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10.30-10.45 Anatolijs Truhins a-kvarca kristala luminiscence ar aluminija, sarmu un c€lmetalu piemaisijumiem 'g-
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11.15-11.30 Janis Brokans Balta fosfora reZga svarstibas ”
11.30-12.00 Kafija
12.00-12.15 Janis Teteris Tiesa optiska ieraksta fotorezistu izstrade un pielietojums c
12.15-12.30 Mara Reinfelde Fotoinducéta anizotropa gaismas izkliede "mikstajos materialos" _SE % %
12.30-12.45 Andris Ozols Vektorieraksta relaksacijas atkariba no polarizacijas azostiklu molekularajas kartinas é §- §
12.45-13.00 Patricija Paulsone Jaunu sintézes stiklu veidojosu piraniliden atvasinajumu gaismas pastiprinasanas Ipasibu pétijumi *
13.00-14.00 Partraukums
14.00-14.15 Janis Kleperis Metodikas izstrade spektroskopiskai CO2 elektrokatalitiskas reform&Sanas reakcijas produktu noteikSanai .8
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14.45-15.00 Janis Kleperis Autonomas sensoru sistémas izveide graudu kaltes monitoringam: v€lamais pret iespgjamo T2
15.00-15.30 Kafija

S1-1 Jékabs Cirulis No temperatiiras atkariga Gd®* jonu ieblivésanas CaF2 nanokristalos

S1-2 éil;i?e};uggrgvojs Brivo radikalu daudzuma pétisana Skistosajos dz€rienos ar elektronu paramagnétisko rezonansi

S1-3 Ernests Einbergs Ar hromu dopéta alfa aluminija oksida izmantojamiba dozimetrija

S1-4 Kri$janis Roze Ar fluoru aktivéta un sarmu metaliem legéta SiO2 optisko ipasibu izpéte
o S1-5 Guna Doke Ilgstosa pecspidesanas Tsvilnu infrasarkanaja spektra apgabala ar iterbija joniem aktivéta MgGeOs materiala S
§ S1-6 Karina Taranda Neaktivetu un F-aktivetu silicija dioksida nanodalinu sinteze %
8' S1-7 Juliana Kepente Indija koncentracijas ietekme uz aktivéto ZnO nanostruktiiru un morfologiskajam ipasibam S
Y s1-8 Agnese Spustaka Anodizacijas procesa iegiita luminiscenta parklajuma homogenitates un luminiscences izp&te g

S1-9 KriSjanis Auzin§ Ar retzemju elementiem aktivétu luminiscgjosu magnija oksidu parklajumu iegiiSana izmantojot plazmas elektrolitiskas oksidacijas metodi

S1-10 Madara Leimane Sarmmetalu piemaisijumu ietekme uz stiklveida silicija dioksida optiskajam Tpasibam

S1-11  Mareks Senko Neaktiveta un Al-aktivéta ZnO nanodalinu sintéze un to Ipasibu izp&te
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S1-13  Varis Karitans Aberaciju méridana, izmantojot Saka-Hartmana aberometriju un phaselift metodi
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10.00-10.30 Andris Sternbergs Cela uz termiskas kodolsintézes elektroenergiju
10.30-10.45 Aleksejs Gopejenko Y, Ti, O un Vre mijiedarbibas aprékini no pirmajiem principiem fcc-Fe rezgi lai izskaidrotu ODS dalinu veido$anos é
10.45-11.00 Arturs Cintin§ Ar joniem apstaroto téraudu analize ar maza lenka rentgenabsorbcijas spektroskopiju “OE
11.00-11.15 Aleksandrs Platonenko Radiacijas izraisito defektu strukturalo, elektronisko un vibracijas ipasibu ab initio p&tjjumi magnija aluminata Spinelt é
11.15-11.30 Gunta Kizane Kodolsintézes iekartas "Apvienotais Eiropas Tors" plazmas saskares materialos uzkrata tritija ipatnibas
11.30-12.00 Kafija
12.00-12.15 Janis Kleperis Udenradis ka energijas nesgjs Latvijas gazes infrastruktiira -
12.15-12.30 Kaspars Kaprans Veiktsp&jas pétijumi pielietojot tris nanostrukturétu materialu sinergiju litija jonu baterijas ;Né %
12.30-12.45 Jilija Hodakovska Graféna un poliméra tinte membranas-elektrodu sistémai § ‘g
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13.00-14.00 Partraukums
14.00-14.15 Eriks Klotins Elektronu procesi cieta viela: Diraka ietvars - s
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14.30-14.45 Olegs Lisovskis 2D-ierobezoto modelu validacija dazada diametra TiO2 nanocaurulem .E_J § :é
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S2-1 Guntars Vaivars Kompozitu poli(&terétera ketonu)/jonu skidrumu membranu stabilitate
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S2-4 Janis Kleperis Jauni materiali atjaunojamo energoresursu tehnologijam LU CFI
S2-5 Janis Kleperis CO2 reformé$anas elektrokatalitiskas reakcijas norises mehanisms uz graféna/Cu elektroda
= S2-6 Tatjana Borisova Aloina un pretjonu adsorbcija zelatina ka ekstracelularas matricas modela viela I§
f?; S2-7 Ingars LukoSevics Elektrokimiska vara izgulsnésana uz oglekli bazéta gazu difuzijas elektroda %
§ S2-8 Einars Sprugis Poliméra/cirkonija oksida kompozitu stikloSanas temperatiiru pétisana "c:
— S2-9 Mihails Vdovi¢enko Stikla Skiedras karbonatu ¢aulas petijumi, izmantojot termogravimetriju un diferencialo termisko analizi ‘v%
S2-10  Ainars Knoks Anodisko TiO2 nanocauruliSu legéSanas ar graféna nanodalinam ietekme uz fotofizikalam ipasibam
S2-11  Maksims Cizikovs Ar slapekli funckionalizgta graféna sint€ze, ta ipasibu izp&te un pielietoSana NO2 gazu sensorikai
S2-12  Daina Riekstina 137Cs un Sr piesarnojuma noteik$ana me7a ekosistéma
S2-13 Rolands Grants Atro 12C jonu raditie struktiiras defekti un cietinasanas efekts LiF kristalos arpus implantacijas zonas
S2-14  Mihails Halitovs JET kodolsintézes reaktora divertora materialu analize, izmantojot temperatiiras -QMS metodi
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10.00-10.15 Vladimirs Pankratovs Jaunas luminiscences iekartas attistiba MAX IV laboratorijas Finestbeams sinhrotrona linija %
o
10.15-10.30 Andris Antuzevics Eu®* sadalijums caurspidiga oksifluoridu stikla keramika: rentgenstaru difrakcijas un elektronu paramagnétiskas rezonanses pétijums é
=
10.30-10.45 Guna Krieke Augsupparveidota luminiscence B-NaErF4 saturosa stikla keramika :‘-)'
10.45-11.15 Kafija
S3-1 Andrejs Cesnokovs Defektiva cinka oksida struktiiras p&tijums
S3-2 Dmitrijs Zablockis Perovskitu nanokubu slanu morfologija
S3-3 Andrejs Cesnokovs Ar Th** dopéta CeOz2 aprekini no pirmajiem principiem
S3-4 Davis Zavickis Fe un Co jonu magnétisko stavoklu raksturoSana (Ba,La)(Fe,Co)Os3 perovskitos
S3-5 Jurijs Mastrikovs Titana piemaisijumu ab initio p&tijums ODS téraudos
wn S3-6 Guntars Zvejnieks Perovskitu cieto Skidumu un heterostruktiiru datormodelé$ana no pirmajiem principiem 2
E{I! S3-7 Vladimirs Kuzovkovs Defektu anihilacijas modeléSana apstarotajos oksidos “’g
S s3-8 Vladimirs Kuzovkovs F-tipa cetru termiskas anihilacijas salidzinajums neitronu apstarota un termokimiski apstradata BeO ‘§
= S3-9 Normunds Ralfs Strautnieks  P3HT plano kartinu ipasibu pétijumi pielietoSanai termoelektrisko ieri¢u 3D printéSanai 3
S3-10  Martin$ ZubKins Plano kartinu uzklasana ar reaktivu magnetrono izputinasanu kriogénas temperattiras
S3-11  Halil Arslan YmOn un ar itriju dop&tas ZnO planas kartinas un multislani
S3-12  Miks Jurjans Tira un ar lantanidiem dopéta NBT elektromehaniskas tpasibas
S3-13  Liga Bikse Na/Bi nestehiometrija tira un legéta NBT
S3-14  Sergejs Fomins Fazes atguiSanas parametri ar binaram maskam
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CAMART? PROJEKTS KA RIKS LU CFI ATTISTIBAI -
PAVEIKTAIS UN VEL PAVEICAMALIS.

Martin$ Rutkis
Latvijas Universitates Cietvielu Fizikas institiits

Jau divus gadus LU CFI sadarbiba ar zviedru partneriem KTH Royal Institute of
Technology un RISE (Research Institute of Sweden) EK finanséto Horizon 2020
programmas projektu CAMART?. Projekta mérkis ir talak attistit jau eso$o LU CFI
Ekselences centru materialzinatnés. Lai So mérki sasniegtu projekta paredzetas
sekojosas aktivitates:

Attistit LU CFI cilvekresursus

Attistit LU CFI kompetenci

Panakt cieSaku LU CFI integraciju Eiropas R&D&I tiklos

Izveidot inovacijas un komercializacijas sistéemu LU CFI

Attistit LU CFI infrastruktiaru

Veikt LU CFI strukturalu reorganizaciju

Izveidot LU CFI ka brivas piekluves (Open Access) laboratoriju centru
leviest LU CFI pétniecibas procesa vadibas sistémas

Pilnveidot un realizét LU CFI marketinga aktivitates

Referata tiks apskatita projekta realizacijas gaita un sasniegtie rezultati, ka arT paradita
projekta turpmaka realizacijas gaita un analiz€ti iesp€jamie riski.

CoNO~wWNE

PROJECT CAMART? AS A TOOL FOR ISSP UL DEVELOPMENT -
ACCOMPLISHED AND TO BE CARRIED OUT.

Martins Rutkis
Institute of Solid State Physics of University of Latvia

For two years, LU CFI, in cooperation with the Swedish partners KTH Royal Institute
of Technology and the RISE (Research Institute of Sweden), Horizon 2020 project
CAMART?, financed by the EC. The project aims to further develop the existing LU
CFI Excellence Centre in Material Sciences. In order to achieve this objective, the
project foresees the following activities:

Develop human resources

Building knowledge at ISSP UL

Strengthen incorporation of ISSP UL in pan European networks of R&D&lI
Building an innovation system at ISSP UL

Develop ISSP UL infrastructure

Accomplish Structural reorganization of ISSP UL

Establish ISSP as Open Access Technology Transfer Centre

Implement Research management information systems

Upgrade and perform ISSP marketing, PR and Sales activities

Proposed report will briefly cover the progress of the project and the results achieved,
as well as discuss the way forward with the project and analyse the potential risks.

wCoNoOR~wWNE

Project CAMART? has received funding from Horizon 2020 Framework Programme
H2020-WIDESPREAD-01-2016-2017-TeamingPhase2 under grant agreement No.
739508-CAMART?2
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oa-KVARCA KRISTALA LUMINISCENCE AR ALUMINIJA, SARMU UN
CELMETALU PIEMAISIJUMIEM

Anatolijs Truhins
Latvijas Universitates Cietvielu fizikas institiits

Tika pétita aluminija un sarmu jonu vai c€lmetalu fotoluminiscence a-kvarca
kristaliem. Zila luminiscence pie ~ 400 nm atbilst centram, kas satur vairak neka
vienu aluminiju un sarmu jonu ka kompensatoru. luminiscence, kas paklauta termiskai
dzes€sanai no 180 K, tiek konstatéta arT augstas temperatiiras virs 700 K. Termiska
dzesanas energija ir 0,15 eV un frekvences koeficients ir 3 - 107 s. Aluminija-
sudraba centra luminiscences josla ~ 260 nm ar laika konstanti ~ 37 us pie 80 K un
vara gadijuma PL josla ir ~ 360 nm ar laika konstante ~ 50 ps pie 80 K). Cé&lo jonu
luminiscence dziest 700 K. Termiskas dzeséSanas energija ir ~ 0,7 eV ar frekvenéu
koeficientu 10%* s, kas attiecinama uz iek3gjo jonu. Tatad, sarmu un célu jonu jonu
dz&8anas procesi ir atSkirigi. Centram ar sarmu joniem piemit sarezgits dzeSanas
process, kas modeléts ar diviem procesiem. Viens no tiem ir zemas temperatiiras (200
K) dzesanas process, kas attiecinams uz procesu, kas ir analogs aulokalizeta eksitona
(STE) luminiscences dzgSanai, kas ir saistits ar STE stipribas skabekla-skabekla saiti.
Saja procesa tiek dzésts galvenais aluminija un sarmu ierosinataju centru skaits.
Tomeér ir iesp&jams mazak varbiitigs process. Elektrons paliek uz sarma, kas stimulé
skabekla cauruma stabilitati.

LUMINESCENCE OF a-QUARTZ CRYSTAL WITH ALUMINUM, ALKALI
AND NOBLE IONS IMPURITIES

Anatolij Trukhin
Institute of Solid State Physics, University of Latvia

The photoluminescence of aluminum and alkali ions or noble metals in a-quartz
crystals was studied. Blue luminescence at ~ 400 nm corresponds to a luminescence
center containing more than one aluminum and alkaline ion as a compensator. The
luminescence subjected to thermal quenching from 180 K is also found at high
temperatures above 700 K. The thermal quenching energy is 0.15 eV and the
frequency coefficient is 3 - 10 s*X. Aluminum-silver center luminescence band ~ 260
nm with time constant ~ 37 pus at 80 K and in copper case PL band is ~ 360 nm, time
constant ~ 50 us at 80 K. Noble ion luminescence quenched above 700 K. The
thermal quenching energy is ~ 0.7 eV with a frequency coefficient of 10 s*
attributable to the intra-ion. So, alkaline and noble ion ion quenching processes are
different. The center with alkali ions has a complex quenching process simulated by
two processes. One is the low-temperature (200 K) process, which is related to a
process analogous to the self-trapped exiton (STE) luminescence removal associated
with oxygen-oxygen bond. In this process, the main quantity of aluminum and
alkaline excited centers is quenched. However, a less probable process is possible.
The electron remains on the alkali, which stimulates the stability of the hole on
oxygen.

The financial support of the Latvian Science Council Grant No 1zp-2018/1-0289 is
greatly acknowledged.
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LiGaO2 PIROELEKTRISKA UN TERMOSTIMULETA LUMINISCENCE

Laima Trinklere, Anatolijs Truhins, Janis Cipa, Baiba Bérzina, Valdis Korsaks
Latvijas Universitates Cietvielu fizikas institiits

Litija metagallata kristala LiGaO, (LGO) pirmo reizi ir novérota piroelektriska
luminiscence (PEL). Ta ir spontana gaismas emisija no kristala ar necentrisku
kristaliska rezga simetriju, un ta rodas, ja mainas kristala temperatira. LGO
piroclektriskais efekts tika novérots ka atkartoti atri starojuma uzliesmojumi, kas
paradas parauga temperatiirai pieaugot vai pazeminoties 60-400 K intervala. Si
pétijuma novitate, salidzinajuma ar jau zinamiem pétijumiem citos PEL materialos ar
necentrisku kristaliska rezga simetriju, ir spontanas luminiscences kingtikas un
starojuma spektru mérijjumi. Tika konstatéts, ka PEL starojuma dziSanas laiks ir
mérams milisekunzu intervala, un $o starojumu veido tas pasas fotoluminiscences (PL)
joslas, kas rodas paraugu ierosinot ar UV gaismu, bet So joslu intensitaSu sadalijums
dazadiem PLE uzliesmojumiem ir dazads.

Termoluminiscence (TL) tika pétita LGO materiala péc ta apstaroSanas ar 193 nm
lazera gaismu pie 10 K. Temperatiiru apgabala no 30 Iidz 400 K tika nove@rotas
vairakas TL joslas. PEL 1pasibu salidzinajums ar UV gaismas raditas PL un TL
IpasSibam lauj atklat spontanas PEL mehanismus, ka arT spriest par nevienmérigu
luminiscences centru izvietojumu LGO kristala.

PYROELECTRIC AND THERMOSTIMULATED LUMINESCENCE OF
LiGaO2

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

In lithium metagallate LiGaO, (LGO) crystal for the first time there has been
observed the pyroelectric luminescence (PEL) - spontaneous light emission from a
crystal with the noncentrosymmetric lattice, which occurs when the crystal
temperature is varied. In LGO the pyroelectric effect was observed in the form of
repeated fast pulses both at increase and decrease of temperature in the 60-400 K
temperature range. The novelty of the current study compared to the known PEL
investigations of other noncentrosymmetric crystals concerns kinetic and spectral
measurements of the spontaneous luminescence pulses. It was found that the decay
time of a PEL pulse is in the range of miliseconds, while the spectral distribution
corresponds to emission bands observed in the UV light induced photoluminescence
(PL) with relative yield of particular bands varied from pulse to pulse.
Thermostimulated luminescence (TL) of LGO was observed in the 80-400 K
temperature range after irradiation with the 193 nm laser at 10 K as a sequence of
several TL peaks. Comparison of PEL characteristics with those of UV-induced PL
and TL allows proposal of the mechanism of the spontaneous PEL, as well as
estimation of nonuniform distribution character of the luminescence centres in the
LGO crystal.

The present research is sponsored from the Latvian Sciences Council Grant No. lzp-
2018/1-0361.
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RENTGENSTAROJUMA IZRASITU PROCESU ANALIZE LITIJU
SATUROSAS TRITIJU GENEREJOSAS KERAMIKAS

Janis Cipa?, Artiirs Zarins"®, Aleksejs Zolotarjovs?, Laima Trinklere?,
Larisa Baumane'#, Gunta Kizane!
YLatvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits
*Daugavpils Universitdtes Dabaszinatpu un matematikas fakultate
4Latvijas Organiskas sintezes institits

Paslaik viens no perspektivakajiem cieta veida materialiem tritija generéSanai
kodoltermiskas sintézes reaktoros ir modificétas litija ortosilikata (LisSiOa)
minilodites ar litija metatitanata (Li2TiOs) piedevam. Saja pétijuma, izmantojot
rentgenstarojuma ierosinatas luminiscences (XRL) metodi, analiz€ta radiacijas
defektu veidosanas un uzkrasanos LisSiO4 minilodités ar dazadu Li>TiO3 daudzumu.
Rentgenstarojuma ietekmé LisSiOs minilodités ar LiTiOs piedevam novéro
luminiscences emisiju ar vilna garumu no 350 nm lidz 900 nm, ko var attiecinat uz E’
centru (=Sie), Ti*" centru, HC1 un HC; centru (=Si-O¢) veido$anos un rekombinaciju.
XRL komplementaro metozu - elektronu paramagnétiskas rezonanses,
termostimulétas luminiscences un absorbcijas spektrometrijas - rezultati apstiprina un
papildina informaciju par ieprieck§ min€to centru veidoSanos un uzkrasanos.
Izmantojot TSL metodi noteikts, ka uzkratie radiacijas defekti LisSiOs minilodites
rekombin€ temperatiiru intervala no 300 K Iidz 700 K.

ANALYSIS OF X-RAY INDUCED PROCESSES IN TRITIUM
BREEDING CERAMICS

Janis Cipa®?, Arturs Zarins'?, Aleksejs Zolotarjovs?, Laima Trinkler?,
Larisa Baumane#, Gunta Kizane*

YUniversity of Latvia, Institue of Chemical Physics
“University of Latvia, Institute of Solid State Physics
*Daugavpils University, Faculty of Natural Sciences and Mathematics
*Latvian Institute of Organic Synthesis

Presently, one of the most promising solid-state candidates for the tritium breeding in
nuclear fusion reactors is advanced lithium orthosilicate (LisSiOs) pebbles with
additions of lithium metatitanate (Li>TiOs3). In this research, X-ray luminescence
(XRL) method was used to analyze the formation and accumulation of radiation-
induced defects in LisSiO4 pebbles with different amounts of Li>TiOs. Under
exposure to X-rays luminescence emission for LisSiOs pebbles with Li>TiOs3
additions was detected with wavelengths ranging from 350 nm to 900 nm and can be
attributed to the formation and recombination of E’ centers (=Sie), Ti®* centers, HC1
and HC> centers (=Si-O¢). XRL complementary methods - electron spin resonance
(ESR), thermostimulated luminescence (TSL), and absorption spectrometry -
confirms and compliments results of the formation and accumulation of the
previously mentioned centers. Using TSL method, it was determined that the
accumulated radiation-induced defects in the LisSiOs pebbles recombine in the
temperature range from 300 K to 700 K.

The authors greatly acknowledge the technical and experimental support of O. Leys,
M. H. H. Kolb, and R. Knitter (Karlsruhe Institute of Technology, Germany).
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BALTA FOSFORA REZGA SVARSTIBAS

Janis Brokans®, Georgijs Cikvaidze?, Jevgénijs Gabrusenoks?
'Daugavpils Universitates
’Latvijas Universitates Cietvielu fizikas institiits

Briva veida fosforam ir zinamas tris alotropiskas formas: baltais fosfors, sarkanais
fosfors un melnais fosfors. Balto fosforu parastos apstaklos (o forma) veido P4
tetraedriskas molekulas, kuras ir sakartotas tilpuma centréta kubiskaja kristaliskaja
rezgi.

Misu darba ir veikti balta fosfora kristaliska rezga svarstibu petijumi. Rezga svarstibu
aprékiniem tika izmantota molekularas dinamikas aprékinu programma GULP.
Fosfora atomu mijiedarbibas parametru noteikSanai tika izmantoti eksperimentalie IS
un Ramana spektri, ka arT teorétiski aprékinatas rezga svarstibu frekvences. Teorétiski
balta fosfora svarstibu frekvences tika aprékinatas, izmantojot programmu
CRYSTALI14. Ir noteikti svarstibu spektra raksturigie apgabali: P4 molekulas ieksgjas
svarstibas pie 360 cm™, 460 cm™ un 600 cm™ un rezga un libracijas svarstibas zem
120 cm™.

LATTICE VIBRATIONS OF WHITE PHOSPHORUS

Janis Brokans!, George Chikvaidze?, Jevgenijs Gabrusenoks?
! Daugavpils University
2 Institute of Solid State Physics, University of Latvia

Phosphorus exist as white, black and red allotropes at ambient conditions. White
phosphorus at ambient conditions (o form) consists of P4 tetrahedra arranged in the
body centered cubic crystalline lattice.

In our work, the dynamics of the crystalline lattice of white phosphorus is studied.
The calculations of the crystal lattice vibrations were made using the molecular
dynamics calculation program GULP. The parameters for the interaction of
phosphorus atoms were obtained using the experimental IR and Raman spectra and
the theoretically calculated lattice vibration frequencies. Theoretical vibration
frequencies were obtained in DFT calculations using the CRYSTAL14 program.
There are several characteristic areas in the spectrum of variations: the internal
vibrations of the P, molecule at 360 cm™, 460 cm™ and 600 cm™ and the lattice and
libration vibrations below 120 cm™.
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TIESA OPTISKA IERAKSTA FOTOREZISTU IZSTRADE UN
PIELIETOJUMS

Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Sini darba tiks apskatits fiesd ieraksta fotorezistu izpétes un tehniskas izstrades
patreiz€jais stavoklis, kuru darbibas princips pamatojas uz fotoinduc€tas virsmas
reljefa veido$anos amorfas planas pleves. Sis pétijums tika veikts ar planam amorfa
halkogenidu (As-S, As-S-Se un Ge-S, -Se sisttmam) un azobenzola saturoSo
organisko savienojumu plévém.

Tika paradits, ka virsmas reljefa rezga (SRG) augsanas liknu gaitu var iedalit trs
attistibas stadijas: fotoinduc@tas dubultlausanas indukcijas periods, SRG lineara
augSanas stadija un SRG veidoSanas procesa piesatinajums. Tika novertéta
fotoinducétas dubultlausanas ietekme uz reljefa veidoSanas procesu amorfajos As-S
un As-S-Se pléveés un salidzinata ar mérjjumiem azo-benzolu saturo$as organiskas
pléves. Paradits, ka SRG veidosanas piesatinajums ir atkarigs no ieraksta materiala
virsmas spraiguma [1].

Tiks apspriestas amorfo materialu virsmas strukturéSanas praktiskas izmantoSanas
iesp€jas, izmantojot fotoinduc€to masas parvietoSanas paradibu.

1. J. Teteris, Journ. Optoelectronics and Advanced Materials, 20 (2018) 229-234.

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 technical development of direct
recording photoresists based on the formation of photo-induced surface relief in
amorphous thin films. This 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.

It was shown that the course of surface relief grating (SRG) growth curves can be
divided in three development stages: an induction period of photo-induced
birefringence, linear growing of SRGs and saturation of SRG inscription process. The
influence of the photo-induced birefringence on the relief formation process in
amorphous As-S and As-S-Se films was evaluated and compared with the
measurements on azo-benzene containing organic glass films. It is shown that the
saturation of SRG formation depends on the surface tension of recording material [1].
The practical application possibilities of amorphous film patterning via photoinduced
mass displacement phenomenon will be discussed.

1. J. Teteris, Journ. Optoelectronics and Advanced Materials, 20 (2018) 229-234.
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FOTOINDUCETA ANIZOTROPA GAISMAS IZKLIEDE “MIKSTAJOS”
MATERIALOS

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

Sakotngji fotoinducéta anizotropa polarizétas gaismas izkliede tika novérota LiNbOs3
kristalos pie holografiska (HG) ieraksta ar diviem stariem, taCu tika konstatéts, ka ta
noverojama ar paraugu apgaismojot ar vienu koherentas gaismas staru. Tika uzskatits,
ka $o efektu izraisa krito$a gaismas stara difrakcija uz ta sauktam ,,troksna” HG, kas
veidojas kritosas un uz materiala neviendabibam izkliedétas gaismas interferences
rezultata.

Sada veida izkliede tika pamanita As-S-Se plévités un AAB:BADGE azo-epoksida
kartinas atseviskos HG virsmas reljefa ieraksta gadijjumos. Ta, pieméram, pétot
holografisko paspastiprinasanos (SE) AAB:BADGE azo-epoksida kartinas, gan
difragéta, gan cauri paraugam izgajusa stara virziena, tika novérota virziena un laika
atkariga izkliede.Ta ka SE pamata ir divstaru ieraksta pastiprinaSana ar vienu staru,
tad §1 stara ,,uzvediba” materiala ir biitiska. Tadejadi, apstaklos, ka pie SE, tika veikts
ieraksts ar vienu staru. Lai saprastu, vai min&ta izkliede ir virsmas vai tilpuma efekts,
Sads ieraksts tika izdarits gan no plévites, gan ar1 no stikla puses: 1) tika novérota no
laika atkariga izkliedétas gaismas indikatrise; 2) mikroskopiski virsmas petfjumi
paradija, ka abos gadijumos ir izveidojies virsmas reljefs. Pie tam, gan difragétas
gaismas izkliedes, gan prevalgjosais virsmas reljefa HG rezga virziens atkarigs no
ierosinosa stara polarizacijas.

PHOTOINDUCED ANISOTROPIC LIGHT SCATTERING IN SOFT
MATERIALS

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

Initially, anisotropic polarized light scattering (APGI) was observed in the LiNbO3
crystals during the holographic (HG) recording with two beams. It was also found
under illumination by one coherent light beam. This effect was believed to be caused
by the diffraction on so-called "noise™ HG which was formed by interference of the
incident and scattered by material heterogeneities light.

