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ORGANISKO MATERIALU LABORATORIJAI SOGAD 50

Martin$ Rutkis
Latvijas Universitates Cietvielu Fizikas institiits

Sogad aprites 50 gadu kops 1967. gada Latvijas Universitaté Edgars Imants Siling
izveidoja Organisko pusvaditaju fizikas laboratoriju — laboratoriju, kura, laika gaita
veicot vairakas transformacijas, kluvusi par LU CFI sastavdalu.

Referata tiks dots ieskats LU CFI Organisko materialu laboratorijas v&sturé, un
atzimeti nozimigakie sasniegumi, ka ar1 atgadinats par tas darbiniekiem un
veidotajiem.

LABORATORY OF ORGANIC MATERIALS - 50 YEARS SINCE
FOUNDATION

Martins Rutkis
Institute of Solid State Physics, University of Latvia

This year marks 50 years since the year 1967 when Edgars Imants Silin$ created
Laboratory of Organic Semiconductor Physics at University of Latvia. Since then
laboratory passing several transformations became part of ISSP UL.

Proposed report will briefly cover history and achievements of Laboratory of Organic
Materials ISSP UL, as well as reminding laboratory staff and policymakers.
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SUDRABA NANODALINU SATUROSA LAZERA AKTIVA ORGANISKA
VIDE

Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

Projekta “Plazmonu ierosinatas piranilidéna atvasindjumu pastiprinatas spontanas
emisijas izmainas” ir paredz€ts metala nandoalinu izmantoSana, lai paaugstinatu
gaismas emisijas intensitati. Tas ir saistits ar lokalo virsmas plazmonu rezonanse
efektu. Emisijas intensitates palielinasana dotu iesp€ju izveidot augstas efektivitates
lazera aktivu vidi, kura sastavétu no originaliem piranilidena fragmentu saturoSiem
organiskiem savienojumiem.

Prezentacija tiks paraditas lazera aktivo sistému pagatavoSanas problémas un to
iesp&jamie risinajumi.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr SJZ/2016/1 ietvaros.

LASER ACTIVE ORGANIC MEDIUM CONSISTING SILVER
NANOPARTICLES

Aivars Vembris
Institute of Solid State Physics, University of Latvia

Use of metallic nanoparticles for improvement of light emission intensity is task in
the project “Plasmon induced changes of amplified spontancous emission of
pyraniliden derivatives”. Better light emission is related to the local surface plasmon
resonance effect. It could lead to preparation of high efficient and piraniliden
derivative consisting laser active medium.

The issues and possible solutions of preparation of laser active systems will be
discussed.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2016/1 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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MAHA-ZENDERA INTERFEROMETRISKAS METODES IEVIESANA
TRESAS KARTAS NELINEARI OPTISKO IPASIBU PETISANAI

Arturs Bundulis, Edgars Nitiss, Martin$ Rutkis
Latvijas Universitates Cietvielu fizikas institiits

Palielinoties interesei par tresas kartas nelineari optiskiem (3kNLO) materialiem un to
pielietojumiem pilnigi optisku iekartu izveidei, zinatnieku uzmaniba tiek vairak
pieversta arT eksperimentalajam metodem, ar kuram pétit 3kNLO 1pasibas. Misdienas
ir izstradatas dazadas metodes gan Kerra, gan divfotonu absorbcijas pétiSanai,
pieméram, “Z-scan”, nelinearas elipses rotacijas un degenergjusos cCetru vilnu
sajauksanas metodes. Lai arT katrai no §Tm metodem ir savas prieksrocibas, tas biezi ir
eksperimentali sarezgiti realiz€jamas vai nelauj demonstrét opto-optisku modulaciju
darbibu. Sis problémas varétu tikt atrisinatas izmantojot Maha-Zendera interferometru
(MZI), lai petitu 3kNLO 1pasibas.

Salidzinajuma ar citam eksperimentalajam metodém, MZI dod iesp&ju vienlaicigi
pétit gan Kerra efektu, gan divfotonu absorbciju izmantojot vienkarsu datu apstrades
procesu. Papildus tam MZI lauj demonstrét opto-optiskas modulacijas procesus.
Darba gaita tika izveidota MZI eksperimentala iekarta un pétitas hloroforma 3kNLO
Tpasibas. Hloroforms ir plasi pétits literatiird un ir piemérots materials, lai salidzinatu
MZI ar citam 3kNLO 1pasibu pétiSanas metodem.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ/2016/10 ietvaros.

IMPLEMENTATION OF MACH-ZEHNDER INTERFEROMETRIC
METHOD FOR STUDY OF THIRD ORDER NONLINEAR PROPERTIES

Arturs Bundulis, Edgars Nitiss, Martins Rutkis
Institute of Solid State Physics, University of Latvia

With the increasing interest in the third order non-linear optical (30NLO) materials
and their applications for all-optical devices, researchers have started to focus more
on the experimental methods used to study the 30NLO properties. Nowadays, there is
a variety of techniques designed to study the Kerr and two-photon absorption effects,
such as Z-scan, non-linear ellipse rotation and degenerated four-wave mixing
techniques. Although each of these methods has its own advantages, they are often
difficult to realize experimentally or cannot be used to demonstrate opto-optical
modulation. These problems could be solved by using Mach-Zender interferometer
(MZI) to study 30NLO properties.

Compared with other experimental methods, MZI combines possibilities to study the
Kerr effect and the two-photon absorption simultaneously by using a simple data
processing method. In addition, MZI allows to demonstrate opto-optical modulation
processes.

In this work we implemented an MZI experimental setup and studied 3oNLO
properties of chloroform. Chloroform has been widely studied in the literature and is
suitable material to compare MZI with other methods for study of 30NLO properties.
The financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2016/10 realized at the Institute of Solid State Physics,
University of Latvia is greatly acknowledged.
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ORGANISKO PLANO KARTINU VIRSMAS POTENCIALA ATKARIBA NO
METALA ELEKTRODA IZEJAS DARBA KELVINA ZONDES MERIJUMOS

Raitis Grzibovskis, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

Dazadu metalu pétjjumos, nosakot to izejas darbu, biezi tiek izmantota Kelvina
zondes metode. Organisku un neorganisku pusvaditdju gadijuma Kelvina zondi
parsvara izmanto relativu merjjumu veikSanai, piem., virsmas potenciala izmainu
atkariba no apgaismojuma vai gaisa mitruma noteiksanai. Taja pat laika tiek veikti art
mérjjumi Fermi Iimena noteikSanai. Tomér ir noverots efekts, kad materiala virsmas
potencials ir atkarigs no metala elektroda, kas atrodas zem §is pusvaditaja kartinas.
Turklat, $1 atkariba ir noverota ari relativi biezam kartinam (>1um), tadel to nevar
uzskatit par robezvirsmu efektu.

Darba mérkis bija izprast, vai Kelvina zonde ir pielietojama pasu materialu, nevis
tikai konkréto paraugu vai sistému 1pasibu petisanai.

Ar Kelvina zondi iegiita organisko plano kartinu virsmas potenciala atkariba no
metala elektroda izejas darba. ST atkariba ir saistita ar pétito materialu elektrisko
vaditspgju- jo lielaka ir materiala vaditsp€ja, jo mazak izteikta ir zem kartinas esosa
metala elektroda ietekme.

Tiks prezentéti pasreizgjie LU CFI Studentu un jauno zinatnieku projekta
Nr.SJZ/2016/20 rezultati.

DEPENDENCE OF SURFACE POTENTIAL OF ORGANIC THIN FILMS ON
METAL WORK FUNCTION IN KELVIN PROBE MEASUREMENTS

Raitis Grzibovskis, Aivars Vembris
Institute of Solid State Physics, University of Latvia

Kelvin probe is used in the studies of different metals as a method for work function
determination. In the case of organic and inorganic semiconductors, Kelvin probe is
mostly used for relative measurements, as, determination of surface potential changes
under the influence of light or air humidity. At the same time this method is being
applied for Fermi level measurements. It has been observed that the surface potential
of material depends on the work function of metal electrode under the studied film.
This dependence has also been observed for realtively thick films (>1um), therefore it
cannot be considered as an interface effect.

Aim of this work was to understand, whether Kelvin probe can be used for the studies
of materials themselves or only for the studies of specific systems/samples.

We have obtained dependence of orgainc thin film surface potential on metal
electrode work function. This dependence is related to the electrical conductivity of
studied materials- the higher is the conductivity, the less pronounced is metal
electrode influence on the measured surface potential.

The current results of ISSP UL Scientific Research Project for Students and Young
Researchers Nr.SJZ/2016/20 will be discussed.
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FOTOINDUCETU PROCESU IZPETE AZO-EPOKSIDU SAVIENOJUMOS

Jelena Mikelsone, Janis Teteris
Latvijas Universitates Cietvielu fizikas institits

Azo-epoksidu savienojumi ir foto-jutigi materiali, kuros ir iesp&jams veikt tieSo
holografisko ierakstu. Darba ietvaros AAB-BADGE materials ir pétits holografiski,
optiski un ar infrasarkanas spektroskopijas metodi, lai noteiktu materiala sastavu péc
sintézes.

Holografiskajam ierakstam Sajos materialos ir vairaki noteicosie faktori — gaismas
vilpa garuma, perioda, polarizacijas un intensitates izvéle, ka rezultata veidojas
virsmas reljefa rezgi ar dazadu efektivitati. Tapat materiala ir novérojams reversivs
ieraksts, kura atkartojamiba ir atkariga no rezga dz&$anas parametriem.

Lielakais traucgjosais faktors prieks virsmas reljefa veidoSanas un reversiva ieraksta
vairakkartgjas atkartosanas ir foto nomelnosanas, kas ir saistita strukttiru veidoSanos
uz materiala virsmas gaismosanas laika.

Darba tika noteikti optimali ieraksta parametri AAB-BADGE pleve un diskutéts par
foto-nomelnosanas procesiem

PHOTOINDUCED PROCESSES IN AZO-EPOXY COMPOUNDS

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

Azo-epoxy compounds are photo-sensitive materials for direct holographic recording.
In this work material is studied AAB-BADGE films by holographic, optic and
infrared spectroscopy methods.

There are many factors for effective holographic recording in azo-epoxy materials —
wavelength of recording light, grating period, polarization state and intensity of
recording beams. We observed reversible holographic recording in AAB-BADGE
films, it strongly depends on grating erasure parameters.

Process of surface relief formation on AAB-BADGE films is hindered by photo-
darkening process, which is product of structure formation on the film surface during
light illumination.

In this work we define optimal parameters for direct holographic recording and
discuss photo-darkening processes in AAB-BADGE films.
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Al,03-Ga UN AL O;-Li KRISTALU LUMINISCENCES SALIDZINAJUMS AR
LiGaO, KRISTALA LUMINISCENCI

Anatolijs Truhins, Laima Trinklere
Latvijas Universitates Cietvielu fizikas institiits

AlO3-Ga un Al,Os-Li kristalu luminiscence tika péetita, lai labak saprastu LiGaO,
kristala luminiscences dabu. Apstarojot Al,Os-Ga kristalu ar ArF eksiméra lazera
gaismu 193 nm tiek noverotas luminiscences joslas 280 nm un 400 nm, ka arT Saura
josla 700 nm. Lidzigos apstaro$anas apstaklos Al,Os-Li kristala tiek noverotas
luminiscences joslas 340 nm, 400 nm un 700 nm. 700 nm joslu abos materialos
nosaka Cr un Ti piemaistjumi; 400 nm joslu var izskaidrot ar tadu defektu
luminiscenci, kas nav saistita ar Li vai Ga piemaisijumiem. Al,03-Ga kristala 280 nm
joslai piemit iekScentru luminiscences Tpasibas: ta nav novérojama p&cspidésana un
tas kiné&tikas dziSanas Itknes ir izteikti eksponencialas. Al,Os-Li kristala 340 nm joslas
ipasibas liecina par luminiscences rekombinacijas dabu: kinétikas Iiknes ir
neeksponencialas, §1 josla tiek nov€rota pé&cspidéSana un termiski stimuléta
luminiscenc€. Salidzinot Iidzigas luminiscences joslas, tiek izteikts pienémums, ka
340 nm luminiscences joslas Al,Os-Li un LiGaO; kristalos ir saistitas ar Li joniem,
bet 280 nm joslas Al,O3-Ga un LiGaO, kristalos ir saistitas ar Ga joniem.

COMPARISON OF LUMINESCENCE OF Al,03-Ga AND Al,Os-Li
CRYSTALS WITH LUMINESCENCE OF LiGaO; CRYSTAL

Anatoly Trukhin, Laima Trinkler
Institute of Solid State Physics, University of Latvia

We had studied luminescence of Al,O3-Ga and Al,Os-Li crystals in order to
understand better the nature of LiGaO, crystal luminescence. In Al,O3;-Ga crystal
under excitation with 193 nm light of ArF excimer laser we have observed
photoluminescence bands at 280 nm, 400 nm and a sharp band at 700 nm. In the same
excitation conditions for Al,Os-Li crystal we had found the bands at 340 nm, 400 nm
and 700 nm. The bands at 700 nm in both materials is related to Cr and Ti impurities.
The band at 400 nm could be ascribed to some defects not related with Ga and Li
impurities. In Al,O3-Ga the 280 nm band reveals the characteristics of intra center
luminescence: it does not appear in afterglow luminescence and decay curves are
strongly exponential. The band 340 nm in Al,Os-Li crystal reveals features typical to
recombination luminescence: the decay curves are strongly non-exponential; this band
is observed in afterglow and thermally stimulated luminescence. Basing on the
comparison we can assume that similar 340 nm bands in AlL,O;-Li and LiGaO,
crystals are connected with Li related luminescence, while the 280 nm bands in
Al,03-Ga and LiGaO; crystals could be ascribed to Ga related luminescence.

10
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PLATZONU NITRIDI UN OKSIDI - MATERIALI SKABEKLA GAZES
SENSORIEM

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

Miisu nesenie petijumi par dabigo defektu luminiscenci virkn€ platzonu materialu, kas
ietver tresas grupas elementu nitridus (AIN, hBN) un oksidus (YAG uc.), ir paradijusi,
ka Sie materiali luminisc€ spektra zilas gaismas rajona (ZL), un §1 luminiscence jiit
skabekla gazes klatbiitni, kas aptver materialu. Skabekla gaze samazina ZL intensitati.
Noverota 1pasiba lauj prognozet materialu pielietojumu jaunu skabekla gazes optisko
sensoru izveidei. Tas, savukart, stimule ZL izpéti, lai atklatu tas procesus un
mehanismus, ka arT izvertétu par So luminiscenci atbildigos defektus.

AIN nanopulveriem un hBN pulveriem tika pétitas dabigo defektu raditas
luminiscences ipasSibas (fotoluminiscences un ierosmes spektri) plasa temperatiiru
rajona no 8 K Iidz 300 K. Tika noteikti luminiscences mehanismi. Tika konstatets, ka
ZL raSanos nosaka divi mehanismi — tie ir vai nu iekScentra procesi, kas notiek
luminisc&josa defekta, ka ar rekombinacijas procesi starp donoru-akceptoru pariem,
kuru rezultata rodas ZL. Ir novertéts, ka visticamak par ZL rasanos atbildigie defekti
ir vai nu materialos esosas slapekla vakances (vy), vai to parveidojumi F- centru veida.

WIDE BAND GAP NITRIDES AND OXYDES — MATERIALS FOR OXYGEN
GAS SENSORS

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

Our recent investigations of native defect caused luminescence for a number of the
third group element nitrides (AIN, hBN) and oxides (YAG etc.) confirmed a presence
of luminescence located within a blue spectral region (BL), which is sensitive to
oxygen gas surrounding the material. Oxygen gas is reducing the intensity of the BL.
The observed phenomenon is implying application of these materials for developing
of new optical oxygen gas sensors. It stimulates research of the BL processes and
mechanisms as well as definition of defect types responsible for the BL.

Spectral characterization (photoluminescence and excitation spectra) of the AIN
nanopowders and hBN bulk powders were done within a wide temperature range from
8 K up to 300 K and native defect caused luminescence properties were studied.
Mechanisms of the BL were estimated - it was found that the BL can be caused either
by intra center processes occurring inside of the luminescent defect, or it can be
generated through recombination processes of donor-acceptor pairs. It was determined,
that the most probable candidates for the BL creation in these materials are the defects
formed from nitrogen vacancies (vx) or their derivatives in forms of the F-centers.

Research is supported by Latvian National Research Program IMIS? (2014 — 2017)
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FOTOLUMINISCENCE UN ENERGIJAS PARNESE AR Dy** UN Eu®*
KOAKTIVETOS STIKLOS UN STIKLA KERAMIKAS

Meldra Kemere, Uldis Rogulis, Janis Sperga
Latvijas Universitates Cietvielu fizikas institits

Ar retzemju joniem aktiveti stikli un stikla keramikas tiek plasi pétitas, ar mérki
izveidot péc iesp&jas efektivus un ilgmiizigus luminoforus optiskam iericém, tai skaita,
baltas gaismas diod®m. Viens no iespg&jamiem RE jonu pariem baltas gaismas
ieglisanai ir Dy3+/Eu3+ jonu paris, tam noverota ari energijas parnese starp joniem.
Darba gaita izgatavoti Si0,-Al,03-CaO-CaF, stikli, aktivéti ar Dy,0; (0-1mol%) un
Eu,03 (0-1mol%), karsgjot saastavdalas augsta temperattira gaisa atmosfera. Karsgjot
stiklus 680°C un 750°C gradu temperatiira, izgatavotas stikla keramikas. Paraugiem
veikti luminiscences emisijas un ierosmes mérijumi, ka art dziSanas kin&tiku merfjumi,
izmantojot impulsu lazeru ka ierosmes avotu. Veikti art DTA un XRD mérijumi.
Novérots, ka ar 0.5mol% Dy’" joniem aktivétie paraugi luminiscé visintensivak,
salidzinot ar paraugiem, kuri aktivéti ar Dy’ augstaka koncentracija vai koaktivéti ar
eiropija joniem. Tas ir skaidrojams ar krosrelaksaciju starp Dy3+ joniem un energijas
parnesi no Dy3 “uz Eu’* joniem, uz parnesi norada arT ierosmes spektri. Analiz&tas
luminiscences dzi$anas kin&tikas un novértéta energijas parneses efektivitate. Stikla
keramikas energijas parneses efektivitate biitiski nemainas, salidzinot ar stikliem.

PHOTOLUMINESCENCE AND ENERGY TRANSFER IN Dy** AND Eu**
CO-DOPED GLASSES AND GLASS CERAMICS

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

RE ions doped glasses and glass ceramics are widely investigated, aimed to develop
possibly efficient and long-lasting phosphors for optical devices, including white light
diodes. One of the possible RE ion pair to obtain the white light, is Dy*"/Eu’*, energy
transfer between Dy and Eu®” ions has been reported.

Series of SiO,-Al,03-CaO-CaF, glasses have been prepared, doped with
Dy,0; (0-1mol%) un Eu,Os (0-1mol%), by heating the ingredients at high
temperatures in air atmosphere. By heating the glasses at temperature of 680°C and
750°C, glass ceramics have been obtained. Luminescence emission and excitation
measurements of samples have been performed, as well as luminescence decay
measurements with pulse laser as an excitation source. DTA and XRD measurements
were performed as well.

Samples, doped with 0.5mol% Dy’" ions, have the highest luminescence intensity,
compared to samples, doped with Dy’" at higher concentrations or co-doped with Eu’".
It is related to cross-relaxation processes between Dy " ions and energy transfer from
Dy’" to Eu’" ions, which is approved by excitation spectra as well. Luminescence
decay kinetics have been analysed to estimate the energy transfer efficiency. In the
glass ceramics, the energy transfer efficiency is similar to that in the glasses.

This work was carried out thanks to SIA “MikroTik” donation. Donations are
administered by the University of Latvia Foundation
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S-STAVOKLA JONU STRUKTURA UN IPASIBAS STIKLU KERAMIKAS

Andris Antuzeviés, Meldra Kemere, Reinis Ignatans
Latvijas Universitates Cietvielu fizikas institiits

S-stavokla joni ar argjas caulas elektronu konfiguraciju 4f' (Gd®" un Eu®) ir
piem@rotas paramagnétiskas zondes, lai pétitu punktveida defektus un to
mijiedarbibas cietvielas ar magnetiskas rezonanses spektroskopijas metodém.

Saja referata tiks apspriesta ar gadoliniju un eiropiju aktivétu stiklu un stikla keramiku
struktiira, balstoties uz veiktajiem diferencialas termalas analizes (DTA), rentgenstaru
difrakcijas (XRD) un elektronu paramagnétiskas rezonanses (EPR) mérjjumiem, un to
korelacija ar materiala optiskajam 1pasibam.

Materiala luminiscence mainas no sarkanas stikla uz baltu stikla keramika. XRD
analize liecina par SrF,, NaAlSiO4 un SrNa,Al;Si40;6 kristalitu veidoSanos p&tamaja
sastava, un uznemtie EPR spektri apstiprina Eu®" jonu iebiivesanos kristalitos.

STRUCTURE AND PROPERTIES OF S-STATE IONS IN GLASS CERAMICS

Andris Antuzevics, Meldra Kemere, Reinis Ignatans
Institute of Solid State Physics, University of Latvia

S-state ions with outer shell electron configuration 4f’ (Gd®" and Eu*") are suitable
paramagnetic probes for the study of point defects and their interactions in solids
using magnetic resonance spectroscopy methods.

Structure of glasses and glass-ceramics doped with gadolinium and europium will be
discussed in this study based on differential thermal analysis (DTA), X-ray diffraction
(XRD) and electron paramagnetic resonance (EPR) measurements in correlation with
optical properties of the material.

Luminescence changes from red in glass to white in glass ceramics. XRD analysis
indicates formation of SrF,, NaAlSiO4 and SrNa,Al4Si4O1¢ crystallites in the studied
composition and EPR measurements confirm incoorporation of Eu®" ions in the
crystallites.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2016/3 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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Zn0O NANOSTRUKTURU IEGUSANA UN TO IZMANTOSANA SVINA JONU
DETEKTESANA

Marina Krasovska, Vjaceslavs Gerbreders, Andrejs Ogurcovs, Iréna Mihailova,
Pavels Sarajevs
Daugavpils Universitate, Dzivibas Zinatnu un Tehnologiju Institits,
Tehnologiju departaments, Inovativas Mikroskopijas Centrs

Nanostruktiiram piemit virkne priekSrocibu salidzingjuma ar makroskopiskiem materialiem:
ieverojami lielaks virsmas laukums un aktivu saisu skaits, un, ka rezultats-labakas adsorpcijas
un detektéSanas spgjas.

Hidrotermalas augSanas procesa nanostruktiiras ir loti jutigas pret augSanas parametru
(temperatiira, Skiduma koncentracija, augSanas laiks, pH Iimenis, dazadu piejaukumu
klatbttne) izmainam, tap&c uzturot nemaindmus vienus parametrus un mainot citus ir
iesp&jams merktiecigi izmainit iegiistamu nanostruktiru morfologiju.

Darba gaita tika sintez&tas sekojoSas ZnO morfologijas: nanostieni, nanoadatas, nanocaurules,
nanoezi un nanoziedi.

Analizgjot paraugus ar XRD, SEM un EDS ir konstatéts, ka iegliti paraugi ir labi sakartoti un
kimiski tiri.

Svina jonu adsorbcijas procesu analizei tika izvElétas tris vertikali sakartotas ZnO
morfologijas: nanoadatas, nanostieni un nanocaurules.

Merijumos ir konstatéts, ka nanocaurulém, salidzinajuma ar nanostieniem, piemit vairak neka
divas reizes lielaks statiskas adsorpcijas koeficients.

Adsorpcijas procesa vizualizéSanai un kvalitativam un kvantitativam aprakstam Kkatrai
morfologijai tika uzpemtas cikliskas voltammogrammas pie dazadam svina jonu
koncentracijam un ir konstatéts, ka morfologijas ar lielaku aktivas virsmas laukumu uzrada
daudz labakus rezultatus.

ZnO NANOSTRUCTURE OBTAINING AND APPLICATION IN LEAD ION
SENSING

Marina Krasovska, Vjaceslavs Gerbreders, Andrejs Ogurcovs, Irena Mihailova,
Pavels Sarajevs
Daugavpils University, Institute of Life Sciences and Technologies,
Technology Department, Innovative microscopy center

Nanomaterials have been grabbing increased attention due its unique physical properties
compared to bulk materials: increased active surface with greater amount of active bounds
and as result higher sorption and sensing properties.

During hydrothermal growth process ZnO is very sensitive to growing parameters (growth
temperature, time, solution concentration, seed layer composition and thickness, presence of
different chemical additives)changes, that is why depending on the objectives of the
application it is possible to obtain controllable morphology modification by changing several
parameters and maintaining another parameters.

Five different ZnO nanostructure morphologies were obtained with good repeatability:
nanorods, nanoneedles, nanotubes, nanourchins and nanoflowers.

XRD, SEM and EDS analysis result indicates, that all obtained nanostructures have good
crystallinity, they are well aligned and chemically pure.

For lead ion sorption process nanotubes, nanorod and nanoneedles were selected.

It has been proved during static adsorption process measurements that nanotubes compared to
nanorods have more than two time higher sorption per mass unit for Pb ions due greater
surface area.

For adsorption process visualization and qualitative and quantitative analysis cyclic
voltammograms for each ZnO morphology were obtained at different lead ion concentration
and it was found that ZnO morphologies with bigger surface area show significantly better
results.
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METALU SULFIDU NANOVADU FOTODETEKTORU IZSTRADE

Edgars Butanovs, Boriss Polakovs
Latvijas Universitates Cietvielu fizikas institiits

Nanomaterialu izmantoSana elektronika un optoelektronika ir aktuals petijumu temats
ne tikai iesp&jamas iekartu miniaturizacijas dél, bet arT materialu atskirigo Tpasibu dgl
nanomeroga. V&l joprojam tiek veikti petijumi par nanovadu iericu prototipu izstrades
metodem un to Tpasibam. Viens no perspektiviem virzieniem ir pusvaditaju nanovadu
izmantoSana gaismas detekt€Sanai.

Darba gaita, izmantojot kimisko tvaiku kondensacijas metodi, uz silicija pamatném
tika izaudzeti PbS, In,S; un CdS nanovadi, kuri tika raksturoti ar sken&joSo un
transmisijas elektronu mikroskopu. Izaudzetie nanovadi ar nanomanipulatoru tika
novietoti uz zelta mikroelektrodiem, kuri izgatavoti ar tie$a ieraksta lazera litografiju,
un piemetinati ar platinu, izmantojot fokusetu jonu kili. Nanovadiem tika uznemtas
voltampéru raksturliknes un mérita fotostrava, apstarojot tos ar dazada vilna garuma
un intensitates gaismu.

Tika izdariti secinajumi par izmantotas fotodetektoru izgatavosanas metodes ietekmi
uz ta darbibu, ka arT par pétito materialu nanovadu jutigumu pret dazada diapazona
optisko starojumu.

ENGINEERING OF METAL SULFIDE NANOWIRE PHOTODETECTORS

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

Potential applications of nanomaterials in electronics and optoelectronics is a topical
research subject due to possible miniaturization of currently used devices and due to
interesting properties that materials exhibit in nanoscale. There is an ongoing research
on fabrication methodologies of nanowire based prototype devices and their
characteristics. One of the perspective research topics is focused on utilizing
semiconducting nanowires as photodetectors.

PbS, In,S; and CdS nanowires were grown on a silica wafer by atmospheric pressure
chemical vapour deposition, and were characterized using scanning and transmission
electron microscopy. Using nanomanipulator, as grown nanowires were placed on
gold microelectrodes produced by direct write laser lithography and welded using
focused ion beam assisted platinum deposition. Current-voltage (I-V) characteristics
and photocurrent were measured for such nanowires by illuminating with a light of
different wavelengths and illumination intensity.

The effect of the utilized preparation method on the photodetector properties is
discussed, as well as the photocurrent dependence on illumination wavelength for
studied materials.

Financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2016/6 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged, financial support by National research program
IMIS?2 is highly appreciated.
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METALA NANOSTRUKTURU TIESA IEGUSANA AR FOKUSETU ELEKTRONU STARU
UZ METALA VIRSMAS

Janis Snikeris, Vjaceslavs Gerbreders
Daugavpils Universitates G. Liberta Inovativas mikroskopijas centrs

Metala nanostruktiiram (MN) ir liela nozime fotonika un virkné mikroelektromehanisko sistemu. [1]
MN veidosana ar elektronu litografijas vai optiskas litografijas metodém ir vairaku etapu process, kas
sev ietver fotorezista maskas uzklasanu, ierakstu un attistisanu. Saja darba aprakstita metode lauj iegiit
MN ar skengjoso elektronu mikroskopu (SEM) viena fabrikacijas soli un bez papildus kimikalijam.
Darba gaita MN — nanopunkti iegiiti uz dazadu metalu virsmam (Al, Cr, Cu, Mo, Ag) izmantojot SEM
ar 30kV paatrinoso spriegumu. Ieglito MN izméri noteikti ar atomspeku mikroskopijas metodi. (1. att.)
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Attels 1. Metala nanopunktu augstuma atkariba no elektronu stara pilnas energijas E=/*U*t uz dazadu metalu virsmam, kur stara

strava /=4-7pA; paatrinoSais spriegums U=30kV un ekspozicijas laiks ¢ mainits robezas no /0 lidz 120s. Stara diameters d=14nm.
Figure 1. Nanodot height on various metals depending on total electron beam energy E=/*U*t, where beam current /=4-7pA,
accelerating voltage U=30kV and exposition time ¢ was changed in range from /0 to /20s. Beam diameter d=14nm.

Iegilito MN izméri ir atkarigi no izmantota metala un elektronu stara parametriem. Darba tiek apspriesti
iespéjamie MN veidoSanas mehanismi fokuséta elektronu stara ietekmé.

1. Nathan C Lindquist et al 2012 Rep. Prog. Phys. 75 036501

DIRECT FORMATION OF METALLIC NANOSTRUCTURES BY FOCUSED ELECTRON
BEAM ON METAL SURFACE

Janis Snikeris, Vjaceslavs Gerbreders
G. Liberts Innovative Microscopy Centre, Daugavpils University

Metallic nanostructures (MN) play huge role in photonics and microelectromechanical systems. [1]
MN formation by conventional electron or optical lithography is multi-step process which includes
photoresist coating, mask recording and development. This work describes method, which allows
obtain MN with scanning electron microscope (SEM) in one fabrication step and without use of
additional chemicals.

In this work, MN — nanodots were obtained by 30kV SEM on various metal surfaces (Al, Cr, Cu, Mo,
Ag). Size of obtained MN was measured by atomic force microscopy. (Fig. 1.)

Size of obtained MN depend on beam parameters and metal properties.
In this work, possible mechanisms of MN forming under influence of focused electron beam are
discussed.

1. Nathan C Lindquist ef al 2012 Rep. Prog. Phys. 75 036501
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NANOSTRUKTURETA ZrO, CAURSPIDIGU KERAMIKU IEGUSANA UN
I1ZPETE

ey —

Latvijas Universitates Cietvielu Fizikas Institiits

legtitas un pétitas uz ZrO, nanokristaliem baz€tas puscaurspidigas nanostrukturétas
keramikas. Sadas keramikas biitu pielietojamas lazeru optikas elementos, jo tam ir
laba termiska izturiba. Petljumu mérkis ir palielinat izpratni par nanostrukturéto
keramiku veidoSanos, tadejadi varetu iegtt keramikas ar lielaku optisko caurlaidibu.
Ka izejmatrials petijuma izmantots ZrO, nanopulveris ar Er un Yb jonu piejaukumu,
kuri izmantoti ka luminiscentas zondes iegiito materialu un keramikas kvalitates
izpete. Izjematerialu pulveri un iegiitas keramikas pétitas ar SEM, TEM, XRD,
luminiscences un optiskas absorbcijas metodém. P&tita graudu un poru augsana pie
dazadam keramiku atkars€Sanas temperatiiram, ka arT defektu iespaids uz caurlaidibu.
Modeléts poru izméru izkliedes iespaids, kur§S salidzinats ar experimentalajiem
absorbcijas spektriem ka ar1 elektronu mikroskopija iegiitajiem graudu un poru
izm@riem.

SYNTHESIS AND RESEARCH OF TRANSLUCENT NANOSTRUCTURED
ZrO, CERAMICS

Dags Olsteins, Krisjanis Smits
Institute of Solid State Physics, University of Latvia

Translucent nanostructured ceramics based on zirconia nanocrystals have been
acquired and studied. Such ceramics could be used in laser optics due to their high
thermal stability. The aim of this research is to increase knowledge about the
formation of nanostructured ceramics thus allowing to create ceramics with greater
optical transparency.

Zirconia nanopowder with added Er and Yb ions was used as raw material. The Er
and Yb ions allow for investigating the acquired material and ceramics using
luminescence methods. The raw material as well as the created ceramics were studied
using SEM, TEM, XRD, luminescence and optic absorption methods. The grain and
pore growth at different heating temperatures as well as the impact of defects on the
translucency of the material was studied.

The effects of scattering depending on the size of pores in the material has been
modeled and compared to the experimental absorption spectra and the data gathered
using electron microscopy.

19






22. februaris

RADIACIJAS EFEKTI UN
KODOLFIZIKA



Radiacijas efekti un kodolfizika, 22. februaris

PEO PARKLAJUMS PIELIETOJUMIEM DOZIMETRIJA

oy —

Latvijas Universitates Cietvielu fizikas institiits

Ar plazmas elektrolitisko oksidésanu (PEO) iegitie parklajumi uz metalu virsmam ir
cieti, biezi keramiskie parklajumi ar lielu pielietojumu klastu to izcilu mehanisko
1pasibu dél, tomer pedeja laika tiek aktivi mekl&ti jauni materialu pielietojumi, t.s.
veidojot dazada veida funkcionalos materialus (piem. dozimetrus). Tehnologijas
attistiba apvienojot ar PEO procesa fundamentalam pasibam (parklajumu biezums un
struktiira, zemas izmaksas, viegla apjoma palielinaSana un pielagosana konkrétiem
uzdevumiem) lauj izveidot perspektivus un konkurentsp€jigus materialus.

Darba autoriem izdevas izveidot unikalo aluminija oksida parklagjumu ar
dozimetriskam 1pasibam uz rupnieciska aluminija virsmas (6082 sérijas). Efekts ir
sasniegts mainot elektrolita sastavu ka ar pielagojot oksideéSanas parametrus. Veikta
parametru optimizacija (pirmas stadijas), dozu atkaribas mérjjumi, salidzinajums ar
jau izmantojamiem dozimetriem (TLD-500) un novértétas citas parklajumu ipasibas.
Apskatiti dazi no parklajumu potencialiem praktiskiem pielietojumiem un definétas
vairakas izveidota materiala priekSrocibas.

PEO COATING FOR APPLICATIONS IN DOSIMETRY

Aleksejs Zolotarjovs, Krisjanis Smits, Katrina Laganovska, Donats Millers
Institute of Solid State Physics, University of Latvia

Hard ceramic coatings on surface of metals produced using Plasma Electrolytic
oxidation (PEO) have a wide range of technological applications due to their excellent
mechanical properties; however, in the last couple of years many research teams are
in active search of novel applications, including the production of various functional
materials (e.g. dosimeters). The advancement of technology as well as unique
fundamental properties of PEO coatings (coating thickness and structure, low cost,
scalability of production as well as adaption to suit specific application) allows the
production of perspective and competitive materials.

A unique oxide layer with dosimetric properties was produced on the 6082 series
aluminium surface. Effect was achieved by using modified electrolyte as well as by
varying parameters of the power supply. Optimization of the parameters (first stage)
was performed, dose response measured and compared to already existing materials
(TLD-500), various different characteristics of obtained coatings studied during this
research. Some of the practical applications are demonstrated, many of advantages for
dosimetric coatings are defined.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2016/12 realized at the Institute of Solid State Physics,
University of Latvia is greatly acknowledged.
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KVALITATES PARVALDIBAS NODROSINASANA

Daina Riekstina, Tamara Krasta, Janis Bérzin$
Latvijas Universitates Cietvielu fizikas institits

Darba apskatiti kvalitates parvaldibas un nodroSinasanas jautdjumi. Lai iegitie
rezultati biitu ticami, kas svarigi gan paSiem pé&tniekiem, gan iesp&jamiem petijjumu
pasiititajiem, ir svarigi nodrodinat kvalitates prasibu ievérosanu. Sis visparigas
prasibas ir definétas atbilstoSajos standartos: parvaldibas sistémas standarta LVS EN
ISO 9001:2015, ka ar1 laboratorijas kompetences standarta LVS EN ISO/EIC
17025:2005L. Galvenas standartu prasibas aptver:

1. Politiku (mérki, strat€gija, kvalitates vadibas sist€ma, vadibas parskati);

2. Resursu parvaldibu (cilvéku resursi, informacija, atbilstosas telpas, u.c.);

3. Procesu parvaldibu (darbinieku apmaciba, materialu un pakalpojumu iepirkumi,
klientu prasibu apmierinasana, stidzibu izskatiSana, u.c.);

4. Mérfjumu procesu, rezultatu analizes un prezentacijas parvaldibu (metodikas, tai

skaitd nenoteiktibu noverteésana, standartu un iekartu kalibréSana, procesu kontrole,
ilgstosi uzlabojumi, auditi, salidzinosSie merijjumi, u.c.).
Tomér janem vera, ka laboratorijas vai pat tikai atseviskas metodes akreditacija prasa
ieverojamus darba un finansu ieguldijumus, tadel svarigi iepriek§ izvertet, vai
petijumu rezultatiem bus pietiekosi plass klientu loks, lai iegulditie Iidzekli
atmaksatos.

ASSURANCE OF THE QUALITY MANAGEMENT

Daina Riekstina, Tamara Krasta, Janis Berzins
Institute of Solid State Physics University of Latvia

Problems related with the quality management and quality assurance are discussed.
Confidence of obtained results is important both for researchers and their potential
clients. This confidence is ensured by compliance with the general requirements
provisioned in corresponding standards: the management system standard LVS EN
ISO 9001:2015, as well as the laboratory competence standard LVS EN ISO/EIC
17025:2005L. The main standard requirements including:

1. Policy (aims, strategy, quality management system, management reports);

2. Resource management (staff, information, rooms, etc.);

3. Process management (training, purchase of materials and services, client servicing,
complaints, etc.);

4. Management of measurements, result analysis and presentation (methods, including
uncertainty assessment, calibration of measurement standards and equipment, process
supervision, continuous improvements, audits, comparison measurements, etc.).
However, one should take into account that accreditation of laboratory or just a single
method is a process requiring considerable work and financial resources, therefore, it
is important to know whether there would be enough clients to justify such
investments.
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PARAMAGNETISKO DEFEKTU IZPETE NO OGLEKLA VEIDOTOS
VAKUUMKAMERAS AIZSARGMATERIALOS

Liga Avotina', Davis Conka', Larisa Baumane®, Gunta L(izﬁnel
"Latvijas Universitates Kimiskas fizikas institiits
’Latvijas Organiskds sintézes institiits

No oglekla veidoti materiali, jo Tpasi oglekla Skiedras kompozitmateriali (Carbon
fiber composites — CFC) ir piem@roti izmantoSanai kodolsintezes iekartas ka
vakuumkameras aizsarg-materiali, zema atomskaitla un labas siltumvaditsp&jas del.
Plazmas procesu laika var veidoties paramagnétiski centri. To identific€Sana lautu
spriest par plazmas — reaktora sienu mijiedarbibas procesu mehanismiem, ieguta
informacija lautu uzlabot materialu no tritija attiriSanas metodes, uzglabasanu un
talaku izmantosanu. Lidz ar to veikta plazmas kamera neizmantotu materialu un
iespgjamo reakciju produktu — fullerénu un volframa karbida izpéte ar elektronu
paramagnétiskas rezonanses spektroskopiju (EPR), lai noteiktu CFC esoSos
paramagnétisko centru veidus. Plazmas kamera neizmantota CFC EPR spektra ir
asimetrisks signals ar g-faktora vertibu 2,005, kas var€tu biit saistits ar nesaparotiem
elektroniem aromatiskajos gredzenos. Fulleréna Cgp spektra signals ar g-faktora
veértibu tuvu 1,990 varétu biit no defektiem kristala.

legtitos rezultatus izmantos datu bazes izveidoSanai, lai identific€tu paramagnétiskos
defektus CFC péc izmantoSanas vakuumkamera.

Finansialais atbalsts: Latvijas Universitates projekts Nr. Y9-B044-ZF-N-300 “Nano,
kvantu tehnologijas un inovativi materiali tautsaimniecibai”

INVESTIGATIONS OF PARAMAGNETIC DEFECTS IN CARBON BASED
VACUUM VESSEL PROTECTION MATERIALS

Liga Avotina', Davis Conka', Larisa Baumane?, Gunta Kizane'
!Institute of Chemical Physics, University of Latvia
’Latvian Institute of Organic Synthesis

Carbon based materials, carbon fibre composites (CFC) particularly, are
suitable for use in fusion devices as divertor and vacuum vessel protection materials
due to low Z and good thermal conductivity.

