
microplasticity at indentation and exhibits improved hardness.

The financial support of the national project IMIS2 is greatly acknowledged.
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MAGNETISKA LAUKA IETEKME UZ SiC BLANKETA
MIKROSTRUKTURAS STABILITATI KARSTA Pb-Li PLUSMA

Faina Muktepavela®, Eriks Platacis®, Andrejs Sisko?, Carlota Soto®, Jon Echeberria’,
Jose M. Esnaola®, Carmen Garcia-Rosales® Tereza Hernandez*, Marta Malo®.
'Latvijas Universitates Cietvielu fizikas institiits
2 Latvijas Universitates Fizikas institits
%Ceit-1K4 and TECNUN San Sebastiana
*CIEMAT, National Fusion Laboratory

Magnétiska lauka MHD efekti ievérojami palielina blanketa Eurofer térauda koroziju
Pb-Li karsta plisma. To galvenokart apliecina mikrostruktiiras destrukcija uz térauda
virsmas. Sobrid tiek izstradata divu dzeséSanas svina-litija blanketa koncepcija, kur
plismas kanala ieliktni (PKI) sp&lé galveno lomu, jo tiem ir janodroSina nepieciesama
siltuma un elektriska izolacija. Saja darba tiek pétita SiC sendvi¢a PKI materiala
(porains SiC kodols, aptverts ar blivo 200-400um CVD-SiC slani), izmantoSana.
Korozijas testi nekustiga Pb-Li pie 700 °C un plistosa ar v=10 cm/s pie 550°C, ar un
bez 1.8-2T magnétiska lauka tika veikti LU FI moderniz&ta Pb-Li- stenda. Rezultati
uzradija, ka atSkiriba no Eurofer térauda, magnétiska lauka ietekme uz CVD SiC
parklajuma mikrostruktiiru (degradacija, erozija uc) netika novérota. Virsma
saglabajas bliva un makro defektus nesaturosa.

Var secinat, ka porains SiC ar CVD-SiC parklajumu nodro$ina stabilu aizsardzibu
pret koroziju karsta Pb-L.i.

MAGNETIC FIELD INFLUENCE ON SiC BLANKET MICROSTRUCTURE
STABILITY IN THE HOT Pb-Li FLOW

Faina Muktepavela®, Erik Platacis®, Andrey Sisko?, Carlota Soto®, Jon Echeberria®,
Jose M. Esnaola®, Carmen Garcia-Rosales®, Tereza Hernandez*, Marta Malo”,
! Institute of Solid State Physics, University of Latvia
2 Institute of Physics University of Latvia
®Ceit-1K4 and TECNUN (University of Navarra)
*CIEMAT, National Fusion Laboratory

The magnetic field due to MHD effects significantly increases the corrosion of
Eurofer steel in the hot flow of Pb-Li eutectic. This is revealed firstly in the
destruction of the steel microstructure. Now the concept of Dual Coolant Lead
Lithium (DCLL) blanket is being developed, where Flow Channel Inserts (FCIs) are
key elements, since should provide the thermal and electrical insulations. In this work,
the use of a SiC-sandwich material for FClIs (porous SiC core covered by a dense 200-
400 um CVD-SIC layer) is studied. Corrosion tests under static Pb-Li at 700°C and
under flowing at v=10 cm/s and 550°C, with and without a 1.8-2T magnetic field,
were performed in the special lead-lithium setup at the IP University of Latvia.
Results showed that, compared with Eurofer steel, no remarkable effect of a magnetic
field (degradation, erosion, etc) has been observed on the CVD SiC microstructure.
The surface of coating remained fully dense, free of macro defects.

We can conclude that porous SiC covered with CVD SiC offers a reliable protection
against corrosion in hot Pb-Li.

The financial support of Euratom programme 2014-2018,g9r.No633053 is greatly
acknowledged.
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LIELI AR ELEKTRISKO LAUKU IZRAISITI PARVIETOJUMI
(l-X)(O.SNa(),sBi0_5TiOs-O.ZB&TiO:g)-XC&TiOg, CIETAJOS SKiDUMOS

Liga Bikse, Maija Antonova, Laura Eglite, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Lieli ar elektrisko lauku inducéti parvietojumi ir konstatéti (1-x) NBT-xBT cietajos
Skidumos morfotropas fazu robezas rajona (x~0.06), ar sastava modificéSanu panakot
to depolarizacijas temperatiiras samazinasanos lidz istabas temperatiirai un zemak.
Tomér morfotropas fazu robezas izveli $adam mérkim nevar uzskatit par pamatotu.
Saja pétijuma ka alternativs sakuma sastavs ir izvélets 0.8NBT-0.2BT cietais $kidums,
kuram piemit liela tetragonalitate pie istabas temperatiras. lesp&a samazinat
depolarizacijas temperatiiru tiek pétita (1-X)(0.8NagsBipsTi03-0.2BaTiO3)-xCaTiOs
cieto Skidumu rinda. Ir konstatéts, ka CaTiO3 koncentracijas palielinasana rada
ievérojamu depolarizacijas temperatiiras samazinaSanos, savukart ar lauku inducéta
polarizacija, kas raksturo iesp&jamo lauka izraisito parvietojumu, saglabajas augsta.
Sastavam ar x = 0.10 pie istabas temperatiiras tieck noverotas dubultas histerézes cilpas,
kas norada uz depolarizacijas temperattiras nobidi zem istabas temperattiras. Sastavam
ar x=0.075 konstatéts augsts ar lauku inducéts parvietojums — 0.4% pie E=50 kV/cm,
kas ir lielaks salidzinajuma ar sastaviem morfotropas fazes robezas rajona.

LARGE FIELD INDUCED DISPLACEMENTS IN
(1-x)(0.8Nag sBig 5 T103-0.2BaTiO3)-xCaTiO3; SOLID SOLUTIONS

Liga Bikse, Maija Antonova, Laura Eglite, Eriks Birks
Institute of Solid State Physics, University of Latvia

Large electric field induced displacements are found in (1-X)NBT-xBT solid solutions
in region of morphotropic phase boundary (x=0.06), if they are in appropriate way
modified to supress depolarisation temperature in the range of room temperature and
below. Although choice of morphotropic phase boundary for such purpose does not
looks motivated. 0.8NBT-0.2BT composition, which inheres large tetragonality at
room temperature, is chosen in this study as alternative starting composition.
Possibility to reduce depolarisation temperature is studied in solid solutions (1-
X)(0.8NagsBipsTiO3-0.2BaTiO3)-xCaTiO3. Remarkable reducing of depolarisation
temperature in result of increasing of CaTiO3; concentration is found, while field
induced polarisation, which characterise possible field induced displacement, is
maintained high. Double hysteresis loops at room temperature are observed for
composition with x=0.10, indicating shift of depolarisation temperature below room
temperature. Direct measurements of field induced displacement in composition
x=0.075 reveal high displacement value 0.4% at E=50 kV/cm exceeding
displacements of compositions in the region of morphotropic phase boundary.
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AR KOBALTU LEGETAS (Ba,Pb)TiO; KERAMIKAS DIELEKTRISKAS UN
ELASTISKAS IPASIBAS

Karlis Bormanis!, Anna. Kalvane!, Anver Idrisovich Burkhanov?, Roman Viktorovich Dikov?
YLatvijas Universitates Cietvielu fizikas institiits
2 \olgogradas Tehniska universitate

Leggjot perovskita struktiiras BaTiO3z saimes keramiku ar parejas metalu elementu
joniem iesp&jams izmainit So materialu dielektriskas un elastiskas ipasibas [1].
P&tijumu mérkis ir izzinat elastisko un dielektrisko Tpasibu izmainas Bag gsPbo g5 T103
cietajos skidumos, legg€jot tos ar kobaltu.