During special recording conditions such kind of light scattering in As-S-Se films and
in AAB: BADGE azo-epoxy films were noticed as well. For example in AAB:
BADGE azo - epoxy films, such a scattering was observed during the studies of
holographic self-enhancement (SE), both in direction of diffracted and transmitted
light beams. As it is known, HG self-enhancement (SE) is based on a single-beam
amplification of low efficiency HG recorded by two beams. Therefore, the behavior
of this single beam in the material becomes essential. So, under the same conditions
such as in the case of SE, a single-beam recording was made. To understand whether
that is a surface or volume effect, such a recording was made from both the film and
the glass side. For both cases 1) a time-dependent diffuse light scattering was
observed and 2) microscopic surface relief structure was formed. In addition, both
diffracted scattered light “stretching” and prevailing surface relief grid directions
depends on the polarization of the excitation beam.
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VEKTORIERAKSTA RELAKSACIJAS ATKARIBA NO POLARIZACIJAS
AZOSTIKLU MOLEKULARAJAS KARTINAS

Pé&teris Augustovs, Andris Ozols, Kaspars Traskovskis, Valdis Kokars, Lauma Laipniece,
Armands Ruduss, Karlis Balodis
Rigas Tehniskdas universitates Materialzinatnes un lietiskas kimijas fakultate

Eksperimentali noskaidrota tadu holografisko rezgu relaksacija, kas ir ierakstiti ar
ortogonali cirkulari polarizétiem (L un R) 532 nm lazera stariem molekularo azostiklu
kartinas un nolasiti ar cirkulari polarizétu (R vai L) 632.8 nm lazera staru. Tika pétiti
arT paraugi "sendvicu" (stikls-kartina-stikls) izpildijjuma. Konstatétas sekojosas
relaksacijas Ipatnibas: péc difrakcijas efektivitates (DE) maksimuma sasniegSanas
dziSana nenotiek; p&c 1sam ekspozicijam, nolasot ar R-polariz€tu staru, notieck DE
dzisana lidz kadai konstantai vertibai, bet, nolasot ar L-polarizétu staru, dziSana
nenotiek; DE ar R polarizaciju vienmér bija liclaka neka nolasot ar L polarizaciju;
"sendviCos" DE , nolasot ar R polarizaciju , relaksgja Iidz nullei, bet, nolasot ar L
polarizaciju, DE bija nulle. Relaksacijas laiki bija robezas no 4 lidz 44 mintitém, un
tie galvenokart samazinajas, ja palielinaja rezga periodu. Novérotas relaksacijas
ipatnibas klist saprotamas, ja pienem, ka sakotngji ierakstas fotoinducétas
dubultlausanas rezgis, tad virsmas reljefa rezgis (VRR). R polarizacija "jat" abus
rezgus, bet L polarizacija - tikai VRR. Pie lielam ekspozicijam dominé VRR. Sie
rezultati apstiprina J.Mikelsones 2018.gada promocijas darba izteikto t&zi, ka
dubultlausanas rezga ieraksts ir nepiecieSams nosacijums VRR izveidei.

RELAXATION POLARIZATION DEPENDENCE OF VECTOR
RECORDING IN AZOBENZENE MOLECULAR GLASSY FILMS

Pé&teris Augustovs, Andris Ozols, Kaspars Traskovskis, Valdis Kokars, Lauma Laipniece,
Armands Ruduss, Karlis Balodis
Faculty of Material Science and Applied Chemistry, Riga Technical University

Holographic grating relaxation is studied in azobenzene molecular glassy films
recorded by circularly orthogonally polarized 532 nm laser beams L and R. The
readout was made by circularly polarized (R or L) 632.8 nm laser beam. Sandwich-
type samples (glass-film-glass) were also studied. The following relaxation features
have been found: after reaching diffraction efficiency (DE) maximum no DE decay
takes place; DE read out by R-polarized beam was always higher than that by L-
polarized beam; in sandwich type samples DE decayed until zero when read out by R-
polarization whereas DE was zero when read out by L-polarization. FWHM
relaxation times varied from 4 to 44 minutes, and they mainly decreased when
grating period was increased. The observed relaxation peculiarities can be understood
if one assumes that photoinduced birefringence grating is recorded followed by
surface relief grating (SRG) recording. R-polarization "feels" both gratings whereas
L-polarization only SRG. At large exposures SRG dominate. These results confirm
the conclusion made by J.Mikelsone in her 2018 PhD thesis that birefringence grating
recording in azobenzene materials is a neccessary condition for SRG appearance.

The financial support of Joint Latvian-Ukrainian project (2017-2018) is greatly
acknowledged.

16



Fotonika un optiskie materiali, 20. februaris

JAUNU SINTEZES STIKLU VEIDOJOSU PIRANILIDEN ATVASINAJUMU
GAISMAS PASTIPRINASANAS IPASIBU PETIJUMI

Patricija Paulsone!, Elmars Zarins?, Kristine Lazdovi¢a?, Valdis Kokars? un Aivars Vembris!
YLatvijas Universitates Cietvielu fizikas institiits
2 Rigas Tehniskas universitates Lietiskas kimijas institiits

Viena no popularakam sarkanas gaismas organisko lazeru aktivam vielam ir 6-(terc-
butil)-4H-piran-4-ilidénmalonitrils (DCM). Galvena DCM molekulu probléma ar ir to
kristalizacija, kas ierobezo vielas pielaujamo koncentraciju planaja kartina. Telpisko
grupu pievienosana $adai molekulai dotu iesp&ju izveidot gaismas pastiprinoSo
sistému no neatSkaiditam planam kartinam.

Saja darba tiks apskatitas optiskas un gaismas pastiprindgjumu Ipasibas divpadsmit
piraniliden atvasinajumiem. Tam ir Cetras dazadas elektronu akceptoru grupas
kombinacija ar tris dazadam stiklu veidojosam telpiskam grupam. Planas kartinas tika
izveidotas no dihlormetana Skiduma ar rotgjosa diska metodi. Paraugiem tika meérits
absorbcijas spektrs un pastiprinata spontana emisija (ASE). Planajas kartinas ASE
tika ierosinata ar nanosekunzu impulsu lazeri pie gaismas vilna garuma, kas atbilst
konkrétas vielas absorbcijas maksimuma vilpa garumam.

Prezentacija tiks analiz&ts elektronu akceptoro un telpisko grupu ietekme uz vielas
optiskam un gaismas emisijas TpaSibam.

INVESTIGATION OF LIGHT AMPLIFICATION PROPERTIES OF NEW
SYNTHESISED GLASS FORMING PYRANILIDEN DERIVATIVES

Patricija Paulsone?, EImars Zarins?, Kristine Lazdovica?, Valdis Kokars? and Aivars Vembris!
YInstitute of Solid State Physics, University of Latvia
%Institute of Applied Chemistry, Riga Technical University

One of the most popular red light emitting organic laser dye is 6-(tert-butyl)-4H-
pyran-4-ylidene malononitrile (DCM). DCM molecules can be used in the thin film at
low concentration due to their crystallization. Such effect could be reduced by adding
bulky groups to these molecules. It would benefit in creation of light amplifying
system from the neat thin films.

In this work optical and light amplifying properties of twelve pyraniliden derivatives
will be investigated. They have four different electron acceptor groups in combination
with three glass forming bulky groups. Thin films from dichloromethane solution
were prepared by spin coating method and its absorption spectra and amplified
spontaneous emission (ASE) were measured. ASE in thin films was excited by
nanosecond pulse laser at the particular compound absorption maximum wavelength.
In presentation will be analyzed the affect of electron acceptor and bulky groups on
the optical and light emission properties of the compound.

This work was supported by European Regional Development Fund within the Project
No. Nr.1.1.1.1/16/A/046.
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METODIKAS IZSTRADE SPEKTROSKOPISKAI CO:
ELEKTROKATALITISKAS REFORMESANAS REAKCIJAS PRODUKTU
NOTEIKSANAI

Janis Kleperis, Georgijs Cikvaidze, Ainars Knoks, Laimonis Jekabsons, Péteris Lesni¢enoks,
Artis Volkovs, Martin$ Vanags
Latvijas Universitates Cietvielu fizikas institiits

Viens no celiem zema oglekla ekonomikas attistiba pasaul€ ir samazinat ogliidenrazu
un CO: emisijas tautsaimnieciba gan riipniecibas, gan energgtikas, gan transporta
sektoros. To var veikt, gan samazinot oglekli saturosu fosilo degvielu izmantoSanu,
gan attirot izpludes gazes no ogliidenraziem un CO». AttiriSanas process ir efektivs, ja
piesarnotajgazes tiek reformétas par derigiem produktiem atkartotai izmantoSanai
tautsaimnieciba. P&dgjas desmitgad@s popularitati iekarojusi razotnés atmosfera
izmesta CO; reformé&Sana par degvielu — sintétisko dabas gazi, metanolu, etilénu, ko
deve par “power to gas” tehnologiju.

Lai parraudzitu reakcijas produktus, kas veidojas uz katoda CO: elektrokatalitiskas
reform@Sanas procesa, pétnieciba mazak izmantota ir infrasarkanas spektroskopijas
metode. Miisu darba bez parastas gazu kivetes IR caurlaidibas spektroskopijas tiek
likts priek§a izmantot ari pilnas ick$Ejas atstaroSanas (ATR — attenuated total
reflection) FTIR spektroskopijas metodi kopa ar speciali konstruétu elektrokimisko
$tinu. Stina tiek konstruéta tiesi virs ATR kristala, kas lauj sekot elektrokimiskajam
reakcijam uz izveleta elektroda (katods vai anods) virsmas procesa laika.

DEVELOPMENT OF METHODOLOGY FOR THE SPECTROSCOPIC
DETECTION OF CO2 ELECTROCATALYTIC REFORMATION PRODUCTS

Janis Kleperis, Georg Chikvaidze, Ainars Knoks, Laimonis Jekabsons, Peteris Lesnicenoks,
Acrtis Volkovs, Martins Vanags
Institute of Solid State Physics, University of Latvia

One of the paths for the low carbon economy in the world is to reduce the emissions
of hydrocarbons and CO: in the industrial, energy and transport sectors. This can be
done both by reducing the use of carbon-containing fossil fuels and by purifying the
exhaust gases from hydrocarbons and CO». The purification process is effective if the
pollutant gases are reformed as useful products for re-use in the economy. Over the
last decades, the reformation of CO. emissions from the industrial plants into
synthetic methane, methanol, ethylene — the technology called “power to gas” - has
gained popularity.

Between researchers the infrared spectroscopy is less used to monitor reaction
products formed by the cathodic CO- electrocatalytic reformation process.

In our work together with conventional gas cell IR transmittance spectroscopy, the
FTIR spectroscopy method of attenuated total reflection (ATR) is also used in
conjunction with a specially designed electrochemical cell. The cell is constructed just
above the ATR crystal, which allows to follow the electrochemical reactions on the
surface of the selected electrode (cathode or anode) in situ.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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AUTOSTAVVIETU KLIENTU UZSKAITES SISTEMA

Irina Gvardina, Pjotrs Kalinikovs, Alberts Kristin§, Janis Melderis, Juris Veinbergs,
Latvijas Universitates Cietvielu fizikas institiits

Paredz&ta autostavvietam, kuras aprikotas ar iebraukSanas/izbraukSanas barjeram,
klientu identifikacijas karSu lasitajiem un citam iericém, kuras nodroSina korektu
klientu parvietoSanos caur kontrolpunktu.

Klienti var biit "pastavigie" un "pagaidu”.

Dati par visiem klientiem glabajas datu bazé (maSinas marka, valsts numurs, klienta
vards, talruna numurs, noteiktd vieta stavvietas teritorija un tas statuss
(briva/aiznemta), maksajuma periods). Ne visi lauki ir obligati aizpildami.

Pastavigie klienti veic samaksu atbilsto$i tarifam reizi ménesi vai biezak.
Iebrauk$ana/izbraukSana ar karti tiek registréta pie barjeram. Programmatiira nelauj
iebraukt vai izbraukt divas reizes p&c kartas.

No pagaidu Klientiem pirms icbraukSanas stavvieta tiek iekaséta maksa par vienu
diennakti. Ja klients izbrauc apmaksata laika ietvaros, sistémas operators to izlaiz ar
virtualas pogas palidzibu. Ja laiks ir nokavéts, tad klients tiek izlaists pec papildus
samaksas veikSanas.

P&c pagaidu klienta izbraukSanas visi dati par ta uzturéSanos autostavvieta saglabajas
datu baze, bet atbrivota vieta tiek uzskatita par brivu.

Visas klientu iemaksas summeéjas 11dz inkasacijas bridim.

Administrators var mainit fiksétos un pagaidu tarifus, administratora paroli,
autostavvietas vietas statusu (aiznemts / brivs), abonéSanas deriguma terminu,
abonementa noradito novietosanas vietu, identifikacijas kartes un veikt inkasaciju.

CAR PARK CUSTOMERS TRACKING SYSTEM

Irina Gvardina, Pjotrs Kalinikovs, Alberts Kristin§, Janis Melderis, Juris Veinbergs.
Institute of Solid State Physics, University of Latvia

The customers tracking system is designed for car parks equipped with entry / exit
barriers, customers identification cards readers, and other devices that ensure correct
customers movement through the checkpoint.

Customers can be "permanent” and "temporary".

Data for all customers are stored in the database (cars mark, country number,
customer name, telephone number, location the parking place in the car park and its
status (free / busy), payment period). Not all fields are required to be filled in.
Permanent customers pay monthly or more frequently. Check-in / check-out is
recorded at the barriers. The software does not allow you to enter or leave twice
sequently in the same direction.

Temporary customers are charged one day before entering the car park. If the
customer leaves within the paid time, the system operator releases it with the help of a
virtual button. If the time is too late, the customer is released after an extra payment.
After leaving of the temporary client, all the data on his stay in the car park was
retained in the database, but the vacancy is considered free.

All payments of the customers are added up on the time of cash collection.
Administrator can change fixed and temporary tariffs, administrator’s password,
parking space status (busy / vacant), subscription validity period, the location
indicated in the subscription, identification cards and provide cash collection.
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BIOLOGISKAS PRETESTIBAS MERISANAS IESPEJAS UN IZAICINAJUMI.
CENTRALAS AORTAS SPIEDIENA NOVERTESANA.

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

Pieradijumi liecina, ka centralas aortas spiediena (CAS) novértéSana ir biitiska, lai precizi
analizetu sirds un asinsvadu saslimSanas gadijumus un pienemtu I€mumus par arst€Sanu.
Tiesa invaziva CAS mériSana ir vislabaka iesp&jama ta ieglisanas iesp&ja un t0 izmanto
kliniskaja vidé. Tomér to izmanto piesardzigi, tikai ka p&dgjo Iidzekli, nemot véra tas
izmaksas un saistito risku.

Tapeéc CAS neinvazivais novertejums ir biitisks un to izmanto jau vairakus gadus. Parasti
argjais spiediena sensors tiek izmantots aplanacijas tonometrija, un ST metode liela méra
balstas uz O'Rourke un citu autoru pétijjumiem. Spiediena sensors tiek novietots uz
radialas artérijas, un centralas aortas spiediens tick novertets, izmantojot registrétas vilnu
formas vispar€jo matematisko transformaciju. Lai gan plasi izmantota ka izvéles metode
un dazreiz pat apziméta par zelta standartu centralas aortas spiedienu, impulsa vilpu
atruma un sirdsdarbibas mainiguma neinvazivai novertésanai, tai ir ar nopietns trikums -
liela atkariba no operatora prasmém. Labas perspektivas ir elektriskas bioimpedances
mérisanas metodei, jo ta ir ar labaku atkartojamibu. Tomér arT tai ir dazadas problémas.
Tiek l&sts, ka 85% bioimpedances merijjumu problému ir saistitas ar elektrodiem un to
savienoSanu ar kermeni. Ir arT neskaidribas par procesa c&lonsakaribam. Ir veikti
eksperimenti, lai novertetu elektrisko kontaktu - saskarni starp meériSanas aparatu un
dzivajiem audiem. Radialajai art€rijai tika izmantotas dazadas elektrodu konfiguracijas no
dazadiem elektrodu materialiem, ir izdariti daZi secinajumi, tomeér dazi jautajumi paliek
neatbildeti.

BIO-IMPEDANCE MEASUREMENT OPPORTUNITIES AND
CHALLENGES.ASSESSMENT OF THE CENTRAL AORTIC PRESSURE

Paul Annus?, Alberts Kristins?
Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology
2 Institute of Solid State Physics, University of Latvia

Evidence suggests that assessment of the central aortic pressure (CAP) is vital for
accurate detection of cardiovascular events and for making treatment decisions.

Direct invasive CAP measurement is the best acquisition option possible and is used in
clinical environment. It is used sparingly, only as a last resort, due to the cost and
associated risk.

Non-invasive assessment of the CAP is therefore essential, and it has been around for
several years already. Typically, external pressure sensor is used in applanation
tonometry, and the method is largely based on the research by O'Rourke et al. Pressure
sensor is placed on the radial artery, and central aortic pressure is estimated by
generalized mathematical transformation of the recorded waveform. While widely used,
almost method of choice and sometimes even described as gold standard for non-invasive
assessment of central pressures, pulse wave velocity and heart rate variability it has also
serious drawback — strong dependence on operator skills. For measurement method with
better repeatability an electrical bioimpedance holds a strong promise. Nevertheless, it
has different set of associated problems. It is estimated that 85% of the problems in
bioimpedance measurement can be tracked down to electrodes and their connection with
the body. There is also uncertainty behind the causality of the process. Experiments have
been conducted for the assessment of the electrical interface between measurement
apparatus and the living tissue. Different electrode configurations were used over the
radial artery along with different electrode materials. Some conclusions are drawn, some
questions remain unanswered.
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AUTONOMAS SENSORU SISTEMAS IZVEIDE GRAUDU KALTES
MONITORINGAM: VELAMAIS PRET IESPEJAMO

Alberts Kristins, Juris Veinbergs, Irina Gvardina, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Misdienu elektronikas iesp&jas autonoma vides monitoringa ar bezvadu datu parraidi
un uzkraSanu ir daudzveidigas un lauj monitoringa tikla veidotajam zinamu brivibu,
realizgjot jebkuru uzdevumu.

Lauksaimnieciba arvien popularakas paliek tehnologijas, kuras atstaj vismazako
iespaidu uz vidi. Tas attiecas arl uz tik tradicionalu un konservativu jomu ka
graudkopiba. Epizodiski paradas pétijumi par ozona ietekmi uz graudiem — izradas, ka
0zons var gan aizvietot nezalu apkarotajus, gan graudaugu kodinatajus, gan ari uzlabo
graudu kvalitati zavéSanas procesa. Pieradits, ka ozonam piemit antibakteriologiskas
pasibas, turklat ozona molekulai apkartgja vide ir mazs dzives laiks — tas atri sadalas.
S1 pétijuma uzdevums ir izveidot sensoru sistému tadas graudu kaltes monitoringam,
kur ozonu izmanto ka piedevu gaisam graudu zavésSanas procesa. Apskatits v€lamais
un minimalais monitoringa parametru skaits, prasibas sensoriem, to optimalais
izvietojums kalté, datu savakSana, parraide un uzglabasana, datu apstrades un
att€loSanas iespégjas.

Pateiciba Lauku Atbalsta Dienesta projektam Nr.I8-00-A01620-000003 "Tehnologijas
izstrade graudu kaltésanai ar aktivo vedinasanu pielietojot ozonu™ par finanséjumu.

CONSTRUCTION OF THE AUTONOMOUS SENSOR SYSTEM FOR GRAIN
DRYING MONITORING: WANTING AND OPPORTUNITIES

Alberts Kristins, Juris Veinbergs, Irina Gvardina, Janis Kleperis
Institute of Solid State Physics, University of Latvia

Modern electronics capabilities for autonomous environmental monitoring with
wireless data transfer and storage are diverse and allow the network maker some
freedom in performing any task.

Technologies that leave the least impact on the environment are increasingly popular
in agriculture. This also applies to such a traditional and conservative area as grain
cultivation. Occasionally, studies on the impact of ozone on grains appear - it turns
out that ozone can both replace chemicals for weed control and grain etching, as well
as improve grain quality during the drying process. Ozone has been shown to have
antibacterial properties, and the ozone molecule in the environment has a low life
span - it decomposes rapidly. The purpose of this study is to create a sensor system
for monitoring grain dryers, where ozone is used as an additive for air drying of grains.
Desired and minimum number of monitoring parameters, sensors requirements, their
optimal placement in the dryer, data collection, transmission and storage, data
processing and display capabilities will be discussed.

The financial support of Rural Support Service project Nr.18-00-A01620-000003

"Technology development of grain drying with active ventilation using ozone" is
greatly acknowledged.
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NO TEMPERATURAS ATKARIGA Gd* JONU IEBUVESANAS CaF
NANOKRISTALOS

Jékabs Cirulis, Andris Antuzevic¢s
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju joniem aktivétiem fluorfita tipa kristaliem ir potenciali pielietojumi optika.
Optiskas Tpasibas ir saistitas ar piejaukuma jona tieSo apkart&jo struktiru. Gd** jonu
struktiira ir vairak pétita makroizméra kristaliem. Saja darba més pétijam, ka Gd®*
iebiivéjas nano-izmeéra kristalos.

CaF; paraugi tika izgatavoti ar dazadam metodém — nogulsnéSanu un hidrotermisko
sintézi. Izmantojot rentgenstaru difrakciju, tika noteikts, ka iegiitais paraugs ir kubisks
CaF> un aprékinats, ka dalinu vidgjais izmérs ir ar kartu 70 nm.

Kubiska simetrija trisvértiga piejaukuma ladin§ nav optimali nokompenséts, tacu
struktiira ir istabas temperatiira stabila. Lai notiktu Gd** lokalas struktiiras izmainas,
paraugi tika karseti dazadas temperatiiras gaisa atmosféra. Izmantojot elektronu
paramagnétiskas rezonanses (EPR) metodi, tika p&titas Gd>* valences elektronu un
tuvakas apkartnes mijiedarbibas izmainas.

Nogulsnétajam paraugam tika novéroti tikai kubiskas simetrijas Gd3* centri, bet
hidrotermiski apstradatajam — gan kubiski, gan tetragonali. Gaisa karsétajos paraugos
tika noveroti papildus EPR signali. leglito spektru aina visdrizak atbilst vienai
noteiktai konfiguracijai, kuras EPR spektru nulles lauka saSkelSanas parametri tika
iegiiti, modelésana izmantojot iteraciju metodi.

TEMPERATURE DEPENDENT Gd3* ION CENTRE INCOORPORATION IN
CaF2 NANOCRYSTALS

Jekabs Cirulis, Andris Antuzevics
Institute of Solid State Physics, University of Latvia

Rare earth ion doped fluorite type crystals have potential uses in the field of optics.
Optical properties depend on the dopant interaction with its direct surroundings. Gd**
doped CaF> has been previously studied in macroscopic crystals. In this study we
have investigated Gd** doped CaF nanocrystals.

CaF, samples were prepared with the following methods — precipitation and
hydrothermal synthesis. X-ray diffraction results showed that the obtained samples
were cubic CaF. and the calculated nanocrystal size was approximately 70 nm

In cubic CaF> charge of a trivalent activator is not optimally compensated, however
the structure is stable at room temperature. To cause changes in Gd** local structure
the samples were annealed at different temperatures in air atmosphere. Interactions of
Gd®** valence electrons and their surroundings were investigated by the electron
paramagnetic resonance (EPR) method.

Cubic symmetry Gd*" centres were observed for the precipitated sample, but for the
hydrothermal — cubic, as well as tetragonal. Additional EPR signals appeared in the
annealed samples. EPR spectra zero field splitting parameters were calculated from
simulations of the spectra using the iteration method.
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BRIVO RADIKALU DAUDZUMA PETISANA SKISTOSAJOS DZERIENOS
AR ELEKTRONU PARAMAGNETISKO REZONANSI

Daniels Gorovojs?, Janis Pudans®, P&teris Brics®, Andris Antuzevics?
‘Rigas Valsts 1. gimnazija
2Latvijas Universitates Cietvielu fizikas institiits

Kafija ir 3. izplatitakais dz€riens pasaul€, un ta sastava ir vairak neka 1000 dazadu
kimisko savienojumu, tai skaita brivie radikali. Vairakas publikacijas norada uz to, ka
brivie radikali var izraisit sirdsdarbibas trauc€jumus, bojat organismam vitali svarigus
savienojumus, tai skaita lipidus, olbaltumvielas un nukleinskabes, ka ari paatrinat
novecosanu.

Vairaki pétfjumi apskata brivo radikalu koncentraciju kafijas, t€jas un citos
Skistosajos dz@rienos, tacu nav atrasti darbi, kuros brivo radikalu koncentracija tiktu
salidzinata Sajos dze€rienos, ka ar1 tiktu apskatiti tadi retdk sastopami dzerieni ka
kakao un cigorins.

Zinatniski pétnieciska darba ietvaros tika sagatavoti un apskatiti 16 dazadu dzerienu
paraugi, izmantojot elektronu paramagnétiskas rezonanses (EPR) metodi. Darba tika
salidzinati iegiitie EPR signali katram dz@rienam, kas atbilst brivo radikalu skaitam uz
tilpuma vienibu, un tika noteikts, ka no apskatitajiem dz€rieniem vislielaka brivo
radikalu koncentracija ir maltajas kafijas, bet vismazaka — atri pagatavojamajas
kafijas.

INVESTIGATION OF FREE RADICALS IN SOLUBLE BEVERAGES USING
ELECTRON PARAMAGNETIC RESONANCE

Daniels Gorovojs?, Janis Pudans!, Peteris Brics!, Andris Antuzevics?
'Riga State gymnasium No. 1
%Institute of Solid State Physics, University of Latvia

Coffee is the 3rd most common beverage in the world and contains over 1,000
different chemical compounds, including free radicals. Several publications indicate
that free radicals can cause heart problems, damage vital compounds of the body,
including lipids, proteins and nucleic acids and accelerate aging.

Several studies examine the concentration of free radicals in coffee, tea and other
soluble beverages, but no work has been found to compare free radicals in these
beverages and to examine more exotic beverages, such as cocoa and chicory.

In the framework of the scientific research project samples of 16 different beverages
were prepared and reviewed using the electron paramagnetic resonance (EPR) method.
The obtained EPR signals of each beverage, which correspond to the number of free
radicals per volume unit were compared and it was determined that the highest
concentration of free radicals from the beverages examined was in ground coffee,
while the smallest — in instant coffee.
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AR HROMU DOPETA ALFA ALUMINIJA OKSIDA IZMANTOJAMIBA
DOZIMETRIJA

vt —

Latvijas Universitates Cietvielu fizikas institiits

Aluminija oksidu aktivi péta ta fizikalo un kimisko paSibu del. Ipa$a uzmaniba tiek
pievésta tieSi nano méroga dalinu pétisanai to augstas cietibas, kimiskas stabilitates,
elektriskas un termalas vaditsp&jas un noturibas pret dilSanu dé]. Bezdefektu un
bezpiejaukumu trigonalajam aluminijam novérojama ari laba caurspidiba redzamaja
diapazona. Trigonala aluminija nano dalinas laboratorijas apstaklos ir iesp&jams iegiit
ar vairakdm metodém un $aja petijuma tiks apskatita sol-gel metodes pieejamiba
velamo apstaklu iegtiSanai. Darba tiek planots izpétit hroma iebtivéSanos kristala ar
rentgena vai lazera luminiscences metodi novérojot piejaukumu emisijas joslas
spektra redzamaja dala. Papildus tam ir planots apskatit defektu vai piejaukuma jonu
iebtivésanos kristala rezgi spektra redzamaja diapazona, registréjot termali stimul&to
luminiscenci virs istabas temperatiras. Tiks secinats, vai ir iesp&ams lietderigi
izmantot Al203:Cr nanomateriala dozimetriskas ipasibas.