During plasma processes paramagnetic centres may occur. Identification of
these centres could allow to explain the plasma — wall interaction mechanisms, it
would improve the material purification from tritium methods, storage and further
exploitation. Therefore, investigation on plasma non-exposed carbon based materials
as well as possible reaction products — fullerene and tungsten carbide with electron
spin resonance spectroscopy (ESR) is performed to estimate the types of
paramagnetic centres in carbon based materials. In plasma non-exposed CFC an ESR
signal with g-factor 2.005 occur, probably due to presence of unpaired electrons in
aromatic rings. In the fullerene Cg with a g-value close to 1.990 could be due
imperfection in the crystal.

The obtained results will be used for identification of paramagnetic defects
after exploitation of CFC in vacuum vessel.

The financial support of the University of Latvia financed project No. Y9-B044-ZF-
N-300, “Nano, Quantum Technologies, and Innovative Materials for Economics”
is greatly acknowledged.
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DIVERTORA MATERIALU ANALIZE AR TERMISKAS DESORBCIJAS-
MASSPEKTROMETRIJAS METODI

Mihails Halitovs', Gunta Kizane', Aigars Vitins'?
"Latvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits

Viena no bitiskakajam problémam kodolsintezé izmantojamo materialu nozar€ ir
kodoldegvielas uzkrasanas un izdaliSana. Plazmas saskares materiali pastavigi tiek
modificéti, piem&ram, veidojot volframa parklajumus uz oglekla Skiedras
kompozitmaterialiem un pakapeniski parejot uz divertora materialiem, kas veidoti
tikai no volframa.

Ieprieks€jos pétijumos ir veikta uzkratd tritija daudzuma noteikSana un tritija
aktivitates kartéSana dazados divertora kiegelos. Lai pilnigak izprastu, ka tritijs ir
saistfjies materiala, un noteiktu termiskas desorbcijas maksimumus, tika veikta
materialu termiska desorbcija tandéma ar mazu masu masspektrometru.

Eksperimenti norada uz ogludenrazu savienojumu C.H, kopu, kas izdalas noteikta
nosaciti zemu temperatiiru apgabala (Iidz 500 K). Virs 1000 K notiek salidzinoS$i
stabila tritija T desorbcija, ko noveéro ar mazu masu detektoru. legttie rezultati saskan
ar ieprieks iegiitiem tritija termodesorbcijas spektriem.

Petijuma noteikts aptuvenais temperatiiru apgabals, kura novero detektejama tritija
daudzuma izdalisanos no divertora materialiem. Tritija izdaliSanas no paraugiem
kopuma ir neviendabiga, un nepiecie$ami turpmakie p&tijumi datu precizéSanai.

Finansialais atbalsts: Latvijas Universitates projekts Nr. Y9-B044-ZF-N-300 “Nano,
kvantu tehnologijas un inovativi materiali tautsaimniecibai”

ANALYSIS OF DIVERTOR MATERIALS WITH THERMAL DESORBTION-
MASS SPECTROMETRY METHOD

Mihails Halitovs', Gunta Kizane', Aigars Vitins'?
!Institute of Chemical Physics, University of Latvia
Institute of Solid State Physics, University of Latvia

One of the main problems for fusion reactor materials is fuel retention and extraction.
Plasma facing materials have been constantly modified, e.g. by applying W coating
on carbon-fibre composites and moving towards a full W divertor materials.
Previously determination and mapping of tritium in various divertor materials was
performed. To understand how tritium is accumulated in the material and what are the
desorption peaks, thermal diffusion analysis was performed together with low mass
quantum mass spectrometry.

Experiments indicate a fraction of various hydrocarbon compounds C H, desorbed at
relatively low temperatures (below 500 K). Over ~1000 K fairly stable desorption of
tritium T can be observed through low mass quantum mass spectrometry. The results
match previously obtained tritium thermal desorption spectra.

The initial experimental results show a certain temperature gap for detectible tritium
diffusion from divertor materials. Tritium diffusion from analysed samples is mostly
inconsistent and requires further analysis.

The financial support of the University of Latvia financed project No. Y9-B044-ZF-
N-300, “Nano, Quantum Technologies, and Innovative Materials for Economics” is
greatly acknowledged.
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RADIACIJAS DEFEKTU UN RADIOLIZES PRODUKTU UZKRASANAS
MODIFICETA TRITIJU GENEREJOSA KERAMIKA

Artiirs Zaring', Janis Cipa', Oskars Valtenbergs' , Arnis Supe', Gunta Kizane',
Aleksejs Zolotarjovs®, Larisa Baumane’
ILatvz'jas Universitate, Kimiskas fizikas institits
2Latvijas Universitate, Cietvielu fizikas institiits
3 . . - . - . .=
Latvijas Organiskas sintézes institiits

Modificetas litija ortosilikata (LisSiO4) minilodites ar titana dioksida (TiO,) piedevu ir
izvirzitas, ka potenciala tritiju genercjosa keramika, un tas ir planots testét Starptautiskaja
eksperimentalaja kodolsinteézes reaktora jeb ITER [1]. Ekspluatacijas apstaklos tritiju
generéjosa keramika tiks paklauta speciga neitronu starojuma plasmas (lidz pat
10"® neitroni m? s™"), augstas temperatiiras (lidz pat 1193 K) un magnétiska lauka (7-10
T) iedarbibai. Uzkratie radiacijas defekti (RD) un radiolizes produkti (RP), kas veidojas
neitronu starojuma ietekmé, var mijiedarboties ar generéto tritiju un tamd€] butiski
ietekmét gan tritija difiizijas, gan izdaliSanas procesus.

Saja darba ir pétitas modificétas LiySiO, minilodites ar dazadu TiO, daudzumu pirms un
péc vienlaicigas 5 MeV paatrinato elektronu pliismas (dozas jauda: 1idz pat 10 MGy h™)
un augstas temperatiras (Iidz pat 1120 K) iedarbibas, sausa argona atmosfera.
Modificétas minilodités uzkratos RD un RP analizé ar elektronu paramagnétiskas
rezonanses (EPR) un termostimul&tas luminiscences (TSL) metodi.

ACCUMULATION OF RADIATION-INDUCED DEFECTS AND
RADIOLYSIS PRODUCTS IN MODIFIED TRITIUM BREEDING CERAMIC

Arturs Zarins', Janis Cipal, Oskars Valtenbergsl, Arnis Supel, Gunta Kizane',
Aleksejs Zolotarjovs®, Larisa Baumane’
"University of Latvia, Institute of Chemical Physics
University of Latvia, Institute of Solid State Physics
*Latvian Institute of Organic Synthesis

Modified lithium orthosilicate (Li4SiO4) pebbles with additions of titanium dioxide (TiO,)
are suggested as a potential tritium breeding ceramic, which will be tested in the
International Experimental Thermonuclear Reactor (ITER) [1]. Under the operation
conditions, the tritium breeding ceramic will be exposed to an intense neutron fluence (up
to 10" n m?s™"), a high temperature (up to 1193 K) and a magnetic field (710 T). The
accumulated radiation-induced defects (RD) and radiolysis products (RP), which can
form under actions of neutrons, may interact with generated tritium and thus strongly
influence the tritium diffusion and release processes.

In this research, the modified Li4SiO4 pebbles with different contents of TiO, were
examined before and after simultaneous action of 5 MeV accelerated electron flux (dose
rate: up to 10 MGy h™") and high temperature (up to 1120 K) in a dry argon atmosphere.
The accumulated RD and RP in the modified pebbles were studied by electron spin
resonance (ESR) and thermally stimulated luminescence (TSL) technique.

[1] Knitter R., et al. Recent developments of solid breeder fabrication, J.Nucl.Mat. 2013, 442, S420-
S424.

The work is performed in the frames of the University of Latvia financed project No. Y9-B044-ZF-N-
300, “Nano, Quantum Technologies, and Innovative Materials for Economics”. The authors greatly
acknowledge the technical and experimental support of R. Knitter and O. Leys (KIT, Germany),
M. Gonzalez and V. Correcher (LNF-CIEMAT, Spain).
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MIKROSTRUKTURAS FAKTORU IETEKME UZ ZnO UN ZnO:In
KERAMIKU MEHANISKAJAM UN LUMINISCENCES IPASIBAM

Faina Muktepavela', Roberts Zabels', Larisa Grigorj eva', Edmunds Tamanis’
"Latvijas Universitates Cietvielu fizikas institiits
’Daugavpils Universitate

Caurspidigas ZnO un ZnO:In keramikas izpelnas interesi pielietojumiem augstas
efektivitates scintilatoros. Sim noliikam nepiecie$ama augsta fotoluminiscences (FL)
eksitonu pika intensitate, iesp&jami vaja ar defektu stavokliem saistita ,,zalas” FL josla
un augsta cietiba bez trausluma. Sim prasibam atbilst keramikas ar augstu
mikrostruktiiras kvalitati.

Saja darba apliikota mikrostruktiiras elementu (pulveru forma, virsmas faseté3anas,
mazo un lielo lenku graudu robezas u.c.) ietekme uz nelegétu un ar In legétu (0.13
sv.%) ZnO keramiku Tpasibam. Ar karstas preséSanas metodi pie 1100 °C iegitas
keramikas pétitas, izmantojot SEM, TEM, nanoindentéSanas, un FL metodes.
Noskaidrots, ka jau pulveru sajaukSanas stadijas In veicina sakotngjo faseteto dalinu
pareju uz noapalotu stavokli, kas sekmé sakepinasanos un liellenku graudu robezu
(GR) veidoSanos. Legesana ar In noved pie defektu stavoklu izzusanas un FL
parametra o=I4.¢/Icxc (attieciba starp defektu un eksitonu FL intensitati) samazinasanas
lidz a=0.1, ka arT pie cietibas paaugstinasanas Iidz H=3.3 GPa un transkristalitu veida
lazumiem. Rezultati analizéti no GR struktiiras viedokla saistiba ar Zn un In atomu
aizvietoSanas procesiem uz polarajam [0001] plakném.

THE IMPACT OF MICROSTRUCTURAL FACTOR ON MECHANICAL
AND LUMINESCENT PROPERTIES OF ZnO AND ZnO:In CERAMICS

Faina Muktepavela', Roberts Zabels', Larisa Grigorjeva', Edmunds Tamanis”
"Institute of Solid State Physics, University of Latvia
? Daugavpils University

Zn0 and ZnO:In as transparent ceramics are of interest for use as fast scintillators
with high efficiency. This requires high intensity of photoluminescence (PL) exciton
peak, negligible defect-associated (“green”) PL and high hardness without brittleness.
These requirements should correlate with high quality microstructure.

In this work we consider the influence of shape, surface faceting of the original
powders, behavior of low- and high-angle grain boundaries (GBs) on the properties of
undoped and In-doped (0.13 wt.%) ZnO ceramics. Ceramics obtained by hot pressing
at 1100 °C have been investigated using nanoindentation, SEM, TEM and PL methods.
It was found that already during the powder mixing In facilitates a transition of initial
faceted particles to rounded, promoting good sintering with formation of high-angle
GBs. Doping of In leads to the elimination of defects and decrease of PL parameter
0=lgef/lexc (ratio of defect to excitonic PL intensities) to 0=0.1, and to increased
hardness (from H=2.2 GPa to H=3.3 GPa). Results are discussed in terms of Zn and
In atom replacement processes on polar [0001] planes and the structure transition
processes at GBs.

The financial support of the national programm IMIS?2 is greatly acknowledged
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MEHANISKO IPASIBU UZLABOSANA MAGNETRONA PUTINASANAS
CELA IEGUTIEM a-C/Cu NANOKOMPOZITU PARKLAJUMIEM,
IEVADOT Mo, Ti UN Nb PIEDEVAS

Roberts Zabels', Valerijs Mitins®, Pavels Nazarovs®, Vladimirs Kovalenko2
"Latvijas Universitates Cietvielu fizikas institiits
’Naco Technologies, Riga

Pétitas ar lidzstravas magnetrona izputinaSanu iegiitu a-C/Cu (attieciba ~1:1)
nanokompozitu parklajumu mikromehanisko 1pasibu uzlabosSanas iespgjas, ievadot tajos
karbidveidojosus metalus Ti, Nb un Mo Iidz 9 at. %. Izmantojot XRD, SEM, TEM un
nanoindent€$anas metodes, detaliz€ti izp&tita parklajumu struktiira, plastiskums ka ari
tribologiskiem pielietojumiem nozimiga H/E parametra (H — cietiba, E — Junga modulis)
atkariba no ievadito metalu koncentracijas. Rezultati uzradija ievérojamu cietinasanas
efektu (~50%) un labas plastiskas Tpasibas ar Mo dop&tiem paraugiem, bet Ti un Nb
piedevu efekts bija neliels. ST seciba neatbilst metalu aktivitates rindai karbidu
veidoSana. Izmantotajos uzklasanas apstaklos (T< 600 K) dopgjosas piedevas bija
rentgenamorfas un netika konstatéta karbidu klatbiitne. Atskiribas piedevu efektivitate
var saistit ar atSkirtbam to segregacija uz vara fazes virsmas. Molibdena
antisegregacijas Ipasibas un paaugstinata Skidiba nanoizméra tilpumos var veicinat ta
loti dispersu stavokli vara un izraisit cietibas pieaugumu. Vispargjo parklajumu
kohézijas uzlaboSanos sekm& ar1 Mo spg€ja kalpot ka saistoSsam elementam uz
robezvirsmam, dal&ji aizstajot vajas Cu-C saites.

IMPROVEMENT OF MECHANICAL PROPERTIES IN DC-MAGNETRON
SPUTTERED a-C/Cu NAOCOMPOSITE COATINGS BY INTRODUCING
Mo, Ti AND Nb ADDITIVES

Roberts Zabels', Valery Mitin®, Pavel Nazarov®, Vladimir Kovalenko®
"Institute of Solid State Physics, University of Latvia
’Naco Technologies, Riga

Possibilities of improving micro-mechanical properties in DC-magnetron sputtered a-
C/Cu (ratio ~1:1) nanocomposite coatings by introducing modifying additives — carbide
forming metals Ti, Nb and Mo up to 9 at.% have been investigated. For the investigation
XRD, SEM, TEM and nanoindentation methods have been used. The structure of
coatings and the H/E ratio (H — hardness, E — Young’s modulus), which is of high
importance for the tribological applications, has been investigated in details in relation to
the content of dopants. The results showed a remarkable hardening (~50%) and excellent
plastic properties in the case of Mo doping, whereas in the case of Ti and Nb the effect
wasn’t significant. This order doesn’t correspond to the row of metal activity towards
carbide formation. At the utilized sputtering conditions (T< 600 K) the doping elements
where X-ray amorphous and presence of carbides wasn’t observed. The differences in the
effectiveness of doping elements could be mainly explained by the differences of their
segregation on copper surfaces. The antiseggregation properties of Mo and improved
solubility at nano-scale volumes can facilitate its very disperse state in Cu and cause the
increase of hardness. The overall improvement of the cohesion of coatings is promoted by
the ability of Mo to substitute weak Cu-C bonds on interfaces.
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KODOLREAKCIJAS AR a-DALINAM APSTAROTA LiF UN TO
IEGULDIJUMS DEFEKTU VEIDOSANA ARPUS IMPLANTACIJAS ZONAS

Tamara Krasta, Janis Maniks
Latvijas Universitates Cietvielu fizikas institiits

Pétot ar *He un "°C joniem apstaroto LiF kristalu struktiiras izmainas tika konstatéta
ievérojama defektu koncentracija ar1 zona aiz aprékinata jonu iespieSanas dziluma.
Literattra ka viens no iesp&jamiem Sada efekta iemesliem tiek min&ta kodolreakciju
produktu izraisita jonizacija. Lai novertétu kritoSo dalinu izraisito kodolreakciju
ieguldijumu, tika analiztas visas iesp&jamas neelastigas kodolreakcijas ar Z<2 un
A<4 produktiem. Novértéts, ka pie kritoSo a dalinu plasmas ®=2.5x10"% u/cm?/s
maksimalais kodolreakciju skaits 1.91x10°  1/cm’/s tiek sasniegts pie energijas
17.7£0.4 MeV. Atbilstoso sekundaro dalinu (neskaitot y, e, un e') plisma ir
D=2.86x10° u/em?/s (o - 35.2 %; p - 25.4 %; n - 21.3 %; t - 16.3 %; d - 1.8 %). Pilna
kingtiskas energijas pliisma, kas sadalas starp visiem kodolreakciju produktiem, ir
1.92x10*  MeV/em®/s. Vislielako ieguldigjumu dod 19F(()L,np)ZINe, 19F(a,t)20Ne,
19F(()L,oc')lgF, "Li(a,0')'Li, 7Li(o&,t)gBe*, 1F(()L,p)zzNe reakcijas. Precizu rezultatu
ieglisanu pie apstaroSanas ar “C joniem kave atbilstoSo kodolreakciju eksperimentalo
ierosinajuma funkciju trikums pieejamajas datu bazes. Tomér var novértét, ka '“C
gadijuma iegiita sekundaro dalinu plisma bis nedaudz lielaka, ar maksimumu pie
augstakas kritoso dalinu energijas. Ir secinats, ka kodolreakcijas iegita sekundara
dalinu plisma nav pietickama, lai pilniba izskaidrotu visas noverotas LiF kristala
struktiiras un cietibas izmainas plasa apgabala aiz apstarotas zonas.

NUCLEAR REACTIONS IN o-PARTICLE IRRADIATED LiF AND THEIR
IMPACT ON DEFECT CREATION BEYOND THE ION RANGE

Tamara Krasta, Janis Maniks
Institute of Solid State Physics, University of Latvia

The study of structural changes in LiF crystals irradiated with *He and '*C ions
revealed considerable concentration of defect aggregates in areas beyond the
projected ion range. In literature, one of proposed explanations is ionization by
nuclear reaction products. In order to assess the impact of nuclear reactions, we have
analyzed all possible non-elastic nuclear reactions with Z<2 and A<4 products. For
the o particle flux ®=2.5x10'? u/cm?s, it has been found that the maximal number of
nuclear reactions - 1.91x10° 1/cm?/s, one obtains at 17.7+0.4 MeV irradiation energy.
Corresponding secondary particle (except vy, ¢, and ") flux is ®=2.86x10° u/cm?/s
(0-352%;p-254%;n-213%;t-16.3 %;d- 1.8 %). Total kinetic energy flux
distributed between all nuclear reaction products is 1.92x10* MeV/cm?/s. The greatest
impact is due to '"F(a,np)*'Ne, "*F(a,t)**Ne, "F(a,a")'"°F, "Li(a,a")'Li, "Li(a,t)*Be*,
PF(a,p)*Ne reactions. Precise calculations for irradiation with '*C ions are hindered
since in data bases there is no experimental excitation functions for corresponding
nuclear reactions. Though, one can estimate that the secondary particle flux in the
case of '*C irradiation would be slightly higher with a maximum at higher incident
particle energy values. It is concluded that the secondary particle flux produced by
nuclear reactions is insufficient in order to explain all observed structural changes in
LiF crystal hardening effects in areas beyond the ion range.
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DEFEKTU AGREGATU VEIDOSANAS AR a-DALINAM APSTAROTU LIF
KRISTALU IMPLANTACIJAS ZONA UN ARPUS TAS

Rolands Grants, Roberts Zabels, Ilze Manika
Latvijas Universitates Cietvielu fizikas institiits

Petitas defektu agregatu veidoSanas LiF monokristalos, apstarojot tos ar 5 MeV
energijas o — dalinu kiili lidz augstam dozam (fluences 10'* un 10" joni/cm?).
Izmantotas ASM, selektivas kimiskas kodinasanas, dislokaciju kustiguma un
nanoindentéSanas metodes. Apstarotajos kristalos noveérota ar dislokacijam bagatas
struktiiras veidoSanas, ko apliecina gan dislokaciju kodinasanas rezultati, gan
ievérojama cietibas palielinaSanas implantacijas zona, sniedzoties lidz vertibam, kas
tuvas smago jonu gadijuma novérotajam. Sis rezultats kopa ar agrik iegiitajiem
datiem, apstarojot ar '°C joniem, apliecina vieglo jonu efektivitati struktiiras un
mikromehanisko Ipasibu nodifikacija. Ipatniba ir apstarotos kristalos novérotas
struktiiras un dislokaciju kustiguma izmainas relativi liela dziluma (Iidz pat 300 um),
kas daudzkart parsniedz ar SRIM programmu aprékinato o — dalinu noskrgjienu (20
pum). Lidzigs taldarbibas efekts literatiira noveérots krasu centru veidoSana ar 2c
joniem apstarotos LiF kristdlos. ST darba rezultati apliecina, ka apstarotajai zonai
piegulosaja apgabala iesp&jama ne tikai krasu centru, bet arT dislokaciju un citu
neindificetu defektu agregatu veidoSanas. Rezultatu analize ka ticamako taldarbibas
efekta celoni izvirza kanaléSanas efektu.

FORMATION OF DEFECT AGGREGATES INSIDE AND OUTSIDE THE
IMPLANTATION ZONE OF a-PARTICLE IRRADIATED LiF

Rolands Grants, Roberts Zabels, Ilze Manika
Institute of Solid State Physics, University of Latvia

Structural changes in LiF single crystals irradiated with 5 MeV a-particles to high
doses (fluences 10" and 10" ions/cm?) have been investigated. Formation of
radiation induced defect aggregates have been investigated by means of AFM,
selective chemical etching, dislocation mobility and nanoindentation methods. The
presence of ion-induced dislocations has been confirmed by selective chemical
etching as well as by elevated hardness values which are approaching those obtained
on LiF subjected to irradiation with swift heavy ions. This result in conjunction with
data obtained by irradiation with '*C ions, confirms the efficiency of light ions for the
modification of structure and micro-mechanical properties. In crystals irradiated with
a-particles a peculiarity was an observed change in dislocation mobility and structure
up to relatively high depth (300 pm) which multiple times exceeds the ion range (20
pum) calculated by SRIM. In literature a similar long range effect has been observed in
the formation of color centers in LiF irradiated with '*C ions. The results of this work
confirm that not only formation of color centers but also formation of dislocations and
other unidentified defect aggregates beyond the ion range is possible. The analysis of
the results suggests channeling effect as the most probable cause for the observed
effect.

The financial support of the national programm IMIS?2 is greatly acknowledged.
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PUNKTVEIDA SIMETRIJAS GRUPU PIELIETOJUMS DEFEKTIVA CeO,
SUPERSUNAS MODELI

Andrejs Cesnokovs', Deniss Grjaznovs', Roberts A. Evarestovs®, Jevgenijs Kotomins'?
"Latvijas Universitates Cietvielu fizikas institiits
’Sankpéterburgas Valsts universitate
'Maksa Planka Cietvielu pétijumu institiits

Saja darba més paradam simetrijas lomu polaronu un aizvietoianas defektu
izveidosana cerija dioksida (CeO,). M&s petijam skabekla vakances (Vo) un Ce
atomus aizvietojoSus Tb piemaisijumus izmantojot ab initio datoraprékinus. Mes
piedavajam un apspriezam jaunu metodi cietvielu defektu petfjumiem, kas balstas uz
grupu teorijas analizi un aprékinu rezultatu interpretaciju. Vo gadijuma $1 metode lauj
izpetit iesp&jamas polaronu atomu un magnétiskas konfiguracijas, ka ar1 interpretét
polaronu izveidosanas energétiku. Tb oksidéSanas pakapes izmainas ir apspriestas,
izanalizgjot sistémas magnétiskus momentus un atomu Badera ladinus. Saja pétijuma
més paradam saikni starp supersiinas izm&riem, dotas superStinas defektu punktveida
simetrijas grupam un iesp&jamiem atrisindgjumiem ar dazadam spinu projekcijas
vertibam un ar dazadu elektronu lokalizaciju.

Savos ab initio aprékinos més izmantojam gan atomu orbitalu linearas kombinacijas,
gan plakanvilnu pieejas, realizetas, attiecigi, CRYSTAL14 un VASP 5.3 programmas.
Skabekla vakances tika pétitas ar hibrido PBEO apmainas-korelacijas funkcionalu,
savukart Tb piemaistjumi prasija DFT+U metodes pielietoSanu. Abi defekti tika
simuléti lielas supersiinas ar, attiecigi, 81 un 96 atomiem.

USE OF SITE SYMMETRY IN SUPERCELL MODEL OF DEFECTIVE CeO.

Andrejs Cesnokovs', Deniss Grjaznovsl, Roberts A. Evarestovs, Eugene Kotomins'?
Institute of Solid State Physics, University of Latvia
’St. Petersburg State University
’Max Planck Institute for Solid State Research

In this work we demonstrate the role of site symmetry in the formation of polarons
and substitution defects in cerium dioxide (CeO,). We used ab initio calculations to
study oxygen vacancies (Vo) and Tb impurities which substitute Ce atoms. We
suggest and discuss a new method to study defects in solids which is based on group
theoretical analysis and on interpretation of calculation results. In the case of Vo, this
method allows one to explore possible atomic and magnetic configurations of
polarons and to interpret their formation energies. The changes in Tb oxidation state
are discussed through analysis of its magnetic moments and Bader charges. In the
present study, we show the connection between the size of a supercell, the site
symmetries of defects in that supercell, and possible solutions with different values of
spin projections and degree of electron localization.

In our ab initio calculations, we have used both linear combination of atomic orbitals
and plane wave approaches as implemented in CRYSTALI14 and VASP 5.3 codes,
respectively. The oxygen vacancies were studied with the hybrid PBEO exchange
correlation functional whereas the Tb impurity needed the DFT+U method. Both
types of defects were simulated in large supercells consisting of 81 and 96 atoms,
respectively.

A.C. thanks the financial support from the University of Latvia Foundation (Arnis
Riekstins's "MikroTik" donation).
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MAGNETISKO Fe-Pt NANODALINU TERMODINAMIKAS UN OGLEKLA
ADSORBCIJAS APREKINI NO PIRMAJIEM PRINCIPIEM

Aleksandrs Platonenko, Dmitrijs Boarovs, Sergejs Piskunovs, Jurijs Zukovskis
Latvijas Universitates Cietvielu fizikas institiits

FePt nanodalinam ar L1, struktiiru piemit augsta magnetokristaliska anizotropija un
augsta koercivitate, kas padara vinus par perspektivu materialu augsta blivuma
magnétiskiem datu nes&jiem. So nanodalinu magnétiskas Tpasibas lauj tos izmantot ka
pamatu CNT ar uzdoto hiralitati audzgsanai. Tadu CNT hiralitate biis atkariga no
argja magnétiska lauka virziena audz€sanas laika, ka art CNT diametrs bils atkarigs no
FePt nanodalinu izmera.

Saja darba més veicam ab initio aprékinus ar CRYSTALI4 programmu, izmantojot
PWGGA apmainas-korelacijas funkcionalu. Tika uzkonstruéti FePt nanodalinu
modeli ar dazadu stehiometriju un morfologiju un aprékinata to virsmas briva energija.
Nanodalina ar zemako virsmas energiju tika izmantota atseviska oglekla atoma
adsorbcijas modelesanai. Tika izveletas 10 simetriski neatkarigas pozicijas uz
nanodalinas skaldnes un veikta pilna sistémas optimizacija. Nanodalinas magnétiskas
ipaSibas un geometrija, ka ari oglekla adsorbcijas energijas tika salidzinatas ar
pieejamiem eksperimentaliem datiem. Pe&tjjums ir finansiali atbalstits Latvijas
Universitates Cietvielu fizikas institita Studentu un Jauno zinatnieku projekta Nr.
SJZ/2016/17 ietvaros.

AB INITIO STUDY ON MAGNETIC Fe-Pt NANOPARTICLES
THERMODYNAMICS AND CARBON ADSORPTION UPON THEM

Aleksandrs Platonenko, Dmitry Bocharov, Sergejs Piskunov, Yuri. F. Zhukovskii
Institute of Solid State Physics, University of Latvia

FePt nanoparticles with L1, structure exhibit high magnetocrystalline anisotropy and
high coercivities, what make them potential material for ultra-high density magnetic
data storage. Magnetic properties of these nanoparticles allow to use them as a
catalyst for CNT growth with predicted chiralities. Chirality of these CNT will
depend on direction of an external magnetic field and diameter will depend on size of
FePt nanoparticle.

Here we present ab initio calculations performed with CRYSTALI14 program using
PWGGA exchange-correlation functional. Models of FePt nanoparticles with
different stoichiometry and atom arrangement were set up and their free surface
energy were calculated. Nanoparticle with lowest surface energy was used for single
carbon atom adsorption modeling. 10 symmetrically-independent positions on surface
were chosen and system was fully optimized. Nanoparticle magnetic properties and
geometry, as well as carbon adsorption energies were compared with available
experimental data. Financial support provided by Scientific Research Project for
Students and Young Researchers Nr. SJZ/2016/17 realized at the Institute of Solid
State Physics, University of Latvia is greatly acknowledged.
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STRUKTURA UN FAZU PAREJAS AR Yb LEGETA Nay;Bi;,TiO;.

Laura Eglite, Reinis Ignatans, Karlis Kundzins, Maija Antonova, Eriks Birks
Latvijas Universitates Cietvielu fizikas institits

Interese par Na,,Bi;,TiO;, kas legéts ar retzemju elementiem, ir saistita ar iesp&jamu
segnetoelektrisko 1paSibu uzlabosanos, bet jo 1pasi luminiscenci, kas daudzkart
novérota ar retzemju elementiem legétos perovskitos. Saja darba pétita Yb ietekme uz
Na2Bi;,TiO3 mikrostruktiiru un fazu pareju. Stehiometriska Yb pievienoSana, Bi*"
aizvietojot ar Yb*", pie mazam ta koncentracijam (mazak par 1 at%) izraisa graudu
izméru pieaugumu un bimodalu graudu izméru sadalfjumu, pie lielakam Yb
koncentracijam graudu izmers strauji samazinas. Nestehiometriskas pievienoSanas
gadijjuma graudu izm@ru samazinaSanas noverojama jau pie mazakam Yb
koncentracijam. Elementarsiinas izm&ra samazinasanos, pieaugot Yb koncentracijai,
apstiprina Yb*" iebiivéanos A-rezgi. Yb reala koncentracija ir noteikta ar EDS un
EDX. Yb ievérojami samazina dielektriskas caurlaidibas maksimumu un nobida plecu
dielektriskas caurlaidibas temperatiiras atkariba uz zemo temperatiiru pusi.
Depolarizacijas temperatiira samazinas, pieaugot Yb koncentracijai, kas norada uz
segnetoelektriska stavokla stabilitates samazinasanos. Graudu izméru atkariba no Yb
koncentracijas ir izskaidrota ar graudu augSanas modeli, kura graudu robezam
raksturiga izteikta skaldnu forma.

STRUCTURE AND PHASE TRANSITIONS IN Yb DOPED Na,/;Bi;»TiO3.

Laura Eglite, Reinis Ignatans, Karlis Kundzinsh, Maija Antonova, Eriks Birks
Latvijas Universitates Cietvielu fizikas institits

Interest in rare-earth doped Na,;,Bi;,TiOs; is due to potential improvement of
ferroelectric properties as well as photoluminescence, observed in a large number of
rare-earth doped perovskites. The aim of present study is to determine influence of Yb
on microstructure and phase transitions in Na;,Bi;,TiO3; ceramics. Stoichiometric
incorporation of Yb, where Yb>* substitutes Bi’", leads to increase in grain size with
formation of bimodal grain size distribution at low concentrations of Yb (up to 1 at%),
while at higher concentrations grain size decreases rapidly. Nonstoichiometric doping
results in significant reduction of grain size even at lower concentrations of Yb. Upon
increasing Yb concentration, a decrease in unit cell parameters is observed, thus
confirming Yb®" ion occupation of A-sites. Real concentrations of Yb in the
compositions are determined by EDS and EDX. Yb substantially reduces maximum
dielectric permittivity and shoulder of temperature dependence of dielectric
permittivity shifts to lower temperatures. With the increase of Yb concentration,
depolarisation temperature decreases, implying degradation of ferroelectric state
stability. Grain size dependence on Yb concentration is attributed to faceted grain
growth model.

This work has been supported by the National Research Program in the framework of

project “Multifunctional Materials and composites, photonics and nanotechnology
(IMIS?y”.
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LUMINISCENCE AR Er'* AKTIVETA Nay 5BiysTiOs

Marija Dunce, Eriks Birks, Jurgis Griibe, Maija Antonova
Latvijas Universitates Cietvielu fizikas institits

Pateicoties pieaugoS$ai interesei par multifunkcionaliem materialiem, kas spe&tu vienlaicigi
uzradit vairakas funkcionalas, taja skaita optiskas, ipasibas un apvienotu sevi sp&jas
reagét gan uz elektrisku, gan uz mehanisku iedarbibu, par aktualu t€mu ir kluvusi
luminiscences izp&te segnetoelektriskos materialos. Viens no interesantakajiem
materialiem Saja aspekta ir NagsBipsTiO; (NBT) — bezsvina segnetoelektrikis ar
perspektivam pjezoelektriskam 1pasSibam. Neskatoties uz lielo interesi par luminiscenci ar
Er’" aktivéta NBT un cietajos $kidumos uz ta bazes, $aja virziena veiktie pétfjumi ir
diezgan virspusgji un parsvara veikti augSupparveidotai luminiscencei pie istabas
temperatiiras. Sis darbs ir veltits detalizétai luminiscences izpétei ar Er’" aktivéta NBT,
Ipasu uzmanibu pieversSot ierosmes un luminiscences spektriem, kas uznemti pie zemas
temperatiras (~15 K) un sastaviem ar mazu Er koncentraciju (0,05 at%). Merijjumi veikti
gan nepolariz€tam, gan polariz€tam paraugam. legitie rezultati sniedz butisku
informaciju par p&tama sastava struktiiru un Er’" energijas limeniem taja. Luminiscences
spektru nobide, mainoties ierosmes starojuma vilnu garumam, var tikt skaidrota ar nelielu
Er’" 4f energijas limenu nobidi atkariba no Er’* lokalas apkartnes, kas saistita ar Na/Bi
nesakartotibu kristaliskaja rezgi. Ir paradits, ka parauga polariz€Sana rada izmainas
sastava energijas limenu novietojuma un padara materiala struktiiru simetriskaku.
Salidzinasanai veikti mérfjumi ari NBT sastivam, kas aktivéts ar lielaku Er**
koncentraciju (2% Er).

LUMINESCENCE IN Er**-ACTIVATED Nay sBiysTiO;

Marija Dunce, Eriks Birks, Jurgis Grube, Maija Antonova
Institute of Solid State Physics, University of Latvia

Due to increasing interest about multifunctional materials, which could have several
functional properties, including optical properties, simultaneously and merge abilities to
react on both electrical and mechanical influence, research of luminescence in
ferroelectric materials has become an urgent topic. One of the most interesting materials
in this aspect is NagsBigsTiO; (NBT) — lead-free ferroelectrics with perspective
piezoelectric properties. In spite of the large interest about luminescence in Er’-activated
NBT and NBT-based solid solutions, studies done in this direction are rather superficial
and are performed mostly for up-conversion luminescence at room temperature. This
work is devoted to detailed study of luminescence in Er’*-activated NBT, paying special
attention to excitation and luminescence spectra obtained at low temperature (~15 K) and
compositions with a small concentration of Er (0.05 at% ). Measurements were done both
for the unpoled and the poled sample. The obtained results provide significant
information on structure of the studied composition and Er** energy levels in it. The shift
of the luminescence spectra, upon change of the excitation radiation wavelength, can be
explained by a shift of 4f energy levels of Er’* depending on the local environment of
Er**, which is related to Na/Bi disorder in the crystallographic lattice. It is shown that
poling of the sample causes changes in the displacement of the energy levels and makes
structure of the the material more symmetric. For comparison, measurements were
performed also for NBT composition, which was actived by a higher concentration of
Er** (2 at%).

This work has been financially supported by the Institute of Solid State Physics in the framework of the

Student and Young Scientist project “Luminescence and ferroelectric properties in Er-activated lead-
free Nag sBij sTiO3-based multifunctional materials” (SJZ/2016/21).
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LUMINISCENCES PROCESI AR ERBIJA UN ITERBIJA JONIEM
AKTIVETA Ba,Y;F;; MATERIALA

Jurgis Grabe
Latvijas Universitates Cietvielu fizikas institiits

Regulgjot dazadas optiskas sist€mas ir nepiecieSams So starojumu noverot, pat ja $is
starojums nav neredzams ar aci, pieméram, infrasarkanais starojums. Neredzamo
starojumu ir nepiecie$ams vizualizét ar dazadu materialu palidzibu. Sadu veida
materialu mekl&jumi vél joprojam ir aktuali. Perspektivs materials, kas varétu kalpot
ka infrasarkana starojuma vizualizators, varétu bt BasY3F,; aktivéts ar dazadiem
retzemju elementiem. lerosinot $ada veida materialu ar infrasarkano starojumu ir
iespgjams noverot augsSup-parveidoto luminiscenci redzamaja spektra diapazona.
Zinatniskaja literatira ir maz informacijas par §1 materiala spektroskopiskajam
Tpasibam, tadel Sis darbs ir veltits BasY3F;; spektroskopisko 1pasibu pétisanai.

Darba gaita tika sintezeti Ba,Y3F;;7 aktivéts ar dazadam Er’" un Yb* koncentracijam.
Sintez€tajiem paraugiem tika izmeriti luminiscences un augSup-parveidotas
luminiscences spektri. Paraugiem noverotas Er’’ raksturigas luminiscences joslas
redzamaja spektra diapazona. Doming€joSajam luminiscences joslam tika izméritas
luminiscences kingtikas gan tieSaja ierosmé, gan augSup-parveidotaja ierosme. Tika
novértéta Er’ koncentracijas ietekme uz materiala spektroskopiskajam ipasibam.
Apkopojot iegiitos eksperimentalos rezultatus, tiks spriests par luminiscences
procesiem ar Er - atseviski un kopa ar Yb*" aktiveta BasY;sFy7.

LUMINESCENCE PROCESSES IN ERBIUM AND YTTERBIUM DOPED
Ba4Y3F17 MATERIAL

Jurgis Grube
Institute of Solid State Physics, University of Latvia

Optical system adjustment often requires to see light path even if this light is not
visible to human eyes, for example, infrared radiation. This invisible light needs to be
visualize using different kind of materials. Search of such materials is still actual.
Potential good material for this purpose could be Ba;Y3F;7 doped with different rare-
earth elements. After excitation with infrared radiation such material emit up-
conversion luminescence in visible spectral region. Scientific literature has little
information about BasY3F ;7 spectroscopic properties. Therefore this work is devoted
to study BasY3F7 spectroscopic properties.

In this work BasY3Fi; doped with different Er’" and Yb*' concentration has been
synthesized. For synthesized samples luminescence and up-conversion luminescence
spectra were measured. Characteristic Er*" luminescence bands in visible spectral
regions could be observed. Luminescence and up-conversion luminescence kinetics
were measured for main Er'" bands. Er'" concentration impact on material
spectroscopic properties were evaluated.

Based on the experimental results luminescence processes in Er’* and Er’'/Yb*
doped BasY;F7 are discussed.

This work has been financially supported by the Institute of Solid State Physics in the framework of
Student and Young Scientist project “New materials for infrared radiation visualization” (SJZ/2016/27).
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AR EIROPIJU UN GADOLINIJU AKTIVETU OKSIFLUORIDU
STIKLA KERAMIKU FOTOLUMINISCENCE

Gatis Prieditis, Meldra Kemere, Andris Antuzeviés, Uldis Rogulis
Latvijas Universitates Cietvielu fizikas institiits

Oksifluoridu stiklu keramikas, kas aktivEtas ar retzemju elementu joniem, tiek
uzskatita ka perspektivs materials pielietojumiem optiskas ieric€s. Fluoridu kristalitus
raksturo zema fononu energija, un retzemju jonu iebiivéSanas kristalitos uzlabo
luminiscences intensitati un rada iesp&jas baltas gaismas iegliSanai.

Darba gaita tika sintez&ti oksifluoridu SiO;-Al,03-Na,COs-SrF; stikli, kuri aktiveti ar
EuF; (1 mol%) un GdFs (0 - 1 mol%). No iegiitajiem paraugiem izgatavotas stikla
keramikas, karsgjot dazadas temperatiiras (600 - 800 °C), un veikta XRD datu analize.
legiitajiem paraugiem izmeriti fotoluminiscences spektri, fotoluminiscences ierosmes
spektri, ierosmei izmantojot impulsu lazeru un ksenona lampu ultravioletaja
diapazona. legiitas luminiscences dziSanas king&tikas eiropija joniem.

No XRD datiem iegtita informacija par kristalisko fazu klatbiitni parauga un noverteti
kristalttu vidgjie izméri. Luminiscences mérjjumos stikla keramikas nov&rojamas
emisijas joslu izmainas, kas liecina par eiropija jonu iebtivéSanos kristalitos. Stikla
keramikas novérojamas platas Eu®" jonu emisijas joslas dazados spektra diapazonos,
kas nodrosina baltas gaismas iegiiSanu pie UV ierosmes.

PHOTOLUMINESCENCE SPECTRA OF EUROPIUM AND GADOLINIUM
DOPED OXYFLUORIDE GLASS CERAMICS

Gatis Prieditis, Meldra Kemere, Andris Antuzevics, Uldis Rogulis
Institute of Solid State Physics, University of Latvia

Oxyfluoride glass ceramics doped with rare earth ions are considered as perspective
material for applications in optical devices. Fluoride crystallites are characterized by
low phonon energy and rare-earth ion incorporation in crystallites enhances their
radiative rate and creates favorable conditions for obtaining white light phosphors.
Series of oxyfluoride SiO,-Al,03;-Na,CO3-SrF, glass samples, doped with EuF;
(1 mol%) and GdF; (0 - 1 mol%), have been synthesized. After a thermally activated
creation of nanocrystals at various temperatures (600 - 800 °C), glass ceramics have
been obtained. Samples were analyzed with XRD techniques. Photoluminescence
emission and excitation spectra were obtained using pulse laser and Xe lamp for
excitation at UV range. The decay kinetics of europium ions have been obtained.
XRD data confirmed crystalline phase presence in samples and provided information
about the average sizes of crystallites. The change in the emission spectra suggests the
europium ion incorporation in the crystallites. Wide emission bands of Eu*" ions
which have been observed in the spectra of glass ceramics, contribute to the white
light emission at the UV excitation.

