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KODOLU TERMISKA SINTEZE UN
UDENRAZA ENERGETIKA



TERMISKAS KODOLSINTEZES PROJEKTA ITER ATTISTIBAS CELS:
EURATOM, F4E, PLASAKA PIEEJA

A.Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

ITER (International Thermonuclear Experimental Reactor) projekta galvenais mérkis ir
uzcelt un iedarbinat eksperimentalu kodolsintézes reaktoru, kas biis galvenais solis virziena
uz kodolsintézes uzmantoSanu par ilgtsp&jigu energijas avotu, piedavajot iesp&ju iegit
neierobezotu, droSu un tiru energiju bez CO, emisijam. ITER ir dala no Stratégiska
Energijas Tehnologiju (SET) plana, ar batisku ieguldijumu Eiropa 2020 stratégija, globalas
konkurences apstaklos aktivi iesaistot Eiropas zinatni un augsto tehnologiju uznémumus $1
izaicinajuma projekta izpilde. ITER projekts tiek parvaldits saskana ar starptautisku
vienos$anos par ITER Starptautiskas Kodolsintézes Energijas organizacijas (I0) apvienota
ITER projekta 1istenoSanai izveidosanu starp Eiropas Kodolenergijas Komiteju
(EURATOM) un 6 citam Pusém: Kinu, Japanu, Indiju, Koreju, Krieviju un ASV.

DEVELOPMENT OF THERMONUCLEAR REACTOR ITER:
EURATOM, F4E, BROADER APPROACH

A.Sternberg
Institute of Solid State Physics, University of Latvia

The main purpose of the ITER (International Thermonuclear Experimental Reactor)
project is to build and operate an experimental fusion reactor. ITER is a major step towards
the demonstration of fusion as a sustainable energy source. Due to its important
advantages, such as the availability of large fuel reserves, lack of CO, emissions, inherent
safety features that set it apart from traditional nuclear power, fusion could greatly
contribute to the long-term EU energy strategy. ITER is part of the Strategic Energy
Technology (SET) Plan and will contribute to the Europe 2020 strategy, as the
involvement of European science and high tech industry should provide the EU with a
global competitive advantage in this promising sector. The ITER project is conducted
under the terms of the international Agreement between the European Atomic Energy
Community (EURATOM) and 6 other Parties: China, India, Japan, Korea, Russia and the
USA on the Establishment of the ITER International Fusion Energy Organization (I10) for
the Joint Implementation of the ITER Project.

ITER: leading the way to fusion energy
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KVAZIPERIODISKU PLAZMAS PERTURBACIJU ZEMU
DIMENSIJU MODELIS

D. Constantinescu', O. Dumbrijs’, V. Igochine’, K. Lackner’, R. Meyer-Spasche’,
H. Zohm®, ASDEX Upgrade team’
"Faculty of Exact Sciences, University of Craiova,
Association Euratom-MECTS, Romania
*Institute of Solid State Physics, University of Latvia, Association Euratom-UL, Latvia
Max-Planck Institut fiir Plasmaphysik, Association Euratom-IPP, Germany

Plazmas nestabilitates, kas nepartrauc izladi, biezi izsauc plazmas periodiskas nelinearas
perturbacijas. So paradibu var modelét ar diviem vienadojumiem, pirmais apraksta
sistémas relaksacijas dinamiku, otrais sist€mas piedzinu:
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kur ¢ ir magnétiska lauka nobide, p’ ir spiediena gradients, & ir disipacija, 7 ir attieciba
starp normalo siltuma difuziju un perturbaciju rezultata radusos siltuma difuziju, # ir
sistéma ievadita jauda, « ir attieciba starp anomalo un normalo siltuma difiiziju, indekss »
norada, ka visi lielumi ir norméti (bez dimensijam). Modeli var visparinat ta, ka ar to var
aprakstit kodoldegvielas inzekciju plazma.

A LOW-DIMENSIONAL MODEL SYSTEM FOR QUASI-PERIODIC
PLASMA PERTURBATIONS

D. Constantinescul, 0. Dumbrajsz, V. Igochine3 , K. Lackner’ ,R. Meyer-Spasche3 R
H. Zohm® and ASDEX Upgrade team’
'F. aculty of Exact Sciences, University of Craiova, Association Euratom-MECTS, Romania
*Institute of Solid State Physics, University of Latvia, Association Euratom-UL, Latvia
 Max-Planck Institut fiir Plasmaphysik, Association Euratom-IPP, Germany

Larger scale plasma instabilities not leading to an immediate termination of a discharge
often result in periodic nonlinear perturbations of the plasma. A minimal possible model is
formulated for description of the system with drive and relaxation processes which have
different time scales. The model is based on two equations: the first being responsible for
the relaxation dynamics and the second for the drive:
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Here & is the displacement of the magnetic field, p’ is the pressure gradient, & is
dissipation, 7 is the ratio between the normal heat diffusion and heat diffusion due to

perturbations, % is the power input into the system, « is the ratio between the anomalous
heat diffusion and the normal heat diffusion, and the index » means that quantities are
normalized. The model can be generalized to describe the pellet injection.



NEITRONOS STAROTU BERILIJA LODISU STRUKTURAS IZMAINAS
TRITIJA TERMISKAS DESORBCIJAS LAIKA

E. Pajuste, G. Kizane, A. Vitins, V. Zubkovs
Latvijas Universitates Kimiskas fizikas institiits

Eiropas Savienibas tritiju atrazojosa blanketa koncepta HCPB (Helium Cooled Pebble Bed —
Ar Helijju Dzeséts Lodisu Kartojums) berilija lodites paredz€ts izmantot ka neitronu
pavairotajus. Neitronu starojuma ietekmé berilija TpaSibas mainas - tas kltst trauslaks, ka ar1
uzbriest kodolreakcijas radusos gazu uzkrasanas rezultata (hélijs un tritijs). Tritija uzkrasanas
berilija nav v€lama gan no ekonomisku, gan drosibas jautajumu perspektivas. Petijjumi par
tritija izdaliSanos dazadas temperatiiras un tas laika notiekoSajam berilija strukttiras izmainam
sniegtu labaku izpratni par tritija izdaliSanos, ka arT ta uzkrasanas novérSanas iespejam.

Darba analizétas lodités, kas starotas neitronos eksperimenta Pebble Bed Assembly (HFR,
Niderlande). Novértéta saistiba starp tritija termiskas desorbcijas procesu un berilija
mikrostruktiiras izmainam. Darba izmatotas temperatiiras programmétas desorbcijas metode
(TPD) un skengjoSo elektronu mikroskopija (SEM). Lodisu struktira un tritija izdaliSanas
pétita temperattras diapazona no 550°C lidz 1250°C.

Paaugstinatas temperattiras konstatéta véra nemama korelacija starp tritija uzvedibu un berilija
struktlras izmainam. Tritija izdaliSanas sakums ~650°C temperatira sakrit ari ar struktiiras
izmainu paradisanos. Augstakas temperatiiras (850°C-950°C) sakas ievérojami straujaka tritija
izdaliSanas, kas saistas ar poru kanalu un plaisu veidoSanos, kas atvieglo gazu izkltiSanu no
lielakajam poram un tehnologiska dobuma, savukart virs 1250°C berilija struktiira ir praktiski
sabrukusi un to tilpuma tritijs vairs nav atrodams.

STRUCTURAL CHANGES OF THE NEUTRON IRRADIATED BERYLLIUM
PEBBLES DURING TRITIUM THERMODESORPTION

E. Pajuste, G. Kizane, A. Vitins, V. Zubkovs
University of Latvia Institute of Chemical Physics

In the EU HCPB (Helium Cooled Pebble Bed) breeder blanket concept beryllium pebbles have
been chosen as a reference material for a neutron multiplier. Tritium production as a result of
neutron transmutations of beryllium and its retention in a bulk of pebbles is a significant safety
issue. Studies on tritium desorption process and its relation to microstructural evolution of
beryllium pebbles at a different temperatures could give a better understanding of issues
related to tritium inventory in beryllium and possibilities to prevent it.

In this study, beryllium pebbles irradiated with neutrons in the experiment Pebble Bed
Assembly (HFR, The Netherlands) has been investigated. Relations between tritium thermo
desorption process and microstructural evolution of the pebbles has been assessed. Methods of
temperature programmed desorption (TPD) and scanning electron microscopy (SEM) have
been used. Microstructure of pebbles and tritium release has been studied in a temperature
range from 500°C up to 1250°C

It was found that there is a strong correlation between tritium behaviour and beryllium
structure evolution at the elevated temperature. At the temperature of 650°C tritium release
starts and also the structure changes can be observed. At the temperature that corresponds to
the tritium burst release (850°C -950°C) structure has changed considerably — there are large
cracks connecting the technical void with a surface and also the connected pore system has
been formed. At the temperatures above 1250°C the structure of beryllium is practically
destroyed and no tritium can be found in the bulk of the pebble.



TITANA DIOKSIDA NANOCAURULU KVANTU KIMIJAS MODELESANA
FOTOKATALITISKAJAI UDENRAZA IEGUVEI

O. Lisovskis', S. Piskunovs***, J. Zukovskis®, J. Ozolins'
'Rigas Tehniska universitate, Materidlzinatnes un lietiskas kimijas fakultdte
’Latvijas Universitate, Datorikas fakultdte
S Latvijas Universitate, Fizikas un matematikas fakultate
Latvijas Universitate, Cietvielu fizikas institiits

TiO, ir viens no perspektivakajiem fotokatalizatoriem tdens SkelSanas nolikiem. Lai
disociétu tidens molekulas 1idz H atomu rasanas caur redzamas gaismas ietekmi, katalizatora
aizliegtajai zonai (As,) ir jaatrodas intervala 1.23 < Ag, < 2.5 eV. Salidzinot ar tilpuma fazes
katalizatoriem, TiO, nanocaurulém piemit lielaks virsmas laukums un, secigi, labaka
absorbcijas kapacitate un augstaka fotokatalitiska aktivitate. Kaut gan nanocaurulém ir
raksturiga lielaka Ag, vertiba, salidzinot ar TiO, tilpuma faze, nesenie eksperimentalie petijumi
apgalvo, ka zemdimensionalas TiO, struktiras ar Adg, > 3.0 eV butu labak piemerotas
piemaisijumu pievienoSanai. Piemaisijumi veido induc@tos Iimenus un lidz ar to aizliegto zonu
platums ir mazaks neka slieksnis, kas ir japarvar, lai sadalitu tidens molekulu.

Mes piedavajam relativi vienkarSus, bet efektivus liela méroga elektronu struktiiras
aprékinus no pirmajiem principiem. Izmantojot hibrido apmainas-korelacijas funkcionalu
elektronu blivuma funkcionala teorijas ietvaros (DFT), més paredzam energgtiski stabilas TiO,
nanocaurules morfologiju. Sai nanocaurulei piemit negativa salocisanas energija, kas padara to
perspektivu dopésanai. Paslaik més veicam aizliegto zonu aprékinus nanocaurulém, kas ir
dopétas (un ko-dopétas) ar viegliem elementiem (C, N), sarmu metala joniem (Cs"), pareju
metala joniem (Ru’"), ka arf ar lantanida joniem (Gd*").

QUANTUM CHEMICAL SIMULATIONS OF TIO2 NANOTUBES FOR
PHOTOCATALYTIC HYDROGEN GENERATION

O. Lisovski', S. Piskunov***, Yu. Zhukovskii, J. Ozolins'
"Faculty of Materials Science and Applied Chemistry, Riga Technical Univerity
Faculty of Computing, University of Latvia
Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, University of Latvia

TiO, samples (band gap ~3 eV) are one of the most attractive photocatalysts proposed
for water-splitting applications. To dissociate water molecules and to obtain hydrogen atoms
under influence of visible light, the band gap (4¢;,) of catalysts must be adjusted into the range
of 1.23 < Ag, < 2.5 eV. When comparing with conventional catalysts, titania nanotubes (NTs)
possess larger surface area and, thus, have better adsorption capacity and higher photocatalytic
activity. Although pristine NTs tend to have larger Ag, with respect to the bulk, recent
experimental studies suggest that low-dimensional structures of TiO, with Ag, > 3.0 eV are
better starting point for doping which leads to the formation of the induced mid-gap states and,
thus, the band gaps have smaller width than the threshold for water splitting.

We propose relatively cheap, but efficient large-scale ab initio calculations on the
electronic structure. Using hybrid exchange-correlation functional within the density functional
theory (DFT) we suggest the morphology of the energetically stable TiO, tubular structure.
This nanotube possesses negative strain energy being attractive for doping. Calculations on
real band structures for titania nanotubes doped (and co-doped) by: light elements (C, N),
alkali metals ion (Cs"), transition metals ion (Ru’"), as well as lanthanide ions (Gd*") are
currently in progress.



TERMOGRAVIMETRISKI UDENRAZA ADSORBCIJAS PETIJUMI DABISKA
CEOLITA (KLINOPTILOLITS) MATERIALA PIRMS UN PEC AKTIVESANAS

P. Lesni¢enoks’, L. Grinbergaz, J. Kleperis2
'Rigas Tehniskas universitates Materialzindtnes un lietiskas kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Par ceolitu izmantosanu tidenraza uzglabasanai ir daudz pretrunigu zinojumu, bet
par vienu secinajumu pétnieki nestridas — proti, ka ceolitos kaut cik ievérojamu tdenraza
daudzumu izdodas saistit pie zemam temperatiram (77 K, piem@ram). M@s esam
noverojusi, ka arT pie istabas temperatiiras ceolitd var saistit fidenradi pat lidz 4 % no
ceolita svara. Udenraza adsorbcijas mérfjumiem adaptéta termogravimetrijas iekarta
SHIMATZU DTG - 60/60H, gazu caurpludes sistémai pievienojot divu gazu — argons un
tdenradis — balonus. Analiz€jamie paraugi tika mériti sekojosa veida: 1) izkars€Sana ar
atrumu 10 deg/min Iidz 200 (300) °C argona atmosfera; 2) dzesé$ana automatiska reZzima
tdenraza atmosfera Iidz istabas temperatiirai. Dazos eksperimentos paraugu, neiznemot no
iekartas, velreiz izkars€ja argona un dzes€ja Gidenraza atmosféra. Par izv€letas metodes
pielietojamibu parliecinajamies, ka atskaites paraugu izmantojot paladija pulveri, jo tam
dziestot wdenraza atmosféra, wdenradis absorb&jas eksotermiskd procesa, veidojot
metalhidridu PdHx ar 0,7-0,8 svara procentiem udenraza pie noteiktas temperatiiras.
Meéramie paraugi tika sagatavoti no dabiska klinoptilolita (Ukraina), ko piegadatajs
piedavaja rupja, vid€ji smalka un smalka pulvera veida. Paraugu aktivéSana tika veikta gan
jonu apmainas cela, izmercgjot ceolttu attieciga Skiduma, gan pirolitiski, uznesot paladiju
uz ceolita dalinam.

THERMOGRAVIMETRIC HYDROGEN ADSORPTION STUDIES OF
NATURAL ZEOLITE (CLINOPTILOLITE) MATERIAL BEFORE AND AFTER
ACTIVATION

P. Lesnicenoks', L. Grinberga®, J.Kleperis®
"Faculty of Materials Science and Applied Chemistry, Riga Technical University
2 Institute of Solid State Physics, University of Latvia

There is a lot of controversial reports about applicability of zeolite as appropriate
material for hydrogen storage. On the one conclusion researchers shares - namely, that the
zeolite adsorbs significant quantities of hydrogen at low temperatures (77 K, for example).
We have shown that the zeolite can adsorb hydrogen up to 4 % by weight of zeolite at
room temperature. For hydrogen adsorption measurements the thermogravimetric
equipment SHIMATZU DTG - 60/60H was adapted, by adding two gases - argon and
hydrogen — to gas flow system. Samples were analyzed in the following way: 1) heating to
200 (300) ° C in an argon atmosphere at the speed 10 deg/min, 2) cooling down in
automatic mode to room temperature in the hydrogen atmosphere. In some experiments
secondary heating in argon atmosphere and cooling down in hydrogen atmosphere were
done without removing the sample from apparatus. The applicability of the method was
tested using palladium powder as reference sample. It is known that palladium metal
absorbs hydrogen at given temperature in exothermic reaction and palladium hydride
PHy70s forms. Zeolite samples were prepared from natural clinoptilolite (Ukraine),
supplied as a coarse, medium and fine powder material. Activation of the samples was
carried out in ion-exchange process soaking zeolite powder in the solution, and in pyrolysis
process, coating palladium nanoparticles on zeolite powder particles.



KONCEPCIJA UDENRAZA TEHNOLOGIJU IZMANTOSANAI LATVIJAS
UNIVERSITATES AKADEMISKA CENTRA EKU KOMPLEKSA ELEKTRIBAS
UN SILTUMA NODROSINASANAI

J. Dimants', I.Dimanta?, B. Sloka', J .Kleperis3
Latvijas Universitates Ekonomikas un vadibas fakultdte
?Latvijas Universitates Biologijas fakultate
3 Latvijas Universitates Cietvielu fizikas institiits

Latvijas Universitate LU plano [idz 2023. gadam Rigas Torpakalna uzbtivét modernu
macibu un administrativo centru ar pieciem macibu €ku korpusiem un visu nepiecieSamo
studentu izmitinasanai un aktivai dzivei. Dabaszinatnu centra €ka planots realiz€t iniovativas
un modernas buvniecibas tehnologijas, ka, pieméram, zalo augu fasades diennakts
temperatiiras svarstibu ierobezosanai, vertikalas ass v€&ja generatorus utt. Masu ierosinajums ir
papildinat to ar Saules termokolektoriem un baterijam, ka arT ar vietgjo biologisko atkritumu
novietni un notekidenu attiriSanas baseinus. Pats galvenais miisu priekslikuma ir LU centra
Tornakalna izvietot Degvielas $iinu elektrostaciju (DSE) siltuma un elektribas razo3anai. Par
tdenraza resursu projekta pirmaja stadija kalpos dabas gaze, bet talaka nakotné tdenraza
legiiSanai planots izveidot biogazes savakSanu no notekiidenu attiriSanas baseiniem un
atkritumu novietnes, ka art jaudigas tidens elektrolizes stacijas, kurai elektribu dotu tikai
vietgjie véja generatori un Saules baterijas. Ta ka atbilstosas jaudas DSE (3 MW un vairak)
jastrada nepartraukti, fidenradis netiek izmantots pilniba un parpalikumu planots uzkrat
elektriskajam tidenraza transportam, lai parvietotos pa LU macibu un administrativo centru.

Pateiciba: Autori pateicas Valsts Pétijumu Programmai Energétika par atbalstu.

CONCEPT OF IMPLEMENTATION THE HYDROGEN TECHNOLOGIES IN
ACADEMIC CENTER COMPLEX OF UNIVERSITY OF LATVIA

J. Dimants', I.Dimanta?, B. Sloka', J .Kleperis3
"Faculty of Economics and Management, University of Latvia
’Faculty of Biology, University of Latvia
7 Institute of Solid State Physics, University of Latvia

By 2023, the University of Latvia (UL) is going to create a modern learning
infrastructure in Tornakalns, with five study blocks and all the necessary facilities for active
student life. The faculties of natural sciences imply implementing innovative building
technologies, such as a double facade made of green plants reducing temperature fluctuations
in direct sunlight, as well as wind generators of vertical flow on the roof. From renewables the
Sun, Wind and water will be available and suggestions will be elaborated to organize in the
Campus local collection of wastewaters as well as biological wastes. The Fuel Cell Power
Plant (FCPP) will be used for the power and heat generation (hydrogen resource in the first
phase - natural gas, in the second phase - from the local biogas likewise). The fuel conversion
system will be used to convert the locally available feedstock to a usable biogas. Anaerobic
digestion system will be used to convert the organic feedstock and wastewater that University
of Latvia campus will produce to biogas. Energy end-uses and their distribution (electricity,
hydrogen and heat) on Campus from FCPP system will be examined in work. To make our
design environmental friendly and also feasible, analysis will be performed and evaluated, as
well as marketing and public education plan will be developed.

Acknowledgement: Authors acknowledge National Research Program in Energy for support.



MODIFICETU POLI(ETERETERKETONA) POLIMERA MEMBRANU
IZGATAVOSANA, IPASIBAS UN IZMANTOSANA DEGSUNAS

K. Jurgelis', G. Vaivars'?
! Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Sobrid pasaulé tiek mekléti un attistiti iesp&jamie alternativie risinajumi uz fosilo
kurinamo bazes balstitajai energétikas nozarei, kas darbotos efektivi, izmantotu atjaunojamos
dabas resursus un funkcionétu videi draudziga veida. Viens no iesp&jamajiem risinajumiem ir
degsiinas. Sobrid ir izstradati un tiek atfistiti dazadi deg$@nu tipi, no kuriem par vienu no
perspektivakajam to izmantoSanai stacionaras spekstacijas, zemas emisijas transporta lidzeklos
un portativas elektroieric€s tiek uzskatitas protonu apmainas membranas degStnas (PEMFC).
Bitiskakais komponents PEMFC ir protonu apmainas membrana, kurai deg$iina ir divas
nozimigas funkcijas. Pirmkart, ta darbojas ka barjera starp anoda un katoda telpu, atdalot
degvielu no oksidgjosa reagenta un novérSot elektronu vadamibu. Otrkart, membrana
nodroSina selektivu protonu vadamibu. PaSlaik PEMFC ka protonu apmainas membranas
materials visbiezak tiek izmantots poliperfluorsulfonskabes jonomérs Nafions® (DuPont),
tomer ta lietoSana komercialos noliikos ir ievérojami ierobezota poliméra relativi augstas cenas
del. Pedgja desmitgadé ka piemerotas membranas to izmantosanai PEMFC tiek uzskatitas uz
poli(eteréterketona) (PEEK) poliméra bazes izgatavotas poliméra membranas.

Saja darba tika veikta modificéta poli(Gteréterketona) poliméra pagatavosana atbilstosi
vel izstrades stadija esoSai sintézei. legltie polimeri tika analizéti ar infrasarkanas
spektroskopijas un termogravimetriskas analizes metodi.

Pateiciba: Autori pateicas Valsts Pétijumu Programmai Energétika par atbalstu.

PREPARATION, PROPERTIES AND USE IN FUEL CELL OF MODIFIED
POLY(ETHERETHERKETONE) POLYMER MEMBRANES

K. Jurgelis', G. Vaivars'?
"Faculty of Chemistry, University of Latvia
’Institute of Solid State Physics, University of Latvia

Nowadays potential alternative solutions on the fossil fuel based energy industry are
investigated and developed, which would work effectively, use renewable natural resources
and function in nature friendly way. One of the potential solutions are fuel cells. Currently
there have been developed different types of fuel cells, however proton exchange membrane
fuel cells (PEMFC) have been considered for one of the most perspective in use in stationary
power stations, low emission transport vehicles and portable electrical devices. The most
important component in PEMFC is proton exchange membrane, which has two main functions.
Firstly, it works as a barrier between anode and cathode room separating fuel from oxidizing
agent and eliminating conductivity of electrons. Secondly, membrane provides selective
conductivity of protons. Currently a polyperfluorosulfonic acid ionomer Nafions® (DuPont) is
the mostly used proton exchange membrane in PEMFCs, however high cost of polymer limits
the large-scale commercialization. Over the last decade, the proton exchange membranes based
on polyetheretherketone (PEEK) have shown the considerable promises for PEMFC
applications.