WITH CHROME DOPED ALUMINA USABILITY IN
DOSIMETRY

Ernests Einbergs, Aleksejs Zolotarjovs, Krisjanis Smits, lvita Bite
Institute of Solid State Physics, University of Latvia

Aluminium oxide is being actively researched due to its physical and chemical
properties. Especially nano sized alumina particles due to their hardness, chemical
stability, electrical and thermal conductance and high resistance to abrasion. Undoped
and pure trigonal aluminium has good transparency in the visible spectral region.
Trigonal alumina nanoparticles can be obtained in laboratory conditions using sol-gel
method and in this study we are planning to detect the quantity of chrome in our
samples and its incorporation in crystal lattice. Also to observe emission spectra in the
visible spectrum and observe defect or doped ion incorporation in our crystals by
registering thermally stimulated luminescence signal above room temperature in the
visible region. We will conclude if it is possible to use with chrome doped alumina
dosimetric characteristics in a meaningful way.

Financial support provided by Scientific Research of Luminescence Mechanisms and
Dosimetric Properties in Perspective Nitrates and Oxides with TL and OSL Methods
Nr. LZP-2018/1-0361 realized at the Institute of Solid State Physics,

University of Latvia is greatly acknowledged.
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AR FLUORU AKTIVETA UN SARMU METALIEM LEGETA SiO:
OPTISKO IPASIBU IZPETE

v —

evr— v

Krisjanis Smits, Linards Skuja.
Latvijas Universitates Cietvielu fizikas institits

Silicija dioksids (SiO2) ir sastopams dabiskos apstaklos, visbiezak smilts un citu
mineralu veida, tacu tas tiek aktivi sintez€ts ari laboratorijas. Maksligi razotam un
dabiskam SiO2 ir novérojamas atskiribas, jo, sintez&jot SiOo, ir iesp&jams noverst ta
dabiskas nepilnibas.

Si0O; izmantoSana tadas nozarés ka optika, elektronika, nanotechnologijas, medicina,
biokTmija, partikas kimija pierada ta plasas pielietojuma iesp€jas. Pieméram, SiO2
sint€ze ar fluoru vai sarmu metalu piemaisijumiem dazadas koncentracijas maina
vielas fizikalas, kimiskas un optiskas 1pasibas.

Cietvielu fizikas institiita Cietvielu radiacijas fizikas laboratorija Sobrid tiek aktivi
sintezéti SiO2 nanokristali. Darba gaita SiO2 nanodalinu hidroksilgrupas tika
aizvietotas ar fluora grupam un sarmu metalu piemaisijumiem. P&tijuma tika
apskatitas nanodalinu sint€zes un piemaisijumu ietekme uz optiskajam pasibam. SiO>
dalinas, kas aktivétas ar fluoru, palielina gaismas caurlaidibu ultravioletaja un tuvaja
infrasarkanaja gaismas diapazona, izturibu pret radiaciju un samazina gaismas
lausanas koeficentu. SiO2 dalinas, kas sintez€tas ar sarmu metalu piemaisijumiem,
veicina kristalizaciju centru raSanos un samazina temperatiiru, kas nepieciesama SiO»
nanodalinu parkauséSanai stikla.

legiito SiO2 paraugu optiskas TIpasibas tika raksturotas, izmantojot Ramans
spektroskopijas, FTIR spektroskopijas un fotoluminiscences metodes.

OPTICAL PROPERTIES OF SiO2 ACTIVETED WITH FLUARINE
AND ALLOYED ALKINI METALS

Kri§janis Roze, Madara Leimane, Karina Taranda, [vita Bite, Katrina Laganovska,
Kri§janis Smits, Linards Skuja.
Institute of Solid State Physics, University of Latvia

Silicon dioxide (SiO) is found in natural conditions, most often in the form of sand
and other minerals, but it is also actively synthesized in laboratories. There are
differences in the artificially produced and natural SiO, as it is possible to eliminate
its natural imperfections by synthesizing SiOa.

The use of SiO2 in sectors such as optics, electronics, nanotechnologies, medicine,
biochemistry, food chemistry demonstrates its extensive application. For example, the
synthesis of SiO2 with fluorine or alkali impurities at different concentrations changes
the physical, chemical and optical properties of the substance.

In the Institute of solid state physics laboratory of solid-state radiation physics are
active syntesize SiO, nanocrystals. At this work SiO2 nanoparticles contain hydroxyl
groups (-OH), which, when substituted with fluorine, increases lights permeability in
UV and close IR range, resistance to radiation and decreases light refractive index.
SiOy particles whitch sintesyzed with alkali metals promots crystallization center
emergence and decrease alloying temperature.

Optical properties of SiO> were identified with Raman spectroscopy, FTIR
spectroscopy and photoluminescence.
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ILGSTOSA PECSPIDESANA ISVILNU INFRASARKANAJA SPEKTRA
APGABALA AR ITERBIJA JONIEM AKTIVETA MgGeOs MATERIALA

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

Materiali, kuros novérojama ilgstoSa p&cspidésana jau gadu desmitiem ir izraisijusi
plasu interesi zinatnieku un industriju parstavju vidda. Sobrid ir pla§i pieejama
informacija par ilgspidoSiem materialiem, kuru emisija novérojama redzamaja un
tuvaja infrasarkanaja spektra apgabala, savukart publikacijas par materialiem, kuros
ilgstoSa pecspidésana ir noverojama ta saucamaja isvilnu infrasarkanaja spektra
apgabala (900 nm — 1700 nm), par spiti augstajam pielietojumu potencialam, ir loti
neliela skaita.

Darba gaita, LU CFI Spektroskopijas laboratorija, izmantojot cietfazu sintézi, ir iegits
ar iterbija joniem aktivéts MgGeOs materials ar iterbija koncentraciju 0,1 mol%.
Paraugam ir veikta struktiiras izp@te, izmantojot rentgendifrakcijas analizi un tadi
optiskas spektroskopijas mérijumi ka ierosmes un emisijas spektru iegtiSana, termiski
stimulétas luminiscences mérjjumi, luminiscences kinétiku mérjjumi.

Apkopojot rezultatus tiks izdariti secinajumi par ilgstosas p&cspidésanas procesiem ar
iterbija joniem aktivéta MgGeOs materiala.

SHORT-WAVE INFRARED LONG PERSISTENT LUMINESCENCE OF
YTTERBIUM DOPED MgGeOs MATERIAL

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

Materials with long persistent luminescence have caused widespread interest among
scientists and industry for decades. Right now there is widely available information
on long persistent luminescence materials with emission within visible and near infra-
red spectral range, however publications on materials with long persistent
luminescence within so-called short-wave infra-red spectral range (900 nm — 1700 nm)
despite the high potential in applications are in very small numbers.

In the course of this work MgGeOs material doped with ytterbium ions were produced
in UL ISSP Laboratory of Spectroscopy using solid-state reaction synthesis with
itterbium concentration of 0,1 mol%.

The sample has undergone a structure study using X-ray diffraction analysis and
optical spectroscopy measurements like excitation and emission spectra, thermally
stimulated luminescence measurements, luminescence kinetics measurements.

Based on the obtained experimental results conclusions about the long persistent
luminescence processes of itterbium doped MgGeOs material will be drawn.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZS/2018/6 realized at the Institute of Solid State Physics,
University of Latvia is greatly acknowledged.
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NEAKTIVETU UN F-AKTIVETU SILICIJA DIOKSIDA NANODALINU
SINTEZE

vt —

Latvijas Universitates Cietvielu fizikas institiits

Silicija dioksida materialiem ir plass pielietojums elektronika, medicina, kosmosa
izpéte u.c. SiO2 nanodalinas satur hidroksilgrupas (-OH), kuru aizvieto$ana ar fluoru
dazadas koncentracijas rada iesp&jas palielinat materiala gaismas caurlaidibu,
caurspidigumu, izturibu pret radiaciju un samazinat gaismas lauSanas koeficientu. Ar
fluoru aktivetas SiO2 nanodalinas var izmantot optiski izturigu materialu izveidei,
optisko skiedru vados, lazeros u.c.

Darba laika tika sintez&ti neaktivéts un F-aktivéti SiO2 nanodalinu paraugi, kuru
reakcijas maisijumam tika pievienots HF ar dazadam koncentracijam: 1.0 mol%,
5.0 mol%, 10.0 mol%, 15.0 mol% un 20.0 mol%. Lai ieglitu mazas nanodalinas, SiO-
nanodalinu paraugi tika sintez&ti izmantojot sola-géla metodi.

legtito SiO2 nanodalinu paraugu optisko Tpasibu raksturoSanai tika izmantotas
spektroskopiskas analizu metodes - luminiscence, Ramana spektroskopija. Savukart,
SiO2 nanodalinu sastava, struktiru un morfologisko Tpasibu raksturo$anai tika
izmantotas rentgenstaru difraktometrija, elektronu mikroskopija un energijas
dispersiva rentgenfluorescence.

SYNTHESIS OF INACTIVATED AND F-ACTIVATED SILICON
DIOXIDE NANOPARTICLES

Karina Taranda, lvita Bite, Krisjanis Roze, Linards Skuja
Institute of Solid State Physics, University of Latvia

SiO, materials have a wide range of applications in electronics, medicine, space research, etc.
SiO, nanoparticles contain hydroxyl groups (-OH), which, when substituted with fluorine in
different concentrations, have the potential to increase the light transmittance, material
transparency, radiation resistance, and to decrease the light refractive index. The SiO;
nanoparticles activated by fluorine can be used to create optically durable materials, optical
fiber waveguides, lasers, etc.

During the work, inactivated and F-activated SiO, nanoparticle samples were synthesized
with starting materials containing HF in concentrations: 1.0 mol%, 5.0 mol%, 10.0 mol%,
15.0 mol% and 20.0 mol%. To obtain tiny nanoparticles, the samples of SiO, nanoparticles
were synthesized using the sol-gel method.

Spectroscopic methods of analysis - luminescence, Raman spectroscopy - were used to
characterize the optical properties of the obtained SiO, nanoparticle samples. X-ray
diffractometry, electron microscopy and energy-dispersive X-ray fluorescence were used to
characterize the elemental content, structure and morphological properties of SiO;
nanoparticles.

This work was supported by the project No. 1zp-2018/1-0289 “Optical properties of advanced
silicon dioxide-based materials for ultraviolet and high-power photonics”.
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INDIJA KONCENTRACIJAS IETEKME UZ AKTIVETO ZnO
NANOSTRUKTURU UN MORFOLOGISKAJAM IPASIBAM

v —

Latvijas Universitates Cietvielu Fizikas Institiits

Materialus uz ZnO bazes musdienas plasi izmanto optoelektroniskiem parveidotajiem,
scintilatoriem un biologiskajiem sensoriem. Cinka oksidu aktivé lai palielinatu ta
ladinu nes€ju koncentraciju. Biezak izmantotie aktivatori ir III grupas elementi (Al,
Ga un In), no kuriem §1 darba ietvaros tika apliikots indijs. Izv€letais aktivators no
teordtiskas puses ir labak piemérots ZnO dalinu mazu izméru veidosanai.® Darba gaita
ar hidrotermalo metodi tika sintezéti ar indiju aktivéti ZnO nanokristalu paraugi
koncentracijas no 0,5 - 5 at.%.

Iegiito paraugu fizikalo un morfologisko pasibu noteikSanai tika izv€l&tas vairakas
metodes: pulvera rentgendifraktometrija (XRD), skenésa elektronu mikroskopija
(SEM), energijas dispersija rentgenspektroskopija (EDX), Furjé-infrasarkana
spektroskopija (FTIR), Ramana spektroskopija (RAMAN) un fotoluminiscence (PL).

INFLUENCE OF INDIUM CONCENTRATION ON DOPED ZnO
NANOSTRUCTURE AND MORPHOLOGICAL PROPERTIES

Juliana Kepente, lvita Bite, Larisa Grigorjeva, Agnese Spustaka, Krisjanis Smits
Institute of Solid State Physics, University of Latvia

Zinc oxide (ZnO) is widely used in different applications — optoelectronic adapters,
scintillators and biological sensors. To increase the carrier charge concentration, ZnO
is activated. With the 11l group elements (Al, Ga, In) are usually used as typical
activators. In the following research as an activator was chosen indium. Indium is
better suited from the theoretical point of view to maintain smaller particles of ZnO.?
The present research, activated ZnO was synthesized using with hydrothermal method
indium from 0,5 at% to 5 at% and non-doped ZnO.

To detect physical and morphological properties several methods were chosen — X-
ray powder diffraction (XRD), scanning electron microscope (SEX), energy
dispersive X-ray spectroscopy (EDX), Fourier-transform infrared spectroscopy
(FTIR), Raman spectroscopy (RAMAN), photoluminiscence (PL).

The financial support of research grants ERA.NET RUS_ST20170-051.

! Tuxomuposa E.JI., Casensena I0.A., I'pomos O.I'., CHHTE3 HAHONIOPOILKOB OKCHU/IA IMHKA,
JIETMPOBAHHOTO TAJUITMEM, HHANEM, aTIOMUHHEM
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ANODIZACIJAS PROCESA IEGUTA LUMINISCENTA PARKLAJUMA
HOMOGENITATES UN LUMINISCENCES 1ZPETE

sve—

Latvijas Universitates Cietvielu fizikas institiits

SrAl204:Eu,Dy un citi ar eiropiju aktivéti aluminati ir loti efektivi luminofori, kam
raksturiga ilga pécspidésana (fosforiscence) redzamaja spektra, istabas temperatara.
Siem materialiem ir plasas pielietojumu iesp&jas — energoefektivos apgaismojums un
noradgs, pulkstenu ciparnicas, luminiscentas krasas, u.c.

Darba apskatita fosforescgjosa SrAl20s:Eu,Dy parklajumu ieglisana izmantojot
plazmas elektrolitiskas oksidacijas (PEO) metodi. Ta ka PEO procesa izmantoSana
stroncija aluminata parklajuma ieguvei tiek izmantota loti nesen, tad ir vél javeic
sistematiski sint€zes parametru petijumi parklajuma ilgas p&cspidéSanas efektivitates
palielinasanai. Praktiskiem pielietojumiem PEO procesa iegiitu parklajumu
pecspidesanai jabut lidzvertigai stroncija aluminatu pulveru pécspidéSanai ilguma un
intensitates zina. Tade] veikti p&tijumi, elektrolita esoso jonu iebliveésanas efektivitates
noteikSana. Iegitajiem paraugiem apskatita parklajuma homogenitate un
luminiscentas ipaSibas dazados ta slanos, dodot ieskatu par stroncija, eiropija un
disprozija iebiivésanas procesiem PEO parklajuma. Novértéta art dazadas parklajuma
p&capstrades metozu ietekme uz parklajuma luminiscentajam ipasibam. Parklajumu
slanu izpéte veikta ar spektroskopijas un elektronu mikroskopijas metodém.

RESEARCH OF LUMINESCENCE AND HOMOGENEITY OF
PHOSPHORESCENT COATING OBTAINED BY ANODIZATION PROCESS

Agnese Spustaka, Virginija Vitola, Ivita Bite, Kri§janis Auzins
Institute of Solid State Physics, University of Latvia

SrAl>04:Eu,Dy, as well as other aluminates doped with europium, are very efficient
luminophores characterized by long afterglow (phosphorescence) in the visible
spectrum, room temperature. These materials have a wide range of possible
applications — in energy efficient lighting, watch dials, luminous paints, etc.

This study is based on obtaining phosphorescent SrAl>O4:Eu,Dy coating by plasma
electrolytic oxidation (PEO) method. As obtaining a strontium aluminate coating by
PEO is a new method, it is necessary to make systematic measurements of parameters
to improve the efficiency of long afterglow. The practical applications of the
afterglow of coatings obtained using the PEO method need to be equivalent to the
luminescence of powders of strontium aluminates in terms of duration and intensity.
Therefore, research is being done to determine the incorporating efficiency of
electrolyte ions. The homogeneity and luminescence in different layers of the coating
is evaluated in the obtained samples to get information about strontium, europium and
dysprosium incorporation process in the PEO coating. Furthermore, the effect of
various post-processing methods of the coating on its luminescent properties has been
determined. The research on the layers of coatings is done using spectroscopy and
electron microscopy methods.
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AR RETZEMJU ELEMENTIEM AKTIVETU LUMINISCEJOSU MAGNIJA
OKSIDU PARKLAJUMU IEGUSANA IZMANTOJOT PLAZMAS
ELEKTROLITISKAS OKSIDACIJAS METODI

Krisjanis Auzins', Krigjanis Smits®, Aleksejs Zolotarjovs, Ivita Bite!, Carsten Blawert?
YLatvijas Universitdtes Cietvielu fizikas institiits
2Helmholtz — Zentrum Geesthacht, Centre for Materials and Coastal Research

Magnija sakaus€jumi ir vieni no plasak izmantotajiem materialiem autobiives,
aviacijas un citas inzeniertehniskajas nozar€s pateicoties to labajam mehaniskajam
Ipasibam un salidzinoS$i mazajam svaram. Normalos apstaklos uz magnija virsmas
izveidojas plans oksida slanis, kur§ nav kimiski stabils un ir paklauts pastiprinatai
korozijai. Viens no problémas risinajumiem ir plazmas elektrolitiska oksidacija (PEO),
kura lauj izveidot biezu oksida aizsargslani uz materiala virsmas. Pateicoties PEO
procesa patnibam, parklajumu ir iesp&jams legét ar dazadam vielam. Retzemju
elementu aktivatoru jonu ieklausana magnija aluminatu vai silikatu matricas var tikt
izmantota luminiscences 1pasibu uzlabosSanai.

Saja pétijuma tika veikta magnija parklajumu sintéze izmantojot PEO metodi.
Galvenais mérkis bija iegit ar retzemju elementiem (Eu, Dy, Nd, Tm) legétus magnija
aluminatu (MgAl204) un silikatu (MgSiOz, MgAI2Si;Og) parklajumus uz magnija
substrata un izpetit to Iluminiscences TpaSibas. Lai parliecinatos par iegiito
savienojumu strukttiru un sastavu, tika veikti XRF un XRD mérijumi, kas paradija, ka
ir iegiita sagaidama MgAIl>O4 faze, un fotoluminiscences mérijumi, kuri apstiprinaja
Eu jona klatbiitni.

PREPARATION OF LUMINESCENT RARE EARTH DOPED MAGNESIUM
OXIDE COATINGS USING PLASMA ELECTROLYTIC OXIDATION
METHOD

Krisjanis Auzins!, Krisjanis Smits!, Aleksejs Zolotarjovs?!, lvita Bite!, Carsten Blawert?
YInstitute of Solid State Physics, University of Latvia
2Helmholtz — Zentrum Geesthacht, Centre for Materials and Coastal Research

Magnesium alloys are one of the most widely used materials in automotive, aerospace
and other engineering fields due to their great mechanical characteristics and light
weight. In normal conditions a thin chemically unstable oxide layer is formed on the
surface of magnesium which is prone to excessive corrosion. One of the solutions for
this problem is plasma electrolytic oxidation (PEO) treatment which allows to
produce a thick protective oxide layer on the surface of material. Thanks to the
characteristics of PEO process, coatings can be doped with different elements. The
incorporation of rare earth dopant ions in magnesium aluminate or silicate matrixes
can be used to enhance luminescent properties of the coatings.

In this research the synthesis of magnesium coatings using PEO method was
performed. The aim was to produce rare earth (Eu, Dy, Nd, Tm) doped magnesium
aluminate (MgAI>0.) and silicate (MgSiOs, MgAl2Si>Og) coatings and examine their
luminescent properties. XRF and XRD measurements were carried out to examine the
structure and composition of the acquired coatings. The results showed that MgAI>O4
phase was indeed achieved. Measurements of photoluminescence were also carried
out and proved that Eu was incorporated into the coatings.
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SARMMETALU PIEMAISIJUMU IETEKME UZ STIKLVEIDA SILICIJA
DIOKSIDA OPTISKAJAM IPASIBAM

Madara Leimane, Linards Skuja, lvita Bite, Kri§janis Roze
Latvijas Universitates Cietvielu fizikas institits

Silicija dioksids (SiO2) ir viens no nozimigakajiem materialiem optika, nanotehnologijas,
mikroelektronika. Stiklveida SiO2 ir pamata materials lieljaudas lazeroptika un
optiskajiem elementiem darbam radiacijas vide. Ta optiska ipasibas pasliktina
punktdefektu veidoSanas. Ipasi nozimigs ir t.s. netiltina skabeklis (skabekla norauta saite),
kas ir galvenais induc@tas absorbcijas c€lonis redzamaja un ultravioletaja spektra dalas.
Literatiira to apzimé ar NBOHC (non-bridging oxygen hole center).

NBOHC var veidoties pasSvielas procesos, saraujot Si-O saites, vai arT no priekstecu
defektiem, sagraujot silanolgrupas (Si-O-H). Sie procesi ir daudz pétiti. Maz pétits ir cits
alternativs process — iesp&jama NBOHC veidoSanas, saraujot Si-O-M saiti, kur M —
sarmmetalu jons (Li, Na, K). ST darba merkis ir iegiit SiO, stiklus, legétus ar nelielam
sarmmetalu koncentracijam un izpétiti to ietekmi uz NBOHC veido§anos.

Sintez&t ar sarmmetalu piemaistjumiem viegli legétu SiO> stiklu ir sarezgiti to augstas
iztvaikoSanas del pie SiO stiklu parastas kaus€Sanas temperatiiras (<1800 °C). Tacu
izmantojot amorfu SiO> nanodalinas ka izejmaterialu, ir iesp&jams izveidot stiklu, tas
sacepinot pie daudz zemakas temperatiiras (1200 °C).

Darba tika sintezétas tiras un ar dazadam sarmmetalu koncentracijam (0.1 — 1.0 mol%)
legétas SiO2 nanodalinas péc sola-g€la metodes. Elementu sastavs tika pétits ar
rentgenfluorescences mikroanalizi, struktiru un morfologisko ipasibu noteikSanai
izmantoja XRD, SEM, un Ramana izkliedi. Optisko ipasibu raksturo$anai un NBOHC
generacijas procesu analizei lietotas luminiscences metodes. Sakotng&jie rezultati uzrada
to, ka piemérotaka metode silicija dioksida nanodalinu ieguve ir sint€ze baziska vidg,
izmantojot reagentu 5% CTAB.

INFLUENCE OF ALKALI METALS ON THE OPTICAL PROPERTIES OF
GLASSY SILICON DIOXIDE

Madara Leimane, Linards Skuja, lvita Bite, Krisjanis Roze
Institute of Solid State Physics, University of Latvia

Silicon dioxide (SiO.) is one of the most important materials in the optics,
nanotechnologies, and microelectronics. Glassy SiO: is the basic material for high-power
laser optics and for optics used in radiation environment. It optical properties are
degraded by the generation of point defects. Of particular importance is the oxygen
dangling bond, the so called non-bridging oxygen hole center (NBOHC), which is the
main absorbing species in the visible and near UV range.

NBOHCS are created in intrinsic processes or from precursors, by destruction of a bound
silanol (SiO-H) group. An alternative process, destruction of SiO-M (M=Li, Na, K) group
is much less studied. The aim of this study is to obtain SiO> glass, slightly doped by alkali
ions and to study their role as precursors of NBOHC.

Obtaining of alkali doped SiO; glass is complicated due to the high volatility of alkali at
the glass melting temperature (~1800°C). However, the temperature can be lowered to
1200°C, when the glass is obtained by the sintering of SiO, nanoparticles.

Nominally pure and 0.1 — 1.0 mol% alkali-doped SiO, nanoparticles were synthesized by
sol-gel technique. The elemental content was determined by XRF microanalysis, the
structure and morphology was studied by XRD, SEM and Raman scattering. The
generation of NBOHC was monitored by luminescence spectroscopy. Preliminary data
show that the most appropriate method to obtain SiO> nanoparticles is synthesis in basic
conditions with reagent 5% CTAB.

This work was supported by the project No. 1zp-2018/1-0289 "Optical properties of advanced
silicon dioxide-based materials for ultraviolet and high-power photonics".
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NEAKTIVETA UN AIFAKTIVETA ZnO NANODALINU SINTEZE UN TO
IPASIBU IZPETE

Mareks Senko?, lvita Bite!, Anzelms Zukuls?, Agnese Spustaka®, Larisa Grigorjeva?,
Krisjanis Smits
YLatvijas Universitates Cietvielu Fizikas Institiits
’Rigas Tehniska Universitate

Cinka oksids (ZnO) ir materials, kas piesaista lielu interesi ar plasajam un
potencialajam pielietosanas iespg&jam vairaku industriju nozargs. Augsta kimiska un
fizikala izturiba, zema vaditsp&ja, optiskas ipaSibas, salidzinoS$s netoksiskums,
intensiva un atra luminescence padara ZnO par interesantu pétiSanas materialu. ZnO
pielietojuma lielu lomu spélé aktivatori, savukart, ipasibas var ietekmé&t izv€léta
sint€zes metode. Ka viens no aktivatoriem tiek izmantots aluminijs (Al), kas,
balstoties uz literatiiras avotiem - iebaivéjas ZnO kristalrezgil.. Sads materials tiek
uzskatits par alternativu caurspidigo un vaditsp&jigo oksidu izmantoSana saules
baterijas un LED ierices.

Darba meérkos ietilpst, neaktivéta un Al-aktivéta (2 un 4 mol%) ZnO nanodalinu
sint€ze, izmantojot hidrotermalo un sola-gela sint€zu metodes, ka ar1 salidzinat
ieglitos rezultatus un novertet sint€Zu metodes ietekmi uz ZnO nanodalinu 1paSibam.
Lai noteiktu un raksturotu paraugu Tpasibas, tika izmantotas vairakas metodes:
pulvera rentgendifraktometrija (XRD), skeng&joSais elektronu mikroskops (SEM),
rentgenstaru  fluoroscences spektrometrija (EDX), fotoluminescence (PL),
infrasarkana furjé spektroskopija (FTIR) un Ramana spektroskopija (RAMAN).

NON-DOPED AND AI-DOPED ZnO NANOPARTICLES SYNTHESIS AND
PROPERTIES

Mareks Senko?, Ivita Bite!, Anzelms Zukuls?, Agnese Spustaka®, Larisa
Grigorjeval Krigjanis Smits!
Ynstitute of Solid State Physics, University of Latvia
“Riga Technical University

Zinc Oxide (ZnO) is a material that attracts a great deal of interest with a wide range
of potential applications in multiple industries. High chemical and physical stability,
low conductivity, optical properties, comparative non-toxicity, intense and rapid
luminescence make ZnO an interesting research material. Activators play a large role
in applications of ZnO. The properties can be influenced by the chosen synthesis
method also Aluminum (Al) is used as one of the activators, which, based on
scientific literature, incorporates itself in the crystal lattice of ZnO, which is
considered as an alternative to the use of transparent and conductive oxides (TCO) in
solar cells and LED devices.