The financial support from Latvian National Research Program IMIS® is greatly
acknowledged.
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Gd’ UN Vi CENTRS BaY,Fg KRISTALA

Andris Antuzevics', Andris Fedotovs', Dzintars Bérzir;él, Uldis Rogulisl, Reinis Ignat."ansl,
Sonia Baldochi’
Latvijas Universitdtes Cietvielu fizikas institiits
’Nuclear and Energy Research Institute, University of Sao Paulo

BaY,Fs ir perspektivs materials cietvielu lazeru, scintilatoru un augSuparveidojoso
parklajumu veidoSana, tacu punktveida defektu struktira Iidz Sim nav plasi pétita
kristala monoklinas simetrijas dél.

Neaktivétam BaY,Fg monokristalam ir veikti elektronu paramagné&tiskas rezonanses
(EPR) un optiski detekt€jamo magnétisko rezonansu (ODMR) spektru mérfjumi péc
apstaros$anas ar rentgenstariem.

Liniju skaits un lenkiska atkariba EPR spektros liecina par piejaukuma jonu ar
efektivo spinu S=7/2 klatbiitni kristala. Lenkisko atkaribu iesp&jams veiksmigi
modelét ar Gd°" joniem raksturigiem spektra parametriem.

P&c apstaros$anas ar rentgenstariem zemas temperatiiras redz lenkiski atkarigu ODMR
signalu ap g =~ 2. Spektru modeléSana izmantots modelis kura sist€tma ar S = '
anizotropi mijiedarbojas ar diviem kodola spiniem /=Y. Hipersikstruktiras
parametru skaitliskajam vertibam ir laba sakritiba ar Vi centriem citos fluoridos.

Gd’" AND Vi CENTRE IN BaY,Fs CRYSTAL

Andris Antuzevics', Andris Fedotovs', Dzintars Berzins', Uldis Rogulisl, Reinis Ignatansl,
Sonia Baldochi®
'Institute of Solid State Physics, University of Latvia
’Nuclear and Energy Research Institute, University of Sao Paulo

BaY,Fs is a promising host for solid state lasers, scintillators and up-conversion
coatings, however, because of the crystal monoclinic symmetry the structure of point
defects has not been studied thoroughly yet.

Electron paramagnetic resonance (EPR) and optically detectable magnetic resonance
(ODMR) measurements after irradiation with X-rays have been made for a non-doped
BaY,Fjs single crystal.

The number of lines and angular dependence of the EPR spectra indicate the presence
of impurities with effective spin S = 7/2 in the crystal. The angular dependence can be
successfully simulated with spectral parameters characteristic to Gd* " ions.

After irradiation with X-rays at low temperatures an ODMR signal at g = 2 appears in
the spectrum. In spectral simulations we have used a model with S= % and
anisotropic interaction with two nuclear spins /=Y. Hyperfine structure parameter
numerical values have a good agreement with Vi centres in other fluorides.
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DEFEKTU CENTRI YAIO3;:Mn

Edgars Elsts', Andris Antuzeviés', Uldis Rogulis', Yaroslav Zhydachevskii*’ Serhii Ubizskii
?, Dmytro Sugak’, Anatolijs I. Popovs'
'Latvijas Universitates Cietvielu Fizikas Institiits
’Lvovas Politehniska Valsts Universitdte
’Polijas Zindtnu akadémijas Fizikas Institiits

Ar retzemju joniem aktivéti itrija ortoaluminata YAIO; (YAP) kristali jau ilgu laiku ir
piesaistijusi interesi joniz&josa starojuma termoluminiscences dozimetrijas (TL), ka
arT atru scintilatoru detektoru pielietojumiem. P&dgja laika ir uzskatami demonstréts ar
Mn?" aktivétu YAP izmantoSanas potencials jonizgjosa starojuma TL dozimetrijai.
Saja prezentacija, péc iepazistinasanas ar YAIO; radiacijas punktveida defektu un
piejaukumu pamatnostadném, mes veidosim kopsavilkumu, kura bis apkopota
pasreizgja situacija YAIOs;:Mn monokristalu un keramikas luminiscences pétijumos
(PL, OSL, TSL, TR-OSL un dozas atkarigaja OSL)

Péc tam mes zinosim par nesenajiem EPR me@rjjumu rezultatiem YAIO3:Mn**
paraugiem, kuru izgatavoSana un raksturojums ir apskatiti [1,2]. Visbeidzot, tiks
prezentgts detalizets salidzinajums ar ieprieks publicétajiem datiem.

DEFECT CENTRES IN YAIO3;:Mn

Edgars Elsts', Andris Antuzevics' Uldis Rogulis', Yaroslav Zhydachevskii**, Serhii Ubizskii’,
Dmytro Sugak®, Anatoli I. Popov'
!Institute of Solid State Physics, University of Latvia
’Lviv Polytechnic National University
3 Institute of Physics, Polish Academy of Sciences

Yttrium orthoaluminate YAIO; (YAP) crystals doped by rare earth ions have long-
term interest for thermoluminescent (TL) dosimetry of ionizing radiation as well as
fast scintillator detection. Recently, application potential of Mn**-doped YAP for TL
dosimetry of ionizing radiation has been clearly demonstrated.

In this presentation, after introducing some basics on the radiation point defects and
impurities in YAIO3, we will summarize the current status of luminescence studies
(PL, OSL, TSL, TR-OSL, and dose dependence of OSL) of YAIO;:Mn single crystals
and ceramics.

Then, we will report the recent results of EPR measurements of the set of
YAIO;:Mn*" samples, prepared and characterized in [1,2]. Finally, detailed
comparison with earlier published data will be presented.

[1] Zhydachevskii, Ya, A. Suchocki, M. Berkowski, P. Bilski, and S. Warchol.
Radiation Measurements 45, no. 3 (2010): 516-518.

[2] Zhydachevskii, Ya, A. Luchechko, D. Maraba, N. Martynyuk, M. Glowacki, E.
Bulur, S. Ubizskii, M. Berkowski, and A. Suchocki. Radiation Measurements 94
(2016): 18-22.

The financial support of Latvian-Ukrainian Joint Research Project No LV-UA/2016/1
is greatly acknowledged.
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IRIDIJA JONU VALENCES STAVOKLIS CINKA-IRIDIJA OKSIDA
PLANAS KARTINAS, KAS IEGUTAS AR MAGNETRONA UZPUTINASANU

Vera Skvorcova, Nina Mironova- Ulmane, Martin$ Zubkins, Roberts Kalendarevs,
Georgijs Cikvaidze, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Caurspidigas oksida pusvaditaju planas kartinas ar labu optisko caurspidibu, augstu p-
tipa vaditsp&ju, augstu darba funkciju un zemu nos€Sanas temperatiiru var izmantot ka
p-tipa elektrodu plano kartinu fotoelementu iekartam, plakaniem ekraniem, gaismas
iericém un caurspidigai elektronikai. Cinka oksids ar iridiju ir jaunas klases p-tipa
caurspidigais oksida pusvaditajs. Ir’", Ir*" un Ir’* atSkirigais oksidacijas stavoklis
oksida savienojumos izraisa lielu interesi, jo Ir-0 saites garums ir atkarigs no lokalas
struktiiras un kimiskas vides.

Darba tika pétiti iridija jonu absorbcijas spektri cinka-iridija oksida planas kartinas ar
dazadam iridija atomu koncentracijam. Kartinas tika uzklatas ar reaktivo DC
magnetrona uzputinasSanu. Iridija koncentraciju kontrol€ ka iridija daudzumu uz cinka
mérka erozijas zonas un skabekla argona attiecibu.

Absorbcijas spektri UV-redzamaja spektrala diapazona ietver platas joslas ar
maksimumiem 446 un 710 nm un tuvaja infrasarkana un infrasarkana rajona parada
divas platas joslas ar maksimumiem pie 1100 un 3330 nm. Paradits, ka noveérotas
absorbcijas joslas ir saistitas ar tetraedriskas un oktaedriskas pozicijas esoSajiem
iridija joniem ar valences stavokla vertibu tris, Cetri vai pieci.

IRIDIUM IONS VALENCY STATE IN ZINC-IRIDIUM OXIDE THIN FILMS
PRODUCED BY MAGNETRON SPUTTERING

Vera Skvortsova, Nina Mironova- Ulmane, Martins Zubkins, Roberts Kalendarevs,
George Chikvaidze, Juris Purans
Institute of Solid State Physics, University of Latvia

Transparent oxide semiconductors (TOSs) thin films with good optical transparency,
high p-type conductivity, high work function, and low deposition temperature could
be used as p-type electrodes in thin-film photovoltaic devices, flat panel displays,
light emitting devices and transparent electronics. Zinc oxides with iridium are a new
class of p-type transparent oxide semiconductors. Various oxidation states of Ir**, Ir*",
and Ir’" in the oxide compounds are of great interest because the Ir-0 bond lengths
depend on the local structure and the chemical environments.

Paper presents results of the absorption spectra investigation of zinc-iridium oxide
thin films. Zinc-iridium oxide thin films were deposited by reactive DC magnetron
sputtering on various substrates. Iridium concentration was controlled by iridium
amount on the zinc target erosion zone and oxygen to argon ratio.

The absorption spectra in the visible range contain broad bands with maxima 446 and
710 nm and in near infrared and infrared regions exhibit two broad bands with
maxima in the vicinity of 1100 nm and 3330 nm. It is shown, that the observed bands
are connected with trivalent, tetravalent or pentavalent iridium ions in octahedrally
and tetrahedrally coordinated sites.
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ZnO KERAMIKU TERMOSTIMULETA LUMINESCENCE

Larisa Grigorjeva', Elina Pajuste”, Aleksejs Zolotarjovs', Donats Millers'
"Latvijas Universitdtes Cietvielu fizikas institiits
’Latvijas Universtates Kimiskas fizikas institiits

Pedejos gados strauji attistas nanozimeéru ZnO iegiiSanas metodes: nanopulveri,
parklajumi, planas kartinas, keramikas, tant skaita optiskas keramikas.

So materialu praktiskais pielietojums ir loti plass un tiek mekl&ti jauni pielietojumu
veidi. Viens no svarigiem ZnO pielietojumiem ir cietvielu dozimetru izveide. Sadu
dozimetrru darbibai svarigas ir ZnO termostimuétas luminescences (TSL) 1pasibas.
Veikti TSL pétijumi ZnO keramikas, kuras sacepinatas no ZnO nanopulveriem gan
neaktivEtiem gan aktivEtiem ar In, Ga, Ir. Paradits, ka izejas pulveru iegliSanas metode
un sacepinasanas process izmaina TSL parametrus (intensitati, spektralo sadalijumu,
intensitates atkaibu no apstaroSanas dozas un apstaroSanas veida). Diskutgtas iespgjas
TSL effektivitates palielinasanai.

THERMOSTIMULATED LUMINESCENCE OF ZnO CERAMICS

Larisa Grigorjeva', Elina Pajuste’, Aleksejs Zolotarjovs', Donats Millers'
"Institute of Solid State Physics, University of Latvia
*Institute of Chemical Physics, University of Latvia

In recent years the intensive development of synthesis of ZnO nanostructures
occurred: nanoparticles, coatings, thin films, ceramics (incl. optical ceramics) and
others.

Various applications of ZnO nanostructures are known and the search for new types
of applications is important. One of the new fields of application is solid state
dosimetry. For this purpose the thermostimulated luminescence (TSL) properties are
studied. ZnO ceramics obtained from undoped and In, Ga, Ir doped nanopowders
were studied during the work. It is shown that the method of powder synthesis and
sintering process affects the parameters of TSL (overall intensity, spectral distribution,
intensity dependence on irradiation dose and irradiation type). The possibility to
increase the efficiency of TSL is discussed.

The authors gratefully acknowledge the financial support for this work from research
grant ERA.NET RUS Plus NANORADOS Nr.609556
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AR ZnO PARKLATU TiO; NANONOSTRUKTURU IZGATAVOSANA UN
FOTOVADAMIBAS PETIJUMI

Andris Guding', Linards Daugavietis', Marting Zubkins®, Ainars Knoks®, Martin§ Vanags®,
Reinis Ignatans®, Janis Kleperis®
'Rigas Francu licejs
’Latvijas Universitdtes Cietvielu fizikas institiits

Misdienas tiek mekléti dazadi alternativi energijas veidi Sobrid popularajiem
fosilajiem avotiem — naftai, oglém, dabas gazei. Plano kartinu un nanostrukturétu
materialu tehnologijam ir liela perspektiva, lai aizstatu fosilos kurinamos un pilditu
energijas razo$anas funkcijas tikpat efektivi ka fosilais kurinamais.

Saja darba ar anodésanas metodi tika iegitas TiO, nanostruktiras. Talak iegiitie
paraugi tika apklati ar ZnO kartinu, izmantojot reaktivo magnetronas uzputinasanas
metodi. Tas tika darits, lai samazinatu elektronu-caurumu paru rekombinaciju un
uzlabotu foto-vadamibu.

Darba gaita tika izveidota ZnO/TiO, heterostruktiira, kurai bija foto-stravas
pieaugums par 17 % salidzinot ar sakotn&jo TiO, Paraugu foto-vadamiba tika mérita
ar potenciostatu VoltaLab PGZ 301. Analiz€jot paraugu rentgenstaru
difraktogrammas, secinajam, ka $im paraugam kristaliska TiO, strukttra parsvara ir
anatazs, nevis rutils.

Tika izdariti secinajumi, ka labai foto-stravai ZnO/TiO, vajag kristalisku strukttru un
ieteicama Ti0O, struktira ir anatazs.

GROWTH AND PHOTOCONDUCTIVITY MEASUREMENTS OF THE
ZnO/TiO; HETEROSTRUCTURE

Andris Gudins', Linards Daugavietisl, Martins Zubkins®, Ainars Knoks’, Martins Vanagsz,
Reinis Ignatans®, Janis Kleperis®
'Riga French Lyceum
*Institute of Solid State Physics, University of Latvia

Nowadays more alternative energy types are being researched to replace fossil fuels —
fuel, coal, natural gas. Technologies of the thin films and nanostructured materials
have a big perspective to replace fossil fuels and to achieve the same efficiency.
During the scientific research TiO, nanostructures were produced in the process of
anodization. Later ZnO film was deposited on these samples by reactive magnetron
sputtering. That was done to reduce electron-hole recombination and to improve the
photoactivity.

In this study, a sample of the ZnO/TiO, heterostructure was produced with the
improvement of 17 % in comparison with the initial TiO, sample. The photoactivity
of these samples was being measured with potentiostat VoltalLab PGZ 301. The XRD
results showed that the TiO, structure of this sample mostly contains anatase instead
of rutile. Conclusions were made that for a better photo-activity of ZnO/TiO,,
crystalline structure is required and the recommended state of the TiO; structure is
anatase.

Authors acknowledge Latvian Science Council project No 666/2014 for financial
support.
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MAGNETU MOTORA UN TA VADIBAS SHEMAS KONSTRUKCIJA UN
DARBIBAS TESTESANA

Armands Vikmanis', Anita Olava', Vladimirs Nemcevs’, Martin§ Vanags®, Janis Kleperis’
! Rigas Francu Licejs
? Latvijas Universitates Cietvielu fizikas institiits

Patstavigo magnétu (PM) motori tiek izmantoti jau teju divus gadsimtus, tacu to
uzbtvi vél joprojam var uzlabot, modernu un arvien spécigaku patstavigo magnétu
radiSanas d€]. Musdienas ir aktuali tos uzlabot un testet, jo tie ir bez dzelzs detalam, ir
ekologiski, viegli vadami un to lietderibas koeficients iesp&jams tuvu 1.

Darba gaita konstruéts lidzstravas (DC), bezsuku PM motors. Motora konstrukcija
izmantoti neodima patstavigie magnéti, kas ievietoti rotora. Motora statora ievietotas
astonas vara tinumu spoles, kas ieliektas “V” forma, radot tadu elektromagnétisko
lauku, kas magn@tus atgriiz no vienas puses un pievelk no otras. Rezultata motors
veido lielu griezes momentu. Motora vadibai izveidota speciala elektroniska shéma.
Oscilografa noverots, ka magnéti spolés rada specigu indukciju, kuru iespgjams
izmantot motoru barojosa akumulatora uzladésanai darba gaita. Darba tiek parbaudita
hipoteze, vai PM spgj uzladet akumulatoru, kurs to baro.

DESIGN AND PERFORMANCE TESTING OF MAGNET MOTOR AND ITS
CONTROL SYSTEM

Armands Vikmanis', Anita Olava', Vladimirs Nemcevsz, Martins Vanagsz, Janis Kleperis2
" Riga French Lyceum
? Institute of Solid State Physics, University of Latvia

Permanent magnet (PM) motors have been used for almost two centuries, however,
they can still be improved due to inventions of new, powerful permanent magnets. It
is important to improve and test PM motors, as they are without steel parts, are
ecologic and may have efficiency close to 1.

In this work, a direct current (DC) brushless magnetic motor (MM) was constructed.
In current construction the neodymium permanent magnets are used, which are placed
in the rotor. In the stator, there are eight coils, which are shaped in the form of the
letter “V”, creating a magnetic field that pushes the magnets from one side and
attracts from the other. As a result, the motor has a strong torque. To power MM,
specific electronic circuit is designed. In an oscillograph it is observed, that that
magnets create a strong induction in the coils, which can be used for charging the
battery used to power MM. In our work the hypothesis is tested that the MM is able to
power battery which feeds it.

Acknowledgements. Authors (VN, MV, JK) acknowledge National Research Program
LATENERGY (2014-2017) for financial support.
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DZELZS OKSIHIDRATA REDUCESANAS PANEMIENI HEMATITA
PLANO KARTINU FIZIKALO UN FOTOELEKTROKIMISKO IPASIBU
UZLABOSANAI

Martin$ Vanags, Artis Volkovs, Artiirs Gruduls
Latvijas Universitates Cietvielu fizikas institits

Darba tiek paradits loti vienkarSs reduc€Sanas pan€miens vairakkart€jai hematita
fotoaktivitates uzlaboSanai. Ar anodisku elektrogalvanizacijas metodi, 0.02M FeCl,,
Skiduma tika sintez&tas dzelzs oksihidrata kartinas uz FTO stikla pamatnes, kuras pec
tam ar vara pretelektrodu taja pasa skiduma tika reducétas par dzelzs monoksida
kartinu. P&c skaloSanas un 1h ilgas karséSanas 400 °C temperatiira kartina mainijas
uz a-Fe,O3 (hematita) fazi, ko apstiprina rentgenstaru difrakcijas analizes rezultati.
Salidzinasanai tika iegiitas arT tiras hematita kartinas, nereducgjot tas pec sintézes.
Foto elektrokimiskie rezultati 1M NaOH skiduma atklaja, ka gan ar potencialu
reduc@tas, gan pret vara elektrodu reducétas kartinas uzrada vairakas reizes lielaku
fotostravu, ka tira hematita kartinas, tikai ar vara pretelektrodu reducétas kartinas
fotostravas sliekSna spriegums ir nobidijies vairak uz anodisku potencialu pusi.
Reducgjot dzelzs oksihidrata kartinu elektrokimiski, iegiist dzelzs monoksidu.
Reducésanas reakcija aktivak norit pie vielas graudu robezvirsmam, ka rezultata
izteikti atklajas graudu robezvirsmas un gala kartinas virsmas morfologija uzlabojas.
Pielaujams, ka ar vara pretelektrodu reducéta kartina tiek legéta ar varu, kas gan
uzlabo virsmas morfologiju, gan materiala optiskas ipasibas, modificgjot aizliegtas
zonas platumu un novietojumu absoliitaja potenciala skala.

FERROUS OXYHYDRATE REDUCTION TECHNIQUES FOR IMPROVING
THE PHYSICAL AND PHOTO ELECTROCHEMICAL PROPERTIES OF
THIN LAYER HEMATITE

Martins Vanags, Artis Volkovs, Arturs Gruduls
Institute of Solid State Physics, University of Latvia

Paper shows simple method of electrochemical reduction for improvement of
hematite photo activity. Thin ferric oxyhydrate layers were synthesized by anodic
electroplating method in 0,02 M FeCl, solution on FTO glass substrates, and were
afterwards reduced with negative potential to ferric monoxide into the same solution
and a Cu counter electrode. After rinsing and heat treatment (1h, 400 °C) the layer
material changed to Fe;O; (hematite) phase, which was confirmed by X-ray
diffraction analysis. For comparative measurements pure hematite layers were also
obtained without reducing them after synthesis.

Photo-electrochemical results in 1M NaOH solution revealed that both, electrical
potential reduced and Cu counter electrode reduced layers, produces several times
higher photocurrent than pure hematite layers, only photocurrent threshold voltage
was shifted to anodic potentials for layer reduced with Cu counter electrode.

Reducing ferric oxyhydrate layer electrochemically it reduces to iron monoxide.
Reduction reaction is more active on grain boundary surfaces, which marks out grain
boundaries, improving morphology of the layer surface. Potentially the copper
counter electrode reduced layer is doped with copper, which improves both the
surface morphology and optical properties, by modifying the width of forbidden gap
and location of it in the absolute potential scale.

The financial support of ISSP UL Young Scientists Grant is greatly acknowledged.
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TITANA DIOKSIDA LOMA OGLEKLA DIOKSIDA REDUCESANAS
PROCESA

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

Cilvéces radito ekologisko problému risinasana ir aktuala musdienas, Tpasi
antropog€nais gaisa piesarnojums, kas ietekmé gan cilvéku veselibu, gan uzkrajas
daba tados apjomos, ka nu jau manamas globalas klimata parmainas ar1 Latvija. Viena
no gaisa piesarnojumu veidojosam vielam, ko uzskaita, ir pavisam nekaitigais oglekla
dioksids (CO,). CO; ir zinams, ka Zemes siltumnicas efektu pastiprinoSa gaze, 1pasi
daudz ta tiek emit€ta rapniecibas uznémumos, gan sadedzinot kurinamo, gan ka
blakus produkts, kas tiek izvadits gaisa. Riipnieciba pasaulé rada lidz 65% no
kop€jam siltumnicas efekta gazu emisijam.

Tiek piedavati dazadi CO, izmeSu samazinasanas veidi, ka savaksana un noglabasana
atpakal daba, savakSana un parstradasana degviela. CO, parstradei izmanto
reducgSanas procesus, kuros piedalas dazadi katalizatori: Cu, MoS,, TiO,, InP un citi.
Fotokatalitiska CO, reduc€Sana tiek uzskatita ka viens no energétiski izdevigiem
risingjumiem un TiO; ir daudzsoloss materials CO, fotokatalitiskai reduc€Sanai.

Saja darba dots parskats par CO; reducésanu un TiO, lomu $aja procesa, ka arT iegiitie
rezultati tiek salidzinati ar eksperimentaliem izm&ginajumiem.

REDUCTION OF CARBON DIOXIDE AND ROLE OF TITANIUM
DIOXIDE IN IT

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

Humanity is facing a lot of self-created environmental problems nowadays, one of the
major problems is air pollution and greenhouse gasses. Carbon dioxide (CO5) is one
of major pollutant especially in emissions from industry. Various ways of CO;
management are proposed such as collection and storage back into the nature,
repurposing in other industrial processes, and reduction into fuels to be burned again.
Reduction process requires a catalyst, and various catalysts are suggested by
researchers worldwide, such as Cu, MoS,, TiO,, InP and others.

Our attention is focused on TiO, as promising material for photocatalytic reduction of
COy. In this work an overview of CO, reduction and the role of TiO; is given and
results from preliminary experiments on photocatalytic CO, reduction with involving
Ti0, demonstrated.

The financial support of Latvian Council of Science project No 666 is greatly
acknowledged.
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NANOSTRUKTURETA OGLEKLA/CU KATODS KATALITISKAS
ELEKTROLIZES PROCESA

Péteris Lesni¢enoks'?, Janis Kleperisl, Ingars LukoSevi¢s', Gunars Baj ars', Gints Kuginskis',
Georgijs Cikvaidze'
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitates Tehniskas fizikas institiits

Petijumi elektrolizes piclietoSanai Tidens elektrolitu maisijumos par procesiem, kas
norisinas uz elektroda ar katalizatora parklajumu lauj salidzinat iesp&jamas izSkidusas
gazes reakcijas uz elektroda. Industrialos apme@ros pielietojamiem modificétiem
elektrodiem reakcijam ar elektrolitos izSkidusam gazé€m nepiecieSams atrdarbigs
elektrods ar lielu virsmu un katalitiskam Tpasibam. P&tijuma apskatita $ada elektroda
sintéze no recikleta grafita ieglistot nanostrukturétu elektrodu dekorétu ar Cu atomu
klasteriem — katalitiska procesa nodroSinaSanai. Noteiktas materiala morfologiskas
Tpasibas, ta sint€zes vElamie apstakli un atverta diskusija par petijjuma talako gaitu

NANOSTRUCTURED CARBON/CU CATHODE FOR CATALYTIC
ELECTROLYSIS

Péteris Lesnicenoks ', Janis Kleperisl, Ingars Lukosevics', Gunars Bajarsl, Gints Kucinskis',
George Chikvaidze'
"Institute of Solid State Physics, University of Latvia
*Institute of Technical Physics, Riga Technical University

Research towards electrolysis in water electrolyte mixtures about processes, which are
present on electrodes with catalytic coating allow to compare gas reactions on the
electrode. On industrial scale, usable modified electrodes with reactions containing
dissolved gases in electrolytes, a quick response electrode with large surface area and
catalytic properties. In this research we consider synthesis of such electrode form
recycled graphite, obtaining nanostructured electrode with Cu atom clusters for
catalytic process. Optimal properties for the synthesis of the material is clarified and
morphological properties discussed.

The financial support of LSA project No. 666 is greatly acknowledged.
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ELEKTROKIMISKI EKSFOLIETA GRAFENA PLAKSNU SISTEMU CO2
SAISTISANAS SPEJA NORMALAPSTAKLOS UN PAZEMINATAS
TEMPERATURAS

P&teris Lesnitenoks'?, Laimonis Jekabsons', Janis Kleperisl, Liga GrTnbergal, Gatis Taurin§3,
Astrida Bérzina®
Latvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskas universitates Tehniskas fizikas institiits
’SIA “Keramserviss”

Lai veiksmigi realiz€tu gazu seperaciju nepiecieSams apskatit materialu selektivitati.
Ka viena no prieksrocibam CO2 adsorbcijai grafénos ir to strukturala lidziba un
oksidetas struktiiras bagatiba ar CO2 grupam. Materiala esosas saites pirms
reduc@sanas satur skabekli un hidroksilgrupas. Materiala reducésana vai modifikacija
paaugstinatas temperatiiras var parveidot struktiru vélamo gazu adsorbcijai. Nosakot
optimalo materiala struktiiru iespgjams prognozet selektivitati gazu maisjjumos. CO2
adsorbcija porainos materialos ir pétijumu lauks, kas galvenokart koncentrgjas uz
silikatmaterialiem. M€s piedavajam izmantot recikletu grafitu sorbcijas materiala
iegiiSanai.

ELECTROCHEMICALY EXFOLIATED GSS CO2 ADSORPTION
CAPABILITIES INVESTIGATED AT RT AND CRYOGENIC
TEMPERATURES.

Peteris Lesnicenoks'?, Laimonis Jekabsons', Janis Kleperisl, Liga Grinbergal, Gatis Taurins’,
Astrida Berzina®
"Institute of Solid State Physics, University of Latvia
*Institute of Technical Physics, Riga Technical University
3 Keramserviss” LTD

To realize gas separation, it is needed to understand material selectivity towards them.
One of the advantages for CO2 adsorption in GSS is its structural oxygen and
hydroxil groups which can be removed during reduction. Material reduction or
modifying at increased temperatures can restructurize the material towards adsorption
of desired gases. Determining the optimal structure of materials can help to predict
selectivity in gas mixture adsorption. CO2 adsorption in porous material is a well-
known field of investigations, which often ventures to the silicate class. We propose
using recycled graphite to obtain material with selectivity towards CO2.

Acknowledgment: Authors greatly thank NRP IMIS? for financial support
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GRAFENA PAPIRA IEGUSANAS IZPETE UN TA RAKSTUROSANA

Ingars Lukosevics, Peteris Lesnicenoks, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institits

Pedgja desmitgadeé grafénam ir pieversta liela uzmaniba ka izcilam materialam
elektronika ta elektrisko, optisko un mehanisko pasibu dél. Tacu graféna monoslanu
vieta strauji attistas petijumi par graféna papiru, kas ir specifiska struktiira, ko veido
graféna nano-plaksnu sablivéjumi jeb kaudzes (GSS). Pielietojumi ar graféna papiru
attistas straujak, jo Sada materiala sint€ze ir vienkarSaka un neprasa lielas un dargas
iekartas, turkla struktiras un rezga defektiem graféna nano-plaksnés ir sava
prieksrociba, kas seviski izpauzas pielietojumiem gazu detektéSana.

Misu darba graféna pulveris tiek iegiits no ripnieciskiem atkritumiem — izlietota
grafita tigelu materiala, ar elektrokimisko eksfoliacijas metodi. Iegtito materialu skalo
vairakas reizes un apstrada ultraskanas vanna, 11dz iegtist vienmerigi tonétu skidrumu.
Lai iegttu graféna papiru, Skidrums tiek izliets uz dazadu polim&ru pamatném un
zavets. Nav izmantota izkars€Sana izzaveétam materialam, kas p&c literatiira
atrodamam zinam varetu dot pozitivu ietekmi uz iegiita papira kvalitati un mehanisko
stiprumu. Elektriska vaditspgja noteikta, izmantojot pasu gatavotu paraugu turétaju.
Atrasts, ka vaditspgja atkariga no GSS koncentracijas sagatavotaja skiduma.

STUDY ON SYNTHESIS OF GRAPHENE PAPER AND ITS
CHARACTERIZATION

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

Graphene in last decade gained great attention as an excellent material for flexible
electronics because of its exceptional electrical, optical and mechanical properties.
Instead of mono layer graphene with its planar hexagonal lattice structure, the
graphene paper (hierarchical structure built from graphene nano-sheet stacks (GSS))
is widely research. Applications of graphene paper are developing faster because of
simpler and robust synthesis technologies and additional benefit from the structural
defects and lattice disorders in GSS, which is great for, example, in gas sensor design.
In this work, graphene powder is produced from waste graphite using electrochemical
exfoliation. Obtained powder is washed several times than treated in ultrasonic bath,
till stable graphene ink is developed. Graphene paper is deposited on different
polymer substrates which differ with porosity, composition. We have not yet taken
advantage of annealing, in scientific literature it is highlighted necessity for such
procedure at a temperature between 280-320 °C up to 24 hours. The sheet resistance
of the prepared graphene paper was measured using a self-built sample holder with
flat electrodes, which are delicately pressed against the surface. The electrical
measurement experiments indicated that the electrical resistance of graphene paper
samples is mainly a function of concentration of the as-prepared ink.

Authors acknowledge financial support from Latvian Science Council project Nr666.
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3D PRINTETU GRAFENA ELEKTRODU PIELIETOJAMIBA
MIKROORGANISMU DEGVIELAS SUNAS (MFC)

Artiirs Gruduls'?, Zane Kleinmane®, Vizma Nikolajeva®, Janis Kleperis'
" Latvijas Universitates Cietvielu fizikas institiits
? Latvijas Universitates Biologijas fakultate

Mikroorganismu degvielas Siina (MFC) ir bioreaktors, kas izmantojot katalitiskas
reakcijas mikroorganismos, parveér§ organiskas vielas esoSo kimisko saiSu energiju
elektriskaja energija. MFC efektivai darbibai loti svarigs ir anoda materials. Visbiezak
izmanto grafita elektrodus, tomér to hidrofobas ipasibas samazina biosaderibu.
Graféna materiali uzrada potenciali labaku biosaderibu.

Darba gaita parbaudita graféna-PLA kompozita 3D printetu elektrodu darbiba MFC ar
Nafion 212 membranu. Izmantojot MFC ar dabigu substratu (ezera diinas), printétais
graféna elektrods uzradija lidzigu maksimalo jaudas blivumu (11,6mW/m?), ka grafita
plaksne (12,4 mW/m?). Tomér MFC ar Pseudomonas aeruginosa tirkultiiru, printtais
graféna elektrods uzradija ieveérojami lielaku jaudas blivumu (35,8 mW/m?), neka
grafita elektrods (6,5 mW/m?). Turklat MFC atvértas kédes potenciali vidgji
paaugstinajas no 0,45V Iidz 0,75V. Maksimalais jaudas blivums ir 10 reizes mazaks,
neka literatira minéts grafénam, tas skaidrojams ar katoda limit€joSo darbibu. Ari
preséta graféna pulvera elektrods uzradija labu jaudas blivumu (15,7 — 28,5 mW/m?),
tomer elektrods bija mehaniski nenoturigs.

Paaugstinatais potencials un jaudas blivums norada uz veiksmigu graféna-PLA
kompozita pielietojamibu MFC.

3D PRINTED GRAPHENE ELECTRODE APPLICABILITY
IN MICROBIAL FUEL CELLS (MFC)

Arturs Gruduls'”?, Zane Kleinmane® , Vizma Nikolaj eva’ , Janis Kleperis1
" Institute of Solid State Physics, University of Latvia
? Faculty of Biology, University of Latvia

Microbial fuel cell (MFC) is a bioreactor that uses catalytic reactions in
microorganisms to produce electricity from organic compounds. For effective MFC
operation appropriate anode material is critical. Usually graphite electrodes are used
however graphite hydrophobic properties reduce biocompatibility. Graphene materials
could provide better biocompatibility.

In this work 3D printed graphene-PLA composite electrodes are tested in sandwich-
type MFC with Nafion 212 membrane. In MFC with natural substrate (lake
sediments) printed graphene electrodes showed similar power density (11,6mW/m?)
compared to graphite plate electrode (12,4mW/m?). MFC with Pseudomonas
aeruginosa showed noticeably higher power density (35,8mW/m?) compared to
graphite electrode (6,5mW/m”). Furthermore average MFC open chain potentials
increased from 0,45V to 0,75V. Acquired power density was 10 times lower than
reported in literature for graphene materials. That could be explained with limiting
properties of cathode material. Pressed graphene powder electrode showed good
power densities (15,7 — 28,5 mW/m?) however electrode was mechanically unstable.
Increased MFC potential and power density suggests that graphene-PLA based
electrodes could be successfully used in MFC.

This work was supported by the Latvian Council of Science project No. 666/2014.
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UDENRAZA MIKROBIOLOGISKA PRODUCESANA, IZMANTOJOT
ENTEROBACTER AEROGENES, UN UZKRASANA LaNis SAKAUSEJUMA

Matiss Paiders', Arturs Gruduls'?, Vizma Nikolaj eva', Janis Kleperis2
! Latvijas Universitdtes Biologijas fakultate
? Latvijas Universitates Cietvielu fizikas institiits

Udenradi, atjaunojamu un tiru energijas nesgju, var ieglit mikrobiologiski fermentgjot
glicerinu anaerobos apstak]os.

ST darba mérkis bija pétit Enterobacter aerogenes spéju producét tdenradi,
ferment&jot glicerinu, ka ar1 hidridu veidojosa LaNis sakaus€juma sp&ju uzkrat
tdenradi, tam atrodoties barotng ar bakterijam.

Barotnu gazes fazes sastavu noteica ar masspektrometru un parliecinajas par
Enterobacter aerogenes sp&ju producét tdenradi. Vislielako produceéta tdenraza
daudzumu ieguva barotnés ar pievienotu gliceriu. LaNis sakausgjuma pievienosana
barotném tidenraza procentualo daudzumu barotnes gazes faz&€ samazinaja.

Nosakot LaNis sakausgjuma masas zudumu ar termogravimetrijas metodi,
parliecinoSus rezultatus par sakaus€juma sp€ju uzkrat tdenradi hidridu veida iegtt
neizdevas. Tika parbaudita arT barotnes, vides pH un gazes spiediena ietekme uz
LaNig sakaus€juma termogravimetrisko masas zudumu.

MICROBIAL HYDROGEN PRODUCTION USING ENTEROBACTER
AEROGENES AND ITS STORAGE IN LaNis ALLOY

Matiss Paiders', Arturs Gruduls'?, Vizma Nikolajeva', Janis Kleperis®
" Faculty of Biology, University of Latvia
? Institute of Solid State Physics, University of Latvia

Hydrogen, a renewable and clean energy carrier, can be produced microbiologically
by fermentation of glycerol in anaerobic conditions.

The aim of this research was to study Enterobacter aerogemnes capabilities of
producing hydrogen by fermentation of glycerol and to study hydrogen storage
possibilities of hydride forming LaNis metal alloy by placing it in the medium with
bacteria.

Amount of hydrogen in the gas phase sample of growth media was determined with
mass spectrometer and the results verified FEnterobacter aerogenes hydrogen
production abilities. Highest amount of produced hydrogen was in growth media
containing glycerol. The presence of LaNis metal alloy reduced the percentage of
hydrogen in the gas phase sample of growth media.

By determining the mass loss of LaNis alloy with thermogravimetry no convincing
results of hydrogen storage properties of alloy were made. The influence of growth
medium, pH and gas pressure on termogravimetric mass loss of LaNi5 alloy was also
determined.

This work was supported by the Latvian Council of Science project No. 666/2014.
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TERMOELEKTRISKA EFEKTA PETIJUMI SKIDRUMOS

Aigars Rasnaés', Péteris Lesni¢enoks', Janis Bérzing®, Janis Kleperis'
'Latvijas Universitates Cietvielu fizikas institiits;
°SIA “SPEED”

Elektrolita ir gan joni, gan anjoni, kuri var tikt atdaliti ne tikai elektriska lauka, bet arl
temperatiiras gradienta ietekmé — tad tiek noverots Skidrumam termoelektriskais
efekts, par ko pirmas zinas publikacijas paradas jau 19.gadsimta beigas. Elektrolitu
Skidrumiem Z&beka koeficients ir par kartu lielaks ka pusvaditajiem, un vismaz par 2-
3 kartam lielaks ka metaliem, tacu to pielietosanu traucé daudz lielaka elektrolitu
pretestiba. Tacu jonu membranu un jonu Skidrumu pétfjumi p€d€jas desmitgades
apliecina, ka lielas virsmas Skidrumu termoelektriskas baterijas nav tala nakotne.
Misu darba pétita divu savstarp&ji neskistosu skidrumu sisteéma, kas atrodas sprauga
starp diviem elektrodiem, un vienu no elektrodiem dzes€jot, bet otru sildot, tiek
novérota kontaktpotencialu starpiba. Ta ir atkariga no sistémas geometriskas
orientacijas, temperatiru starpibas (Attels), bet issléguma stravu nosaka Skidrumu
jonu vaditspgjas.

RESEARCH OF THERMO-ELECTRIC EFFECT IN LIQUIDS

Aigars Rasnacs', Peteris Lesnicenoks', Janis Berzins®, Janis Kleperis1
!Institute of Solid State Physics, University of Latvia,
’Ltd SPEED

Liquid electrolyte between two electrodes contains ions and anions which can be
separated not only by potential gradient but also by temperature difference -
"thermoelectric" (TE) effect in liquids, have been known since the end of the 19th
century. The observed TE (Seebeck) coefficients in electrolytes typically are an order
of magnitude larger that semiconductors and 2-3 orders larger that metal counterparts.
Nevertheless the electrical conductivity of electrolytes is a few orders of magnitude
lower than solid counterparts and therefore, liquid based TE-systems have long been
considered technologically irrelevant. Development of new ionic conducting
membranes and ionic liquids completely changed this view. In our research two
insoluble liquids are placed in the gap between two graphite electrodes, one is heated,
and other — cooled; temperature and potential differences are registered with data
logger and PC. First results are promising and obtained values of Seebeck coefficient
is 1 mV/K (Figure).

Determination of Seebeck coefficient for
HCI/H,0/C,H,,0 solution
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UDENRADI SELEKTIVU MEMBRANU IZMANTOSANA BIOREAKTORA
KONSTRUKCIJA

Ilze Dimanta'*, Vizma Nikolajeva', Janis Kleperis®
'Latvijas Universitates Biologijas fakultdte,
’Latvijas Universitates Cietvielu fizikas institiits

Udenradis ir tirs energijas nesgjs, tade] tiek attistiti dazadi videi draudzigi ta iegiiSanas
veidi, ieskaitot biologiskos procesus. Organisko atkritumu tumsas fermentacija ir
viens no biolidenraza iegiSanas veidiem. Udenradim veidojoties S$kidra vide
fermentacijas procesa, tieck noverota ta parsatinasanas, tade] nepiecieSams bioreaktora
nodroSinat atru udenraza savakSanu gan no Skidras, gan gazveida vides. To var
paveikt, reaktora konstrukcija izmantojot selektivas, Gidenradi caurlaidigas membranas.
Jau ieprieks€jos eksperimentos realiz€ta alternativu metozu izmantoSanu tidenraza
savaksSanai tiesi no barotnes (Skidras fazes) ar dazadiem metalhidridu sakausgjumiem.
Zinatniskaja literattira plasak aprakstitas dazadu retzemju grupas metalu V, Nb, Ta,
Pd uc. blivas membranas, kuras nodroSina lielu Gdenraza caurlaidibu. Darba dots
ieskats dazados reaktora konstrukcijas veidos, ka nodroSinat selektivu tdenraza
aizvadiSanu no vides, kura notiek fermentacija.