Sintezéti cietie Skidumi (1-x)Bag.gsPbo o5 T1O3+xC0,03 (x=0, 0.1, 0.3, 0.5, 1.0,
2.0 sv.%) un, pielietojot keramikas apdedzinasanas tehnologiju, izgatavoti paraugi.
Izmerita dielektriska caurlaidiba un zudumi atkariba no temperatiiras, mérlauka inten-
sitates un frekvences; veikti elastisko Tpasibu pétijumi; analizéta Co legéSanas ietekme
uz fizikalo parametru izmainam. legiita nelineara longitudinalo akustisko vilnu

izplatisanas atruma atkariba no materiala temperattiras un Co koncentracijas (Fig.1).
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Fig.1. Longitudinalo vilnu izplati§anas atrums (1—X)Bag gsPbg s TiO3+xC0,03
(x=0.3, 2.0 sv.%) keramika atkariba no temperataras. Longitudinal wave velocity v(T) for
(1-xX)Bag.g5Pbo 05 TIO3+XxC0,05 (x = 0.3 and 2.0) as a function of temperature.

DIELECTRIC RESPONSE AND ELASTIC PROPERTIES OF COBALT DOPED
(Ba,Pb)TiO; CERAMICS

Karlis Bormanis!, Anna Kalvane®, Anver Idrisovich Burkhanov?, Roman Viktorovich Dikov?
YInstitute of Solid State Physics, University of Latvia
2Volgograd Technical University

It is known that the elastic and dielectric properties of the BaTiOs;—based ceramics
can be influenced by doping with the transition—metal ions [1].

A study of Co—doping effect on the elastic properties and dielectric response of
Bay.9sPbo 05 T1O3 solid solution within the range of 300-500 K is reported.

The studied ceramic solid solution samples of (1—x)Bag g5Pbg.osTiO3+xC0,03 (x=0,
0.1, 0.3, 0.5, 1.0, 2.0 wt%) was obtained from high-purity oxides by conventional
solid phase 2-stage synthesis and consecutive baking under atmospheric conditions.
Modifying by admixture of Co is found to change substantially the thermal anomalies
of elastic and dielectric properties and shift the ferroelectric phase transition
temperature. The diverse curves of longitudinal acoustic wave velocity v(T) was
obtained for different Co concentrations (Fig.1).

[1] H.J. Hagemann, H. Ihring. Valence change and phase stability of 3d- doped BaTiO;
annealed in oxygen and hydrogen. Phys. Rev. B 20, 3871-3878 (1979).
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AR 3d ELEMENTIEM DOPETAS PLZT 8/65/35 KERAMIKAS
POLARIZACIJAS UN STRUKTURAS IZMAINAS STIPROS
ELEKTRISKAJOS LAUKOS

Lelde Lace, Anatolijs Popovs, Maris Kundzins,
Maris Livins, Maija Antonova, Vilnis Dimza
Latvijas Universitates Cietvielu fizikas institiits

Polarizaciju segnetoelektriskajos materialos var raksturot ar dielektrisko caurlaidibu
(e) vajos elektriskajos laukos, kur E <3V/cm, vai ar polarizacijas histerézes cilpam
P(E) stipros elektriskajos laukos, kur E diapazons ir 1-30 kV/cm un vairak.
iepriek$gjos darbos mes esam vairak petijusi € temperatiiras un frekvences atkaribas
PLZT 8/65/35(La8) sastavos ar 3d elementu Cr, Mn, Fe, Co, Ni, Cu (La8+3d)
piedevam.

Saja darba tika izmantota $o pasu sastavu keramika, lai. p&titu P(E) temperatiiras
atkaribas (-60 - +150 °C), mainot: 1) E amplittdu, 2) E periodu ((0,02 sec. (50 Hz), 15
sec., 1,4, 16 min.)), 3) piedevu koncentracijas: 0,01; 0,1; 0,3; 1,0 un 3,0 svara %.
Konstateta butiska karstas preséSanas parametru izmainu ietekme uz P(E) uzvedibu.
Atrastas korelacijas starp P(E) izmaindm un iesp&jamam izmainam/nobidém fazu
diagramma x/y/z (kur x=La, y=Zr, z=T1).

Tiek analizéta defektu un Jana-Tellera efekta loma P(E) izmainas.

POLARIZATION AND STRUCTURAL CHANGES IN STRONG ELECTRIC
FIELDS IN PLZT 8/65/35 CERAMIC DOPED WITH 3d ELEMENTS

Lelde Lace, Anatolijs 1.Popov, Maris Kundzins,
Maris Livins, Maija Antonova, Vilnis Dimza
Institute of Solid State Physics, University of Latvia

Polarization in ferroelectric materials can be characterized by dielectric permittivity (g)
in weak electric fields, where E <3V / cm, or by polarization hysteresis loops P (E) in
strong electric fields, where the E range is 1-30 kV/cm and more. In our previous
work, we have studied ¢ temperature and frequency dependences mostly of PLZT
8/65/35 (La8) with additives of Cr, Mn, Fe, Co, Ni, Cu (La8 + 3d). here we continue
the studies of ceramics with the same compositions.

The temperature dependencies of P (E) were studied (-60 - +150 ° C) by changing: 1)
E-amplitude, 2) E-period ((0.02 sec (50 Hz), 15 secs, 1, 4, 16 min)), 3) dopant
concentrations: 0.01; 0.1; 0.3; 1.0 and 3.0 weight %.

The significant influence of changes of hot-pressing parameters on P(E) was found.
The correlations between P(E) and the possible changes/shifts in the phase diagram
xly Iz (where x = La, y = Zr, z = Ti) are demonstrated.

The role of defects and the Jahn-Teller effect in P (E) changes is analysed.