The objectives of the thesis include the synthesis of non-doped and Al-doped (2 and 4
mol%) ZnO using hydrothermal and sol-gel synthesis methods. Compare the results
obtained and evaluate the impact of the synthesis method on the properties of ZnO
nanoparticles.

Several methods were used to determine and characterize the properties of samples:
X-ray diffractometry (XRD), scanning electron microscopy (SEM), energy dispersive
x-ray spectroscopy (EDX), photoluminescence (PL), fourier-transform infrared
spectroscopy (FTIR) and Raman spectroscopy (RAMAN).

The financial support of research grants ERA.NET RUS_ST20170-051
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Zn0:Ga, ZnO:In KERAMIKAS SAGRAUSANAS VEIDA UN MEHANISKO
IPASIBU IZPETE AR NANOINDENTESANAS METODI

Faina Muktepavela®, Roberts Zabels?, Rolands Grants!, Elena Gorokhova?, Karlis Kundzins*
YLatvijas Universitates Cietvielu fizikas institiits
2Zinatniskdas razoSanas asociacija S.1.Vavilova Valsts optiskais institiits, Krievija

ZnO keramikas pétijumu izstrade paradija, ka dopéSana ar Ga un In uzlabo ZnO
scintilacijas 1pasibas [1]. Vienlidzs variga loma So keramiko tehniska izmantoSana ir
mehanisko Tpasibu kopumam, to skaita cietibai (H, GPa), elastibas modulim (E, GPa)
ka arT plaisu veidoSanas pretestibai.

Saja darba ar nanoindenté$anas (NI), SEM un AFM metodém tika pétitas Zn0:0,1 %
Ga un Zn0O:0,1 % In %, keramikas, iegiitas, karstas preséSanas laika vakuuma pie
1100°C. Rezultatu salidzino$a analize paradija, ka ZnO:In keramikai raksturigs ir
transkristaliskais ltizums, fasetétas graudu robezas (GBs), H = 3,8-4,0 GPa graudu
iekSpus€, ka arT In un Zn klatbiutne GBs, kas novérota SEM+EDS datos. Savukart,
Zn0:Ga keramika demonstr&ja starpgraudainu trauslo lizuma veidu, H = 2,8 GPa, E
= 170 GPa un zemu pretestibu plaisasanai NI procesa. Plastiskas deformacijas darba
aprékini no NI slogosanas datiem norada, ka ZnO:In keramikai ir lielaka spgja
mehanisko spriegumu relaksacijai. Rezultati tiek apspriesti saistiba ar at3kiribam In®*
un Ga** mijiedarbiba ar ZnO rezgi.

NANOINDENTATION STUDY OF ZnO:Ga, ZnO:In CERAMICS
MECHANICAL PROPERTIES AND FRACTURE MODE

Faina Muktepavela®, Roberts Zabels!, Elena Gorokhova?, Karlis Kundzins®, Rolands Grants?
YInstitute of Solid State Physics, University of Latvia
“Scientific and Production Association S.1.Vavilov State Optical Institute, Russia

The development of ZnO ceramics investigations has shown that doping with Ga and
In enhances the scintillation properties of ZnO [1]. For perspective technical use of
these doped ceramics no less important role is played by the mechanical properties,
including the hardness (H, GPa) and modulus of elasticity (E, GPa).

In this research, the ZnO: 0.1 wt.%, In and ZnO: 0.1 wt.% Ga doped ceramics,
obtained by hot pressing in vacuum at 1100 °C have been investigated by
nanoindentation (NI), SEM and AFM methods. Comparative analysis of the results
showed that ZnO:In ceramics is characterized by faceted grain boundaries (GBs),
transcrystalline fracture mode, H= 3,8-4,0 GPa inside grains and with the presence of
In and Zn excess at the GBs, that is shown by the SEM +EDS data. On the contrary,
ZnO:Ga ceramics showed intergranular brittle fracture mode, H= 2,8 GPa, E= 170
GPa and low crack resistance (toughness) by NI. Calculations of the work of plastic
deformation during NI give evidence, that ZnO:In has a greater stress relaxation
potential thanZnO:Ga ceramics. The results are discussed in terms of the differences
in the interaction of In®* and Ga®** with the ZnO lattice.

This work has been supported by the Project ERANET RUS_ST#2017-051(Latvia)
and #18-52-76002 (Russia)
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ABERACIJU MERISANA, IZMANTOJOT SAKA-HARTMANA
ABEROMETRIJU UN PHASELIFT METODI

Varis Karitans*?, Edgars Nitiss!, Maris Ozolins!?, Sergejs Fomins!?2
YLatvijas Universitates Cietvielu fizikas institiits
LU Fizikas un Matematikas, un Optometrijas fakultate

Popularaka optisko aberaciju mériSanas metode Iidz §im bijusi Saka-Hartmana
aberometrija. Saka-Hartmana aberometros tiek izmantota mikrolécu matrica, kas vilnu
fronti sadala vairakos apgabalos. Izmérot fokalo punktu nobides, iesp&jams aprékinat
vilnu frontes formu. P&dgja laika popularas kluvusas metodes, kas, izmantojot
gaismas intensitates meérjjumus un skaitliskus algoritmus, aprékina objekta fazi. Jauna
metode fazes aprékinaSanai ir ta saucama PhaseLift metode, kas objekta fazi aprékina,
izmantojot nelielu skaitu masku un zema ranga Rimana optimizacijas metodes. Saja
pétijuma salidzinata Saka-Hartmana aberometrija un PhaseLift metode, kura
izmantotas Cetras rot€tas vienas maskas versijas.

Rezultati parada gan vizualu abu vilnu fronSu lidzibu, gan ari vid€jas kvadratiskas
klidas (RMS) samazinaSanos un Stréla attiecibas pieaugumu, vilnpu frontes atnemot
vienu no otras. PhaseLift aprékinatas vilpu frontes RMS ir 1.10 rad, bet ar Saka-
Hartmana aberometriju — 0.61 rad. Sis RMS vértibas atbilst Stréla attiecibai attiecigi
0.30 un 0.69. Vilnu fronsu starpibas RMS ir 0.86 rad, bet Stréla attieciba 0.48.

MEASURING WAVEFRONT ABERRATIONS WITH A SHACK-
HARTMANN ABERROMETER AND PHASELIFT

Varis Karitans'-2, Edgars Nitiss?, Maris Ozolins'?, Sergejs Fomins'?
YInstitute of Solid State Physics, University of Latvia
Faculty of Physics and Mathematics, and Optometry, University of Latvia

Up to now the most popular method for measuring wavefront aberrations has been
Shack-Hartmann aberrometry. In the Shack-Hartmann aberrometers a microlens array
is used splitting the wavefront in several subregions. Measuring the deviations of the
focal spots allows to calculate the shape of the wavefront. In the last years, methods
recovering phase of an object from intensity measurements using numerical
algorithms have become popular. A novel phase retrieval method is PhaseLift
recovering phase from a few masks based on the low-rank Riemannian optimization
methods. In this study, the Shack-Hartmann aberrometry is compared PhaseL.ift using
four rotated versions of a single mask.

The results show both visual similarity between both wavefronts and decrease in the
root-mean-square (RMS) and increase in the Strehl ratio as a result of subtraction of
both wavefronts. The RMS value of the wavefront calculated with PhaseLift is 1.10
rad while that calculated with the Shack-Hartmann aberometer — 0.61 rad. These RMS
values correspond to the Strehl ratio 0.30 un 0.69, respectively. The RMS value of the
difference between voth wavefronts is 0.86 rad while the Strehl ratio is 0.48.

The authors are supported by the postdoctoral project #1.1.1.2/16/1/001 (project
application #: 1.1.1.2/1/16/199).
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ZNO AND ZNO:Ga KERAMIKU RADIOLUMINISCENCE

Larisa Grigorjeval, Aleksejs Zolotarjovs?, Donats Millerst, Piotr Rodnyi? , Ivan Venevtsev?,
Elena Gorokhova?®

YLatvijas Universitates Cietvielu fizikas institiits
*Peter the Great St. Petersburg Polytechnic University
*Scientific and Production Association S.1. Vavilov State Optical Institute

Polikristaliskie keramiskie materiali ZnO un ZnO:Ga (0.1 wt.%) tiek pétiti ar mérki
iegiit  keramikas atrajiem scintilatoriem. Keramikas izgatavotas St.Peterburga
izmantojot vienass karstas preseSanas metodi [1]. Keramikas atSkiras ar dazadiem
izejas pulveriem, pres€Sanas temperatiiru, preséSanas atmosferu. Paraugi uzrada
gaismas caurlaidibu un optiskas ipasibas, kas ir atkarigas no izgatavoSanas
tehnologijas. Galvena uzmaniba tiek veltita intensitates un scincilaciju luminiscences
joslas novietojumam izgatavotas keramikas. Novérotas luminiscences intensitates un
joslas novietojuma izmainds plasa intervala (3.13-3.18 eV) atkariba no keramiku
iegiiSanas tehnologijas. Labakais rezultats iegiits ar Ga dop€tam paraugam
sacepinatam gaisa. SacepinaSana skabekla atmosfera uzrada ievérojami zemaku
scintillacijas intensitati.

RADIOLUMINESCENCE of ZnO and ZnO:Ga CERAMICS

Larisa Grigorjeval, Aleksejs Zolotarjovs?, Donats Millerst, Piotr Rodnyi?, lvan Venevtsev?,
Elena Gorokhova?®

YInstitute of Solid State Physics, University of Latvia
“Peter the Great St. Petersburg Polytechnic University
3Scientific and Production Association S.1. Vavilov State Optical Institute

ZnO polycrystalline ceramic materials were studied with goal to obtain the fast
scintillators. The undoped and gallium doped (0.1 wt.%) ceramics were prepared by
uniaxial hot pressing in air and oxygen atmosphere in St. Petersburg [1]. The ceramics
differs by the starting powders, pressing temperature and atmosphere. The samples
show the transparency and optical properties depending on ceramic sintering
conditions. In the present investigation we focus on study of intensity and band
position of near band luminescence most interesting from the point of view of
scintillation process. There is a large variation in scintillation luminescence peak
position (3.13-3.18 eV) and radioluminescence intensity. The best result was obtained
for Ga doped ceramic sintered in air. The ceramics sintered in oxygen atmosphere
shows significantly less intensity of scintillation peak.

1.K.Chernenko, et al., Structural, optical and luminescent properties of ZnO:Ga and
ZnO:In ceramics. IEEE Transaction on Nuclear Science, TNS-00113-2018

The financial support of research grants ERA.NET RUS_ST20170-051. This work

was partly supported by the Russian Foundation for Basic Research, project no. 18-
52-76002
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CELA UZ TERMISKAS KODOLSINTEZES ELEKTROENERGIJU

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

2018. gada beigas EUROfusion konsorcijs publicgja parskatito kodolsintézes
pétniecibas planu. Ta ir sakotngja plana attistiba, saglabajot biitiskas astonas Misijas.
Plans koncentr§jas uz galvenajam iericem - ITER, DEMO un DONES. Tacu,
atjauninot celu uz kodolsintézes energiju, tiek uzsvérts DEMO un ITER projektu
relativais izpildes laiks, lai panaktu kodolsintézes elektroenergijas demonstré$anu péc
iespgjas atrak. Energiju no fosila kurinama jaaizstaj ar CO2 brivu energiju. Pastav
milzigi pasaules méroga centieni galveno atjaunojamas energijas avotu, piem&ram,
v€ja un saules energijas attistiba, apvienojot energijas ieglisanu ar tas uzglabasanu
ezeros, baterijas un kimiskajas $tnas. Kodolsintéze lidz 2050. gadam tiesa veida
neveicinas CO» izslégSanu, bet, nemot véra kodolsintezes bitiskakas prieksrocibas
(drosiba, bagatiga degvielas pieejamibas), tai ir potencials, lai nodroSinatu svarigu
pasaules energijas vajadzibu dalu ap gadsimta beigam. Latvijas EUROfusion
pétniecibas apvienibai ir dzilas zinaSanas materialu un plazmas pieskarosu elementu
joma. ISSP UL pétnieki ir iesaistiti: (i) teorétiskaja modelésana, ka, pieméram, ODS
téraudu eksperimentalaja raksturojuma in iegls$anas receptes izstradé, izmantojot
rentgenstaru absorbcijas spektroskopiju (XAS); (ii) radiacijas efekta modeléSana
funkcionalos materialos; (iii) optisko un dielektrisko materialu radiacijas defektu
evolicijas eksperimentala un teorétiska analize.

THE ROAD TO FUSION ELECTRICITY

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

At the end of 2018, EUROfusion has published its revised Fusion Research Roadmap.
It is an evolution of the first roadmap preserving the unshakeable elements such as the
eight missions. It focuses on the main devices ITER, DEMO and DONES. But in
updating the path to fusion energy, the relative timing of the DEMO and ITER
projects to achieve the demonstration of fusion electricity as fast as possible is
emphasised. Energy from fossil fuels must be replaced by CO, free energy. There is
tremendous and worldwide effort in the development of renewables as wind and solar,
in combination with storage in lakes, batteries and chemical fuels. Fusion will not
contribute to the CO- transition by 2050, but given its inherent advantages (safe, low
physical footprint, abundant availability of fuel) it has potential to deliver an
important part of the world’s energy need around the turn off the century. Latvian
EUROfusion Research Unit has a deep expertise in the field of materials and in
plasma facing components. Researchers of ISSP UL are involved: (i) in theoretical
modelling as well as experimental characterization of ODS steels and using Xx-ray
absorption spectroscopy (XAS); (ii) in multiscale modelling of radiation effects in
functional materials and oxide materials; (iii) in advanced experimental and
theoretical analysis of defect evolution and structural disordering in optical and
dielectric materials for fusion applications.
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Y, Ti, O un Vee MIJIEDARBIBAS APREKINI NO PIRMAJIEM PRINCIPIEM fcc-
Fe REZGI, LAI IZSKAIDROTU ODS DALINU VEIDOSANOS

Aleksejs Gopejenko?, Jurijs Zukovskis®, Yuri A Mastrikov, Sergei Piskunov?, Pavel V.
Vladimirov?, Eugene A Kotomin® un Anton Mdslang?
YLatvijas Universitates Cietvielu fizikas institiits
2Karlsruhe Institut fir Technologie, Institut fiir Angewandte Materialen,

Oksidu stiprinati t€raudu materiali ar samazinato aktivacijas sp&ju ir uzskatami par
daudzsoloSiem strukturaliem materialiem nakotnes termiskas sinté€zes reaktoriem.
ODS teraudu pielietoSana lauj paaugstinat nakotnes kodolsintézes reaktoru darbibas
temperatiiru par 100°C Iidz 650°C, kas palielina reaktoru efektivitati. Ka viens no
stabilakajiem oksidiem, kuru kuSanas temperatiira ir augstaka par téraudu kuSanas
temperatiiru, Y203 ir visbiezak izmantotais materials samazinatas aktivitates ferita-
martensita t€raudu stiprinasanai.

ODS teraudu eksperimentalie un teorétiskie p&tijumi ir plasi veikti, lai izskaidrotu
ODS dalinu veidosanas principus, kas v&l nav pilniba izprasti.

YTi20s un Y2Ti207 pielietosana ODS téraudu razo$ana rada ievérojamu nanodalinu
izméra samazinasanu, ka ar1 ietekm& ODS dalinu sadalijuma viendabigumu terauda
matrica.

Y, Ti, O un vakan¢u mijiedarbibas aprékini ir veikti izmantojot plakanu vilpu blivuma
funkcionalu teorijas (DFT) metodi, kuri ir pielietoti VASP datora koda. Saites
energijas ir noverttas visam aprékinatajam konfiguracijam. Starp defektiem, kad O
atoms ir novietots O oktaedriskas pozicijas, nav konstatétas saites energijas, bet saites
energijas ir novertétas visam konfiguracijam, kad O piemaisijums atrodas Vre
vakances pozicija.

THE FIRST PRINCIPLE CALCULATIONS OF THE Y, Ti, O, AND Vre
INTERACTIONS INSIDE THE fcc-FE LATTICE IN SUPPORT OF ODS
PARTICLE FORMATION

Aleksejs Gopejenko?, Yuri F Zhukovskiil, Yuri A Mastrikov?, Sergei Piskunov?, Pavel V.
Vladimirov?, Eugene A Kotomin!, and Anton Mdslang?
YInstitute of Solid State Physics, University of Latvia
2Karlsruhe Institut fiir Technologie, Institut fir Angewandte Materiale,

Oxide dispersed strengthened steels are considered as promising structural materials
for future thermal synthesis reactors. Implementation of the ODS steels allows
increasing the operating temperature of the future fusion and advanced fission
reactions by 100°C up to 650°C, which improves reactor efficiency. As one of the
most stable oxides with the melting temperature higher than the melting temperature
of the steels Y203 is the most commonly used material for the strengthening of the
reduced activation ferritic-martensitic steels.

Both experimental and theoretical studies of the ODS steels are extensively performed
in order to explain the formation principles of the ODS particles, which are not fully
understood yet.

YTi20s and Y2Ti207 implementation in the manufacturing of the ODS steels results in
the significant reduction of the size of the nanoparticles as well as it affects the
homogeneity of the ODS particle distribution in the steel matrix.

The calculations of Y, Ti, O, and vacancies interactions have been performed using
the plane wave density functional theory implemented in the VASP computer code.
The binding energies have been assessed for all the calculated configurations. No
binding energies have been found between the defects when O atom has been
positioned in octahedral interstitial site, while the binding energies have been assessed
for all configurations when O impurity has been located in Ve vacancy position.
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AR JONIEM APSTAROTO TERAUDU ANALIZE AR MAZA LENKA
RENTGENABSORBCIJAS SPEKTROSKOPIJU

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

Kodolsintézes un tradicionalo kodoldaliSanas reaktoru ekspluatacijas laika térauds
kristala struktira tik bojata ar augstas energijas neitronu starojumu. Saja darba
petijumi tika veikti ar virsmas jiitigu metodi — maza lenka rentgenabsorbcijas
spektroskopiju (glancing incidence X-ray absorption spectroscopy - GIXAS)
parbaudot térauda struktiiras evoliiciju dzelzs un hroma K-absorbcijas malai.

Fe un Cr K-malas rentgenabsorbcijas spektru piemalas sikstruktiras un
rentgenabsorbcijas spektra sikstruktiru datus, veicam lokalas struktiiras analizi un
koordinacijas sféras rekonstrukciju ar ideju noteikt radiacijas defektu sadalijumu no
dziluma.

A GLANCING INCIDENCE X-RAY ABSORPTION SPECTROSCOPY
STUDY OF THE IRRADIATION EFFECT IN STEELS

Arturs Cintins, Andris Anspoks, A. Kuzmin, J. Purans
The Institute of Solid State Physics, University of Latvia

Under fusion and fission reactor operating conditions, the steel crystal structure is
damaged by high energy neutron radiation. In this study, we performed surface
sensitive glazing incidence X-ray absorption spectroscopy (GIXAS) method to
understand the local structure evolution of the steel using the Fe K-edge and Cr K-
edge absorption edge. The use of Gl technique allowed us to understand radiation
damage defects as a function of sample depth.

The analysis of the Fe and Cr K-edge X-ray absorption near edge structure (XANES)
and extended X-ray absorption fine structure (EXAFS) spectra allowed us to obtain
information on the local structure parameters and to reconstruct radial distribution
functions with the idea to detect distribution of radiation defects.
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KODOLSINTEZES IEKARTAS “APVIENOTAIS EIROPAS TORS”
BERILIJA LIMITEROS UZKRATA TRITIJA IPASIBAS

Gunta Kizane!, Aigars Vitin§!?, Liga Avotina!, Elina Pajuste?,
Andris Les¢inskis?
YLatvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits

Paslaik aktuals jautajums ir novertét kodolsintézes iekartu vakuuma kameras pirmas
sienas aizsargmaterialos uzkrata tritija ipasibas, lai prognoz€tu So materialu
izturéSanos eksperimentala kodolsintézes reaktora ITER deiterija-tritija plazmas
darbibas apstaklos, lai noveértétu attiriSanas iesp&jas no tidenraza radionuklida tritija
un materialu radiacijas izturibu. Kop$ 2009. gada ickarta “Apvienotais Eiropas tors”
(JET) vakuuma kameras oglekla siena ir aizvietota ar metalisku materialu sienu ar
berilija virsmu, bet divertoram ir volframa virsma [1]. Sada JET vakuuma kameras
siena ir analoga ITER vakuuma kameras pirmajai sienai.

Petijuma analiz€tas tritija uzkrasanas, izdaliSanas un sadalfjums 2011.-2012. un
2013.-2014. gada JET kampanu vienadu atrasanas poziciju berilija limitera kiegeliem
ar termodesorbciju He + 0.1% H> pluasma, 4.8 K/min, 290-1030 K apgabala, un
skidinasanas metodi. 2013.-2014. gada kampana icksgjas sienas kiegelos uzkrata
tritija daudzums ir 2,7-2,9 reizes mazaks par 2011.-2012. gada uzkrato, jo §inis abas
kampanas JET vakuuma kamera tritijs netika ievadits, tas mazos daudzumos taja
palicis no agrako gadu kampana, radies deiterija kodolu sapliSana vai neitronu
kodolreakcijas. Termodesorbcijas spektri ir atskirigi, kopuma 2013.-2014. gada
paraugiem salidzinajuma ar 2011-2012. gada paraugiem ir par 30 K augstaka tritija
frakcionala izdaliSanas temperatiira, bet visi paraugi tritija izdaliS8anos 50% apméra
sasniedz 697-811 K temperattru intervala, savukart 90% — 1176 K temperatira.

PROPERTIES OF TRITIUM ACCUMULATED BY BERYLLIUM LIMITERS
OF THE THERMONUCLEAR FACILITY “JOINT EUROPEAN TORUS”

Gunta Kizane!, Aigars Vitind?, Liga Avotina®, Elina Pajuste?,
Andris Le$¢inskis!
YUniversity of Latvia, Institute of Chemical Physics
University of Latvia, Institute of Solid State Physics

The current issue is to assess properties of tritium accumulated in the first wall
materials of fusion device JET (Joint European Torus) in order to predict the
behaviour of these materials in the deuterium-tritium plasma operation of the
experimental fusion reactor ITER, to assess the possibilities of decontamination from
hydrogen radionuclide tritium as well as to estimate a material radiation resistance.
Since 2009, the JET vacuum chamber carbon wall has been replaced with a metal
wall that is analogous to the first wall of ITER and has beryllium surface in the main
chamber and tungsten surface in the divertor [1]. The study analyses properties of
tritium accumulation, release and distribution of samples of beryllium limiter tiles of
the same positioning for the 2011-2012 and 2013-2014 campaigns with thermal
desorption in a He + 0.1% H. flow at 4.8 K/min, 290-1030 K, and dissolution method.
In general, the total tritium is by a factor of 2.7-2.9 higher in the inner wall beryllium
limiter tiles of the 2011-2012 campaign than that of the 2013-2014 campaign as
tritium was not introduced into the JET vacuum chamber in both the campaigns.
Thermal desorption spectra are different. In general, the 2013-2014 samples had
tritium fractional release temperature by 30 K higher than that of the 2011-2012

samples, while 50% detritiation was at 697-811 K, and 90% detritiation — at 1176 K.
[1] L. Horton, EFDA-JET Contributors, Fusion Engineering and Design, 2013, 88, 434-439.
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UDENRADIS KA ENERGIJAS NESEJS LATVIJAS GAZES
INFRASTRUKTURA

Janis Kleperis®, Laila Zemite?, Péteris Lesni¢enoks?, Ilze Dimanta?, Ainars Knoks!
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas Universitdtes Energétikas institiits

LU CFI piedalas Valsts pétjjumu programmas “Energétika” projekta ,Latvijas
dabasgazes infrastruktiiras attistibas tendences, izaicinajumi un risinajumi (LAGAS)”
(vadosSais partneris — RTU EI) istenoSana, izvertgjot tidenraza iespgjas atjaunojamo
energoresursu sarazotas energijas transporté$ana un uzglabasana. Udenradis ir tads
pats energijas nes¢€js ka elektriba — lai to iegiitu, tas vispirms jasarazo. Un resursi ta
razoSanai ir praktiski jebkura vieta uz zemeslodes — tidens, biomasa, zemes dziles.
Iegtitais tdenradis bis tik zals, ciK zala energija tiks izmantota ta razoSanai. Pasaule
pamazam pariet uz atjaunojamo energoresursu (saule, v&js, tdens up€s, biomasa)
tehnologijam siltuma un elektribas ieguvei, kas pamata ir viszalaka energija. Dala $o
resursu, ka v§j§, saule nav pieejami nepartraukti, tadél energija no tiem vispirms
jauzkraj tdenraza forma un lietotajam janovada tad, kad vajadzigs. Visvienkarsak
bitu izmantot jau esoSo dabasgazes infrastruktiiru, kas Latvija ir loti attistita gan
uzkrasanai pazeme, gan sadales tiklos, bet vai ar Gdenradi tas ir iesp€jams? P&tjjumos
tiks analizéta citu valstu pieredze un plani tGdenraza tehnologiju ievie$ana un
izmantosana, ka arf attistit idenraza ievieSanas planus Latvijai nakotng.

Pateiciba VPP “Energétika” projektam LAGAS Nr.VPP-EM-INFRA-2018/1-0003
par atbalstu.

HYDROGEN AS ENERGY CARRIER IN LATVIAN GAS
INFRASTRUCTURE

Janis Kleperis!, Laila Zemite?, Peteris Lesnicenoks?, llze Dimanta?, Ainars Knoks!
YInstitute of Solid State Physics, University of Latvia
%Institute of Energetics, Riga Technical University

ISSP UL participates in the implementation of the project “Development tendencies,
challenges and solutions of Latvian natural gas infrastructure” (LAGAS) of the
National Research Program “Energetics” (leading partner IE RTU). The main task of
team from ISSP is evaluation of the possibilities of hydrogen transportation and
storage of energy produced from renewable energy resources. Hydrogen is the same
energy carrier as electricity - to produce it, it must first be produced. And resources
for its production are practically anywhere on the globe - water, biomass,
subterranean depths. The resulting hydrogen will be as green as green energy will be
used for its production. The World is gradually shifting to renewable energy
technologies (sun, wind, water in rivers, biomass) for heat and electricity generation
what is the base of the greenest energy. Part from these resources, like the wind and
the sun is not available continuously, so the energy from them must first be collected
in the form of hydrogen and should be led to end-user when needed. The easiest way
would be to use the existing natural gas infrastructure, which is very developed in
Latvia for both underground storage and distribution networks, but is it possible with
hydrogen? The research will analyze the experience and plans of other countries in
introducing and using the hydrogen technologies, as well as develop hydrogen
implementation plan for Latvia.
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VEIKTSPEJAS PETIJUMI PIELIETOJOT TRIS NANOSTRUKTURETU
MATERIALU SINERGIJU LITIJA JONU BATERIJAS

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

Litija jonu baterijas efektivitates uzlaboSana ir butisks faktors portativo elektronisko
iericu un elektroautomobilu izplatiba. Tadgjadi ir augusi nepiecieSamiba péec
ekspluatacija dro$am baterijam ar augstu energijas blivumu, uzlabotu atrumspé&ju
izlades-uzlades stabilitati, kuras izmantoti videi draudzigi materiali ka ari zemam
razoSanas izmaksam. Darba ir pétits FexOs3/TiO2/rGO  nanostrukturéts
kompozitmaterials ka anods litija jonu baterijam. Anoda materiala planas kartinas tika
ieglitas izmantojot izsmidzinaSanas pirolizes metodi, mainot metala oksida masas
dalas paraugos.