USAGE OF SELECTIVELY HYDROGEN PERMEABLE MEMBRANES IN
DESIGN OF BIOREACTOR

Ilze Dimanta"?, Vizma Nikolajeva', Janis Kleperis
'Faculty of Biology, University of Latvia,
*Institute of Solid State Physics, University of Latvia

Hydrogen, including biohydrogen H,, is a clean energy carrier with high energy yields.
A variety of biological routes are developed for the production of H,, and dark
fermentation of organic waste products is between them.

Oversaturation is observed during hydrogen formation in a liquid medium, therefore it
is necessary in the bioreactor to provide a rapid removal of hydrogen from both the
liquid and gaseous environments. In previous work hydrogen-absorbing metals were
used to adsorb hydrogen molecules from the solution to its surface, in order to
catalyze splitting in atomic hydrogen and facilitate the diffusion in the crystal lattice
volume of metal. Selectively hydrogen permeable membranes can help in it.
Reviewing the scientific literature, it can be noticed that a variety of dense metal
membranes having high hydrogen permeability are developed (vanadium, niobium,
tantalum, palladium etc.). Our work provides an insight into different reactor design
ways to ensure the selective removal of hydrogen from the environment in which the
fermentation process proceeds.

Author (ID) acknowledge L’Oréal-UNESCO For Women In Science Award; all

authors acknowledge National Research Program LATENERGI and Latvian Science
Council project No 666/2014.
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AKTIVETO KOKSNES OGLU PIELIETOSANA KA ELEKTRODUS

Aleksandrs Volperts'?, Galina Dobele', Aivars Zuring', Janis Kleperisz, Zane Zalane'?
'Latvijas Valsts Koksnes Kimijas Institiits
? Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitdtes Vides aizsardzibas un siltuma sistému institiits

Misdienas nanoporainas oglekla materialus plasi izmanto sorbcijas tehnologijas, bet
ari, lai risinatu uzdevumus, kas saistiti ar elektriskas energijas akumul&$anu un
nodosanu pat€rétajiem, neizmantojot elektriskas energijas barosanas avotus, ka arf lai
nodrosinat energijas patérina kompensaciju pika stundas.

Problému risinasanai tiek pielietotas energijas uzkraSanas sist€mas, kur izmanto
elektrokimiskos energijas uzkraj&jus ar dubulto elektrisko slani — superkondensatorus,
jo tie nodrosina lielaku Tpatn&jo jaudu, uzlades-izlades atrumu un darbibas laiku.

Dota petijjumu rezultata tika izstradata  koksnes termokimiskas aktivacijas
metodologija un iegiti nanoporaini oglekla materiali. Tiek paraditi galvenie faktori,
kas ietekmé& aktivétas ogles porainas strukttiras raditajus: Tpatn&jas virsmas laukumi,
poru ietilpiba un izméri. Izmantojot iegiitas aktivétas ogles superkondensatora
elektrodiem, tika noteiktas porainas struktiiras parametru un SK funkcionalo
raksturlielumu izmainu likumsakaribas atkariba no aktivacijas rezima.

Izmantojot iegiitas ogles elektrodiem, tika noteikta korelacija starp porainas strukttras
raditdjiem un superkondensatroru elektrokimiskam T1pasibam. Ir noteikts, ka
izmantojot iegiito aktivéto ogli superkondensatoru elektrodiem, var iegiit Tpatngjo
kapacitati — virs 380 F/g neorganiska un 170 F/g organiska elektrolita.

PERFORMANCE OF WOOD-BASED ACTIVATED CARBONS AS
ELECTODES

Aleksandrs Volperts'?, Galina Dobele', Aivars Zhurinsh', Janis Kleperisz, Zane Zalane'”
"Latvian State Institute of Wood Chemistry
*Institute of Solid State Physics, University of Latvia
’Riga Technical University, Faculty of Power and Electrical Engineering

Accumulation and transfer of electrical energy are of high importance in the modern
society. Due to their high specific power, charge and discharge rates, working life
time supercapacitor based energy accumulation systems are more and more
extensively being used in mobile and stationary devices.

As the result of our research we elucidated influence of main stages of wood
thermochemical activation parameters on activated carbons porous structure
formation. The main factors governing the properties of carbon materials, such as
specific surface area, volume and pore size, particles dispersity, ash content, as well
as their influence on capacitance and working properties of supercapacitor are
demonstrated.

The correlation between activated carbons porous structure indices and
electrochemical specifications of supercapacitors with electrodes made from these
materials has been determined. It is shown that when these activated carbons are used
in supercapacitors high specific capacitances can be reached — more than 380 F/g in
sulfuric acid based electrolytes and more than 170F/g in organic electrolyte.

This research was supported cooperation project 666/2014.2 and Latvian State
program VPP Nr.6 ResProd project Nr.3
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RADIOFARMACEITISKA PREPARATA Ga68 [DOTA(Tyr3)OKTREOCITA],
SOMATOSTATINA ANALOGA, SINTEZES PROCESA KVALITATES KONTROLE

Ri¢ards Kovaldins', Gunta I,(izénel, Janis Rudzitis', Toms Kusilgél, Pé&teris Mekss',
Ilva Nakurte?, Mara Grube®, Karlis Svirksts®
"Latvijas Universitates, Kimiskas fizikas institiits
’Latvijas Universitates, Kimijas fakultate
’Latvijas Universitates, Mikrobiologijas un biotehnologijas institiits

Radiofarmaceitiska preparata ar °*Ga izotopu konjugéta DOTA (Tyr3) oktreocita [DOTA-
TATE] atbilstibas Eiropas Savienibas labas razoSanas prakses standartiem noteikSanai
izmantojamas augstspiediena Skidumu hromatografijas (HPLC), plana slana
hromotagrafijas (TLC), masas spektroskopijas (MS) gamma spektroskopijas metodes.
%%Ga daudzumu, kas sintézes procesa saistas ar DOTA-TATE novérteé ar HPLC
(Scintomics 8100), salidzinot smailu integréto laukumu attiecigaja laika - Rt~3,4min
kompleksam °®Ga [DOTA-TATE]) un Rt~3,9min [DOTA-TATE]. Smailu pozicijas
hromatogramma identificé ar standarta paraugiem, sagaidimais ®*Ga [DOTA-TATE]
iznakums — 60% no izmantota [DOTA-TATE]. Radionuklidus identificé ar gamma
spektrometru (Nal 527-51W). Spektra redzama elektrona/pozitrona anihilacijas gamma
kvantu 511keV linija, ka arT 1078(3.03 %) un 1884(0.15) Iinijas. Iespgjamo **Ga (III)
koloidu dalinu daudzumu preparata noverté ar TLC ar radiacijas detektoru, noskaidrojot
TLC smailu integréto laukumu proporciju koloidam **Ga (III) un savienojumam **Ga
[DOTA-TATE]. Lai novértétu DOTA-TATE radiolizi, ®*Ga starojuma ietekmé, jaizmanto
maza diametra HPLC kolona, kas dod iesp&ju ar UV detektoru novertét sintézes parauga
smailes laukuma izmainas laika. Papildus HPCL atrastas smailes (radiolizes produktus)
identificé ar MS.

RADIOPHARMACEUTICAL Ga68 [DOTA(Tyr3)OCTREOTIDE], SOMATOSTATIN
ANALOG, SYNTHESIS QUALITY CONTROL

Ricards Kovaldins', Gunta Kizénel, Janis Rudzitis', Toms Kusinél, Péteris Mekss',
Ilva Nakurte?, Mara Grube®, Karlis Svirksts®
!Institute of Chemical Physics, University of Latvia
’Department of Chemistry, University of Latvia
Y Institute of Microbiology and Biochemistry, University of Latvia

In order to assess radiopharmaceutical DOTA (Tyr3) octreotide [DOTA-TATE] labeled
Ga® compliance with the European Union good manufacturing practice, high-pressure
liquid chromatography (HPLC), thin layer chromatography (TLC), mass spectroscopy
(MS) and gamma spectroscopy methods were used. Ligand quantity, successfully bound
to DOTA-TATE, during synthesis, assessed by HPLC (Scintomics 8100) comparing
integrated peak areas at Rt ~ 3,4min (Ga68 [DOTA-TATE]) and at Rt ~ 3,9min (DOTA-
TATE); peaks positions in chromatogram identified by standard samples. In practice yield
of conjugate is ~60% of used DOTA-TATE. Radionuclide identity assessed by gamma
spectrometer (Nal 527-51W), after electron/positron annihilation gamma photons 511keV
and as well as 1078(3.03 %) and 1884(0.15) lines were detected. TLC with a radiation
detector was used to assess Ga68(IIl) colloidal content in the product, expressed as the
ratio between Ga68(Ill) colloid /Ga68§[DOTA-TATE] peak integrated areas. To assess the
extent of DOTA-TATE radiolysis, due to ionizing radiation from **Ga, it is necessary to
use HPLC columns with a smaller diameter, thus, making it possible to evaluate the
integrated peak areas of ®*Ga[DOTA-TATE] synthesis sample, on the UV detector, and to
assess changes in peak area, as a function of time. To further identify new chromatogram
maxima (radiolysis products), MS is used.
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GRADUALO TONU MASKU IZVEIDE Sn/In DUBULTSLANI,
IZMANTOJOT TIESA IERAKSTA FOTOLITOGRAFIJU

Varis Karitans, Kaspars Pudzs, Edgars Nitiss
Latvijas Universitates Cietvielu fizikas institiits

Graduala tona fotolitografija tick izmantotas graduala tona maskas, kas sniedz iesp&ju
iegtit 3D struktiiras fotorezistiva slani. Klasiska pieeja $adu masku izgatavosana ir ta
saucamo pustonu izmanto$ana. Sadas maskas izgatavojamas ari, mainot Sn/In
dubultslana caurlaidibu. Sadiem mérkiem parasti tiek izmantots Ar lazers (A =
488/514 nm), kas tiek safokus€ts Sn/In dubultslani. Lazera jaudai jabit vismaz 0,25
W. Paraugs tiek skenéts X-Y plakng, vienlaicigi modulgjot lazera stara intensitati.
Saja pétljuma aprakstita tie$a ieraksta fotolitografijas sistémas xPG 101 (Heidelberg
Instruments) izmantoSana gradualo tonu masku izveidei Sn/In dubultslani. Iekarta tiek
izmantots 375 nm lazers ar maksimalo jaudu P = 70mW. Izmantojot
vakuumputinasanas klasteri, uz stikla virsmas tika uzklats Sn/In dubultslanis (2 nm Sn
un 40 nm In). Dubultslanis tika izgaismots vairakos apgabalos, mainot lazera jaudu ar
10 mW soli robezas no 10 mW Iidz 70 mW, un katra punkta tika aprékinats optiskais
blivums. Pilniba izgaismota dubultslana optiskais blivums bija 0,22, turpretim
neizgaismota slana gadijuma tas bija 0,45. Kopuma optiskais blivums mainijas lineari
atkariba no lazera jaudas.

DESIGN OF GRAYSCALE MASKS IN Sn/In BILAYER USING DIRECT
WRITE PHOTOLITHOGRAPHY

Varis Karitans, Kaspars Pudzs, Edgars Nitiss
Institute of Solid State Physics, University of Latvia

In grayscale photolithography, gradual tone masks are used to create 3D structures in
a photoresistive layer. The half-tone method is often used to design such masks.
However, such masks can also be designed by varying transmittance of a Sn/In
bilayer. In order to achieve variations in transparency, an Ar laser (A = 488/514 nm) is
commonly focused on the Sn/In bilayer. Power of the laser must be at least 0,25 W.
The sample is scanned in X-Y plane and intensity of the laser beam is modulated
simultaneously. In this study, applicability of the direct write photolithography system
uPG 101 (Heidelberg Instruments) for design of the grayscale masks in a Sn/In
bilayer is analyzed. The device emits laser radiation at wavelength 375 nm. The
maximum power P = 70mW. The Sn/In (2 nm Sn and 40 nm In) was sputtered on a
glass surface in a vacuum coating device. Izmantojot vakuumputinasanas klasteri, uz
stikla virsmas tika uzklats Sn/In dubultslanis (2 nm Sn un 40 nm In). The bilayer was
exposed in several areas at various levels of laser power ranging from 10 mW to 70
mW in steps of 10 mW. For every power level the optical density was calculated. The
optical density of fully exposed area was 0.22 while unexposed area had optical
density 0.45. Generally, the optical density variet linearly with the laser power.
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SPEKTRALI PIELAGOJAMA LED GAISMAS AVOTA IZVEIDE

Sergejs Fomins, Maris Ozolins$
Latvijas Universitates Cietvielu fizikas institits

Balstoties uz dienas gaismas spektra pierakstiem gada garuma, ir iegiitas sezonalas un
diennakts gaismas pliismas un potencials cilvéka acs tiklenes receptoru ierosinosais
faktors Latvijas platuma grados. Salidzinot iegiitos datus ar Spanijas p&tnieku
(Hernandez - Andrés et al.,2001) datubazi ir atklajies savadaks fiziologiski svariga
apgaismojuma raksturs. Sis atzinas ir pamats Latvijas apstakliem paredzéta spektrali
dinamiski pielagojama LED apgaismojuma izveidosanai. Tika izmantota komerciali
pieejama gaismas diozu tehnologija, jaukSanai izmantojot RGB diodes ar papildus
dzelteno (592 nm) vai zalo (525 nm) komponenti atkariba no RGB sastava. Diozu
vadiSanai tiek izmantots Atmel Atmega 2560 mikrokontrolieris ar 500 Hz impulsa
modulacijas frekvenci. Tika izveidots RyGB un RGceB krasu jaukSanas modelis
balstits uz piedavata RAGB modela (Zukauskas et al., 2012). Turpmakais solis ir
dinamiska RyGceB avota vadiSana péc dabiskiem gaismas mainas principiem.

DESIGN OF SPECTRALLY TUNABLE LED SOURCE

Sergejs Fomins, Maris Ozolin$
Institute of Solid State Physics, University of Latvia

Based on the experimentally acquired annual daylight spectrum data, seasonal and
diurnal luminous flux and potential human retinal receptor activation factor is
obtained for Latvian latitudes. Comparing the data obtained with the Spanish
researchers (Herndndez - Andrés et al.,, 2001) database has shown different
characteristics of physiologically relevant changes of light. Acquired knowledge is the
basis for design of Latvian conditions impressed spectrally dynamically customizable
solid state lighting. We have implemented commercially available LED technology,
using RGB LEDs with the addition mixture of yellow (592 nm) and cyan-green (525
nm) components for production of customizable white light. Intensities of diodes are
controlled with Atmel Atmega 2560 microcontroller with 500 Hz pulse width
modulation frequency. The RyGB and RGc¢B color mixing models developed without
substantially changes of photopic function based on the RAGB model provided
(Zukauskas et al., 2012). A further step is the dynamic RyGcB source management
after natural light changing principles.
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INTERFERENCES LITOGRAFIJAS PIELIETOJUMS DIFRAKTIVO
PLANARO OPTISKO LEMENTU IEGUSANAS PROCESA

Ugis Gertners, Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Darba ietvaros ir pétitas iesp€jas iegiit specifiskus planaros optiskos elementus ar
noteiktu pielietojumu fotonika. Precizs izp&tes virziens ir saistits ar monohromatiskas
gaismas emit&josu iekartu jeb aktivo vidi sadalitas atgriezeniskas saites lazeriem (no
anglu val. distributed feedback jeb DFB). DFB lazers sastav no periodiska difrakcijas
rezga, kuram ir uznests virsi luminiscents materials. Dotais elements kalpo ka lazera
aktiva vide, un rezonanses gadijuma izstaro tikai loti Saura vilpa garuma spektra. Ka
optisko elementu iegliSanas un izp&tes metode ir izv€leta interferences litografija jeb
holografiskais ieraksts. DFB bezspogulu lazeros atgriezenisko saiti nodrosina Brega
izkliede no aktiva regiona periodiskas struktiiras. Izstarotas gaismas vilpa garums ir
atkarigs no $1 perioda licluma. IpaSa uzmaniba tiek veltita difrakcijas rezgu ar periodu
zem 200 nm ierakstam amorfas haklogenidu pusvaditaju planas kartinas. legitais
difrakcijas rezgis kalpo ka spogulis, selektivi atstarojot tikai noteikta vilpa garuma
gaismu jeb modas. Savukart, modas izv€le ir atkariga no simuléta emisijas spektra
luminiscentam materialam. Darba ietvaros izpéte tiek sakta ar DCM lazera krasvielu,
kurai ir salidzinosi labi raksturojoSie parametri. lesp&ju robezas tiek pétitas dazadu
materialu kombinacijas gan pamata difrakcijas rezgim, gan ari luminiscentam
materialam.

DEVELOPMENT OF INTERFERENCE LITHOGRAPHY FOR THE
PRODUCTION OF DIFFRACTIVE PLANAR OPTICAL ELEMENTS

Ugis Gertners, Janis Teteris
Institute of Solid State Physics, University of Latvia

This work is related to study the possibilities to obtain planar optical elements for the
photonics application. The core object of this research is to find a new approach for
the production of the active region of the distributed feedback (DFB) laser. DFB laser
is a type of laser where the active region of the device is periodically structured as a
diffraction grating. The structure builds a one-dimensional interference grating and
provides optical feedback for the laser. The grating is constructed so as to reflect only
a narrow band of wavelengths, and thus produce a single longitudinal lasing mode. In
this work the diffractive gratings are obtained in amorphous chalcogenide thin films
by direct holographic recording technique, and a laser dye DCM is chosen to be the
luminescent medium for the active region. Special attention is given to diffractive
gratings with period less than 200 nm and various other material combinations for the
DFB laser are discussed in more detail.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2016/7 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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VARA MIKROPIEMAISIJUMU NOTEIKSANA SILICLJA, IZMANTOJOT
ZEMO TEMPERATURU FTIR-SPEKTROSKOPIJAS METODI

Georgijs Cikvaidze
Latvijas Universitates Cietvielu fizikas institiits

Paradita iesp&ja noteikt vara mikropiemaisijumus monokristaliska silicija, izmantojot
zemo temperatiiru Furjé-spektroskopijas metodi. Vara mikropiemaisijumi tika
ieviesti silicija attiriSanas un serzu audz€Sanas un parstrades procesa, izmantojot
elektronu-kiila metodi. Vara piemaisijumi pasliktina produktivitati un elektronisko
iericu kvalitati kuri tiek razoti uz silicija bazes. Tapéc, noteikt vara piemaisijumu
koncentraciju silicija ppba un pat ppta limenos, ir svarigs analitisks uzdevums.
Eksperimenti tika veikti, izmantojot Vertex 80V FTIR- spektrometru (Bruker, Vacija).
Spektrala izskirtspgja = 0,5 cm-1. Mérjjumu laika paraugi atradas vakuuma hélija
kriostata pie 7K temperatiras.

Spektru mérijjuma laika paraugs tika paklauts gaismas ar energiju> 1,1 eV. Misu
teorétiskie aprékini liecina, ka Iinijam, kas atbilst vara elektronu spektram jabiit
diapazona no 64 eV Iidz 71 eV. Eksperimentali tika noteikta spektrala lmija 530,7
cm-1, kas tiek attiecinata uz vara lmiju. Izstradatd metode lauj noteikt vara saturu
silicija ppta Iiment, ko nevar noteikt izmantojot citas metodes.

DETECTION OF TRACE COPPER IMPURITIES IN SILICON USING LOW-
TEMPERATURE FTIR-SPECTROSCOPY

George Chikvaidze
Institute of Solid State Physics, University of Latvia

The possibility to determine the presence of trace copper impurity in silicon
monocrystals using low-temperature Fourier spectroscopy is demonstrated. Copper
micro impurity was introduced into silicon during purification and growing of rods
using electron beam technology. Copper impurities degrade the productivity and
quality of electronic devices produced on a silicon basis. Therefore, the determination
of concentrations of copper impurities in silicon up to ppba and even ppta level is an
important analytical task. Experiments were made using Vertex 80v FTIR-
spectrometer (Bruker, Germany). The spectral resolution = 0,5 cm-1. During the
measurements, the samples were in a helium vacuum cryostat at a temperature of 7 K.
During the spectral measurement, the sample was exposed to light with an energy of
> 1,1 eV. Our theoretical calculations showed that the lines corresponding to the
electron spectrum of copper should be in the region of 64 eV to 71 eV. The
experimentally observed spectral line 530.7 cm-1, which is attributed to copper lines.
The developed method allows to determine the content of copper in silicon at ppta,
that is impossible for other analytical methods.
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TiO; NANOCAURULU VIRSMAS MODELESANA AR IEROBEZOTO 2D
STUKTURU FORMALISMU

Olegs Lisovskis', Sergejs Piskunovs', Jurijs Zukovskis', Dmitrijs Bogarovs',
Stephane Kenmoe®, Eckhard Spohr”
Latvijas Universitdtes Cietvielu fizikas institiits
’Duisburga-Essena Universitdtes Teorétiskas kimijas departaments

Katalizatoru modeléSana tdens molekulu fotokatalitiskai SkelSanai ir viens no
intensivi p€tamiem zinatnes virzieniem. Nanocaurulu katalizatoriem tiek pieversta
atseviska uzmaniba. Labakai fotokatalitisko procesu izprasanai ir nepiecieSamas
atkarigas-no-laika blivuma funkcionala teorijas (Time-Dependent Density Functional
Theory, TD-DFT) un molekularas dinamikas (MD) pieejas. Diemz¢l tada liela m&roga
modelésana nanocaurulém praktiski nav iesp&jama, izmantojot miisdienu datoru
resursus, tadel ir svarigi izstradat vienkarsakus 2D modelus piemérotus nanocaurulu
virsmu aprakstiSanai.

Agrak més pétfjam ka dop@to, ta arT nedop&to (101) un (001) TiO, nanocaurulu
fotokatalitiskas Tpasibas, izmantojot DFT metodi. Lai padaritu iespgjamu modeleésanu
ar TD-DFT un MD metodém, mé&s izstradajam tris dazadus nanocaurulu modelus 2D
formalisma ietvaros. Tie tika novertéti ar DFT metodi.

Mges paradijam, ka viens no modeliem dod labakus rezultatus modelgjot (001)
nanocaurules ar biezaku sienu, un cits — modelgjot (101) nanocaurules ar planaku
sienu. Tiek sagaidits, ka §1s pieejas ietvaros m&s varam modelét arT nanocaurules,
veidotas no citiem materialiem.

MODELING A TiO; NANOTUBULAR SURFACE WITHIN FORMALISM OF
A CONSTRAINED 2D STRUCTURE

Oleg Lisovski', Sergei Piskunov', Yuri Zhukovskii', Dmitry Bocharov',
Stephane Kenmoe®, Eckhard Spohr”
"Institute of Solid State Physics, University of Latvia
’Department of Theoretical Chemistry, University of Duisburg-Essen

Modeling of catalysts for solar-light-driven water splitting is one of the most
intensively investigated research directions. Nanotubular catalysts attract particular
attention. For a better understanding of photocatalytic processes Time-Dependent
Density Functional Theory (TD-DFT) and Molecular Dynamics (MD) approaches are
required. On large-scale nanotubes (NTs) such calculations are not feasible with
current computational power, therefore it is important to develop a 2D model suitable
for description of NT surface.

Previously we have performed study of photocatalytic properties of TiO, NTs of two
different configurations, (101) and (001), both pristine and doped, at the level of DFT.
In order to make the calculations feasible with TD-DFT and MD methods we
prepared three different models of these NT configurations via 2D approach with
various constraints of different complexity. These models were estimated by means of
DFT.

We show that one sort of the constraints would produce better results when modeling
(001) NTs with a thicker wall, and another sort — for the (101) configuration with a
thinner wall due to nature of applied constraints. We suggest that our approaches
would also be useful for NTs fabricated of other materials.
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Y UN Ti PARU MIJIEDARBIBAS fcc Fe REZGI SALIDZINAJUMA ANALIZE:
APREKINI NO PIRMAJIEM PRINCIPIEM

Aleksejs Gopejenko', Jurijs Zukovskis', Pavel V. Vladimirov?, Jevgenijs Kotomins', Jurijs Mastrikovs',
Vladimir A Borodin®, Anton Méslang®
1Latvijas Universitates Cietvielu Fizikas Institiits
*Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
3NRC “Kurchatov Institute”

Oksidu stiprinati t€raudu materiali ir apliikoti ka strukturalo materialu kandidati nakotnes
termiskas sintézes reaktoriem, Tie lauj palielinat nakotnes kodolsintézes reaktoru darba
temperattiru uz apméram 100°C lidz 650°C un augstak palielinot reaktoru efektivitati. Visbiezak
Y,0; ir izmantots lai pastiprinat t€raudu materialus. Tas ir viens no stabilakajam oksidiem ar
kusSanu temperatiiru daudz lielak par ODS téraudu veidoSanas temperatiiru.

Tiesi tas var bit loti svarigs oksidu dalinu veidoSanai ODS téraudos.

Neskatoties uz to, ka tika veikti vairaki eksperimentalie un teoretiskie p&tfjumi, oksidu dalinu
veidoSanas principi joprojam nav pilnigi izprasti.

Y,Ti,0; ka arT YTi,05 izmantoSana lai sarazot ODS téraudus bitiski samazina oksidu dalinu
izmé&ru ka arT ietekme uz ODS dalinu vienmerigo sadalijum metaliska matrica.

Aprekini tika veikti izmantojot plakanu vilnu blivuma funkcionalu teorijas (DFT) metodi. Tika
veikti Ti paru mijiedarbibas aprekini ar Ti, Y, O un vakancém dazados attalumos starp defektiem.
Tika aprekinatas saites energijas visiem konfiguracijam, ka ari tie tika salidzinatie Y
mijiedarbibam ar citiem defektiem. Ti model&Sanas rezultati ir kvalitativi lidzigi ar Y modeleSanas
rezultatiem. Vislielaka saites energija tika aprékinata starp Ti un vakance ka pirmie tuvakie
kaimini. Saites energija netika atrasta starp diviem Ti atomiem ka arT starp Ti un Y atomiem.
Saites energija netika atrasta starp Ti un O atomiem, kad O atoms atradijas oktaedriska
starpmezgla pozicija pirma koordinacijas sféra.

A COMPARATIVE ANALYSIS OF Y AND Ti PAIRWISE INTERACTIONS IN fcc Fe
LATTICE: THE FIRST PRINCIPLE CALCULATIONS

Aleksejs Gopejenko', Yuri F Zhukovskii', Pavel V. Vladimirov?, Eugene A Kotomin',
Yuri A Mastrikov', Vladimir A Borodin®, and Anton Méslang2
'Latvijas Universitates Cietvielu Fizikas Institiits
*Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
*NRC “Kurchatov Institute”

Oxide dispersed strengthened steels are considered as promising structural materials for future
thermal synthesis reactors. In particular, the implementation of ODS steels allows increasing the
operating temperature of the future fusion and advanced fission reactions by 100°C up to 650°C or
even higher, thus increasing the efficiency of the reactor. The most commonly used material for
the strengthening of the reduced activation ferritic-martensitic steels was found to be Y,O;. It is
one of the most stable oxides with the melting temperature higher than the that of the steels. This
might be crucial for the formation of the oxide particles in ODS steels.

ODS steels are widely studied both experimentally and theoretically to explain the principles of
ODS particle formation, which are not fully understood yet.

Implementation of Y,Ti,O; or even YTi,0Os5 to produce ODS steels leads to 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 have been performed using the plane wave density functional theory (DFT). The
calculations of the Ti pair-wise interaction with Ti, Y, O, and vacancies have been performed at
different mutual distances. The binding energies have been assessed for all calculated
configurations and compared with the results of the modelling of Y pair-wise interactions. The
results of Ti modelling are qualitatively similar to the modelling of Y pair-wise interactions. The
largest binding energy was found between Ti and vacancy as the first nearest neighbours. No
binding has been found between two Ti atoms as well as between Y and Ti. No binding was found
between Ti and O in the octahedral interstitial position when Ti was placed in the first
coordination sphere.

This work has been carried out within the framework of the EUROfusion Consortium and has received
funding from the Euratom research and training programme 2014-2018 under grant agreement No
633053.
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KORUNDA STARPMEZGLU SKABEKLA ATOMU IPASIBU UN
MOBILITATES APREKINI NO PIRMAJIEM PRINCIPIEM

Aleksandrs Platonenko, Jurijs Zukovskis, Deniss Grjaznovs, Jevgenijs Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Radiacijas izraisitas izmainas strukturalas un optiskas korunda 1pasibas, galvenokart,
ir saistitas ar primariem Frenkela defektiem: neitraliem un ladétiem starpmezglu
atomiem O;, , ka arT skabekla vakance€m Vy (F-centri). Atskiriba no tam, starpmezglu
atomi vel nav labi izpétiti. Jaunakie p&tijjumi secina, ka ladétie defekti ir stabilaki, bet
pie daziem apstakliem neitralie defekti arT var pastavéet.

Saja pétljuma més veicam korunda neitralo un ladgto starpmezglu atomu Ipasibu un
mobilitates ab initio aprékinus izmantojot CRYSTAL14 programmu. Tika salidzinati
neitralo un ladéto defektu geometrija un diftzijas energijas, Malikena atomu ladini,
elektronu blivuma sadalfjums un vibracijas frekvences. Gan ladets, gan neitrals
starpmezgla skabekla atoms veido pari ar regularo skabekla atomu, simetriski
izvietojoties ap regularo skabekla poziciju. O;-Oy attalumi ir 1,4 A neitralam
defektam un 1,84 A ladétam defektam. Elektronu blivuma diagrammas un Malikena
analizes rezultatos nav pazimju, kas varétu liecinat ka starp O; un Oy, ir kovalenta
saite un veidojas peroksida vai superoksida jons. No otras puses, neitrala defekta
gadijuma ir novérojama fononu frekvence, kura ieguldijumu dod divu skabekla atomu
svarstibas, O; un O,.g

AB INITIO STUDY ON PROPERTIES AND MOBILITY OF OXYGEN

INTERSTITIALS IN CORUNDUM

Aleksandrs Platonenko, Yuri. F. Zhukovskii, Deniss Gryaznov, Eugene A. Kotomin
Institute of Solid State Physics, University of Latvia

Radiation-induced changes in the structural and optical properties of corundum are
mainly associated with primary Frenkel defects: neutral and charged interstitial
oxygen atoms O;, as well as oxygen vacancies Vo (F-type color centers). Unlike the
latter, the former are not well studied yet. Recent studies concluded that defects in
their highest charge states are more stable under most conditions, but in some regimes
neutral defects also exist.

In this study, we present results of periodic ab initio simulations on properties and
mobility of charged and neutral oxygen interstitials using the CRYSTAL14 computer
code. The defect geometries, migration energies, Mulliken atomic charges, electron
density distributions and vibrational frequencies are compared for the neutral and
charged impurities. Both types of interstitial defects form a dumbbell pair with regular
oxygen atom, being located symmetrically around a regular site. The O;-O, distances
are 1.44 A for the neutral defect and 1.84 A for the charged one, respectively.
Electronic density plots and the Mulliken population analysis do not show any signs
of the 0;-Oy, covalent bond and peroxide or superoxide ion formation. On the other
hand, the analysis of calculated phonon frequencies in the case of neutral defect
demonstrated clearly the presence of one with the contribution of the two oxygen
atoms, i.e. Oj and Oyeg.
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ScF; KVANTU KIMIJAS UN MOLEKULARAS DINAMIKAS PETIJUMI

Dmitrijs Bo&arovs', Jurijs Rafalskis', Pjotrs Zguns', Sergejs Piskunovs', Aleksejs Kuzmins',
Juris Purans', Aleksandrs Kalinko', Matthias Krack?, Francesco Rocca’, Shebab Ali’,
Roberts.A. Evarestovs’

"Latvijas Universitates Cietvielu fizikas institiits
’Paula Serera institiits
'IFN-CNR, Fotonikas un nanotehnologijas institiits
‘Suecas kanala universitate
’Sanktpéterburgas Valsts universitate

Skandija trifluorids (ScF3) ir perovskita tipa materials, kuram piemit vienkarSa kubiska
struktiira, un kur§ pieversa uzmanibu izteiktas negativa termiska izpléSanas del plasa
temperatiiru diapazona (0-1100 K). Saja darba ScF; elektroniska struktiira, rezga dinamika un
fononu anharmonisms tika pétiti, izmantojot kvantu kimijas metodes. M&s esam izstradajusi
vienkarSu modeli, kura pamata ir fononu simetrijas analize, ka ari difrakcijas un EXAFS
eksperimentalie dati. Piedavatais modelis lava reproducét neparasto divu joslu uzvedibu
eksperimentali noverotaja infrasarkano staru absorbcijas spektra.

Izmantojot ab initio molekularas dinamikas (AIMD) aprékinus kopa ar MD-EXAFS pieeju,
més sekmigi aprakstijam ScF; strukturalas TpaSibas atkariba no temperatiiras. Lai izvertetu
rezultatu stabilitati, tika veikti aprékini vairakiem atSkirigiem superstinu izmériem izobariska-
izotermiska ansambli. Tika iegiita informacija par rezga konstanti, kimisko saiSu lenku
sadalfjuma un atomu radiala sadalfjuma funkciju atkaribu no temperatiiras. Miisu rezultati
norada uz to, ka AIMD spgj kvantitativi aprakstit negativas termiskas izplesanas efektu, kas
varétu bt saistits ar ScF¢ oktaedru kustibu. P&tfjums ir finansiali atbalstits Latvijas
Universitates Cietvielu fizikas institita Studentu un Jauno zinatnieku projekta Nr. SJZ/2015/6
ietvaros.

QUANTUM CHEMISTRY AND MOLECULAR DYNAMICS STUDIES OF ScF;

Dmitry Bocharov', Jurijs Rafalskij', Pjotrs Zguns', Sergejs Piskunov', Alexei Kuzmin',
Juris Purans', Aleksandrs Kalinko',
Matthias Krack®, Francesco Rocca’, Shebab Ali*, Roberts A. Evarestov®
Institute of Solid State Physics, University of Latvia
’Paul Scherrer Institute, Switzerland
JIFN-CNR, Institute for photonics and nanotechnologies
*Suez Canal University
? Saint-Petersburg State University

Scandium fluoride ScF; is a perovskite-type material which has a simple cubic structure and
attracts attention due to its large negative thermal expansion (NTE) over a wide range of
temperatures (0-1100 K). In this study ScF; electronic structure, lattice dynamics and phonon
anharmonicity were studied using quantum chemistry methods. We have developed a simple
model based on the symmetry analysis of phonon modes and the use of temperature-
dependent results from diffraction and EXAFS experiments. The suggested model allowed us
to reproduce the unexpected experimental behavior observed for two bands in the infrared
absorption spectrum of ScF;.

Using ab initio molecular dynamics (AIMD) simulations together with the MD-EXAFS
approach we successfully described temperature-dependent structural properties of ScF;. The
simulations were performed in the isothermal-isobaric ensemble for several different
supercell sizes to investigate the stability of results. The information on the temperature
dependence of the lattice constant, inter-atomic bond angle distributions and radial
distribution functions was obtained. Our results suggest that AIMD calculations are able to
reproduce qualitatively the NTE effect in ScF;, which is attributed to the tilting motion of
ScFg octahedra. Financial support provided by Scientific Research Project for Students and
Young Researchers Nr. SJZ/2015/6 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.
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REAKTIVA MAGNETRONA UZPUTINASANA IZMANTOTAS SKABEKLA
PLUSMAS IETEKME UZ ZnO:Al PLANO KARTINU STRUKTURU,
ELEKTRISKAJAM UN OPTISKAJAM IPASIBAM

Martin§ Zubkins, Roberts Kalendarevs, Jevgenijs Gabrusenoks, Georgijs Cikvaidze,
Andris Azens, Kaspars Vilnis, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Caurspidigajiem un elektrovadosajiem oksidiem (TCO) piemit unikalas un noderigas
Tpasibas. Visvairak lietotais TCO materials elektroniskos pielietojumos ir In,O3:Sn
(ITO). ITO jamekle alternativa, jo tam raksturiga neprognozgjama cenas izmaina un
ITO kartinu izgatavoSanas nosacijumi nav piemé&roti uz lokanam poliméra plévém [1].
Ar reaktivo magnetrono uzputinasanu izgatavotas ZnO:Al (AZO) kartinas tiek plasi
petits, ka alternativa ITO, un to IpaSibas ir stipri atkarigas no procesa izmantota
skabekla daudzuma.

Saja darba tika izgatavotas AZO Kkartinas ar reaktivo magnetrono uzputinasanas
metodi pie dazadam skabekla plismam. Paraugu sastavs, struktiira, elektriskas un
optiskas 1pasibas tika pétitas ar XRF, virsmas profilometriju, XRD, Holla efektu un
absorbcijas me&rjjumiem redzamaja un tuvaja-infrasarkanaja spektra dala.

Pie mazam skabekla plismam izgatavotajas AZO kartinas ir strauji pieaugusi Al pret
Zn koncentraciju attieciba, kas izskaidrojams ar neoksidéto Zn atomu desorbciju no
augosas kartinas virsmas. Kartinas kristalizacija uzlabojas, ja tiek izmantota lielaka
skabekla plusma. Elektriskajai pretestibai ir minimums pie noteiktas skabekla plismas
vertibas. Gan fundamentalas absorbcijas malas nobide UV spektra dala, gan
absorbcijas izmaina NIR dala korel€ ar brivo elektronu koncentraciju vadamibas zona.

INFLUENCE OF THE OXYGEN GAS FLOW ON THE STRUCTURE,
ELECTRICAL AND OPTICAL PROPERTIES OF ZnO:Al THIN FILMS
DEPOSITED BY REACTIVE MAGNETRON SPUTTERING

Martin§ Zubkins, Roberts Kalendarevs, Jevgenijs Gabrusenoks, George Chikvaidze,
Andris Azens, Kaspars Vilnis, Juris Purans
Institute of Solid State Physics, University of Latvia

Transparent conductive oxides (TCO) have unique and useful properties. The most
utilized TCO material for electronic applications is In,O3:Sn (ITO). It is necessary to
search for the ITO alternative, because of unpredictable nature of the indium price as
well as the preparation conditions of the ITO films are improper for deposition on the
flexible polymer substrates [1]. ZnO:Al (AZO) films deposited by reactive magnetron
sputtering are widely studied as a ITO alternative and their properties are strongly
dependent on the content of oxygen used in the deposition process.

In this study, AZO films were deposited by reactive magnetron sputtering with varied
oxygen gas flow. The composition, structure, electrical and optical properties were
studied by XRF, surface profilometry, XRD, Hall effect and absorption measurements
in the visible and NIR spectrum range.

The Al to Zn concentration ratio in the AZO films prepared with the low oxygen gas
flow increases sharply. It can be explained by the desorption of the not oxidized Zn
atoms from the growing films surface. The crystallinity of the films improves with the
oxygen gas flow. The electrical resistivity has the minimum at the certain value of the
oxygen gas flow. Both the shift of the fundamental absorption edge in the UV part
and the change of the absorption in the NIR correlate with the density of electrons in
the conductive band.

[1]S. C. Dixon et al., J. Mater. Chem. C 4, (2016) 6946-6961
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NANOKRISTALISKU SAVIENOJUMU PETIJUMI, IZMANTOJOT
APGRIEZTO MONTE-KARLO METODI

Inga Jonane, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Zinams, ka materialiem nanoizméra ir no makroskopiskiem materialiem atskirigas
1pasibas. Lai materialiem rastu jaunus pielietojumus, jazina to struktiiras Ipatnibas.
Struktiiras petijumiem var tikt izmantotas vairakas eksperimentalas un uz skaitliskiem
aprékiniem balstitas metodes.

Rentgenstaru absorbcijas spektroskopija (RAS), pateicoties augstas kvalitates
sinhrotronajam starojumam, sniedz biitisku informaciju gan par parauga elektronisko,
gan par lokalo atomaro apkartni ap absorb&joso atomu. Tradicionalas rentgenstaru
absorbcijas spektru analizes metodes sniedz ierobezotu informaciju par parauga
lokalo struktiru vai sarezgitaku sisttmu gadijjumos (piem&ram, nanoizméra
materialiem) tas pat nav iespgjams izmantot daudzo izkliedes celu dél. Tadas, uz
skaitliskiem aprékiniem balstitas, metodes ka apgriezta Monte-Karlo (RMC) metode
un klasiska molekulara dinamika (CMD) lauj iegiit daudz plasaku informaciju par
materialu struktiiru.

Darba ar eksperimentalajam (RAS) un teorétiskajam (CMD, RMC) metodém tiek
pétita nanokristaliska (2-50 nm) itrija oksida (Y,0;) lokala struktiira. Y,0Os
nanodalinas, iestradatas terauda, vartu uzlabot ta mehanisko izturibu augstu
temperattru un radiacijas ietekme.

STUDY OF NANOCRYSTALLINE MATERIALS
USING REVERSE MONTE-CARLO METHOD

Inga Jonane, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

It is known that properties of materials at nanoscale differ from those in the bulk. To
find new applications of materials it is important to know their structure peculiarities.
Several experimental and simulation-based methods can be applied for structural
investigations.