82



Stenda referati, 21. februaris

DIVDIMENSIJU WS, (0001) NANOLAPU FOTOKATALITISKO IPASIBU
AB INITIO APREKINI

Sergejs Piskunovs', Dmitrijs Bogarovs®, Mara Putnina®, Jurijs Zukovskis®,
Roberts Evarestovs®
Latvijas Universitates Cietvielu fizikas institiits
2 Sanktpeterburgas Valsts Universitate, Sanktpeterburga, Krievija

Parejas metalu dihalkogenidi pieder pie divdimensiju (2D) slanveida materialiem. So
materialu strukttra ir Iidziga grafita struktiirai un raksturojas ar stipram kimiskajam
saiteém starp atomiem slanos un ar vaju mijiedarbibu starp slaniem. Ja slanveida
materiala biezumu samazinat [idz vienam vai daziem atomu slaniem, ta elektroniskas
Ipasibas var stipri izmainities. IpaSa interese ir saistita ar So materiala augsto
katalitisko aktivitati. Miisu darba tika veikti ab initio aprékini WS, savienojuma 2H
fazei, pielietojot hibridu blivuma funkcionala teorijas formalismu (izmantojot HSE06
hamiltonianu). M@&s konstatgjam, ka WS, (0001) nanolapas bez defektiem un
piemaisijumiem ar biezumu no 1 Ilidz 10 monoslaniem ir labi piemerotas
fotokatalitiskajiem  pielietojumiem, jo S§1 materiala aizliegta zona Asgg, atbilst
redzamas gaismas diapazonam starp sarkano un violeto (2.7 eV > Aggp > 1.5 eV).
Visiem WS; nanolapam valences zonas augs€ja un vadiSanas zonas apak$€ja pozicijas
(syg and &) atbilst vajadzigam oksidéSanas un reduc€Sanas potencialu
novietojumam ar 1,23 eV starpibu, jeb &5 < €oyHr0 < GH+Hp < &pg. Augstaka saules
energijas parveides efektivitate (15-18%) parasti ir sasniedzama pie Aggp = 2,0-2,2
eV (dzelteni-zala redzama spektra dala), un atbilst 2 ML biezai (stehiometriskai) WS,
(0001) nanolapai.

AB INITIO CALCULATIONS ON PHOTOCATALYTIC PROPERTIES OF
TWO-DIMENSIONAL WS; (0001) NANOSHEETS

Sergei Piskunov', Dmitry Bocharov', Mara Putnina®, Yuri Zhukovskii*, Robert A. Evarestov?
YInstitute of Solid State Physics, University of Latvia
’St. Petersburg State University, St. Petersburg, Russia

Two-dimensional (2D) layered materials include transition metal dichalcogenides.
The structure of these materials is similar to that of graphite and characterized by
strong in-plane chemical bonds and weak coupling between layers. When the
thickness of layered material is reduced to single or only few atomic layers, their
electronic properties are strongly affected. Of particular interest is their high catalytic
activity. In our study ab initio calculations have been performed by us for WS,
compound in 2H phase within the formalism of hybrid Density Functional Theory
(using HSEO06 Hamiltonian). We have found that WS, (0001) nanosheets with
thickness between 1 and 10 monolayers to be remarkably suitable for photocatalytic
applications in the absence of defects and dopants, since their band gaps Aggap
correspond to the range of visible light between the red and violet region (2.7 eV >
Aggap > 1.5 V). For all the WS, nanosheets considered, the top of the valence band
and the bottom of the conduction band (&,g and &g ) are properly aligned relative to
the oxidation and reduction potentials separated by 1.23 eV, respectively, i.e., s <
E0oiH20 < En+Hp < &cg. The highest solar energy conversion efficiency (15-18%)
usually achieved for Aggp, = 2.0-2.2 eV (yellow-green range of visible spectrum) has
been found for the 2 ML thick (stoichiometric) WS, (0001) nanosheet.

This study has been supported by the EC ERA.Net RUS Plus project No. 237 WATERSPLIT.
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Y,03 AGREGATIZACIJAS PETIJUMI 2D DZELZS REZGI: KINETISKA
MONTE KARLO MODELESANA

Davis Zavickis, Guntars Zvejnieks
Latvijas Universitates Cietvielu fizikas institiits

Ar oksidu nanodalinam stiprinatajiem (ODS) téraudiem novérojamas tadas teicamas
ipasibas ka termala noturiba, radiacijas defektu raditas dislokaciju mobilitates un
hélija implantacijas radito efektu mazinasana. ODS teéraudi ir daudzsolosi materiali ar
potencialu pielietojumu IV paaudzes kodolreaktoros un kodolsintézes reaktoros.
Darba gaita izveidots kinétiskais Monte Karlo modelis (KMC), kas apraksta Y,03
agregatizaciju vienkarSota 2D dzelzs rezga gadijuma sub-perkolacijas apgabala. No
KMC modelésanas datiem iegita fazu diagramma, kas lauj izdalit tris klasteru
augSanas apgabalus, ka arT ieglts Gibsa-Tomsona novért€§jumu, kas nosaka Skidibas
robezu. legiitas kinétikas salidzinatas ar LifSica-Slozova-Vagnera (LSW) modeli
dalinu Ostvalda agregatizacijas aprakstam. Tika noteikts, ka Y,03 agregatizacija, kas
atbilst eksperimentaliem novertgjumiem, notiek jauna kin€tikas reZima pirms tiek
sasniegts LSW paredzgtais augSanas reZims.

YTTRIUM OXIDE AGGREGATION IN 2D IRON LATTICE: KINETIC
MONTE CARLO SIMULATIONS

Davis Zavickis, Guntars Zvejnieks
Institute of Solid State Physics, University of Latvia

Oxide dispersion strengthened (ODS) steel alloys have shown to be one of the most
promising materials for such nuclear applications as Generation IV systems and
fusion reactors, due to their high thermal, irradiation creep strength and excellent
swelling resistance.

In this work kinetic Monte Carlo (KMC) model is created for Y,O3 aggregation in
simplified 2D iron lattice in sub percolation threshold region. KMC simulation data
provide phase diagram which allows one to separate three cluster growth regions as
well as to obtain Gibbs-Thomson solubility boundary estimate. Acquired cluster
growth kinetics is compared with Lifshitz-Slyozow-Wagner (LSW) theory for particle
Ostwald ripening. It was determined that Y,O3; aggregation which agrees with
experimental data occurs in a new kinetics regime before reaching actually the LSW
predicted growth limit.
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HETEROGENO KODOLA-APVALKA NANODALINU SINTEZE AR
LAZERA ABLACIJAS METODI SKIDRUMA

Polina Cumidova, Jelena Butikova, Boriss Polakovs
Latvijas Universitates Cietvielu fizikas institiits

Heterogénas kodola-apvalka nanodalinas ir jauns inovativs un perspektivs materialu
veids. To izmantoSanas iesp&jas ir plasas, ieskaitot pielietojumus tribologija un tidens
elektrolizeé. Darba tiek apskatita kodola-apvalka nanodalinu iegiisana ar impulsa
lazera ablacijas metodi skidruma.
SR Lo s g e “A0% Ar Nd:YAG lazera 2. harmonikas palidzibu tika
4 iegutas Mo/MoS,, Zr/ZrS, un W/WS, kodola-
", apvalka nanodalinas. Tika iegiiti dalinu Ramana
spektri. To struktiira un morfologija tika izpétita ar
+ SEM un TEM palidzibu. Tika atklats, ka disulfida
apvalks veidojas ap metalisko kodolu tikai tad, ja
nanodalinu diametrs ir lielaks par 100 nm. Tiek
apskatitas lazera ablacijas metodes iespgjas
heterogéno nanodalinu sintez€ un petijjumu talakas
perspektivas.
Att.1. Mo/MoS; kodola-apvalka nanodalina ar 11 disulfida slaniem

SYNTHESIS OF HETEROGENEOUS CORE-SHELL NANOPARTICLES
WITH LASER ABLATION METHOD IN LIQUID

Polina Cumi&ova, Jelena Butikova, Boriss Polakovs
Institute of Solid State Physics, University of Latvia