Veikta elektrodu elektrokimisko ipasibu izpéte, iegliti gravimetriskas ladinietilpibas
rezultati, noveértéta atrumspé€ja, izpéetitas ladinietilpibas izmainas péc vairakiem
uzlades izlades cikliem. Kompozitmaterialu planajam kartinam veikta struktiiras
analize izmantojot SEM, XRD un Ramana spektroskopiju. legitais triju materialu
anods ar materiala proporcijam attiecigi 70 % Fe203 , 20 % TiO2 un 10 % rGO
uzradija labakos rezultatus pielietojumam litija jonu baterijas.

RESEARCH OF ELECTROCHEMICAL PERFORMANCE DERIVED FROM
SYNERGISTIC EFFECT IN TERNARY NANOSTRUSTURED MATERIAL
FOR LITHIUM-ION BATTERIES

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

Lithium-ion batteries (LIBs) and improvement of their effectivity have obtained much
attention in the manufacturing of portable electronic devices. It is essential that the
future LIBs can display the properties of high energy density, excellent charge -
discharge stability, high safety, environmental friendly and low cost. As the core of
energy storage equipment, anode materials directly determine the electrochemical
performance of the LIBs.

We report an rGO/Fe;03/TiO; ternary nanocomposite with a various proportions of
Fe>O3 and TiO; obtained via spray pyrolysis method. Electrochemical properties of
all samples were studied by chronopotentiometry, cyclic voltammetry and
electrochemical impedance spectroscopy. Structure and morphology investigations
were performed by SEM, XRD and Raman spectroscopy. The results indicates that
the rGO/Fe>03/TiO, ternary nanocomposite with stoichiometric ratios 70 % Fe203 ,
20 % TiO2 un 10 % rGO holds great promise as a high performance anode material
for Li-ion batteries.
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GRAFENA UN POLIMERA TINTE MEMBRANAS-ELEKTRODU SISTEMAI

Jilija Hodakovska?, Ingars LukoSevics?, Péteris Lesni¢enoks?, Ainars Knoks?,
Janis Kleperist
YLatvijas Universitates Cietvielu fizikas institiits
2 Rigas Tehniskas universitates Materidlzinatnes un LietiSkas kimijas fakultdte

Membranas-elektrodu sisttma (MES) ir centrala dala protonu apmainas membranu
elektrolizeros (PAME) un degvielas $Gnas (PAMDS). Katalizatora slanis ir MES
sastavdala, kas pilda vairakas funkcijas: savieno membranu un elektrodus, ar
katalizatoru kontrolé reakcijas procesus, nodro$ina izejvielu un reakcijas produktu
transportu, elektronu un jonu parnesi, ka art temperattiras reguléSanu (siltuma pievadi
un atvadiSanu). Katalizatora slani veido no specifiskas tintes, kas sastav no
katalizatora, katalizatora nesg€ja (tipiski, oglekla nanodalinas), poliméra (ka saistviela
un jonu vaditajs) un $kidinataja.

Saja darba ir apskatitas literatiira aprakstitas metodes, kuras ka oglekla nanodalinas ir
izmantots graféns, un noteikta to atbilstiba uzdevumam izveidot katalizatora tinti
prieks izmantosanas PAME etiléna razo$ana no oglekla dioksida. Prezent&ti arT pirmie
eksperimentalie dati, kas lauj precizét izmantoto metozu veért€Sanas krit€rijus un
modificét tos atbilstosi savam vajadzibam.

PERCULARITIES OF PRODUCING GRAPHENE/ POLYMER INK

Julija Hodakovska?, Ingars Lukosevics,! Peteris Lesni¢enoks®?, Ainars Knoks?,
Janis Kleperis!
YInstitute of Solid State Physics, University of Latvia
2 Faculty of Materials Science and Applied Chemistry, Riga Technical University

The heart of proton exchange membrane electrolysers (PEME) and fuel cells (PEMFC)
is the membrane electrode assembly (MEA) who determines their performance and
durability. Catalyst layer is a part of MEA that has several functional tasks: it
connects membrane and electrodes, due to catalyst presence controls reaction
processes, secures transport of fuel and reaction products, both electron and ion
transfer, and also temperature regulation (heat transport inside system). Catalyst layer
is prepared from special ink that consists of catalyst, catalyst support (typically carbon
nanoparicles), polymer (as binder and ion transporting component) and solvent.

In this work different producing methods that are described in publications and use
graphene are reviewed and compared to determine their suitability for MEA in PEME
with electrocatalytically active cathode for ethylene production from carbon dioxide.
First experimental data is also presented that allows narrowing methods’ evaluation
criteria and modify them according to the own requirements.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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ELEKTROVERPSANAS METODE FUNKCIONALU NANODIEGU
IEGUSANAI UN TO IPASIBU PETISANA

Oskars Bitmets, Kaspars Pudzs, Andrejs Tokmakovs
Latvijas Universitates Cietvielu fizikas institiits

Nanodiegiem ir augsta virsmas laukuma pret tilpuma attieciba, kas tos padara par
perspektiviem funkcionaliem materialiem. Viena no metodém organisku nanodiegu
iegiiSanai ir elektroveérpsana (electrospinning). Nanodiegu ipasSibas ir iespgjams
modificét un pielagot nepiecieSamajam vajadzibam, pievienojot dazadas aktivas
vielas vai izmantojot citus bazes polimerus.

Saja darba ir pilnveidota elektrovérpsanas ickarta un ir iegiiti nanodiegi, izmantojot
PEO un H20 $kidumu. Skidumam papildus ir pievienots elektrovado§ polimérs
PEDOT:PSS (PH1000), kas wuzlabo ieglito nanodiegu elektrisko vaditspgju.
Nanodiegu raksturoSanai ir izmantota skengjosa elektronu mikroskopija, ar kuru ir
noteikts arT diegu diametrs. legiitajiem nanodiegiem ir izmérits Zeébeka koeficients un
noteikta summara vaditspgja.

ELECTROSPINNING METHOD FOR FUNCTIONAL NANOWIRES
FABRICATION AND STUDY OF THEIR PROPERTIES

Oskars Bitmets, Kaspars Pudzs, Andrejs Tokmakovs
Institute of Solid State Physics, University of Latvia

Nanowires have a high surface area to volume ratio, which makes them a perspective
functional material. One of methods for acquiring organic nanowires is
electrospinning. It is possible to modify properties of nanowires as necessary, by
adding various active substances or using a different base polimer.

In this case the electrospinning equipment has been further improved. Nanowires have
been acquired using PEO and H>O solution. Additionally an electrically conductive
polimer PEDOT:PSS (PH1000) has been used to improve electrical conductivity of
nanowires. Scanning electron microscope was used to study properties of nanowires
and to determine diameter of nanowires. Coefficient of Seebeck and overall
conductivity of acquired nanowires has been measured.
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Nanodiegu attgls, iegiits izmantojot sken&joso elektronu mikroskopu.
Picture of nanowires, acquired using scanning electron microscope.
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ELEKTRONU PROCESI CIETA VIELA: DIRAKA IETVARS

Eriks Kloting
Latvijas Universitates Cietvielu fizikas institiits

P&tijums veltits kanoniskas Diraka teorijas paplasindjumam ar pareju no brivas
relativistiskas dalinas apraksta uz elektronu procesiem cieta viela. Konceptuali tas
panakts aizvietojot EinSteina energijas - momenta sakaribu brivai Diraka dalinai ar
energijas — momenta aprakstu, kura tieck nemta vera gan atomara struktiira, gan
mainigs fotoierosinato dalinu skaits. Formali nepiecieSama pareja no Diraka dalinu
fizikas uz fotoierosinatu elektriski 1adetu dalinu kin&tiku cietd viela izveidota ka
vienota matematiska struktiira, kura ietilpst savstarpgji saistiti Hilberta telpas, kvantu
lauka, un specialas relativitates pielietojumi. Nozimigs teorijas starprezultats ir
vienadojumu sistéma dalinu dzimSanas un anihilacijas operatoriem, kuri ietver
sisttmas makroskopiskos parametrus un vienlaicigi ir pieméroti ietilpinaSanai
sadalfjuma funkcijas un tam sekojosa kvantu kinétiska apraksta.

ELECTRONIC PROCESSES IN SOLID STATE: DIRAC FRAMEWORK

Eriks Klotins
Institute of Solid State Physics, University of Latvia

The research proposes canonical Dirac framework adapted for application to the
electronic processes in solid state. The concern is a spatially periodic structure of
atoms distinguished by birth and annihilation of particle states excited due to
interaction with the electromagnetic field. This implies replacing the conventional
Einstein energy-momentum relation specific of the canonical Dirac framework and
permissible for particle physics by a case specific relation available for the solid state.
The advancement is a unified and consistent mathematical framework incorporating
the Hilbert space, the quantum field, and the special relativity. Essential details of the
birth and annihilation of the particle states are given by an illustrative two-band model
obeying basic laws of quantum mechanics, special relativity, and symmetry principles
maintained from the canonical Dirac framework as a desirable property and as a
prerogative for the study of the particle coupling and correlation.

The present research has been supported by the Institute of Solid State Physics, the
University of Latvia in the frames of the ERA-NET HarvEnPiez project (No. ES
RTD/2016/15).
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NO TEMPERATURAS ATKARIGO Cu;N STRUKTURALO TPASIBU APREKINI AR
MOLEKULARO DINAMIKU NO PIRMAJIEM PRINCIPIEM

Dmitrijs Bo&arovs?, Janis Timoshenko?, Andris Anspoks!, Aleksandrs Kalinko?,
Aleksejs Kuzmins?, Matthias Krack*
! Latvijas Universitates Cietvielu fizikas institiits
2 Materialzindtnes un kimijas inZenierijas katedra, Stony Brook Universitate
3 Padebornas Universitate, Kimijas departaments
* Paula Serera institiits

Vara nitridam (CusN) ir kubiska anti-ReOs tipa struktiira, kuru veido NCues Oktaedri,
savienotie ar stiriem. Ta rezga dinamiskas ipaSibas nosaka vara atomu anizotropas
termiskas vibracijas, kuram ir specigaka svarstibu amplitiida perpendikulari linearajam N-
Cu-N atomu kédém. Ta rezultata CusN ir zema sadaliSanas temperatiira aptuveni ap 300-
470 °C.

Saja petfjuma tika veiktas CusN molekularas dinamikas (AIMD) aprékini temperatiiras
diapazona no 300 K lidz 700 K, lai noskaidrotu savienojuma rezga dinamiku un Cu-N un
Cu-Cu saisu anharmoniskumu.

Lai verificetu ieglitos teorttiskos rezultatus, mes veicam aprékinu rezultatu tieso
salidzinajumu ar Cu K-malu EXAFS, izmantojot MD-EXAFS pieeju, kas tika aprakstita
atsauc€ [1]. Més demonstrégjam MD-EXAFS pieejas efektivitati kombinacija ar AIMD
metodi teorijas validacijai un temperatiras atkarigo strukturalo ipasibu aprakstam CuzN
savienojuma.

Petijums, realizéts Latvijas Universitates Cietvielu fizikas institita un ir finansiali
atbalstits ,,PE€cdoktoranttiras pétijumi” programma projekta Nr. 1.1.1.2/VIAA/I/16/147
(1.1.1.2/16/1/001) ietvaros.

AB INITIO MOLECULAR DYNAMICS CALCULATIONS OF CusN
TEMPERATURE DEPENDENT STRUCTURAL PROPERTIES

Dmitry Bocharov?, Janis Timoshenko?, Andris Anspoks?, Aleksandr Kalinko?®,
Alexei Kuzmin!, Matthias Krack*
YInstitute of Solid State Physics, University of Latvia
*Department of Materials Science and Chemical Engineering, Stony Brook University
Universitat Paderborn, Naturwissenschaftliche Fakultat, Department Chemie
*Paul Scherrer Institute, Villigen, Switzerland

Copper nitride (CuzN) has a cubic anti-ReOs-type structure composed of NCue octahedra
joined by corners. The dynamic properties of its lattice are determined by the anisotropic
thermal vibrations of copper atoms, having stronger amplitude perpendicular to linear N-
Cu-N atomic chains. As a result, CuzN has low decomposition temperature of about 300-
470 °C.

In this study, we performed ab initio molecular dynamics (AIMD) simulations of CusN in
the temperature range from 300 K to 700 K in order to elucidate the details of lattice
dynamics and anharmonicity of the Cu-N and Cu-Cu bonding.

To validate the obtained theoretical results, we performed a direct comparison with the
Cu K-edge EXAFS using the MD-EXAFS approach developed in [1]. We demonstrate
the efficiency of the MD-EXAFS approach in combination with AIMD method for theory
validation and temperature dependent structural properties description in CusN.

Financial support provided by project No. 1.1.1.2/VIAA/I/16/147 (1.1.1.2/16/1/001) under
the activity ”Post-doctoral research aid” 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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2D-IEROBEZOTO MODELU VALIDACIJA DAZADA DIAMETRA TiO>
NANOCAURULEM

Olegs Lisovskis?, Sergejs Piskunovs?, Dmitrijs Bogarovs?,
Stephane Kenmoe? un Eckhard Spohr?
YLatvijas Universitdtes Cietvielu fizikas institiits
Duisburgas-Esenes Universitdtes Teorétiskds kimijas departaments

Fotokatalizatoru simuléSana tidens molekulu fotokatalitiskai SkelSanai paslaik ir viens
no svarigakdjiem virzieniem zinatné. IpaSa uzmaniba tiek pievérsta 1D
nanostruktiram, tai skaita nanocaurulém. Ir vélams simulét idens adsorbcijas procesu
uz lielo, reala izm@ra nanocaurulu virsmas ar sarezgitam un datorlaika ietilpigam
metodém (pieméram, ab initio molekulara dinamika), bet limitgjoSais faktors ir
pieejamie skaitlosanas resursi. Tadel lielo nanocaurulu reducéto 2D modelu attistiSana
ir svariga, lai dabtitu ieskatu tidens SkelSanas procesos, kas notiek realas sist€mas.
Agrak mes paradijam uz kvantu mehaniska Itmena (Density Functional Theory), ka
dopétas (001) un (101) TiO2 nanocaurules izrada uzlabotas fotokatalitiskas 1pasibas.
Mgs jau bijam izstradajusi tris dazadus So nanocaurulu virsmu 2D modelus, kuri
paradija, ka pastav tieSs sakars starp modelos pielietotiem nosacijumiem un
nanocaurulu vienibas $tinu (unit cell) konfiguraciju.

Saja darba posma modeli tika validéti tikai attieciba uz viena konkréta izméra
nanocaurulém. Lai sasniegtu o modelu deriguma vispargju apstiprinajumu, tiek petita
modelu atbilstiba plasam nanocaurulu spektram, sakot no vismazakam iesp&amam
lidz ~6.5 nm diametram.

VALIDATION OF 2D CONSTRAINED MODELS FOR TiO2 NANOTUBES
OVER A BROAD RANGE OF DIAMETERS

Oleg Lisovski'?, Sergei Piskunov?, Dmitry Bocharov?,
Stephane Kenmoe?, and Eckhard Spohr?
YInstitute of Solid State Physics, University of Latvia
?Department of Theoretical Chemistry, University of Duisburg-Essen

Simulation of photocatalysts for water splitting is presently one of the most prominent
research fields. In particular, 1D nanostructures, e.g. nanotubes, are considered to be
promising. Application of advanced, computationally expensive methods, such as ab
initio Molecular Dynamics, for simulation of water adsorption on large, real-size
nanotubes is desirable, but the limiting factor is the insufficient computational power
currently available. Hence, development of reduced 2D models of large nanotubes for
cost-efficient calculations is important for getting insights into processes related to
water splitting which occur in real systems.

Previously we have shown, at the quantum mechanical density functional theory
(DFT) level, that doped (001) and (101) TiO2 nanotubes exhibit improved
photocatalytic properties. We have already developed three different 2D models of
these nanotubes’ surfaces, which show that there is a clear connection between nature
of the applied constraints and configuration of a nanotubular unit cell.

At that stage the 2D models were validated against only one specific nanotube
diameter. In order to provide comprehensive confirmation of the models’ efficiency,
we study their performance with respect to a broad range of nanotube sizes, from the
smallest possible up to ~6.5 nm in diameter.
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VOLFRAMATU REZONANSES RENTGENSTARU EMISIJAS
SPEKTROSKOPIJA

Inga Jonane?, Aleksandrs Kalinko?, Aleksejs Kuzmins®
YLatvijas Universitates Cietvielu fizikas institiits
Paderbornas Universitdte

Materialu lokalas struktiiras pétijumiem plasi tiek izmantota rentgenabsorbcijas
spektroskopija (XAS), tomer ir gadijumi, kad §1 metode dod ierobezotu informaciju
ick$gjas Caulas elektronu Iimena dabiskas paplasinasanas dél (W Lz malai I'~4.7 eV).
Izmantojot rezonanses rentgenstaru emisijas spektroskopiju (RXES), iesp&jams
netiesa veida (divpakapju procesa) detektét XAS analogus spektrus, bet jau ar daudz
augstaku izskirtspeju (<1 eV). Izskirtsp&ja tiek butiski uzlabota beigu stavokla
mazakas paplainasanas dél. So metodi sauc ari par augstas-izikirtspgjas caur
fluorescenci detektétu (HERFD) XAS [1].

Izcils piemérs, kad HERFD XAS ir prieksrocibas, ir volframati (MWO4), kuros
volframs var bt gan ar oktaedrisku (ZnWOa), gan tetraedrisku (CawWO4, BaWO,)
koordinaciju. Atskiriba no XAS, HERFD XAS var noteikt 5d(W) joslas saSkelSanos
5d(t2g/t2) un 5d(eg/e) limenos kristaliska lauka del. Tas lauj viennozimigi identificét
oktaedrisku un tetraedrisku koordinaciju. HERFD XAS metode ir perspektiva CuMoz-
xWxOs cieto Skidumu pétijumiem, lai noskaidrotu volframa ietekmi uz materiala
lokalo struktiiru un funkcionalajam ipasibam.

RESONANT X-RAY EMISSION SPECTROSCOPY STUDY OF
TUNGSTATES

Inga Jonane?!, Aleksandr Kalinko?, Alexei Kuzmin!
YInstitute of Solid State Physics, University of Latvia
Paderborn University

X-ray absorption spectroscopy (XAS) is widely used to probe the local structure of
materials, but there are cases where this method provides limited information due to
the natural broadening of the core state (I'~ 4.7 eV for the W Ls-edge). Resonant X-
ray emission spectroscopy (RXES) allows one to detect indirectly (through second-
order process) XAS-analogues spectra but with much higher resolution (<1 eV). The
resolution is significantly increased due to smaller broadening of the final state. This
method is called the high energy-resolution fluorescence detected (HERFD) XAS [1].
An excellent example when HERFD XAS has advantage over a conventional XAS is
the case of tungstates (MWO,), in which tungsten atoms have octahedral (ZnWOg4) or
tetrahedral (CawQs4, BaWOs) coordination. Unlike XAS, HERFD XAS can detect
crystal-field splitting of the 5d(W) band into 5d(t2g/t2) and 5d(eg/e) levels. This allows
one to distinguish between octahedral and tetrahedral coordinations. HERFD XAS
method is promising for investigations of CuMo01.xXWxQO4 solid solutions to understand
tungsten induced effects on the local structure and functional properties of the
material.

[1] M. Rovezzi and P. Glatzel, Semicond. Sci. Technol. 29 (2014) 023002.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2018/1 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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KOMPOZITU POLI(ETERETERA KETONU)/ JONU SKIDRUMU
MEMBRANU STABILITATE

Guntars Vaivars'?, Marta Kane'?
YLatvijas Universitates Cietvielu fizikas institiits
2 Latvijas Universitates Kimijas fakultate

Oglekla dioksids tiek uzskatits par nelietderigu blakus produktu, kura nokltSana
apkartgja vide nav velama. Tas ir piesaistijis p€tnieku uzmanibu atrast ekonomiski
izdevigu pan€mienu, lai to parverstu par kimiskajai rlpniecibai noderigu izejvielu,
piem&ram, etilénu vai metanu. Elektroenergijas parpalikums arpus intensiva patérina
stundam ir noderigs elektrokimiskajai oglekla dioksida reducésanai. Selektivai etiléna
iegiiSanai ar pietiekosi augstu efektivitati ir piemeéroti vara nanokatalizatori.

Labaka reaktora konstrukcija joprojam ir pétiSanas stadija. Ja izmanto klasisko
elektroktmisko $tnu, tad anodtelpu no katodtelpas atdala membrana, kuras stabilitate
ietekmés reaktora ilgdarbibu.  Saja darba tika pétita poli(Gterdtera ketona)/ jonu
Skidruma kompozitas membranas stabilitate skidra vidé. Tika noteiktas membranas
biezuma un masas izmainas, ka ar1 diftizijas produkti un membraans sastavs.

COMPOSITE POLY(ETHER ETHER KETONE)/ IONIC LIQUID
MEMBRANE STABILITY

Guntars Vaivars®?, Marta Kane*?
YInstitute of Solid State Physics, University of Latvia
2Faculty of Chemistry, University of Latvia

Carbon dioxide is a waste product and a source of environmental pollution.
Researchers all around the world are looking for financially viable route to produce
valuable products, such as ethylene, methane, etc. Electrochemical CO> reduction is
attracting attention due to the possibility to utilize the off-peak hour’s electricity. Cu-
based nanocatalysts have demonstrated to be applicable for selective ethylene
production with reasonably high efficiency.

However, the most efficient cell construction should still be developed. In a classical
electrochemical approach, the anode and cathode chamber is separated by membrane,
which should be stable for long term applications. In thi work, the composite
poly(ether ether ketone)/ ionic liquid membrane is tested in a liquid environment. The
membrane weight and thickness is controlled as well as diffusion products and the
membrane composition.

Funding from European Union's Horizon 2020 Research and Innovation
Programme project under grant agreement No 768789 is greatly acknowledged.
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AR SLAPEKLI DOPETA GRAFENA VADITSPEJA UN PIELIETOJUMI
GAZU SENSOROS

Péteris Lesni¢enoks®?, Ainars Knoks?, Ingars LukoSevi¢s®, Kaspars Kaprans?, Liga
Grinberga!, Laimonis Jekabsons®, Janis Kleperis!
YLatvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskds universitates Materidlzinatnes un Lietiskas kimijas fakultate

Daudzslanu graféns (GSS) ir materials ar labu elektrisko vaditsp&ju, pielietojams gazu
sensoros, superkondensatoru elektrodos, elektrovadosas tint€s. Ta TpasSibas ietekmé
sintézes apstakli, ka arT struktiiras defektu un piemaisijumu sastavs. PriekSapstradé
iesp&jams Veikt graféna reducésanu, aizvadot sintézes blakusproduktus, ka arT sintézes
nakamajos solos ievadit dazadas jaunas, specifiskiem pielietojumiem nepiecieSamas
komponentes, pieméram, slapekli, no urinvielas vai citiem amidiem. Apskatot $adas
materialu sistémas, iesp&jams planot materiala Ipasibu izmainas un pielietojamibu
baterijas, superkondensatoros, sensoros un citas iericgs.

NITROGEN DOPED GRAPHENE: CONDUCTIVITY AND GAS SENSOR
PROPERTIES

Peteris Lesnicenoks?, Ainars Knoks?, Ingars Lukosevics?, Kaspars Kaprans?, Liga
Grinberga?, Laimonis Jekabsons?, Janis Kleperis!
YInstitute of Solid State Physics, University of Latvia
2Facculty of Materials Science and Applied Chemistry, Riga Technical University

Multilayer graphene (GSS) is a material with good electrical conductivity ~0,23
Ohm/square. It is usable in various devices such as sensors, supercapacitors,
electroconductive inks etc. Its electrical conductivity mainly is determined by the
conditions of the synthesis, structural defects and dopant composition in the material.
Control of properties is possible by GSS pre-conditioning through synthesis of a
reduced form. During reduction unwanted synthesis byproducts are purged and
enabling nitration of samples. In this research we are investigating systems for use in
batteries, supercapacitors and sensors.

The financial support of Latvian Science Council project No.
2018/1-0194 is greatly acknowleged.
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GAZU DIFUZIJAS ELEKTRODU ELEKTROKIMISKAJAS SUNAS
PIELIETOSANAS RAKSTUROJUMS

Péteris Lesni¢enoks®?, Ainars Knoks?, Ingars LukoSevi¢s®, Kaspars Kaprans?, Liga
Grinberga?!, Laimonis Jekabsons®, Janis Kleperis!
YLatvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskds universitates Materidlzinatnes un Lietiskas kimijas fakultate

Gazu difuzijas elektrodi (GDE) ir plasi pielictoti membranu elektrodu konstrukcijas
elektrolizeros, degs$inas ka ari cita lietojuma elektrokimiskajas S$tinas, kuras
vienlaicigi nepiecieSams kontakts starp elektrolitu, elektrodu un gazes plismu. GDE
nozimiga sastavdala ir uz ta porainas elektrovadosas virsmas izs€dinatais katalizators.
Sadas elektrokimiskajas $inas produktu un efektivitates nodro§inasanai tiek
izmantotas noteiktaja vidé stabilas dalinas ar lielu virsmu, pieméram, dargmetalu
nanodalinas uz nes¢ja ar lielu virsmas laukumu.

CO: elektrokimiskaja reforméSana par etilenu 1pasi vélams Cu kristalitu, nanodalinu
vai nanostruktiiru pielietojums. Sadu dalinu klajums uz GDE lauj pabidit elektrolizes
procesu vélamo produktu virziena. Papildus Sai tehnologijai iesp&jams integrét
parklajumos vadoSas dalinas, kuras nedod tieSu pienesumu elektrolizes procesos, tacu
palidz elektronu novadiSanai Iidz katalizatoram. PE&tijuma apskatita graféna tipa
materialu izmantoSana GDE/katalizatora parklajumos.

GAS DIFFUSION ELECTRODES IN ELECTROCHEMICAL CELLS -
APPLICATION CHARACTERIZATION

Péteris Lesni¢enoks®?, Ainars Knoks?, Ingars LukoSevi¢s?, Kaspars Kaprans?, Liga
Grinberga®, Laimonis Jekabsons?!, Janis Kleperis?
YInstitute of Solid State Physics, University of Latvia
Faculty of Materials Science and Applied Chemistry, Riga Technical University

Gas diffusion electrodes (GDE) are widely used in the Membrane Electrode
Assembly (MEA) in electrolysers, fuel cells as well as in other electrochemical cells
in which the contact of electrode, electrolyte and gas flow for electrochemical
processes.

GDE is unique with its high surface volume — porosity for electrochemical reactions
and the catalyst on its surface. This catalyst can vary form precious metal
nanoparticles to specific partially-inert materials for specific reactions seated on large
surface volume base material.