In this work modified poly(etheretherketone) polymers were prepared according to
synthesis yet in development stage. Acquired polymers were analysed by using Infrared
spectroscopy method and thermogravimetric analysis.

Acknowledgment: The authors thank the National Research Program in Energy for support.
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AR SERU LEGETA TIO, NANOCAURULISU FOTOKATALIZATORA
SINTEZE UN FOTOKATALITISKAS TPASIBAS

R. Drunka, J. Grabis, A. Patmalnieks
Latvijas Universitates Cietvielu fizikas institiits, Rigas Tehniskas Universitates
Neorganiskas kimijas institiits

Titana dioksids ir Joti perspektivs materials, ko lieto ka fotokatalizatoru, lai
noarditu videi kaitigus organiskos savienojumus un sadalitu tdeni. No ta izgatavo
pasattiroSos materialus un solaras degvielas Stinas. Ir pieradits, ka TiO, nanocauruli§u
fotokatalitiska aktivitate ir atkariga no to virsmas laukuma, fazu sastava un modifikatoru
klatbiitnes, kuri lauj absorbét tam arT redzamas gaismas starojumu.

Ar séru modificétu TiO, nanocauruliSu un nanoporu iegisanai, tas karsétas 380°C
H,S gazes plusma vai izmantota mikroplazmas oksidéSanas metode s€ru saturoSos
elektrolitos. Fotokatalitiskas pasibas parbauditas, sadalot metilénzila tidens skidumu UV
un redzamas gaismas starojumu ietekmé. legitie fotokatalizatori ir ar augstaku aktivitati
salidzinajuma ar nemodidicétam TiO, nanocaurulitém.

Pateiciba: Autori pateicas Valsts Petijumu Programmai Energétika par atbalstu.

SYNTHESIS AND PHOTOCATALYTIC PROPERTIES
OF SULFUR DOPED TIO; NANOTUBES

R. Drunka, J. Grabis, A. Patmalnieks
Institute of Solid State Physics, University of Latvia, Institute of Inorganic Chemistry,
Riga Technical University

Titanium dioxide is very promising material for photocatalysts, decomposition of
organic compounds, splitting of water, for manufacturing self-cleaning materials and dye-
sensitized solar cells. It is generally concluded that the photocatalytic activity depends on
the specific surface area, phase composition and presence of dopants, which promotes
absorption of visible light.

Doped with sulfur nanotubes and nanopores were prepared by their treatment at

380°C in H,S flow or by using method of micro arc oxidation in sulfur containing
electrolyte. The catalytic activity was determined by degradation of MB solution under UV
and visible light illumination. The prepared photocatalysts have higher activity with
respect to pure TiO, nanotubes.

Acknowledgement: Authors acknowledge National Research Program in Energy for
support.
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GLICERINA KA UDENRAZA PRODUCENTU SUBSTRATA
KONVERTACIJAS DINAMIKAS IZPETE UN BLAKUSPRODUKTU
IDENTIFICESANA

I.Dimanta', A.Gruduls', V.Nikolajeva', . MuiZnieks', J.Kleperis
! Latvijas Universitates Biologijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Udenraza gazi var iegiit fermentacijas procesa, baktérijam sadalot organiskas vielas
anaerobos apstaklos. Lai izveidotu izmaksu efektivu bio-tidenraza ieguvi, nepiecieSams
pilnveidot jau eksperimentali izmé&ginatas tidenraza iegliSanas un savak$anas metodes.
Tapat arT nepiecieSams atrast iesp€jas konvertet bio-tidenradi optimalus substratus, kas ir
plasi pieejami Latvija ka rupniecibas atkritumi un optimizet bakteriju augSanas apstaklus
uz Siem substratiem, ar meérki nodroSinat efektivu tidepraza ieguvi. Tika parbauditas
mikroorganismu kultiras, kuras sp&j efektivi izmantot tehnisko glicerinu tdenraza
iegliSanai. Parbaudita dazu bakteriju tirkultiru tdenraza veidoSanas produktivitate,
izmantojot laboratorija pasu konstrugtas testsistémas un komercialos gazu sensorus, kuras
pilnveidotas, lai méritu Gidenraza koncentraciju gan Skidraja, gan gazes fazeé. Izmantotas
metodes un izveidotas testsist€émas lauj salidzino$i novertét substratu un producentu
produktivitati. Nozimigs faktors tidenraza veidoSana ir izmantojama substrata konvertacija
un tas dinamika. Substratu konvertacijas dinamikas izp&tei un metabolisma blakusproduktu
identific€Sanai izmantotas pieejamas testsist€mas un izstradata metodika.

INVESTIGATION OF GLYCEROL AS SUBSTRATE FOR HYDROGEN
PRODUCERS CONVERTATION DYNAMICS AND BY-PRODUCTS
IDENTIFICATION

I.Dimantal, A.Grudulsl, V.Nikolaj eval, I.Muiinieksl, J .Kleperis2
"University of Latvia, Biology Faculty
?Institute of Solid State Physics, University of Latvia

Biological production of hydrogen by bacterial anaerobic fermentation of widely
available renewable resources is a promising and advantageous area. Industrial waste
products such as crude glycerol are perspective for usage in feedstock for hydrogen
producing bacteria and it noticeably decreases the raw material cost. The process of
biodiesel production results in crude glycerol as one of the by-products. Different bacterial
isolates were tested for hydrogen gas production rates from glycerol substrate with test-
systems constructed in our laboratory. Test-systems were optimised to allow adequate
substrate and bacterial strain hydrogen productivity estimation in liquid and gaseous phase.
It was concluded that several of the isolated bacterial strains are suitable for bio-hydrogen
production using crude glycerol as substrate. Assessment was developed to establish
whether microbial conversion of crude glycerol is viable possibility for bio-hydrogen
production.
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SAISTITA UDENRAZA DAUDZUMA PETIJUMI AR
Pd MODIFICETA KLINOPTILOLITA

A. givarsl, L. Grinbergal, J. Kleperisl, L. Kulikova 2, V. Serga2
"' _ Latvijas Universitates Cietvielu fizikas institiits
? Rigas Tehniskas universitates Neorganiskas kimijas institiits

Attistoties tidenraza ekonomikai, pieaug pétijumu skaits, kas ir saistiti ar hidridus
veidojosu metalu izmantoSanas iespéjam tidenraza uzglabasanai. Galvenais problému avots
ir saistits ar €rti un dro$i izmantojamo hidridu mazo sorbéta tidenraza masas attiecibu pret
pasa metala masu. Viens no galvenajiem pétfjumu mérkiem, kurus esam sev izvirzijusi,
nosaka to ka materialam jabiit sp&jigam sasniegt ieverojumu uzkrata tidenraza daudzumu
jau istabas temperatiira un 1 lidz 10 bar spiediena. Materials ar $adam Ipasibam butu gan
droSaks no ekspluatacijas viedokla, gan samazinatu degvielas tvertnu izgatavoSanas un
apkartesosas infrastruktiiras izdevumus. Tapat, tiek nemta véra materiala pieejamiba un ta
1pasibas.

Masu petifjumi ir saistiti ar daba plasi sastopama materiala, kuram ir labi izteiktas
gazu adsorbcijas 1pasibas, modific€Sanu, lai panaktu, ka iegiitais kompozits varétu uzglabat
tdenradi ievérojamos daudzumos. Eksperimentos tiek izmantots ar palladiju (1,25 un 5
svara procenti) parklats klinoptilolits, (Na,K).Ca(AlsSi3007,2):24(H,0). Rezultati liecina, ka
sada materiala idenraza sorbcijas sp€ja ir lielaka neka katram materialam atseviski.

Pateictba: Paldies Valsts Petijumu programmai energétika par finansialu atbalstu

STUDIES ON SORBED HYDROGEN AMOUNT IN
Pd MODIFIED CLINOPTILOLITE

A. Sivars], L. Grinbergal, J. Kleperisl, L. Kulikovaz, V. Serga2
'Institute of Solid State Physics of University of Latvia
*Institute of Inorganic Chemistry of Riga Technical University

The number of studies that are related to the use of hydride-forming metals for the
hydrogen storage increases due to the development of hydrogen economy. The main
problem is that the metal hydrides, which are safe and convenient to use, usually are
characterized with small sorbed hydrogen-mass ratio to the metal-mass.

The key research objective of this work is to find a material that is able to achieve a
significant amount of accumulated hydrogen already at room temperature and at pressures
ranging from 1 to 10 bar. Such material would be safer from the operational point of view
and could reduce the production costs of hydrogen storage tanks and price of the related
infrastructure. The availability of material and its properties is taken into account as well.

In our research clinoptilolite (Na,K)4Ca(AlsSi30072)-24(H,0) is used, which is a
widespread natural material with good gas sorption properties that is able to store
significant quantities of hydrogen. In the sorption experiments pure and coated with
palladium (1.25 and 5 weight percent) clinoptilolite samples were used. The results show
that the hydrogen sorption capacity of the coated material is greater than for clinoptilolite
or Pd alone.

Acknowledgement: Thanks to State Reresearch project in Energetics for financial
support.
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ELEKTRODI AR NANOSTRUKTURETU PARKLAJUMU UDENS
FOTOKATALITISKAI SADALISANAI

L. Grinberga
Latvijas Universitates Cietvielu fizikas institiits

Pasreiz ir atklati vairak neka 130 dazadi materiali un to kompoziti, kuri var sadalit
tdeni fotokimiska cela. Diemzg&l lietderibas koeficients ar kadu gaismas energija tiek
parveidota par tdenradi ir loti zems un, no ekonomiska viedokla, nepienemams. Tapat ir
zinams, ka kimiskas un fizikalas ipasibas, kuras nodroSina fotokatalitisko efektivitati un
ilgtsp€jibu ir noteiktas un ierobezojosas.

Titana dioksida (TiO,) nanodalinas tiek plaSi izmantotas dazados produktos un ierices.
So materialu uzskata par vienu no videi draudzigakajiem fotokatalizatoriem, kas ultravioletas
gaismas ietekme tideni sadala Gidenradi un skabekli.

Nanodalinu izmantosana nodro$ina daudz lielaku virsmas laukumu, tad€jadi palielinot
virsmas aktivo vietu skaitu un paaugstinot fotokatalitisko aktivitati. Tom&r virsmas laukuma
palielinasana, palielina arT virsmas defektu skaitu, kuri klist par elektronu-caurumu
rekombinacijas centriem. Tapé&c dalinu optimala izmeéra atrasana un aktivo vielu salagoSana ir
viens no galvenajiem nosacijumiem veiksmiga fotokatalizatora izveide.

Daudzi pasaules zinatnieki ir pétijusi dazadu TiO, nanostruktiru morfologiju
efektivitati idens sadaliSanai. Saja darba ir salidzinati dazadi elektrodi ar nanostrukturétu TiO,
parklajumu un to fotokatalitiskas 1pasibas.

Pateiciba: Paldies Eiropas sociala fonda projektam Nr. 2009/0202/1DP/1.1.1.2.0/09/
APIA/VIAA/141 par finansialu atbalstu

NANOSTRUCTURED COATING OF ELECTRODES FOR
PHOTO-CATALYTIC WATER SPLITTING

L. Grinberga
Institute of Solid State Physics, University of Latvia

Today over 130 materials and their derivatives have been shown to split water
photochemically. Unfortunately the conversion efficiency of light energy to hydrogen is
unacceptably low for economic purposes for all of them. It is well known that the physical and
chemical properties required to catalyze photolysis efficiently and sustainably are very
restrictive.

Nanosized titanium dioxide particles are used in diverse products and devices. In
addition, TiO, is a photocatalyst that is considered as the most environmentally friendly
photocatalyst. Under UV light, water is converted to hydrogen gas by photocatalytic water
splitting on a TiO; electrode.

The use of nanoparticles increases the surface area and enhances the concentration of
available surface-active sites, thus leading to higher photocatalytic activity. Nevertheless, an
increase in the surface area increases the number of surface defects which are electron-hole
recombination centers. Therefore, an optimization of the crystallinity and of the particle size is
required to maximize the efficiency of the photoelectrochemical cell.

A large variety of morphologies of TiO, nanostructures, including nanoparticles, nanorods,
nanowires, nanotubes, mesoporous structures have been studied by numerous of scientists
around the world. In this work several nanostructured TiO, coatings of electrodes for photo-
catalytic water splitting are compared.

Acknowledgement: Thanks to European Social Fund project Nr. 2009/0202/1DP/
1.1.1.2.0/09/APIA/VIAA/141 for financial support.
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UN UN CITU AKTINIDU VIRSMAS MODELESANA:
SODIENAS STAVOKLIS UN PERSPEKTIVAS

D. Boéarovs'*?, J. Zukovskis® , D. Grj aznovs’, J. Kotomins *
! Latvijas Universitates datorikas fakultdte
’Latvijas Universitates fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Pirma elektroniskas struktiiras modelésana aktinidu virsmam un to reakciju sp&jai attieciba uz
molekularo un atomaro skabekli tika paveikta tikai nesen. Tomer tas nav parsteigums, jo aktinidu
virsmu nevar viegli aprékinat, izmantojot DFT metodes, sakara ar lielo elektronu skaitu
elementarsiina. Tacu dazi a-U, 6-Pu un UO, virsmu model€Sanas rezultati ir pieejami zinatniskaja
literatlira. Piem&ram, Teilors paradija, ka PAW metode ir piem&rota (001) virsmas o-U ticamiem
aprékiniem. PW91 funkcionalis tika izmantots UO, (111), (110) un (100) virsmas model&Sanai.
Aprekini, kurus veica Ata-Finns un Rejs, apstiprina DFT metodes efektivitati O, C un N jonu
hemisorbcijas modelésanai virs 6-Pu(111) virsmas.

Mgs pirmo reizi veicam UN virsmas un tas mijiedarbibas ar skabekli detaliz€tu p&tijumu,
izmantojot platnes modeli kombinacija ar Blivuma Funkcionala Teorijas (DFT) projektivi
paplasinato vilnu (PAW) metodi VASP aprekinu programmas ietvaros. Veiktie liela méroga DFT
aprékini Jauj mums piedavat energétiski iesp&jamo mehanismu defektivas UN(001) virsmas dal&jai
piesatinasanai ar skabekla atomiem, kas atbilst oksinitridiem Iidzigas strukttiras veidoSanai virsmas
argjos slanos. Pamatojoties uz miisu un citu autoru rezultatiem, referata tick ari apskatitas aktinidu
virsmas model&Sanas perspektivas un rakstutigas problémas.

SURFACE MODELLING OF UN AND OTHER ACTINIDES:
CURRENT STATE AND PROSPECTS

D. Bocharov"*?, Yu.F. Zhukovskii’, D. Gryaznov’, and E.A. Kotomin®
"Faculty of Computing, University of Latvia
Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, University of Latvia, Riga, Latvia

The first electronic structure simulations on actinide surfaces and their reactivity towards the
molecular and atomic oxygen were performed only recently, due to a large number of electrons per
unit cell. Nevertheless, some results of simulations performed for a-U, 3-Pu and UO, surfaces are
available in the literature. In particular, Taylor showed that the method of projector augmented-
waves (PAW) is fitting for reliable calculations on the (001) surface of a-U [1]. The Perdew-Wang
(PW91) functional was used by Skomursky et al. for simulations on (111), (110), and (100)
surfaces of UQO, [2]. The calculations performed by Atta-Fynn and Ray [3] also confirm
effectiveness of the Density Functional Theory (DFT) methods for calculations of O, C and N ions
chemisorbed upon the 8-Pu(111) surface.

We have performed the first detailed study of UN surfaces and their interaction with oxygen
using the slab model. For calculations on UN slab models of different morphology, the DFT
method within the PAW formalism (as implemented in the VASP computer code [4]) has been
used. Large-scale DFT calculations allow us to propose an energetically feasible mechanism for the
partial saturation of defective UN(001) substrate by oxygen atoms which corresponds to formation
of oxynitride-like structure of the outer layer. The prospects and typical problems of actinide
surface modeling are also observed in this presentation systematizing results obtained by us and

other researchers.

[1] C.D. Taylor, Evaluation of first-principles techniques for obtaining materials parameters of a-uranium and the (001) a-uranium
surface. - Phys. Rev. B, 2008, 77, 094119 (p. 1-9).

[2] F.N. Skomurski, R.C. Ewing, A.L. Rohl, J.D. Gale, and U. Becker, Quantum mechanical vs. empirical potential modeling of uranium
dioxide (UO,) surfaces: (111), (110), and (100). - Amer. Mineral., 2006, 91, p. 1761-1772.

[3] R. Atta-Fynn and A. K. Ray, 4b initio full-potential fully relativistic study of atomic carbon, nitrogen, and oxygen chemisorption on
the (111) surface of 3-Pu. - Phys. Rev. B, 2007, 75, 195112 (p. 1-13).

[4] G. Kresse and J. Furthmiiller, VASP the Guide, University of Vienna, 2009; http://cms.mpi.univie.ac.at/vasp/
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H CENTRU SrF;, KA ARI VIRSMAS H CENTRU UN F CENTRU
AGREGACIJAS APREKINI BaF,

R. I Eglitis', H. Shi?, R. Jia®, L. Yue® un X. He’
'Latvijas Unversitates Cietvielu Fizikas Institiits, Riga, Latvija
’pekinas T ehnologiskais Institiits, Pekina, Kina
 Wuppertales Unversitate, Wuppertale, Vicija
* Fizikas Departments, Osnabrjukas Unversitdte, Vacija

Mes aprékinajam H centru SrF, kristala prieks ta divam atskirigam orientacijam gar [100]
un [111] astm [1]. Apré€kinos més izmantojam blivuma funkcionala teoriju (DFT) kombingtu ar
hibridu apmainas funkcionali, proti DFT-B3PW. Energiju starpibu aprékini H centriem ar dazadam
orientacijam parada, ka H centrs orientéts [111] virziena sarmu metalu fluoridos ir energégtiski
visstabilaka konfiguracija.

BaF, kristala me&s rupigi izp&tijam divas virsmas H centru konfiguracijas [2]. Ap abam
virsmas H centra konfiguracijam, virsmas efekta d€], m&s nov€rojam stipru atomu relaksaciju.
Konfiguracija, kad starprezga flora atoms ir uz BaF, virsmas, nesaparotais elektrons ir gandriz
vienlidzigas dalas sadalits pa H centra diviem atomiem, kas ir pilnigi atSkirigi no tilpuma H centra
gadijuma.

Associacijas energijas aprékini R centram (defekts, kur§ sastav no 3 F centriem) BaF, [3]
parada, ka izoletiem F centriem piemit tendence veidot defektu kompleksus (R centrus). F' centru
agregacijas rezultata izveidojas loti liela ktmiskas saites kovalence starp divam blakus esosam flora
vakancém ar satvertiem elektroniem.

Atsauces:

1. L. Yue, R. Jia, H. Shi, X. He and R. I. Eglitis, J. Phys. Chem. A 114, 8444 (2010)
2. H. Shi, R. Jia and R. L. Eglitis, Phys. Rev. B 81, 195101 (2010)

3. H. Shi, R. Jia and R. I. Eglitis, Solid State Ionics 187, 1 (2011)

AB INITIO CALCULATIONS FOR THE H CENTERS IN SrF;, AS WELL AS
SURFACE H CENTERS AND F CENTERS AGGREGATION IN BaF,

R. L. Eglitis', H. Shi’, R. Jia®, L. Yue* and X. He®
! Institute of Solid State Physics, University of Latvia, Riga, Latvia
School of Science, Beijing Institute of Technology, Beijing, PR China
Department of Mathematics and Natural Sciences, Bergische Universitat Wuppertal,
Wuppertal, Germany
* Fachbereich Physik, Universitat Osnabrueck, Osnabrueck, Germany

The ground state of H-center systems for the SrF, crystal is simulated with two different
arrangements, which are oriented along either [100] or [111] axes [1]. The calculations are
performed by using density functional theory (DFT) with hybrid exchange potentials, namely
DFT-B3PW. The energy difference between H centers with different orientations shows that the H
center oriented in the [111] direction in alkaline earth fluorides is the most stable configuration.

Two different configurations of surface H centers are investigated carefully in BaF, [2].
Both surface H-center systems have strong relaxations because of the surface effect. In the
configuration that the interstitial fluorine atom is within the surface, the unpaired electron is almost
equally distributed onto the two atoms of the H

The association energy calculations on R centers (a defect composed of three F centers) in
BaF, [3] indicate stable aggregation of isolated F centers. During F-center aggregation, a
considerable covalency between two neighbor fluorine vacancies with trapped electrons forms.
References:

1. L. Yue, R. Jia, H. Shi, X. He and R. L. Eglitis, J. Phys. Chem. A 114, 8444 (2010)
2. H. Shi, R. Jia and R. L. Eglitis, Phys. Rev. B 81, 195101 (2010)
3. H. Shi, R. Jia and R. I. Eglitis, Solid State Ionics 187, 1 (2011)
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CINKA VAKANCU KONCENTRACIJAS IETEKME UZ ZNO
ELEKTRONISKAM IPASIBAM

A. Sorokins, J. Zukovskis, D. Grjaznovs, J. Purans, E. Kotomins
Latvijas Universitates Cietvielu Fizikas Institiits

Cinka oksids ir daudzsoloSs materials caurspidigo elektrodu veidoSana. Tirais ZnO ir
platzonas izolators, bet, ievieSot taja defektus, var panakt elektrovadosa stavokla
iestasanos, saglabajot labu caurspidibu. Iegita legéta materiala elektroniskas un optiskas
ipasibas ir stipri atkarigas no aizvietotaju tipa un koncentracijas, ka ar no citu defektu
klatbuitnes. Pie $adiem defektiem pieder arT Zn vakances, kas tiek raditas legéSanas pirmaja
posma, tap&c ir butiski izp&tit to rasanas energétiku un ZnO: V7, elektroniskas ipasibas.

Saja darba, izmantojot datorprogrammu CRYSTAL09, kura darbojas LCAO tuvinajuma,
un bezparametriska korelacijas—apmainas funkcionala PBEO, kas darbojas blivuma
funkcionala teorijas ietvaros tika izpétitas cinka vakances divu izm@ru superSinas ar
periodiskiem robeznosacijumiem: viena satur 32 atomus (defektu koncentracija x = 6 %),
otra satur 108 atomus (=2 %). Aprékinus veica gan ar, gan bez spina polarizacijas
ievéro$anas, katru reizi pilnigi relaksgjot geometrisko struktiiru.

Tika noskaidrots, ka neatkarigi no defekta koncentracijas sist€éma ir n-tipa vaditajs.
Spin-polarizétie aprékini (ar S=2) parada stabilaku konvergenci un zemaku pilnas
energijas vertibu.