Due to the high quality of synchrotron radiation, X-ray absorption spectroscopy (XAS)
provides us with important information about electronic structure and local atomic
environment around absorbing atom in the sample. Traditional methods of X-ray
absorption spectra analysis give us only limited information about the local structure
of a material or in more complex situations they fail due to the large amount of
multiple-scattering contributions. At the same time, simulation-based methods, such
as reverse Monte-Carlo (RMC) method and classical molecular dynamics (CMD),
allow us to extract more structural information.

In this work we use both experimental (XAS) and theoretical (CMD, RMC) methods
to investigate the local structure of nanocrystalline (2-50 nm) yttrium oxide (Y,03).
Y,03 nanoparticles embedded in steel can improve its mechanical strength at high
temperatures and under irradiation.
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STRUKTURA UN FAZU PAREJAS (1-x)Na;;Bi;»TiO3-xATiO; (A — Pb, Ba)
CIETAJOS SKIDUMOS ZEM MORFOTROPAS FAZU ROBEZAS

Reinis Ignatans, Maija Antonova, Edgars Nitiss, Maris Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institits

Pedgja laika ir konstatéts, ka nepolarizéta Na;,Bi;,»TiO; (NBT) plasa temperattiru
apgabala, kas ieklauj istabas temperatiiru, ir novérojama nevis tira romboedrisko faze,
bet fazu koeksistence ar, visticamak, nepolaru ortorombisku fazi. Tas izraisa
jautajumu par struktiiras raksturoSanu NBT cietajos Skidumos, tuvojoties
morfotropajai fazu robezai (MPB), kas tiek intensivi pétita sakara ar sagaidamajam
perspektivajam elektromehaniskajam Tpasibam 3aja koncentraciju diapazona. Saja
darba veikta (1-x)Na;;Bi;»TiO3-xATiO3 (A — Pb, Ba) cieto Skidumu struktiiras,
dielektrisko un elastisko TpaSibu pétjjumi, noteikta otras optiskas harmonikas
temperatiiras atkariba. (1-x)Na;;,Bi;,TiO3;-xPbTiO; cietajos Skidumos konstateta
izteikta romboedriskas fazes stabilizacija, tuvojoties MPB. Segnetoelektriska fazu
pareja, ko tira nepolarizéta NBT ir griti identificét, pieaugot PbTiO3 koncentracijai
transformgjas par izteiktu 1.veida fazu pareju. legiitie rezultati ne tikai lauj precizak
raksturot NBT cieto skidumu struktiiru, bet arT labak raksturot fazu parejas tira NBT.

STRUCTURE AND PHASE TRANSITIONS IN (1-x)Nay/;Bi; 2 TiO3-xATiO3 (A —
Pb, Ba) SOLID SOLUTIONS BELOW MORPHOTROPIC PHASE
BOUNDARY

Reinis Ignatans, Maija Antonova, Edgars Nitiss, Maris Kundzinsh, Eriks Birks
Institute of Solid State Physics, University of Latvia

Recently coexistence of rhombohedral and another, presumably nonpolar
orthorhombic phase, instead of pure rhombohedral phase was shown to exist in
unpoled Na,;;,Bi;,TiO; (NBT) in wide temperature region including room
temperature. Such a finding raises question about characterisation of structure in NBT
based solid solutions upon approaching morphotropic phase boundary (MPB), which
is widely studied due to expectations of promising electromechanical properties in
this concentration range. In present study (1-x)Na,;Bi;,»TiO3-xATiO; (A — Pb, Ba)
solid solutions are studied in terms of structure and character of phase transition,
evaluated from dielectric, elastic properties as well as temperature dependence of
second optical harmonic. Clear stabilisation of rhombohedral phase is found in (1-
x)Na;,Bi;»TiO3-xPbTiO3 solid solutions upon approaching of MPB. Ferroelectric
phase transition, which in pure NBT in depoled state is hard to identify, in studied
solid solutions transforms into well expressed 1% order phase transition. Obtained
results allow not only more correctly characterise structure of NBT solid solutions in
rhombohedral side of MPB, but allow also better characterise phase transition in pure
NBT.

This work has been supported by the National Research Program in the framework of
projec; “Multifunctional Materials and composites, photonics and nanotechnology
(IMIS?)”.
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TREKU PARKLASANAS LOMA DISLOKACIJU VEIDOSANAS PROCESA
AR AUGSTAS ENERGIJAS JONIEM APSTAROTA LiF

Roberts Zabels, Janis Maniks, Rolands Grants, I1ze Manika
Latvijas Universitates Cietvielu fizikas institiits

Prizmatisko dislokaciju cilpu rasanas ar augstas dozas atrajiem joniem apstarotos LiF
kristalos ir daudzkart eksperimentali apstiprinata. Sis darbs veltits treku parklasanas
lomas izpatei dislokaciju veidogana ar MeV-GeV energijas smagajiem (" Au, **’Bi,
280U) un vieglajiem joniem ('2C) istabas temperatiira apstarotos LiF kristalos.
Individualos smago jonu trekos noveroti tikai dislokaciju aizmetni, bet dislokaciju
rindas trekos paradas pie augstakam fluen€m. Noverteéta jonu divkarSo trapijumu
varbiitiba un ieguldijums apstarota laukuma veidosana atkariba no fluences. legutie
dati salidzinati ar dislokaciju struktiiras novérojumiem un nanoindentéSanas datiem
smagajiem (**U) un vieglajiem ('°C) joniem apstarota LiF. Konstatéts, ka slieksna
fluence kimiski kodinamu dislokaciju veidosanai un detekt€jama cietinasanas efekta
sasniegSanai gan smago, gan vieglo jonu gadijuma ir tuva divkarSo trapfjumu
maksinumam atbilstoSajai fluencei. Secinats, ka intensiva dislokaciju augSana
aizsakas, jonu trekiem skarot iepriek$ apstarotus un dislokaciju aizmetnus saturosus
apgabalus. Dislokaciju augSana saskana ar Hobsa modeli noris, aizmetniem kalpojot
ka radiacijas defektu piesaistes vietai. Turpmaka fluences paaugstinasana noved pie
dislokaciju augSanas un uzkrasanas daudzkarteju treku parklasanas aktu rezultata.

THE ROLE OF TRACK OVERLAPPING IN THE PROCESS OF
DISLOCATION FORMATION IN LiF IRRADIATED WITH SWIFT IONS

Roberts Zabels, Janis Maniks, Rolands Grants, I1ze Manika
Institute of Solid State Physics, University of Latvia

Formation of prismatic dislocation loops in LiF crystals irradiated with high doses of
swift ions has been experimentally confirmed on many occasions. This work is
devoted to the investigation of the role of ion-track overlapping in the formation of
dislocations in LiF single crystals irradiated with MeV-GeV heavy (197Au, 209g;, 23 8U)
and light ('’C) ions at room temperature. In individual tracks of heavy ion only
dislocation seeds have been observed, whereas rows of dislocations occur at higher
fluences. The probability of ion double-hit events and their contribution in the
formation of irradiated surface in dependence on the fluence have been estimated. The
obtained data have been compared to the observations of dislocation structure and
data of nanoindentation as a structure-sensitive method in LiF irradiated with heavy
(238U) and light (IZC) ions. It has been found that threshold fluence for chemically
etchable dislocations and detectable hardening in the case of both — heavy and light
ions is close to the fluence corresponding to the maximum of double-hit probability. It
has been concluded that a major growth of dislocations begins when ion tracks hit
already pre-irradiated areas which contain dislocation seedlings. The growth of
dislocations is explained by the Hobbs model, in which at the room temperature the
mobile interstitial fluorine molecules have the detrimental role. The increase of
irradiation fluence leads to an accumulation of dislocations and saturation due to
multiple overlapping of ion tracks.

The financial support of the national programm IMIS?2 is greatly acknowledged.
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ORGANISKA IS STAROJUMA SENSORA PROTOTIPA IZVEIDE

Kaspars Pudzs, Janis Busenbergs, Aivars Vembris, Martin§ Rutkis
Latvijas Universitates Cietvielu fizikas institits

Attistoties modernajam tehnologijam, aizvien vairak pieaug nepiecieSamiba péc
efektiviem, atrdarbigiem un l&tiem infrasarkanajiem (IS) sensoriem. Infrasarkana
starojuma sensorus var iedalit péc to darbibas principa: foto-elektriskais efekts, foto-
termoelektriskais efekts vai termoelektriskais efekts. Lidz S§im izmantotie
neorganiskie materiali ir ar augstu siltum-vaditsp&ju, kas liedz tos izmantot planas
kartinas, turklat tie ir efektivaki augstas temperatiiras, ka ar1 to pieejamiba ir
ierobeZota, kas sadardzina sensoru izmaksas. Tadel projekta ka aktiva vide sensoram
tieck izmantoti organiskie materiali ar zemu siltum-vaditspgu un lielu Zebeka
koeficientu.

ST projekta mérkis ir radit IS starojuma sensora prototipu, kura darbiba balstas uz
foto-termoelektrisko efektu organisko materialu plana kartina. No plasa organisko
materialu klasta uzsvars tiks likts uz tetratiotetracénu, jo §is materiali ir stabils ar
labam termoelektriskajam 1pasibam, un ieprieksgjie pétijumi rada potencialu
pielietojumu termoelektriskajos parveidotajos, ka art SJZ2015/13 projekta ir
demonstrétas foto-termoelektriska efekta pielietosanas iesp€jas IS starojuma sensora
lietojumos. Saja darba tiks atspogulots lidz §im paveiktais Studentu un Jauno
zinatnieku projekta Nr. SJZ2016/2: aprékini temperatiiras sadalfjumam plana
organisko kartinu un salidzinajums ar praktiski izméritajiem rezultatiem.

Petijums ir finansiali atbalstits Latvijas Universitates Cietvielu fizikas institiita
Studentu un Jauno zinatnieku projekta Nr. SJZ2016/2 ietvaros.

ORGANIC IR RADIATION SENSOR PROTOTYPE

Kaspars Pudzs, Janis Busenbergs, Aivars Vembris, Martins Rutkis
Institute of Solid State Physics, University of Latvia

There is an increasing need for effective, high-speed and low-cost infrared (IR)
sensors with the development of modern technology. Infrared radiation sensors can be
categorized by their operating principle: the photo-electric effect, photo-
thermoelectric effect or the thermoelectric effect. So far used inorganic materials are
with high thermal conductivity, which prevents the use of thin films, and they are
more effective at high temperatures, as well as their availability is limited, which
increases the sensor costs. Therefore, organic materials with low thermal conductivity
and high Seebeck coefficient are used as active media in the sensors.

The aim of this project is to create an IR radiation sensor prototype, which is based on
a photo-thermoelectric effect of the organic material layer. From a variety of organic
materials, the emphasis will be placed on tetrathiotetracene because this material is
stable with good thermal properties, and previous studies in SJZ2015/13 have shown
potential applications in thermo-electric converters.

In this work the results of Scientific Research Project for Students and Young
Researchers Nr. SJZ2016/2 will be shown: calculations of temperature distribution in
organic thin film and a comparison with the measured result.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ2016/2 realized at the Institute of Solid State Physics, University
of Latvia is greatly acknowledged.

72



Iekartas, tehnologijas un prototipi, 23. februaris

MOBILO VIEDIERICU DISPLEJU OLED UN AMOLED GAISMAS
DIOZU STAROJUMA SPEKTRU ,,DRAUDZIGUMS” CILVEKU REDZEI

Miaris Ozoling'” Anna Pastare’
"Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Fizikas un matematikas fakultate

Pedgja laika lietotaju rokas nonak dazadas mobilas ierices, kuru izmantoSanas reZimi
ne vienmér un ne visiem ir adekvati to pielietoSanas primarajai nozimei. Misu
studenti lieto tos ka profesionalas un sadzives vizualas informacijas avotu.
Sasniegumi jaunu gaismas avotu joma — augstas telpiskas izSkirtsp&jas litografija lauj
iegit telpiski planus gaismas avotus ar Sauru spektralas emisijas platumu (lidz ar to
izvairoties no optiskas spektralas filtréSanas nepiecieSamibas) un ar individualu
matri¢u veida adresaciju. Més esam pétijusi pédejo viedo mobilo telefonu ar OLED
un AMOLED starotajiem emisijas spektrus, Ipasu uzmanibu pieveérSot redzes uztveres
zilas komponentes rajonam, un savietojusi §is emisijas maksimumus ar acs fotojutigo
sunu absorbcijas maksimumiem 450-480 nm spektra rajona. Uz AMOLED bazes
izveidotie displeji teor€tiski ir lielaku riska faktoru ilgstoSas lietoSanas gadijuma
vakara un agrinas nakts perioda, jo var ietekmét normalu diennakts nomoda-gulésanas
ritmu. ME&s §Is mobilas ierices ar izteikti Sauriem emisijas spektriem 450-480 nm
spektra rajona lietojam redzes uztveres petljumos — redzes iluziju krasu atkaribu
noteikSanai virtualas realitates adapteros.

MOBILE SMART DEVICE OLED UN AMOLED SCREEN EMISSION
FRIENDINESS TO HUMAN VISION

Maris Ozoling'” Anna Pastare’
"Institute of Solid State Physics, University of Latvia
Faculty of Physics and mathematics, University of Latvia

Recent advances in mobile device technology make these ,,gadgets” as an effective
impress means, and sometimes they are used more oft un longer as essentially
predicted. We have investigated recent smartphones with OLED un AMOLED screen
emission particularly in blue 450-480 nm ,,blue hazard” spectral region, coinciding to
human eye photosensitive cells absorption maxima. AMOLED screens seem having
stronger potential undesirable risk factor in case of prolonged use in evenings short
before and even during normal sleep hours within standard circadian rhythm.
AMOLED blue emission is concentrated in a relatively narrow and intense band close
to sensitivity maxima of human ipRGCs melanopsin cells. We use such mobile
devices having pronounced 450-480 nm emission bands in studies of color impact on
visual illusions observed in virtual reality adapters. Studies done within IMIS2.
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STARPIBAS SIGNALA IZTVERSANA BIOIMPEDANCES MERISANAS
LAIKA BIOMODULACIJAS EFEKTIVAI ATKLASANAI

Paul Annus', Alberts Kristins®
! Tallinas Tehnologiskas universitdtes Tomasa Johana Zébeka elektronikas nodala.
’Latvijas Universitates Cietvielu fizikas institiits

Elektriskas bioimpedances (EBI) mérijumi ir veértigs instruments audu un organu
raksturoSanai. Gan ilgtermina pretestibas variacijas, gan istermina biomodulacija virs
bazes pretestibas satur vertigu informaciju. Lai gan ir instrumenti, kas abus
parametrus spgj izmé&rit ar pienemamu precizitati, tie ir dargi, lielgabarita, un nav
pieméroti ikdienas lietoSanai kliniskas apstaklos. Aparatiirai un signalu apstrades
algoritmiem ir nepiecieSama gudra optimizacija, lai veiktu praktisku un noderigu
medicTnas instrumentu izstradasanu.

Viena no lielakajam problémam biomodulacijas pétijumos ir modulacijas mazais
dzilums attieciba pret bazes impedanci. EBI variacijas, ko izraisa sirds darbiba, var
biit Joti mazas, robezas ap 0,1% no visa impedances signala. Problémas risindjumam
lidz §im ir piedavatas dazadas metodes. Viena no daudzsolo$akajam ir ta saukta
nesosa signala tiesa kompensacija, kad nevélamo bazes pretestibu atnem pirms talakas
signalu apstrades, pievienojot pareizas fazes un korigétu amplitidas signalu atbildes
signalam no objekta.

Jauna metode tiek piedavata gudrai diferencialai mériSanai, kas lauj digitalizet
modulacijas dalas atbildes signalu ar labu dinamisko diapazonu, vienlaikus samazinot
digitalizacijas procesu traucg€jumu ietekmi.

SAMPLING OF THE RESPONSE SIGNAL DIFFERENCES DURING
ELECTRICAL BIOIMPEDANCE MEASUREMENT FOR EFFECTIVE BIO
MODULATION DETECTION

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

Electrical bioimpedance (EBI) measurement is valuable tool for characterisation of
tissues and organs. Both long term impedance variations and short term bio
modulation on top of the base impedance carry valuable information. While there is
instrumentation which is capable for measurement of both with acceptable accuracy it
is costly, bulky, and not suitable for everyday use in clinical surroundings. Clever
optimisation of hardware and signal processing algorithms is required for design of
the practical and useful medical instruments.

One of the biggest challenges, when acquisition of the bio modulation is required, is
related to low modulation depth of the base impedance. EBI variations caused by the
cardiac activity can be very low, in the range of 0,1% from the whole impedance
signal. Different methods have been proposed so far. One of the most promising ones
is so called direct carrier compensation where the unwanted base impedance is
subtracted before the further signal processing by adding correctly phased and
magnitude corrected measurement signal to the response from the object.

Novel method is proposed for clever differential sampling, which enables
digitalisation of the modulation part of the response signal with good dynamic range
by simultaneously minimizing adverse impact of the artefacts to the digitalisation
process.
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APMEKLETAJU SKAITITAJS AR TROKSNU NOTURIGU
DETEKTEJOSO BLOKU

Alberts Kristing
Latvijas Universitates Cietvielu fizikas institiits

Lidz $im CFI izstradatie apmeklétaju skaititaji ka dev&jus izmantoja infrasarkanos (IS)
raiditajus un uztvergjus, PIR (pasivie IS) detektorus vai magn&tiskos durvju kontaktus
(herkonus). Gritibas rodas tad, ja:

e IS starotajus/uztverjus sarezgiti izvietot vai tuvuma atrodas pretzaglu

elektromagnétiskas ierices, kuras rada loti specigus troksnus;

e PIR detektoru tuvuma ir kondicionéSanas ierices;

e herkoni neder, ja durvis laiku pa laikam paliek atvertas.
Tiek piedavats vel viens risindjums, kur§ daudzos gadijumos lauj atrisinat stipras
elektromagnétiskas piesarnotibas problemu.
IS sistémas klasiskaja risinajuma IS starotajs un IS uztvergjs tiek savienoti ar skaititaja
kontrolieri ar gariem vadiem, kuru dél pie liela elektromagnétisko trokSnu Ilimena
registracijas sisttma kltst nestabila. Piedavataja varianta IS starotajs un IS uztvergjs
atrodas paraléli viens otram gaismas necaurspidigas ligzdas un vérsti uz kontrolgjamo
objektu, pie kura piestiprinats gaismas atgriez&js (retroreflektors). Viena karba ar
starotdju un uztveérgju atrodas elektroniskais mezgls, kur§ nodroSina starotaja darba
rezimu (vajadzigo modul€to impulsu secibu), pienem atbildes signalu no uztvérgja un
formé izejas signalu IR/NAV logiska limena veida. Sis iznesamais bloks ar skaititaju ir
savienots ar ekranétu kabeli. Divi kabela vadi tiek izmantoti baroSanai, pa treSo vadu
iznesama bloka signals tiek padots uz skaititaju. Gan skaititajs, gan iznesamais bloks ir
novietoti arpus intensiva elektromagnétiska lauka zonas.

VISITORS COUNTER WITH ANTI-INTERFERENCE DETECTION UNIT

Alberts Kristing
Institute of Solid State Physics, University of Latvia

Formerly developed in ISSP visitor counters used IR emitters and detectors, PIR (passive
infrared) detectors or magnetic door contacts (reed switches) as sensors. But we meet
with difficulties in the following case:

o there is a problem with the IR emitters/detectors installation, or there are some

anti-thief devices causing high interference near the IR emitters/detectors;
e there are some air conditioning devices near the PIR detectors;
o the reed switch isn’t suitable because the door can sometimes be in the open
state.

One more option for solving of the high electromagnetic pollution problem is offered here.
In the case of classical solution of the IR system, an IR emitter and an IR receiver are
connected to the counting controller with long wires, so the system of registration can be
unstable when the level of electromagnetic noise is high. In the proposed solution, the IR
emitter and the IR receiver are arranged in parallel in the opaque sockets, and are focused
on the controlled object where the retroreflector is attached. There is an electronic unit
that provides emitter operation mode (the desired modulated pulse sequence), receives the
answer signal from the receiver and forms the YES/NO logical output in the common box
with the emitter and the receiver. This external block is connected to the controller with
the screened cable. Two wires of the cable are used for power supply, and the third is
used for the output signal. The controller and the external block are located out of the
zone of high electromagnetic field.
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KA UDENRAZA ENERGETIKAS MATERIALU LABORATORIJA
IEKLAUJAS LU CFI JAUNAJA STRUKTURA UN PETIJUMOS?

Janis Kleperis, Liga Grinberga, Jilija Hodakovska, Marting Vanags, Georgijs Cikvaidze,
Péteris Lesni¢enoks, Ainars Knoks
Latvijas Universitates Cietvielu fizikas institiits

Ar 2017.gadu LU Cietvielu fizikas institits uzsak lielu gadsimta H2020 projektu
“Viedo materialu p&tijumu un tehnologiju parneses ekselences centrs” (CAMARTz),
kura realizacijas gaita mainisies lidzSingjais pétnieciska darba stils un, iespgjams,
saturs. Blakus tradicionalajam uz projektiem un objektiem orient€tajam zinatniskas
pétniecibas laboratorijam tiks veidotas horizontalas “atvértas pieejas” laboratorijas,
kuras sniegs pakalpojumus gan pasu, gan citiem pé&tniekiem, riipniecibas uznémumus
ieskaitot.

Nav Saubu, ka zinatniska darba reorganizacija institiita ir nepiecieSama, kaut vai tadel,
lai petnieks te justos piederigs un atbildigs, lai ne tikai nemtu, bet arT dotu, lai biitu
patriots un lepns par savu piederibu te.

Ka Sai jaunaja shéma iederésies Udenraza energétikas materialu laboratorija?
Balstoties uz esoSajiem pé€tniecibas virzieniem tiks analizétas laboratorijas atdeves un
izdzZivoSanas iespgjas vecaja un jaunajad sh@mas, apkopotas priekSrocibas un
zaudgjumi. Laboratorijas Iidz§ingja pieredze intelektuala Ipasuma aizsardziba
neveicindja integrésanos institita — patentus pieteica vai nu pensionari un studenti, vai
caur citiem, ari arzemju instititiem. Savukart tehnologiju parnesé un zinatnisko
pakalpojumu sniegSana gan dala darbu tiek laisti caur institiitu, bet dala — caur savu
privatu uznémumu.

HOW HYDROGEN ENERGY MATERIALS LABORATORY IS EMBEDING
NEW STRUCTURE AND RESEARCH DIRECTIONS OF ISSP UL?

Janis Kleperis, Liga Grinberga, Julia Hodakovska, Martins Vanags, Georgijs Chikvaidze,
Peteris Lesnicenoks, Ainars Knoks
Institute of Solid State Physics, University of Latvia

In 2017 the ISSP UL launches great century H2020 project "The Excellence Centre of
Advanced Material Research and Technology Transfer" (CAMART?),
implementation of which will change the style and possibly content of current
research work. Beside the traditional on projects and object-oriented research
laboratories will be organized horizontal "open access" laboratories, which will
provide services to both own and other Latvian, foreign researchers, institutions,
including industrial companies. There is no doubt that the reorganization of the
scientific work at the Institute is needed, if only because the researcher here might
feel as a part, being responsible for it; not only taking but also giving, being a patriot
and proud of his affiliation here.

How in this new scheme will fit Hydrogen energy materials laboratory? Based on
existing research topics will be analyzed the return and the chances of survival of the
laboratory in the old and new schemes, summarized the benefits and losses. Previous
experience of Laboratory in protection of intellectual property did not contribute to
the integration in the Institute - patents were filed by both pensioners and students, or
through other institutes, including foreign one. By contrast, the transfer of technology
and scientific services were partly put through the Institute, and partly realized
through own private companies.
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LU CFI PETNIEKU KOMANDA IEKLAUTA H2020 PROJEKTA
PIETEIKUMA “CO, REFORMESANA PAR ETILENA OKSIDU
ELEKTROLIZES PROCESA”

Janis Kleperis, Gints Kuéinskis, Julija Hodakovska, Gunars Bajars, Guntars Vaivars,
Jurijs Zukovskis
Latvijas Universitates Cietvielu fizikas institiits

Projekta komandu veido 10 dalibnieki no 6 valstim (Vacija, Anglija, Austrija, Latvija,
Polija, Ungarija) koordinatora no Vacijas (Fraunhofera InZenierzinatnu un
biotehnologijas starpnozaru institiits) vadiba.

Biogazes riipnicas un alus razotnes ir vislabakie tiras oglskabas gazes (40-100%)
emisiju avoti, kuros realizét CO, elektrokimiskas riipnicas konceptu. Projekta
piedavatais tehnologiskais risinajums ir salidzinams ar “energija par gazi” konceptu,
bet ar lielaku parverSanas efektivitati un gala produkta vertibu. Pieteikums
CO2EXIDE fokusgjas uz etiléena oksida un citu tautsaimnieciba veértigu produktu
elektro-sintézes tehnologijas attistiSanu no oglekla dioksida. Lai sasniegtu p&tnieciska
rezultata ievieSanu no TRL4 Iidz TRL6 Iimenim, jasasniedz vairaki merki —
tehnologiska procesa 200% efektivitate, vienlaicigi radot produktus ar pievienoto
vértibu uz katoda un anoda; tehnologiskam procesam modulara pielietosanas
tehnologija, kas lauj integrét elektrokimiskas un kimiskas reformacijas tehnologijas;
priekSizpete lielaka méroga decentralizétiem pielietojumiem; lielas energijas un
materiala efektigas izmantoSans princips; dabiskiem apstakliem (spiediens un
temperatiira) piemérotu darba apstaklu nodorosinasana; mazas investicijas un
uzturéSanas izmaksas; no fosiliem energoresursiem iegiita etiléna oksida iegliSana no
videi neitraliem un atjaunojamiem resursiem.

TEAM FROM ISSP UL IS ICLUDED IN H2020 PROJECT PROPOSAL “CO;-
BASED ELECTRO-SYNTHESIS OF ETHYLENE OXIDE - CO,EXIDE”

Janis Kleperis, Gints Kucinskis, Julia Hodakovska, Gunars Bajars, Guntars Vaivars,
Yu. Zhukovskii
Institute of Solid State Physics, University of Latvia

Project team is formed from 10 participants (Germany, UK, Austria, Latvia, Poland,
and Hungary) and led by Fraunhofer Institute for Interfacial Engineering and
Biotechnology (Germany).

CO; absorption from e.g. fermentation processes in biogas-plants or breweries will
offer outstanding application opportunities for the electrochemical factory concept.
The system benefit is comparable to the power-to-gas concept, but with expected
higher conversion efficiency and value added product. The CO2EXIDE proposal
focuses on the development of a CO;-based electro-synthesis of ethylene oxide and
derived products. The development, from TRL4 to TRL6, aims at parallel “200%"-
synthesis of value added products at the cathode and at the anode; modular concept
for integrated electrochemical and chemical conversion technologies; feasibility at
larger scales for a decentralized application; high energy and material efficiency/yield;
low operating conditions (pressure and temperature); low invest and maintenance
costs; the substitution of the fossil based production of ethylene oxide with a CO,-
neutral and renewable one.

Authors acknowledge financial support from Latvian Science Council project Nr666.
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TITANA DIOKSIDA SINTEZES UN APSTRADES IETEKME UZ FAZU
SADALIJUMU UN FOTOAKTIVITATI

Ainars Knoks', Janis Kleperis', Liga Grinberga', Artiirs Medvids®, Pavels Onufrijevs’
"Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitdtes Tehniskas fizikas institiits

Titana dioksids (TiO,) ir perspektivs materials fotokatalitisku procesu nodrosinasanai.
TiO, iesp&jams ieglit dazados sint€zes procesos: sol-gel, termala iztvaic€sana,
magnetronu izputinaSana, elektrokimiska anodésana u.c. Sintez€tais TiO, parsvara ir
amorfa stavokli, kristaliskas struktiiras iegiiSanai nepiecieSama termiska apstrade.
Karsésanas apstakli ietekm@ iegtito paraugu struktiiru. Neizmantojot termisko apstradi,
kristalisku TiO, iesp&jams iegiit, apstarojot Ti plaksni ar intensivu lazera starojumu.
Darba gaita tika sintez&ti paraugi, izmantojot elektroktmiskas anodéSanas metodi, péc
tam tos kars€jot dazadas atmosferas: gaiss, slapeklis, argons un tdenradis. Ka ari
iegiits TiO, apstarojot titana metala plaksni ar Nd:YAG lazeru.

Paraugu struktiira tika noteikta, lietojot Ramana spektroskopiju, rentgenstaru
difrakciju, savukart virsmas morfologija pétita ar mikroskopijas metodém.
Fotoaktivitate noteikta tris elektrodu elektrokimiska S$tna, izmérot fotostravu un
aprékinot ladinnes€ju koncentraciju. Salidzinot iegltos rezultatus, analizEta
karséSanas vides ietekme uz struktiru, TiO, fazu sadalfjumu paraugos un
fotoaktivitati.

INFLUENCE OF SYNTHESIS PARAMETERS ON PHASE DISTRIBUTION
AND PHOTOACTIVITY OF TITANIUM DIOXIDE

Ainars Knoks', Janis Kleperis', Liga Grinberga', Arturs Medvids®, Pavels Onufrijevs’
"Institute of Solid State Physics, University of Latvia
*Institute of Technical Physics, Riga Technical University

As titanium dioxide (TiO;) popularity for various photocatalytic application is
growing, the research on synthesis parameter influence on material properties is
needed. It is possible to synthesize TiO; using various methods, such as thermal
vapour deposition, magnetron sputtering, electrochemical anodization etc. All
mentioned methods produces amorphous TiO,. To obtain crystalline TiO,, thermal
annealing is needed. It is possible to synthesize crystalline TiO, directly by irradiation
the Ti metal with Nd:YAG laser.

In this work samples were synthesized using electrochemical anodization method and
laser irradiation. Then anodized samples were annealed in various atmospheres:
ambient air, nitrogen, argon and hydrogen.

Properties of gained samples were investigated using various methods. Morphology
by microscopy, structure with Raman spectroscopy and XRD, photoactivity
determined from photocurrent measured in three electrode electrochemical cell and
calculated charge density. Gained results clearly showed that synthesis method and
parameters influenced morphology, structure and photoactivity of samples.

The financial support of National Research Program IMIS? (project No.2) is greatly
acknowledged.
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NANOSTRUKTURETS Fe;03; UN TiO; KOMPOZITMATERIALS
REDUCETA GRAFENA OKSIDA MATRICA KA ELEKTRODS LITIJA
JONU BATERIJAM

Janis Mateuss', Kaspars Kaprﬁnsl, Anna Dorondo', Viesturs Gedvils®, Gunars Baj ars'
ILalvijas Universitates Cietvielu fizikas institiits
*Jelgavas Spidolas gimnazija

Izpetiti divu metalu oksidu, Fe,O3 un TiO,, ar raksturigiem dalinu izmériem attiecigi
50 nm un 21 nm, trTs kompozitmaterialu kombinacijas ar reducétu graféna oksidu.
Izstradata elektroforétiska kartinu iegiSanas metode un elektroforétiski iegitas
Fe,03/rGO; TiO,/Fe,03/rGO; TiO,/rGO kartinas. Raksturigais kartinu biezums 2-6
um. Materialiem veikta elektrokimisko TpaSibu izpete, ieglti gravimetriskas
ladinietilpibas rezultati, izp@titas gravimetriskas ladinietilpibas izmainas péc
vairakiem uzlades izlades cikliem. Elektroda kompozitmaterialiem veikta struktiiras
analize izmantojot SEM, AFM un Ramana spektroskopiju.

Saja darba iegitais kompozitmaterials uzradija labakus rezultatus pielietojumam litiju
jonu baterijas salidzinot ar iepriek§ sintez€tajiem materialiem, kas saturgja Fe,Os
dalinas ar raksturigo izm&ru ap 150 nm. Petfjuma rezultati liecina, ka iegtais
materials potenciali izmantojams Li" jonu baterijas ka elektrodu materials.

NANOSTRUCTURED Fe;03 AND TiO, COMPOSITE IN REDUCED
GRAPHENE OXIDE MATRIX FOR USE AS THE ELECTRODE IN
LITHIUM ION BATTERY

Janis Mateuss', Kaspars Kaprans', Anna Dorondo', Viesturs Gedvils>, Gunars Bajars'
"Institute of Solid State Physics, University of Latvia
*Jelgava Spidola gymnasium

Two metal oxides, Fe,O; and TiO, with typical particle size of 50 nm and 21 nm,
three composite material combinations with reduced graphene oxide, were studied.
Electrophoretic thin film acquisition method was developed, and the following
composites were produced: Fe,O3/rGO; TiO,/Fe;,03/rGO; TiO,/rGO. A typical film
thickness was 2-6 pm. Electrochemical properties were studied and gravimetric
specific capacity was obtained. Gravimetric specific capacity changes after multiple
charge/discharge cycles were measured. Electrode composite material structure
analysis was performed using SEM, AFM and Raman spectroscopy.

In this work, the developed composite material showed better results, for use in
lithium-ion battery applications, compared with previously synthesized materials
containing Fe,Oj; particles with a characteristic particle size of around 150 nm. The
results show that the obtained material can be potentially used for Li' batteries as
electrode material.

Authors acknowledge the Latvian Council of Science Cooperation Project No.
666/2014 for financial support.
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CIETVIELU LITIJA ELEKTROLITU MEKLEJUMOS

Gints Kucinskis, Gunars Bajars, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institits

Sobrid plasi izmantotas litija jonu baterijas ar $kidro elektrolitu var ciest no dazadam
ar stabilitati saistitam problémam, ka arT parasti nav stabilas pie temperatiram kas
augstakas par 80 °C. Skidrie elektroliti var izdalit gazveida blakusproduktus, ka arf ir
viegli uzliesmojosi. Tas noved pie paaugstinata baterijas uzpiiSanas riska un, baterija
rodoties Tssavienojumam, ta var aizdegties. Viens no risinajumiem ar bateriju drosibu
saistitajam problemam ir cieto litija elektrolitu izmantoSana. Tomér, lai gan cietie
elektroliti nodrosina lielaku bateriju kimisko stabilitati, viens no lielakajiem
izaicinajumiem ir cieto litija elektrolitu zema litija jonu vaditspgja.

Saja referata apkopoti literatiiras dati par perspektivakajiem litija jonu bateriju
cietajiem elektrolitiem, izveért€tas to priekSrocibas un trikumi. Papildus veikti ari
NASICON tipa cieta elektrolita Lij 3Alg15Y0.15T11.7(PO4)3 vaditsp&jas pirmie merijjumi.
Impedances spektroskopijas rezultati ar simetriskiem LiFePO, elektrodiem ir stabili
un uzrada vaditsp&ju 3-107 S/cm 65 °C temperatira.

IN A SEARCH OF SOLID STATE LITHIUM ELECTROLYTE

Gints Kucinskis, Gunars Bajars, Janis Kleperis
Institute of Solid State Physics, University of Latvia

The currently used lithium ion batteries containing liquid electrolyte can suffer from
various stability related problems. They are also usually not stable at temperatures
higher than 80 °C. Liquid electrolytes can decompose, releasing gaseous side-
products, and are also flammable. This leads to increased risk of battery bloating and
explosion in case of short circuits. One of the possible solutions to the safety related
challenges is the use of solid lithium electrolytes. However, although solid lithium
electrolytes provide higher chemical stability of the batteries, one of the major
challenges is the low ionic conductivity of solid lithium electrolytes.

Here we present a literature review on most promising solid electrolytes for lithium
ion batteries and evaluate their advantages and disadvantages. Additionally, we
present  preliminary  electrical ~ measurements of  NASICON  type
Li;3Alg15Y0.15Ti;7(PO4)s  solid electrolyte. Impedance spectroscopy data with
symmetrical LiFePOy, electrodes are stable and show a conductivity of 3-107 S/cm at
65 °C.

Authors acknowledge the Latvian Council of Science Cooperation Project No.
666/2014 for financial support.
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MODIFICETI OGLEKLA ELEKTRODI PEM ELEKTROLIZES PROCESA

Jalija Hodakovska', Péteris Lesni¢enoks'?, Janis Kleperis'
'Latvijas Universitates Cietvielu fizikas institiits;
’Rigas Tehniskas universitates Materidlzindtnes un Lietiskas Kimijas Fakultate

Misdienas tiek izvirziti mérki uzlabot vai izveidot jaunas tehnologijas, kas spgj
apvienot sevi vairaku problému risindgjumus, kas ne vienmér saistitas ar o tehnologiju
tieSo uzdevumu. Viens no tadiem projektiem ir razot etilénu no oglekla dioksida
elektrolizes procesa. Etiléns ir vairakiem rupnieciskiem procesiem svariga izejviela,
kuru galvenokart razo no dabas gazes un naftas pie augstam temperatiram, ar
iznakumu razoSanas procesa ap 30% un vairakiem blakusproduktiem (galvenokart,
metans, propiléns). Tapéc viens no mérkiem ir atrast citu metodi, kas neizmanto
fosilos resursus un dod labaku iznakumu. Viena no iesp&jam ir izmantot elektro-
katalitisko sintézi oglekla dioksida reducSanai par etilénu elektrolizes procesa.

Tada kompleksa procesa realizacijai svarigi elektroda materiali ar daudzfunkcionalam
Tpasibam — piemé&ram, lai uz katoda notiek gan tidenraza izdaliSanos (HER), gan CO,
reformeésanos. To panak, modificgjot katoda materialu (kas varétu bit daudzslanu
graféns) ar katalizatoru HER un ar citu katalizatoru CO, reduc€Sanai. Analizeti
petijumi par tadiem elektrodu materialiem un to savietojamibu ar protonus vadosu
polim&ru membranu $adas kombingtas elektrolizes sist€émas.

MODIFIED CARBON MATERIALS FOR ELECTRODES IN PEM
ELECTROLYSIS

Julija Hodakovska', Peteris Lesnicenoks', Janis Kleperis'
"Institute of Solid State Physics, University of Latvia;
? Faculty of Materials Science and Applied Chemistry, Riga Technical University

Today it is typical to develop new technologies or improve existing ones in such a
way, that resulting processes are the solution for several existing problems that may
be not directly connected to main purposes of existing technologies. One of such aims
is to produce ethylene from carbon dioxide in electrolysis process. Ethylene is widely
used in different compound synthesis, but its production involves natural gas or oil
processing at high temperatures with the outcome of about 30% with a lot of
coproducts such as methane and propylene. This is the reason why ethylene
production needs new “green” technologies, and one of possible solution is to use
electro-catalytic synthesis of ethylene from carbon dioxide in electrolysis process.

To achieve the goal of such a complex process in electrolysis it is necessary to make
electrodes multi-functional. Information about carbon based modified materials and
their compatibility with proton exchange membrane (PEM) applied as electrodes in
PEM electrolysis to perform not only hydrogen/oxygen evolution reactions but also
CO; reduction to ethylene is analyzed.

Acknowledgement: Authors acknowledge financial support from Latvian National
research Program LATENERGI.
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PROTONUS VADOSA POLIMERA NAFION UN ORGANISKA
SAVIENOJUMA POLIANILINA KOMPOZITMATERIALA SINTEZE UN
PETIJUMI PIELIETOJUMIEM UDENRAZA ENERGETIKA

Stanislavs Lozkins'?, Jiilija Hodakovska®, Janis Kleperis®
! Rigas Tehniskas Universitates Materialzinatnes un lietiskas kimijas fakultate;
? Latvijas Universitates Cietvielu fizikas institiits

Protonus vadosa Nafiona membrana ir izplatitakais riipnieciski razotais materials, ko
pielieto ka elektrolitu protonus vado$as membranas degvielas Stna. Tai piemit augsta
protonu vaditspgja, salidzinot ar citiem protonus vadoSiem polim€riem, tacu S$im
materialam ir dazi trikkumi, taja skaita zema mehaniska izturiba pie pilna relativa mitruma
un nepietickami liela protonu vadamiba, lai padaritu degvielas $iinas lietoSanu pievilcigu
plasam lietotaju skaitam.

Darba ir apskatita iesp&ja uzlabot Nafiona membranu ipasibas, dopgjot poliméru ar
polianilinu, kas péc dazu pétnieku rezultatiem, uzlabo protonu vadamibu (polianilinu
protoné ar Nafion-a palidzibu [1]). Ar polianilinu var ari uzlabot mehaniskas un
termiskas TpaSibas kompozita membranai, salidzinot ar tiro Nafion membranu. Lielakoties,
kompozitmembranu sint€ze un polianilina polimerizacija notiek in-situ, kas pievieno
sint€zei vel vienu posmu. Tapéc darba tika izvelets parbaudit, vai lidzigus rezultatus var
sasniegt ari, izmantojot riipnieciski razoto polimerizéto polianilinu Darba tika apskatiti
pirmie rezultati, p&tot paraugu protonu vadamibu pie 100% relativa mitruma, kas lauj
noteikt optimalo sintézes metodi un noteikt, vai izvelétas metodes lauj uzlabot materiala
1pasibas.

PROTON CONDUCTIVE POLIMER NAFION AND ORGANIC POLIMER
POLYANILINE COMPOSITE MATERIAL SYNTHESIS AND RESEARCHES
FOR HYDROGEN ENERGY.