Heterogeneous core-shell nanoparticles is a new innovative and promising material
technology. The possibilities of their use are extensive, including applications in
tribology and water electrolysis. In this work, the core-shell nanoparticles have been
synthesised using pulsed laser ablation in liquid.
Using the 2" harmonics of the Nd:YAG laser, Mo/MoS,, Zr/ZrS, and W/WS, core-
_____ shell nanoparticles have been obtained. Raman
=~ % spectra of the nanoparticles have been recorded.
-~ Their structure and morphology have been studied
| using SEM and TEM microscopy. Disulphide shell
is formed around the metal core only in the case if
. the diameter of the nanoparticle is larger than
100 nm.
The possibilities and the further perspectives of
using the laser ablation method for the synthesis of
heterogeneous core-shell nanoparticles have been
described.
Fig.1. Mo/MoS, core-shell nanoparticle with 11 disulphide layers
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LED APGAISMOJUMS AR PIELAGOJAMU KRASU TEMPERATURU,
SAKOTNEJIE PSIHOFIZIKALIE DATI

Sergejs Fomins, Maris Ozolin$
Latvijas Universitates Cietvielu fizikas institiits

33. LU CFI konferencé esam prezentejusi LED gaismas avota ar mainamo krasu
temperatiiru skici. Misu idejas pamata ir dabigai gaismas lidziga LED avota izveide
ar dinamisko uzvedibu, pieskanotu geografiskam izvietojumam. Jaunaja prototipa
izmantojam gaismas diodes ar platakiem spektraliem profiliem. Pie $adas sisteémas
labumiem pieskaitams Kvazinepartraukts spektralais aizpildijums redzamas gaismas
diapazona. Katra pamat diode Sada sisttma sniedz lielu ieguldijumu (liels relativais
starojuma laukums) izveidota balta krasa, kas labvéligi palielina iesp&amo korel&to
krasu temperatiiru diapazonu, bez stipriem gaismas daudzuma kritumiem. Tas
savukart, atvieglo gaismas avota vadibas nodroSinasanu un ta sakotngjo kalibraciju.
Eksperimenta piedalijas 5 dalibnieki ar normalu trihromatisko redzi. Uzdevums ir
pieskanot gaismas avota krasu un intensitati kas krit uz a) balta parauga un b)
mondrian tipa daudzkrasainas ainas, vairakos dienas gaismas apstaklos. Lai atvieglot
eksperimentala uzstadijuma konstantu nodrosinajumu, dabiskas gaismas spektri tika
atkartoti izmantojot filtrétu A tipa gaismas avotu (kv€lspuldze) un filtréto ksenona
gazes gaismas avotu.

LED LIGHTING WITH ADJUSTABLE COLOR TEMPERATURE, INITIAL
PSYCHO-PHYSICAL DATA

Sergejs Fomins, Maris Ozolins
Institute of Solid State Physics University of Latvia

At the 33 UL ISSP conference we have presented a sketch of LED light source with
dynamically adjustable color temperature. Our idea is to develop a natural like LED
source with dynamic behavior, aligned with the geographic location. In the new
prototype we use LEDs with wider spectral emission profiles. The benefits of such a
system include the quasi-continuous spectrum in the visible light range. Each basic
diode in this system brings a large contribution (high relative radiation area) to
produce a white light, which increases the range of possible correlated color
temperatures without any significant drop in light intensity. This, in turn, facilitates
easier light source control and initial calibration. The experiment was attended by 5
participants with normal trichromatic vision. The task was to match the color and
intensity of the light source illuminated on (a) a white specimen and (b) a Mondrian-
type multicolored pattern under several daylight mimicking conditions. In order to
facilitate the constant experimental settings, the natural light spectra were produced
by a filtered F type light source (filament lamp) and a filtered xenon light source.
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OPTISKAS FAZES NOTEIKSANA, IZMANTOJOT GAISMAS
INTENSITATES MERIJUMUS UN BEZKONTAKTA PROFILOMETRIJU

Varis Karitans®?, Edgars Nitiss?, Andrejs Tokmakovs®
Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Optometrijas un Redzes zindtnes nodala

Optika pastav fazes probléma, proti, iegiistot att€lu, tieck zaudéta informacija par fazi,
kas I1dzas intensitatei satur biitisku informaciju par objektu. Laika gaita izmantotas
dazadas metodes (holografija, ptihografija, dazadas skaitliskas metodes u.c.) zaudetas
fazes informacijas iegtiSanai.

Meramie objekti izgatavoti fotorezista AZ40XT-11D slani, izmantojot tiesa ieraksta
litografiju. AZ fotorezists vispirms tika atSkaidits, izmantojot PGMEA, un p&c tam ta
slant tika izgatavotas dazadas struktiiras. P&c attistiSanas struktiras tika izpludinatas,
izmantojot termalas sasSkidrinaSanas metodi. Izgatavotas binaras maskas izmérs bija
324 um x 324 um (18 px x 18 px). Maska izgatavota, strukturgjot fotorezistu MP SPR
700 un uzklajot tam 100 nm biezu hroma slani.

Izgatavoto objektu faze tika mérita, izmantojot gan gaismas intensitates mérijjumus,
gan virsmas profila mérijjumus. Profila mérjjumi tika iegtiti, izmantojot bezkontakta
profilometru Zygo NewView 7000. Vilnu frontes izplatisanas no modulatora lidz
binarajai maskai simul&ta, izmantojot riku Light Pipes.

legtitie rezultati liecina, ka pastav mérena/laba korelacija starp intensitates merijjumu
un bezkontakta profilometrijas metodi.

P&tijums izstradats, izmantojot projektu 1.1.1.2/VIAA/1/16/199 un IMIS2 atbalstu

OPTICAL PHASE RETRIEVAL USING LIGHT INTENSITY
MEASUREMENTS AND NON-CONTACT PROFILOMETRY

Varis Karitans*?, Edgars Nitiss®, Andrejs Tokmakovs
YInstitute of Solid State Physics, University of Latvia
Department of Optometry and Vision Science, University of Latvia

In optics, one often encounters the phase problem that besides intensity contains an
essential information about the object. Use of various methods (holography,
ptychography, different numerical methods and others) for retrieval of the lost
information about the phase has been reported.

The test objects were designed in a photoresist AZ40XT-11D layer suing the direct
write lithography. First, the photoresist was diluted with PGMEA and next various
patterns were designed. After development, the structures were softened using the
thermal reflow method. The size of the designed binary mask was 324 um x 324 um
(18 px x 18 px). The mask was designed by structuring a photoresist MP SPR 700 and
sputtering 100 nm chrome layer on it.

The phase of the designed objects was retrieved using both light inensity
measurements and surface profile measurements. The profile measurements were
acquired using a non-contact profiler Zygo NewView 7000. The wavefront
propagation between the modulator and binary mask was simulated using the tool
Light Pipes.

The results show that moderate/good correlation exists between the method of light
intensity measurements and the non-contact profilometry.