INFLUENCE OF THE CONCENTRATION OF ZINC VACANCIES ON
ELECTRONIC PROPERTIES OF ZNO

A.V. Sorokin, Yu.F. Zhukovskii, D. Gryaznov, J. Purans, E.A. Kotomin
Institute for Solid State Physics, University of Latvia

Zinc oxide is a promising material in the transparent electrode industry. Pure ZnO is a
wide-gap insulator, whereas introducing defects one can make it highly conducting with
retaining transparency. Electronic and optical properties of such a doped material depend
on the type and the concentration of the dopants, as well as on the presence of other
defects. The simplest defects are Zn vacancies, which arise in the beginning of the doping
process. Thus, it is important to investigate energetics and electronic properties of
Zn0: V7.

In the current study we use CRYSTALO9 computer code that employs LCAO approach
and null-parametric correlation—exchange hybrid functional PBEO that works within the
density functional theory in order to study vacancies of Zn in supercells of different sizes
and periodic boundary conditions. First such a supercell contains 32 atoms (corresponding
to the concentration of the defects x~ 6 %), while another one contains 108 atoms

(x =2 %). The calculations have been performed with included and ignored spin
polarization. The geometric structure has been fully optimized for each calculation.

It has been found, that the ZnO:Vz, system is an n-type conductor irrespectively on the
concentration of the defect. Spin-polarized calculations (with §=2) give a more stable
convergence and lower total energy values.
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Y UN O DEFEKTU KVANTU KIMISKIE APREKINI Fe REZGI TURPMAKAI
ODS TERAUDU KINETISKA MONTE-CARLO MODELESANAI

A. Gopej enkol, J. Zukovskisl, P.V. Vladimirovz, J. Kotominsl,
J.Mastrikovs and A. Miislang2
"Latvijas Universitates Cietvielu Fizikas Institiits, Riga, Latvija
? Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I, Karlsruhe, Germany

Oksidu stiprinato téraudu materialu (ODS) pielietoSana izmantosSanai kodolsintézes
reaktoros blanketu struktiira lauj palielinata reaktoru darbibas temperatiiru uz 100°C. Tas ir
iemesls kap&c ODS teraudi ir apskatiti ka daudzsolosi struktiiru materiali Siem reaktoriem.
Gan oksidu nogul$nu lielums, gan to telpiskais sadalijums bitiski ietekmeé ODS téraudu
mehaniskas 1pasibas un radiacijas noturibu.

Liela méroga aprékini no pirmajiem principiem tika veikti y-Fe rezgu 4x4x4
supersiinas lai saprast mijiedarbibas starp dazadiem piemaisijumu un vakances defektiem
dzelza rezgi [1,2]. Tas ieklauj ka atsevis$kus defektus (Fe-vakance, Y un O atomus) ta arl
mijiedarbibas starp tiem dazadas div- un tris-atomu defektu klasteros. So aprékinu rezultati
ir izmantoti ODS dalinu izveidoSanas rezga kinétiska Monte-Carlo modeléSana.

AB INITIO CALCULATIONS OF BINDING ENERGIES BETWEEN
DEFECTS IN fcc Fe LATTICE FOR FURTHER KINETIC MONTE-CARLO
SIMULATION ON ODS STEEL

A. Gopejenko', Yu.F. Zhukovskii', P.V. Vladimirov?, E.A. Kotomin'
, J.Mastrikov and A. Mtislang2
!Institute of Solid State Physics, University of Latvia, Riga, Latvia
Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I, Karlsruhe, Germany

The implementation of the oxide dispersed strengthened (ODS) steel for fusion- and
advanced fission-reactor blanket structures allows increasing the operation temperature by
~100°C. This is a reason why the ODS steels strengthened by the yttria precipitates are
considered as promising construction materials for these reactors. The mechanical
properties and radiation resistance of ODS steels are significantly sensitive to the size and
spatial distribution of the oxide precipitates.

Large scale first-principle calculations have been performed on the y-Fe lattice 4x4x4
supercells, in order to study the interactions between different types of impurity and
vacancy defects inside the iron lattice [1,2]. This includes the calculations of both the
single defects (Fe-vacancy, Y and O atoms) and the interactions between them in various
two- and three-atom defect clusters. The results of these calculations are used in the lattice
kinetic Monte-Carlo modeling of the ODS particle formation in the steel matrix.

[1] A. Gopejenko, Yu.F. Zhukovskii, P.V. Vladimirov, E.A. Kotomin, and A. Mdslang, Ab initio
simulation of yttrium oxide nanocluster formation on fcc Fe lattice. - J. Nucl. Mater., 2010, 406,
p. 345-350.

[2] A. Gopejenko, Yu.F. Zhukovskii, P.V. Vladimirov, E.A. Kotomin, and A. Méslang, Modeling
of yttrium, oxygen atoms and vacancies in y-iron lattice. - J. Nucl. Mater., 2011, 416, p. 40-44.
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NANOKRISTALU STRUKTURAS PETIJUMI AR EXAFS

A.Anspoks, A.Kuzmins, A.Kalinko
Latvijas Universitates Cietvielu fizikas institits

Samazinoties dalinu izmériem lidz nanom@rogam notiek to struktiiras relaksacija,
kas nov€rojama ka dalinu elementarsiinas tilpuma izplesanas vai saspieSanas. Ta ka vielas
struktiira liela mera nosaka tas fizikalas ipasibas, tad nanoobjektu strukttiras p&tjjumiem ir
bitiska nozime jaunu nanomaterialu izstrad€ un to pasibas sapratné.

Saja darba més paradisim, ka kombingjot rentgena absorbcijas sikstruktiiras
spektroskopijas (EXAFS) eksperimentalas un teorétiskas modelesanas pieejas, iesp&jams
iegiit informaciju par nanoobjektu atomaro struktiiru un defektiem.

Izmantojot nesen izstradato molekularas dinamikas un pirmo principu EXAFS
aprékinu (MD-EXAFS) metodi, mé&s sp&jam modelét nanoobjektus realos izméros, 11dz ar
to nodroSinam iesp&ju salidzinat dazadus modelus ar eksperimentaliem datiem. Miisu
pétijumi parada, ka NiO nanokristalu dalinas satur defektus — Ni vakances, ka ar1 parada
to, ka nanodalinam ir komplic€ts izméru sadalfjums.

So darbu atbalsta ESF projekts 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141.

EXAFS STUDY OF STRUCTURE RELAXATION
IN NANOCRYSTALLINE NiO

A.Anspoks, A.Kuzmin, A.Kalinko
Institute of Solid State Physics, University of Latvia

A decrease of particle size down to nanoscale leads to its structure relaxation,
which is often observed as unit cell volume expansion or compression. Since the material
structure determines its physical properties, the studies of nano-objects structure are
essential to the development of new nanomaterials and an understanding of their
properties.

In this work, we show how a combination of X-ray absorption fine structure
(EXAFS) spectroscopy and theoretical modelling allows us to obtain information about
atomic structure of nanosized objects and their defects.

Recently developed method, combining molecular dynamics and ab initio EXAFS
calculations (MD-EXAFS), allows us to model real size nanoobjects and to compare these
data with experiment. Our studies reveal that NiO nanoparticles contain Ni vacancies and
have a complex size distribution.

This work was supported by the ESF project
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141.
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POLIKRISTALISKO VOLFRAMATU AWO, (A= Ca, Sr, Ba) PETISANA
AR MD-EXAFS METODIKU

A. Kalinko, A. Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Struktiiras modeléSana ir neatnemama dala EXAFS spektru analiz€. Nesen ir
izstradata moderna pieeja [1], kas balstas uz molekularas dinamikas (MD) metodi kopa ar
ab initio EXAFS spektru aprékiniem. Ta Jauj veikt analizi aiz pirmas koordinacijas sféras
korekti nemot véra termiskas atomu kustibas un daudzkartigas izkliedes efektus [2].

Saja darba MD-EXAFS metode tika sekmigi pielietota W Ls-malas EXAFS spektru
interpretacijai AWO,4 (A=Ca, Sr, Ba) savienojumos ar Seelita tipa struktiiru, kas veidota no
[WOy,] tetraedriem un [AOg] daudzskaldpiem. Darba gaita tika izstradati mijiedarbibas
potencialu modeli, kas apraksta volframatu fizikalas ipasibas: rezga parametrus, elastigas
konstantes un fononu frekvences. Potencialu modeli tika izmantoti MD simulacijas NVT-
ansambli, lai iegiitu 3D atomu konfiguraciju kopu. Talak, vidgjie péc konfiguracijam W
L;-malas EXAFS spektri tika sar€kinati izmantojot ab initio daudzkartigas izkliedes teoriju
un paradija labu sakritibu ar misu eksperimentaliem datiem. Tika noteikta daudzkartigas
izkliedes efektu ietekme EXAFS signalos un noteikts koordinacijas sferu ieguldijums lidz

6 A.

MD-EXAFS STUDY OF POLYCRYSTALLINE TUNGSTATES AWO,
(A= Ca, Sr, Ba)

A. Kalinko, A. Kuzmin
Institute of Solid State Physics, University of Latvia

Structure modelling is an essential part of the EXAFS spectra analysis. Recently, a
modern analysis approach based on molecular dynamics (MD) method combined with ab
initio EXAFS spectra calculations has been proposed [1]. It allows an extension of the
analysis beyond the first coordination shell with proper accounting of thermal atomic
motion and multiple-scattering effects [2].

In this work the MD-EXAFS method was successfully applied to the W Ls-edge
EXAFS spectra interpretation in AWO4 (A = Ca, Sr, Ba) compounds with scheelite-type
structure, being composed of [WOj4] tetrahedra and [AOg] polyhedra. First, we developed
the force-field models able to describe the physical properties of tungstates, such as lattice
parameters, elastic constants and phonon frequencies. Next, the force-field models were
used in the NVT-ensemble MD simulations to obtain the 3D atomic configurations.
Finally, the configuration-averaged W Ls-edge EXAFS spectra were calculated using ab
initio multiple-scattering theory. Thus obtained EXAFS spectra are in good agreement with
our experimental data. The influence of the multiple-scattering effects on the EXAFS
signals was also studied, and the contributions of the coordination shells up to 6 A signal
were determined.

[1] A. Kuzmin, R.A. Evarestov, J. Phys.: Condens. Matter 21 (2009) 055401 (6 pp).
[2] A. Kalinko, R.A. Evarestov, A. Kuzmin, J. Purans, J. Phys.: Conf. Series 190 (2009)
012080 (4pp).
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ScF; STRUKTURAS AB INITIO APREKINI

P. Zguns', A. Kuzmins’, D. Bo¢arovs'*, S. Piskunovs'**
'Latvijas Universitates fizikas un matemdtikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits
I Latvijas Universitates datorikas fakultate

ScF; ir perovskita tipa materials ar vienkarSu kubisko ReOs-tipa struktiiru (telpiska
grupa Pm-3m). Nesen tika atklats, ka Sim materialam piemit negativas termiskas izpleSanas
(NTI) efekts plasa temperatiiras diapazona no 10 lidz 1100 K [1]. ScF;, ta kubiskas
struktiiras d€l, ir vienkarsa sisttma NTI izcelsmes izp&tei. Viena no hipotézém NTI efekta
izskaidroSanai paredz, ka koptilpuma samazinaSanas notiek nelokamo fragmentu (ScFg
oktaedru) svarstibu dgl [2].

Saja darba més veicam ScF; struktiras ab initio LCAO aprékinus ar Crystal09
programmu [3]. Galvenas materiala ipaSibas — rezga konstante, aizliegtas zonas platums un
tilpuma elastibas modulis — tika aprékinati, izmantojot vairakus HF-DFT hibridu
funkcionalus un mainot nelokalo Foka apmainas dalu. Rezultati tika salidzinati ar
eksperimentaliem datiem, kas palidz€ja veikt piemérota funkcionala izveéli. Tie tika
izmantoti ScF; svarstibu 1pasibu aprékinasana (fononu modas Briljuena zona), kas ir
nepieciesams rezga dinamikas simulacijai. Kopa ar gaidamiem EXAFS eksperimenta
datiem tas lauj cerét uz ScF; NTI efekta izcelsmes izprasanu.

[1] B.K. Greve, et al., J. Am. Chem. Soc. 132, 15496 (2010).
[2] C.W. Li, et al, Phy. Rev. Lett. 107, 195504 (2011).
[3] R. Dovesi, et al., CRYSTALOQ9 User's Manual (University of Torino, Torino, 2009).

AB INITIO CALCULATIONS OF THE STRUCTURE OF ScF;

P. Zhgunl, A. Kuzminz, D. Bocharov1’2’3, S. Piskunov"*?
'Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, University of Latvia
Faculty of Computing, University of Latvia

ScFs is a perovskite-type material with a cubic ReOs-type structure (space group Pm-
3m). Recently it was found that ScF; undergoes strong negative thermal expansion (NTE)
over a wide range of temperatures from 10 to 1100 K [1]. Having a simple structure, ScF;
is promising model system to study the origin of NTE. It was proposed recently [2] that the
lattice contraction is caused by specific vibrational modes of rigid ScFe octahedral units.

Here we present ab initio LCAO calculations of ScF; performed with Crystal09
program [3]. Main properties of ScF3, namely, lattice constant, band gap and bulk modulus
were calculated with various hybrid HF-DFT functionals, changing the weight of non-local
Fock exchange part. The agreement between obtained results and available experimental
data was used as a criterion to select the most appropriate functional. It was used next to
calculate the vibrational properties of ScF;, i.e. the phonon modes across the Brullouin
zone, which are required for the reliable construction of the force field model. The latter,
together with the forthcoming EXAFS experiment, will hopefully help us to understand the
origin of NTE in ScFs.

[1] B.K. Greve, et al., J. Am. Chem. Soc. 132, 15496 (2010).
[2] C.W. Li, et al, Phy. Rev. Lett. 107, 195504 (2011).
[3] R. Dovesi, et al., CRYSTALO09 User's Manual (University of Torino, Torino, 2009).
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PLANU POLIMERU KARTINU IEKSEJAS STRUKTURAS PETIJUMI PEC
ORIENTESANAS AR KORONAS TRIODI

E. Titavs, E. Niti§s, M. Rutkis
Latvijas Universitates Cietvielu fizikas institiits

LU CFI Organisko Materialu laboratorija viens no pétijumu virzieniem ir jaunu,
nelineari optiski (NLO) aktivu polimeru un organisko stiklu materialu radiSana, kurus
varétu izmantot ka elektrooptiski aktivas komponentes. Sadu organisko materialu
nelinearitate tiek panakta tos orientgjot elektriskaja lauka. Viena no popularakajam
metodém materialu orientéSanai ir pielietot koronas izladi. Sim mérkim ir izveidota
koronas triodes iekarta, kas lauj kontrolét orient€Sanas parametrus: tiklipspriegumu (Uy),
orient€Sanas temperatiiru (T,) u.c.

Novérots, ka pie noteiktiem triodes parametriem orient€Sanas procesa parauga
orienté$anas apgabala notiek strukturdlas izmainas. Saja apgabala veidojas virsmas un
tilpuma neregularitates, kas izkliedé gaismu un samazina orientétas dalas nelinearitati.
Pielietojot noteiktu pirmsorienté$anas procediru, So neregularitasu veidosanos iesp&jams
novérst, tadejadi palielinot kop€jo nelinearitati vairakas reizes. Referata tiks apskatiti
poliméru kartinas struktiiras p&tijumu rezultati, ka art skaidrota neregularitaSu izcelsme un
pirmsorient€Sanas procediiras ietekme uz sist€mas orientésanas efektivitati.

STUDY OF INTERNAL STRUCTURE OF THIN POLYMER LAYERS AFTER
POLING WITH CORONA TRIODE

E. Titavs, E. NitiSs, M. Rutkis
Institute of Solid State Physics, University of Latvia

One of research directions in UL ISSP Laboratory of Organic Materials is
development of new nonlinear optical (NLO) active polymers and organic glass material,
which could be used as electro-optical active components. Nonlinearity in such materials is
achieved by poling them in electric field. One of the most popular methods for material
poling is via corona discharge. For this purpose corona triode was built, which allows to
control the poling parameters: grid potential (Uy), poling temperature (T,), etc.

It has been observed that under certain poling parameters, some structural changes
in the poled area of sample occur. Some surface and spatial irregularities are formed,
which diffuses light and reduces nonlinearity. Using certain pre-poling procedure, the
forming of these irregularities can be prevented, thereby increasing the total nonlinearity
several times. Research on structure in polymer films will be discussed in this paper,
aswell as an explanation on why these irregularities appear and why the pre-poling
procedure is so effective will be given.
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Sb-Se PLANO KARTINU VIRSMAS MODIFICESANA AR ELEKTRONU
STAROJUMA UN KIMISKAS KODINASANAS PALIDZIBU

0.Simane
Daugavpils Universitates Inovativas mikroskopijas centrs

Sb4oSeqo planas kartinas tika apstarotas ar elektronu staru un kodinatas uz organiskas
bazes izgatavotos skidumos, pieméram, aminos. vai Sb4oSeg planas kartinas tika apstarotas
ar elektronu staru un kodinatas uz organiskas bazes izgatavotos Skidumos (aminos). Tika
noverotas virsmas reljefa izmainas. M@s paradijam sakaribu starp ar elektronu apstaroto un
neapstaroto Sb4pSeso planas kartinas apgabalu kodinaSanas iesp&jam attieciba pret virsmas
kvalitati. Tika izp@tita ar1 virsmas reljefa raksturlieclumu atkariba no starojuma
parametriem, tadiem ka ekspozicijas laiks un elektronu stara stravas stiprums. Plano
kartinu modific€Sana ietver sevi izméru izmainu gan laterali, gan vertikali, kas ir tipiski
mikrometru un sub- mikrometru diapazona.

SURFACE MODIFICATION OF Sb-Se THIN FILMS INDUCED BY
ELECTRON BEAM IRRADIATION AND ETCHING

O.Shiman
Innovative Microscopy center, Daugavpils University

Sb4oSego thin films have been irradiated by an electron beam with followed by etching in
organic based solution e.g. amines. A surface modification has been observed. We showed
the etching possibilities between electron beam treated and untreated areas of SbapSes thin
films with regard to the surface quality. The dependence of patterns characteristics on
irradiation parameters such as exposure time and beam current have also been studied. The
modification of the film surface includes lateral and vertical resizing which is typically in
the micrometre and sub- micrometre range.
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LITIJA JONU BATERIJU KATODMATERIALA Li;FeSiO4 SINTEZE UN
STRUKTURAS ANALIZE

G.Kucinskis, G.Bajars, J.Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Pieaugot parn€sajamas elektronikas popularitatei un jaudai, ka art paaugstinoties autobiives
industrijas pieprasijjumam péc I&tam un ietilpigam elektriskas energijas uzglabasanas
iericém, aizvien aktualaki klust litija jonu bateriju katodmaterialu pétijumi. Li;FeSiO4 ir
salidzino$i maz pétits un industriali gandriz nepielietots vairakkart uzladéjamo litija jonu
bateriju katodmaterials, kam piemit laba ciklgjamiba, salidzinos$i augsta l1adinietilpiba, tas
ir ar1 videi draudzigaks un Ietaks par lielako dalu konkurentu.

Li,FeSiO; tika sintez&ts no CH3COOLIi, FeC,0,2H,0, Si(OC;Hs)4, to Skidumu etanola
50°C maisot vispirms 10h noslégta trauka, tad iztvaicgjot etanolu. Procesa rezultata
iegiitais pulveris tika malts lodiSu dzirnavas un karséts 630°C N, atmosfera 10 h.
KarséSanas procesam veikta termogravimetriska analize. Sintezeéta materiala strukttra tika
raksturota ar rentgenstaru difrakcijas analizes palidzibu, nosakot iegutajai LiFeSiO4
olivina tipa struktiirai atbilstoSo telpisko grupu, ka ar1 piemaisijumu daudzumu, kimisko
sastavu un stabilitati laika, lai optimiz&tu sint€zes procesu.

SYNTHESIS AND STRUCTURAL ANALYSIS OF Li;FeSiO4 CATHODE
MATERIAL FOR LITHIUM-ION BATTERIES

G.Kucinskis, G.Bajars, J.Kleperis
Institute of Solid State Physics, University of Latvia

With growing popularity and power of portable electronics as well as with increasing
demand from automotive industry for cheap ways of storing electricity, the research of
lithium ion battery cathode materials is expanding. Li,FeSiO4 is a relatively little
researched cathode material for secondary lithium ion batteries with virtually no
commercialization so far. It has, however, a good cyclability, relatively high charge
capacity, it is environmentally friendlier and cheaper than most of the competing materials.
Li,FeSi04 has been synthesized by stirring a CH3;COOL1, FeC,0,:2H,0 and Si(OC,Hs)4
solution in ethanol at 50°C for 10 h in a closed container. Ethanol was evaporated and the
acquired precursor ball-milled, then heated in a nitrogen atmosphere for 10 h at 630°C.
Thermogravimetric analysis has been carried out for the heating process. Structure of the
as-prepared material has been studied by x-ray diffraction. The space-group corresponding
to the synthesized Li,FeSiO4 olivine-type material has been determined. Impurities and
chemical stability of the as-prepared material have been studied in order to optimize the
synthesis.
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FAZU PAREJAS UN FIZIKALAS IPASIBAS
Nay2Bi12TiO3-BaTiO; CIETAJOS SKIDUMOS

M.Dunce, E.Birks, M.Antonova, A. Plaude, R. Ignatans
Latvijas Universitates Cietvielu fizikas institiits

Na,,B,TiO; un uz ta bazes veidotie cietie Skidumi piesaista interesi pamata ka alternativa pasreiz
plasi pielietotajiem svinu saturo$ajiem segnetoelektriskajiem materialiem, kuru izmantoSana tiek
pakapeniski ierobeZota ekologisko apsvérumu dgl.

Labas pjezoelektriskas 1paSibas uzrada Na;,B;,TiO; cietie Skidumi ar BaTiO; jeb
(1-x)NBT-xBT. Lielaka dala (1-x)NBT-xBT pétjumu ir veltita koncentraciju apgabalam
morfotropas fazu robezas tuvuma, kas noveérota pie BT koncentracijas 0,05<x<0,07. Informacija
par sastaviem ar augstakam BT koncentracijam ir nepilniga.

Saja darba ir veikti dielektrisko Tpasibu, polarizacijas un rentgendifrakcijas p&ttjumi (1-x)NBT-xBT
cietajiem Skidumiem koncentraciju diapazona virs morfotropas fazu robezas. Noskaidrota
kristaliskas struktiiras un fazu pareju raksturojoSo parametru maina atkariba no cieta Skiduma
komponensu attiecibas. Rezultati parada, ka visiem p&tamajiem sastaviem ir raksturiga tetragonala
simetrija ar tendenci tetragonalitatei samazinaties, palielinoties BT koncentracijai. Plasa
koncentraciju intervala noverotas segnetoelektrisko relaksoru Tpasibas ar spontanu pareju uz
segnetoelektrisko stavokli pie temperatiiras zem dielektriskas caurlaidibas maksimuma
temperattras. Tikai sastaviem ar zemu NBT koncentraciju notiek fazu parejas rakstura maina uz
tradicionalo segnetoelektrisko-paraelektrisko fazu pareju, kas raksturiga tiram BT. Izpétita
dielektriskas caurlaidibas temperatiiras atkaribas maksimuma izpliiSanas maina, izmantojot pakapes
likumu, un termiska histeréze atkariba no koncentracijas. Ir apliikoti mehanismi, kas ietekmé fazu
parejas rakstura mainu un sekmeé relaksora stavokla paradisanos.