For CO: electrochemical conversion to ethylene especially useful is copper in its
crystalline form as a nanoparticle, microparticle or with exposed nanostructures.
Coating of such particles on the GDE allows to push reactions towards greater yield
of required compound. Additionally, to this technique it is possible to integrate
particles with high conductivity, which remain coated in binder and inert to
electrochemical processes yet act as current collector for the catalyst particles. In this
research we explore graphene-like materials for their use with GDE/catalyst coatings.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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JAUNI MATERIALI ATJAUNOJAMO ENERGORESURSU
TEHNOLOGIJAM LU CFI

Janis Kleperis, Martin$ Rutkis, Liga Grinberga, Guntars Vaivars, Juris Purans, Gunars Bajars,
Eriks Birks, Andris Anspoks
Latvijas Universitates Cietvielu fizikas institiits

Strateégijas “Latvijas oglekla mazietilpiga attistiba lidz 2050. gadam” mérkis ir
samazinat Latvijas tautsaimniecibas raditas SEG emisijas par 80%, salidzinot ar 1990.
gadu, un palielinat oglekla piesaisti, pilniba nosedzot Latvijas antropogéno SEG
emisiju apjomu un sasniedzot oglekla neitralitati. Mérki var sasniegt tikai ievieSot
tehnologijas, kas izmanto viet§jos atjaunojamos energoresursus (saule, v&j$, tdens
upés, biomasa, zemes dzilu siltums) ne tikai energijas iegliSanai, bet ari uzkraSanai
dazadu energonesgju (sint€tiskais metans, udenradis) veida, un attistot
energoefektivitati, pieméram, savacot neizmantoto siltumu.

Jauni materiali atjaunojamo energiju tehnologijam tiek sintez&ti un pétiti vairakas LU
CFI laboratorijas, pieméram, Energijas iegisanas un uzkraSanas materialu laboratorija
(J.Kleperis), Organisko materialu laboratorija (M.Rutkis), Kimijas tehnologiju
laboratorija (G.Vaivars), Plano kartinu laboratorija (J.Purans), Segnetoelektrisko
materialu laboratorija (E.Birks). Tadi ir organisko materialu/nanodalinu kompoziti
termoelektriskajiem generatoriem neizmantota siltuma savak$anai, metalu-organisko
perovskitu materiali Saules fotovoltaiskajiem paneliem, fotokatalitiski materiali gan
CO2 reforméSanai deriga produktd oglekla piesaistes veicinasanai, gan udens
sadaliSanai saules gaisma Udenraza razoSanai, nanostrukturéti oglekla-metala
kompoziti un poliméru membranas tdenraza tehnologijam, gan bezsvina
pjezoelektriskas keramikas energijas ievaksanai, ka arT uzlaboti materiali elektrodiem
un elektrolitam litija akumulatoros.

NEW MATERIALS FOR RENEWABLE ENERGY TECHNOLOGIES

Janis Kleperis, Martins Rutkis, Liga Grinberga, Guntars Vaivars, Juris Purans, Gunars Bajars,
Eriks Birks, Andris Anspoks
Institute of Solid State Physics, University of Latvia

The goal of strategy “Low Carbon Development of Latvia up to 2050 is to reduce the
GHG emissions by 80% compared to 1990, and to increase carbon sequestration, fully
covering the anthropogenic GHG emissions of the country and reaching carbon
neutrality. This can only be achieved by introducing technologies that work with local
renewable energy sources (solar, wind, water in the rivers, biomass, subsoil heat) not
only for energy harvesting but also for storage in the form of various energy carriers
(synthetic methane, hydrogen), and energy efficiency.

New materials for renewable energy technologies are synthesized and studied in
several laboratories of ISSP UL, such as Laboratory of Materials of Energy
Harvesting and Storage (J.Kleperis), Laboratory of Organic Materials (M.Rutkis),
Laboratory of Chemical Technologies (G.Vaivars), Thin Films Laboratory (J.Purans),
Laboratory of Ferroelectric Materials (E.Birks). These include organic
material/nanoparticle composites for thermoelectric generators to collect unused heat,
metal-organic perovskite material for solar photovoltaic panels, photocatalytic
materials for both CO; reformation in a carbon-efficient product, and for water
splitting under sunlight for hydrogen production, nanostructured carbon-metal
composites and polymer membranes for hydrogen technologies, lead free
piezoceramics for energy harvesting, as well as improved materials for electrodes and
electrolyte in lithium batteries.
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CO2 REFORMESANAS ELEKTROKATALITISKAS REAKCIJAS NORISES
MEHANISMS UZ GRAFENA/Cu ELEKTRODA

Janis Kleperis, Jurijs Zukovskis, Sergejs Piskunovs, Maksims Sokolovs
Latvijas Universitates Cietvielu fizikas institiits

Daba viss ir lidzsvara, Iidz cilveks neiejaucas. Kad $is Iidzsvars ir izjaukts, cilvékiem
japieliek ptles, lai Iidzsvaru maksligi atjaunotu. Daudz ko daba pasaka prieksa,
pieméram, ka samazinat CO2 daudzumu atmosfera, - augi to absorbg, un fotosintézes
procesa parverS biomasa — derigd izejviela. Zinatnieki atradusi, ka ari
elektrokatalitiski iespgjams CO2 reformét par derigu izejvielu — spirtu vai etilénu.
Izradas, var$ ir vienigais katalizators Sai reakcijai, par€jie metali vai nu labpratak
elektrolizé izdala tdenradi, vai ari sadala CO2 par CO tikai. Bet vara nano un
mikrokristaliskas struktiiras elektrolizes procesa atri degrad&jas. Viens no veidiem, ka
palielinat ta stabilitati, ir “pieSut” vara kristaliskas nanostruktiiras pie stabilas
elektrovadoSas pamatnes, un viena tada pamatne var bt viens no oglekla paveidiem —
grafita atomu 2D slanis - graféns.

Misu darba tiek pétits elektrods, ko veido graféna plaksnes, kuras satur vara
nanostruktiiras — gan teor€tiski modelgjot Sadas struktiiras stabilitati un elektrona
ladina pardaliSanos no oglekla uz varu, gan praktiski. Tiek skaidrots ar1 CO2
molekulas elektrokatalitiskas reformacijas reakcijas mehanisms.

THE MECHANISM OF THE ELECTROCATALYTIC REACTION OF CO:z2
REFORMATION ON GRAPHENE/Cu ELECTRODE

Janis Kleperis, Jurijs Zukovskis, Sergejs Piskunovs, Maksims Sokolovs
Institute of Solid State Physics, University of Latvia

In nature everything is in balance until people intervenes. When this balance is
disrupted, people must make an effort to restore the balance artificially. Much of the
nature tells us, for example, how to reduce the amount of CO; in the atmosphere, - the
carbon sequestration is process where plants absorb CO. and turn it into biomass - a
useful raw material. Scientists have found that electro-catalysis process can also
reform CO> to useful fuel - alcohol or ethylene. It turns out that copper is the only
catalyst for this reaction, the other metals are more likely to evolve hydrogen in
electrolysis, or split CO2 into CO only. But copper nano- and microcrystalline
structures are not stable it degrade rapidly during electrolysis. One way to increase its
stability is to "sew" copper crystalline nanostructures on a stable conductive substrate,
and one such substrate may be of the carbon types — graphite’s atomic 2D layer -
graphene.

In our work, we study the electrode formed by graphene plates containing copper
nanostructures - both theoretically modeling the stability of such a structure and the
redistribution of the electron charge from carbon to coper, and in practice. The
mechanism of the electrocatalytic reformation reaction of the CO2 molecule is also
explained.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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ALOINA UN PRETJONU ADSORBCIJA ZELATINA KA
EKSTRACELULARAS MATRICAS MODELA VIELA

Tatjana Borisova
Profesionala vidusskola Beauty school

Darba merkis ir sniegt pieradijumus musu hipotézei par to, ka onkologija ir Stinu
dubulto elektrisko slanu (DES) difuzo dalu parklasanas.

Zelatins bija izmantots ka $@inas ekstracelularas matrices (EM) modelis. EM pamata
viela ir kolagéns II, kuram piemit koloidali-kimiskas Tpasibas. Zelatins tika iemérkts
alvejas sula un LiCl, NaCl, KCIl, NH4ClI salu skidumos pie 18-19 °C temperattras Uz
24 stundam. UzbrieSanas pakape, elektrovaditsp&ja, dielektriska caurlaidiba tika
izmerfti.

Pretjonu-katjonu un aloina adsorbcija tika saskaitita péc Gibbsa vienadojuma.

Alvejas sula satur apméram 2 % antrahinonus. Galvenie no tiem ir aloins un aloe-
emodins, kas ir tas sadaliSanas produkts. Aloins ir virsmas aktivs.

Aloina adsorbcija Zelatina tiek aprakstita ar sekojosu izoteérmu: — B1-1gC=Qzap (1), kur
B1 ir konstanta, C ir aloina molara koncentracija. B1=242.85 (Ig B1=2.39). B»=129.7
(lg B2=2.11) HepG2 sunam un B»=111.3 (IgB.=2.05) véza HelLa Stunam Henri
izotermai -B2-C=Qzap (2).

Daudzi augi ir mazhidratétu katjonu Ag, Au, Rb, Co, Ni, Mn, Cu avots, dazreiz —
kompleksa forma.

Secinajums. Mazhidratétie katjoni tieSi iedarbojas uz DES virsmas potencialu
karcinomas gadijuma un samazina EM uzbrieSanas pakapi sarkomas gadijuma.

ADSORPTION OF ALOIN AND COUNTER-IONS ON GELATIN AS MODEL

OF EXTRACELLULAR MATRIX

Tatjana Borisova
Professional school Beauty school

Aim of the work is to present evidences of our hypothesis — oncology is crossing of
diffusion parts of double electrical layers (DELS) of cells.

Gelatin was used as the model of extracellular matrix (EM) of a cell. The main
compound of EM is collagen IlI, which possesses colloidal-chemical properties.
Gelatin was swollen in aloe latex and solutions of salts LiCl, NaCl, KCI, NH4Cl at 18
- 19 °C during 24 h. The degree of swelling, electroconductivity, dielectric
permeability were measured.

Adsorption of counter-ions (cations) and aloin was calculated on Gibbs's equation.
Aloe latex contains about 2% antraginones. The main of them are aloin and aloe-
emodin as its degradation product. Aloin is suface-active substance.

Adsorption of aloin on gelatin is described by isotherm —B1-1gC=Qzap (1), where By is
constant, C is molar concentration of aloin. B;=242.85 (Ig B1=2.39).

B»=129.7 (g B»=2.11) for HepG2 cells and B»=111.3 (IgB»=2.05) for cancer HelLa
cells for Henry isotherm -B2-C=Qzap (2).

Many plants are sources of less-hydrated cations Ag, Au, Rb, Co, Ni, Mn, Cu,
sometimes in complex form.

Conclusions. Less-hydrated cations have clear action on surface potential of DEL in
the case of carcinoma and decrease degree of swelling of EM in the case of sarcoma.
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ELEKTROKIMISKA VARA IZGULSNESANA UZ OGLEKLI BAZETA
GAZU DIFUZIJAS ELEKTRODA

Ingars Lukosevics, Ainars Knoks, Pé&teris Lesni¢enoks, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Viens no katalizatoriem CO- elektrokimiskas reduc€S$anas par etilénu reakcijai ir vars,
kura kristaliska forma bitiski ietekmé reakcijas galaproduktus. Zinamas vairakas
metodes, ka So metala katalizatoru struktur€t, un viena no tam ir elektrokimiska vara
izgulsnésana.

Darba gaita varS tiek elektrokimiski izgulsnéts uz gazu difuzijas elektroda no
dazadiem vara jonu saturoSiem elektrolitiem un to kombinacijam atkariba no pielikta
potenciala un stravas stipruma.

Atrasts, ka iesp&jams ieglt dazadas katalizatora geometriskas formas pie dazada tipa
elektrolitiem, par piem&ru minot dendritus vai monokristalus. Pie tam konstatéts, ka
vara mikrokristalu forma stipri atkariga no izgulsnéSanas atruma — pie salidzinoS$i
mazam stravam veidojas relativi kristaliskas formas, savukart pie lielakam sak
veidoties polikristaliskas vai adat-veida struktiiras.

Darba iegutos rezultatus var talak izmantot COz elektrokimiskas reduceSanas
raksturlielumu iegtiSanai katram struktiiru veidam.

ELECTROCHEMICAL PRECIPITATION OF COPPER ON CARBON
BASED GAS DIFFUSION ELECTRODE

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

One of catalysts for CO; electrochemical reduction to ethylene reaction is copper. The
final products of reaction greatly depend on the crystalline forms of the catalyst.
Several methods are known for structuring this metal catalysts, one of which is
electrochemical precipitation of copper.

In this work copper is being electrochemically precipitated on gas diffusion electrodes
from different copper ions containing electrolytes and their combinations in
dependance of applied potential and current densities.

Several different geometric forms of catalyst microcrystals can be obtained by using
different electrolytes, for example dendrites or single crystals can be created. It has
also been observed that the catalyst crystalline form greatly depends on copper
depletion rate speed — at relatively lower currents crystals are formed while at larger
current densities polycrystalline agglomerates or needle-type copper is formed.

From these results all types of grown copper structures can be used for tests for CO>
electrochemical reduction efficiency.

Acknowledgement: Funding from European Union's Horizon 2020 Research and
Innovation Program project under grant agreement No 768789 is greatly
acknowledged.
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POLIMERA/CIRKONIJA OKSIDA KOMPOZITU STIKLOSANAS
TEMPERATURU PETISANA

Einars Spriigis, Guntars Vaivars?, Viktorija Novikova?
YLatvijas Universitates Cietvielu fizikas institiits
2Latvijas Universitates Kimijas fakultdte

Sulfonéts polieteréterketons (SPEEK) jau ilgi tiek uzskatits par piemérotu alternativu
izmanto3anai par elektrolitu elektrokimiskajas iericés. Sis materials ir relativi viegli
sintez&jams, ar augstu kimisko un termisko izturibu, un ta 1pasibas iesp&jams
modificét ar dazadam pildvielam. Tomér ir zinams, ka dazu pildvielu pievienoSana
var samazinat temperatiiru intervalu, kura materials ir izmantojams, jo kompozita var
notikt pareja no elastiga uz plastisku stavokli un mehaniskas ipasibas ieveérojami
pasliktinas. ST pareja noris materidla stiklo§anas temperatiira, ko iesp&jams noteikt ar
diferenciali skeng€josas kalorimetrijas metodi.

Saja pétijuma tika izgatavoti 4 SPEEK/cirkonija oksida (ZrOz) kompozitmembranas
ar 1%, 3%, 5% un 7% ZrO; masas dalu, ka ari SPEEK references membrana.
Membranu paraugu stikloSanas temperatiiru noteikSanai tika izmantota iekarta
DSC131 evo. legitie rezultati norada uz stikloSanas temperatiiras paaugstinaSanos,
pieaugot ZrO, masas dalai.

A STUDY OF GLASS TRANSITION TEMPERATURES IN
POLYMER/ZIRCONIUM OXIDE COMPOSITES

Einars Sprugis?, Guntars Vaivars?, Viktorija Novikova?
YInstitute of Solid State Physics, University of Latvia
*Faculty of Chemistry, University of Latvia

Sulfonated poly(ether ether ketone) (SPEEK) have a long history as an alternative for
use in electrochemical devices. This material have high chemical and thermal stability,
it is relatively simple to synthesize, and its properties can be modified by addition of
various filler components. However, some fillers can decrease the operating range for
the material, since a change can occur in the composite where it transforms from
elastic to plastic state and thus mechanical properties degrade significantly. This
change occurs at the glass transition temperature, which can be determined using
differential scanning calorimetry.

In this study, 4 different SPEEK/zirconium oxide (ZrO2) composite membranes were
prepared with 1, 3, 5, and 7 w% of ZrO; as well as reference SPEEK membrane.
DSC131 evo instrument was used for determination of glass transition temperatures
of membrane samples. Results show increase of glass transition temperature as the
amount of ZrO; in the membrane is increased.

Funding from European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No. 768789 is greatly acknowledged.
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STIKLA SKIEDRAS KARBONATU CAULAS PETIJUMI, IZMANTOJOT
TERMOGRAVIMETRIJU UN DIFERENCIALO TERMISKO ANALIZI

Mihails Vdoviéenko?, Janis Balodis?, Gunars Bajars?, Laila Pétersone®, Evalds Pentjuss?
YLatvijas Universitdtes Fizikas un matematikas fakultate
2Latvijas Universitates Cietvielu fizikas institiits
3 Valmieras stikla Skiedra, AS

Lai mazinatu stikla $kiedras izvilk$anas temperatiiru, stikla sastavam parasti pievieno
Na,O. Sada stikla skiedra Na* joni laika gaita difundé uz $kiedras virsmu un, reaggjot
ar H2O un CO2 no atmosferas, veido “sakepinatu” tronas (NasH (COz3)2:2H-0)
kristalu ¢aulu uz stikla. Darba pétits riipnieciski razotais stikla Skiedras audums ar
stikla sastavu (18-22) Naz0O, (3-5) Al20s, (73-79) SiO2. XRD rezultati paradija ka
sildot audumu ar noformgjusos ¢aulu Iidz 200°C, var tronas kristalus pilniba parverst
Na,COs kristalos. Atskriba no tronas pulvera, stikla auduma termogravimetrijas (TG)
signals satur divus kritumus un atbilstoSais difencialas termiskas analizes (DTA)
signals-divus pikus. Paradits, ka otrais TG signala kritums un DTA pikis ir saistiti ar
“sakepinatas” sist€mas “kristali-stikls™ lielo termisko vadamibu un stikla relativi lielo
termisko kapacitati. Stikls kopuma kavé tronas kristalu silSanu un to konversiju,
salidzinot ar tronas pulveri. Ar Kisindzera metodi noteiktas konversijas kingtisko
parametru vértibas E,=102 kJ/molu un A=7,58-10** min’ atrodas starp citu autoru
darbos tronas pulveriem noteiktam veértibam. Diskutéti p&tijuma rezultati.

CARBONATE SHELL ON GLASS FIBERS STUDIES BY THERMO-
GRAVIMETRY AND DIFFERENTIAL THERMAL ANALYSIS

Mihails Vdovicenko?, Janis Balodis?, Gunars Bajars?, Laila Petersone?, Evalds Pentjuss?
L Faculty of physics and mathematics, University of Latvia
?Institute of Solid State Physics, University of Latvia
®valmieras stikla skiedra, AS

To lower the drawing temperature of glass fibers, usually to glass content is added
Na2O. In such glass fibers the Na* ions diffuse to its surface and react with H.O and
CO:> from atmosphere, creating here shell from “glued” trona (NasH (COz)2-2H20)
crystals. There was studied an industrially produced glass fiber fabric with glass
content (18-22) Na2O, (3-5) Al20s3, (73-79) SiO2. XRD analysis shows that trona
crystals of formed shell can be fully converted to Na,COs by heating up to 200°C. In
contradistinction to trona powder, the signal of thermogravimetry (TG) contains two
steps and signal of differential thermal analysis (DTA)- two peaks.They are caused by
high thermal conductivity of system “glued crystals-glass” and relative high glass
thermal capacity, that delays the trona heating and its conversion and leads to
appearance of the second step and peak in TG and DTA signals accordingly. The
values of trona conversion kinetic parameters, measured by Kissinger’s method, are
Ea=102 kJ/mole and A=7,58-10'* min, that are located in dissipation region of
values from other researchers for trona powders. Obtained results are discussed.

Autori pateicas institiita bazes finanséjumam par atbalstu.
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ANODISKO TiO2 NANOCAURULISU LEGESANAS AR GRAFENA
NANODALINAM IETEKME UZ FOTOFIZIKALAM IPASIBAM

Ainars Knoks, P&teris Lesnicenoks, Ingars Lukosevics
Latvijas Universitates Cietvielu fizikas institiits

Reducgjot COq, iesp&jams ieglt dazadus lietderigu produktus, bet ta parstrade ir
energoietilpigs process. Tapec nepiecieSsams izmantot energijas pievadei atjaunojamo
energoresursu tehnologijas, ka arT meklét alternativus materialus, kas nodroSinatu
liclaku reducéSanas efektivitati. TiOz ir zinams, ka izturigs un piecjams
fotokatalizators, bet CO: reformacijai nepiecieSams papildus katalizators gan
molekulu adsorbcijas uz virsmas paliclinasanai, gan reformacijas reakciju norisei.
Graféna nanodalinas sintez&tas ar elektrokimiskas eksfoliacijas metodi, atsijatas un
reducgtas. legiitas vairakslanu graféna nanodalinas tika izmantotas, leggjot TiO:
nanocaurules to augSanas procesa. Darba pétita legéSanas daudzuma ietekme uz jauna
materiala fotofizikalajam ipasibam. Morfologijas (SEM), struktiiras (XRD, Ramana
spektroskopija), absorbcijas malas un fotostravas petijumi rada, ka varakslanu graféna
nanodalinu piemaisijums TiO2 nanocaurulu kartinai ietekme tas elektroniskas IpaSibas
— gan absorbcijas malas novietojumu, gan ladinnesgju skaitu un vaditspgju. Saja darba
autors prezenteé pirmos rezultatus LU CFI doktorantu un jauno zinatnieku projekta
rezultatiem.

Pettjums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institata
Studentu un Jauno zinatnieku projekta Nr. SJZ/2018/9 ietvaros

INVESTIGATION OF ANODIC TiO2 IN SITU DOPING WITH GRAPHENE
NANOPARTICLES ON PHOTOCATALYTIC ACTIVITY

Ainars Knoks, Peteris Lesnicenoks, Ingars Lukosevics
Institute of Solid State Physics, University of Latvia

Reduction of CO. into valuable synthetic materials and/or fuels is possible, but
catalyst is necessary to lower necessary energy and promote not just reduction but
also reformation into valuable materials such as methane. Catalyst material should
hold such properties as high electrochemical stability and abundance. TiO> is such
material, but for successful CO> reformation, it requires additional catalyst, such as
graphene.

Few layer graphene nanoparticles were synthesized from graphite waste in
electrochemical exfoliation process. Sifted particles were reduced in Argon/Hydrogen
atmosphere. Various loading of few layer graphene nanoparticles was applied on
anodic TiO2 nanotubes. Morphology, structure, optical and photocatalytic properties
were investigated. Based on the results conclusions on synthesis and loading influence
on photophysical properties were drawn. First results of UL ISSP financed project for
young Researchers and scientists are presented.

The financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2018/9 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged

67



Stenda referati, 21. februaris

AR SLAPEKLI FUNCKIONALIZETA GRAFENA SINTEZE, TA IPASIBU
IZPETE UN PIELIETOSANA NO2 GAZU SENSORIKAI

Maksims Cizikovs!, Péteris Lesni¢enoks?, Ingars Lukogevi¢s?, Janis Kleperis?
'Rigas Francu licejs
’Latvijas Universitates Cietvielu fizikas institiits

Misdienu pilsétas viens no kaitigakajiem piesarnojumiem gaisa, kas rodas no fosila
kurinama, piem&ram, transporta izpludes gazém, ir NO2, kas spgj cilvékam izraisit
veselibas problémas jau pie 4 ppm lielas koncentracijas. Lai ierobezotu §is gazes
saskari ar iedzivotajiem, tieck mekl&ti pietieckami jutigi un 1€ti gazu sensora materiali
bridinasanas sistémam, kuras var izvietot daudzas vietas pilséta.

Darba gaita elektrokimiski atslanots grafits tiek funkcionaliz€ts ar slapekli komerciala
mikrovilnu krasni dazados slapekli saturosos $kidumos. Sie paraugi ir salidzinati ari ar
termiski sintezétiem materialiem. SintezEtic materiali tiek uzklati uz keramikas
pamatnes, kurai virspusé ir kemmes veida elektrodi un apakspusg silditajs.

legttajiem paraugiem tiek merita pretestibas izmaina pie dazadam NO:
koncentracijam un sensora pamatnes temperatiiras. Atrasts, ka Sobrid mazaka
koncentracija, ko materials sp&j detektét ir 350 ppm, pie kuras atbilde ir 3% liela, bet
tiek stradats pie planaka parklajuma iegiiSanas un jutibas robezas pazeminasanas. Pie
tam konstatets, ka elektriskas pretestibas izmainas atgriezeniskums ir biitiski atkarigs
no temperatiiras. Temperatira virs 150 °C nodrosina NO2 Kklatbutnes raditas
pretestibas izmainas atjaunoSanos tira gaisa atmosfeéra. Apkopojot rezultatus, ir
izdarfiti secinajumi par sensora materiala praktisku pielietojumu musdienu pilsétas.

SYNTHESIS OF NITROGEN DOPED GRAPHENE, STUDY OF IT’S
PROPERTIES AND USE IN NO2 GAS SENSOR

Maksims Cizikovs!, Peteris Lesnicenoks?, Ingars Lukosevics?, Janis Kleperis?
'Riga French Liceium
YInstitute of Solid State Physics, University of Latvia

One of the most dangerous air pollutants in cities is NO that comes from fossil fuels,
namely exhaust gases. This pollutant can cause health problems at concentrations as
low as 4 ppm. Sensitive and cheap gas sensor materials are required for successful
limitation of this pollutant in warning systems that can be placed all over the city.

In this work electrochemically exfoliated graphite is doped with nitrogen by the
means of commercial microwave. These samples are compared with thermally
synthesized materials. These materials are deposited on ceramic substrate with comb-
like electrodes on one side and heater on the other.

Electric resistance is measured at different NO2 concentrations and temperature of
ceramic substrate. Sample sensitivity is measured to be 3% at concentrations down to
350 ppm. Further work involves creation of thinner coating and increasing the
sensitivity limit. Recovery is found to be dependent on temperature of sensor.
Temperatures above 150 °C have shown sufficient recovery of sensors resistance.
Based on the experimental results the practical application of these gas sensing
materials is being considered.

The financial support of Latvian Science Council project
No 2018-1-0194 is greatly acknowledged.
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137Cs UN 9Sr PIESARNOJUMA NOTEIKSANA MEZA EKOSISTEMA

Daina Riekstina, Tamara Krasta, Lubova Simonova
Latvijas Universitates Cietvielu fizikas institiits

Cernobilas kodolspekstacijas avarijas rezultata maksligie radionuklidi *3'Cs un °Sr
piesarnojuma veida nonaca Latvijas un tas kaiminvalstu meza ekosistéma. P&dgjos
gados, pieaugot koksnes kurinama, it 1pasi Skeldas, izmantoSanai, rodas interese par
maksligo radionuklidu piesarnojuma Itmeni koksnes kurinamajos materialos un
kurinasanas rezultata radusos pelnos.

Darba analizéti Latvijas izcelsmes kurinamie materiali. **Sr koncentracijas analize
priezu un eglu skujas, ka arT dazadu koku miza atkariba no augstuma virs zemes
veikta, radiokimiski izdalot °Sr sabruk3anas meitas produkta izotopu *°Y un nosakot
ta aktivitati péc Cerenkova radiacijas mérfjumiem ar Packard LSC TRI-CARB2770
beta spektrometru. Salidzinot ®°Sr koncentraciju priezu, eglu un bérzu mizas dazados
augstumos, konstatgts, ka visaugstaka “Sr koncentracija ir eglu miza un viszemaka —
bérzu miza, pie kam maksimala ®Sr koncentracija tika novérota atbilstosa koka
stumbra ~3/4 augstuma. Izmantojot gamma-spektrometrijas metodi, veikti ari *¥'Cs
koncentracijas merjjumi eglu skuju un priezu koksnes paraugos. Darba izverteti ar
attiecigas koksnes parpelnosanas koeficienti.

Apkopojot rezultatus, secinats, ka petitajos Latvijas izcelsmes koksnes materialos
137Cs un %°Sr koncentracijas neparsniedz normativajos aktos pielaujamo Itmeni.