The financial support of project 1.1.1.2/VIAA/1/16/199 and IMIS2 is greatly
acknowledged.
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LU CFl CAURLAIDES, PIEKLUVES UN SIGNALIZACIJAS
SISTEMAS ATTISTIBA

Irina Gvardina, Alberts Kristing, Janis Melderis
Latvijas Universitates Cietvielu fizikas institiits

Pasreiz&jai CFI caurlaides, piekluves un signalizacijas sistémai pamati likti 20009.
gada, kad tika apvienotas divas neatkarigas piekluves sist€mas - sétas varti + sétas
durvis un caurlaide. 2010. g. beigas sistémai pievienoja gaitenu durvis sétas gala.
Nakamaja gada sistémai pievienoja autostavvietu. 2012. gada Dalasas atslégas tika
nomainitas pret apdrukatam Proxy kartém ar darbinieku fotografijam. 2013.g. beigas
sisteémai pievienoja tirtelpas. 2014. — 2015. g. sist€mai pievienotas vél vairakas telpas.
No 2016. gada iebraukSana autostavvieta ir iesp&jama gan ar Proxy kartém, gan ar IS
brelokiem. Aktivizgjoties zinatniskajam darbam tirtelpas, radas nepiecieSamiba ieviest
stingraku kontroli piekluvei un darba laikam, ka arT papildus izveidot attalinatas
administréSanas programmu, tapéc 2017.g. ir izstradatas un ieviestas nepieciesamas
sistémas izmainas un papildindjumi. Sogad ir paredz&ts papildinat sistemu ar
informativo tablo firtelpas un pievienot sist€mai kontrol§jamo piekluvi 5. stava
izremont€tajam telpam.

Tada veida sistéma kluva daudzfunkcionala un ar plasam iesp&jam. Ta sp&j nodroSinat
caurlaides darbu, piekluvi un signalizaciju telpam, vadit barjeras, vartus un citas
ierices, sp&j nolasit informaciju no dazada veida ripnieciskiem dev&jiem (dimu un
gazu detektoriem, temperatiiras un mitruma sensoriem, spiediena un kustibu devgjiem
utt.)

DEVELOPMENT OF ISSP ENTRANCE CHECK-POINTS, ACCESS AND
SIGNALING SYSTEM

Irina Gvardina, Alberts Kristing, Janis Melderis
Institute of Solid State Physics, University of Latvia

The basics of the current ISSP entrance check-points, access and signaling system
were started in 2009 when two independent access systems were combined - back
door gateway + back door and entrance check-points throughput. At the end of the
2010 the corridor doors were added to the system at the back door ends of the floors.
In 2011 the parking lot was added to the system. In 2012 Dallas Keys were replaced
with printed Proxy Cards with staff photos. At the end of the 2013 clean rooms were
added to the system. In 2014 - 2015 more rooms were added to the system. From
2016 access to the parking lot is possible with both Proxy Cards and IR access keys.
There was a need for more stringent control over access and working hours, as well as
the creation of a remote administration program due to increase scientific research
activities in the clean rooms, so the necessary changes and additions are implemented
in 2017. It is planned to supplement the system with the information screen in the
clean rooms and add controllable access to the 5th floor renovated rooms to the
system in 2018.

In this way, the system became multifunctional with a wide range of options. It is
capable of providing throughput, access and signaling to rooms, control of barriers,
gates and other devices, it is able to read information from various types of industrial
sensors (smoke and gas detectors, temperature and humidity sensors, pressure and
motion sensors, etc.).
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POLARU YAIO; (001) VIRSMU AB INITIO APREKINI

Roberts Eglitis, Anatolijs .I. Popovs
Latvijas Universitates Cietvielu fizikas institiits

Mgs prezent&jam misu ab initio aprékinu rezultatus priek§ polaram YAIO3; (001)
virsmam, kuri ir iegiiti izmantojot B3LYP apmainas-korelacijas funkcionali kur§ ir
iestradats CRYSTAL datoru programma. Atomu relaksaciju aug$gjiem trim slaniem
mes veicam abiem iesp€jamajiem YO un AlO,-Sk€lumiem priek§ polaram YAIlOs
(001) virsmam izmantojot (001) slanus, kuri satur attiecigi 22 un 23 atomus, ka ar1 9
kartas. Mes analizéjam Al-O kimiskas saites kovalences izmainu pie AlOj-Skeltas
YAIO; (001) virsmas attieciba pret Y AlOj3 tilpumu. Ir aprékinatas YO un AlO,-skelto
YAIOj; polaro (001) virsmu energijas un tas ir salidzinatas ar ABO3 perovskitu (001)
virsmu energijam [1-7]. Musu B3LYP aprékinatas energgtiskas zonas priek§ YO un
AlO,-8keltam YAIO3; (001) virsmam ir salidzinatas ar YAIOj3 tilpuma energétiskas
zonas platumu.

AB INITIO CALCULATIONS OF POLAR YAIO; (001) SURFACES

Roberts Eglitis, Anatoli .I. Popov
Institute of Solid State Physics, University of Latvia

The results of ab initio calculations of polar YAIO3; (001) surfaces by means of a
hybrid B3LYP exchange-correlation functional as it is implemented in the CRYSTAL
computer code are presented. Both polar YO and AlO,-terminations of the cubic
YAIO; (001) surface were considered. We performed relaxation of atoms on the
upper three layers of both YO and AlO,-terminated YAIO3 (001) surfaces using slabs
containing 22 and 23 atoms and 9 layers, respectively. The Al-O chemical bond
covalency change near the AlO,-terminated YAIO3; (001) surface relative to the
YAIO;3; bulk is discussed. YO and AlO,-terminated YAIO3; (001) polar surface
energies are calculated and compared with ABOj3 perovskite (001) surface energies
[1-7]. Our B3LYP calculated electronic band gaps of the YO and AlO,-terminated
YAIO; (001) surfaces are compared with the YAIO3 bulk band gap.

References:
1. R.I. Eglitis and A.l. Popov, Nucl. Instr. & Meth. B 2018, submitted.
2. R.l. Eglitis and A.l. Popov, Journal of Saudi Chemical Society, 2018,
accepted. http://dx.doi.org/10.1016/j.jscs.2017.05.011
R.1. Eglitis, J. Phys.: Condens. Matter 19, 356004 (2007).
R.1. Eglitis and David Vanderbilt, Phys. Rev. B 76, 155439 (2007).
R.1. Eglitis, Int. J. Mod. Phys. B 28, 1430009 (2014).
R.1. Eglitis, Ferroelectrics 483, 53-67 (2015).
R.1. Eglitis, Ferroelectrics 483, 75-85 (2015).
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Y-Ti-O PIEMAISIJUMU MODELESANA fcc-Fe REZGI LAI IZSKAIDROTU
ODS DALINU VEIDOSANOS

Aleksejs Gopejenko?, Yuri F Zhukovskiit, Yuri A Mastrikov?, Pavel V. Vladimirov?,
Eugene A Kotomin', Anton Méslang?
Latvijas Universitates Cietvielu fizikas institiits
“Karlsruhe Institut fir Technologie, Institut fiir Angewandte Materialen, Karlsruhe, Germany

Teraudu materiali ar samazinato aktivacijas sp&ju pastiprinati ar Y03
piemaisijumiem lauj palielinat materiala darbibas temperatiiru un radiacijas noturibu
kas ir biitisks konstrukcijas materialiem kurus plano izmantot nakotnes kodolsintézes
reaktoros. Gan oksidu dalinu izm@rs un telpiskais sadalijums butiski ietekmé ODS
teraudu mehaniskas 1pasibas un radiacijas noturibu. Titana piemaistjumi (ka arT titana
dabisks piemaisijums t€raudos) Y,0s; pulvera nanodalinds pirms mehaniska
sakaus€juma rezulté Y, TiOs un Y, Ti,O; nanodalinu veidosana ODS t&raudos.