PHASE TRANSITIONS AND PHYSICAL PROPERTIES IN
Na1/2Bi1,2TiO3-BaTiO3 SOLID SOLUTIONS

M.Dunce, E.Birks, M.Antonova, A. Plaude, R. Ignatans
Institute of Solid State Physics, University of Latvia

Na,,B,TiO; and its solid solutions attract interest mostly as an alternative for nowadays widely
used lead-containing ferroelectric, use of which is gradually limited due to ecological
considerations.

Na,,B,TiO; solid solutions with BaTiO; or (1-x)NBT-xBT show good piezoelectric properties.
Most of the studies of (1-x)NBT-xBT are focused on the region around the morphotropic phase
boundary, which is observed at BT concentration 0.05<x<0.07. There is very little information
about the compositions with higher BT content.

In this work dielectric properties, polarization and x-ray diffraction are studied for NBT-BT solid
solutions in a concentration range above the morphotropic phase boundary. Parameters,
characterizing crystallographic structure and phase transition, are determined depending on the
ratio of components of the solid solution. The results show that all the studied compositions have
tetragonal structure with a tendency of the tetragonality to decrease on increasing BT
concentration. In a wide concentration range ferroelectric relaxor properties are observed with a
spontaneous transition to ferroelectric state at a temperature below the maximum of dielectric
permittivity. Only for compositions with low NBT concentration the change of the phase transition
character to the traditional ferroelectric-paraelectric phase transition, which is characteristic to pure
BT, occurs. The change of diffuseness of the temperature dependence of dielectric permittivity is
studied, using the power law. Attention is paid also to the concentration dependence of the thermal
hysteresis. Mechanisms, which influence the change of the phase transition character and promote
the appearance of the relaxor state, are discussed.
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AUGSTAS ENERGIJAS JONU IZRAISITAS MEHANISKO IPASIBU UN
STRUKTURAS IZMAINAS GRAFITA POLIKRISTALOS

R. Zabels, J. Maniks, R. Grants
Latvijas Universitates Cietvielu fizikas institiits

Grafits ir daudzsolo$s materials nakotnes augstas energijas jonu kila ierices.
Smalkgraudaina izotropa grafita ( R6650, SGL Carbon) strukttiras un mehanisko ipaSibu
izmainas péc apstaroSanas istabas temperatiird ar >°U joniem (2.5 GeV, fluence 10'* -10"?
joni/cm?) pétitas ar nanoindenté$anas un Ramana spektroskopijas metodém. Salidzinati
nanoindent&Sanas procesi polikristaliska grafita un HOPG (stipri sakartota pirolitiska
grafita) paraugos un paraditas polikristaliska grafita priekSrocibas. Indent€Sana apstiprina
smalkgraudaina grafita sp&ju izturét augstas energijas jonu apstaro$anu, paradot biitisku
Junga modula un cietibas pieaugumu. P&c apstaroSanas Ramana spektri uzrada grafita un
stiklveida oglekla maisTjuma veidosanos. Lidzigas izmainas Ramana spektros un Junga
modull nov@rotas ari ar augstas energijas joniem apstarotos HOPG kristalos. Uzsakti
petljumi par temperatiiras ietekmi uz apstarosanas izraisito efektu nanocietiba. Augstam
apstaroSanas temperatiiram atrasta ieve€rojama efekta samazinaSanas = struktiiras
atjaunoSanas rezultata.

HIGH ENERGY ION INDUCED CHANGES OF STRUCTURE AND
MECHANICAL PROPERTIES IN POLYCRYSTALLINE GRAPHITE

R. Zabels, J. Maniks, R. Grants
Institute of Solid State Physics, University of Latvia

The graphite is a promising material for future high-energy ion beam facilities.
Modifications of the structure and mechanical properties of isotropic fine-grained graphite
(grade R6650, SGL Carbon) irradiated with 2.6 GeV >80 ions at fluences from 10" to
10" ions/cm® at room temperature were studied using nanoindentation and Raman
spectroscopy. A comparison of indentation behaviour between polycrystalline graphite and
HOPG (highly ordered pyrolytic graphite) has been performed and advantages of
polycrystalline graphite have been determined. The indentation tests confirm that the fine-
grained graphite withstands high-fluence irradiation and shows substantial increase of
Young’s modulus and hardness. After irradiation the Raman spectrum shows features of a
mixture of graphite and glassy carbon. Similar changes of Young’s modulus and Raman
spectra have been observed on HOPG crystals after irradiations with high energy ions. A
study of temperature influence on the irradiation caused effect in nanohardness has been
started. A significant decrease of hardening due to restoration of structure has been found
at high irradiation temperatures.
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OPTISKAS IPASIBAS UN DEFEKTI
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FOSFORA DOPETU KRISTALISKO UN STIKLVEIDA
SILICIJA DIOKSIDU PETIJUMI

A.N.Truhins, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Daudziem silicija materialiem, kas izgatavoti “normalas” spiediena apstaklos silicija
raksturigd koordinacija ir 4. Pieméram, alfa-kvarcs, kvarcu stikls, dazadi silikatu stikli.
Tani pasa laika stiklu gadijuma ir raksturigas blivuma fluktuacijas uz lielo vai mazo
blivumu pusi. Tetraedriskd struktiira ar silicija orbitalu sp’ hibridizaciju lauj eksistét
blivuma fluktuacijas plasam spektram. Tetraedriski strukturéts silicija dioksida kristals ar
blivumu ir koezits ar 2.915 g/cm3. Lielako blivumu panak ar hibridizacijas izmainu.
oktaedriski koordineto siliciju, kuram piemit “" hibridizacija. Attiecigais kristals ir
stishovits ar blivumu 4.5 g/cm3. Fosfosilikata kristala (SiP,O) silicija pamat koordinacija
ir 6 un Iidz ar to fosfosilikatu petijumi laus apgaismot situaciju ar oktaedriskas struktiiras
iespaidu pétot fosfosilikatu stiklus salidzinot tos ar attiecigiem kristaliem. Mges pétijam
optiskas 1pasibas fosfosilikatu stiklos un fosfor dopetos alfa-kvarca kristalos. Tika novérota
luminiscence $ajos materialos, kura nevienmér sakrit kristala un stikla gadijumos, bet atra
(40-60 ns) ultravioleta luminiscence, kura ierosinas 7.6 eV fotonu energijas apgabala,
piemit abiem materialiem — stiklam un kristalam. ST luminiscence ir lidziga ar skabekla
deficita saistito luminiscenci tira kvarca stikla. Iesp€jama interpretacija : defekts atbildigais
par So luminiscenci satur oktaedriski koordinéto siliciju, kura eksistenci stimulé fosfora
klatbiitne. Talakie p&tijumi ir nepiecieSami.

STUDY OF PHOSPHORUS DOPED CRYSTALLINE
AND GLASSY SiO;,

A.N.Trukhin, J. Teteris
Solid State Physics Institute, University of Latvia

The main coordination of silicon in many materials, produced in “normal” pressure, is
four. The a-quartz crystal, silica glass, different silicate glasses are example of those
materials. However, in the case of glasses the density fluctuations with deviation of density
to both directions higher and lower from “normal” are possible. Tetrahedron structure with
sp> hybridization of silicon orbital allows wide range of fluctuations of density with
creation of small rings. Example of dense tetrahedron structured silicon dioxide crystal is
coesite with density gravity 2.915. Next modifications are related to principal change of
silicon atomic orbital hybridization. High density fluctuation could be related to creation of
sixfold-coordination silicon with d®sp’ hybridization. phosphosilicate crystal (SiP,O-),
possesses mainly sixfold-coordinated silicon, then investigation of properties of that in
phosphosilicate glasses should be performed for octahedron structure role clarification.
Therefore we have studied samples of phosphosilicate glasses and samples of syntethic
crystalline a-quartz doped with phosporus. Beside many differences in these samples we
had found similar fast (40 — 60 ns) ultraviolet luminescence excited in the range of 7.6 eV
in them showing similarity with oxygen deficient luminescence of silica. So the possible
explanation is proposed: the defect responsible for this luminescence is phosphorus
stimulated sixfold coordinated silicon. Further investigations are needed.
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OKSIFLUORIDU STIKLA KERAMIKAS KATODLUMINISCENCE

E.Elsts 1, J.J ansonsl, U.Rogulisl, A.garakovskisl,
G.Doke', A.Stunda’, K.Kundzins’'
"Latvijas Universitates Cietvielu fizikas institiits
‘RTU Rigas Biomaterialu inovacijas un attistibas centrs

Misu ieprieksgja petijuma oksifluoridu stikla paraugiem ar sastavu SiO, - Al,03 - NayO -
LaF; - NaF - Tb,O3; - YbF; tika analiz8ta terbija koncentracijas ietekme uz to
katodluminiscences spektriem un dziSanas laikiem [1]. Saja referata tiks apskafiti
katodluminiscences spektri un to dziSanas laiki CFI izveidotiem stiklu keramiku paraugiem
ar sastavu SiO, - AL,O;3 - Li,O - LaF; kas aktivéti ar terbiju, cériju un eiropiju. Sie paraugi
tika petiti armT ar DTA (Diferenciali termiskas analizes), XRD (rentgenstaru difrakcijas),
SEM (skengjosas elektronu mikroskopijas) un EDS (energijas dispersivas rentgenstaru
spektroskopijas) metodém. P&c kars€Sanas pie 750° C visiem ar XRD pétitiem paraugiem
tika noverota LaF;, LiAlSiO4 un LiLaSiO4 kristalitu veidoSanas. Pie 750° C karsétajam
paraugam ar terbija piejaukumiem tika noverots katodluminiscences intensitates
pieaugums un dziSanas laika izmainas. Parauga ar c€riju piejaukumiem gadijuma stikla
paraugam un kars€tajam paraugam katodlumniscences spektra maksimumi bija atskirigi,
tacu to intensitate bija gandriz vienada.

[1] E. Elsts et al., Latvian Journal of Physics and Technical Sciences, 5 (2010) p. 48.

CATHODOLUMNESCENCE OF OXYFLUORIDE GLASS CERAMICS

E.Elstsl, J.J ansonsl, U.Rogulisl, A.éarakovskisl,
G.Doke', A.Stunda’, K. Kundzins’'
! Institute of Solid State Physics, University of Latvia
’RTU Riga Biomaterials Innovation and Development Centre

In our previous research we analyzed terbium concentration influence on the
cathodoluminescence spectra and decay times of the oxyfluoride glass samples with the
composition SiO; - Al,03 - Na,O - LaF; - NaF - Tb,O3 - YbF3 [1]. In this report we will
discus cathodoluminescence spectra and decay times of the terbium, cerium and europium
activated glass ceramics with compositions SiO, - Al,Os; - Li,O - LaFs;, which were
synthesized at the ISSP. These samples were studied also by DTA (Differential thermal
analyzer), XRD (X — ray diffraction), SEM (scanning electron microscope) and EDS
(energy dispersive x-ray spectroscopy) methods. The formation of LaF;, LiAlSiO4 and
LiLaSiO4 crystallites were observed by XRD after heating at 750°C for all studied
samples. Enhancement of the cathodoluminescence intensity and changes of decay times
have been observed after annealing of terbium doped samples at 750 © C. In the case of
cerium doped oxyfluorides cathodoluminescence spectral shapes of glass samples and
annealed samples were different, but with almost the same intensity.

[1] E. Elsts et al., Latvian Journal of Physics and Technical Sciences, 5 (2010) p. 48.
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FOTOLUMINISCENCE AR Nd** UN Er** AKTIVETA NaLaF; MATERIALA

G.Doke, M.Voss, J.Griibe, A.Sarakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institits

St darba mérkis ir izpétit Nd** un Er’” jonu koncentracijas ietekmi uz fotoluminiscences
procesiem NalaF, materiala, paSu uzmanibu veltot atSkirigajiem sarkanas luminiscences
joslas (ap 660 nm) rasanas mehanismiem.

Darba gaita ir sintez&ti vairaki ar Er’* un Nd** aktivéti NaLaF, paraugi. Mainot aktivatoru
koncentraciju un ierosmes gaismas vilpa garumus, tika noverotas izmainas luminiscences
spektros un kingtikas.

Balstoties uz eksperimentali ieglitajiem rezultatiem, tiks spriests par aktivatoru
koncentraciju ietekmi uz luminiscences spektra formu un sarkanas luminiscences joslas
raSanas mehanismiem $ajos materialos.

Pateicibas: Autori pasakas Valsts Peétijumu Programmas IMIS I.projekta, ka ari ESF
projekta 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 finansidlajam atbalstam

PHOTOLUMINESCENCE OF Nd** AND Er’* DOPED NaLaF; MATERIAL

G.Doke, M.Voss, J.Grube, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

The aim of this work was to investigate effects on photoluminescence processes in NalLaF,4
material, paying special attention to generation mechanisms of the red luminescence band
(around 660 nm), at different Nd** and Er’* concentrations.

In the course of this research several NaLaF, samples doped with different Er’" and Nd**
concentrations were synthesized. Variations of the activators concentrations and excitation
wavelength resulted in the variations in the luminescence spectra and kinetics.

Based on the obtained results, the impact of activator concentration on the luminescence
and the red band generation mechanisms in these materials are discussed.

Acknowledgements: the financial support of State Research Program IMIS (project 1) as
well as ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 is highly appreciated
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Er’* ZALAS LUMINISCENCES DZISANAS KINETIKU
ANALIZE NaLaF; MATRICA

J.Grube, G.Doke, M.Voss, A.garakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institiits

Intensiva zald luminiscence, kurai ir svariga praktiska nozime, ir novérojama ar Er’"
joniem aktiv€tos materialos, tai skaita NaLaF,:Er’". Zalas luminiscences dzisanas kingtika
var mainities atkariba no Er’” jonu koncentracijas NaLaF, materiala, jo notiek dazadi
ierosmes energijas relaksacijas mehanismi.

Darba gaita tika sintezéti ar dazadam Er’* jonu koncentracijam aktivéti NaLaF, paraugi.
Pétot NaLaF, ar dazadam Er’" jona koncentracijam, tika novérotas zalas luminiscences
(atbilst parejai no 4S50 uz s Iimeni) kin&tikas izmainas. Sis izmainas tiek skaidrotas ar
dazadiem energijas pardeves procesiem starp Er’ " joniem.

No iegiitajiem eksperimentalajiem rezultatiem tiks spriests par galvenajiem energijas
pardeves procesiem un to saistibu ar Er’* jonu koncentraciju.

Pateicibas: autori pasakas Valsts Petijjumu Programmas IMIS I.projekta, ka ari ESF
projekta 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 finansidlajam atbalstam.

Er’* GREEN LUMINESCENCE DECAY KINETICS
ANALYSIS IN NaLaF,

J.Grube, G.Doke, M.Voss, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

Intensive green luminescence band, which has a wide practical application, is observed in
Er’” ion doped materials, including NaLaF,:Er’". Luminescence decay kinetics can vary in
relation to Er'" ion concentration in NaLaF, material because several energy transfer
processes can occur.

In this work Er’* doped NaLaF, at different Er’* concentrations was synthesized. Studying
of NaLaF, doped with different Er** ion concentration reveals that there was changes in the
green luminescence (origin from 4S50 to Tysp transition) decay kinetic. These changes are
interpreted as energy transfer processes between Er’" ions.

Based on the experimental results peculiarities of energy transfer processes and their
variation at different Er’* content will be discussed.

Acknowledgements: the financial support of State Research Program IMIS (project 1) as
well as ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 is highly appreciated.
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TRISKOMPONENSU NANOMATERIALA AlGaN LUMINISCENCE

J. Grigorjeva, B. Bérzina, L.Trinklere, A. Sarakovskis
Latvijas Universitates Cietvielu fizikas institits

Triskomponensu savienojumu AlGaN veido divi platzonu materiali AIN un GaN, kurus
raksturo aizliegtas energijas zonas ar atskirigiem platumiem E, (attiecigi 6,2 ¢V un 3,2 eV),
un, kas kopa veido cietu Skidumu ar kopigu Eg, kura lielums ir atkarigas no Al un Ga
atomu koncentraciju attiecibas materiala. Tad€l, mainot Al un Ga komponensu attiecibu
Al «GaN, ir iespgjams mainit materiala E, atbilstoSi plaSam ultravioletas gaismas spektra
rajonam, nodro$inot materiala pielietojumu gaismu emit&josas ierices.

Al xGayN kvazi viendimensiju (1D) un divu dimensiju (2D) nanostruktiiras (nanostieni
un planas kartipas) tika sintezétas Taivanas Nacionala Universitaté, Kondensétas vielas
zinatpu centra, lietojot dazadas metodes (MOCVD un MBE uc.). Turpat tika veikta ar1
materialu izpete ar XRD, SEM un TEM metodem.

gajé darba sintez€tiem materialiem — Al; GaN nanostieniem un planam kartinam (4
paraugi) tika veikta spektralo raksturojumu izpéte. Tika pétiti luminiscences spektri plasa
temperattru rajona no 8 K lidz 300 K, ierosinot materialus ar 266 nm un 310 nm lazera
starojuma impulsiem. Tika novérota eksitonu luminiscences josla, kas atrodas spektra
rajona no 320 nm lidz 400 nm, un tika konstatéts, ka tas maksimuma novietojums ir
atkarigs no lieluma x, kas raksturo Al; yGaxN materialu.

LUMINISCENCE OF TERNARY NANOSTRUCTURE AlGaN

J. Grigorjeva, B. Berzina, L. Trinkler, A. Sharakovskis
Institute of Solid State Physics, University of Latvia

Ternary compound AlGaN consists of two wide band gap components AIN and GaN
with different band gaps E, (6,2 eV and 3,2 eV, respectively) forming solid solution with
common E, depending on reciprocal concentration of Al and Ga atoms in material.
Therefore, variation of concentration of Al and Ga components in Al;GaxN allows obtain
material with variable band gap corresponding to wide spectral range of ultraviolet light
providing its application in light emitting devices.

Quazi one-dimensional (1D) and two dimensional (2D) nanostructures of Al Ga,N
(nanorods and thin layers) were synthesized using different methods (MOCVD, plasma
assisted MBE et.al) in Taiwan National University, Center for Condensed Matter Sciences.
Material characterization using XRD, SEM and TEM methods was also carried out in
Taiwan University.

Spectral characterization of synthesized materials (nanorods and thin layers, 4 samples)
was performed. The luminescence spectra were measured within wide temperature range
from 8 K up to 300 K under sample excitation with laser light pulses at 266 nm and 310
nm. It was found that the exciton related luminescence band is observed within the spectral
range of 320 nm — 400 nm and location of its maximum depends on value x characterizing
the Al;xGa,N material.
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PARAMAGNETISKA JONA Mn** IZMANTOSANA CaF,, BaF, UN SrF,
KRISTALITU STRUKTURAS PETISANAI OKSIFLUORIDU
STIKLA KERAMIKAS

0. Kiselova, A. Fedotovs, Dz. Bérzins, A. Sarakovskis
Latvijas Universitates Cietvielu fizikas institits

Oksifluoridu stikla keramikas ir perspektivi materiali, kuros, termiski apstradajot,
izveidojas nanoizméru kristalisku fazu ieslegumi (kristaliti) un kuru 1pasibas ir atkarigas no
So kristalitu strukturas.

Lai izpétitu oksifluoridu stikla keramikas esoSo kristalitu struktiiru, tajas tiek ievaditi
piemaisijuma joni ar izteiktdm paramagnétiskam 1paSibam. Tadgjadi var izmantot
atbilstosu struktiirjutigu ptniecisko metodi - elektronu paramagnétisko rezonansi (EPR).

Referata tiks aplukoti ar EPR eksperimentalo metodi iegtitie spektri CaF,, BaF, un
SrF; kristalitus saturoSos oksifluoridu stikla keramikas paraugos, ka paramagnétisko zondi
izmantojot Mn®" jonu. Iegiitie spektri tiek interpretéti, salidzinot tos ar Mn>" jona EPR
spektriem attiecigajos CaF,, BaF, un SrF, pulverveida paraugos, ka ari balstoties uz
teorétiski aprékinatajiem spektriem, kuru pamata ir mangana superhipersikstruktiiras
mijiedarbiba ar noteiktu skaitu apkartesoSiem fluora atomu kodoliem.

PARAMAGNETIC ION Mn** FOR STRUCTURES STUDIES OF CaF,, BaF, AND
SrF; CRYSTALLITES IN OXYFLUORIDE GLASS CERAMICS

0. Kiselova, A. Fedotovs, Dz. Berzins, A. Sarakovskis
Institute of Solid State Physics, University of Latvia

Oxyfluoride glass ceramics are perspective materials which form nano-sized
crystalline inclusions (crystallites) upon heat treatment, and their properties depend on the
structure of these crystallites.

In order to obtain information about structure of the formed crystallites, ion with
explicit paramagnetic properties should be entered into the glass ceramics. Therefore one
can use appropriate structure sensitive research method — electron paramagnetic resonance
(EPR).

In this report experimentally obtained EPR spectra of the CaF,, BaF, and SrF,
crystallites in the oxyfluoride glass ceramics doped with Mn®" ion as a paramagnetic probe
will be discussed. The obtained spectra are interpreted by comparing them to EPR spectra
of Mn*" ion in the CaF,, BaF, and SrF, powder samples, and theoretically calculated
spectra which are based on the superhyperfine interaction of the manganese ion with a
certain number of surrounding fluorine nuclei.
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POLARIZACIJAS REZGU RELAKSACIJA ORGANISKAS UN
NEORGANISKAS KARTINAS

A.Ozols, V.Kokars, P.Augustovs, K.Kénins, K.Traskovskis, E.Zarin$
Rigas Tehniskas Universitates Materialzindatnes un lietiskas kimijas fakutate

Eksperimentali ir izpétita ar dazadu polarizaciju (linearas s-s, p-p, s-p polarizacijas,
cirkularas ortogonalas C-1, C-2 polarizacijas) lazerstariem ierakstitu holografisko rezgu
(HR) tumsas relaksacija neorganiska a-As,S; kartina un organiska molekulara azostikla
W-50 kartina istabas temperatiira viena ménesa laika. HR periodi bija 2 um, ieraksta vilpa
garums — 532 nm, nolases vilna garums-633 nm. Ierakstosas gaismas intensitate — 1.76
W/em?. Terakstot tika mérita pasdifrakcijas efektivitate (PDE), bet pétot HR relaksaciju —
difrakcijas efektivitate (DE). Amorfa As,S; kartina maksimalas PDE un DE vértibas -
3.0% un 17.3%- tika sasniegtas attiecigi ar C-1 un p-p polarizacijam.W-50 kartina tas bija
19% un 16.7% C-2 polarizacijas gadijuma. Abos materialos relaksacijas kingtika bija
lidziga: asimetriskas DE oscilacijas ap vid€jo vertibu, kas bija tuva sakotn&ai W-50
gadijuma, bet nedaudz pieauga a-As,S; gadijjuma. Oscilaciju vidgja kvadratiska vertiba
(OVKYV) abos materialos bija stipri atkariga no ieraksta polarizacijas un auga sekojosa
seciba: C-1, p-p, C-2.Vislielaka OVKYV tika novérota s-s polarizacijam a-As,;S; kartina un
s-p polarizacijam W-50 kartina. Noverojumu iesp&jamie skaidrojumi tiks doti referata.