Stanislavs Lozkins'?, Julija Hodakovska®, Janis Kleperis®
'Faculty of Materialscience and Applied Chemistry, Riga Technical University
*Institute of Solid State Physics, University of Latvia

Proton conducting membrane Nafion is the most popular commercial material, which is
used as electrolyte in proton exchange membrane fuel cell. This membrane has better
proton conductivity in comparison with other proton conducting polymer analogues,
however have some drawbacks too, including low mechanical resistance at full relative
humidity and not high enough proton conductivity, to make using the fuel cells attractive
to users.

In this work the possibility to improve Nafion membrane properties by doping polymer
with polyaniline, which according to some published results improves protonic
conductivity, when polyaniline is protonated inside the Nafion membranes [1]. With
polyaniline it is also possible to improve mechanical and thermal properties, compared to
pure Nafion membrane. In general, composite membrane synthesis and polyaniline
polymerization is happening in-situ. In this work samples were synthesized by dissolving
commercially available polyaniline powder and Nafion polymer and then combining both
solutions. First results are presented for protonic conductivity at 100% relative humidity
to define optimal synthesis methods and to compare, if chosen methods is able to improve
material properties.

[1] R. Escudero-Cid, M. Montiel, L. Sotomayor, B. Loureiro, E. Fatas, P. Ocon.
International journal of hydrogen energy, 2015. V. 40. P. 8182-8192

Authors acknowledge Latvian Science Council project No 666/2014 for financial support.
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POLIETERETERKETONA KOMPOZITMEMBRANA IESTRADATU JONU
SKIDRUMU TERMISKA STABILITATE

Einars Sprig is', Guntars Vaivars', Maurizio Furlani’
"Latvijas Universitates Kimijas fakultdte
’Department of Applied Physics, Chalmers University of Technology

Jonu 8kidrumi (JS) izcelas ar savu interesanto struktiru un lidz ar to ari ar Tpasibu
daudzveidibu. Ir zinams, ka JS termiska stabilitate licla méra ir atkariga no %o
savienojumu molekularas struktiiras. Saja darba izmantotas kompozitmembranas
gatavotas izmantoSanai degStinas vid€jo temperatiiru apgabala (100 - 200 °C), tadel
petijuma ieglita informacija iespgjama pielietojuma izvertésanai ir svariga.

Analizei tika izgatavotas kompozitmembranas ar 5 dazadiem JS (JS saturs: 10, 20, 30
un 40 m%). Atseviski analizéti tika ar izmantotie JS. Analizes veica ar kombingto
termogravimetriskas analizes (TGA)/infrasarkanas spektroskopijas (IS) metodi. No
TGA iekartas paaugstinatas temperatiirds raduSos iztvaikoSanas vai gazveida
sadaliSanas produktus ar slapekla pliismas palidzibu nepartraukti novadija IS gazu
analizatora kamera, kur ar 30 sekunzu intervalu tika uznemti IS spektri.

Tika konstatgts, ka tiro JS sadaliSanas temperatiiras bija izkliedétas plasa intervala -
apméram 60 - 300 °C. Salidzinot $os lielumus novéroja, ka konkréta JS pievienogana
kompozitmembranaisasaurinaja sadaliSanas temperattruintervalulidz 150 - 200 °C,
bet pievienota JS daudzuma ietekmenetikakonstatéta pétitaja diapazona (10-40 m%).

THERMAL STABILITY OF IONIC LIQUIDS INCORPORATED IN POLY
(ETHER ETHER KETONE) COMPOSITE MEMBRANE

Einars Sprugisl, Guntars Vaivars', Maurizio Furlani
"Faculty of Chemistry, University of Latvia
’Department of Applied Physics, Chalmers University of Technology

Ionic liquids (ILs) have been known to researchers for decades due to interesting
variety of their structure and properties. The thermal stability of ILs depends largely
on molecular structure of these compounds. Composite membranes used in this work
are aimed to be deployed for fuel cells at medium temperature range (100 - 200 °C),
therefore information acquired in this research is important in order to evaluate
potential application of these materials.

For analysis, the composite membranes incorporating 5 different ILs each with
following IL content were prepared: 10, 20, 30 and 40 m%. All of the pure ILs were
analyzed as well. Analysis was carried out using combined thermogravimetric
analysis (TGA)/infrared spectroscopy (IR) method. Gaseous decomposition or
evaporation products were continuously carried from TGA instrument to the gas
chamber with IRspectrometer as a sensorand IR spectrum was taken every 30 seconds.
Decomposition temperatures of pure ILs were scattered in a wide range - approx. 60
to 300 °C. In comparison, for ILs incorporated in composite membranes, the
narrowing of this range was observed: 150 to 200 °C. No correlation was observed
between a change of IL content and a change of decomposition temperatures of ILs.

This work was supported by Latvian Council of Science (cooperation project No.
666/2014.4) and research grant of University of Latvia(No. 6012 —A55.2/48).
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DAZADU JONU SKIDRUMU/POLIMERA KOMPOZITMEMBRANU
MEHANISKO IPASIBU MAINA ATKARIBA NO TEMPERATURAS

Einars Sprag is', Guntars Vaivars', Remo Merijj s-Meri’
"Latvijas Universitates Kimijas fakultdte
’Rigas Tehniskas Universitates Polimérmaterialu institiits

Jonu kidrumu (JS) plastificgjosais efekts, tos pievienojot polimériem, ir labi zinama
paradiba. Mazak pétita ir JS uzbives ietekme uz JS-poliméra kompozitmaterialu
mehaniskajam Tpasibam. ST darba ietvaros izgatavoto kompozitmembranu potencialais
pielietojums ir ka poliméra elektrolits vidgji augstu temperatiiru apgabala (100 -
200 °C), kas savukart izvirza jaunas prasibas materiala izturibai $aja temperatiru
apgabala.

Pétijuma tika izgatavotas divas dazadas JS-sulfongtapolicteréterketona (SPEEK)
kompozitmembranu sérijas ar $adam JS masas dalam: 0,1; 0,2; 0,3; 0,4; ka ar1 tira
polimé&ra membrana bez pievienota JS. Katrai kompozitmembranai tika veikti vairaki
paraléli stiepes eksperimenti temperatiiru intervala 20 °C - 150°C ar soli 30 gradi.
Tika novérots, ka gan JS masas dalas picaugums, gan temperatiiras paaugstinasana
izraisa membranu mehanisko 1pasibu pasliktinasanos. 120 °C temperatira tika
noverota krasa mehanisko 1pasibu pasliktinasanas visam kompozitmembranam. Taja
pat laika noverota absorbéta tidens ietekme uz mehaniskajam Ipasibambija neliela.

CHANGE OF MECHANICAL PROPERTIES OF DIFFERENT IONIC
LIQUID/POLYMER COMPOSITE MEMBRANES DEPENDING ON
TEMPERATURE

Einars Sprugisl, Guntars Vaivars', Remo Merijj s-Meri’
"Faculty of Chemistry, University of Latvia
*Institute of Polymer Materials, Riga Technical University

Plasticizer effect of ionic liquids (ILs) on polymers is well known phenomenon. The
influence of the structure of ILs on mechanical properties of IL-polymer compositesis
less researched. Potential application of the composite membranes made in this work
included medium temperature (100 to 200 °C) polymer electrolytes, which highlights
new requirements for resilience of this material in this temperature range.

During research, two different series of IL-sulphonatedpolyetheretherketone (SPEEK)
composite membranes were prepared with following IL content: 10, 20, 30, 40 m%;
as well as pure SPEEK with no added IL. Several parallel stress tests were carried out
for each membrane in a temperature range from 20°C to 150°C in steps by 30 degrees.
It was observed that both by increasing the content of an IL and by increasing the
temperature results in a degradation of mechanical properties of membranes. At
120°C sharp decline of mechanical properties was observed for all composite
membranes. Also, a small influence of absorbed water on mechanical properties
wasobserved.

This work was supported by Latvian Council of Science (cooperation project No.
666/2014.4) and research grant of University of Latvia (No. 6012 —A55.2/48).
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VALSTS PETIJUMU PROGRAMMAS IMIS? TRESA POSMA REZULTATI:
SASNIEGTAIS UN IZAICINAJUMI

Andris Sternbergs', Martins Rutkis', Anatolijs Sarakovskis', Janis Zicans®,
Liga Bérzina- Cimdina’
Latvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskas universitates Materidlzinatnes un lietiskas kimijas fakultates
Polimermaterialu institiits
’Rigas Tehniska universitates Materialzinatnes un lietiskas kimijas fakultates
Visparigds kimijas tehnologijas institiits

Ir veiksmigi noslédzies Valsts P&tijumu Programmas “Daudzfunkcionalie materiali un
kompoziti, fotonika un nanotehnologijas IMIS®” (2014 — 2017) tresais posms.
Cetru Programmas IMISzproj ektu:

“Fotonika un materiali fotonikai”;

“Nanomateriali un nanotehnologijas”;

“Nanokompozitu materiali”;

“Nanomateriali un nanotehnologijas mediciniskam pielietojumam”,
izpilde sadarbiba piedalas Cetru Universitasu un seSu zinatnisko Instittitu vairak neka
120 zinatnu doktori un 60 doktoranti.
Saja un sekojodds prezenticijas tiks diskutétas butiskakie programmas IMIS?
sasniegtie rezultati un problémas.

THIRD PERIOD OF NATIONAL RESEARCH PROGRAMME IMIS?:
REVIEW OF PROGRESS AND CHALLENGES

Andris Sternbergl, Martins Rutkis', Anatolijs Sarakovskis', Janis Zicans®,
Liga Berzina-Cimdina’
'Institute of Solid State Physics, University of Latvia
’Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry,
Riga Technical University
*Institute of General Chemical Engineering, Faculty of Materials Science and Applied
Chemistry, Riga Technical University

It is my pleasure to report on successfully completed the third period of the National
Research Programme “Multifunctional materials and composites, photonics and
nanotechnology - IMIS®” (2014-2017).
All four projects of IMIS? Programme:

“Photonics and materials for photonics”;

“Nanomaterials and nanotechnology”;

“Nanocomposite materials”;

“Nanomaterials and nanotechnologies for medical applications”,
are performed by more than 120 doctors and 60 PhD students from four Universities
and six scientific Institutes.
The most significant results of the program and future challenges will be discussed in
this as well as in the following presentations.
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STARPMEZGLU HLORA UN DIHLORA MONOKSIDA MOLEKULU
STIKLVEIDA SiO,; RAMANA IZKLIEDES PETIJUMI
Linards Skuja', Koichi Kajihara®, Krigjanis Smits', Andrejs Silins', Hideo Hosono’
"Latvijas Universitates Cietvielu fizikas institiits
? Tokijas Metropoles Universitate
Tokijas Tehnologiskais institiits

Hlora piemaistjumi stiklveida SiO, ieklist materiala razoSanas laika oksidgjot SiCly
vai dehidratgjot SiO,:OH nanodalinas Cl, atmosféra. Parasta Cl piemaisijumu forma
ir hloridgrupas =Si-Cl vai starpmezglu Cl,. To relativi mazas koncentracijas dél tas
I1dz $im nav izdevies detektet ar Ramana izkliedes palidzibu.

Saja darba tika izveidota augstas jutibas Ramana atpakalizkliedes ickarta ar 532.1 nm
ierosmi, ar kuras palidzibu starpibas spektros tika detektéta asa josla pie 546.2 cm™,
ko var saistit ar starpmezglu Cl, molekulu svarstibam SiO,, kuras paraugos bija (0.1..
8)x10'7 cm™ liela koncentracija. Paraugos, kas papildus Cl, satur arT starpmezglu O,
molekulas, p&c apstarosanas ar F, lazera fotoniem (hw=7.9eV) novérojama jauna
Ramana josla pie 953.5 cm™. Salidzinajums ar p&tijumiem inerto gazu kristalos rada,
ka So joslu dod dihlora monoksida asimetriskais isomers, CICIO molekula. Tas
veidoSanas rada, ka amorfa SiO, starpmezglu telpas, kuras “iesprosto” un stabilizé Cl,
molekulas, var ieklit O, fotolizes raditie mazaka Van-der-Valsa diametra skabekla
atomi.

RAMAN SCATTERING STUDIES OF INTERSTITIAL CHLORINE AND
DICHLORINE MONOXIDE MOLECULES IN GLASSY SiO,.

Linards Skuja', Koichi Kajihara®, Kri§janis Smits', Andrejs Silins', Hideo Hosono®
'Institute of Solid-State Physics, University of Latvia.
? Tokyo Metropolitan University
Tokyo Institute of Technology

Chlorine impurities enter synthetic glassy SiO; during its manufacturing by oxidation
of SiCly or by dehydration of SiO,:OH nanoparticles in Cl, — containing ambient. The
common forms of CI in SiO, are bound Si chloride groups =Si-Cl and interstitial Cl,
molecules. Due to their relatively low concentration, they have not been yet detected
by Raman technique.

In this study, a high-sensitivity Raman setup was built in backscattering geometry
operating at 532.1 nm. Using it, a narrow band at 546.2 cm™ was found, which can be
attributed to vibration of interstitial Cl, in SiO,, in concentrations ~10'" cm?. In
samples, which additionally to Cl, contained interstitial O, molecules as well, after
irradiation by F, laser (ho=7.9 ¢V) a new, sharp Raman band at 953.5cm™ was
observed. Comparison to data on matrix-isolated molecules in inert gas crystals shows
that this band corresponds to the asymmetric isomer of dichlorine monoxide molecule,
CICIO. Their formation indicates that SiO, interstitial cage, which entraps and
stabilizes the Cl, molecule, can be entered by smaller Van-der-Waals diameter
interstitial O atoms, created by photolysis of O,.

This work was supported by Latvian government research program IMIS 2 ( K.S.)
and by ERANET-M MyND project (LS).
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TIESA OPTISKA IERAKSTA FOTOREZISTU
IZSTRADE UN IZMANTOSANA

Janis Teteris
Cietvielu fizikas institits, Latvijas Universitate

Darba apskatits pasreiz€jais stavoklis ,tiesa“ optiska ieraksta organisko un
neorganisko fotorezistu izstradé un izmanto$ana materialu virsmas strukturéSanas
tehnologijas. Pétjjumos tika izmantoti amorfo halkogenidu (As-S, As-S-Se un Ge-
S,Se sistémas) un azobenzolu saturosSi organiskie savienojumi. Uz azobenzola un
epoksida savienojumu bazes tiek izstradati jauni ieraksta materiali.

Holografiskais ieraksts, ka ari laboratorija izstradata vienstara rezgu ieraksta metode
dod iesp&ju iegut rezgus ar periodu no 100 nm Ilidz 50 um. Izmantojot immersijas
holografisko litografiju ir iesp&jams iegit difrakcijas rezgus ar periodu ~150 - 250 nm.
Apskatita iesp€ja uz $adu rezgu bazes izgatavot pirmas kartas DFB (distributed
feedback) lazeru rezonatorus 500-700 nm spektra apgabalam. Izmantojot DBR
(distributed Bragg reflector) lazera shemu, var izstradat lazeri ar operativi mainamu
vilpa garumu.

RTD OF PHOTORESISTS FOR DIRECT OPTICAL RECORDING

Janis Teteris
Institute of Solid State Physics, University of Latvia

In this report the present state of research and practical application of direct recording
photoresists based on photoinduced mass displacement both in organic and inorganic
compounds has been examined. The research was performed on the thin films of
amorphous chalcogenide (As-S, As-S-Se un Ge-S, Se systems) and azobenzene
containing organic compounds. A new recording material based on azobenzene dyes
and epoxy was developed.

Holographic recording as well as the one beam method for the grating recording
worked out at laboratory allows a recording of gratings with a period from 100 nm up
to 50 um. By means of immersion holographic lithography the surface relief gratings
with a period of ~150 — 250 nm can be fabricated. A possibility to produce the DFB
(distributed-feedback) lasers, operating in the spectral range of 500-700 nm will be
discussed. Using distributed Bragg reflector (DBR) laser scheme the laser with
tunable wavelength can be obtained.
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HOLOGRAFISKA VEKTORIERAKSTA TPATNIBAS AR CIRKULARI
POLARIZETIEM STARIEM DAZADA TIPA MOLEKULARO STIKLU
KARTINAS

Péteris Augustovs, Andris Ozols, Valdis Kokars, Elmars Zarin§, Kaspars Traskovskis,
Valdis Kampars, Lauma Laipniece
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate

Darba mérkis bija L-R ieraksta [ieraksta ar ortogonali cirkulari polariz€tiem (L un R)
532 nm lazera stariem] eksperimentala izp&te triju tipu organisko molekularo stiklu
kartinas-kartinas ar azohromoforiem K-D-P-1, K-D-25, IWK-2D un ZWK-1TB,
kartinas ar dendronizétiem azohromoforiem LL-50/50, LL-75, LL-82 un kartinas ar
neazohromoforiem EMI14, EMI15, KS-11-1, KS-35 un KS-39, ka ari amorfa
halkogenida As,S; kartina. Nolase tika veikta ar cirkulari polarizétu 632.8 nm staru.
Mainot nolaso$a stara cirkularo polarizaciju uz pret&jo tika novérota gaismas energijas
parnese no pirmaja karta difragéta stara uz minus pirmaja karta difragéto staru un
otradi. Visizteiktakais §is efekts bija LL paraugos (100% energijas parnese), bet tas
praktiski netika noverots parauga IWK-2D. Efekts izriet no plano L-R polarizacijas
rezgu teorijas [1]. Tas nozimé, ka LL paraugos holografisko rezgu ieraksts ir pilniba
balstits uz fotoinducgto linearo anizotropiju. Citos paraugos paral€li darbojas arT citi
ieraksta mehanismi, piemeéram, masas parnese.

PECULIARITIES OF THE HOLOGRAPHIC VECTOR RECORDING BY
CIRCULARLY POLARIZED BEAMS IN MOLECULAR GLASSY FILMS OF
DIFFERENT TYPE

Peteris Augustovs, Andris Ozols, Valdis Kokars, Elmars Zarins, Kaspars Traskovskis,
Valdis Kampars, Lauma Laipniece
Faculty of Material Science and Applied Chemistry, Riga Technical University

The goal of this work was the experimental study of L-R recording [recording by
orthogonally circularly polarized (L and R) 532 nm laser beams] in organic molecular
glassy films of three types; K-D-P-1, K-D-25, IWK-2D and ZWK-1TB films with
azobenzene chromophores; LL-50/50, LL-75, LL-82 films with dendronized
azobenzene chromophores; EM14, EM15, KS-11-1, KS-35 and KS-39 films with
non-azobenzene chromophores. As,S; amorphous chalcogenide film was also studied.
L-R recording with a 532 nm light was possible in all studied samples. Readout was
made with circularly polarized 632.8 nm beam. When the circular polarization of the
readout beam was changed to the orthogonal one, energy transfer was observed
between the diffracted beams of the plus first and the minus first orders. This effect
was the strongest in LL samples (100% energy transfer) and the weakest in IWK-2D
sample (almost no transfer). It follows from the theory of thin L-R polarization
gratings [1]. This means that holographic recording mechanism in LL samples is
completely based on photoinduced linear anisotropy whereas in other samples other
mechanisms (e.g., photoinduced mass transfer) are active as well.

[1] L.Nikolova and P.S.Ramanujam. Polarization Holography, Cambridge University

Press, Cambridge etc, 2009.
The financial support of National Research Program IMIS? is greatly acknowledged.
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NEATSKAIDITU bis-DCM ATVASINAJUMU PLANO KARTINU GAISMAS
EMISIJAS TPASIBAS

Jalija Pervenecka', Aivars Vembris', Elmars Zarinﬁz, Valdis Kokars®
!Latvijas Universitates Cietvielu fizikas institiits
ZRl'gas Tehniskas universitates LietiSkds kimijas institiits

Organiskie cietvielu lazeri ir lazeri, kuru aktivas vides radiSanai tiek izmantotas organiskas
krasvielu molekulas. Vienas no misdienas organiskajos cietvielu lazeros plasi
pielietojamajam lazer krasvielam ir labi pazistamas, sarkano gaismu emit&josas, stiklveida
struktiiras veidojosas, DCM organiskas molekulas. Mazak pétitas un ne tik plasi pielietotas
lazer krasvielas ir bis-DCM un ta atvasinajumi, kas tik pat labi var tikt izmantotas sarkanajos
— infrasarkanajos lazeros.

Ieprieks veiktie p&tijumi ar bis-DCM atvasinajumiem liecina par $o krasvielu molekulu labam
luminiscences un pastiprinatas spontanas emisijas Ipasibam [1], kas padara Sos savienojumus
perspektivus izmantoSanai organisko cietvielu lazeru aktivas vides radisanai.

Darba gaita tika pétitas gaismas emisijas Tpasibas (luminiscence un pastiprinata spontana
emisija), amorfas struktiiras kartinas no Skiduma veidojosas, 10 bis-DCM atvasinajumu,
planajas kartinas.

Veicot ierosmi ar 410 nm UV gaismas diodi, planajas kartinas tika ierosinati un uznemti
luminiscences spektri. Balstoties uz pétito vielu spécigu gaismas absorbciju plasa redzamas
gaismas apgabala, pastiprinata spontana emisija planajas kartinas tika ierosinata ar Ekspla 310
sérijas lazeri, veicot 3x0,4 mm® linijveida apgabala apgaismoanu ar 532 nm vilpa garuma
gaismu.

No eksperimentali iegiitiem datiem, atbilstoSo aprékinu un Iinij aproksimaciju rezultata, tika
ieglitas pastiprinatas spontanas emisijas ierosmes energijas sliekSna veértibas, ka ari
absorbcijas un pastipringjuma koeficienta vertibas, kas ir biitiski pétamo vielu turpmakas
izmantoSanas perspektivas nosakosie raksturparametri, par kuriem plasak un detalizetak tiks
pastastits referata.

LIGHT-EMITTING PROPERTIES OF NEAT bis-DCM DERIVATIVE THIN FILMS

Julija Pervenecka', Aivars Vembris', Elmars Zarins®, Valdis Kokars’
!Institute of Solid State Physics, University of Latvia
*Institute of Applied Chemistry, Riga Technical University

Organic solid-state laser is a laser, the active medium of which consists of organic molecules.
Nowadays one of widely used laser dye is well-known red light emitting DCM compound.
Less investigated and not so widely used laser dyes are bis-DCM and its derivatives which
could be used in deep red — infrared lasers. Previously made experiments with glass forming
bis-DCM has shown good luminescence and amplified spontaneous emission properties [1],
which makes it perspective for use in organic solid state lasers.

In this work light emission properties (photoluminescence and amplified spontaneous
emission) of 10 original bis-DCM derivatives that form amorphous thin films from solution
were investigated.

Photoluminescence in all bis-DCM derivates containing thin films were excited by continuous
wave laser at 410 nm. Amplified spontaneous emission was excited by Ekspla 310 series
pulse laser at 532 nm due to strong absorption of bis-DCM at this wavelength. The irradiation
area on surface and at the edge of the sample was stripe form with dimension 3x0.4 mm®.
Approximated experimental points with a straight line through the relevant calculations were
derived amplified spontaneous emission threshold value, absorption and gain coefficient
values, which are the important characterizing parameters of studied compounds. All those
results will be detailed discussed in this report.

Darbs ir tapis ar "LU Fonda” finansialo atbalstu.

[1] A.Vembris, .Muzikante, V.Gulbinas, R.Karpicz, G.Sliauzys, A.Miasojedovas, S.Jursenas,
Fluorescence and amplied spontaneous emission properties of glass forming styryl-4H-pyran-4-ylidene
fragment containing derivatives, Journal of Luminescence, 132, No 9, 2012, pp 24212426, doi:
10.1016/j.jlumin.2012.03.063
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PARAMAGNETISKU CENTRU OPTISKA DETEKCIJA AKTIVETAS
OKSIFLUORIDU STIKLA KERAMIKAS

Uldis Rogulis, Andris Fedotovs, Andris Antuzevics, Dzintars Bérzin§
Latvijas Universitates Cietvielu fizikas institiits

Paramagnétisko centru izp&te ar tradicionalo elektronu paramagnétiskas rezonanses
(EPR) metodi parasti tiesa veida nelauj spriest par So centru saistibu ar kadiem petama
parauga optiskajiem spektriem. Tadam noliikam pieme&rota ir EPR optiskas detekcijas
metode péc magnétiska cirkulara dihroisma signala (MCD-EPR) [1,2].

Referata tiks apspriesti MCD-EPR pétijumu rezultati aktivétas oksifluoridu stikla
keramikas. MCD-EPR mérfjumu rezultati 377 nm un 521 nm MCD joslas 1.5 K
temperattira oksifluoridu stikla keramikas parada, ka CaF, kristalitos Sajas keramikas
Er’" joni iebuvgjas tikai kubiskas simetrijas apkartng. Sie rezultati ir lidzigi ieprieks
novérotajiem EPR un MCD-EPR rezultatiem par to, ka ari Gd** joni oksifluoridu
stikla keramikas ar CaF, iebuivéjas kubiskas simetrijas apkartng [3]. Gd** iebaivésanos
kubiska apkartn€ noverota art EPR un MCD-EPR mérijumos SrF, kristalitus saturosas
stiklu keramikas.

Secinats, ka neliela izméra CaF, kristalitos (dazi desmiti nm), kuri izveidojas
oksifluoridu stikla keramikas, trisvertigie retzemju joni tiecas iebuvéties kubiskas
simetrijas apkartné.

OPTICAL DETECTIONS OF PARAMAGNETIC CENTRES IN ACTIVATED
OXYFLUORIDE GLASS-CERAMICS

Uldis Rogulis, Andris Fedotovs, Andris Antuzevics, Dzintars Berzins
Institute of Solid State Physics, University of Latvia

Investigations of the paramagnetic centres by the conventional electron paramagnetic
resonance (EPR) techniques usually do not allow to directly attribute these centres to
particular optical bands of the given sample. For this purpose the most convenient is
the EPR, optically detected via the magnetic circular dichroism (MCD-EPR) [1,2].
The results of the MCD-EPR investigations for activated oxyfluoride glass-ceramics
will be discussed in this report. The results of the MCD-EPR measurements at the
377 nm and 521 nm MCD bands at the 1.5 K temperature for the oxyfluoride glass-
ceramics showed that Er’* ions in the CaF, crystallites in these ceramics embed only
in the cubic symmetry environment. These results are similar to the previous
observations that the Gd®>" ions in the glass-ceramics with CaF, also embed in the
cubic environment [3]. For the SrF, containing glass ceramics the location of Gd* in
the cubic environment has been observed, too.

As a conclusion, in small CaF, crystallites (with the size of few tens of nm) the
trivalent rare earth ions prefer to embed in the cubic symmetry environment.

[1] J.-M. Spaeth, H. Overhof, Point defects in Semiconductors and Insulators,
Springer-Verlag, Berlin, Heidelberg (2003).

[2] U. Rogulis, Low temperature physics, 2016, vol. 42, 689-693.

[3] A. Fedotovs, A. Antuzevics, U. Rogulis, M. Kemere, R. Ignatans, J. of Non-
Crystalline solids, 2015, vol. 429, 118-121.
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NaLaF; KRISTALIZACIJA AR ERBIJA UN ITERBIJA JONIEM AKTIVETA
STIKLA OKSIFLUORIDU KERAMIKA

Guna Krieke, Anatolijs Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju joniem aktivétas oksifluoridu stikla keramikas ir perspektivi optiskie
materiali, kas apvieno fluoridu kristalu optiskas tpasibas un oksidu stiklu ktmiskas un
mehaniskas Tpasibas.

Saja darba iegiita caurspidiga stikla keramika ar kubiskiem un heksagonaliem NaLaF,
nanokristaliem, raksturota stikla keramiku kristalizacija un Er’" luminiscence.

Stikla keramika, iegiita izotermiski apstradajot Na,O-NaF-LaF;-Al,03-Si0,: ErF;,
YbF; sisteémas stiklus ar 1% ErF; un 0-3 mol% YbF;.

Paraugos ar mazu YbF; koncentraciju (0-1%) noverota heksagonala NalLaF,4
kristalizacija. Veicot luminiscences spektru meérjjumus 10 K temperatiira, noskaidrots,
ka Er'" joni atrodas gan stikla matrica, gan ari aizvieto trs atSkirigas NaLaF,
kristaliem raksturigas katjonu pozicijas. YbF; palielinasana Iidz 3% stikla rada fazu
separaciju un kubiskas kristaliskas fazes veidosanos, kas ir izostrukturala ar LaOF.
Savukart luminiscences mérijumi liecina, ka Er’* lokala apkartne lidzinas a-NaREF,
(RE-retzemju jons) — augsttemperatiiras polimorfai modifikacijai, kas raksturiga
NaREF, (Pr-Lu), bet nav novérota NaF-LaF; divkomponentu sist€ma.

THE CRYSTALLIZATION OF NaLaF4 IN ERBIUM AND YTTERBIUM
DOPED OXYFLUORIDE GLASS CERAMICS

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

Rare earth doped oxyfluoride glass ceramics are excellent optical materials that
combine the optical properties of fluoride crystals with the chemical and mechanical
properties of oxide glasses.

In this study transparent glass ceramics with cubic and hexagonal NaLaF,
nanocrystals has been prepared. The crystallization and Er’* luminescence has been
characterized.

The glass ceramics were prepared after isothermal heat treatment of glasses with
general composition of Na,O-NaF-LaF;-Al,05-SiO;: ErF3; YbF; doped with 1% ErF;
and 0-3 mol% YbFs.

The crystallization of NaLaF, is detected for glass ceramics with low YbF; content
(0-1%. The luminance measurements at 10 K indicate that Er’" ions are incorporated
in glass matrix as well as three different cationic positions characteristic to the
crystalline lattice of NalLaF4. The increase of YbF; up to 3% causes the phase
separation and the crystallization of a cubic phase isostructural with LaOF. However,
the luminescence measurements indicate that the local environment of Er*" is similar
to o-NaREF; (RE-rare earth ion) — a high temperature modification that is
characteristic to NaREF, (Pr-Lu) but has not been detected in NaF-LaF; binary system.
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DAZADU MORFOLOGIJU TiO; NANOSTRUKTURU SINTEZE,
MODIFICESANA AR CELMETALIEM UN TO FOTOKATALITISKAS
IPASIBAS

Reinis Drunka, Janis Grabis, Dzidra Jankovica, Aija Kriimina, Dzintra RaSmane
Rigas Tehniskas Universitates Materialzindtnes un LietiSkas Kimijas fakultates
Neorganiskas kimijas institiits

TiO; piemit 1pasiba veidot nanostruktiiras ar lielu patn€jo virsmu, tapec tas ir kluvis
par vienu no plasak pétitajiem fotokatalizatoriem, ar lietojumu vides aizsardzibas un
energétikas problému risinagjumos. Modificésana ar c€lmetaliem lauj sasniegt
ievérojami augstaku fotokatalitisko aktivitati, tome&r Sobrid literatiira uzdotos datus ar
dazadiem c€lmetaliem modificétam TiO, nanostruktliram ir griiti savstarpgji salidzinat,
jo lietotas dazadas to iegtiSanas, pecapstrades un fotokatalitisko TpaSibu novértesanas
metodes.

Saja darba veikta ar Au, Pt, Ag un Pd modificgtu TiO, nanocauruli¥u, nanoporu un
nanoskiedru fotokatalizatoru sint€ze un pec vienotas metodikas novertéta to
fotokatalitiska aktivitate noardot MB Skidumu UV starojuma. Titana dioksida
nanocaurulites, nanoporas un nanoskiedras ieglitas attiecigi ar anodeSanas, plazmas
elektrolitisko oksidéSanu un mikrovilpu sint€zes metodém. Augstako fotokatalitisko
aktivitati uzrada nanoskiedru paraugs modificéts ar 1% Au. Fotokatalitiska aktivitate
atkariba no modifikatora pieaug sekojosa seciba Ag<Pd<Pt<Au.

COMPARING STUDIES OF SYNTHESIS AND PHOTOCATALYTICAL
PROPERTIES OF VARIOUS MORPHOLOGY TiO; NANOSTRUCTURES
MODIFIED WITH PRECIOUS METALS

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

Because of the extremely great specific surface area of various morphology
nanostructures TiO; has become one of the most widely studied photocatalysts for
environmental and energy problems solving. Precious metals doping of TiO;
nanostructures allows to achieve a significantly higher photocatalytic activity.
However, it is impossible to compare literature data for a variety of precious metal
modified TiO, nanostructures as methods of synthesis, post-processing and
photocatalytic activity measurements differs.

In this research synthesis of Au, Pt, Ag and Pd modified TiO, nanotubes, nanopores
and nanofibers were done. For assessment of photocatalytical activity of modified
TiO; photocatalysts MB degradation method under UV radiation were used. Titanium
dioxide nanotubes, nanopores and nanofibres were obtained by using anodization,
plasma electrolytic oxidation and microwave-assisted synthesis method respectively.
The highest photocatalytic activity shows nanofiber sample containing with 1% Au.
Photocatalytic activity depending on the precious metal dopant increases the
following order: Ag <Pd <Pt <Au.

The financial support of government research program project IMIS? is greatly
acknowledged.

95



Valsts petijjumu programmas IMIS’ rezultitu apspriesana, 24. februaris

SLANAINU NANOSTRUKTURU VEIDOSANA UN IPASIBAS

Jana Andzane', Juris Prikulis’', Margarita Baitimirova', Uldis Malinovskisl, Roman Viter?,
Donats Erts'
"Latvijas Universitates Kimiskas fizikas institiits
? Latvijas Universitates Atomfizikas un spektroskopijas institiits

Sintez€tas slanainas kartinas graféns/manostrukturéts BiySe; [1] un ZnO/grafens
nanolaminati [2]. Paradits, ka graféns/Bi,Ses kartinas, kur Bi,Se; nanostruktiiras aug
perpendikulari graféna plaknei, uzrada labaku termoelektrisko efektu salidzinajuma ar
kartinam, kur Bi,Ses nanostruktiiras aug paraléli graféna plaknei.

Nanolaminatos ZnO/graféns ar kop&o biezumu 100 nm, kur graféna slanu skaits
mainas robezas no 2 Iidz 11, graféns veicina kristalisku ZnO kartinu veidosanos
salidzinot, piem&ram, ar Iidzigam Al,O3/ZnO struktiram. Fotoluminiscences
intensitate samazinas, palielinot graféna slanu skaitu. Sadas slanainas struktiiras ir
perspektivas pielietojumiem termoelektriskas ieric€s un sensoros.

Izstradata metode ultraplanu anodiz€ta aluminija oksida kartinu izmantosSanai koloidu
dalinu SkiroSanai atkariba no izméra un sakartoSanai aluminija oksida poras.
Metodes iespEjas demonstrétas nesavienotu dimantu nanokristalu sakartosanai
masivos, ka ar sudraba koloidu pildiSanai poras. Potencialie pielietojumi ietver jaunas
pusvaditaju, plazmoniskas un optiskas ieric€s, biutiski paplasinot lidz Sim
izmantojamo materialu klastu.

FABRICATION AND PROPERTIES OF LAYERED NANOSTRUCTURES

Jana Andzane', Juris Prikulis', Margarita Baitimirova', Uldis Malinovskis', Roman Viter?,
Donats Erts'
!Institute of Chemical Physics, University of Latvia
*Institute of Atomic Physics and spectroscopy, University of Latvia

Layered graphene/nanostructured Bi,Se; this films [1] and ZnO/graphene
nanolaminates [2] are synthesized. It is shown that thin films formed by vertically
oriented relative to the graphene surface Bi,Se; nanostructures show better
thermoelectric effect than thin films formed by laterally oriented relative to the
graphene surface Bi,Se; nanostructures. In ZnO/graphene nanolaminates of total
thickness 100 nm, where number of graphene layers varies from 2 up to 11, unlike in
similar Al,O3/ZnO structures, graphene promotes crystalline growth of ZnO layers.
Intensity of photoluminescence decreases with an increase of graphene layers. Such
layered structures are perspective for applications in thermoelectric devices, optical
and biological sensors.

Method for application of ultrathin anodized aluminium oxide (AAO) films for
sorting of colloid particles according to their size, and arrangement of the particles in
the AAO pores is developed. Possibilities of this method for arrangement of
uncoupled diamond nanocrystals, as well as for filling pores with silver colloid are
demonstrated. Potential applications include development of innovative
semiconductors, plasmonic and optical devices, thus significantly expanding the so far
used materials range.

[1] M. Baitimirova, J. Andzane, G. Petersons, et. al. J. Mater. Sci. 51, 8224 (2016)
[2] M. Baitimirova, R. Viter, J. Andzane, et. al. J. Phys. Chem. C, 120, 23716 (2016)
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MODIFICETAS OGLEKLA NANOCAURULITES SATUROSU POLIMERU
KOMPOZITU IEGUSANA UN IZVELETU IPASIBU RAKSTUROSANA

Remo Merijs-Meri', Janis Zicans', Rita Berzina', Tatjana Ivanova', Ingars Reinholds?,
Zenija Roja’, Hans-Peter Heim®, Maik Feldmann®
" Rigas Tehniskas universitites Materidlzinatnes un Lietiskas kimijas fakultdtes
Polimermaterialu institiits
’Latvijas Universitates Kimijas fakultate
Kaseles universitates Materialu Tehnologiju institiits

Veikti pétijumi par daudzsieninu oglekla nanocaurulisu (DSONC) modificésanu (t.sk.,
ar jonu Skidrumiem un tioféna atvasinajumiem). P&titas modific€tas DSONC saturoso
kompozitu morfologiskas, kalorimetriskas, mikromehaniskas un termofizikalas
ipasibas. Kopuma giits apliecinajums, ka DSONC ir sekmigi modificétas ar
izveletajiem kimiskas funkcionaliz€Sanas panémieniem, kas savukart ir
prieksnoteikums uzlabotajam dazada okténa satura (17 un 38%) etiléna-okténa (EOK)
matricas kompoziciju elektriskajam, dinamiskajam un kvaziststiskajam elastiskajam
un termofizikalajam 1pasibam. Konstatets, ka modificcto DSONC ievadiSanas
rezultatd notiek poliméra matricas, it 1pasi EOKI17, kristalizacijas maksimalas
temperatiiras, ka ar1 kristaliskuma pakapes pieaugums, liecinot par DSONC ietekmi
uz nukleacijas procesa norisi sistémas. Noskaidrots, ka DSONC ievadiSanas rezultata
notiek ar1 sisttmu siltumvadamibas gandriz lineara palielinasanas. Mikrocietibas
petijumu rezultata konstatéts, ka palielinot DSONC saturu, pieaug kompozitu virsmas
cietiba.

FABRICATION AND CHARACTERIZATION OF SELECTED PROPERTIES
OF THE MODIFIED CARBON NANOTUBES CONTAINING POLYMER
COMPOSITES

Remo Merijs-Meri', Janis Zicans', Rita Berzina', Tatjana Ivanova', Ingars Reinholds?,
Zenija Roja’, Hans-Peter Heim®, Maik Feldmann®
"Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University
Faculty of Chemistry, University of Latvia
I Institute of Material Engineering, Polymer Engineering, University of Kassel

Investigations have been carried out about modification of multi-walled carbon
nanotubes (MWCNTs) with ionic liquids (ILs) and thiophene derivatives.
Morphology, as well as calorimetric, micromechanical and thermophysical properties
of the investigated composites have been determined. Affirmation has been obtained
that MWCNTs have been successfully functionalization, being a prerequisite for
improved properties of various 1-octene content (17 and 38%) ethylene copolymer
(EOC) based nanocomposites. As a result of introduction of modified MWCNTSs
within the polymer matrix increase of maximum temperatures of crystallization as
well as crystallinity degrees of the polymer matrix occur, especially in the case of
EOC 17 based systems, testifying about nucleation effect of MWCNTSs. Along with
rising MWCNTs content, linear increase of thermal conductivity of the system occur.
It is also determined that, by rising MWCNTs content, surface hardness of the system
increases.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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RADIACIJAS SKERSSAISTITU KOMPOZICIJU AR OGLEKLA
NANOCAURULITEM ELKEKTRISKAS UN MEHANISKAS IPASIBAS

Ingars Reinholds', Zenija Roja', Janis Zicans’, Remo Merijs-Meri’
"Latvijas Universitates Kimijas fakultdte
’Rigas Tehniskas universitates Polimérmaterialu institiits, Materialzindtnes un Lietiskas
kimijas fakultate

Aktualiz€juSies pétijjumi par joniz€osa starojuma pielietojumu termoplastiskajam
nanokompozicijam, ko nosaka mehanisko TpaSibu uzlaboSanas, oksidésanas efektu
noveérSana un termiskas izturibas pieaugums oglekla nanopildvielu klatbiitngé. Tacu
trikst p&tijumu par termomehanisko un dielektrisko 1pasibu raditajiem.

Darba gaita veikta Bayer' ™ daudzslanu oglekla nanocaurulites (ONC saturs 0-15 m.%)
saturosa etiléna okténa kopoliméra (EOK, 1-okténa saturs 17 m.%) SkérssaistiSana ar
paatrinatiem elektroniem lidz absorb&tajam dozam 150 un 300 kGy.