Tika veikti detalizéti mijiedarbibu ab initio aprékini starp diviem Y un vienu O
atomiem, diviem Ti un vienu O atomiem, ka arT starp vienu Y, Ti un O atomiem.
Saites energija nebija atrasta starp defektiem, kad O atoms bija novietots O pozicija,
savukart saites energijas tika atrastas visiem konfiguracijam, kad O piemaisijums bija
novietots Vg, vakanéu pozicija.

MODELLING OF Y-Ti-O PRECIPITATE INSIDE THE fcc-Fe LATTICE IN
SUPPORT OF ODS PARTICLE FORMATION

Aleksejs Gopejenko?!, Yuri F Zhukovskiit, Yuri A Mastrikov?, Pavel V Vladimirov?,
Eugene A Kotomin', Anton Méslang?

YInstitute of Solid State Physics, University of Latvia
“Karlsruhe Institut fiir Technologie, Institut fir Angewandte Materialen, Karlsruhe, Germany

Reduced activation ferritic-martensitic steels strengthened by Y,03 precipitates allows
one to increase their operation temperature and radiation resistance, which is crucial
for the construction materials planned to be used in the future fusion and advanced
fission reactors. Both size and spatial distribution of oxide particles significantly
affect mechanical properties and radiation resistance of ODS steels. Addition of the
titanium (present also as natural impurities in steels) in the particles of Y,03 powder
before their mechanical alloying leads to the formation of Y,TiOs and Y,Ti,O;
nanoparticles in ODS steels.

The detailed ab initio calculations of the interactions between two Y and single O
atoms, two Ti and single O atoms as well as between single Y, Ti, and O atoms have
been performed. No binding energies have been found between the defects when O
atom has been positioned in O site, while the binding energies have been assessed
for all configurations when O impurity has been included in Vg, vacancy position.

This work has been carried out within the framework of the EUROfusion Consortium

and has received funding from the Euratom research and training programme 2014-
2018 under grant agreement No 633053.
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EXAFS SPEKTRU INTERPRETACIJA, IZMANTOJOT MOLEKULARO
DINAMIKU NO PIRMAJIEM PRINCIPIEM

Dmitrijs Bocarovs', Aleksejs Kuzmins®, Matthias Krack?
Latvijas Universitates Cietvielu fizikas institiits
2Paula Serera institits, Sveice

Temperatiiras atkarigo rentgena absorbcijas spektru interpretacija, izmantojot
molekularo dinamiku (MD) un nemot véra materialu kristalografiskas struktiiras
anizotropiju un termisko nesakartotibu, ir sarezgits uzdevums. Sim mérkim tika
izmantota MD-EXAFS metodologija, kas nesen izstradata Latvijas Universitates
Cietvielu fizikas instittta [1].

Saja darba més prezentdjam MD-EXAFS metodologijas paplaginajumu
savienojumiem, kurus nevar korekti aprakstit, izmantojot klasisko MD, proti ta
saucamos molekularas dinamikas aprékinus no pirmajiem principiem (AIMD). Més
esam pieradijusi MD-EXAFS pieejas efektivitati kombinacija ar AIMD metodi ZnO,
ScF3 un Cu3N savienojumiem. Misu rezultati liecina, ka izmantojot AIMD aprékinus,
ir iesp&ams kvalitativi aprakstit negativas termiskas izpleSanas efektu ScF3
savienojuma, kas ir saistits ar ScFg oktaedru rotacijas kustibu. Tiek apspriestas Sis
pieejas priekSrocibas un ierobezojumi.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un jauno zinatnieku projekta Nr. SJZ/2016/9 ietvaros.

INTERPRETATION OF EXAFS SPECTRA USING FIRST PRINCIPLES
MOLECULAR DYNAMICS

Dmitry Bocharov?, Alexei Kuzmin®, Matthias Krack®
YInstitute of Solid State Physics, University of Latvia
2paul Scherrer Institute, Switzerland

Interpretation of the temperature-dependent X-ray absorption spectra of bulk
materials using molecular dynamics (MD), taking into account anisotropy of the
crystallographic structure and thermal disorder is a challenging task. For this purpose
the MD-EXAFS methodology, as recently developed at the Institute of Solid State
Physics, University of Latvia (ISSP UL) [1] has been used.

In this work we present the extension of MD-EXAFS methodology for compounds
which cannot be properly described using ab initio MD (AIMD) calculations. We
have demonstrated the efficiency of the MD-EXAFS approach in combination with
AIMD method for theory validation and temperature dependent structural properties
description in ZnO, ScF; and CusN. Our results suggest that AIMD calculations are
able to reproduce qualitatively the negative thermal expansion effect in ScF3, which is
attributed to the tilting motion of ScFs octahedra. The advantages and limitations of
this approach are discussed.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2016/9 realized at the Institute of Solid State Physics, University

of Latvia is greatly acknowledged.
[1] A. Kuzmin and R. A. Evarestov, Quantum mechanics-molecular dynamics approach to the
interpretation of X-ray absorption spectra, J. Phys.: Condens. Matter 21 (2009) 055401.
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DAUDZSIENU WS, NANOCAURULU AIZLIEGTAS ZONAS

KONFIGURESANA VARIEJOT DIAMETRU UN SIENINU SKAITU

Olegs Lisovskis, Sergejs Piskunovs, Jurijs Zukovskis
Latvijas Universitates Cietvielu fizikas institiits

Katalizatoru izstradaSana efektivai tidens fotokatalitiskajai SkelSanai joprojam ir viens
no galvenajiem izaicinajumiem atjaunojamas energijas sfera. WS, nesen bija atzits
par vienu no perspektiviem materialiem katalizatoru izgatavoSanai — pateicoties ta
augstam elektronu kustigumam, augstam aktivo centru skaitam (augstakam, neka
ierastam fotokatalizatoru materialam, TiO; ta visstabilakaja forma, anatazs (101)), un
meéreni plasai aizliegtajai zonai ar izdevigu zonu malu izvietojumu. Visbutiskakais
trikums — fotokorozija - jau bija sekmigi novérst ar dazadam metodém, viena no
kuram ir nanostruktiiru izmanto$ana, tai skaita nanocaurulu.

Galvena WS, ka fotokatalizatora materiala pasiba ir aizliegtas zonas regul€Sanas
iesp&ja bez nepiecieSamibas izmantot dopantus. Kam@r dop@Sana ir viena no
popularam metodeém, ta ir pec biitibas saistita ar neregularitatém fotokatalizatora
strukttira, kas intensificé elektronu un caurumu rekombinaciju. Savukart, WS, zonu
malas ir izdevigi novietotas, un to izvietojums ir atkarigs no nanocaurules diametra un
sieninu skaita tada veida, ka klist iesp&jams sasniegt optimalu aizliegtas zonas
konfiguraciju, vienkarsi mainot divus augSminé&tos parametrus.