RELAXATION OF POLARIZATION GRATINGS IN ORGANIC AND
INORGANIC FILMS

A.Ozols, V.Kokars, P. Augustovs, K.Kenins, E.Zarins
Faculty of Material Science and Applied Chemistry, Riga Technical University

Dark relaxation during a month of holographic gratings (HG) recorded with
differently polarized laser beams ( with linear s-s, p-p, s-p polarizations and with
orthogonal C-1 and C-2 polarizations) in an inorganic a-As,Ss3 film and in an organic W-
50 film at room temperature has been experimentally studied. HG periods were 2 um,
recording wavelength was 532 nm, readout wavelength was 633 nm. Recording light
intensity was 1.76 W/cm?®. Self-diffraction efficiency (SDE) was measured during the
recording and diffraction efficiency (DE) was mesured during the relaxation studies. The
maximal SDE and DE values of 3.0% and 17.3% have been achieved with C-1 and p-p
polarizations, respectively, in the a-As,S; film. The maximal SDE and DE values in the
W-50 film were 19% and 16.7% achieved with C-2 polarization. Dark relaxation kinetic
was similiar in both materials. Asymmetric oscillations around the average DE level were
observed. This average level was close to the initial DE in the case of W-50 film, and it
was slightly growing in the case of a-As,;S; film.The root mean square value of
oscillations (RMSVO) in both materials strongly depended on recording polarizations.
They were growing in the following order: C-1, p-p, C-2. The maximum RMSVO took
place in the case of s-s and s-p polarizations for a-As,S; and W-50 films, respectively.
Possible explanations of the observations will be given in the talk.
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FOTOINDUCETIE PROCESI AZO-KRASVIELU UN
BEZUDENS ZELATINA KARTINAS

J. Aleksejeva, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Saja darba tika pétiti fotoinduc@tie procesi azokrasvielu-Zelatina kartinas. Paraugi
tika izgatavoti leg€jot azokrasvielas — Disperse Red 1, Disperse Red 13, Amido Black un
metilénzilo bezudens Zelatina matrica, par $kidinataju izmantojot dimetilsulfoksidu un
etikskabi.

Mainot pH, vielu koncentraciju un paraugu biezumu, izgatavotos paraugos tika
pétitas foinducéta dihroisma un dubultlauSanas ipasibas pie 532nm un 634nm lazera
starojuma.

PHOTOINDUCED PROCESS IN AZO-DYED NON-AQUEOUS
GELATIN MATRIX

J. Aleksejeva, J. Teteris
Institute of Solid State Physics, University of Latvia

In this report photoinduced processes in azo-dyed gelatin thin films were studied.
Samples were prepared by adding azo-dyes - Disperse Red 1, Disperse Red 13, Amido
Black and methylenblue into non-aqueous gelatin matrix. As gelatine solvents
dimethylsulfoxide and acetic acid were used.

Different sample were prepared by changing pH, material concentration and
thickness of the sample, then photoinduced dihroism and birefringence were investigated at
532nm and 634nm laser radiation.
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NANOSTRUKTURETAS HALKOGENIDU As-Se-S PLANAS KARTINAS

V.Kolbjonoks', V.Gerbreders' J.Teteris’, A.Bulanovs’
'Daugavpils Universitate, IMC
’Latvijas Universitates Cietvielu fizikas institiits

Plano As-Se-S halkogenidu kartinu nanostrukturéSanas iesp&jas izmantojot elektronu staru
pétiti Saja raksta. Pec apstarosanas ar elektronu kiili halkogenidu planas kartinas attistas
sarmaina aminu §kidinataja ar augstu selektivitati. Skisanas atrums ir lineari proporcionals
elektronu dozai. Augsta izSkirtsp&ja un labas kvalitates nano struktiiru profila formas,
iegiiti izmantojot halkogenidu planas kartinas. Attistita parauga augstums tiek kontrol&ts
mainot elektronu dozu, apstaroanas laika. Sis Tpasibas padara panémienu ievérojamu un
var pielietot optika un mikro-elektro-mehanisku sistému joma (MEMS). Mg&s piedavajam
datus, kurus var izmantot, lai labak izprastu dazadu atkaribu un tadél panakt labakus
profila un virsmas izpratni.

NANOSTRUCTURED CHALCOGENIDE As-Se-S THIN FILMS

V.Kolbj onoksl, V.Gerbredersl, J.Teteris” A.Bulanovs’
'Daugavpils University, IMC Physics Department
*Institute of Solid State Physics, University of Latvia

Nanostructuring capabilities of As-Se-S chalcogenide (ChG) glasses using electron beam
(EB) lithography have been investigated in this study. After exposure with EB the thin
films of these inorganic glasses can be etched in alkaline amine solvent with high
selectivity. Dissolution rate is linearly proportional to the electron. High resolution, smooth
shaped nanostructures have been fabricated using ChG thin films. Height of developed
pattern can be controlled through changing applied electron dose. These characteristics
make the technique greatly applicable in the fields of photonics, optics and micro-electro-
mechanical-systems (MEMS). We present data that can be used to better understand the
different dependencies and therefore achieve better profile and surface roughness
management.
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RETZEMJU ELEMENTU AKTIVETU ALUMINATU
LUMINISCENTAS IPASIBAS

V.Liepina, K.Smits, L.Grigorjeva, D.Millers
Latvijas Universitates Cietvielu fizikas institiits

Energoefektivu iericu izstradé pastiprinatu interesi ir piesaistijusi ilgi spidosi fosfori —
materiali, kuru luminiscenci novéro vél vairakas stundas péc ierosmes avota izslég$anas. Sobrid
labakie rezultati ir iegiiti, izmantojot ar retzemju elementiem aktivétus sarmzemju metalu
aluminatus un arT silikatus (p&c literatiiras datiem SrAI204: Eu Dy péc ierosmes avota izslégSanas
spid ilgak ka 30 h, labas luminiscentas Ipasibas uzrada arT citi stroncija aluminatu kompleksie
oksidi). Plasa izp&te Sobrid tiek veltita dazadam modifikacijam (izmainam sint€ze, piejaukumvielu
koncentracija, u.t.t.) So fosforu efektivitates (ilga luminiscences dziSana, augsts kvantu iznakums)
palielinasanas noliika, kas novestu pie vél plasakam to izmantoSanas iesp&jam.

Ilgi spidosos fosforos ierosmes rezultata retzemju elementiem tiek izmainits ladinu
stavoklis un péc ierosmes partrauksanas ladini (caurumi, elektroni) tiek pakapeniski atbrivoti, to
rekombinacija ir ilgds spide€Sanas c€lonis. Nav detaliz€tu pétjjumu par to, ka mainas ladinu
kerajcentru Itmenu dzilums atkariba no materialu sint€zes metodém, iesp&jamajiem
piemaisijumiem un termiska apstrades. Miisu gadijuma tika sintezeti ar Eu, Dy aktivéti stroncija
aluminati ar cietas fazes sintézes, sol gel u.c. metodém, ar rentgendifrakcijas analizes metodi tika
noskaidrota $o materialu struktiira un fazes. Tika veikti paraugu luminiscento Tpasibu mérijumi —
luminiscences dziSanas kingtikas un spektralais sastavs, ka arT termostimuléta luminiscence, lai
iegiitu informaciju par ladinu keérajcentru dzilumu un par iesp&jamo ierosinajumu modeli. legiitie
rezultati tiks izmantoti turpmakos pé&tfjumos, lai merktiecigi mainitu materiala luminiscentas
Tpasibas.

THE LUMINESCENT PROPERTIES OF RARE
EARTH DOPED ALUMINATES

V.Liepina, K.Smits, L.Grigorjeva, D.Millers
Institute of Solid State Physics, University of Latvia

Long lasting phosphors (materials with afterglow that lasts several hours after the
elimination of the excitation source) have attracted the interest due to the wide range of possible
applications in energoeffective appliances. At this point the best luminescent properties are
exhibited by alkali-earth aluminates doped with rare earth ions (the literature notes that after
irradiation the afterglow of SrA1204: Eu Dy lasts longer than 30 hours, otther strontium aluminate
complex compounds exhibit good luminescent properties as well). Large attention is now stressed
on the modifications — the differences in synthesis, concentration of dopants etc. in order to
enhance the efficiency of these phosphors — longer lasting afterglow, high quantum efficiency — in
order to broaden the range of possible applications.

As a result of the irradiation the dopant is recharged and after the end of irradiation the
charges (electrons, holes) are gradually released and its mutual recombination is the reason of the
long lasting afterglow. There is no detailed research on how the depth of the charge carrier levels
changes as the method of synthesis, the dopants and the thermal processing differs. In our case
strontium aluminates doped with Eu and Dy were synthesized with different methods, the structure
and phase differences of the obtained materials were determined by X-ray diffraction method.
Luminescent properties of the materials were studied— the decay kinetics, thermally stimulated
luminescence, and the luminescence spectra. The study was conducted in order to obtain
information about the depth of the charge carrier trap level depth and the possible model of
excitation. The results will be used in further research in order to purposefully alter the luminescent
properties of the materials.
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MANGANA, HROMA UN DZELZS JONU OPTISKAS IPASIBAS
APSTAROTOS OKSIDU KRISTALOS

V. Skvorcova
Latvijas Universitates Cietvielu fizikas institiits

Oksida kristali, tadi ka magnija oksids, magnija alumtnija $pinelis, itrija aluminija granats un citi
tiek plasa izmantoti. PiemaisTjumu jonu veids, atrasanas vieta rezgl un oksidacijas stavoklis butiski
ietekm& materialu ipaSibas. PaSlaik v&l nav pilniba izveidota izpratne par parejas metalu
piemaistjumu lomu magnija oksida (MgO), magnija aluminija $pinelos (MgOnAl,Os) un itrija
aluminija granata(Y;AlsO;,) optiskaja absorbcija un fotoluminiscencg, 1pasi attieciba uz neitronu
apstaroSanas iedarbibu Sajos materialos. Darba tiek pétiti fotoluminiscence (PL) un absorbcijas
spektri MgO, MgOnAl,O; un Y;Al;0, paraugiem ar dazadam dzelzs jonu piemaisijumu
koncentracijam péc apstarosanas ar atriem neitroniem.

Visiem kristaliem luminiscences spektros tika konstatétas Sauras linijas, kas ir saistitas ar Cr’"
joniem, Zala luminiscence tiek noverota sintétiskos stehiometriskos un nestehiometriskos Spinelos
ar mangana piemaisijumu. P€c neitronu apstarosanas MgO'Al,Oz;ar 0,1 mas.% Mn
fotoluminescences spektra paradas 570 nm josla. Itrija aluminija granata (Y;AlsO1,) ar Mn
piemaisijumu péc apstaroSanas absorbcijas spektros papildus paradas joslas ar maksimumiem
549,5, 595,2 un 714,3 nm. Joslu 370 un 500 nm intensitates palielinas, bet 830 nm joslas intensitate
samazinas. Luminiscences joslas granatu kristalos p&c neitronu apstaroSanas paplasinas. Papildus
absorbcijas joslas un luminiscences joslas paplasinasanas kristalos ir saistiti vai nu ar piemaisijumu
jonu simetrijas izmainu no okta€driskas lidz tetragonalas vai ari ar apmainas mijiedarbibu starp
radiacijas defektiem un piemaisijumu joniem neitronu apstaroSanas laika.

OPTICAL PROPERTIES OF MANGANESE, CHROMIUM AND IRON IONS
IN IRRADIATED OXIDE CRYSTALS

V. Skvortsova
Institute of Solid State Physics, University of Latvia

Oxide crystals such as magnesium oxide, magnesium aluminum spinel, yttrium aluminum garnet
and other have extensive application. The type, site distribution and oxidation state of dopant ions
strongly influence the properties of materials. The current understanding of the role of transition
metal impurities in optical absorption and photoluminescence in magnesium oxide (MgO),
magnesium aluminum spinel (MgOnAlLO;) and yttrium aluminum garnet (Y3AlsO;,) is not yet
completely established, particularly in relation to the effect of neutron irradiation in this material.
The photoluminescence (PL) and optical absorption of MgO, MgOnAl,O; and Y;Al50;; containing
transition metal ions and defects produced by fast neutron irradiation are investigated.

In all crystals several zero-phonon lines were observed in the region of the Cr’ ion electron
transition ‘E,—'A,, Green emission has been observed in synthetic stoichiometric and
nonstoichiometric spinel with manganese impurity. After irradiation a band at 570 nm appears in
photoluminescence spectra of MgO-Al,O; crystal containing 0.1 mass% of manganese. After
neutron irradiation in absorption spectra of Y3;Al;0,, containing manganese impurities additional
bands with maxima 549,5, 595,2 and 714,3 nm appear. The 370 and 500 nm bands intensity
increases but the 830 nm band intensity decreases. After irradiation in the luminescence spectra of
garnet crystals band broadening is observed. Probably, appearance of addition lines and
luminescence bands broadening in investigated crystals is connected either with impurity ion
symmetry change from octahedral to tetragonal or with exchange interaction between radiation
defect and impurity ions during neutron irradiation.
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IESPEJA MODELISKI INTERPRETET '®*Re KODOLA LIMENUS
LIDZ 2 MeV ENERGIJAI

J.Bérzins, L.Simonova, M.Balodis, T.Krasta, V. Bondarenko, M.Jentschell,
W.Urban', . Tomandl*
Latvijas Universitates Cietvielu fizikas instituta Radiacijas fizikas laboratorija
Institut Laue-Langevin, Grenoble, France
’Research Centrum, Rez, Czech Republic

Miisu iepriek$Gjais neparu-neparu kodola '*Re pétijums [1] pamatd balstijas uz yy-
sakriSanu analizi. Tas lava papla§inat agriko [2] '"**Re limenu shému lidz 800 keV
energijai, interpretgjot S$o Ilimenu struktiru lidz apméram 500-600 keV. Ar
kristaldifrakcijas spektrometru GAMSS (ILL, Grenoble) nomérito spektru analize deva
iespgju iegit '**Re limenu shému lidz pari par 1500 keV energijai, ka ari paplaginat
shémas interpretéto dalu lidz vid€jo energiju apgabalam 500-1000 keV. Shémas
interpretacijai, papildus standarta aksiali-simetriskam Nilsona dalinas plus rotatora
modelim, tika izmantota pieeja, kas balstas uz kodola serdes neaksialitates ieveéroSanu
(skat., piem., [3]). Ar neaksialo deformaciju saistitas struktiiras tika noverotas ar1 nesenajos
kaiminu neparu kodolu p&tijumos [4].

MODEL INTERPRETATION POSSIBILITIES FOR LEVELS OF THE '**Re
NUCLEUS UP TO ABOUT 2 MeV ENERGY

J.Bérzins§, L.Simonova, M.Balodis, T.Krasta, V. Bondarenko, M.Jentschell,
W.Urban', L.Tomand!’
Radiation Physics Laboratory, Institute of Solid State Physics, University of Latvia
!Institut Laue-Langevin, Grenoble, France
’Research Centrum, Rez, Czech Republic

Our previous study [1] of the doubly odd '"®Re nucleus was based mainly on yy-
coincidences. It allowed to extend the earlier "**Re level scheme [2] up to 800 keV energy,
and to provide its structure interpretation — up to about 500-600 keV. Analysis of crystal
diffraction spectra, measured with GAMSS5 at ILL, allowed to obtain level scheme of
'%8Re up to more than 1500 keV, as well as to extend its model interpretation to medium
energy range of abot 500-1000 keV. Approaches beyond axially-symmetric Nilsson
particle-plus-rotor model (see, e.g., [3]) have been used. This is in agreement with recent
observations in structure of neighbouring odd nuclei [4].

[1] M.Balodis et al., Nucl.Phys.A 847 (2010) 121.

[2] E.B. Shera et al., Phys.Rev.C 6 (1972) 537.

[3] S.E.Larsson, G.Leander and [.Ragnarsson, Nucl.Phys.A 307 (1978) 189.
[4] V.Bondarenko et al., Nucl.Phys.A 856 (2011) 1.
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SLAPINASANAS PROCESU IZPETE UZ Li UN TERAUDA SS316L
KONTAKTVIRSMAS, IZMANTOJOT MIKROSTRUKTURAS ANALIZI

E.Platacis, F.Muktepz‘welal, A.§i§k0, A.Sobolevs, A.Klukins, A.Ziks
Latvijas Universitates Fizikas institits
!Latvijas Universitates Cietvielu fizikas institiits

Misdienu kodolsintézes iekartu projektos liela uzmaniba tiek pievérsta ar plazmu kontakt€joso
divertora materialu mekl€Sanai. Litijs ir viens no vadoSajiem kandidatiem, bet ta izmantoSana
saistita ar Skidra superplana (0.Imm) Li slanu pliismas iegtiSanu, ko pat laboratorijas apstaklos
eksperimentu veik$anai ir griiti izdarit. Viena no galvenajam problémam ir pilnas slapinasanas
litijam ar t€rauda pamatni iegiiSana. Darba mérkis bija izpétit slapinasanas procesus atkariba no
virsmas tiribas un temperatiiras. Lai veiktu eksperimentus ar tiru skidra litija brivo virsmu, LU
Fizikas instithta izstradata un izgatavota speciala vakuuma iekarta, kas lauj ieglit vienmerigu litija
slana plismu pa terauda SS316L pamatnes slipo virsmu. lekarta Jauj veikt eksperimentus pie
dazadam temperatiiram — Iidz 500 °C, un optiski fiksét eksperimenta norisi.

Slapinasanas novertésana veikta LU CFI izmantojot mikrostruktiiras analizi mikroskopa Nikon
Eclipse L150. Paraugu aizsardzibai pret oksid€Sanos tie bija parklati ar planu vakuuma ellas slani.
Rezultati paradija, ka t€rauda oksids sekmé slapinasanu, savukart Li,O nemijiedarbojas ar téraudu
un ir §kérslis slapinaSanai. Tira Li virsma slapina téraudu jau pie 350°C. Li izplaSanas atrumam ir
eksponenciala atkariba no temperatiiras.

Darbi veikti saskana ar ERAF projektu Nr. 2010/0262/2DP/2.1.1.1.0/10/APIA/VIAA/176 .

MICROSTRUCTURAL ANALYSIS OF THE WETTING PROCESSES ON STEEL
SS316L/Li INTERFACES

E.Platacis, F.Muktepavelal, A.Shishko, A.Sobolev, A.Klukin, A.Zik
Institute of Physics, University of Latvia,
"Institute of Solid State Physics, University of Latvia

In projects of modern nuclear fusion devices a large portion of effort is spent in finding suitable
material that will be in the contact with the plasma in the diverter. Lithium is one of the leading
candidates for this role. Nevertheless, the utilization of Li requires flow of ultrathin (100 pm) clean
layers of liquid metal, which is a challenging task to solve even in the controlled environment of a
laboratory. One of the main problems is achieving complete wetting of Li with the steel substrate.
The aim of this work was to investigate how the surface contamination and temperature influences
wetting processes. To conduct the experiments with a pure surface of liquid lithium, a specialized
vacuum setup was designed and manufactured at the Institute of Physics (University of Latvia).
This setup allows obtaining a steady flow of liquid lithium on a tilted steel SS316L substrate with
the options to change temperature (up to 500 °C) and optically observe the whole process.

The evaluation of wetting was performed at the Institute of Solid State Physics (University of
Latvia) on an optical microscope Nikon Eclipse L150 by analyzing microstructure. To protect the
samples from oxidation of lithium they were coated with a thin layer of vacuum oil. The results
show that the steel oxides have a positive influence on wetting whereas Li,O does not interact with
steel and interferes. A clean lithium surface wets the surface of steel already at 350°C. The
spreading rate of lithium exponentially depends on the temperature.

The work has been done within ERAF project N° 2010/0262/2DP/2.1.1.1.0/10/APIA/VIAA/176 .
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TERMISKAS APSTRADES IETEKME UZ LITIJA ORTOSILIKATA
RADIACIJAS STABILITATI UN RADIOLIZI GAISA ATMOSFERA

A. Zari1,1§1, G. I,(izz'mel, A. Supel, L. Baumanel, A. Bérzil,léz, Dz. Ra§mane3, I. Steins®
! Latvijas Universitates Kimiskas fizikas institits, *Latvijas Universitates Kimijas fakultate,
JRigas Tehniskds universitates Neorganiskas kimijas institiits

Paslaik viena no perspektivakajam tritiju genergjosam keramikam kodolsintézes
reaktoriem ir nestehiometriskas Li4SiO4 minilodites (90+3% LisSiO4 un 10+3% Li,Si103).
Paklaujot tas ilglaicigi (120 stundas) paatrinato elektronu starojuma (dozas jauda — 24,4
kGy-s™) iedarbibai, 300+20°C, gaisa atmosféra, tam ir ~130 reizes augstika jonradikalu
koncentracija neka inerta atmosféra starotam miniloditém. Izvirzita hipotéze, ka 300°C no
gaisa atmosféras hemisorb&jas CO,, veidojot Li,COs;. Litija karbonats Li4SiO4 primaro
radiacijas defektu iedarbiba reducéjas par reagétspejigo jonradikali - CO;™, kas reaggjot ar
Li4S10,4 samazina minilodiSu radiacijas stabilitati. Pamatojoties uz p-XRD, TG-DTA un
FT-IR spektroskopijas datiem, pieradits, ka LisSiO4 nanopulveri (95+10% LisSiO4 un
5+10% LiySiOs, Dyi= 400+100 nm, S;,=21,8 m”>g') 300+20°C temperatiira, vienas
stundas laika, no gaisa atmosféras ne tikai hemisorb&jas 7,8% CO, (11,4% Li,CO3; un
17,0% Li,Si03), bet ar1 sorb&jas 11,3% H,O (15,0% LiOH un 12,3% (H;,Si03),). Gamma
starojuma (absorbéta doza 56 kGy) iedarbiba veidojas ne tikai Li4SiO4 un Li,Si03, bet ar1
LiOH un Li,COs radiacijas defekti, pieméram, H° u.c. Ipasi ir jaizcel, ka hemisorbcijas
produktu radiacijas defekti, augstas reagét sp&jas, nanopulveros uzkrajas relativi maz —
2,2:10" da].-g™.