Dinamiski mehaniskas analize un stiepes testi pie 25 un 50°C temperatiiram, liecinaja
par stiepes robezsprieguma un elastibas modula pieaugumu, palielinoties pildvielas
saturam un absorb&ta starojuma dozai. Noteikts, ka radiacijas Sk&rssaistitam
EOK/ONC kompozicijam pie pildvielas satura lidz 5 m.% saglabajas augsta
deformativa izturiba (trikkSanas pagarinajums 100-200%), kas nosaka piemerotibu
termonosédmaterialu izveidei ar lidz pat par 35% lielakam termorelaksacijas
robezsprieguma vertibam neka tiram EOK pie 150 kGy. Noteikts, ka elektrovaditsp&ja
apstarotam EOK/ONC kompozicijam ar pildvielas saturu 5-15 m.% palielinajas 7-40
reizes, salidzinot ar neapstarotam kompozicijam.

ELECTRICAL AND MECHANICAL PROPERTIES OR RADIATION
CROSS-LINKED COMPOSITIONS WITH CARBON NANOTUBES

Ingars Reinholds', Zhenija Roja', Janis Zicans®, Remo Merijs-Meri’
"Faculty of Chemistry, University of Latvia
? Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University

Recently, studies on ionizing radiation application on thermoplastic nanocomposites
have increased due to benefits of carbon nanofillers affecting increase of mechanical
properties, reduction of oxidation effects and improvement of thermal properties.
However, the thermomechanical and dielectric properties are less studied.

In this work, ethylene-octene copolymer (EOC, 1-octene content 17 wt.%) with
BayerTM multi-walled carbon nanotubes (CNT content 0-15 wt.%) was irradiated with
accelerated electrons up to 150 and 300 kGy absorbed doses.

The studies by dynamic mechanical analysis and tensile tests at 25 and 50°C
temperatures indicated increase of tensile strength and elastic modulus with the rise of
filler content and irradiation dose. It was determined that radiation cross-linked
EOC/CNT compositions remained high deformability at CNT content up 5 wt.%
(elongation at break 100-200%) suitable for obtaining thermo-shrinkable materials
with by 35% higher heat-relaxation forces than that of pristine EOC at 150 kGy
absorbed irradiation dose. The value of conductivity for irradiated EOC/CNT
compositions increased by 7 to 40 times at the filler contents reaching 5-15 wt.%,
compared to unirradiated blends.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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ELEKTRISKA LAUKA INDUCETA SAREZGITAS STRUKTURAS
OGLEKILA KVEPU SAKARTOSANAS SILIKONA ELLAS SUSPENSIJA

Maris Knite, Artis Linarts, Kaspars Ozols, Linards Lap¢inskis, Inta Stalte
Rigas Tehniskas universitates, Materialzindtnes un lietiSkas kimijas fakultates,
Tehniskas fizikas institits

Saja darba pétita elektriska lauka ierosinata augstas struktiiras oglekla kvépu (HSCB)
orientéSanas procesa raksturlielumi silikona ellas suspensijas ar dazadam suspensijas
bazes viskozitattm. Noteikta suspensiju elektriskas pretestibas atkariba no
orientesanas laika pie dazadam HSCB pildvielas koncentracijam un pielikta elektriska
lauka vertibam no 10 lidz 250 V/cm. Noverots, ka suspensiju elektriskas pretestibas
samazinasanas atkariba no orientéSanas ilguma ir ieverojamaka pie lielakam
elektriska lauka vertibam un zemakam silikona ellas viskozitatém. Eksperimentalie
rezultati analiz&ti izmantojot perkolacijas teoriju. Aprékinatas kritiskas koncentracijas,
pie kuram norit strauja suspensiju elektrovadamibas palielinasanas. Lai novertetu
dalinu orientéSanas elektriska lauka ietekmi, vispirms tika noteikts suspensijas
perkolacijas slieksnis pie “nulles lauka”- zemaka iesp&jama elektriska lauka - 0.05
V/em. legitie rezultati ir potenciali nozimigi orient€tu oglekla nanodalinu/poliméru
kompozitu izgatavosanas tehnologijas izstradei.

ELECTRIC FIELD INDUCED ALIGNMENT OF HIGHLY STRUCTURED
CARBON BLACK IN SILICONE OIL SUSPENSION

Maris Knite, Artis Linarts, Kaspars Ozols, Linards Lapcinskis, Inta Stalte
Institute of Technical Physics, Faculty of Materials science and Applied Chemistry, Riga
Technical University

An electric field-induced alignment characteristics of high structure carbon black
(HSCB) nanoparticles in silicone oil base fluids with different viscosities were
investigated in this work. Resistivity change versus time of HSCB/silicone oil fluids
with different concentrations of HSCB filler at different electric field strengths from
10 to 250 V/em. It was observed that the decrease of the electrical resistance versus
time is steeper for larger electric field strengths and lower silicone oil viscosities.
Measurement results were analyzed using percolation theory by calculating critical
concentration at which rapid increase of conductivity appears. To evaluate the
influence of the aligning electric field the possible lowest electric field strength (0.05
V/em) was applied so the “zero field” percolation threshold was determined. The
obtained results potentially can be used in the development of polymer composites
with aligned nanoparticle structure.

The financial support of Latvian National Research Program IMIS?® is greatly
acknowledged.
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ELASTOMERA - ELEKTROVADOSA NANOOGLEKLA KOMPOZITA
PJEZOREZISTIVITATES UN PILDVIELAS DALINU TELPISKAS
IZKLIEDES KORELACIJAS PETIJUMI

Astrida Bérzina', Velta Tupureinaz, Matris Knite'
'Rigas Tehniskas universitates Materialzindtnes un lietiskas kimijas fakultates Tehniskas
fizikas institits
’Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimermaterialu institiits

S1 darba uzdevums ir izpétit, ka poliizopréna — augsti strukturétu oglekla kvépu (PiCB)
kompozita elektrovado$as pildvielas izvietojuma mikro-struktira ietekmé ta
pjezorezistivo efektu (PRE).

Izgatavoti un pétiti PiCB kompozita paraugi ar 6 [idz 10 masas dalam (m.d.) CB pa 5
paraleliem paraugiem. Katram paraugam veikti mérjjumi ar atomspéku mikroskopu
elektrovadosaja rezima (EC-AFM), lai iegiitu oglekla nanodalinu veidoto
elektrovadoso kanalu karti. Datus matematiski apstradajot iegiti indeksi, kas raksturo
kanalu izvietojumu un kanalu izméru sadalijumu. Paraugu PRE noteica ar Zwick
universalo testé$anas iekartu spiedieniem Iidz 10° Pa.

Paraugiem ar 6 un 7 m.d. CB noveérots pozitivais PRE — parauga elektriska pretestiba
pieaug, palielinot spiedienu, savukart paraugiem ar 8-10 m.d. CB novéro pretgjo —
negativo PRE — parauga pretestiba samazinas, palielinot spiedienu.

Analizéta PRE korelacija ar pildvielas dalinu izkliedi mikro-liment.

CORRELATION FINDINGS BETWEEN PIEZORESISTIVITY OF
ELASTOMER/ELECTRO-CONDUCTIVE NANOCARBON COMPOSITE
AND THE SPATIAL DISPERSION OF ITS FILLER PARTICLES

Astrida Berzina', Velta Tupureina2 , Maris Knite'
!Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry,
Riga Technical University
’Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

The aim of this work is to research the influence of the arrangement of conductive
filler channel microstructure on the piezoresistive effect of the polyisoprene — highly
structured carbon black (PiCB) composite.

PiCB samples ranging from 6 to 10 phr of CB (5 parallel samples) were prepared and
investigated. Each sample was measured with electro-conductive mode of atomic
force microscopy (EC-AFM) to obtain a map of the electro-conducting channels
formed from CB particles. Mathematically processing the data, we obtain indexes,
which characterize channel distribution and channel size distribution. The sample
piezoresistive effect was determined with the universal testing machine Zwick, in
compression mode to 10° Pa.

Samples with 6 and 7 phr of CB show positive piezoresistive effect — the electrical
resistance increases with increasing pressure, on the other hand samples with 8-10 phr
of CB show an opposite — negative piezoresistive effect — the electrical resistance
decreases with increased pressure. A correlation between the filler formed
microstructure and the piezoresistive effect is analyzed.

The financial support of RTU Doctoral Research Scholarship and Latvian National
Research Program IMIS? is greatly acknowledged.
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RADIOLOGISKS UN IMUNHISTOKIMISKS KAULAUDU NOVERTEJUMS
PEC BIOKERAMIKAS GRANULU IMPLANTACIJAS DZIVNIEKIEM AR
EKSPERIMENTALU OSTEOPOROZI

Ilze Salma', Mara Pilmane’
'Rigas Stradina universitate, Mutes, sejas un Zoklu kirurgijas katedra
’Rigas Stradina universitdte, Anatomijas un antropologijas institiits

Saja petijuma tika novértéta kalcija fosfata (CaP) keramikas un stroncija (Sr) jonus
saturosas keramikas lokala iedarbiba uz osteoporotiskiem kaulaudiem.

Petijuma tika izmantotas 20 pieaugusas trusu matites. Veselo truSu grupa bija 4
dzivnieki. 16 truSiem tika ierosinata eksperimentala osteoporoze. P&c tam 4 truSiem
tika izveidots 4 mm liels defekts augSstilba kaula, pargjiem trusiem implant€tas
biokeramikas granulas - HAp/B-TCP (30/70) 6 truSiem vai Sr saturosas HAp/B-TCP
(6 trusiem). P&c tris m&nesiem rezultats tika novertets ar mikrokompjitertomografijas
un iminhistokimijas metodeém. HAp/B-TCP un Sr saturosas HAp/B-TCP granulas
implantetas osteoporotiska kaula ierosinaja lokalu kaulaudu remodeleSanos, kas
apstiprinajas ar optiska blivuma pieaugumu. Sr jonus saturosas CaP keramikas
granulas ierosingja NFkB105 un OPG picaugumu, parada to sp&ju uzlabot
osteoporotiska kaula regenerativas spgjas.

RADIOLOGICAL AND IMMUNOHISTOCHEMICAL EVALUATION OF
BONE IN ANIMALS WITH EXPERIMENTAL OSTEOPOROSIS AFTER
IMPLANTATION OF BIOCERAMIC GRANULES

Ilze Salma', Mara Pilmane’
'Riga Stradins University, Department of Oral and Maxillofacial Surgery
? Riga Stradins University, Institute of Anatomy and Anthropology

Within this study Calcium phosphate (CaP) ceramic and strontium ions containing
ceramic are investigated for local treatment of an osteoporotic bone.

A total of 20 matured female rabbits were used in our study. Healthy group consisted
of 4 rabbits. 16 rabbits underwent experimentally induced osteoporosis. Afterwards 4
of them had sham surgery in greater trochanter of femur bone, creating a 4 mm wide
bone defect. For the remaining rabbits implantation of CaP ceramic granules was
performed - HAp/B-TCP (30/70) for 6 rabbits or Sr-containing HAp/B-TCP (6 rabbits).
After 3 months results were evaluated with micro-computed tomography and
immunohistochemistry. HAp/B-TCP and Sr-containing HAp/B-TCP ceramic granules
implanted in osteoporotic bone showed local bone tissue remodeling potential by
increase of bone optical density. Detectable increase of NFkB105 and OPG, within
strontium containing biomaterials, shows its local role to improve bone regenerative
potential in osteoporotic bone conditions.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multifunctional Materials and composites, photonics and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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NEKULTIVEJAMO MIKROORGANISMU IDENTIFICESANA UN
UZSKAITISANA DZERAMAJA UDENI

Linda Mezule, Brigita Dalecka, Talis Juhna
Rigas Tehniskdas universitates Biivzindtnes centra Udens pétniecibas

Apkartgja vide daudzi mikroorganismi, sastopami dzivotspgjiga bet nekultivéjama
stavokli, jo to vairoSanos bitiski ietekmeé baribas vielu trikums, neatbilstosi
fizikalie/kimiskie apstakli vai citu mikroorganismu klatbiitne. KultivéSanas metodes
sados apstaklos nav pieme@rotas un nepiecieSams izmantot metodiku, kas pamatojas uz
interes€joso mikroorganismu identificéSanu vai uzskaitiSanu in sifu.

Darba gaita tika izstradata un testeta fluorescentas in situ hibridizacijas (FISH) un
polimerazes kédes reakcijas (PCR) metodologija tadu mikroorganismu ka Legionella
spp, Escherichia coli un Clostridium spp noteikSanai dzeramaja tident.

legiitie rezultati paradija, ka ar FISH metodi iesp&ams precizi identific€t un uzskaitit
Esherichia coli un Clostridium gints baktérijas, tomér metode nav piemérota licla
apjoma paraugu analiz€Sanai. Kvantitativa PCR metode nodrosSinaja iesp&ju
automatiz€ti uzskaitit E. coli tome@r, tika noverota atsevisku vielu (organiskie
savienojumi un dzelzs) ietekme uz rezultatu.

Apkopot rezultatus tika secinats, ka nekultivéjamu mikroorganismu identificéSanai un
uzskaitiSanai ir izmantojamas dazadas optiskas metodes, kas nodroSina to
vizualizaciju in situ apstaklos.

IDENTIFICANTION AND ENUMERATION OF NONCULTURABLE
MICROORGANISMS IN DRINKING WATER

Linda Mezule, Brigita Dalecka, Talis Juhna
Water Research Laboratory, Research Center for Civil Engineering, Riga Technical
University

Many microorganisms in the environment are found in a viable but nonculturable
state due to the lack of essential nutrients, presence of harmful chemicals or
unfavorable growth conditions. In this state application of culture based assays for
their identification is not appropriate. One of the alternative choices are molecular
based in situ analyses.

During the research fluorescent in situ hybridization (FISH) and polymerase chain
reaction (PCR) protocols for the identification and enumeration of Legionella spp,
Escherichia coli and Clostridium spp in drinking water were designed and evaluated.
The results showed that FISH enables identification and enumeration of E. coli and
Clostridium spp in their natural environment, however, the method is not suitable for
the analyses of large amount of samples. At the same time quantitative PCR was very
efficient for automated analyses of E. coli, however, the presence of certain chemicals
(organic substances and iron compounds) showed inhibitory properties on the reaction.
In conclusion, the application of optical tools for in situ enumeration of nonculturable
microorganisms in the environmental samples is a promising and effective tool.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional ~Materials and composltes, photonicS and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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HIDRODINAMIKA AR SPINU UN AKTIVAS SISTEMAS
ELEKTROMAGNETISKA LAUKA

Andrejs Cébers, Mihails Belovs
Latvijas Universitates Fizikas un matematikas fakultate

Sobrid zinami vairaki mikroorganismu kustibas mehanismi, - paskustiba, ko izsauc
rotgjosa spirale, lokanas stigas liekuma deformacijas vilna izplatiSanas. Sie
mehanismi nespgj izskaidrot séru oksidgjoso Thiovulum majus baktériju paskustibu,
kuras kustas par kartu lielaku atrumu neka tadas labi zinamas bakterijas ka E-coli.
Darba [1] piedavats principiali jauns baktériju paskustibas modelis, kur§ apskata
flagellu radito speka momentu darbibu baktérijas virsmas tuvuma. legiitas sakaribas,
izmantojot zinamas rotacijas motoru raditos spéku momentu vertibas, labi atbilst
eksperimentaliem noveérojumiem.

Viens no pan€mieniem ka veidot mikro-mehanismus, kuri atdarina dzivaja pasaule
sastopamos, ir lokanu magnétisku stigu izmantosana. Uz to pamata var veidot aktivas
sistemas, kuras darbinamas ar mainigiem elektromagn&tiskiem laukiem. Darbos [2,3]
apskatiti jauni $adu stigu veidoSanas mehanismi, kas saistiti ar vaja feromagnétika —
hematita mikrodalinu k&diSu veidosanu. Darba [2] paradits, ka Sadas ke&dites
orient§jas perpendikulari mainigam magnétiskam laukam. Darba [3] skaitliski un
eksperimentali paradits, ka hematita dalinu gredzeni saspieZzas magnétiska lauka
virziena, veidojot savdabigu mikro-reaktoru ar mainamu virsmas laukumu.

HYDRODYNAMICS WITH SPIN AND ACTIVE SYSTEMS IN
ELECTROMAGNETIC FIELDS

Andrejs Cébers, Mihails Belovs,
Faculty of Physics and Mathematics, University of Latvia

Although several mechanisms of self-propulsion of microorganisms are known =
rotating helice, bending wave propagation along flexible tail, nevertheless they are not
able to explain very fast motion of sulphur oxidizing bacteria Thiovulum majus,
which are by an order of magnitude faster than such well-known bacteria as E-coli. In
[1] new mechanism, which consider the action of torques produced by rotating
flagella on the boundary layer near the surface of bacterium, is proposed. Known
value of torque produced by rotary motors gives the velocity of self-propulsion, which
agree with experimental observations.

One possibility to create micro-mechanisms, which mimic living world, is using of
flexible magnetic filaments. In [2,3] magnetic strings of new type — chains of micro-
particles of weak ferromagnetic — hematite are considered. In [2] it is shown that
chains of hematite particles orient perpendicularly to AC field. In [3] it is found
numerically and experimentally that ring of hematite particles compresses along the
field direction forming mini-reactor with variable surface area.

[1].  M.Belovs,A.Cébers,Phys.Rev.E,2016,93,062404. [2] F.Martinez-Pedero,
A.Cebers, P.Tierno, Soft Matter, 2016,12,3688. [3]. F.Martinez-Pedero, A.Cebers,
P.Tierno, Phys.Rev.Applied, 2016,6,034002.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional ~Materials and composltes, photonicS and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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MAGNETISKO NANODALINU IEGUSANA DZIRKSTS IZLADE

Mihails Majorovs, Elmars Blums, Gunars Kronkalns
Latvijas Universitates Fizikas institiits

Magnétiskam nanodalinam tiek prognoz&tas interesantas pielietoSanas iespgjas
modernaja medicina (vaditais zalu transports, magné&tiska hipertermija u.c.). Loti tiras
nanodalinas mediciniskiem pielietojumiem var iegit ar t.s. Svedberga metodi,
kondensgjot elektriskas dzirksts izlad@ iztvaic€tu metalu. Miisu pétijuma nanodalinas
tiek raditas, inic€jot dzirksts izladi dzelzs pulveri, kas suspendéts dielektriska
Skidruma. Mainot elementaro elektriskas izlades aktu energiju un inpulsa ilgumu,
iespgjams regulét nanodalinu izméru. legiitas nanodalinas tiek analiz€tas izmantojot
rentgenstaru difrakcijas spektrometriju (XRD), vibracijas magnetometriju (VSM),
elektronmikroskopiju (TEM) un nanaodalinu koloidalu dispersiju dinamisko gaismas
izkliedi (DLS). Noskaidrots, ka gadijuma, ja dzelzs tiek iztvaic€ta destiléta fident,
kondensétas nanodalinas satur magnetitu. Dalinu izm@ri saskana ar TEM, DSL un
VSM meérijjumiem izkliedeti relativi Saura intervala no 6 Iidz 12 nm. Cietas fazes
piesatinajuma magnetizacija atbilst nanodalinu magnetita saturam aptuveni 60%. Ja
dzelzs tiek erod€ta etanola, kondenseta nanodalinas satur dzelzi ar nelielu dzelzs
karbida (CFe;s) piejaukumu. Saskana ar TEM mérjjumiem dalinu izmérs neparsniedz
50 nm, bet DLS mérijumi liecina par daudz lielakiem izmériem lidz pat 700 nm. Sadu
rezultatu atSkiribu var izskaidrot ar dzirksts izlades izsauktu etanola pirolizi un ar
multikodolu nanodalinu form&Sanos. Masas piesatindjuma magnetizacija atbilst dzelzs
saturam nanodalinas aptuveni 40%.

MAGNETIC NANOPARTICLES PREPARED BY SPARK DISCHARGE

Mihails Majorovs, Elmars Blims, Gunars Kronkalns,
Institute of Physics, University of Latvia

Magnetic nanoparticles have interesting application possibilities in modern medicine
(magnetic drug targeting, hyperthermia etc.) A promising method of nanoparticles
preparation for medical applications is condensation of material evaporated by spark
discharge (Svedberg method). In present work, the nanoparticles are prepared by
initiation of spark discharge in iron powder suspended in dielectric fluid. The spark
generator allows regulating the energy and duration of elementary discharges. The
prepared nanoparticles are analyzed employing X-ray diffraction spectroscopy (XRD),
vibration magnetometry (VSM), electron microscopy (TEM) and dynamic light
scattering of nanoparticle colloidal solution. It is found that if iron is eroded in
distilled water, the obtained nanoparticles consist of magnetite. Their size evaluated
from TEM, DLS and magnetogranulometry analysis of VSM measurements lies in in
narrow interval 6 — 12 nm. The saturation magnetization of particle dry mass
correspond to magnetite content in particles 60%. If the iron is eroded in ethanol, the
condensed particles consist of iron and small content of in iron carbide (CFe;s).
According to TEM, the particle size does not exceed 50 nm, whereas DLS
measurements indicate significantly higher size up to 700 nm. Such discrepancy in
particle sizes may be explained by presence in colloid the spark-induced pyrolysis of
ethanol and by formation of multi-core particles. The saturation magnetization of
particle mass corresponds to iron content in particles approximately 40%.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional ~Materials and composltes, photonicS and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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AUGSEJA ELEKTRODA BIEZUMA IETEKME UZ METALORGANISKO
PEROVSKITA SAULES ELEMENTU DEGRADACIJU

Anastasija Ivanova'?, Igors Kaulags', Modris Roze?, Andrejs Tokmakovs®, Aigars Holsts'
'Fizikalas Energeétikas institiits
’Rigas Tehniska universitate
?Latvijas Universitates Cietvielu fizikas institiits

Saja darba tiek paradits ka augigja elektroda biezums ietekmé inversa planaras
heteroparejas perovskita CH;NH;Pbl;(Cly saules elementa degradaciju. Tiek pétits
perovskita saules elements ar sekojoSu struktiiru ITO/PEDOT:PSS/CH;NH;PbI;.
«Cl/PCBM/Cgo/Ag. Perovskita slanis tiek uznests uz PEDOT:PSS slana izmantojot
modific€tu interdifuzijas metodi [1] no Pbl,+PbCl, skiduma DMSO-+DMF skidinataju
maisfjuma. Ka caurumu transporta slanis tika izvelets dubultais fullerénu slanis:
SkistoSais fulleréna atvasinajums PCBM, kas vakuuma parklats ar Ceo kartinu. Ka
augsgjais elektrods vakuuma tika uzsublim@ts Ag slanis ar dazadiem biezumiem (50
un 100 nm).

Paradits, ka Ag slana biezuma palielinasana samazina $tinas sakotngjo degradaciju
gaisa.

Visi fotoelektriskie parametri tika patiti ~5-107 mbar vakuuma in sifu, neiznemot
paraugu no vakuumkameras pec elektroda uzneSanas.

INFLUENCE OF TOP ELECTRODE THICKNESS ON METALORGANIC
PEROVSKITE SOLAR CELL DEGRADATION

Anastasija Ivanova'?, Igors Kaulachs', Modris Roze?, Andrey Tokmakov’, Aigars Holsts'
!Institute of Physical Energetics
’Riga Technical University
I Institute of Solid State Physics, University of Latvia

In this work we present influence of the thickness of top electrode on inverted planar
heterojunction perovskite CH3;NH;Pbl;Cly solar cell degradation. Perovskite solar
cells with structure ITO/PEDOT:PSS/CH3NH;3Pbl;Cl,/PCBM/Cg/Ag were built.
Perovskite layer was deposited on PEDOT:PSS layer using modified interdiffusion
method [1] from PbI,+PbCl, (with molar ratio 3,4) solution in mixture of
DMF+DMSO (molar ratio 3). As hole transporting material we choose double
fullerene layer: soluble fullerene derivative PCBM covered in vacuum by Cg layer.
As top electrode we used thermally evaporated Ag with different thicknesses (50 and
100 nm).

It was shown that increase of Ag layer thickness diminishes cell initial degradation in
air.

All photoelectric measurements have been made in the same homemade vacuum
cryostat where electrode was deposited at p~5-10" mbar without breaking the vacuum
and moving the cell.

[1] Xiao, Z.; Bi, C.; Shao, Y.; Dong, Q.; Wang, Q.; Yuan, Y.; Wang, C.; Gao, Y.; Huang, J. Energy Environ. Sci.
2014, 7,2619-2623

The financial support of IMIS 2 project is greatly acknowledged.
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NANOPULVERU SINTEZE UN SAKEPINASANA DZIRKSTS IZLADE
SISTEMA A1,0;3-Si0,-Zr0; (Y20;)

Janis Grabis, Dzidra Jankovia, Ints Steins, Mara Lubane, Inta Sipola
MLKF Neorganiskas kimijas institiits, Rigas Tehniska universitate

Sistema Al,03-S10,-ZrO,(Y,03) veidojas mullita-cirkonija oksida kompoziti, kam
raksturiga augsta temperatiiras un termiska trieciena izturiba, teicama kimiska un
mehaniska noturiba.

Izmantojot plazmasktmisko un solu-g€lu pasdegSanas metodes, darba sintezeti dazada
sastava mullita-cirkonija oksida nanopulveri, salidzinatas to Tpasibas un sakepinaSanas
Tpatnibas dzirkstsizlades procesa.

Abas sint€zes metodes, ja AlLO3/SiO, = 3:2, nodroSina vaji kristaliskas vai
rentgenamorfas mullita fazes veidoSanos kopa ar t-, m-ZrO, fazém. Plazmaskimiska
un sola-g€la sint€z&s mullita kristalizacija nanopulveros notiek papildus karséSana
attiecigi 980-1000 °C un 1200-1300 °C temperatira; sablivésanas dzirkstsizlades
procesa sakas 850-900 °C un 1200-1300 °C, sasniedzot maksimalo relativo blivumu
(99.1-99.3%) 1400-1500 °C temperatira 3 min laika. Iegiitie paraugi ir ar
stkgraudainu struktiiru (0.8-1.5 um) un satur mullita un t-, m-ZrO, fazes. Papildus,
Ipasi ar solu-g€lu metodi sintez&tie, paraugi satur stienveida mullita kristalus, kuru
garums 3-5 um un kuru veidoSanos var izskaidrot ar stiklveida fazes klatbiitni
izejvielas.

PREPARATION AND SINTERABILITY OF Al,03-Si0,-ZrO; (Y,03)
NANOPOWDERS PREPARED BY PLASMACHEMICAL AND SOL-GEL
SYNTHESIS

Janis Grabis, Dzidra Jankovi¢a, Ints Steins, Mara Lubane, Inta Sipola
Institute of Inorganic Chemistry, MSACF, Riga Technical University

Mullite-zirconia based materials due to high refractivity, thermal-shock resistance,
good chemical stability, and high mechanical resistance are promising construction
and functional materials.

Mullite-zirconia based nanopowders were prepared by using plasmachemical and sol-
gel combustion synthesis, their parameters and sinterability by using spark plasma
process (SPS) were compared.

Weekly crystallized or X-rays amorphous mullite nanopowders containing t-, m-ZrO,
phases were obtained by both synthesis methods. Formation and crystallization of
mullite started during additional calcination at 980-1000 °C and 1200-1300 °C
respectively.

Densification of plasma produced particles and sol-gel nanopowders started at 850-
900 °C un 1200-1300 °C respectively. The maximal density (99.1-99.3%) was reached
at 1400-1500 °C during 3 min. The obtained bulk materials with fine-grained (0.8-1.5
um) microstructure contained mullite and t-, m-ZrO, phases. Beside this ceramic
contained rod-like particles with length of 3-5 pm which indicated about the presence
of glassy phase in precursors.

The financial support of National Research Programme IMIS® is greatly
acknowledged.
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AR Eu*" UN Dy’ DOPETU STRONCIJA ALUMINATU SINTEZE UN TO
IPASIBAS

Laura Rozenberga-Voska', Janis Grabis', Aleksejs Zolotarjovs®
'Rigas Tehniskas universitites Neorganiskas kimijas institiits
’Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju elementiem dopéti stroncija aluminati uzrada ilgstoSu luminiscenci un
tadejadi ir radusi plasu pielietojumu.

Stroncija aluminati sintez&€ti no metalu nitratiem ar Skiduma — degSanas metodi,
izmantojot organiskus reducétajus (urinviela, glicins, citronskabe) un dazadas dopantu
(Eu un Dy) koncentracijas.

Iegtitos pulverus karsgja 900, 1000, 1300 °C temperatiira. Rentgenfazu analize
uzradija SrAl,O4 ka pamatfazi un Sr3Al,Os, SrsAl14O2s ka piemaisijumu fazes.
Luminiscences intensitate augstaka tiem paraugiem, kuriem mazaka pievienoto
dopantu koncentracija (1 mol% Eu un 1 mol% Dy). Atkariba no izmantotas
karseéSanas temperatliras, pielietotas organiskas vielas un dopantu koncentracijas
paraugu ipatngja virsma varié no 5.7 lidz 38.9 m*/g, kristalitu izmérs robezas no 30
lidz 80 nm.

Ar $kiduma — degSanas metodi un karséSanu 1300 °C  temperatira, iegits
SrALO4:Eu*, Dy3 " ar minimalu piemaisfjuma fazu saturu, kura kristalitu izmérs ir 80
nm. Fotoluminiscences intensitate atkariga no dopantu koncentracijas.

SYNTHESIS OF Eu®*" AND Dy3+ DOPED STRONTIUM ALUMINATES AND
THEIR PROPERTIES

Laura Rozenberga-Voska', Janis Grabis', Aleksejs Zolotarjovs®
!Institute of Inorganic Chemistry, Riga Technical University
*Institute of Solid State Physics, University of Latvia

Strontium aluminates doped with rare earth ions were observed to be efficient light
emitter and found many applications as long afterglow phosphors.

Strontium aluminates were synthesized by the solution combustion method from
metal nitrate solutions and organic fuel. Different concentrations of dopants (Eu, Dy)
and three combustion agents (urea, glycine, citric acid) were used.

Obtained powders were calcinated at temperature 900, 1000 and 1300 °C. XRD
measurements showed the main phase of SrAl,O4 and traces of Sr3Al,Og, Sr4Al140xs.
The intensity of luminescence was highest for samples containing smaller
concentration of dopants (1 mol% Eu and 1 mol% Dy). The specific surface area
varied from 5.7 to 38.9 m%/g, and crystallite size varied from 30 to 80 nm depending
on temperature of calcination, used fuel, and content of dopants.

Combining combustion synthesis of strontium aluminate with calcination at 1300 °C
ensured preparation of SrAl,04:Eu”", Dy’" particles with crystallite size of 80 nm with
minimal content of extraphases. Intensity of photoluminiscence depended on the
content of dopants.

The financial support of National Research Programme (IMIS?) s greatly
acknowledged.

108



Valsts petijjumu programmas IMIS’ rezultatu apspriesana — stenda referati, 24. februaris

TUNELLUMINISCENCE ILGI SPIDOSA SrAl,O4: Eu, Dy MATERIALA

Virginija Vitola, Donats Millers, Kri§janis Smits, Aleksejs Zolotarjovs, Larisa Grigorjeva
Latvijas Universitates Cietvielu fizikas institits

Ilgi spidoSu luminescentu materialu SrAl,O4:Eu, Dy sagatavoja augsttemperatiiras
cietvielu reakcija. Ar retzemju joniem aktiveti stroncija auminati ir efektivi luminofori,
kuru izmantoSana strauji pieaug un tiem paredzami vel daudzi iesp&ami pielietojumi.
Par SrAl,O4:Eu, Dy ilgo p&cspidéSanu atbildigo procesu pétijumos izmantotas
luminiscentds metodes - luminiscences emisijas spektru, termiski stimul@tas
luminiscences un luminiscences dzi$anas kinétiku registracija. legiito rezultatu analize
rada, ka par ilgo p&cspidésanu un ierosinata Eu’” radidanu ir atbildigi vismaz divi
procesi — termiski atbrivoto elektronu tiesa rekombindcija ar Eu’" un elektronu
tunelésana no kada ladinu keérajcentra uz Eu’. Izvirzits ilgds pecspidésanas
mehanisms, kura ietverti abi min&tie procesi un apspriests §o procesu ieguldijums
ilgaja pecspidésana pie dazadam temperatiram. Literatira piedavatajos ilgas
pecspidésanas mehanismos tunelluminiscences iesp&jamiba nav apskatita.

TUNNELING LUMINISCENCE IN LONG LASTING LUMINESCENT
MATERIAL SrAl,O4: Eu, Dy

Virginija Vitola, Donats Millers, Krisjanis Smits, Aleksejs Zolotarjovs, Larisa Grigorjeva
Latvijas Universitates Cietvielu fizikas institits

A long afterglow Iuminescent material SrAl,O4:Eu,Dy was prepared by high
temperature solid-state reaction method. This material is widely applicable due to its
high Iuminescent efficiency and remarkably long afterglow. The processes
responsible for long lasting luminescence were studied by means of luminescence
spectra, thermally stimulated luminescence and afterglow kinetics. Two processes are
found to contribute in excited Eu*" creation — the thermally released electrons direct
recombination with Eu’" and electron tunneling from a trap to Eu’". The mechanism
for long afterglow is proposed including both processes and the possible contribution
of these processes at different temperatures is discussed. Previously only thermally
stimulated processes were considered to be responsible for the long lasting afterglow
of the material.

The financial support of National Research Programme IMIS? is greatly
acknowledged.
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GRAFENA SUKLU SLAPEKLA SORBCIJAS PETIJUMI PIE ZEMAM
TEMPERATURAM

Valentins Grehovs', Janis Kalnaés', Anatolijs Misnevs®, Karlis Kundzins’
! Fizikalas Energétikas institiits
? Latvijas Organiskas Sintézes institiits
?Latvijas Universitates Cietvielu fizikas institiits

Grafena siiklu (GS) slapekla sorbcijas sp€ja pétita pie skidra slapekla temperatiiras.
Petfjumi paradija, ka petamais materials ir perfekti grafitizéts oglekla paraugs ar
nelielu skaitu mikro- un mezo- poru.

Sada veida objekti ir pétiti ka masivs grafitizétu oglekla sodréju materials, kas tiek
raksturots ar II un IV tipa izotermam (IUPAC klasifikacija), atkariba no ta vai
materiala ir, vai nav mikro- un mezo- poras.

Grafeéna stiklu izotermu apskats veikts salidzinajuma ar izotermam no termiski
eksfolieta grafita (TEG). Atbilstosi sorbcijas izotermu raksturigam izskatam redzams,
ka sorbcija notiek uz grafitiz€to plaksniSu virsmas. Adsorbcijas potenciala sadalfjums
(APD) ir apskatits un diskutéts visiem paraugiem. APD ir energijas sadalijums, kur$
realiz€jas N, molekulam adsorbgjoties uz virsmas. Homoggnas virsmas gadijuma visi
adsorbcijas punkti ir ar vienadu energiju, 1idz ar to pirmas slapekla sorbcijas kartas
veidoSanas notiek pie vienada gazes spiediena.

Darbs veikts valsts pétijumu programmas 2014 — 2017 “Daudzfunkcionalie materiali
un komporziti , fotonika un nanotehnologijas” finanséjuma ietvaros.

GRAPHENE SPONGES NITROGEN ADSORPTION INVESTIGATION BY
LOW TEMPERATURE.

Valentins Grehovs', Janis Kalnacs', Anatolijs Mishnevs’, Karlis Kundzins’
!Institute of Physical Energetics
’Latvian Institute of Organic Synthesis,
I Institute of Solid State Physics, University of Latvia

Graphen sponge (GS) produced earlier, were investigated by low temperature
nitrogen adsorption. Adsorption study of GS samples has shown that it is well-
graphitized carbon materials, possessing small amount of micro and meso pores.
Objects of this type are well studied on bulk samples of the graphitized carbon blacks
are characterized for their isotherms of type II and IV (IUPAC classification)
depending on the absence or presence of micro and mesopores.

Review our GS isotherms of samples carried out in comparison with the isotherms for
thermo expholiated graphite (TEG). According to the characteristic shape of
adsorption isotherms it can be seen, that they are adsorbed onto the well graphitized
surface. Adsorption potential distribution (APD) is studied and discussed for all
samples. APD is the energy distribution that is released as N, molecules was
adsorbed on the surface. In the case of a homogeneous surface all places have the
same energy, thus filling of the first layer of the molecules occurs in a narrow range
of pressure.

The present research has been supported by the National Research Programme for
2014-2017  “Multifunctional Materials and Composites, Photonics  and
Nanotechnologies”.
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SORBCIJAS SLANU SECIGAS AUGSANAS METODES UN
PAKAPENISKAS PORU AIZPILDISANAS METODES SALIDZINAJUMS
SORBCIJAI UZ GRAFENA SUKLA

Valentins Grehovs', Janis Kalnads', Anatolijs Misnevs®, Karlis Kundzing’
! Fizikalas Energétikas institiits
? Latvijas Organiskas Sintézes institiits
I Latvijas Universitates Cietvielu fizikas institiits

Secigu sorbcijas slanu augSanu uz sorbgjosas virsmas nosaka absorbenta Tpatngjais
virsmas laukums, kas transformétas koordinatSs iztaisno izotermu. To darot, ir
nepieciesams zinat atbilstoSo izotermas veidu, kuram o metodi iesp&jams izmantot.
Poru aizpildiSanas metode izmantojama, ja izotermas sakuma pie maziem relativajiem
spiedieniem p&c sakotngja mikroporu aizpildijuma grafitize€tas virsmas izotermai ir
neliels apgabals, kura adsorbata aizpildijums ir proporcionals Tpatn€jam virsmas
laukumam, nepalielinot to kooperativo procesu dél, tadu ka poru tilpuma aizpildiSana
vai kapilara kondensacija. Abu metozu salidzinaSana ir iesp&jama, pateicoties
lidzigiem paraugiem graféna siikliem un termoeksfolietam  grafitam, papildus
analizgjot rentgenstaru difrakcijas datus.

Darbs veikts valsts pétijumu programmas 2014 — 2017 “Daudzfunkcionalie materiali
un komporziti , fotonika un nanotehnologijas” finanséjuma ietvaros.

COMPARISON OF METHODS OF LAYERED GROWTH OF THE
ADSORPTION AND METHOD OF SUBTRACTING THE PORE EFFECT
FOR ADSORPTION ON GRAPHENE SPONGES.

Valentins Grehovs', Janis Kalnacs', Anatolijs Mishnevs’, Karlis Kundzins’
!Institute of Physical Energetics
’Latvian Institute of Organic Synthesis
I Institute of Solid State Physics, University of Latvia

The method of layered growth of the adsorption layer determine the specific surface
area (SSA)of adsorbent to straighten isotherms in the transformed coordinates. To do
this, you need to know the appropriate isotherm plot for which is possible to use this
method.

Pore subtraction method comes from the fact that in the initial part of the isotherm at
low relative pressure after the initial filling of micropores for graphitized adsorbents
there is an small region with adsorbate filling is proportional to SSA, without
increasing due to cooperative processes, such as pore volume filling or capillary
condensation.

Comparison of both methodes is possible due to the presence to some of GS and TEG
similar specimens and XRD analysis date.

The present research has been supported by the National Research Programme for
2014-2017  “Multifunctional Materials and Composites, Photonics  and
Nanotechnologies”.
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KONTROLETA BISMUTA SELENIDA NANOLENSU BIEZUMA
SAMAZINASANA

Kristine Bieza, Jana AndZzane, Marina Romanova, Anita Pastare, Raimonds Poplausks,
Donats Erts
Latvijas Universitates Kimiskas fizikas institiits

Bismuta selenids (BixSes) ir topologiskais dielektrikis. Tas ir materials, kura lieclaka
dala tilpuma ir dielektrikis, toties argja virsma ir vadoSa. Lai palielinatu virsmas
vadamibas  ieguldijumu kopgja vadamiba, ir nepiecieSams ieglit ultra planas
nanolentes, kam, savukart, ir liela praktiska nozime topologisko dielektriku
termoelektriskos pielietojumos.

Bi,Se; nanovadi, kuras sintez&ti, izmantojot fizikalo tvaiku nogulsnésanu [1], tika
mehaniski parnesti uz silicija dioksida pamatném, parklatam ar zelta markieriem.
Nanovadu pozicija attieciba pret markieriem tika kontrol&ta, izmantojot sken&joso
elektronu mikroskopu. Nanolensu geometrisko parametru izmainas tika kontrol&tas ar
atomspeka mikroskopu.

Nanolensu biezuma samazinaSanai tika izmantotas 2 metodes: termiskas iztvaicéSanas
[2] un jonu kodinaSanas. Abam metodém tika atrasti optimalie nanovadu biezuma
samazinasanas parametri. Vienmérigaka biezuma ultraplani nanovadi ir iegiiti ar jonu
kodinasanas metodi. Dota metode sniedz iesp&ju iegiit Bi,Ses; nanovadus ar biezumu
zem 10 nm.

CONTROLLED THICKNESS REDUCTION OF BISMUTH SELENIDE
NANORIBBONS

Kristine Bieza, Jana Andzane, Marina Romanova, Anita Pastare, Raimonds Poplausks,
Donats Erts
Institute of Chemical physics, University of Latvia

Bismuth selenide (Bi,Se;) is a topological insulator, a material which is most of the
volume is a dielectric, but the outer surface is conductive. It is important to develop
the optimal method for obtaining Bi,Se; nanoribbons of controllable thickness,
including ultra thin nanoribbons, which, in turn, are of great practical importance for
application in thermoelectric applications of topological insulators.

Synthesized by physical vapour deposition method Bi,Se; nanoribbons [1] were
mechanically transferred on silicon dioxide substrates marked with gold markers.
Positions of the nanoribbons relative to the markers were controlled by scanning
electron microscope. Geometrical parameter changes of nanoribbons were monitored
by atomic force microscopy.