Dotaja pétijuma més veicam viensienas WS, nanocaurulu sériju ar (n,0) un (n,n)
hiralitates indeksiem un pakapeniski augoSu diametru DFT simul&Sanu, un péc tam
mes analiz€jam efektu, ko rada otras un tresas sieninas pievienoSana.

BAND GAP TUNING FOR WS, MULTI-WALL NANOTUBES VIA
ALTERING OF DIAMETER AND NUMBER OF WALLS

Oleg Lisovski, Sergei Piskunov, Yuri F. Zhukovskii
Institute of Solid State Physics, University of Latvia

Catalyst development for efficient solar water splitting is still one of the major
challenges in the field of renewable energy. WS, has been recognized as one of
prospective materials for catalyst fabrication — due to its high electron mobility,
number of active sites (higher than for conventional material, TiO; in its most stable
form of (101) anatase, and moderately wide band-gap with beneficial band-edge
positions. The major drawback — suffering from photocorrosion — has already been
successfully addressed via plenty of approaches, including employing of nanotubular
structures.

The main feature of WS, as material for photocatalysts is its capability of band gap
tuning without introducing dopant atoms. While doping is one of the popular
approaches for band gap tuning, it inevitably implies formation of irregularities in
photocatalyst structure, which intensifies processes of electron — hole recombination.
In turn, WS, band gap edges are located beneficially and depend on NT diameter and
number of walls in such a way that it is possible to achieve promising band edge
positions via merely altering the two aforementioned parameters.

In this presentation, we report on band structure modeling of single wall WS, NT
series of (n,0) and (n,n) chirality with progressively increasing diameter, and then we
discuss the effect of adding the 2" and the 3 wall into structures.

The support of ERA.Net RUS Plus project No. 237 Watersplit is greatly
acknowledged.
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(Ba,Sr/Ca)TiO; PEROVSKITU CIETO SKIDUMU UN HETEROSTRUKTURU
APREKINI NO PIRMAJIEM PRINCIPIEM ENERGIJU RAZOJOSAM
IERICEM

Leonid L. Rusevich, Guntars Zvejnieks, Denis Gryaznov, Eugene A. Kotomin
Latvijas Universitates Cietvielu fizikas institiits

Modernas metodes materialu razosana lauj veidot jaunus kompleksus materialus ar
uzlabotam segneto- un pjezo- ipasibam salidzindgjuma ar atseviskam $o materialu
veidojosam komponentém. Saja darba més aplikojam (Ba,Sr/Ca)TiOs; kompozito
perovskitu cietos Skidumus [1] un heterostruktiiras, kas ir daudzsolos$i kandidati svina
saturoSo materialu aizstasanai elektriskas/mehaniskas energijas konversija. Izmantojot
atomaras un elektroniskas struktiiras aprékinus no pirmajiem principiem ar linearo
atomu orbitalu kombinaciju (LCAO) un blivuma funkcionala teorijas (DFT)
modernos, t.sk., hibridos funkcionalus (PBEO, B1WC) ka istenoti CRYSTAL
datorprogramma, més aprékinam elastiskas un pjezoelektrisas Ipasibas kompozitiem
(Ba,Sr/Ca)TiO3 perovskitiem ar atSkirigiem sastaviem un telpiskiem izvietojumiem.
Mgs paredzam, ka cietie $kidumi un 1pasi heterostruktiiras ievérojami uzlabo BaTiO3
tilpuma pjezoelektriskas 1pasibas, kas ir bitiski praktiskiem risindgjumiem, ipasi
energijas razojosas ierices.

Sis darbs Tstenots ar ERA-NET HarvEnPiez projekta finansialo atbalstu.

FIRST PRINCIPLES STUDY OF (Ba,Sr/Ca)TiO; PEROVSKITE SOLID
SOLUTIONS AND HETEROSTRUCTURES FOR ENERGY HARVESTING
APPLICATIONS

Leonid L. Rusevich, Guntars Zvejnieks, Denis Gryaznov, Eugene A. Kotomin
Institute of Solid State Physics, University of Latvia

Recent progress in material engineering allows one to produce new complex materials
with improved ferro- and piezo- properties as compared with their constituents. In this
work, we considered (Ba,Sr/Ca)TiO3 composite perovskites in the form of both solid
solutions [1] and heterostructures, which are promising candidates for replacement of
lead-containing materials for electrical/mechanical energy conversion. Using first
principles calculations within the linear combination of atomic orbitals (LCAO)
approximation and advanced hybrid functionals (PBEO, BIWC) of the density
functional theory (DFT) as implemented in CRYSTAL software, we calculated the
elastic and piezoelectric properties of composite (Ba,Sr/Ca)TiO3; perovskites with
different compositions and spatial arrangements. We predict that solid solutions and
especially heterostructures considerably improve the piezoelectric properties of
BaTiO3 bulk, which is relevant for practical applications including energy harvesting.

The financial support of ERA-NET HarvEnPiez project is greatly acknowledged.

[1] L.L. Rusevich, G. Zvejnieks, A. Erba, R. Dovesi, E.A. Kotomin, J. Phys. Chem. A
2017, 121, 9409-9414.
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ELEKTRONU LOKALIZACIJAS EFEKTI AR Th DOPETAJA CeO,

Andrejs Cesnokovs®, Deniss Grjaznovs', Jevgenijs Kotomins'?
Latvijas Universitates Cietvielu fizikas institiits
’Maksa Planka Cietvielu pétijumu institiits

Cerija dioksids (CeO,) ir industriali nozimigais materials jo tam ir raksturiga augsta
jonu vaditsp€ja, tam piemit augsts elektrostrikcijas koeficients un tapéc ka tas spgj
katalizet vairakas kimiskas reakcijas. Eksperimentali ir paradits, ka defektu klatbiitne
— skabekla vakancu un lantanoidu rindas elementu piemaisijumi — ietekmé §is un citas
CeO; ipasibas. Saja darba més analizéjam skabekla vakances (Vo) strukturalas,
elektroniskas un energgtiskas ipasibas ar terbiju dopétaja CeO».

Misu darba més apvienojam DFT+U aprékinus 96-atomu supersina (Ces; ThOgs.5) ar
nesenu pasizstradatu punktveida simetrijas grupu analizi, lai aprakstitu mijiedarbibas
starp Vo un apkart eso$ajiem katjoniem. Sada metodologija lava mums izskatit visas
iespgjamas Vaikofa pozicijas dotaja superSiina, kuras var tikt ievietots c&riju
aizvietojo$s terbija jons, un atrast visstabilako (energetiski minimalo) konfiguraciju.
Tad m@s veicam aprékinus super$iina, kura vienlaicigi atradas gan Tb, gan Vo. Sajos
aprékinos tika akcenteta magnétisko stavoklu un elektronu lokalizacijas efektu analize
ar stavoklu blivuma palidzibu.