INFLUENCE OF THERMAL THREATMENT ON RADIATION STABILITY AND
RADYOLYSIS ON NANOPOWDERS OF LITHIUM ORTHOSILICATE IN AIR
ATMOSPHERE

A. Zarinsl, G. Kizanel, A. Supel, L. Baumanel, A. Berzinsz, Dz. Rasmane3, I. Steins*
! Institute of Chemical physics University of Latvia, *Department of Chemistry University of Latvia,
3 Institute of Inorganic chemistry Riga Technical University

Currently one of the most promising trittum breeding ceramics for fusion reactors is
slightly overstoichiometric LisSiO4 pebbles (90+3% LisSiO4 and 10£3% Li,Si03). Under
long-term action (120 hours) of accelerated electrons (dose rate - 24.4 kGy's'l) at
300£20°C in air atmosphere has ~130 times higher concentration of ionradicals than in
inert atmosphere irradiated pebbles. A hypothesis was proposed that at 300°C from air
atmosphere chemisorbs CO;, forming Li,CO;. Lithium carbonate under action of primary
defects of LisSi04 reduces to reactive ionradical - CO33', which reacting with LisSiO4
reduces radiation stability of pebbles. On the basis of results of p-XRD, TG-DTA and FT-
IR spectroscopy proved that in nanopowders of LisSiO4 (95+10% Li4Si04 un 5+10%
L1,S103, Dayer= 400+£100 nm, Sgpec=21.8 m*- g'l) at temperature 300+20°C for one hour from
air atmosphere chemisorbs not only 7.8% of CO; (11.4% Li,COs un 17.0% Li,SiO3) but
also sorbs 11.3% H,O (15.0% LiOH and 12.3% (H,SiO3),). Under action of gamma
radiation (absorbed dose 56 kGy) forms not only radiation defects of Li4SiO4 and Li,SiOs,
but also radiation defects of Li,CO; and LiOH e.g. H® etc. Especially need to be
highlighted those very reactive radiation defects of chemisorptions products in
nanopowders accumulates relatively little - 2.2:10"" part.-g™".
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KODOLSINTEZES DIVERTORA KIEGELOS AKUMULETA TRITIJA
IZDALISANAS ATSKIRIGU AREJO FAKTORU IETEKME

M. Halitovs, G. Kizane, L. Avotina, A. Vitins, E. Pajuste, J. Jansons
Latvijas Universitates Kimiskas fizikas institiits

Efektiva un drosa kodoldegvielas izmantosSana ir nozimigs aspekts kodolsintezes iekartas. Reaktora
injicetais tritijs dalgji akumul&jas plazmas saskares materialos. Akumulétais tritijs paklauts neitronu
starojumam magnétiskaja lauka. Zinot So faktoru iedarbibu uz tritija izdaliSanos, iesp&jams
izstradat efektivakas metodes plazmas saskares materialu attiriSanai.

Lielaka dala tritija reaktora akumulgjas divertora dala oglekla kompozitmaterialos, difuzijas cela
sorb&jas no erozijas materialu nosédumu slana uz kiegelu virsmas. Tadél lielaka uzmaniba
pieveérsta tieSi So materialu izp&tei. PEtljumos izmantoti JET (Apvienotais Eiropas tors)
kodolsintezes reaktora oglekla kompozitmaterialu MKII-SRP (SRP - starpsienu aizvietojosa platne)
veida divertora kiegela paraugi no virsmas slana. Paraugi 30 vai 180 minttes apstaroti ar elektronu
starojumu (5 MeV, 14 MGy/h) magnétiskaja lauka (1,7 T), eksperimenta laika nosakot izdalita
tritija daudzumu.

Lai noteiktu kop&jo paraugos esoSo tritija daudzumu un izvertétu elektronu starojuma un
magnétiska lauka ietekmi uz tritija izdaliSanos, izmantota pilnigas oksidéSanas metode. Atskirigi
paraugi paklauti vienlaicigai elektronu starojuma un magnétiska lauka iedarbibai vai tikai elektronu
starojuma iedarbibai. Tas lauj papildus izvertet tiesi magnétiska lauka ietekmi uz tritija izdaliSanos
no oglekla kompozitmaterialiem.

Pétito paraugu Tpatngja aktivitate — (1,2 = 8,8)-10° Bq-g". Eksperimentos secinats, ka elektronu
starojuma apstaklos no paraugiem izdalas 33 — 50 % no kopgja akumuléta tritija daudzuma.
Turprett vienlaiciga elektronu starojuma un magnétiska lauka apstaklos no paraugiem izdalas lidz
63 % no kopgja akumuléta tritija daudzuma. Tas lauj secinat, ka magnétiskais lauks ievérojami
uzlabo tritija izdaliSanas efektivitati no oglekla kompozitmaterialiem.

EXTRACTION OF TRITIUM ACCUMULATED IN FUSION DIVERTOR TILES
UNDER VARIOUS EXTERNAL CONDITIONS

M. Halitovs, G. Kizane, L. Avotina, A. Vitin$, E. Pajuste, J. Jansons
Institute of Chemical Physics, University of Latvia

Effective and safe usage of nuclear fuel is one of the most essential aspects in nuclear fusion
devices. Tritium injected into fusion reactors partially accumulates in plasma facing materials. The
accumulated tritium is affected by neutron irradiation and magnetic field. Knowing the influence of
these factors on the extraction of tritium helps to develop more efficient methods for detritiation.
Biggest fraction of tritium in the reactor accumulates in carbon fibre composites of divertor and
sorbs from layer of erosion materials on the top of divertor tiles via diffusion. Therefore these
materials are of the biggest consideration for research. Samples of top layer from carbon fibre
composite tiles of MKII-SRP (SRP — Septum Replacement Plate) divertor type from JET (Joint
European Torus) fusion reactor are used. For 30 or 180 minutes samples are under effect of
electron irradiation (5 MeV, 14 MGy/h) and 1.7 T magnetic field. Amount of extracted tritium is
detected during the experiment.

Method of full oxidation is used to detect the total amount of accumulated tritium and to evaluate
the influence of electron irradiation and magnetic field on sample detritiation. Various samples
were treated either by simultaneous electron irradiation and magnetic field or electron irradiation
only. It additionally allows evaluating the effect of magnetic field on sample detritiation.

The mass activity of samples is (1.2 + 8.8)-10° Bq-g”. Experiments show that 33 + 50 % of total
amount accumulated tritium is extracted under electron irradiation. However, up to 63 % of tritium
is extracted under simultaneous electron irradiation and magnetic field influence. It can be
concluded that magnetic field noticeably increases the extraction ratio of tritium from carbon fibre
composites.
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JET DIVERTORA KIEGELA 14BWG4B TILPUMA STRUKTURAS ATSKIRIBAS
ATTIECIBA PRET PLAZMAS SASKARES VIRSMU

L. Avotina', G.Kizane', M.Halitovs', J.Gabrusenoks’, A.Bérzins’
"Latvijas Universitates Kimiskas fizikas institits, *Latvijas Universitates Cietvielu fizikas institiits,
JLatvijas Universitates Kimijas fakultate

Kodolsingzes reaktora JET (Apvienotais Eiropas tors) vakuumkameras un konstrukcijas elementu
aizsardzibai izmanto divertoru un tas ir paklauts kodolsapliisanas reakcijas komponenetu tritija (T)
un deitérija (D) iedarbibai. P&tijumos izmantots no oglekla Skiedras kompozitmateriala (CFC —
carbon fiber composite) veidots, MkII-SRP (SRP — starpsienu aizvietojoSa platne) tipa divertora
kiegelis 14BWG4B. Pétitais kiegelis atradas JET reaktora no 2001.l1idz 2004.gadam sekojo$os
apstaklos — veikti D+D plazmas 6797 impulsi (kopgjais plazmas laiks 83000 s) un 2003.gada
papildus ievaditi 380 mg tritija.

Divertora kiegela izlases kartiba izvelétiem paraugiem (no kiegela izzagétiem diskiem) uzpemtas
rentgendifraktogrammas, FT-IR un Ramana spektri. P&tamo paraugu izvéle veikta ta, lai raksturotu
materiala struktiiru visas tris analiz€jama kiegela dimensijas — poloidala, toroidala virziena un
tilpuma.

Iegiitie rentgendifraktometrijas rezultati par struktiru kiegela dziluma liecina par tas
neviendabigumu, kas saistita gan ar kiegela izgatavosanas tehnologiju, gan ar ar plazmas un tas
reakcijas komponentu iedarbibu. Salidzinot rezultatus par kristaliskuma pakapi ar tritija sadaljjumu
attiecigaja kiegela apgabala, tie ir analogiski tritija sadalijjumam kiegela tilpuma. Tas varétu liecinat
par tritija akumulacijas saistibu ar kiegela materiala kristaliskumu.

Savukart ar FT-IR metodi T un D savienojumu ar oglekli signalus neizdevas noverot, iespg&jams, ka
kiegell esoSo savienojumu daudzums ir mazaks par metodes jutibu, novéro tikai gaisa atmosfera
esoSo gazveida vielu (H,O un CO,) raksturigos spektrus — fona signalus.

DIFFERENCIES OF STRUCTURE INTO BULK OF THE JET DIVERTOR TILE
14BWG4B AGAINST PLASMA FACING SURFACE

L. Avotina', G.Kizane', M.Halitovs', J.Gabrusenoks’, A.Berzins®
! Institute of Chemical physics University of Latvia, Institute of Solid States physics, University of
Latvia, *Department of Chemistry University of Latvia

The divertor is used for protection of vacuum camera and structural elements in fusion reactors,
including JET (Joint European Torus). Divertor is located directly in vacuum vessel and interacts
with components of fusion reaction —deuterium (D) and tritium (T). Studies were made with
divertor tile of MkII-SRP (SRP — septum replacement plate) tipe divertor of JET fusion reactor.
Tile 14BWG4B made from carbon fiber composites (CFC) was used in reactor from 2001 to 2004,
6797 pulses of D+D plasma were made (total time of plasma 83000 s) and 380 mg of T were
additionally introduced in year 2003.

Divertor tile samples (discs cut from the tile) are taken to characterise the structure of material in
all three dimensions of the tile. The samples were analyzed with the methods of X-ray
diffractometry, Raman spectroscopy and Fourier transform infrared spectroscopy (FTIR).

The obtained results of X-ray diffractometry about depth of the tile show the heterogeneity of the
structure. That is linked to manufacturing technology of the material and interactions with plasma
and therefore with fuel components.

Comparing the results with tritium distribution in the volume of tile, they mostly coincide with
tritium distribution. This probably indicates that accumulation of tritium in the bulk of material is
linked with crystalinity of the tile material.

FTIR method, however, in not currently applicable for reseach of CFC, probably because the
content of compunds in tile is smaller than the detection limit of the method, only characteristic
spectra from gaseous components in air atmosphere — H;O and CO, (as background signal) are
observed.
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INTERMETALITISKO SAVIENOJUMU VEIDOSANAS UN TO IZRAISITAS METALU
SAKAUSEJUMU STRUKTURU IZMAINAS ATKARIBA NO METALU KIMISKA
ELEMENTU SASTAVA

L.Vitina, V.Belmane, A. Krimina
Rigas Tehniskds universitates Neorganiskas kimijas institiits

Dazadu leg€jumu téraudos to kimiskais elementu sastavs un daudzums mas.% var mainities no
tradicionalajiem 5 elementiem Cr, Ni, Mo, Mn, Si (bez Fe, C, P, S) Iidz pat 10 un vairak, kad papildus
térauds satur V, W, Ti, Nb, Al, Co, Ta, Zr, Re. Lidziga ir vara sakaus€jumu daudzveidiba, kuros bez
tradicionalajiem sakaus€jumu elementiem Cu, Zn, Sn bitiska ir Pb, Ni, Fe, Co, Ti, Zr, Cr u.c.elementu
klatbiitne, kas kopuma ir ar mérki tiem nodrosinat augstu mehanisko, augsttemperatiiras un kimiskas
pretkorozijas izturibu. Misu pétijumu rezultata, pielietojot optisko mikroskopiju, metalu elementu un
rentgenfazu analizi, ir noteikts, ka t€raudos pie ekspluatacijas prasibam, neatbilstosa kimiska elementu
sastava, sakotngjas neviendabigas sakausgjuma struktiiras, mehaniska un termiska slogojuma apstak]os
veidojas virkne intermetalitisku savienojumu, pieméram FeC, Fe;C, Fe, W;3C, Fe,W,C, FesMosC, kas
metalam piedod trauslumu un ir c€lonis terauda izstradajumu ldSanai. Cita gadijuma terauda
nepictickams leg&jums ar Cr, Ni, V un ekspluatacijas mehaniskais un temperatiiras slogojums ir
izraisTjis pilnigu metala kristalizaciju ar savienojuma Mny ¢Fe( 4Si3 veidoSanos, Fe;C, Fe,C sadali$anos
un ar C izdaliSanos rentgenamorfa grafita veida. Lidzigi vara sakaus€jumos atkariba no ieekonométa
leg€joso elementu daudzuma jau metalurgiskaja procesa veidojas trauslo intermetalidu savienojumi
CuZn, CusZng, ka rezultata izstradajumi liist. Trauslumu metalu parklajumiem gan pie to iegiiSanas no
metalu kaus€jumiem, gan elektrokimijas procesos pie sakausgjumu elektroizgulsnéSanas nosaka
intermetalidu savienojumu veidoSanas. Karstaja cinkoSanas procesa parklagjuma vertikalo uin
horizontalo plaisasanu, atslanoSanos no pamatmetala izraisa loti trauslais Fe;Zn;q bez parasti
veidojusamies intermetalidam FeZn,;. Elektroizgulsnéto Sn-Co sakaus€jumu slaniem plaisaSanu var
izraistt trausla CoSn, savienojuma veidoSanas bieza slani.

FORMATION OF INTERMETALLIC COMPOUNDS AND CHANGES IN METAL
ALLOY STRUCTURES CAUSED BY THEM FOR DIFFERENT ELEMENTAL
COMPOSITIONS OF THE METAL ALLOYS

I. Vitina, V. Belmane, A. Kriimina
Institute of Inorganic Chemistry, Riga Technical University

Elemental composition of different steel alloys may vary from traditional 5 elements Cr, Ni, Mo, Mn, Si
(apart from Fe, C, P, S) with different wt. % to even 10 or more, when the steel alloy contains also V,
W, Ti, Nb, Al, Co, Ta, Zr, Re. There is a similar variety of copper alloys, where presence of Pb, Ni, Fe,
Co, Ti, Zr, Cr and other elements apart from conventional alloy elements Cu, Zn, Sn is significant in
whole with the aim to ensure them high mechanical, heat and corrosion resistance. As a result of our
studies, using optical microscopy, metal elemental and X-ray diffraction analysis, it was found that a
number of intermetallic compounds, e.g. FeC, Fe;C, Fe,W;C, Fe,W,C, form under exploitation
conditions, in the case of inadequate elemental composition, initial non-uniform alloy structure and
under mechanical and thermal loads. The intermetallic compounds embrittle the metal alloy and are the
reason of breaking of steel articles. In another case, insufficient alloying of the steel with Cr, Ni, V and
exploitation mechanical and thermal loads have caused a complete metal crystallization with formation
of Mny¢Fe(4Si; compound, decomposition of Fe;C and Fe,C and carbon release as X-ray amorphous
graphite. Similarly in copper alloys with a reduced content of alloying metals, brittle intermetallic CuZn
and CusZng compounds form already in the metallurgical process, causing breaking of the articles. Both
hot-dip and electrodeposited metal coatings are embrittled on their obtaining by formation of
intermetallic compounds. In hot-dip galvanizing, formation of vertical and horizontal cracks in the zinc
coating and scaling of the zinc coating off a substratum are caused by a very brittle Fe;Zn;,, which
forms apart from a usually formed intermetallic FeZn;3;. Formation of cracks in Sn-Co alloy layers may
be caused by formation of CoSn, compound in a thick layer.
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ELEKTROLIZES EFEKTIVITATES PETIJUMI TERAUDA ELEKTRODIEM AR
RANEJA NIKELA PARKLAJUMU

P. Aizpurietis', M. Vanags’, J. Kleperis®
'Latvijas Universitates Fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Latvija tadi atjaunojamie energoresursi ka Saule, v&j$ un tidens pieejami epizodiski,
tade] aktuals to sarazotas elektroenergijas uzkrasanas jautajums. Var izmantot tdenradi ka
energijas nes€ju, ko sarazo ar elektribu, kas iegiita no atjaunojamiem energoresursiem. Lai
ar doto elektribas daudzumu iegiitu pec iesp&jas vairak tidenraza, nepiecieSami efektivi
elektrolizeri. Musu darba pétits, ka, izmantojot porainus elektrodus un modificgtu
baroSanas spriegumu, elektrolizi padarit efektivaku. Poraini elektrodi iegiiti, plazmas
izsmidzinasanas metod€ parklajot neriis€josa térauda 316L plaksni ar Ni-Al sakaus€juma
(attieciba 4:1) kartinu un kodinot to karsta KOH sarma $kiduma. Ar potenciostatu Voltalab
310 méritas voltamp@ru un impedances raksturliknes elektrodiem SM KOH skiduma, par
atskaites elektrodu izmantojot kalomela elektrodu. Salidzinati elektrokimiskie
raksturlielumi (apmainas strava, korozijas stabilitate, idenraza izdaliSanas potencials) gan
svaigiem, gan ilgaku laiku elektrolizei paklautiem elektrodiem. Atrasts, ka Ni-Al
parklajums palielina elektrolizes efektivitati un elektroda stabilitati elektrolizes procesa.

Pateiciba: Paldies ERAF projektam Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/VIAA/031
‘Véja un iidenraza elektroapgades autonoma sistéma’ par finansialu atbalstu

ELECTROLYSIS EFFICIENCY STUDIES OF STEEL ELECTRODES
WITH RANEY NICKEL PLATING

P. Aizpurietis', M. Vanags®, J.Kleperis®
"Faculty of Physics and Mathematics, University of Latvia
’Institute of Solid State Physics, University of Latvia

The renewable energy from such resources as Sun, wind and water are available
occasionally in Latvia, so the actual issue is storage of produced electricity. Hydrogen as
an energy carrier can be used to store the electricity produced from renewable energy
resources. Effective electrolysers are necessary to produce hydrogen as much as possible
using a given quantity of electricity. Our work research is done how make electrolysis
more efficient through the porous electrodes and modified supply voltage. Porous
electrodes are obtained by plasma spray coating a Ni-Al alloy (ratio 4:1) layer onto 316L
stainless steel plate as substrate, and etching it in the hot alkaline solution of KOH. Volt-
amperic and impedance characteristics are measured of electrodes in SM KOH solution
and calomel electrode as reference, using potentiostat Voltalab 310. Electrochemical
characteristics (value of exchange current, corrosion stability, hydrogen evolution
potential) are compared for both fresh and long time exposed to electrolysis electrodes. It
is found that the Ni-Al coating increases the electrolysis efficiency and stability of the
electrode during electrolysis.

Acknowledgement: Thanks to ERDF project Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/
VIAA/031 for financial support.
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MATERIALU SINTEZE UN IPASIBU PETIJUMI NANOIZMERA MAGNETISKI CIETU
PARAUGU IEGUSANAI

I. Dirba', A. Sutka’, G. MeZinskis’, M. Majorovs’, J. Kleperis'
! Latvijas Universitates Cietvielu fizikas institiits
? Rigas Tehniskas universitates Silikdtu materialu institits
7 Latvijas Universitdtes Fizikas institits

Magnétiskie nanomateriali p&tniekus ir interes€jusi jau sen, un apgiitas dazadas to sintézes metodes.
Tacu palicis izaicinagjums atrast metodi, ka nanodalinai piemitoSo magn&tisko momentu saglabat
atbilsto$a no nanodalinam veidota lielaka tilpuma materiala, kura izteikti lielas virsmas domingjosa
nesakartotiba dzes$ atsevisko dalinu magnétiskos momentus. Zinams, ka izmantojot magn&tisku
nanomaterialu kimiskas ieguves metodes, plasas robezas, iesp&jams variét $o savienojumu struktiiras un
magnétiskas ipasSibas. Tas paver iesp&as modelét jaunus magnétiskos materidlus atminas iericu
uzlabosanai.

Miisu darba uzdevums ir izstradat sint€zes metodes magnétiski cietiem nano dalinu pulverveida
materialiem un to planam kartipam, saglabajot nanodalinu magné&tisko momentu orientaciju noteikta
virziena. Tadus materialus raksturotu augsta koercivitate un tie biitu pieméroti dazadas magnétiskas
atminas un mikro-elektrogeneratoru iericés. Darba magnétisko CoFe,O,4 un BaFe ;09 nanopulveru un
ZnFe,0, plano kartinu iegiiSanai izmantotas attiecigi sola-g€la pasaizdegSanas un izsmidzinaSanas-
pirolizes metodes. Ka izejmateriali tika izmantoti attiecigo metala katjonu nitrati, kurus noteikta,
savstarp&ji molara attieciba izSkidinaja destiléta tideni. Sintez&to paraugu struktiiru un sastavu noteica,
izmantojot rentgenstaru difraktometru un rentgenfluorescences spektrometru. Sintez&o nano-izméra
pulveru un plano kartinu morfologija pétita ar skengjoso elektronu mikroskopu. Magnétiskas ipasibas
merija magnéetiskas uznémibas stenda Fizikas institiita.

Pateiciba: Autors (ID) pateicas Eiropas Sociala Fonda projektam ,, Atbalsts doktora studijam Latvijas
Universitaté”.

SYNTHESIS AND PROPERTIES OF NANO-SIZED MAGNETIC
HARD MATERIALS

I. Dirba', A. Sutka’, G. Mezinskis’, M. Majorovs’, J. Kleperis'
! Institute of Solid State Physics, University of Latvia
*Institute of Silicate Materials, Riga Technical University
3 Institute of Physics, University of Latvia

Researchers have long been interested in magnetic nanoparticles, and developed a variety of
synthesis methods. In bulk material made from nanoparticles the high surface/volume ratio makes the
surface disorder effect to be dominant and magnetic moments from nanosized particles are
compensated, therefore still a challenge remains to find a method to keep the magnetic moments of
nanoparticles oriented in bulk material. The structure and properties of ferromagnetic nanomaterials can
be tailored to adjust necessary magnetization or hysteresis what is used as magnetic memory.

The task of this work is to acquire synthesis of magnetically hard nano-sized materials and their
thin films with high coercivity of oriented magnetic moments from nanoparticles for application in
different magnetic memory and micro-generation devices. Magnetic CoFe,O4 and BaFe ;019 ZnFe,O4
nanopowders and thin films were obtained using sol-gel auto-ignition and spray-pyrolysis methods. As
raw materials the nitrates of the corresponding metal cations were used, which were dissolved in
distilled water at respective molar ratio. Structure and composition of synthesized materials were
measured with X-ray diffractometer and X-ray fluorescence (XRF) spectrometer with micro-focused X-
ray excitation. The morphology of nano-size powders and thin film is examined with SEM. Magnetic
properties were measured on magnetic susceptibility stand in Institute of Physics.

Acknowledgement: The author (ID) thanks the European Social Fund project "Support for doctoral
studies at the Latvian University of Latvia"

48



PETIJUMS PAR SEKUNDARA MAGNETISKA LAUKA GENERATORU:
TEORIJA UN PRAKSE

K. Alsbergs, M. Vanags, 1. Dirba
Latvijas Universitates Cietvielu fizikas institiits

Vai sekundaro jeb induc€to magnétisko lauku var uzskatit par neatkarigu
magnétisko lauku un izmantot to darba dariSanai? Tas tiek darits, m&ginot kontrol&t
inducéto stravu raditas magnétiskas plismas caur dazadas magnétiskas caurlaidibas
vidém/vielam. Tada magnétisko lauku virzienu kontrole, iesp&jams, uzlabotu generés$anas
efektivitati elektriskajas masinas, bet petijumi par So t€mu ir loti skopi, nav ar1 teorétisku
modelu un darbibas skaidrojuma. Tiek uzskatits, ka tas ir dala no ta sauktas brivas
energijas, vai iericu ar lietderibas koeficientu lielaku par 1 jomas.