2 methods were used for nanoribbons thickness reduction: thermal evaporation [2]
and ion etching. Optimal parameters for thickness reduction of the nanoribbons are
found for both methods. Ultra thin nanoribbons with more even thickness are obtained
using ion etching method. This method provides a possibility to obtain BiSe;
nanoribbons of thicknesses below 10 nm.

[1] M. Baitimirova, J. Andzane, G. Petersons, et al. J. Mater. Sci. 51, 8224 (2016)
[2] Huang et al., ACS Nano 8, 10851 (2014)
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PORAINA ALUMINIJA OKSIDA VEIDNES KOLOIDALU NANODALINU
MASIVU SAKARTOSANAI

Uldis Malinovskis, Juris Prikulis, Donats Erts
Latvijas Universitates Kimiskas fizikas institiits

Sakartotu, savstarpgji nesavienotu nanodalinu masivu veidoSanai ir liels pielietojuma
potencials augsta blivuma elektronisku un optisku iekartu izstradé. Parasti nanodalinu
masivi tiek veidoti, izmantojot litografijas vai tvaika deponéSanas tehnologijas. Tomér,
dalai perspektivu optoelektronisku pusvaditaju materialu, pieméram, fluorescgjosu
nanodimantu masiviem §is metodes nav izmantojamas. Saja p&tijuma tick demonstréta
jauna masivu veidoSanas metode, izmantojot kapilaro spéku sekmétu koloidu
deponésanu uz poraina aluminija oksida virsmas, kas kalpo par paSorganiz&tu
kartosanas veidni jeb matricu ar 50 nm lielam Stnam. Tika veikta dimanta un sudraba
nanodalinu kartoSana masivos un to parnese uz polimera substrata virsmas. Galvenie
procesi, kas ietekm& masivu struktiru ir konvektiva dalinu pliisma, iztvaikoSana,
kapilarie speki, elektrostatiskas un Van der Valsa mijiedarbibas starp dalinam un
oksida virsmu. Metode ir sam@ra vienkarSa un nepiecieSamie veidojama masiva
parametri var tikt iegtti, kontrolgjot vides temperatiiru, gaisa mitrumu un koloida
Skidruma meniska kustibas atrumu pa parauga virsmu. Turklat, aluminija oksida poru
strukttira Jauj ne tikai sakartot nanodalinas, bet arT tas skirot p&c to izmeriem. legitie
nanodimantu masivi ir blivaki (50 nm centru attalums) un ar mazakiem dalinu
izmériem (<20 nm) neka [idz $im min&ts literatiira.

POROUS ALUMINA TEMPLATES FOR COLLOIDAL NANOPARTICLE
ARRAY ORDERING

Uldis Malinovskis, Juris Prikulis, Donats Erts
Institute of Chemical Physics, University of Latvia

Assembly of ordered non-touching nanoparticle arrays has a great potential for high
density electronic and optical device design. Typically, nanoparticle arrays are created
using either using lithographic etching or masked vapor deposition techniques.
However, some perspective optoelectronic semiconductor materials, such as
fluorescent nanodiamonds are incompatible with mentioned methods. In this work we
demonstrate a novel method of array preparation using capillary force assisted colloid
deposition on porous alumina surface, which serves as a self-ordered template, with
50 nm cell size. We demonstrate assembly of diamond and silver nanoparticles and
array transfer to a polymer matrix. The key processes, which influence the array
structure, are convective particle flux, evaporation flux, capillary forces, electrostatic
and van der Waals interaction between particles and the alumina surface. The method
is robust and the desired array parameters can be achieved by control of environment
temperature, humidity and meniscus motion of colloid solution relative to sample
surface. In addition to array ordering the pore structure provides a size dependent
colloidal nanoparticle sorting. The obtained nanodiamond arrays are more dense (50
nm center separation) and with smaller particle sizes (<20 nm) than previously
reported.
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Bi;Se; PLANO KARTINU TERMOELEKTRISKAS UN OPTISKAS IPASIBAS

Mikelis Marnauza', Gvido Pétersons’, Margarita Baitimirova', Romans Viter’, Jana Andzane',
Donats Erts'
"Latvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Atomfizikas un spektroskopijas institiits

Pedgjos gados veikti plaSi zinatniski petljumi saistiba ar materialiem, kuros
noverojams  termoelektriskais efekts, proti, temperatiiras gradienta parverSana
elektriska strava. Bitisks termoelektriska efekta pielietojums ir termoelektriskajos
generatoros, kuru raksturojosais lielums ir termoelektrika labums - bezdimensionals
ZT faktors, kurs vairakumam termoelektrisku materialu neparsniedz 0.6.

Vislabakas termoelektriskas Tpasibas piemit dazadiem bismuta halkogenidiem (BisSes,
BiTes), kuriem ZT ~ 1 pateicoties augstam ladinnes€ju kustigumam un mazam
aizliegtas zonas platumam. Bismuta halkogenidu ZT var palielinat, samazinot bismuta
halkogenidu plano kartinu biezumu, ka arT apvienojot tos hibridstruktiiras ar grafénu
[1] un cinka oksidu.

Saja pétijuma tika sintézétas Bi,Se; planas kartinas uz graféna un amorfa stikla
virsmam, pielietojot fizikalo tvaiku nogulsnéSanas metodi [2], dala no kuram tika
parklata ar ZnO slani.

Eksperimenta gaita analizéta izveidoto plano kartinu morfologija, ka ari veikti to
termoelektrisku un optisku Ipasibu petijumi.

THERMOELECTRIC AND OPTICAL PROPERTIES OF Bi,Se;
THIN FILMS

Mikelis Marnauza', Gvido Petersons', Margarita Baitimirova', Roman Viter’, Jana Andzane',
Donats Erts'
!Institute of Chemical Physics, University of Latvia
*Institute of Atomic Physics and Spectroscopy, University of Latvia

In the recent years there has been an increase in scientific research considering
materials with thermoelectric properties, namely, conversion of temperature gradient
to electric current. Crucial use of the thermoelectric effect is in thermoelectric
generators, which are characterized by a dimensionless value known as figure of merit
ZT. For the most of thermoelectric materials, ZT does not exceed 0.6.

Different bismuth chalcogenides (Bi,Tes, Bi»Se;) are materials with the best
thermoelectric properties with ZT~1 due to high mobility carriers and a narrow band
gap. Futrher increase of ZT of these materials can be achieved by decrease of
thickness of bismuth chalcogenide thin films, and also by joining them with graphene
[1] and zinc oxide in hybridstructures.

In this work, BirSe; thin films on graphene and amorphous glass surface were
synthesized using physical vapour deposition method [2], and coated with zinc oxide
layer.

Morphology of fabricated thin films was analyzed, and their thermoelectric and
optical properties were investigated.

[1] M. Baitimirova, J. Andzane, G. Petersons, et. al. J. Mater. Sci. 51, 8224 (2016) [2]
J. Andzane, G. Kunakova, S. Charpentier, et al. Nanoscale 7, 15935 (2015)
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Zn NANODALINU VEIDOSANAS MEHANISMS ZnO KRISTALA PEC
APSTAROSANAS AR Nd:YAG LAZERU

Artilirs Medvids, Pavels Onufrijevs, Liga Grase, llze Birska
Tehniskas fizikas institits, Rigas Tehniska universitate

Tika paradita iesp&ja ar Nd:YAG lazera starojumu veidot Zn nanodalinas pie ZnO
kristala virsmas. ST pétijuma mérkis ir izstradat nanodalinu veidoanas tehnologiju
metalu oksidu pusvaditajos, izmantojot lazera starojumu. Eksperimenti tika veikti,
izmantojot hidrotermiski audz&tus n-tipa ZnO monokristalus ar izmeriem 5,0 x 5,0 x
2,0 mm. ZnO monokristali tika apstaroti ar Nd:YAG lazeru ar sekojoSiem
parametriem: vilna garums A = 266 nm, impulsa ilgums Tt = 3 ns un lazera starojuma
intensitate 11dz In.x = 315,0 MW/cm?, Parauga nanostrukturalas tpasibas tika pétitas
izmantojot skangjoSo elektronu mikroskopu (FESEM) un Ramana spektroskopiju.
Topografija un elektriska vaditspgjas karte€Sana tika péetita izmantojot atomspeku
mikroskopu (AFM). Tika atklats, ka Zn nanodalinu veidoSanos raksturo divu sliekSnu
intensitates: pirma sliekSna intensitate Iy = 3,5 MW/cm® pie kuras vaditspgja sak
monotoni pieaugt 10’ reizes sakara ar starpmezglu Zn; atomu koncentracijas
palielinasSanos 1idz otrajai sliekSna intensitatei Iy,= 290,0 MW/cmz, saistiba ar Zn
starpmezglu atomu koncentracijas pieaugumu pie apstarotas virsmas. Pie otras
sliek$na intensitates paradas “melnais ZnO”, kuru izraisa Zn nanodalinu aglomeracija.
Nanodalinu diametrs pieaug ar lazera impulsu skaitu. Pieradijums, ka ir radusies Zn
faze pie ZnO monokristala apstarotas virsmas, paradas Ramana spektra josla pie 70
cm’ pec apstarosanas ar lazeru.

MECHANISM OF ZnO NANOPARTICLES FORMATION IN ZnO CRYSTAL
BY Nd:YAG LASER RADIATION

Arturs Medvids, Pavels Onufrijevs, Liga Grase, llze Birska
Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Recently, we have shown the possibility to form Zn nanoparticles in ZnO crystal
using Nd:YAG laser radiation. The aim of this work is to elaborate technology of
nanoparticles formation in metal oxide semiconductors by laser radiation. The
experiments were performed on hydrothermally grown n-type ZnO single crystals
with size 5.0x5.0x2.0 mm. The ZnO crystals were irradiated by the fourth harmonic
of pulsed Nd:YAG laser with the following parameters: wavelength A = 266 nm,
pulse duration T = 3 ns and laser intensity up to Iy.x = 315 MW/cm?. Nanostructural
features of the samples were studied by field emission scanning electron microscope
(FESEM) and Raman spectroscopy. Topography measurements and electrical
conductivity mapping were performed by atomic force microscope (AFM). It was
found that the formation of Zn nanoparticles characterizes by two thresholds
intensities: the first threshold intensity I = 3.5 MW/cm? at which conductivity starts
to increase monotonously up to 10° times, till the second threshold intensity Ij,=
290.0 MW/cm®, due to the increase of the Zn interstitials (Zn;) concentration at the
surface of the ZnO sample. Second stage of the process is “black ZnO” appearance at
the irradiated surface. This phenomenon is caused by the agglomeration of Zn; in
nanoparticles wihich the diameter increase with number of laser pulses. An evidence
of Zn phase formation in ZnO crystal is appearance of 70 cm™ band in Raman spectra
after irradiation by the laser.

The work was supported by Latvian National Research Programme in Materials
Science (IMIS2) (2014-2017).
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PJEZOKAPACITATIVAIS EFEKTS ELASTOMERA/OGLEKLA
ALOTROPU KOMPOZITOS

Kaspars Ozols, Maris Knite, Astrida Bérzina
Rigas Tehniskas universitates Tehniskas fizikas institits

Elektrovadosi elastomé&ra/oglekla alotropu (EOA) kompoziti tiek izmantoti mehaniska
spiediena un gazu sensoru izstradé. Sajos sensoros tiek izmantota EOA kompozitu
sp&ja mainit lidzstravas elektrisko pretestibu paraugu geometrijas izmainu ietekmg.
EOA kompozitu talakai izpétei tika veikti paraugu kapacitates izmainu méerfjumi
mehaniska spiediena ietekm&. EOA kompozitu paraugi tika testeti pie dazadiem
spiedieniem (lidz 234 kPa) frekvencu diapazona no 20 Hz lidz 2 MHz. EOA
kompozita paraugs, kas satur 10 phr oglekla nanocaurulu, spiediena ietekmé (p = 183
kPa) uzradija kapacitates samazinajumu par 3.5% (pie f = 1 kHz). Savukart, reduceétu
graféna oksidu saturos$s (10 phr) EOA kompozita paraugs pie ta pasa spiediena un pie
tadas pasas frekvences neuzradija kapacitates izmainas, tas ir, AC/Cy = 0. Min&tajam
paraugam spé&ja mainit kapacitati mainijas Iidz ar frekvences palielinasanos un pie f =
2 MHz paraugs uzradija kapacitates pieaugumu par 3.4%. Novérotie atSkirigie
pjezokapacitativie efekti dazadiem EOA kompozitu paraugiem varétu tikt skaidroti ar
ievérojami atskirigo pildvielas geometriju un elektrovadamibu.

PIEZOCAPACITANCE EFFECT IN ELASTOMER/CARBON ALLOTROPE
COMPOSITES

Kaspars Ozols, Maris Knite, Astrida Berzina
Institute of Technical physics, Riga Technical University

Electroconductive elastomer/carbon allotrope (ECA) composites are used for
development of mechanical pressure and gas sensors. Ability of ECA composites to
change direct current electrical resistance due to chages of sample geometry is used in
these sensors.

To carry out further studies of the ECA composites, measurements of the capacitance
change depending on mechanical pressure were conducted. The composite samples
were tested at different pressures (up to 234 kPa) in the frequency range from 20 Hz
to 2 MHz. The ECA composite sample, which contains 10 phr of carbon nanotubes,
showed a capacitance reduction of 3.5% (f = 1 kHz, p = 183 kPa). Whereas, the ECA
composite sample containing 10 phr of reduced graphene oxide at the same pressure
and the same frequency showed no change in capacitance, that is, AC/Cy = 0. Ability
to change the capacitance for the mentioned sample changed with increasing
frequency and at f = 2 MHz the sample showed the capacitance change of 3.4%. The
observed differences in the piezocapacitance effect for the different ECA composite
samples could be explained by the significantly different geometry and electrical
conductivity of the fillers.

This research was supported by the Latvian National Research Programme in
Materials Science (IMIS2).
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POLIMERU NANOKOMPOZITU ELASTISKO IPASIBU PROGNOZESANA
UN EKSPERIMENTALA RAKSTUROSANA

Egils Plame', Roberts Maksimovs', Janis Zicans®, Remo Merijs—Meri2
"Latvijas Universitates materialu Mehanikas institiits
’Rigas Tehniskas universitates Materialzindtnes un Lietiskas kimijas fakultdtes
Polimérmaterialu institiits

Izstradats eksfolitas un neeksfoligtas dalinas saturo$a polimera kompozita elastibas
konstancu aprékina algoritms, daudzfazu sisteémas struktiiras raksturoSanai ievieSot
eksfoliacijas pakapi. Noskaidrots, ka palielinoties slanaino nanodalinu koncentracijai
poliméra matrica, prognoz€jams nankompozita elastibas modula linears pieaugums,
pie kam augstakas modula vertibas noveérojamas pie augstakas eksfoliacijas pakapes.
Savukart palielinoties slanaino nanodalinu eksfoliacijas pakapei, progonz&€jamas
elastitbas modula nelinearas izmainas. P&tjjuma rezultati arT liecina, ka ir iesp&jams
novertét kompozita elastibas modula picauguma samazinajumu pateicoties dalinu
Veikta izstradata elastibas konstanSu aprékina algoritma validacija un konstatets, ka
piedavatais modelis aproksimé slanainos silikatus saturosu poliméru kompozitu
elastibas modulu izmainas atkariba no nanopildvielas satura.

PREDICTION AND EXPERIMENTAL CHARACTERIZATION OF ELASTIC
PROPERTIES OF POLYMER NANOCOMPOSITES

Egils Plame', Roberts Maksimovs', Janis Zicans®, Remo Merijs—Meri2
Institute for Mechanics of Materials, University of Latvia
? Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry,
Riga Technical University

A method for calculation the elastic constants of a composite, including polymer
matrix, fully exfoliated layered nanoparticles and non-exfoliated particles is
considered. Exfoliation degree has been introduced to characterize the extent of
exfoliated filler particles. It has been demonstrated that linear growth of the modulus
of elasticity is predicted by increasing the nanofiller content in the polymer matrix,
whereas greater values of the modulus are expected at higher exfoliation degrees.
However, growth of the modulus of elasticity is non-linear if degree of exfoliation is
changed. Consequently, it is possible to estimate slow-down in the rate of the
modulus increase due to agglomeration of the particles, especially at higher nanofiller
concentrations in the polymer matrix.

Validation of the developed approach for prediction of elastic constants if performed
and it is concluded that the proposed model approximates the change of the modulus
of elasticity of polymer composite reinforced with nanostructured layered silicates by
considering concentration of the nanofiller as well as its distribution pattern within the
polymer matrix.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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NEAUSTU SKIEDRMATERIALU KOMPOZITI GEOTEKSTILAM

Aina Bernava, Skaidrite Reihmane, Juris Bitenieks
Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultates
Polimérmaterialu institiits

Termiski saistitos neaustos materialus (NM) lieto geotekstila ieglisanai, pateicoties
salidzinos$i vienkarSam izgatavoSanas ciklam un zemam razoSanas izmaksam. Lai
panaktu v€lamo T1pasibu kompleksu, NM veidosanai pielieto dazadu Skiedru
maisTjumus un armeésanas metodes.

Petijuma NM kompoziti izgatavoti ar preséSanas metodi no dabas un sintétisko
Skiedru maisijuma. Neausta materiala klajumi no atSkirigiem skiedru maisjjumiem
veidoti no kanepaju Skiedras, kas iepriek$s apstradata ar natrija hidroksidu, ka ari
otrreizgja polietiléntereftalata un polipropiléna Skiedram izmantojot laboratorijas tipa
karsanas iekartu 337A MESDAN. Papildus NM klajums arméts ar termoplastisku
sietu no vienas un abam klajuma pusém.

Laboratorijas paraugi preséti (prese LP-S -50/S ASTM) ar spiedienu 26 + 2 kN 140 +
2°C temperatiira.

Izgatavoto NM kompozitu virsmas parametri aprékinati atbilstosi LVS EN ISO
139:2005; mehaniskas 1pasibas testtas izmantojot Zwick universalo parbauzu iekartu,
atbilstosi LVS EN ISO 13934; tidens caurlaidiba noteikta, piemérojot LVS EN ISO
9073 -16: 2009, un gaisa caurlaidiba noteikta, atbilstosi EN ISO 9237: 1998. legitie
rezultati salidzinati ar riipnieciski razotu prototipu.

THE NONWOVEN FIBRES COMPOSITES FOR GEOTEXTILE

Aina Bernava, Skaidrite Reihmane, Juris Bitenieks
Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

The heat-bonded nonwovens (NW) are used for geotextile production due to the
simple production cycle and low processing cost. To create the geotextile with
desirable properties the mix of fibres and additional reinforcing methods are used.

The series of NW composites for experiments are made from natural and synthetic
fibres mix by compressing method. Hemp fibres, pretreated with sodium hydroxide,
recycled polyethylene terephthalate fibres and polypropylene fibres are utilized for
NW webs production on laboratory carding machine 337A MESDAN. Additionally
the NW webs are reinforced with thermoplastic sieve from one and both sides.

The NW composites are produced on laboratory press (LP-S-50/S ASTM) with
pressure 26+2 kN at 140+ 2 °C temperature.

The produced NW composites samples surface parameters are calculated according
LVS EN ISO 139:2005. For testing of NW mechanical properties, according LVS EN
ISO 13934-1-2001, Zwick universal testing machine is used. For determination of
NW resistance to water penetration hydrostatic pressure test according LVS EN ISO
9073-16:2009 and air permeability EN ISO 9237:1998 are applied. The comparison of
obtained results with industrial prototype is performed.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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AR JONU SKIDRUMIEM MODIFICETAS OGLEKLA NANOCAURULITES
SATUROSU POLIMERU KOMPOZITU ELASTISKAS, ELEKTRISKAS UN
TERMISKAS IPASIBAS

Guna Vugule ! Juris Bitenieks', Janis Zicans', Remo Merijs-Meri ! Ingars Reinholds?,
Zenija Roja’, Hans-Peter Heim®, Maik Feldmann®
! Rigas Tehniskas universitites Materidlzinatnes un Lietiskas kimijas fakultdtes
Polimermaterialu institiits
’Latvijas Universitates Kimijas fakultate
Kaseles universitates Materialu Tehnologiju institiits

Veikta daudzsieninu oglekla nanocaurulisu (DSONC) modificésana ar jonu
Skidrumiem. Izstradata metode DSONC uzlabotai disperg€Sanai poliméra matrica.
Izverteta nemodificEto un modificéto DSONC ietekme uz etiléna-okténa kompozitu
(EOK) struktiiru, ka art elektriskajam, elastiskajam, mikromehaniskajam un
termiskajam 1pasibam. DSONC koncentracija EOK matrica mainita plasa diapazona
no 0,5 lidz 15 m. %. Konstatgts, ka oglekla nanopildvielas ievadiSanas rezultata notiek
EOK nanokompozitu kvazistatiska un dinamiska elastibas modula, sagrauSanas
stipribas un deformacijas, ka arT mikrocietibas palielinasanas. Vienlaicigi pieaug EOK
matricas kompozitu elektrovadamiba. Konstateta art EOK matricas nanokompozitu
termogravimetrisko Tpasibu uzlabosanas. Kopuma var secinat, ka ievadot modificétas
DSONC EOK matrica tiek iegiito nanokompozitu Ipasibu uzlabojums ir lielaks
salidzinajuma ar nemodificétas DSONC saturo$am sist€mam.

ELASTIC, ELECTRICAL AND THERMAL PROPERTIES OF POLYMER
COMPOSITES WITH IONIC LIQUIDS MODIFIED CARBON NANOTUBES

Guna Vugglel, Juris Bitenieks', Janis Zicans', Remo Merijs—Meril, Ingars Reinholds?,
Zhenija Roja’, Hans-Peter Heim®, Maik Feldmann’
"Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga
Technical University
Faculty of Chemistry, University of Latvia
I Institute of Material Engineering, Polymer Engineering, University of Kassel

Modification of multi-walled carbon nanotubes (MWCNTSs) with ionic liquids has
been performed. The method has been developed to improve dispersion of MWCNTs
within polymer matrix. The influence of unmodified and modified MWCNTs on the
structure, as well as electrical, elastic, micromechanical and thermal properties of
ethylene-octene copolymer (EOC) composites has been evaluated. Concentration of
MWCNTs in the polymer matrix has been changed within a broad range from 0,5 to
15 wt.%. It has been concluded that quasistatic and dynamic modules of elasticity,
ultimate tensile stresses and strains, as well as microhardness increase due to the
introduction of carbon nanofiller within the polymer matrix. Simultaneously electrical
conductivity of the EOC matrix composites is increased. In general, one can conclude
that by introduction of modified MWCNTs in the EOC matrix improvement of
exploitation properties is greater than in the case of neat carbon nanofiller modified
systems.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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IPASIBU NOVERTEJUMS AR ELEKTRONU STAROJUMU
SKERSSAISTITAM ELASTOMERU KOMPOZICIJAM AR DAUDZSLANU
OGLEKLA NANOCAURULITEM

Zenija Rojal, Ingars Reinholds', Janis Zicans?, Remo Merij s-Meri’, Guna Vugule2
'Latvijas Universitates Kimijas fakultate
’Rigas Tehniskas universitates Polimérmaterialu institiits, Materialzindtnes un Lietiskds
kimijas fakultate

Antistatiskajos parklajumos un elektromagnétisko aizsardzibas materialos lietoto
elastoméru nanokompozitu stipribu, termisko izturibu un dielektriskos raditajus var
uzlabot, pielietojot radiacijas skerssaistiSanu. Darba gaita veikta daudzslanu oglekla
nanocaurulites (ONC saturs 0-15 m.%) saturosa etiléna okténa kopoliméra (EOK)
elastomera Skerssaistisana lidz 150 un 300 kGy dozam.

Noteikts, ka pie pildvielas satura 1 m.% par 5% palielinajas EOK/ONC gel frakcija,
kas saglabajas Iidz 60-80%, apstiprinot domin&joSu Sk&rssaistiSanos pie pildvielas
satura 0-15 m%. DSK pétjjumos noteikts, ka apstaroSanas dozas un ONC satura
picaugums inducé kompoziciju kristalizacijas temperatiras samazinaSanos,
samazinoties kristalitu saartojumam vaji veidotaja EOK lamelaraja strukttra. ONC
nukleacijas efekts veicinaja kristalizacijas temperatiiras pieaugumu, reorganizgjoties
Skerssaistitajai struktiirai. Elastibas modulis pieauga 2 reizes, palielinoties pildvielas
saturam. Impedances un Tpatngjas pretestibas izmainas liecingja par traucetu ladinu
parnesi, veidojoties Skérssaistitajai makromolekulu struktiirai; dielektriska konstante
palielinajas lidz 6 reiz€m pie pildvielas satura 15 m.% ONC mijiedarbibas
polarizacijas efekta rezultata.

PROPERTIES OF ELECTRON BEAM CROSSLINKED ELASTOMERIC
COMPOSITES WITH MULTI-WALLED CARBON NANOTUBES

Ingars Reinholds', Zhenija Rojal, Janis Zicans®, Remo Merij s-Meri®, Guna Vugule2
"Faculty of Chemistry, University of Latvia
’Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry,
Riga Technical University

Radiation crosslinking could improve strength, thermal and electrical properties of
antistatic coating and electromagnetic shielding elastomeric nanocomposites.

In this work, ethylene-octene copolymer elastomer with multi-walled carbon
nanotubes (CNT content 0-15 wt.%) was irradiated up to 150 and 300 kGy absorbed
doses.

The gel content of EOC/CNTs increased by 5% at 1 wt.% filler content and remained
at 60-80% due to predominant cross-linking of EOC at filler content 0-15 wt.%. The
DSC studies indicated slight reduction of crystallization temperature due to reduced
order of EOC spot type lamellar structure with increase of both irradiation dose and
CNT content in the composites. The nucleation effect of CNT within the
reorganization in cross-linked structure induced growth in crystallinity.

The modulus of elasticity increased by 2-fold with increase of the filler content.
Impedance and resistivity contributed to prevented charge movements in case of
cross-linked macromolecular structure; the polarization effect of CNT interactions
influenced the growth of dielectric constant by up to 6 times with the filler content
reaching 15 wt.%.

The financial support of NRP of Latvia, project IMIS2 is greatly acknowledged.
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JAUNS PANEMIENS STABILU AMORFA KALCIJA FOSFATA
NANODALINU AR LIELU IPATNEJAS VIRSMAS LAUKUMU IEGUSANAI

Jana Vecstaudza, Janis Locs
RTU Riudolfa Cimdina Rigas Biomaterialu inovaciju un attistibas centrs, Visparigas kimijas
tehnologijas institits, Materialzinatnes un lietiskas kimijas fakultate, Rigas Tehniska
universitate

Amorfajam kalcija fosfatam (AKF) ir potencials pielietojums biomaterialu nozaré
cieto audu labosana un regenerésana, pateicoties ta augstajai reaktivitatei, biosaderibai
un bioaktivitatei salidzinajuma ar polikristaliskiem kalcija fosfatiem.

AKF nanodalinas iegtitas izgulsngjot no kalcija un fosfata jonus saturosa Skiduma,
strauji mainot pH. Sintézes Skiduma beigu pH vari€ts no 8 lidz 11. legutais AKF
zavets 80°C (1h) un raksturots ar RDA, FT-IS un BET metodém.

Materiali, kas iegtti no sint€z€m ar beigu pH 8 un pH 9, ir mazkristaliski. Sint€z&s ar
beigu pH 10 un pH 11 ir iegits AKF. legiiti materiali ar lielu Ipatn€jas virsmu
laukumu (133-154 mz/g). Sintézes ar beigu pH 10 un pH 11 sintezétais AKF gaisa
vide ir stabils vismaz 7 méneSus. Jaunais panémiens AKF iegiiSanai iev€rojami
samazina procesam nepiecieSamo laiku un izmaksas, salidzinot ar liofilizacijas
zavesanas panémienu (48-72 h).

NOVEL PREPARATION ROUTE OF STABLE AMORPHOUS CALCIUM
PHOSPHATE NANOPARTICLES WITH HIGH SPECIFIC SURFACE AREA

Jana Vecstaudza, Janis Locs
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Amorphous calcium phosphate (ACP) has promising applications in biomaterial field
in repair and regeneration of hard tissue because of high reactivity, biocompatibility
and bioactivity in comparison with polycrystalline calcium phosphates.

ACP nanoparticles were reprecipitated from calcium and phosphate ion solution by
fast change of pH. End pH of synthesis medium was varied from 8 to 11. Obtained
ACP was dried in 80°C (1h) and characterized by XRD, FT-IR and BET methods.
Materials obtained at pH 8 and pH 9 were low crystalline and ones obtained at pH 10
and pH 11 were amorphous. Specific surface area was 133-154 m*/g. ACP obtained at
pH 10 and pH 11 is structurally stable for at least 7 months in air atmosphere. The
new route for preparation of ACP considerably saves time and costs when compared
to freeze drying technique (48-72 h).

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21“Multlfunctional ~ Materials and  composltes, photonicS  and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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IN SITU SINTEZETI HIDROKSILAPATITA/POLIVINILSPIRTA
KOMPOZITMATERIALI KAULAUDU INZENIERIJAI

Anna Vojevodova, Dagnija Loca
Rigas Tehniska universitate, Materialzinatnes un lietiskas kimijas fakultate, Visparigas
kimijas tehnologijas institits, Ridolfa Cimdina Rigas Biomaterialu inovaciju un attistibas
centrs

Aptuveni 24% Eiropas Savienibas iedzivotaju skar muskuloskeletalas slimibas, kuras
to beigu stadijas prasa kirurgisko iejauk$anos bojato audu aizvieto$anai ar inovativiem
implantmaterialiem. P&€d&jo gadu laika zinatnieki arvien vairak pieveér§ uzmanibu in
situ sintez€tiem hidroksilapatita/polivinilspirta (HAp/PVS) kompozitmaterialiem to
izcilu 1pasibu del.

Petijuma ietvaros ir veikta HAp/PVS kompozitmaterialu ar dazadu
neorganisko/organisko fazu attiecibu (50:50 masas% un 70:30 masas%) in situ sintéze
un noveérteéta PVS hidrolizacijas pakapes un molekulmasas ietekme uz
kompozitmateriala neorganiskas fazes kimisko tiribu. Neorganiskas fazes un esosSo
piemaisijumu kvantitativai identificé$anai, termiski apstradatiem 1100°C HAp/PVS
paraugiem ir veikta rentgendifraktometriska (RTG) analize. Saskana ar RTG
rezultatiem, ir noteikts, ka PVS ar hidrolizacijas pakapi 88% abu sastavu gadijuma
vecina nestehiometriska HAp veidoSanos ar Ca/P attiecibu mazaku par 1.67.
Pamatojoties uz eksperimentali iegltiem rezultatiem, tiek izverteéta PVS
molekulmasas un makromolekulas esosSo acetatgrupu skaita ietekme uz neorganiskas
fazes kimisko tiribu.

IN SITU SYNTHESIZED HYDROXYAPATITE/POLYVINYL ALCOHOL
COMPOSITE MATERIALS FOR BONE TISSUE ENGINEERING

Anna Vojevodova, Dagnija Loca
Riga Technical University, Faculty of Materials Science and Applied Chemistry, Institute of
General Chemical Engineering, Rudolfs Cimdins Riga Biomaterials Innovations and
Development Centre

About 24% of people in European Union are undergoing long-term treatment of
musculoskeletal diseases, which at their final stages require damaged tissue
replacement with biomaterials. Specific and superior properties of in situ synthesized
hydroxyapatite/polyvinyl alcohol (HAp/PVA) composite materials and hydrogels
gives them an advantage over other biomaterials.

In the current research the influence of PVA degree of hydrolysis and molecular
weight on chemical composition of HAp/PVA composite materials with different
inorganic/organic ratio (50:50 wt% and 70:30 wt%) was evaluated. In order to
determine the main inorganic phase and possible impurities in the nanocomposites,
the quantitative analysis of sintered at 1100°C products was carried out using X-ray
diffraction (XRD). The XRD studies of HAp/PVA composite materials revealed that
PVA with degree of hydrolysis 88% promotes formation of nonstoichiometric HAp
with Ca/P ratio lower than 1.67 for both compositions. Based on the experimental
results the impact of residual acetate groups and molecular weight of PVA on the
inorganic phase chemical purity is discussed.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21 “Multlfunctional ~ Materials and composltes, photonicS and
nanotechnology (IMIS?)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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KALCIJA UN ALGINATA KONCENTRACIJAS IETEKME UZ KALCIJA
DEFICITA HIDROKSILAPATITA HIDROGELA PERLISU VEIDOSANOS

Armands Buss, Janis Loc¢s
Rigas Tehniska universitate, Materialzindatnu un lietiSkas kimijas fakultate, Visparigas kimijas
tehnologijas institits, RTU Ridolfa Cimdina Rigas biomaterialu inovdciju un attistibas centrs

Naturali g€lu veidojoSie polimeri parstav svarigu biomaterialu klasi, ko izmanto citu
vielu iekapsul&sanai. Starp S§is klases polim&riem, alginatam piemit sp&ja Skersaistities
ar divvértigiem metala joniem, piem., Ca*", Mg®" un Zn*". Alginats ir kopigs termins
poliméru kopai, kas satur a-L-guluronisko un B-D-mannuronisko skabju atlikumus
mainigas proporcijas un seciba. Alginatu izmantoto dazadu vielu, piemé&ram,
olbaltumvielu, fermentu, partikas sastavdalu, zalu u.c. vielu imobilizacijai alginata
matrica. Sis pétniecibas darbs tika veltits kalcija deficita hidroksilapatita
iekapsulésanai Ca-alginita hidrogéla matrica un [Ca®'] koncentracijas ietekme uz
perlisu veidoSanas procesu. Darba gaita tika iegttas tris atskirigas formas pérlites:
sfera, elipsoids un “piliens”. Tika konstatéts, ka samazinot [Ca’’] un alginita
koncentraciju pérlisu forma mainijas no sferas uz pilienu (fidens $kiduma). Savukart
elipsoida forma tika ieglita izmantojot 96% etanolu ka skidinataju. Apkopojot
rezultatus tika izdariti secinajumi par perliSu formas galvenajiem noteicosajiem
faktoriem, kas ir [Ca®'] un alginata koncentracija, ka arT skidinataja izvele.

EFFECTS OF CALCIUM AND ALGINATE CONCENTRATION ON THE
CALCIUM-DEFICIENT HYDROXYAPATITE HYDROGEL BEAD
FORMATION

Armands Buss, Janis Lo¢s
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Natural gel-forming polymers represent an important class of biomaterials for
immobilization applications. Among this class of polymers, alginate exhibits ability to
undergo ionotropic gelation with bivalent ions, i.e., Ca®", Mg®" and Zn*". Alginate is a
collective term for a family of copolymers containing 1,4-linked B-D-mannuronic and
a-L-guluronic acid residues in varying proportions and sequential arrangements.
Alginate has been used for immobilization of various substances such as enzymes,
food ingredients, proteins, drugs etc. This research project is devoted on
immobilization of calcium deficient hydroxyapatite (CDHAp) into Ca-alginate
hydrogel and investigation of influence of [Ca®'] and alginate ions on the bead
formation process. In the course of the work three different bead shapes were obtained:
sphere, ellipsoid and droplet. It was found that reducing [Ca*'] and alginate
concentration the bead shape changed from a sphere to a droplet (in aqueous solutions)
while the ellipsoid was obtained by using 96% ethanol as the solvent. In conclusion,
the bead shape was mainly depending on the concentration of both [Ca®] and alginate
as well as from the choice of a solvent.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional Materials and composltes, photonicS and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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a-TRIKALCIJA FOSFATA-GLICERINA IEPRIEKS SAGATAVOTAS
KAULU CEMENTA PASTAS AR SKISTOSIEM FOSFATA SALIEM
SACIETESANAS PAATRINASANAI

Zilgma Irbe, Dagnija Loc¢a, Daina Vempere, Liga Bérzina-Cimdina
Rigas Tehniska universitate, Materialzinatnu un lietiSkas kimijas fakultate, Visparigds kimijas
tehnologijas institits, RTU Ridolfa Cimdina Rigas biomaterialu inovdciju un attistibas centrs

Kalcija fosfatu cementus pielieto kaulaudu laboSanai un atjaunosanai. leprieks
sagatavotas kalcija fosfatu kaulu cementa pastas dod iespgju izvairities no sarezgitas
pastas sagatavoSanas procediiras operdcijas laika. Saja darba pétitas o-trikalcija
fosfata-glicerina pastas ar viegli SkistoSiem sarmu metalu fosfata saliem saciet€Sanas
paatrinasanai. Pirmo reizi salidzinatas $adu sastavu ieprieks sagatavotu kalcija fosfatu
cementu pastu pasibas, lai noteiktu vispiemérotako sacietéSanas paatrinataju.

legiitie rezultati rada, ka pastas sastavi, kuros izmantots bazisku un skabu kalija
fosfata salu maisjums (KH,PO4s un K,HPO4) pietickama daudzuma, ir
vispiemérotakie saciet€Sanas paatrinatdji (SIm pastam bija pienemamas kohézijas
pasibas, apkart§ja skidruma pH vértibas bija tuvas fiziologiskajam, notika pilniga
sakuma materiala hidrolize 48 stundu laika).

o-TRICALCIUM PHOSPHATE — GLYCEROL PRE-MIXED BONE CEMENT
PASTES USING SOLUBLE PHOSPHATE SALTS AS SETTING AIDS

Zilgma Irbe, Dagnija Loc¢a, Daina Vempere, Liga Bérzina-Cimdina
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Calcium phosphate cements are used for augmentation and regeneration of bone
tissue. Pre-mixed calcium phosphate bone cements are advantageous in that they do
not require complex paste preparation during the operation. In this work a-tricalcium
phosphate-glycerol pastes with soluble potassium and sodium phosphate salts have
been researched. For the first time the properties of pre-mixed calcium phosphate
cements with such compositions were compared to ascertain the most suitable setting
aids for this composition.

Obtained results have shown that compositions using mixture of basic and acidic
potassium phosphate salts (KH,PO, un K,HPO,) in sufficient amounts gave the best
overall results (adequate cohesion and pH of the surrounding liquid, practically
complete hydrolysis of starting materials within 48 h).

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21  “Multlfunctional ~Materials and composltes, photonicS and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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ELEKTROVADOSU UN AUGSTI PORAINU TiO,., KERAMISKO
PAMATNU IZSTRADE KAULAUDU REGENERACIJAI

Inga Narkevica, Liga Stipniece, Jurijs Ozolin$
Riudolfa Cimdina Rigas Biomaterialu inovaciju un attistibas centrs, Visparigas kimijas
tehnologijas institits, Materialzinatnes un lietiskas kimijas fakultate,
Rigas Tehniskd universitate

Elektrovadosam pamatném ar 3D porainu struktiiru ir potencials pielietojums ka kaula
implantmaterialam, jo tas var Stnam lokali piegadat elektrisko stimulu, ka ar1
nodrosinat telpu jaunu kaulaudu ieaugSanai. P&tfjums veltits augsti porainu un
elektrovadosu TiO, keramisko pamatnu iegiiSanai un raksturo$anai.

Keramiskas pamatnes iegiitas, izmantojot poliméra replikas metodi. Pamatnes
termiski apstradatas gaisa 1500 °C, kam sekoja termiska apstrade augsta vakuuma
apstaklos 1200 °C, lai iegtitu nestehiometrisku TiO,. keramiku.

Pamatnes uzradija pilniba atvertu un savstarpgji savienotu poru struktiiru ar porainibu
~95%. P&c pamatnu termiskas apstrades gaisa, to vaditspgja ir salidzinosi zema (10°*-
10” mS/m), bet pec termiskas apstrades vakuuma to vaditsp&ja bitiski picaug (44-90
mS/m). In vitro petijumi noradija, ka pamatnes ir citosaderigas un veicina S§inu
augSanu.

DESIGN OF ELECTRICALLY ACTIVE AND HIGLY POROUS TiO;
CERAMIC SCAFFOLDS FOR BONE TISSUE REGENERATION

Inga Narkevica, Liga Stipniece, Jurijs Ozolins
Rudolfs Cimdins Riga Biomaterials Innovations and Development Centre of RTU, Institute of
General Chemical Engineering, Faculty of Materials Science and Applied Chemistry,
Riga Technical University

Electrically active scaffolds with 3D structure are of interest as bone graft substitute
materials, because they can locally deliver electrical current to the cells in the bone
defects and in the same time ensure space for new bone formation. Present study is
focused on preparation of novel highly porous and electrically active TiO, ceramic
scaffolds.

Ceramic scaffolds were produced via polymer foam replica method. Scaffolds were
sintered in air at 1500°C. Additional thermal treatment under high vacuum conditions
at 1200°C was realized to obtain nonstoichiometric TiO, ceramic.

Scaffolds showed fully open and interconnected pore structure with porosity around
95%. Electrical conductivity of TiO, scaffolds after sintering in air was relatively low
(10'8—10'9 mS/m). Thermal treatment of the scaffolds under high vacuum conditions
caused dramatic increase in electrical conductivity (44-90 mS/m). In vitro studies
confirmed that scaffolds are cytocompatible and enhances cell spreading.

This work has been supported by the National Research Programme No. 2014.10-
4/VPP-3/21“Multlfunctional ~ Materials and  composltes, photonicS  and
nanotechnology (IMIS2)” Project No. 4 “Nanomaterials and nanotechnologies for
medical applications”.
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