137Cs AND %°Sr POLLUTION OF FOREST ECOSYSTEMS

Daina Riekstina, Tamara Krasta, Lubova Simonova
Institute of Solid State Physics, University of Latvia

Following the Chernobyl nuclear power plant incident, the forest ecosystems of
Latvia and its neighbouring countries have been polluted with artificial radionuclides
137Cs and °°Sr. Presently, when the use of forest resources, especially wooden chips,
for heat production increases, one observes a growing interest with regards to the
artificial radionuclide pollution of wood fuel materials and ashes remaining after the
combustion.

The Latvian origin wood fuel materials have been analyzed. *°Sr content analysis in
the needles of coniferous trees, as well as in the bark of various trees depending on
the height above the ground, has been performed via the radiochemical separation of
0Sr decay product °Y and determination of its activity via Cherenkov radiation
measurements using Packard LSC TRI-CARB2770 beta spectrometer. Comparison of
905y activity in the bark of pine, spruce and birch trees has shown that the highest *Sr
concentration is observed in the bark of spruces, while the lowest — in the bark of
birches. Maximal °Sr concentration was determined at ~3/4 height of the
corresponding tree trunk. The *’Cs activity concentration measurements in spruce
tree needles and pine tree wood samples have been performed using gamma-
spectrometry method. Corresponding wood combustion coefficients have been
considered as well.

It has been concluded that **Cs and ®°Sr activity concentration in the studied Latvian
origin wood samples is below the levels allowed by regulations.
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ATRO 2C JONU RADITIE STRUKTURAS DEFEKTI UN CIETINASANAS
EFEKTS LiF KRISTALOS ARPUS IMPLANTACIJAS ZONAS

Rolands Grants, 1lze Manika, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Pétita struktiiras defektu veido$anas ar 133MeV ?C joniem (doza 2,5x10™ joni/cm?)
apstarotos LiF  kristalos, izmantojot dislokaciju kodinaSanas, atomsp&ka
mikroskopijas, nanoindentéSanas, XRD, optiskas spektroskopijas un foto-
luminiscences metodes. Rezultati rada intensivu F-un Fn- tipa krasu centru un
dislokaciju veidoSanos, cietibai sasniedzot piesatinadjumam raksturigo ~3,5GPa [imeni.
AtkvelinaSanas eksperimenti uzradija F- centru izzuSanu temperatiiras virs 520 K,
dislokacijam un cietinasanas efektam izziidot tikai pie 810K, kas liecina par
dislokaciju domingjoso lomu cietinasanas efekta. Efekti dislokaciju kustiguma, cietiba
un fotoluminiscenc€ noveroti ne tikai jonu implantacijas zona (dzilums lidz 248 pm),
bet arT ~20 um josla aiz tas. Salidzinajumam minams, ka $ads efekts LiF kristalos
netika novérots zemas energijas (<21 MeV) 12C joniem ka arT vairumam citu vieglo
un smago jonu. Rezultatu kopums apliecina cietinaS$nas efektu arpus implantacijas
zonas, kas var tikt saistits ar atro C jonu kodolreakcija ar litiju radito sekundaro B~
starojumu [1].

[1] V.R. Regel et al, Radiation effects 82 (1984)157-167.

STRUCTURAL DAMAGE AND HARDENING BEYOND THE RANGE OF
SWIFT ?2C IONS IN LiF CRYSTALS

Rolands Grants, llze Manika, Aleksejs Kuzmins
Institute of Solid State Physics, University of Latvia

The damage behavior in LiF crystals irradiated with 133 MeV 2C ions at fluence
2,5x10 ions.cm? has been investigated by means of dislocation etching,
nanoindentation, XRD, optical spectroscopy and photoluminescence. The
measurements were performed on profile surfaces obtained by cleaving the samples
along the direction of the ion beam. The manifestation of hardening,
photoluminescence and decrease in dislocation mobility was observed not only inside
the irradiated zone (depth 248 um) but also in the region ~20 um beyond the ion
range. The results show intense formation of F- and Fn- type color centers and
dislocations. Annealing experiments indicate disappearance of F-centers at 520K
while a full recovery of dislocation structure and hardness is reached at 810K. The
result confirms a dominating role of dislocations in ion induced hardening. No effects
beyond the range were observed for low energy (<21 MeV) 2C ions as well as for
most other light and heavy projectiles. The results obtained confirm the manifestation
of hardening effect beyond the range and are in line with the hypothesis [1] that
possible cause of the damage might be a nuclear reaction between *2C jons and
lithium which leads to formation of unstable “C isotope emitting R~ electrons.

[1] V.R. Regel et al, Radiation Effects 82 (1984)157-167.

70



Stenda referati, 21. februaris

JET KODOLSINTEZES REAKTORA DIVERTORA MATERIALU ANALIZE,
IZMANTOJOT TEMPERATURAS-QMS METODI

Mihails Halitovs, Gunta Kizane
Latvijas Universitates Kimiskas fizikas institiits

Ieprieks izmantotas divertora materialu analizes metodes — pilniga oksidéSana un
Skidra scintilacija — sniedza informaciju par tritija saturu un sadalijumu materialos,
tatu nesaturja datus par citiem kodoldegvielas komponentiem — deit€riju un ta
savienojumiem, héliju. Temperatiiras-QMS metode lauj veikt materialu pétijumus
kodolsintézei pielidzinamos apstaklos (vakuums, augsta temperatiira).

Tika izpétita JET ILW ar volframu parklatu CFC divertora kiegelu paraugu sérija, lai
ieglitu informaciju par materiala esoSajiem degvielas komponentiem un to
desorbétajiem daudzumiem karsésanas laika (Iidz 1270 K) vakuuma (~1-107 mbar).
Eksperimentos izmantota Hositrad MGT 6-300 Multi Gas Analyser with Thermal
Desorption iekarta. Iekarta darbojas ar diviem QMS detektoriem - 1-6 amu ar 0.02
amu izskirsanu un 1-300 amu ar 0.1 amu izskirSanu.

legiitie rezultati viennozimigi pierada H, D, T dalinu, to savienojumu, ka ari He un
organisko savienojumu klatbiitni. Desorb&to gazveida savienojumu daudzumi ir
salidzinami, tacu pilnigai kvantific€Sanai ir nepiecieSama talaka kalibréSana.

ANALYSIS OF JET FUSION DEVICE DIVERTOR MATERIALS USING
THERMAL-QMS ANALYSIS

Mihails Halitovs, Gunta Kizane
Institute of Chemical Physics, University of Latvia

Previously the methods used to analyse divertor materials — full combustion and
liquid scintillation — gave the information on tritium content and distribution within
the material yet did not contain any data on other fusion fuel species and side products
— deuterium and its components, helium. Thermal-QMS analysis allows to analyse
materials at fusion device relevant conditions (vacuum, high temperature).

A series of W-coated CFC tile samples of JET ILW divertor were analysed in order to
obtain information about containing species and relevant quantities of substances
desorbed under heating (up to 1270 K) in vacuum (~1-10"" mbar). Hositrad MGT 6-
300 Multi Gas Analyser with Thermal Desorption was used in the experiments.
Device operates with two QMS detectors — 1-6 amu with 0.02 amu resolution and 1-
300 amu with 0.1 amu resolution.

The results obtained prove distinctive presence of H, D, T particles and their
molecular forms along with *He and organic residues. Quantification of substances
desorbed is comparable yet still requires further calibration in order to fully quantify
the desorbed amounts of gaseous species.

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 and 2019-2020 under grant
agreement No 633053. The views and opinions expressed herein do not necessarily reflect those of the
European Commission.
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JAUNAS LUMINISCENCES IEKARTAS ATTISTIBA MAX IV
LABORATORIJAS FINESTBEAMS SINHROTRONA LINIJA

Vladimirs Pankratovs 23
YCietvielu Fizikas Instiiits, Latvijas Universitate
2MAX IV Laboratory, Lund University
*National University of Science and Technology (MISIS)

FinEstBeAMS (Somijas un Igaunijas atmosféras un materialu zinatnes linija) ir jauna
materialzinatnes Iinija, kura uzstadita 1.5 GeV uzglabasanas gredzena MAX IV
laboratorija Lunda, Zviedrija. Ta ir veidota, pamatojoties uz sinhrotrona gaismas
monohromatizaciju, kas lauj aptvert arkartigi plasu ierosmes energiju diapazona no
ultravioletajiem Iidz mikstajiem rentgena stariem (4.5-1450 eV). Jauna mobila
optiska un luminiscences spektroskopijas eksperimentala stacija ir nodota
ekspluatacija ar dizainu, kas gist labumu no augstas pliismas elipsveida polariz€josa
undulatora gaismas avota priekSrocibam. M@s =zinojam par luminiscences
eksperimentalas stacijas dizainu, ta tehnisko realizaciju un sasniegumiem. Ipasa
uzmaniba tiek pievérsta eksperimentalajiem izaicindjumiem luminiscences
spektroskopijai ierosinasanas apstaklos. Pirmie iegiitie luminiscences rezultati parada
uzticamu modernizgtas iluminiscences ekartas darbosanos FinEstBeAMS.

PROGRESS IN DEVELOPMENT OF A NEW LUMINESCENCE SETUP AT
THE FINESTBEAMS BEAMLINE OF THE MAX IV LABORATORY

Vladimir Pankratov!?3
YInstitute of Solid State Physics, University of Latvia
MAX IV Laboratory, Lund University
*National University of Science and Technology (MISIS)

FinEstBeAMS (Finnish-Estonian Beamline for Atmospheric and Material Science) is
a new materials science beamline at the 1.5 GeV storage ring of the MAX IV
Laboratory in Lund, Sweden. It has been built based on grazing incidence
monochromatization of synchrotron light, which allows to cover a remarkably wide
excitation energy range from ultraviolet to soft x-rays (4.5-1450 eV). A new mobile
optical and luminescence spectroscopy endstation has been commissioned with design
benefiting from the advantages of a high flux elliptically polarizing undulator light
source. We report on the design of the luminescence endstation, its technical
realization and performance achieved so far. Special attention is paid to the
experimental challenges for luminescence spectroscopy under grazing incidence
excitation conditions. The first luminescence results obtained demonstrate a reliable
performance of the advanced luminescence setup at FinEstBeAMS.
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Eu®* SADALIJUMS CAURSPIDIGA OKSIFLUORIDU STIKLA KERAMIKA:
RENGENSTARU DIFRAKCIJAS UN ELEKTRONU PARAMAGNETISKAS
REZONANSES PETIJUMS

Andris Antuzevic¢s, Guna Krieke, Elina Pavlovska, Uldis Rogulis
Latvijas Universitates Cietvielu fizikas institiits

Par caurspidigam stikla keramikam ka daudzsoloSiem optiskajiem materialiem Scopus
datubaze ir atrodamas vairak neka 1000 publikacijas. Tikai dazas no tam optiskas
ipasibas raksturotas korelacija ar magnétiskas rezonanses spektroskopijas datiem,
noteikts aktivatoru sadalijums matrica un noveértéta materiala efektivitate.

Referata tiks dots parskats par fundamentalo pétijumu projektu, kura, izmantojot
modernas optiskas un magnétiskas rezonanses spektroskopijas metodes, tiek attistitas
un raksturotas ar retzemju joniem aktiv€tas nanostruktrétas oksifluoridu stikla
keramikas.

Projekta ietvaros sintezétas ar eiropiju aktivétas stikla keramikas, kas satur CaF,: Eu®*
kristalisko fazi. Paraugu rentgendifrakcijas analizes rezultati parada, ka Eu®
iebtivésanos nanokristalos var noveértét no kristalrezga konstantes izmainam.
P&tfjumiem ar elektronu paramagnétisko rezonanses (EPR) metodi ka paramagnétiska
zonde paraugos tiek ievadits gadolinijs. CaF2:Gd®* EPR spektru sikstruktiira mainas
atkariba no Eu®" koncentracijas paraugos. So efektu var izmantot, lai noteiktu Eu®*
sadalfjumu stikla keramikas kompozitmateriala.

Eu®* DISTRIBUTION IN TRANSPARENT OXYFLUORIDE GLASS
CERAMICS: X-RAY DIFFRACTION AND ELECTRON PARAMAGNETIC
RESONANCE ANALYSIS

Andris Antuzevics, Guna Krieke, Elina Pavlovska, Uldis Rogulis
Institute of Solid State Physics, University of Latvia

In more than 1000 publications in the Scopus database transparent glass ceramics are
investigated and presented as promising optical materials. In only a few of them
optical properties are characterized in correlation with magnetic resonance
spectroscopy data, the activator distribution in the matrix is determined and the
efficiency of the material is estimated.

This report will review the fundamental research project, where state of the art optical
and magnetic resonance spectroscopy methods are employed to develop and
characterize rare earth ion doped oxyfluoride glass ceramics.

In the framework of the project europium doped glass ceramics containing CaFa:
Eu®*crystalline phase have been synthesized. Lattice constant determined from X-ray
diffraction analysis allows to calculate the incorporation efficiency of Eu®* ions in the
nanocrystals. For investigations with the electron paramagnetic resonance (EPR)
method gadolinium paramagnetic probe has been introduced in the host. The
CaF.:Gd®" EPR spectra fine structure in dependent on Eu®* content in the samples.
This effect can be used to determine the distribution of Eu®* ions in the glass ceramic
composite material.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 “Novel

transparent nanocomposite oxyfluoride materials for optical applications” is greatly
acknowledged.
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AUGSUPPARVEIDOTA LUMINISCENCE B-NaErFs SATUROSA STIKLA
KERAMIKA

Guna Krieke, Andris Antuzevics, Maris Springis, Uldis Rogulis
Latvijas Universitates Cietvielu fizikas institiits

Caurspidiga oksifluoridu stikla keramika ir kompozitmaterials, kas sastav no oksidu
stikla matrica izklied€tiem nanokristaliskiem fluoridiem. Pateicoties fluoridu kristalu
zemajai fononu energijai, §Sim materialam ir raksturigas labakas spektroskopiskas
1pasibas neka oksidu stiklam.

P&tfjuma iegiita jauna, caurspidiga stikla keramika, kas satur 3-NaErF4 nanokristalus.
Izmantojot hidrotermisko metodi, sintezéts mikrokristalisks p-NaErFs, kura
spektroskopiskas 1pasibas salidzinatas ar stikla keramiku.

Abos materialos noverota intensiva augSupparveidota luminiscence. Straujaka
luminiscences dziSana ir noteikta stikla keramika. Ta liecina par papildus
bezistarojuma procesiem, kas var€tu but energijas migracija no nanokristaliem uz
stikla matricu. Abos materialos pétita aktivatora jonu lokala apkartne. Rezultati
liecina, ka B-NaErF, eksisté tris atikirigas Er’* jonu pozicijas. Divas no tam saistitas
ar B-NaErF4 raksturigajam retzemju jonu pozicijam, savukart tresa pozicija varétu bt
saistita ar nesakartotibu $ajas divas pozicijas, pamiSus aizpildito Na* jonu poziciju
rezultata.

UPCONVERSION LUMINESCENCE IN TRANSPARENT GLASS
CERAMICS CONTAINING B-NaErFs

Guna Krieke, Andris Antuzevics, Maris Springis, Uldis Rogulis
Institute of Solid State Physics, University of Latvia

Transparent oxyfluoride glass ceramics are composite materials, which consist of a
nanocrystalline fluoride phase distributed in an oxide glass matrix. Due to low phonon
energy of fluoride crystals, these composites offer superior spectroscopic properties in
comparison to precursor glasses.

In this research, novel transparent glass ceramics containing B-NaErFs nanocrystals
were prepared. Using hydrothermal synthesis, microcrystalline B-NaErFs was
prepared and compared to glass ceramics.

In both materials intense upconversion luminescence was observed. A considerably
faster luminescence decay was detected in glass ceramics. It indicates the presence of
additional non-radiative processes assumed to be energy migration from nanocrystals
to glass matrix. The local environment was investigated in both materials. The results
indicate the existence of three distinct Er®* positions in the B-NaErFs. Two of these
positions are attributed to Er3* in rare earth positions characteristic to B-NaErFs and
the third could be associated with the distortion in these two positions due to random
occupation of semi-filled Na* positions.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 and
Arnis Riekstins "MikroTik" donation is greatly acknowledged. Donations are
administered by the University of Latvia Foundation.
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DEFEKTIVA CINKA OKSIDA STRUKTURAS PETIJUMS

Andrejs Cesnokovs?, Deniss Grjaznovs!, Natalija V. Skorodumova??
YLatvijas Universitdtes Cietvielu fizikas institiits
*Fizikas un Astronomijas fakultate, Upsalas Universitdte
*Materidalzindtnes un InZenierzinatnu fakultate, KTH Karaliskais Tehnologiju Institiits

Caurspidigi vadosi oksidi (CVO) ir materiali, kuriem piemit elektriska vadamiba un
zema gaismas absorbcija. CVO zimiga 1pasiba ir ar dopéSanu veicinata vaditspéjas
kontrole. Cinka oksids (ZnO) ir labi pazistams un perspektivs CVO materials, kuram
dopésanas ietekme paradas n-tipa vaditsp€ja. Tika paradits, ka planajas kartinas no
amorfa ZnO-IrO. paradas p-tipa vaditsp&ja. Pareja no n-tipa uz p-tipa vaditsp&ju
notiek Iidz ar iridija koncentracijas palielinaSanu.

Saja darba, simulgjot ar iridiju dop&to ZnO aprékinos no pirmajiem principiem, tiek
parbauditi nosacijumi p-tipa vaditsp&jas izveidoSanai. Tika izrékinatas materiala ar
dazadu defektu konfiguraciju atomaras un elektroniskas struktiiras. Ir paradits, ka
vienlaicigi ievieSot modell gan iridija piemaisijumu, gan starpmezglu skabekla
atomus, var panakt elektroniska cauruma lokaliz€$anos uz rezga un starpmezglu
skabekliem, kas ir p-tipa vaditsp&jas nepiecieSamais nosacijums.

EXPLORING STRUCTURE OF DEFECTIVE ZINC OXIDE

Andrejs Cesnokovs?, Deniss Grjaznovs?, Natalija V. Skorodumova?3
YInstitute of Solid State Physics, University of Latvia
*Department of Physics and Astronomy, Uppsala University
*Department of Materials Science and Engineering, KTH Royal Institute of Technology

Transparent conducting oxides (TCOs) are electrically conductive materials
characterized by low absorption of light. An important property of TCOs is a
controllable type of conductivity achieved through doping. Zinc oxide (ZnO) is a
material that is well known for its potential as TCO and its dopant-induced n-type
conductivity. It was demonstrated that the p-type conductivity occurs in amorphous
ZnO-1rO> films. In these films, the transition from the n-type to p-type conductivity
occurs in response to the concentration of iridium.

This work tests the conditions for p-type conductivity in iridium-doped ZnO through
the first-principles simulation of the material. Geometric and electronic structures of
the material with various configurations of defects have been calculated. It has been
shown that a simultaneous presence of iridium and interstitial oxygen atoms leads to
localization of electronic hole defects on both lattice and interstitial oxygens — a
necessary condition for p-type conductivity.

The work has been performed under the Project HPC-EUROPA3 (INFRAIA-2016-1-
730897), with the support of the EC Research Innovation Action under the H2020
Programme; in particular, A. C. gratefully acknowledges the support of Natalia V.
Skorodumova and the computer resources and technical support provided by KTH-
PDC.
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PEROVSKITU NANOKUBU SLANU MORFOLOGIJA

Dmitrijs Zablockis, Vladimirs Kuzovkovs, Jevgénijs Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Ar osmotisko saspieSanu konsolidéto koloidalo nanokubu ansamblu veidoto
mikrostruktiru raksturoSana paradija, ka So veidojumu kolektivas pozicijas un
orientacijas korelacijas ir loti jlitigas attieciba uz dipolaro mijiedarbibu klatbitni. Ir
konstatéts, ka lai gan parastas kubiskas dalinas sakartojas vienkar$aja kubiskaja rezgi,
kubiskie nanokristali, kuriem piemit dipolara mijiedarbiba, kvazi-lidzsvara
osmotiskas saspieSanas rezultata neizbégami veido polikristaliskas sistémas. Izteikta
hipotéze, ka dipolu mijiedarbiba, iesp&jams, ir jauns nesakartotibas avots kubisko
koloidalo dalinu kartojumos.

FEATURES OF MORPHOLOGY IN GLASSY LAYERS OF PEROVSKITE
NANOCUBES

Dmitry Zablotsky, Vladimir Kuzovkov, Eugene Kotomin
Institute of Solid State Physics, University of Latvia

Efficient ambient energy scavenging exploiting piezo-/pyroelectric properties of
ABOs perovskites to power low-energy devices is an attractive green energy strategy.
In turn, the colloidal processing of the nearly monodisperse and highly crystalline
single-domain nanocubes of is a promising route to produce superlattice assemblies
for integration into nanostructured ferroelectric devices [1] with improved properties.
Controlling the local behaviour of nanocrystals is imperative for fabricating highly-
ordered assemblies, whereas the current picture of nanoscale polarization suggests a
potential presence of significant electrodipolar interaction [2]. However, its role in the
condensation of ferroelectric nanocubes remains unknown.

Fig.1 Osmotic pressure-induced assembly of approx. 16 000 colloidal nanocubes: simulated layer
morphology containing simple nanocubes (left) and dipolar nanocubes (middle, right), inset shows
wide angle virtual SAED patterns and pair probability distribution.

We will report the microstructural characterization of osmotically densified
ensembles of ferroelectric nanocubes obtained via numerical simulations. Our results
suggest that the long-range positional and orientational correlations seem to be highly
sensitive to the presence of dipoles, which could be a challenge to produce ordered
assemblies of some nanoperovskites.

References
1. Kato et al., Appl. Phys. Lett. 101, 012901 (2012)
2. Polking et al., Nat. Mater. 11, 700-709 (2012)
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AR Tb* DOPETA CeO2 APREKINI NO PIRMAJIEM PRINCIPIEM

Andrejs Cesnokovs!, Deniss Grjaznovs, Jevgenijs Kotomins'?
YLatvijas Universitdtes Cietvielu fizikas institiits
*Maksa Planka Cietvielu pétijumu institiits

Atomaras un elektroniskas struktiiras ar Tb dopéta CeO2.s tika izr€kinatas no
pirmajiem principiem, ieklaujot Hubarda modela (GGA+U) stiprus korelacijas efektus.
Korektajam Tb oksidéSanas pakapju (3+ un 4+) aprakstam, dazadas Hubarda U-
parametra vertibas tika vienlaicigi piemérotas Ce un Tb joniem. Tika iegiitas vairakas
konfiguracijas ar elektronu lokalizé€Sanos uz viena vai vairakiem katjoniem, ja lidzas
Tb jonam ir skabekla vakance (Vo). Punktveida simetrijas grupu metodes
kombinacija ar grupu teorijas analizi lava identificét pamatstavokla konfiguraciju
parlieku elektronu lokalizacijai dazadam katjonu skaitam. Papildus tika iegiita
sakariba starp Vo veidoSanas Gibsa energiju un temperatiiru.

Pilnas energijas starpiba starp 3+ un 4+ oksidéSanas pakapém ir loti maza, tatad Sie
stavokli var lidzaspastavet, nepieprasot Vo veidoSanos (atskiriba no ar Gd dopéta
CeO2). Tomer, elektroniska cauruma defekts, kas veidojas uz skabekla atomiem
lidztekus Tb*", tika izteikti delokalizéts. Tb dop@sanas ietekmé Vo veidosanas Gibsa
energija pazeminas aptuveni Cetrkart salidzinagjuma ar tiru CeOz. Maza polarona
veidosanas energija sasniedz minimumu, ja Ce®" un Tb®" ir Vo tuvakie kaimini. Sada
konfiguracija ir saskana ar literatira aprakstitiem optiskiem merjjumiem.

FIRST PRINCIPLES CALCULATIONS ON CeO2 DOPED WITH Tbh®* IONS

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

Atomic and electronic structures of Th-doped CeO.-s (ceria) have been calculated
from first principles with inclusion of strong correlation effects based on the Hubbard
model (GGA+U). To correctly model possible oxidation states of Th (3+ and 4+),
distinct values of Hubbard U-parameter were simultaneously applied to Ce and Tb
ions. Multiple configurations have been obtained, with electrons localized on different
number of cations, if the Tb ion has an oxygen vacancy (Vo) nearby. Site symmetry
approach combined with the group theory analysis has been successfully applied to
identify the ground state configuration for localization of excess electrons on different
number of cations. Moreover, a temperature dependence of calculated Gibbs
formation energy of Vo has been obtained.

The corresponding total energy difference between the 3+ and 4+ states is very small
and, thus, these states can co-exist without Vo formation (unlike in Gd-doped ceria).
However, a hole defect on oxygen atoms to compensate Th3* is distinctly delocalized.
Gibbs formation energy of Vo due to Th doping is reduced by almost a factor of four,
in comparison with the pure CeO». The lowest formation energy for the small polaron
corresponds to a configuration in which Ce3* and Tb®* ions are the nearest neighbors
to Vo. Such configuration is consistent with the optical measurements from the
literature.

The financial support of LZP-2018/1-0147 grant is greatly acknowledged.
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Fe UN Co JONU MAGNETISKO STAVOKLp RAKSTUROSANA
(Ba,La)(Fe,Co)Os PEROVSKITOS

Davis Zavickis, Guntars Zvejnieks, Deniss Grjaznovs, Jevgenijs Kotomins
Cietvielu fizikas institits, Latvijas Universitate

Vienu no videi draudzigam energijas razo$anas tehnologijam, kas balstas uz cietvielu
oksidu degvielas Siinam, raksturo augstas darba temperatiiras. Tas samazinajums lidz
vidgéjam temperatiru diapazonam (300-600°C) lautu samazinat izmaksas, bitiski
paplasinot tehnologisko pielietojumu. Protonus vados$as keramiskas degvielas $tinas
(PCFC) piedava bitisku alternativu, demonstréjot augstaku jonisko (un tadgjadi
protonu) vadamibu. Pret€ji elektrolitu materialiem, optimalos katodu materialus vél
nepiecieSams identific€t, meklgjot cieto Skidumu sastavu ar pietickami augstu
elektronu un protonu vaditsp&ju. Nesenos eksperimentalos pétijumos literatira ka
PCFC katoda materials optimizéts (Ba,Sr,La)(Fe,C0,Zn,Y)0z3.5 perovskits.

Pirmaja darba posma, izmantojot blivuma funkcionala (DFT) skaitliskos aprékinus,
més veidojam datubazi, balstoties uz kubiskiem tilpuma (Ba,La)(Fe,C0)O3
prototipiskajiem perovskitiem, kas lauj identificét Fe un Co atomu magnétiskos
stavoklus. Tiek rekinatas augstas, vid€jas uz zemas spinu stavoklu konfiguracijas,
fiks€jot kopgjo sisteémas spinu. Modeli izmantotais Ba(Fe,C0)Os cietais skidums, kas
lidzigs optimalam katoda materialam, tiek izmantots, lai parbauditu identificétos
magnétiskos stavoklus. Darba gaita tiek apspriesta ieglito rezultatu stabilitate un
atkariba no citiem aprékinu parametriem.

Sis darbs Tstenots ar zinatniska granta LZP-2018/1-0147 finansialo atbalstu.

CHARACTERIZATION OF Fe AND Co ION MAGNETIC STATES IN
(Ba,La)(Fe,C0)O3 PEROVSKITES

Davis Zavickis, Guntars Zvejnieks, Denis Gryaznov, Eugene Kotomin
Institute of Solid State Physics, University of Latvia

One of environmentally friendly energy production technologies is based on the solid
oxide fuel cells operating at high temperatures. Decrease of their operational
temperature to an intermediate range (300-600 °C) would lead to a cost reduction and
thus pave a way for a wider technology application. Protonic ceramic fuel cells
(PCFCs) represent an important alternative demonstrating higher ionic (thus, protonic)
conductivity. In contrast to an electrolyte material, the optimal cathode material still
has to be found, by identifying solid solution compositions with sufficiently high
electronic and protonic conductivity. Recent experimental investigations in the
literature optimized (Ba,Sr,La)(Fe,Co,Zn,Y)0s3.s perovskites as the cathode material
for PCFC.