Misu darba mérkis ir teorétiski un eksperimentali parbaudit So hipotézi. Praktiski
tas tiek realizéts, izmantojot spol€ inducétas stravas raditos magnétiskos laukus, kas
mijiedarbojas ar citiem magnétiskas kédes/sléguma elementiem. Izveidotajam sekundara
magnétiska lauka generatoram veikti mérjjumi, ka arT radits teorétiskais modelis, kas
risinats programma FEM. Izveidotas datorsimulacijas generatoram darbiba.

Sekundara magnétiska lauka generatoru varétu izmantot v€ja generatora, jo tas,
iespgjams, loti efektivi lautu regulét jaudu, nesamazinot, vai nepalielinot rotora
apgriezienus.

Pateictba: Autori pateicas Valsts Petijjumu Programmai Energétika par atbalstu.

STUDY OF THE SECONDARY MAGNETIC FIELD GENERATOR:
THEORY AND PRACTICE

K. Alsbergs, M. Vanags, 1. Dirba
Institute of Solid State Physics, University of Latvia

Can be secondary or induced magnetic field considered as independent magnetic
field able to do the job? This is done with aim to control the magnetic flux arising from
induced currents, through interaction with magnetic permeability of different
environments/substances. This magnetic field direction control may perhaps be part of the
operation or behavior of a free energy, or over unity device. The electromagnetic fields
such as in and emitted by iron rods were to attract magnetic fields of nearby permanent
magnets and at the same time (the electromagnet) magnetically repel magnetic fields of
permanent magnets to control the flow of magnetic fields of these magnets in iron rods or
bars.

Our work aims to theoretically and experimentally verify this hypothesis. In
practice, this is realized through the coil induced currents caused by magnetic fields that
interact with other magnetic circuits/circuit elements. Created a secondary magnetic field
generator in their measurements, as well as created a theoretical model that addresses the
program FEM. Created computer simulations generator operation.

Secondary magnetic field generator could be used in wind generator as it may be
very effective in order to regulate power, without reducing or increasing the rotor speed.

Acknowledgment: The authors thank the National Research Program in Energy for
support.
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MEMBRANU VADITSPEJAS NOTEIKSANAS METODES UN
TO SALIDZINAJUMS

J. Hodakovska J. Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Degvielas $tinas ir daudzsoloSas ierices, kas potenciali spgj atrisinat dazus energétikas
jautajumus, virzot cilvéci uz videi draudzigam tehnologijam. Viens no degvielas $tinu veidiem ir
poliméru elektrolita degvielas 3iinas. So degvielas $linu darbibu nodrogina poliméru membranas
sp&ja vadit protonus, 11dzigi elektrolitiem, nelaiZot cauri gazes.

Lai noteiktu poliméru membranas vaditspgju, izmanto divus metoZzu tipus: divu un Cetru
elektrodu metodes (1. att.). Divu elektrodu shéma vaditsp€ja membranai tiek noteikta darba
virziena, t.i. perpendikulari membranas plaknei, bet lai nodroSinatu to, ir nepiecieSami elektrodi ar
salidzino$i lielu laukumu, un tiem janodroSina labs kontakts visas virsmas platiba, kas nav
vienkarsi. Cetru elektrodu metodes shému var realizét ar punktveida un Iinijveida elektrodiem, pie
tam elektrodi var atrasties membranas viena vai abas pusés. Ja elektrodi ir membranas viena pusg,
tad vaditsp&ja tiek noteikta gar membranas virsmas plakni, bet ja abas pusés — gan virsmas, gan
tilpuma vaditspgjas tiek registrétas.

Darba ir apskatitas abas metodes attieciba uz membranas vaditsp&jas noteikSanu, analizeti
to trikumi un priekSrocibas gan no mérjjumu rezultatu, gan arT no tehniskas realizacijas
viedokliem.

Pateiciba: JH pateicas LZP projektam Nr.09.1553 ‘Nanostrukturéti materiali videi draudzigam
tehnologijam un energétikai’ par finansialu atbalstu.

COMPARIOSON OF METHODS TO MESURE MEMBRANE CONDUCTIVITY

J. Hodakovska, J. Kleperis
Institute of Solid State Physics, University of Latvia

Fuel cells are promising devices in environmental friendly energetic development,
allowing realise energy conversion from chemical to electrical forms. One of fuel cell types is
polymer electrolyte membrane fuel cells. Polymer membrane is most important part of fuel cell,
and its property to separate protons and electrons from each other is key point in material choice.

To measure membrane conductivity two methods are used: two and four probe (Fig.1).
Two probe method allows determining membrane’s conductivity through plane, which is work
direction, but in this case electrode area is comparably high, which could result in problems with
contact. Four electrode schemes are two types: point and wire detectors from one or both sides, and
all of them significantly decrease contact areas. In this case conductivity is determined parallel or
parallel/perpendicular to membrane’s plane.

In our work two and four probe methods for polymer membrane conductivity
measurements are compareds, their advantages and disadvantages both from acquiring proper
results and technical side of view analysed.

Acknowledgement: JH would like to thank LZP project Nr.09.1553 ‘Nanostructured materials for
environmental friendly technologies and energetics’ for financial support.

1. attels. Divu (k) un Cetru (1) elektrodu vaditsp&jas noteikSanas shémas.

- membrana; L1 - elektrods.

Figure 1. Two (1) and four (r) electrode conductivity measurement schemes.
[
- Membrane; [-:1 - Electrode.
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CO, IESAISTISANAS METANA VEIDOSANAS FERMENTACIJAS REAKTORA
AR METANU UN UDENRADI PRODUCEJOSAM BAKTERIJAM

I. Dirnéna’, I. Dimanta', A. Gruduls', V. Nikolajeva2
Latvijas Universitates Cietvielu fizikas institiits
? Latvijas Universitates Biologijas fakultdtes Mikrobiologijas un biotehnologijas katedra

Pedgjo gadu laika Latvijas zinatnieku un uznémeéju vida ir palielinajusies icinteresétiba par
biogazes iegliSanas un izmantosanas iesp&jam. Biogaze ka energijas avots varétu samazinat fosila
energoresursa — dabasgazes - izmantoSanu, tac¢u joprojam ir nepietickams zinasanu daudzums par
metana veido$anos no dabas atjaunojamajiem resursiem, ka arT procesa iesaistita oglekla dioksida
(CO,) veidoSanos un metabolismu saistiba ar organisko vielu degradacijas un oksidacijas
procesiem. Daba organisko vielu anaerobas noardiSanas procesa sintrofi iesaistas cetras metaboliski
atSkirigas baktériju grupas — hidrolitiskas, acidogeénas, acetogénas un metanogénas. Metanogenas
iedalamas hidrogenotrofajas un acetotrofajas baktérijas. Acidogenézes un acetogenézes procesos ka
viens no produktiem veidojas CO,, kurs vai nu talak iesaistas metabolisma vai uzkrajas apkartgja
vidé. Metanogenézes procesa papildus pievadot tdenradi, tas tiktu izmantots ka elektronu
akceptors un hidrogenotrofas metanogénas bakterijas reduc€s uzkrato CO, un veidos metanu, kura
iznakums ir atkarigs arT no vides apstakliem — temperatiiras, pH, kas ietekm& mikroorganismu
populaciju dinamiku.

Misu pétijuma mérkis ir radit péc iesp&jas noslégtu biogazes iegiisanas sist€ému, kura
efektivi izmanto pieejamas izejvielas un rada pec iesp&jas mazak gaistosas atkritumvielas,
samazinot to nokltSanu ekosisttma. Petljuma galvenais uzdevums ir saistit uzkrato CO, ka
substratu, jo ir zinams, ka p&d&jo gadu laika, palielinoties CO, izmeSu daudzumam, palielinas
”siltumnicas” efekts (aug gaisa temperatiira uz zemeslodes).

CO, INVOLVEMENT IN THE FORMATION OF METHANE FERMENTATION
REACTOR WITH METHANE AND HYDROGEN-PRODUCING BACTERIA

I. Dirnena’, I. Dimanta', A. Grudulsl, V. Nikolajeva2
! Institute of Solid State Physics, University of Latvia
’Department of Microbiology and Biotechnology, Faculty of Biology, University of Latvia

In the recent years Latvian scientists and employers have increased their interest in biogas
production and utilization facilities. Biogas as a source of energy can serve to reduce the increasing
use of fossil resource - natural gas, but there is still insufficient knowledge about the production of
methane gas from biomass, as well as the formation and metabolism carbon dioxide (CO,) in the
processes of organic matter degradation and oxidation.

In nature, in the process of anaerobic degradation of organic matter, the four major
metabolic groups of sintrophic bacteria are involved — hydrolytic-fermentative, acidogenic,
acetogenic and methanogenic bacteria. Methanogenic bacteria are divided into hidrogenotrophic
and acetotrophic bacteria. In acidogenesis and acetogenesis processes one of the products is CO,,
which either is more involved in the metabolism or accumulates in the environment. In addition to
providing hydrogen to — the process of methanogenesis, - H; is used as an electron acceptor to form
methane: hydrogenotrophic methanogens reduce the accumulated CO,. Methane output growth
also depends on environmental conditions — temperature, pH — as they affect the dynamics of
microorganisms population.

The study aims to generate as many closed off biogas production systems as possible,
which make efficient use of the available raw materials and cause the least possible release of
volatile substances, reducing their release into the ecosystem. The main task of the study is to know
how much CO, accumulates in the system, because it is known that in the recent years the
increasing CO, emissions contributed to the ,,greenhouse” effect on the Globe.
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SUNAS IZVEIDE MEMBRANU GAZU CAURLAIDIBAS MERIJUMIEM:
PIRMIE REZULTATI

J. Kleperis, J. Strauméns, L. Jekabsons
Latvijas Universitates Cietvielu fizikas institiits

Gazu caurlaidigas membranas nepiecieSamas dazadas tautsaimniecibas nozar€s, gan
partikas r@ipnieciba, gan kimiskajas tehnologijas, gan arl energétika. Selektivas gazu
membranas tiek veidotas no keramikas, no metalu pulveriem, retak no polimériem. Poliméru
membranas plasi tiek izmantotas tdenraza tehnologijas — gan elektrolizes iericés, gan
kurinama elementos. Tadel pedgja laika plasi tiek pétitas arT iespéjas veidot selektivas gazu
membranas no polimériem, kas lautu tas integrét esosajas tehnologiskajas ierices, pieméram,
degvielas gazes tiribas nodroSinasanai.

Darba aprakstita paSu veidota ierice membranas gazu caurlaidibas mériSanai,
izmantojot konstantus tilpumus, spiediena gradientu un divus spiediena sensorus. Membrana
balstas uz porainas neriis€josa metala membranas, kurai pie neliela parspiediena jebkura gaze
(darba izmantotas gazes: Ny, H,, CO,, He) iet viegli cauri. Vispirms tiek atstiknéts gaiss no
kameram abas membranu pus€s, izmantojot bez-ellas priekS-vakuuma un turbomolekularo
stknus. P&c tam tiek ielaista mérama gaze vai gazu maisijums no kameras ar zinamu tilpumu
un spiedienu kamera virs membranas, spiediena kontrolei izmantojot divus ar datoru saslégtus
spiediena sensorus. Spiediena sensori registré spiediena izmainas abas kameras, kas atkariba
no izmantotas membranas un darba gazes var ilgt no stundas lidz vairakam dienam. Pirmie
mérfjumi veikti dazadam komercialam poliméru pléveém, ka ar palladija metala folijai.
Pateiciba: Autori pateicas ERAF projektam Nr. 2DP/2.1.1.1.0/10/APIA/VIAA/095 ,,Jauna
tehnologija kalcija karbonata un bioudenraza ieguvei biomasas reakcija ar sarmu” par atbalstu.

DEVELOPMENT OF CELL FOR GAS PERMEABILITY MEASUREMENTS IN
MEMBRANES: FIRST RESULTS

J. Kleperis, J. Straumens, L. Jekabsons
Institute of Solid State Physics, University of Latvia

Gas permeable membranes are required in various sectors of the economy, both in the
food industry and chemical technology, as well as energy. Selective gas membranes typically
are made from ceramic, the pressed metal powders, less of the polymers. Polymer membranes
are widely used in hydrogen technology - both electrolysis devices and fuel cells. Therefore,
researchers around entire World extensively are studying selective gas membranes from
polymers, to enable them to integrate in the existing hydrogen technological devices, for
cleaning the fuel gas, for hydrogen isolation from a gas mixture.

Our work describes a self-made device to measure the membrane gas permeability,
using the constant volume cameras, pressure gradient, and two pressure sensors. The test
membrane is lie on a porous stainless steel membrane, which is gas permeable to any gas
(working gases used in our research were N, Hy, CO,, He). During measurement, first, air is
pumped from the chambers on both sides of the membrane using a oil-free vacuum pump and
turbomolecular vacuum pump. The next step is gas supply from the chamber of known volume
and pressure in the chamber above the membrane, and pressure is monitored via two sensors
connected to computer. Pressure sensors record the change in pressure in both chambers,
which, depending on the membrane and the gas can last from hours to several days. The first
measurements with our device were made for various commercial polymer films, as well as
palladium metal foil as testy material.

Acknowledgement: Authors acknowledge project No2DP/2.1.1.1.0/10/APIA/VIAA/095 from ERDF

for support.
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MATERIALA APSTRADES IETEKME UZ UDENRAZA SORBCIJAS KINETIKU

A. Sivars, L. Grinberga, J. Kleperis
Latvijas Universitates Cietvielu fizikas institits

P&tot materiala sp&ju sorbét Gdenradi, rodas jautdjums, kadi parametri ietekmé
sorbcijas procesa atrumu, un, kad talaka §1 parametra maina, vairs neatstaj véra nemamu
ietekmi uz sorbcijas procesu. Eksperimentos konstatets, ka pirms paraugs sasniedz
maksimalo tdenraza sorbcijas sp€ju, to nepiecieSams attirit no piemaisijumu gazém un
oksidiem.

Parasti paraugu attiriSanu veic izmantojot atkartotus gazes absorbcijas-desorbcijas
ciklus. Pirms sakt mérijjumus, paraugu uzkars€, tad vakuumé. P&c tam notur kadu laiku
tdenraza atmosféra paaugstinata temperatira un veic strauju dzeséSanu. Karsgjot un
absorbgjot Gdenraza gazi metala kristalrezgis izplesas, bet dzes€jot un desorbgjot tidenradi
- saraujas. Tas izsauc materiala dalinu sadrups$anu, palielinot aktivas virsmas laukumu.

Aktivas virsmas laukumu var palielinat arT samazinot dalinu izméru, pieméram
malot lodisu dzirnavas un tad veicot paris idenraza absorbcijas-desorbcijas ciklus.

Nosakot graudu izméru, pie kura aktivacija notiek optimalak, tika salidzinats vai
graudu izm@ru samazinasana, tos mehaniski samalot, ir efektivaka metode, neka to
sasmalcinasana tidenraza sorbcijas-desorbcijas procesa.

Pateiciba: Paldies LZP petijumu projektam 09.1553 par finansialu atbalstu

INFLUENCE OF MATERIAL TREATMENT ON HYDROGEN
SORPTION KINETICS

A. Sivars, L. Grinberga, J. Kleperis
Institute of Solid State Physics, University of Latvia

The question what parameters affect the rate of hydrogen sorption is essential.
Furthermore, it is important to find out when the subsequent change of these parameters is
not impacting the sorption process anymore. Experimental data shows that maximal
sorption capacity material can reach after pre-treatment procedures to dispose the impurity
gasses and oxides.

Usually the sample purification is performed by repeating gas absorption-
desorption cycles. Before starting the initial measurements, the sample is heated in
vacuum. Then it is held for some time in the hydrogen atmosphere at elevated temperatures
and then rapidly cooled down. The metal lattice expands when heated up and/or absorbing
hydrogen gas, but shrinks when cooled down and/or desorbing hydrogen. This causes the
degradation of material particles, increasing the active surface area.

The active surface area can be increased by reducing the particle size, such as
grinding in the ball mill and then through a sequence of hydrogen absorption-desorption
cycles.

By measuring the grain size, at which the activation is optimal, a comparison of
grain size reduction by the mechanical grinding and by sequential hydrogen sorption-
desorption cycles was performed.

Acknowledgement: Thanks to research project 09.1553 of Latvian Council of
Science for financial support.
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UDENRAZA UZGLABASANAS TVERTNES PROTOTIPA
FUNKCIONALA SHEMA

L. Grinberga, J. Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Transportlidzekli, lai nepiecieSamo energiju iegitu ‘uz vietas’, tdenradi var
uzglabat tris veidos: gazes veida - augsta spiediena, $kidra veida - zema temperattra, un
cietas vielas - saistita veida. Tvertnes, kuras tidenradis ir saistits vietas vielas, iesp&jams ir
automobilu degvielas uzglabaSanas nakotne.

Lai izveidota udenraza uzglabaSanas sisttma biitu ekonomiski izdeviga un
lietojama, tai jabiit tik ietilpigai, lai Iildz nakoSajai uzpildei varétu nobraukt vismaz 500 km.
Tapat janem vera art ierobezojosie transportlidzekla parametri — kopgjais svars, tilpums,
efektivitate, drodiba un izmaksas. Sadu sisttmu kop&jam dzives ciklam ari ir jabat
atbilstoSam un parbauditam, tapat uzpildes laikam jabut pietiekos$i atram.

Udenraza uzglabasanas tvertnes izmaksu aprékiniem ir jaietver visi nepiecieSamie
dati un saistitie izdevumi, ka piem&ram spiediena regulatori, sensori, varsti, temperatiiras
kontrolieri, tvertnes materials, idenradi uzglabajoSais materials, uzpildes ierices, drosibu
nodroSinosie sensori un sistémas u.t.t.

Saja darba ir apskatita fidenraza uzglabasanas tvertnes funkcionala shéma, kas
domata tidenraza uzglabasanai cieta viela. Tiks diskutéts par laboratorija iegiito materialu
izmantoSanu $adas degvielas tvertnes.

Pateiciba: Paldies ERAF projektam Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/VIAA/031
‘Véja un iidenraza elektroapgddes autonoma sistéma’ par finansialu atbalstu

FUNCTIONAL SCHEME OF HYDROGEN STORAGE TANK

L. Grinberga, J. Kleperis
Institute of Solid State Physics, University of Latvia

Three options are currently possible for onboard hydrogen storage: gaseous storage
under high pressure, liquid storage at low temperature and solid storage. Solid storage
tanks are perhaps the future for hydrogen storage for cars.

The hydrogen storage system to be useful must be capable of storing hydrogen for a
conventional driving range, taking into account the limitations of weight, volume,
efficiency, safety, and cost. Durability over the performance lifetime of these systems must
also be verified and validated, and acceptable refueling times must be achieved.

The computation of the hydrogen storage tank cost and performance must include
all necessary data and information such as pressure relief devices, valves, temperature
controllers, what is the material of the tank and storage media, filling, safety etc.

In this work the functional scheme for solid hydrogen storage is described and
possible self-made hydrogen storage material use is discussed.

Acknowledgement: Thanks to ERDF project Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/
VIAA/031 for financial support.
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TiO, PLANO KARTINU IEGUSANA AR SOLA-GELA
UN ELEKTROFOREZES METODI

I.Liepina, G.Bajars, A.Lisis, J.Gabrusenoks, E.Pentjuss
Latvijas Universitates Cietvielu fizikas institiits

Titana dioksida planas kartinas ir daudzsolo$i materiali to pielietoSanai gazu
sensoros, membranu filtros, fotokatalizé un saules baterijas. Lai paaugstinatu to efektivitati
ir nepiecieSams iegilit porainas planas kartinas ar lielu virsmas laukumu. Praks€ izmantoto
metozu klasts $adu kartinu iegidanai ir visai plass. Saja darba nanokristalisku TiO, plano
kartinu iegsanai tiek izmantotas sola-g€la un elektroforézes metodes.

Darba meérkis ir atrast optimalas TiO, plano kartinu uzne$anas metodes uz dazadu
materialu pamatném un talaka darba gaita optimiz€t izv€leta procesa (sola-g€la vai
elektroforézes) parametrus. leglito plano kartinu raksturoSanai ir izmantotas optiskas
mikroskopijas, rentgenstruktiiranalizes un Ramana spektroskopijas metodes. Darba
paraditas TiO, plano Kkartipu struktiiras parveértibas atkariba no to izkarséSanas
temperaturas.

Autori  pateicas  Eiropas  Regionalas  attistibas  fonda  projektam
No0.2010/0243/2DP/2.1.1.1,0/10/APTA/VIAA/156 par finasialu atbalstu.

PREPARATION OF TiO,; THIN FILMS BY SOL-GEL
AND ELECTROPHORETIC METHODS

I.Liepina, G.Bajars, A.Lusis, J.Gabrusenoks, E.Pentjuss
Institute of Solid State Physics, University of Latvia

Titanium dioxide thin films are promising materials for gas sensors, ultrafiltration
membranes, photocatalysis, solar cells and photovoltaic applications. Many efforts have
been made to improve their properties by preparing porous films with high surface area.
There are a wide variety of preparation methods for TiO; thin films, e.g. sol-gel, doctor
blade, spin coating, chemical vapor and sputter deposition. In this study nanocrystalline
TiO; thin films have been prepared by sol-gel and electrophoretic deposition process.

The purpose of current work is to find the optimal deposition method to obtain
TiO; thin films on various substrates with following optimization of the parameters for the
deposition (sol-gel or electrophoretic) process. Obtained TiO, thin films were
characterized by phase composition, morphology and their microstructures using X-ray
diffraction, Raman spectroscopy, as well as optical microscopy. The dependence of
structural changes for TiO; thin films from annealing temperature has been demonstrated
in this work.

This work was financially supported by European Regional Development Fund
project No.2010/0243/2DP/2.1.1.1,0/10/APTA/VIAA/156.
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TiO, PLANO KARTINU FOTOKATALITISKAS IPASIBAS

I. Liepina, G.Bajars, L.Grinberga, J.Linitis, J.Kleperis, A.Liisis
Latvijas Universitates Cietvielu fizikas institits

Titana dioksida nanostrukturétam planajam kartipam piemit pusvaditaju ipasibas.
Tas ir nejiitigas attieciba pret redzamo gaismu (aizliegtas zonas platums 3.2 eV), kas lauj
tam absorbét tikai tuvaja UV apgabala. Tapéc Saja darba TiO, plano kartinu
fotokatalitiskas pasibas eksperimentali ir pétitas tieSi Saja starojuma diapazona, jo tas
neprasa papildus kartinu apstradi, lai padaritu tas jutigas attieciba pret redzamo gaismu.