ELECTRON LOCALIZATION EFFECTS IN Th-DOPED CeO;

Andrejs Cesnokovs', Deniss Grjaznovs®, Evgénijs Kotomins'?
YInstitute of Solid State Physics, University of Latvia
“Max Planck Institute for Solid State Research

Cerium dioxide (CeOy) is industrially important material because it exhibits high
ionic conductivity, has high electrostriction coefficient and is able to catalyze select
chemical reactions. Experimental data shows that defects, such as oxygen vacancies
and doping atoms from the lanthanide series, may affect these and other properties of
CeO:.. In this work we have analyzed structural, electronic and energetic properties of
oxygen vacancy (Vo) in Th-doped CeO..

In our work, we have combined DFT+U calculations of the 96-atom supercell
(Ce31 ThOg4-5) With the so-called site-symmetric approach, introduced by us very
recently, to analyze interactions between Vo and the surrounding cations. We, thus,
have explored all possible Wyckoff positions within the given supercell size for
placing the Ce-substituting Tb ion with an aim to find the most stable (energetically
minimal) configuration. We then proceeded with the calculation of simultaneous
presence of Th and Vo in the supercell. The emphasis was put on the analysis of
magnetic configurations and electron localization effects using the density of states.

A.C. thanks the financial support from the University of Latvia Foundation (Arnis
Riekstins's "MikroTik" donation).
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KORUNDA STARPMEZGLU SKABEKLA ATOMU IPASIBU UN
MOBILITATES APREKINI NO PIRMAJIEM PRINCIPIEM

Aleksandrs Platonenko*, Deniss Grjaznovs®, Jurijs Zukovskis®, Evgenijs Kotomins®?
'Latvijas Universitates Cietvielu fizikas institiits
?Maksa Planka Cietvielu pétijumu institiits

Radiacijas izraisitas izmainas strukturalas un optiskas korunda ipaSibas, galvenokart,
ir saistitas ar primariem Frenkela defektiem: neitraliem un lad@tiem starpmezglu
atomiem Oi, , ka arT skabekla vakancém (F-centri). Saja darba més veicam apréekinus
neitralam un ladétam skabekla starpmezglu atomam dazadas konfiguracijas,
izmantojot “‘site-symmetry” pieeju. Tika noteiktas aktivacijas barjeras dazados
difuzijas virzienos un aprakstita rezga relaksacija un tuvako atomu mijiedarbiba ar
starpmezgla skabekli. Lai detalizétak aprakstit Sos defektus, mes ar1 aprékinajam
stavoklu blivumus un vibracijas frekvences pamatstavokli. Abiem defektiem
energétiski izdevigaka ir “hanteles”-tipa defekta veidoSanas. Aprékinatas migracijas
energijas ir ~1.1 eV neitralam defektam un ~0.8 eV l1adétam defektam.

Misu aprékiniem més izmantojam blivuma funkcionala teoriju ar atomu orbitalu
linearo kombinaciju metodi, izmantojot korelacijas—apmainas hibridfunkcionali
B3PW, CRYSTALI14 programmas ietvaros. Abi defekti tika simuléti 120+1 atomu
liela supersuna. Rezultati tika salidzinati ar literatlira pieejamiem eksperimentaliem
darbiem par defektu kinétiku.

PROPERTIES AND MOBILITY OF OXYGEN INTERSTITIALS IN
CORUNDUM: AB INITIO STUDY

Aleksandrs Platonenko*, Deniss Grjaznovs®, Jurijs Zukovskis®, Evgenijs Kotomins®?
YInstitute of Solid State Physics, University of Latvia
“Max Planck Institute for Solid State Research

Radiation-induced changes in the structural and optical properties of corundum are
mainly associated with primary Frenkel defects: neutral and charged interstitial
oxygen atoms, as well as oxygen vacancies (F-type color centers). In this work we
performed extended simulations on neutral and charged oxygen interstitials in
different configurations of defective a-Al,03 bulk based on the site symmetry
approach. We estimated the activation barriers along different migration paths and
described the structural relaxation and interaction of O; with the nearest atoms of
regular lattice. For better understanding of these defects, we also performed a careful
analysis of both calculated density of states and vibrational frequencies for the
ground-state configurations. For both type of the interstitials the formation of
dumbbell defects was the most energetically favorable configuration whereas the
migration energy varied from ~1.1 eV for the neutral defect to ~0.8 eV for the
charged one.

For our ab initio calculations we have used spin-polarized density functional theory
within linear combination of atomic orbitals (LCAO) method with the B3PW hybrid
exchange-correlation functional as implemented in CRYSTAL14 code. Both types of
the interstitial defects were simulated using 120+1 atoms supercell. The main results
were compared to available experimental data in the literature on defect annealing
kinetics.
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DAZADU METOZU PAREDZESANAS KVALITATE INDAN-1,3-DIONU
SERIJAS REORGANIZACIJAS ENERGIJAM

Igors Mihailovs™?, Martin$ Rutkis'
'Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Lietiskds kimijas institiits

Viens no lielumiem, kas svarigs ladinnes€ju kustiguma aprékiniem organiskajos
pusvaditajos ir reorganizacijas energija A. Pretéji parneses integralim, tas
aprékinasana ir visai vienkarSa, izmantojot S. Larsona un A. Klimkana kanonizg&to
ASCF shému.[1]

Saja darba ir sniegts reorganizacijas energijas novértgjumu kvalitates statistiskais
salidzinajums. Tika izmantota indan-1,3-diona atvasinajumu sérija un parbauditi
dazadi aprékinu parametri (izmantoti vienkarSie DFT hamiltoniani). Ka atskaites
sérija tika izmantoti ar post-SCF pieejamajam metodém iegiitie rezultati.
Salidzinajums balstijas uz linearas regresijas parametriem (slipuma koeficients,
atSkeltais nogrieznis, R?, nevis uz absolfitam vértibam.

Hierarhisko klasteru analize parada, ka papildu valences un difuzas bazes funkcijas
nedod ievérojamu uizlabojumu rezultatam; difuzas funkcijas to pat pasliktina. B3LYP
rezultati daudz neatskiras no CAM-B3LYP, un funkcionala izvéle energijas
aprékiniem ir daudz svarigaka neka geometrijas aprékiniem. Nulles punkta svarstibu
energijas ieklausana aprékina rezultatu gan uzlabo.

PREDICTION QUALITY OF REORGANIZATION ENERGIES OF A SERIES
OF INDAN-1,3-DIONES BY DIFFERENT METHODS

Igors Mihailovs"?, Martin3 Rutkis
YInstitute of Solid State Physics, University of Latvia
?Institute of Applied Chemistry, Riga Technical University

One of the quantities used for mobility calculations of charge carriers in organic
semiconductors is the reorganization energy A. Contrariwise to the transfer integral,
calculation of A is quite straightforward, with the ASCF scheme canonized by S.
Larsson and A. Klimkans.[1]

In this work, statistical assessment of prediction quality of reorganization energy is
given. A series of indane-1,3-dione derivatives was employed, and various
computational parameters tested (with simple DFT Hamiltonians). For reference,
post-SCF results at available precision were used. The comparison was based not on
absolute values, but on parameters for linear regression (slope, intercept, R?).
Hierarchical cluster analysis showed that the diffuse functions are not beneficial (even
harmful), and extra valence functions also do not give any positive effect. B3LYP is
not much different from CAM-B3LYP, but choice of functional for geometry is much
less important than for energy calculations. Zero-point vibrational correction has
positive effect.
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