As a first step, in this work, using density functional (DFT) calculations, we build a
database based on the cubic prototypical bulk (Ba,La)(Fe,Co)Os perovskites that
allow us to identify Fe and Co atom magnetic states. High, intermediate and low spin
states are calculated by locking the total system spin. The model system of
Ba(Fe,Co0)O3 solid solution, that mimic the optimal cathode material, is used to test
the identified magnetic states. Stability of the obtained results as well as their
dependence on calculation parameters is discussed.

The financial support of LZP-2018/1-0147 grant is greatly acknowledged.
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TITANA PIEMAISIJUMU AB INITIO PETIJUMS ODS TERAUDOS

Jurijs Mastrikovs!, Maksims Sokolovs!, Jurijs Zukovskis?, Jevgenijs Kotomins?,
Pavels Vladimirovs?
YLatvijas Universitates Cietvielu fizikas institiits
*Karlsriies Tehnologiju institiits

Izkliedéto oksidu stiprinatie (Oxides Dispersed Strengthened, ODS) téraudi ir
pazistami ar augstu termisko stabilitati un radiacijas pretestibu, kas ir butiski
progresgjosiem atomkodola SkelSanas un nakotnes kodolsintézes reaktoriem. ODS
teérauda stabilitate liela méra ir atkariga no oksida dalinu lieluma, formas un telpiska
sadalfjuma. Y203 ir oksida dalinu galvena sastavdala, ko ieskauj dzelzs matrica.
Dzelzs tomér nav vienigais Y203 oksida dalinu mijiedarbibas komponents.
Komerciali razota térauda sakausgjumos ir art citi metali. Viens no $adiem metaliem
ir titans.

Eksperimentalie darbi liecina, ka titans koncentrgjas uz robezam starp ODS dalinu un
matricu. P&tjjuma ar dzelzs matricu més model&jam titana izSkiduSo atomu
savstarp&jo mijiedarbibu, ka ari citus defektus, pieméram, dzelzs vakances, itrija un
skabekla skidinatos atomus. legttie rezultati paradija, ka Ti atomi viegli aizvieto Fe
atomus un aktivi mijiedarbojas ar ODS dalinam.

Sis petijums tika veikts EUROfusion Consortium ietvaros un finansets no Euroatom
pétijumu un apmacibas programmas (2014-2018) granta Nr. 633053. Seit izteikti
uzskati un viedokli var nesakrist ar Eiropas Komisijas viedokliem.

AB INITIO STUDY OF TITANIUM IMPURITIES IN ODS STEELS

Yuri A. Mastrikov', Maksim N. Sokolov?, Yuri F. Zukovskii', Eugene A.Kotomin?,
Pavel V. Vladimirov?
YInstitute of Solid State Physics, University of Latvia
*Karlsruhe Institute of Technology

Oxide Dispersion-Strengthened (ODS) steels are known for their high thermal
stability and radiation resistivity, which are essential for advanced fission and future
fusion reactors. Stability of ODS steels strongly depends on the size, shape and spatial
distribution of oxide particles. Y203 is the main component of oxide particles,
surrounded by iron host matrix. Iron, however, is not the only component Y>0O3 oxide
particle interacts with. In commercially produced steel alloys other metals are
presented as well. One of such metals is titanium.

Experimental works suggest that titanium concentrates on the border between the
ODs particle and the host matrix. In our study in iron host matrix we model self-
interactions of solute atoms of titanium as well as other defects such as iron vacancy,
yttrium and oxygen solute atoms. Obtained results demonstrated that Ti atoms easily
substitute host Fe atoms and actively interact with ODS particles.

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. The views and opinions expressed herein do
not necessarily reflect those of the European Commission.
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PEROVSKITU CIETO SKIDUMU UN HETEROSTRUKTURU
DATORMODELESANA NO PIRMAJIEM PRINCIPIEM

Leonids Rusevics, Guntars Zvejnieks, Eugene A. Kotomin
Latvijas Universitates Cietvielu fizikas institiits

Izaicinajumu probléma ir svina nesaturoSu materialu elektromehanisko 1pasibu
uzlabosana, kas lauj savstarpg&ji parveidot mehanisko un elektrisko energiju, kuru var
izmantot dazados komercialos noliikos, tostarp energijas razoSana. Materialu
tehnologijas attistibai ir nepiecieSami jauni kompleksie materiali ar uzlabotam
segnetoelektriskajam un pjezoelektriskajam 1pasibam. Piem@ram, lai optimizetu
biezak lietota BaTiOs (BTO) perovskita pjezoelektriskas 1pasibas, var izmantot Ba
jonu kimisko aizvietoSanu ar izovalentiem piemaisijumiem.

Saja darba més izskatfjam (Ba,Sr)TiOs [1, 2] un (Ba,Ca)TiOs cietos skidumus. Tiek
prezent€ti un apspriesti elektromehanisko 1pasibu pirmo principu aprékinu rezultati.
Supersiinas aprékini tika veikti ar CRYSTAL14 kodu atomu orbitalu linearas
kombinacijas (LCAO) tuvinajuma, izmantojot divus blivuma funkcionala teorijas
(DFT) hibrida funkcionalus. Segnetoelektriskaja faze tika pétiti dazadi kimiskie
sastavi (piemaisijuma/Ba attieciba) un telpiskie izkartojumi (piemaisijumu atomu
atraSanas vietas superSiind). Cieto Skidumu rezultatus salidzina ar STO/BTO
heterostrukttiram (superrezgi) [2].

Sis petijums tika veikts ar M-ERA-NET HarvEnPiez projekta finansu atbalstu.
COMPUTER SIMULATIONS OF PEROVSKITE SOLID SOLUTIONS
AND HETEROSTRUCTURES FROM FIRST PRINCIPLES

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

An enhancement of electromechanical properties of lead-free materials, which allow
mutual conversion of mechanical and electrical energies and may be used for different
commercial applications, including energy harvesting, is the challenging problem.
Progress in material engineering requires new complex materials with improved
ferroelectric and piezoelectric properties. For example, to optimize the piezoelectric
properties of the commonly used BaTiOz (BTO) perovskite, the chemical substitution
of Ba ions by isovalent dopants may be used.

In this work, we considered (Ba,Sr)TiOs [1, 2] and (Ba,Ca)TiOz solid solutions. The
results of the first-principles computations of electromechanical properties are
presented and discussed. Supercell calculations were performed with CRYSTAL14
code within the linear combination of atomic orbitals (LCAQO) approximation, using
three advanced hybrid functionals of the density-functional-theory (DFT). Different
chemical compositions (dopant/Ba ratio) and spatial arrangements (positions of
dopant atoms in supercell) are considered for the ferroelectric phase. Results for solid
solutions are compared with those for STO/BTO heterostructures (superlattices) [2].

The financial support of M-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, 9400.

2. L.L. Rusevich, G. Zvejnieks, E.A. Kotomin et al., J. Phys. Chem. C 2019, 123,

2031.
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DEFEKTU ANIHILACIJAS MODELESANA APSTAROTAJOS OKSIDOS

Vladimirs Kuzovkovs?, Anatolijs Popovs?, Alexander Lushchik?, Jevgenijs Kotomins!
YLatvijas Universitates Cietvielu fizikas institiits
2Fizikas institits, Tartu Universitate

Radiacijas izturigie oksidi - Al2O3 un Y3AlsO12 - ir loti svarigi funkcionalie un
optiskie materiali kodolsinté€zes reaktoriem. M&s analiz&jam F tipa centru anihilacijas
kinétiku p&c elektronu, smago jonu vai neitronu apstaro$anas. So procesu ietekmé
starpmezglu skabekla jonu Oj mobilitate, kas ir daudz augstaka par F centru
mobilitati: F centru anihilacija sakas pie 500-700 K temperatiras, kad gan F, gan F*
centri ir praktiski nekustigi, pateicoties rekombinacijai ar mobiliem O; defektiem.
Pieradits, ka F-anulacijas Itknu formu nosaka divi kontrolparametri: aktivacijas
energija Ea un efektivs pirmseksponencialais faktors Do, un ta liela méra ir atkariga no
apstaroSanas apstakliem. Atbilsto$as migracijas energijas iegutas no originalajiem
mérfjumiem un literatiras datiem par anihilacijas kinétiku elektronu, neitronu un jonu
apstarotajos materialos. legltie rezultati tiek salidzinati ar nesen veiktajiem
starpmezglu skabekla migracijas ab initio aprekiniem. Ipasa uzmaniba tiek pievérsta
radiacijas dozes ietekmei un korelacijai starp Ea un Do parametriem (Mejera-Neldela
(Meyer-Neldel) noteikums)).

Sis pétijums ir veikts ar Eurofusion Enabled Research projekta finansialo atbalstu.

MODELLING OF DEFECT ANNEALING IN IRRADIATED OXIDES

Vladimir Kuzovkov?, Anatoli Popov?, Alexander Lushchik?, Eugene Kotomin®
YInstitute of Solid State Physics, University of Latvia
?Institute of Physics, University of Tartu

The radiation-resistant oxides- Al.O3 and Y3AlsO12- are very important functional and
optical materials for fusion reactors. We analysed the kinetics of the F-type center
annealing after electron, heavy ions or neutron irradiation. This process is controlled
by the interstitial oxygen ion Oi mobility, which is much higher than that of the F
centers: the F center annealing begins at temperatures 500-700 K, when both F and F+
centers are practically immobile, due to the recombination with mobile Oi defects. It
is demonstrated how the shape of the F-annealing curves is determined by two control
parameters: Ea and effective pre-exponential factor Do, and strongly depends on
irradiation conditions. The appropriate migration energies were obtained from original
measurements and literature annealing kinetics for electron, neutron and ion irradiated
materials.The results obtained are compared with recent ab initio calculations of
interstitial oxygen migration. Special attention is paid to the effect of radiation
fluences and correlation between Ea and Do parameters (the Meyer-Neldel rule).

The financial support of Eurofusion Enabling Research project is greatly
acknowledged.
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F-TIPA CENTRU TERMISKAS ANIHILACIJAS SALIDZINAJUMS
NEITRONU APSTAROTA UN TERMOKIMISKI APSTRADATA BeO

Anatolijs Popovs, Jevgenijs Kotomins, Aleksandra Moskina, Mara Putnina,
Vladimirs Kuzovkovs
Latvijas Universitates Cietvielu fizikas institiits

Pret radiaciju izturigs binarais oksids BeO ir viens no loti svarigiem materialiem, ko
izmanto kodolsintézes reaktoros. Saja darba més analizéjam F tipa un V tipa centru
anihilacijas kinétiku BeO pé&c neitronu apstarosanas. F tipa centru kin&tika tika
uzskatita par bimolekularu procesu ar vienadam viens otru papildinajuso F un Oj
defektu koncentracijam. So procesu kontrolé starpmezglu skabekla jonu mobilitate,
kas ir daudz augstaka par F centru mobilitati. Ipasa uzmaniba tiek pievérsta difuizijas
kontrolétas F centru termiskas anihilacijas ar neitroniem apstarotaja BeO detalizétam
salidzinajumam ar lidzigiem datiem, kas ieguti MgO, Al.O3 un MgAIlO4 [1-3].
Visbeidzot, més izpétijam ar1 F-centru anihilacijas kin€tiku termokimiski
apstradatajos BeO kristalos. legiita aktivacijas energija lauj novértét gan iek$gjo F-
centra migracijas energiju, gan ari nosacijumus metala koloidu veido$anai BeO.

Sis pétijums ir veikts ar “Eurofusion Enabled Research” projekta finansialo atbalstu.
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COMPARISON OF F-TYPE CENTERS THERMAL ANNEALING IN
NEUTRON IRRADIATED AND THERMOCHEMICALLY REDUCED BeO

Anatoli Popov, Eugene Kotomin, Aleksandra Moskina, Mara Putnina, Vladimir Kuzovkov
Institute of Solid State Physics, University of Latvia

The radiation-resistant binary oxide BeO, is one of the very important materials for
applications in fusion reactors. In this work, we analyzed the kinetics of the F-type
and V-type center annealing after neutron irradiation of BeO. F-type center Kinetics
were treated as the bimolecular process with equal concentrations of the
complementary F and Oi defects. Such process is controlled by the interstitial oxygen
ion mobility, which is much higher than that of the F centers. Special attention is paid
to a detailed comparison of diffusion-controlled F center thermal annealing in
neutron-irradiated BeO with similar data obtained for MgO, Al.O3 and MgAlI204 [1-3].
Finally, we also treated the kinetics of F-center annealing in thermochemically-
reduced BeO crystals. The obtained activation energy allows to evaluate both the
intrinsic F-center migration energy and also the conditions for metal colloid formation
in BeO.
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P3HT PLANO KARTINU IPASIBU PETIJUMI PIELIETOSANAI
TERMOELEKTRISKO IERICU 3D PRINTESANAI

Normunds Ralfs Strautnieks, Kaspars Pudzs
Latvijas Universitates Cietvielu fizikas institiits

3D printeri ir populari instrumenti gan zinatniskajas laboratorijas, gan industrialajos
uznémumos, un to ietekme uz ikdienas dzivi pieaug katru dienu. Zinatnieki un
inzenieri mekl€ jaunus pielietojumus 3D printeriem. Viena no iesp&jam, kur varétu tos
lietot ir funkcionalo materialu veidoSana, kuriem piemistu netiek mehaniskas pasibas,
bet ar1 funkcionalas — Saja gadijuma termoelektriskas Tpasibas. Viena no 3D printeru
lieliskam 1pasibam ir ta, ka ar tiem var veidot telpiskus objektus, kas ir loti noderigi
termoelektrisku materialu veidosana.

Sobrid galvena probléma ar funkcionalajiem materialiem ir tada, ka ir maz zinams par
to piemérojamibu 3D printeSanai. TieSas test€Sanas procediiras nav izdevigas, jo ir
vajadzigs salidzinoSi liels daudzums ar So organisko materialu, un §is funkcionalas
materials ir dargs. M&s iesakam eksperimentu un merijumu kopumu, ar kuru palidzibu
varétu noteikt funckionalo materialu termoelektriskas ipasibas un klasificét to
piem&rojamibu izmantosanai 3D printéSanai.

Saja darba més esam pétijusi termoelektriskas Tpasibas tiram un karsgtam P3HT ar su
un garu poliméra k&zu garumu, ka ari dopeta P3HT ar FATCNQ planu kartinu
ipasibas. Tiks paraditi iegttie dati un apspriesti rezultati. Abi augstak minétie
organiskie materiali ir populari un plasi pielietoti termoelektriskajas ierices.

STUDY OF P3HT THIN FILM PROPERTIES FOR 3D PRINTED
THERMOELECTRIC DEVICE APPLICATION

Normunds Ralfs Strautnieks, Kaspars Pudzs
Institute of Solid State Physics, University of Latvia

3D printers are popular accessories both in scientific research facitilies and industry
and their influence is geting bigger by each day. People are looking for new ways
where to use them. One of the possibilities where 3D printers could be used is
manufacturing of functional materials, which would possess not only mehanical uses,
but functional ones aswell, like thermoelectric. Of unique advantages, 3D printing
enables the generation of free-standing bulk objects, which are particularly useful for
preparing thermoelectric material samples.

The main problem with those functional materials is our absent knowledge about
suitability for 3D printing process. Print and test procedure is not very beneficial, as
costs for small amount of funcional materials are usualy high and significant amount
of material is needed for test printing, We are suggesting a series of experiments and
mesurements of thin films with whom suitability of the materials for use in 3D
printing is charachterised by mesuring their physical characteristics: electrical
conductivity and Seebeck coeficient.

In this work thermoelectrical properties of untreated and annealed P3HT with short
and long polymer chains and doped P3HT/FATCNQ thin films will be shown and
results discussed. Both organic materials used in this work are well known for their
functionality in organic thermoelectric effects.
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YmOn UN AR ITRIJU DOPETAS ZnO PLANAS KARTINAS UN
MULTISLANI

Halil Arslan, Andris Azens, Martin$ Zubkins, Juris Purans
Latvijas Universitates Cietvielu fizikas institiita Plano kartinu laboratorija

Lai gan dopétas ZnO planas kartinas ir daudzsolosi n-tipa TCO materiali, p-tipa ZnO
plano kartinu iegtiSana ir svarigs paversiens caurspidigas elektronikas izstrad€. Nesen
mes esam izstradajusi p-tipa ZnO-IrO; planas kartinas [1,2] un tas ir salidzinatas ar
publicétajiem teorétiskajiem modeliem. DiemZgl iridijs ir loti dargs materials. Tap&c
alternativais dopéSanas elements bis loti pieprasits. ST pétfjuma ietvaros més
cenSamies izstradat inovativu ZnO:Y (YZO) un daudzslanu ZnO/YO/ZnO (DMD un
DM) reaktivo augstsprieguma impulsu magnetronas lidzizsmidzinasanas (R-HIPIMS)
tehnologiju. Tikai nesen [3] tika atklata jauna itrija monoksida faze YO ar neparastu
Y?* valenci (4d'). Ta tika sintez&ta epitaksialas planas kartinas veida, izmantojot
impulsa lazera uzklasanu. Atskiriba no Y203, YO bija tumsi brins un Sauras aizliegtas
zonas pusvaditdjs. Reguléjama elektriska vaditspgja no 107 Iidz 10° Qlem™? tika
saistita ar skabekla vakancém, kas kalpo ka elektrona donors. Lai saprastu vietgjas
elektroniskas un atomaras struktiiras kopa ar to fizikali kimiskajam ipasibam, tika
pielietotas laboratorijas metodes: XRD, Ramana spektroskopija un SEM.
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YmOn AND YTTRIUM DOPED ZnO THIN FILMS AND MULTILAYERS

Halil Arslan, Andris Azens, Martins Zubkins, Juris Purans
Thin Films Laboratory, Institute of Solid State Physics, University of Latvia

Although doped ZnO thin films are promising n-type TCO materials, obtaining p-type
ZnO thin films is an important milestone in the development of transparent
electronics. Recently we have developed p-type ZnO-IrO2 thin films [1,2] and
compared with the published theoretical models. Unfortunately, iridium is a very
expensive material. Therefore, alternative doping element will be greatly demanded. In
the scope of this research we are aiming to develop innovative ZnO:Y (YZO) and
multilayers ZnO/YO/ZnO (DMD and DM) by reactive high power impulse magnetron
co-sputtering (R-HiPIMS) technology. Only recently [3], it was discovered new phase
solid phase rock salt structure yttrium monoxide, YO, with unusual valence of Y?*
(4dY) was synthesized in a form of epitaxial thin film by means of pulsed laser
deposition means. In contrast with Y203, YO was dark-brown colored and narrow gap
semiconductor. The tunable electrical conductivity ranging from 10 to 10° Q*cm?
was attributed to the presence of oxygen vacancies serving as donor of electron. To
understand the local electronic and atomic structures in conjunction with their
physical-chemical properties advanced in-lab techniques such as XRD, Raman and
SEM will be performed.
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TIRA UN AR LANTANIDIEM DOPETA NBT ELEKTROMEHANISKAS
IPASIBAS.

Miks Jurjans, Maris Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

NBT ir viens no pazistamakajiem Svinu nesaturo$iem segnetoelektrikiem, ko izmanto
dazadu savienojumu veidoSana ar mérki uzlabot elektromehaniskas 1pasSibas tada meéra,
lai Sie materiali buitu konkurtspgjigi ar svinu saturosajiem segnetoelektrikiem. NO
pjezoelektrisko 1pasibu viedokla tirs NBT nav perspektivs.

Parasti publikacijas netick apskatitas elektromehaniskas Tpasibas pie lieliem
elektriskiem laukiem. Saja darba tika pétitas gan tira, gan ar lantanidiem dopéta NBT
elektromehaniskas 1pasibas plasa elektriska lauka diapazona. Deformacijas cilpas
bipolaros ciklos klust izteikti asimetriskas attieciba pret E=0 pat gadijumos, kad
paraugs ir ticis ieprieks termiski depolarizéts. lemesli tam nav skaidri, nemot véra to,
ka P(E) cilpas asimetrija neparadas. Turpreti u(E) atkariba unipolaros laukos ir skaidri
defineta un neuzrada nekadas noguruma pazimes. Ja P(E) atkariba tiek atrékinata
nopliides stravas ietekme, tad u(P) atkariba ir lineara.

Paraugiem tika noteiktas arT ds3 vertibas, kas iegiitas gan ar tie$a, gan ar apgriezta
pjezoelektriska efekta palidzibu.

Ar elektrisko lauku inducétas fazu pareja tika konstatets neatgriezenisks deformacijas
leciens. Nepolarizeta stavokla polarizacija tika raksturota, analiz&jot u(E) atkaribu.

ELECTROMECHANICAL PROPERTIES IN PURE AND LANTHANIDE
DOPED NBT

Miks Jurjans, Maris Kundzins, Eriks Birks
Institute of Solid State Physics, University of Latvia

NBT is one of main lead-free ferroelectrics, which is used for development of
compositions with electromechanical properties - compatible with lead-based
counterparts. Usually NBT itself is considered as material which is not competitive in
respect of piezoelectric properties. The electromechanical properties in large fields
were not in focus of published studies.

In presented research electromechanical properties of NBT, pure and with lanthanides
doped, are considered in whole field range. Strain loops at bipolar field cycles
becomes very nonsymmetric in respect of E=0 even after few cycles of freshly
thermally depoled samples. Reason of such extreme fatigue is not clear, taking into
account that it does not appear in P(E) loops. At the same time dependence u(E)
dependence at unipolar field pulses is well defined and fatigue is not found. u(E) is
linear if contribution of leakage current in P(E) dependence is extracted.

Values of d33, obtained by direct and inverse piezoelectric effect are presented.
Irreversible jump of strain at field induced phase transition is determined. Nature of
polarisation is discussed from u(E) in unpoled state.
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Na/Bi NESTEHIOMETRIJA TIRA UN LEGETA NBT

Liga BikSe, Laura Eglite, Karlis Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

NBT ir svinu nesaturo$s segnetoelektrikis ar ABO3 perovskita struktiiru, kura A-
apaksrezg&1 vienada koncentrdcija izvietojas joni ar dazadu valenci: Nal* and Bi®*.
Paslaik nav nopietnu pieradijumu tam, ka $ie joni ir izvietoti sakartota konfiguracija.
Ticamak, ka Na* un Bi*" izvietojums ir nesakartots, nodrosinot elektroneitralitates
nosacijuma izpildi tikai vidjoti rezgi.

Nemot véra to, ka NBT keramikas apdedzinasanas temperatira parsniedz 1100°C un
ir sagaidami Bi/Na zudumu iztvaiko$anas dgl, tiek uzskatits, ka NBT satur vakances.
Dazkart Bi2Os3 izejmaterialos tiek pievienots virs stehiometrijas, lai kompens&tu §adus
Bi zudumus. Taja pasa laika ir zinamas eksperimentalas norades, kas liecina par
stabilu Bi koncentraciju izgatavotaja keramika neatkarigi no ta koncentracijas
izejmaterialos.

ST pétijuma mérkis ir pétit Bi saturu NBT atkariba no dazadas Bi/Na attiecibas
izejmaterialos, ka arT kompensacijas mehanismus, kas nodroSina stabilu Bi
koncentraciju gala materiala. TiO2 un ar Bi bagatas komponentes ir atrastas gadijumos,
ja izejmaterialos ir izdaritas novirzes no stehiometrijas. Taja pasa laika Bi
virsstehiometrija izejmaterialos izraisa ieverojamu graudu izmé&ru samazinasanos kas
var bt cé€lonis fizikalo 1paSibu izmaina, taja skaitd depolarizacijas temperatiras
samazinasana.

Na/Bi NONSTOICHIOMETRY IN PURE AND LANTHANIDE DOPED NBT

Liga Bikshe, Laura Eglite, Karlis Kundzins, Eriks Birks
Institute of Solid State Physics, University of Latvia

NBT is a well-known lead-free ferroelectric with ABO3 perovskite structure, where
equal amounts of aliovalent cations, Na'* and Bi®, reside in A-sublattice. At the
moment, there is no strong evidence of ordered configurations of Na'* and Bi®* ions,
it is rather assumed that ions tend to reside in the lattice randomly and fulfil
requirement of charge balance only on average.

Since sintering temperature of NBT ceramics is above 1100 °C, presence of vacancies
due to volatility of Na and Bi is frequently considered. Sometimes overstoichiometric
Bi»Oz3 is added to compositions in order to compensate for the loss of Bi. At the same
time, there is experimental evidence suggesting that concentration of Bi in final
composition is very stable regardless of concentration of Bi in raw oxides.

The aim of present research is to study content of Bi in NBT depending on different
Bi/Na ratios in raw oxides, as well as compensation mechanisms in final compositions
where these ratios are maintained stoichiometric. Presence of TiO> and Bi-rich
components is found as compositions deviate from stoichiometry. At the same time,
Bi overstoichiometry in raw materials creates remarkable reduction of grain size that
could be responsible for changes in physical properties, including reduction of
depolarization temperature.
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FAZES ATGUSANAS PARAMETRI AR BINARAM MASKAM

Sergejs Fomins, Varis Karitans
Latvijas Universitates Cietvielu fizikas institiits

Metode balstas uz fazes atgiiSanas algoritmu kas no intensitates att€la sp&j izcelt fazes
parametrus. Galvenie parbaudamie parametri ir algoritma atrums un atgiiSanas
precizitate, it Tpasi trokSpaina un vaja objekta gadijuma. Candes et al. (2011)
izstradataja pieeja tiek pielietotas vairakas maskas, haotiski izveidotas strukttra
difrakcijas ainas iegtiSanai. VElak attistitajos piegajienos tika mé&ginats piclietot ari
Gausa maskas (Huang et al., 2017). Sava pieeja izmantojam binaras maskas, kas ir
viegli iegiistamas ar1 fiziski. Lidz Stm veiktie skaitliskie rezultati atklaj minimali
nepiecieSamo masku skaitu, ka ar1 optimalo grauda parametrus un balto melno
vokselu attiecibu.

PHASE RECOVERY PARAMETERS WITH BINARY MASKS

Sergejs Fomins, Varis Karitans
Institute of Solid State Physics, University of Latvia

The method is based on a phase recovery algorithm that is able to highlight phase
parameters from the intensity image. The main parameters to be tested are the speed
of the algorithm and the accuracy of recovery, especially in the case of a noisy and
weak object. Approach of Candes et al. (2011) is based on the use of several masks,
chaotic structures for obtaining the diffraction scene. In later advances, Gaussian
masks were also applied (Huang et al., 2017). In our approach, we use binary masks
that are easily obtainable physically. Until now, the numerical results performed
reveal the minimum number of masks required, as well as the optimal grain
parameters and the ratio of white to black mask voxels.

The financial support of LIAA commercialization program under the project KC-PI-
2017/105 “New generation wavefront sensors based on the method of coded diffraction
patterns” is greatly acknowledged.

Author Varis Karitans is supported by postdoctoral project No. 1.1.1.2/16/1/001.

,Reducing/cancelling the effects of vitreous floaters using a phase retrieval method
based on coded diffraction patterns”.
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