Fotokatalitiskajiem p&tjjumiem izmantotas TiO, planas kartinas tika iegttas ar sola-
g€la un elektroforézes metodem. Merfjumi tika veikti divu elektrodu S§tna ka elektrolitu
izmantojot 1 M Na,SO4 Gidens $kidumu un Pt salidzinasanas elektrodu, kas vienlaicigi
kalpoja ka paligelektrods. Atvértas k&édes potencials un fotostrava tika registréta ar
potenciostatu VoltaLab PGZ 301. Darba analiz&ta fotokatalitiska aktivitate atkariba no
pamatnes materiala, kartinas iegiiSanas metodes, struktiiras un biezuma.

Pateiciba: Paldies Valsts Pétijumu programmai materialzinatnés par finansialu atbalstu.

PHOTOCATALYTIC PROPERTIES OF TiO, THIN FILMS

I. Liepina, G.Bajars, L.Grinberga, J.Linitis, J.Kleperis, A.Lusis
Institute of Solid State Physics, University of Latvia

Nanostructured thin films of titanium dioxide shows properties of the
semiconductors. Its insensitivity to visible light due to the broad band gap (3.2 eV),
enables an absorption only in the near ultraviolet region. Therefore in current work the
experimental investigations of their photocatalytic properties have been performed exactly
in the near ultraviolet region. There is no necessity for additional treatment of TiO, thin
films to make them sensitive to visible light.

In this work, TiO, thin films were prepared by a sol-gel dip coating and sol-
electrophoretic process. Measurements were carried out in two electrode cell with a 1 M
Na,SO4 water solution as an electrolyte and Pt foil as reference electrode and counter
electrode. The open-circuit voltage and photocurrent density were measured by
potentiostat VoltaLab PGZ 301. The possible correlations between the photocatalytic
activity and various parameters such as substrate material, preparation method, structural
properties and thickness of thin films are discussed.

Acknowledgement: Thanks to State Research project in the material sciences for
financial support.
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JONU ENERGIJAS IETEKME UZ NANOSTRUKTURAS
VEIDOSANOS LiF KRISTALOS

R. Grants, R. Zabels, I. Manika
Latvijas Universitates Cietvielu fizikas institiits

Ar MeV un GeV energiju Au joniem apstarotu LiF monokristalu struktiras un
nanocietibas izmainas pétitas ar nanoindent€Sanas, kimiskas kodinaSanas un atomspéku
mikroskopijas metodém. Struktiiras petijumi paradija, ka apstarosana ar MeV joniem, kuru
energijas ievérojama dala tiek atdota elastiskajas sadursmés ar mérka atomiem, izsauc ar
dislokacijam bagatas struktiiras veidoSanos. ApstaroSanas dozai palielinoties, notiek
dislokaciju uzkrasanas, sakartoSanas un mozaikas veida struktiiras raSanas, kas sastav no
nanoizméra LiF graudiem ar mazo lepku graudu robezam starp tiem. Struktiiras izmainam
seko ievérojama LiF cietibas palielinasanas. Ari apstaroSana ar GeV joniem, kuru
mijiedarbiba ar vielu dominé elektroniskie energijas zudumi, izsauc nanostrukturéSanos.
Tacu lidziga efekta izraisiSanai GeV jonu gadijuma ir pietiekama par aptuveni divam
kartam zemaka fluence. Iev@rojamas ir art atSkiribas nanostrukturéta slana biezuma. GeV
jonu gadijuma tas sniedzas liela dziluma (ap 100 um), bet MeV joniem struktiras izmainas
lokalizétas plana (dazi pm) virsmas slani. Tacu, izmantojot MeV jonus, Saja slani
iesp&jams sasniegt ievErojami augstaku jonu atdotas energijas blivumu un augstaku
radiacijas izraisito defektu agregatizacijas pakapi. Ar jonu apstaroSanu radita nonostruktiira
ir stabila istabas temperatiira, bet tas termiska sabruks$ana sakas virs 530 K un noslédzas
810-830 K temperatiira.

IMPACT OF ION ENERGY ON NANOSTRUCTURE
FORMATION IN LiF CRYSTALS

R. Grants, R. Zabels, I. Manika
Institute of Solid State Physics, University of Latvia

The modification of structure and nano-hardness of LiF crystals irradiated with MeV- and
GeV-energy Au ions have been studied using nanoindentation, chemical etching and
atomic force microscopy. The structural study shows that irradiation of LiF single crystals
to high fluences, initially leads to the formation of dislocation-rich structure. Accumulation
of dislocations due to increased fluences results in formation of a bulk mosaic type
nanostructure consisting of nanoscale LiF grains. The observed structural changes are
accompanied by a strong increase of indentation hardness. Irradiation with ions in the
MeV-energy range, which deposit a significant fraction of their energy via elastic
collisions with the target atoms, shows some peculiarities relative to GeV ions, the
stopping of which in LiF is dominated by electronic energy loss. For MeV ions, the
modifications are localized in a thin surface layer (few um), were a much higher density of
the deposited energy and a deeper stage of the aggregation of radiation defects than for
GeV-energy ions can be reached. However, about two orders of magnitude higher fluence
for comparable hardening is required in the case of MeV ions. The study of thermal
stability of ion-induced nanostructure showed a significant recovery of structure and
hardness at T>530 K. Complete recovery is reached after annealing at 810-830 K.
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AR Eu*" AKTIVETA NaLaF, SINTEZE UN LUMINISCENCE

M.Voss, G.Doke, J.Griibe, A.Sarakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institits

Sobrid liela uzmaniba tick pievérsta efektivu luminiscences materidlu meklgjumiem,
kuriem var€tu rasties pielietojums dazadas jomas, pieméram, plazmas panelos vai
fluorescences lampas. Ar retzemju elementiem (t.sk. eiropiju) aktivéti materiali varétu bt
perspektivi §ajas jomas, tade] ir aktuala $adu materialu izpéte.

Saja darba no LaF; un NaF maisijumiem ar dazadam EuF; koncentracijam (0.05, 0.1, 0.5,
1 un 2mol%), tika sintezéti NaLaF,:Eu’" paraugi dazadas temperatiras (450, 500, 550,
600, 650°C). legiitajiem paraugiem tika mériti luminiscences un ierosmes spektri, ka art
luminiscences kinétikas.

No iegiitajiem eksperimentalajiem rezultatiem tiks spriests par sintez€to paraugu sastavu
un kvalitati, ka arT1 to luminiscences Ipasibam atkariba no maisfjuma kars€Sanas
temperaturas.

Pateicibas: Autori pasakas Valsts Peétijumu Programmas IMIS I.projekta, ka ari ESF
projekta 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 finansidlajam atbalstam

SYNTHESIS AND LUMINISCENCE STUDIES OF Eu’* DOPED NaLaF,

M.Voss, G.Doke, J.Grube, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

Great attention has been paid for searching of perspective luminescence materials which
could be used in various areas, for example, plasma panels or fluorescent lamps. Rare-carth
(including europium) doped materials have been found to be perspective candidates for
such uses thereby further investigation of their properties is required.

In this work LaF; and NaF mixtures with different EuFs concentrations (0.05, 0.1, 0.5, 1
and 2mol%) were annealed at different temperatures (450, 500, 550, 600, 650°C) to obtain
NaLaF,:Eu’". For the obtained samples luminescence and excitation spectra as well as
luminescence decay kinetics were measured.

Based on the experimental results peculiarities of the sample composition, quality and
luminescence properties and their dependence on the annealing temperature will be
discussed.

Acknowledgements: the financial support of State Research Program IMIS (project 1) as
well as ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 is highly appreciated.
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DABIGO DEFEKTU LUMINISCENCE DAZADI STRUKTURETOS hBN

V. Korsaks, B. Berzina, L. Trinklere
Latvijas Universitates Cietvielu fizikas institits

Heksagonalais bora nitrids ir perspektivs platzonu materials ar iespgjamu pielietojumu
gaismu starojosas iericés. Ceriba uzlabot hBN optiskas ipasibas pédéja desmitgade ir
sintezeti dazadi jauni §T materiala veidi, kas ietver nanostruktiiras un monokristalus.
Piedavatais zinojums ietver makromateriala — hBN pulvera un nanomateriala —
daudzsieninu nanocaurulu (BNNTs) kompleksus spektralo 1paSibu pétijumus.
Fotoluminiscences un tas ierosmes spektri un luminiscences kinétika tika pétiti plasa
temperattru rajona no 8 K lidz 300 K.

Tika konstatéts, ka hBN kristaliskaja rezgi, neatkarigi no materiala izmériem, vienmer
klatesosi ir divu veidu luminiscences centri, kurus rada dabigie defekti. Sie defekti ir
atbildigi par divam intenstvakajam luminiscences joslam pie 320 nm un 400 nm. Veiktie
spektralie petijumi lauj atklat 320 nm un 400 nm luminiscen¢u mehanismus. Ir konstatéts,
ka 320 nm luminiscenci rada iekScentra procesi, kur gaismas absorbcija un emisija notiek
viena un tai pasa atoma. 400 nm luminiscences gadijuma noteicoSie ir rekombinacijas
procesi.

NATIVE DEFECT LUMINESCENCE OF DIFFERENT STRUCTURED hBN

V. Korsaks, B. Berzina, L. Trinkler
Institute of Solid State Physics, University of Latvia

Hexagonal boron nitride is one of prospective wide band gap materials with possible
application in light emitting devices. In order to perfect the optical characteristics of hBN
during last decade different new types of this material were synthesized including
nanostructures and single crystals. The present report comprises the complex studies of
spectral characteristics of macro material — hBN powder and nanomaterial - multiwall
nanotubes (BNNTSs). Photoluminescence spectra, its excitation spectra and kinetics were
studied within a wide temperature range between 8 K and 300 K.

It was found that there are two different types of luminescence centers caused by native
defects, always present in hBN crystalline lattice irrespective of size. These defects are
responsible for two dominant luminescence bands at 320 nm and 400 nm. The spectral
studies performed allow reveal the mechanisms of 320 nm and 400 nm luminescence. It
was found that the 320 nm luminescence is caused by the inter-center processes where
light absorption and emission occur in one and the same atom. In the case of the 400 nm
luminescence the recombination processes are predominant.
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HOLOGRAFISKAIS IERAKSTS AMORFAS As-S-Se PLANAS KARTINAS

A. Kiselovs, J. Teteris
Latvijas Universitates Cietvielu fizikas institits

Darba tika pétitas holografiska ieraksta ipaSibas amorfas As-S-Se planas kartinas.
Ierakstam tika izmantots lazeris ar A=671 nm liniju. Lazera staru sadala divos staros un
novirza to ta, ka uz parauga veidojas interferences aina — ierakstas holografiskais rezgis.
Darba gaita tika pétitas rezga ieraksta process atkariba no staru polarizacijas un rezga

perioda.

HOLOGRAPHIC RECORDING IN AMORPHOUS As-S-Se THIN LAYER
A.Kiselovs, J. Teteris

Institute of Solid State Physics, University of Latvia

The properties of As-S-Se holographic lattice were studied during work. For recording the
laser with A= 671 nm was used. An interference pattern was created on the sample surface.

The dependence of light polarizitation and lattice period was examined.
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AZO-KRASVIELU UN ZELATINA SISTEMAS OPTISKAS IPASIBAS

K.Klismeta, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Tika pétitas sistémas azo-krasviela (Methyl red) un Zelatins optiskas ipasibas. ST krasviela
tika izmantota galvenokart tapec, ka ta skist tdent, savukart zelatins, kas ir viegli pieejams
un I&ts materials, kalpo ka polim&ra matrica.

Paraugi tika izgatavoti divos veidos, saistot krasvielu un poliméru ,,guest-host” sist€éma.
Viena gadijuma tika izmantotas jau gatavas holografiskas plates — to paraugi meércéti
Methyl red skiduma. Otra gadijuma Methyl red Skidums tika sildits kopa ar Zelatina pulveri
un tad tas uzklats uz stikla.

Péc izziiSanas paraugiem tika uzpemti transmisijas spektri, ka ar1 tajos rakstits

holografiskais rezgis.

OPTICAL PROPERTIES OF AZO DYES AND GELATIN SYSTEM

K. Klismeta, J. Teteris
Institute of Solid State Physics, University of Latvia

Optical properties of azo dye (Methyl red) and gelatin as polymer matrix were
experimentally studied. This specific dye was chosen because it is soluble in water, while
gelatin is common and cheap material.

Samples were made in two ways by joining the dye and polymer in a ,,guest-host” system.
Firstly, already made holographic plates were soaked in Mathyl red solution. Secondly,
Methyl red solution was heated with gelatin powder and then it was applied on glass.

After drying transmission spectra was taken and a holographic grating was recorded.
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OPTISKO IPASIBU FOTOINDUCETAS IZMAINAS SISTEMA DISPERSE REDI1-
POLIMERS

E. Potanina, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Sistémai azo-krasviela — polimérs tiek pieveérsta uzmaniba, jo atkariba no izveéletam
sastavdalam, bet pie lidzigiem eksperimenta apstakliem, parauga optiskas ipasibas mainas
plasa diapazona gan difrakcijas rezga izveidosana, gan difrakcijas rezga efektivitates zina.
Pie noteiktas vielu kombinacijas rezgis parauga neveidojas vispar, veidojas 1&ni, vai arT loti
strauji, tikko ka paragus tiek paklauts lazera staroSanai. Lidzigi ir ar parauga relaksaciju.
Tas, ka notiek process, parada vai izmainas saglabajas parauga, vai pakapeniski/atri pazid,
kad tas netiek paklauts lazera starojumam. Gadijuma, ja rezgis parauga veidojas, tad
difrakcijas rezga efektivitates vertiba mainas no procentu simtdalam Iidz veselam procentu
skaitam. Tiek mekl&ts materials, kur§ atjaunotu savas ipaSibas p&c tam, kad tas tika

paklauts staroSanai, un biitu izmantojams vairakas reizes.

PHOTOINDUCED CHANGES OF OPTICAL PROPERTIES IN DISPERSE RED1
POLYMER MATRIX

E. Potanina, J. Teteris
Institute of Solid State Physics, University of Latvia

In the same conditions (same wave length and intensity), but changing the polymer
matrix or dye, it is possible to get absolutely different results and optical changes in
samples. Choice of material combination (polymer + dye) affects forming diffraction
grating in layer and the speed, how it will be formed. The forms of relaxation graphics are
different, too. It shows how fast optical changes (diffraction grating) disappear from layer,
when sample is not under laser radiation. If diffraction grating in layer is forming its
efficiency can change hundred times, depending on what dye or polymer is chosen for
making sample. The material what we are searching for must have ability to renew its

optical properties after laser radiation.
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UV OPTISKAIS IERAKSTS UN VIRSMAS RELJEFA VEIDOSANAS
POLIMERU PLEVES

A. Gerbreders, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Tika pétita iespja veikt UV optisko ierakstu un elektronu staru litografijas ierakstu
dazadu veidu organisko poliméru pléves. Apskatiti molekularas struktiras izmainu
mehanismi: fotoizomerizacija, destrukcija, sastisana un oksidéSana. Aprakstiti poliuretanu,
poliakrilatu un dazadu blok-kopoliméru plévju apstaroSanas ar UV impulsiem (248 nm)
rezultati. Tika veikta polibutadienu kopolim@ru elementu analize un plévju caurlaidibas
spektru pétiSana lidz un péc apstaroSanas ar UV starojumu. Izpétita izSkirtsp&ja pie
informacijas ieraksta ar elektronu staru litografijas palidzibu polim&ru pléves.

UV OPTICAL RECORD AND SURFACE RELIEF FORMATION
IN POLYMER FILMS

A. Gerbreders, J. Teteris
Institute of Solid State Physics, University of Latvia

Possibility of UV optical record and electron beam lithography in different type of
polymeric films was studied. Mechanisms of molecular structure changes:
photoisomerization, destruction, cross-linking and oxidation have been discussed. The
results of UV illumination of polyurethanes, polyacrilates, and some block-copolymers
were described. The element analysis of polybutadien block copolymer was performed
before and after UV illumination, and the changes in transmission spectra of the polymer
film were measured. The resolution of electron beam lithography on polymeric films also
was studied.
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FOTOINDUCETAIS DIHROISMS As-S-Se PLANAS KARTINAS

M. Jirgensons un J. Teteris
Latvijas Universitates Cietvielu fizikas institits

Dotaja darba tika pétits fotoinduc€tais optiskais dihroisms amorfas As-S-Se planas
kartinas. Optiskas caurlaidibas fotoinducéta anizotropija tika pétita ar lineari polarizétu
gaismu pie vilpa garuma 635 nm. Optiska anizotropija paraugos tika inducéta ar lineari
polarizétu 635 nm lazera staru. Tika pétitas optiskas caurlaidibas izmainas gan paralélam,

gan perpendikularam polarizacijas virzieniem attieciba pret ierosinos$a stara polarizaciju.

PHOTOINDUCED DICHROISM IN THIN As-S-Se FILMS

M.Jirgensons, J.Teteris
Institute of Solid State Physics, University of Latvia

The photoinduced optical dichroism was studied in amorphous As-S-Se thin films.
The photoinduced anisotropy of optical transparency was studied with linear polarized
light at wavelength of 635 nm. The optical anisotropy in the samples was induced by linear
polarized 635 nm laser beam. The changes of optical transparency both for perpendicular

and parallel directions regarding the polarisation of excitng beam were studied.
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ELEKTRISKO IPASIBU PETIJUMI PERILENA ATVASINAJUMU
PLANAS KARTINAS

K.Pudzs', .Muzikante', M.Rutkis', J.V.Grazulevicius’, R.Reghu®
'Latvijas Universitates Cietvielu fizikas institits,Riga, Latvija
’Kaunas Tehnologiska universitates Organiskas Tehnologijas nodala, Kauna, Lietuva

Periléna atvasinajumi ir labi zinami elektron-vadosi organiskie pusvaditaji. Tos
plasi izmanto organiskaja elektronika un optoelektronika. Tiem piesaistot caurum-vadosas
grupas varétu izveidot molekulas, kuras labi vaditu gan elektronus, gan caurumus.
Karbozola molekulam ir laba caurumu vaditspgja, tadel to kovolenti piesaistot pie periléna
atvasinajumiem varétu izveidot molekulas ar bipolaru vadamibu.

Saja darba esam pétijusi elektriskas Tpasibas diviem savienojumiem, kuri sastav no
periléna atvasinajuma un tam abpus€ji pievienotam karbazolil grupam. Tika izveidoti
"Sandwich" tipa paraugi, kas sastav no p&tamas vielas ka aktiva slana, kas atrodas starp
diviem elektrodiem. Visos gadijumos apaksgjais elektrods bija zelts, bet augs€jie bija
aluminijs, palladijs un var$. Organiska slana biezums bija ap 1 um. Tas lauj pielietot telpas
ladina ierobezotas stravas metodi. Elektriskas vaditsp€jas termiska atkariba tika pétita
telpas ladinu ierobezotas stravas rezima. Fotovadamibas sliek$na vertibas Ey, tika noteiktas
no fotovadamibas kvantu efektivitates spektriem.

Augstakas izpilditas molekularas orbitales (HOMO) un zemakais neaizpilditas
molekularas orbitales (LUMO) Iimeni tika noteikti izmantojot kvantu kimijas aprékinus.

STUDY OF ELEKTRICAL PROPERTIES OF THIN FILM OF
PERYLENE DERIVATIVES

K.Pudzs', .Muzikante', M.Rutkis', J.V.Grazulevicius’, R.Reghu®
! Institute of Solid State Physics of University of Latvia, Riga, Latvia
’Department of Organic Technology of Kaunas University of Technology,
Kaunas, Lithuania

Perylene bisimide derivatives are well-known organic semiconductors with good
electron mobility. They widely employed in organic electronics and optoelectronics.
Nevertheless perylene bisimide derivatives could be improved by attaching hole-
transporting groups thereby obtaining bipolar molecules. Carbazole molecules are good
candidate for hole-transporting groups. Carbazole covalently linked to perylene bisimide
derivatives could lead to bipolar molecules.

In this work we have studied electrical properties of two bay carbazolyl substituted
perylene bisimide derivatives. “Sandwich” type samples consisting of investigated
compounds as an active layer between two electrodes were prepared. Gold was used as
bottom electrode and Aluminum, Palladium and Cuprum as top electrode. The organic film
thickness was about 1 um. The thermal dependencies of electrical conductivity were
investigated in space charge limited current regime. Values of threshold energies Ey, from
spectral dependences of photoconductivity were obtained.

Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) levels were obtained by quantum chemical calculations.
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FOTOVADAMIBAS PROCESI DMABI ATVASINAJUMU
POLIKRISTALISKAS KARTINAS

R.Grzibovskis, . Muzikante, J.Latvels, B.Turovskal, PJ .Pastorsl, V.Kampars]
Latvijas Universitates Cietvielu fizikas institiits
! Rigas Tehniskas universitates Materidlzinatnes un lietiskas kimijas fakultdte

Starp citiem pusvaditdjiem, indandiona grupas savienojumi ar savu termisko un kimisko
stabilitati un fotoelektriskajam 1pasibam ir labi kandidati izmantoSanai jaunas elektroniskas
ieric€s, piemeéram, organiskajas saules baterijas.

Lai varétu veidot $adas saules baterijas, ir nepiecieSams zinat izmantojamo vielu energétisko
struktiru. Jonizacijas potencials un aizliegta energétiska sprauga tie$i nosaka tadus elektriskos
procesus ka ladinnesgju generacija un transports. Lai raksturotu energétisko strukttru, ir
noteikti vairaki vielas parametri- optiska energétiska sprauga E%,, fotovadamibas kvantu
efektivitates slieksna vertiba Ey,, starpiba starp oksidéSanas un reducésanas potencialiem U egox.
Ir noteikta fotovadamibas kvantu efektivitate un tas spektrala atkariba dimetilaminobenzilidén-
1,3-indandionam (DMABI) un vairakiem ta atvasinajumiem. No fotovadamibas kvantu
efektivitates ir noteikta ari sliekSpa vertiba E4 No absorbeijas spektra noteikta optiska
energétiska sprauga Eop.

Mes esam noteikusi linearu sakaribu starp optisko spraugu EGopt un slickSna vertibu Eg,
DMABI un vairakiem ta atvasindjumiem atkariba no oksidéSanas-reduc€Sanas potenciala
Uredox- Ir pétita arl starpibas strap optisko spraugu EGopt un sliekSna vértibu Eg, akariba no
molekulas dipola momenta.

PHOTOCONDUCTIVITY PROCESSES IN POLYCRYSTALLINE FILMS OF
DMABI DERIVATIVES

R.Grzibovskis, . Muzikante, J.Latvels, B.Turovskal, PJ .Pastorsl, V.Kampars]
Institute of Solid State Physics, University of Latvia
"Faculty of materials science and applied chemistry,Riga Technical University

Among organic semicondutors, group of indandione molecules with their thermal and
chemical stability and photoelectrical properties are good candidates for using them in novel
electronic devices, for example- organic solar cells. The fundamental part of designing such
solar cells is knowledge of energetic parameters of materials. An ionization potential and
energy gap directly affect such important electronic processes as charge carrier generation and
transport. In order to characterise energy structure several parameters are determined such as
and optical energy gap Ey, a threshold of quantum efficiency of photoconductivity Eg,
difference between oxidation and reduction potencial (Ujegox)-

Photoconductivity = quantum  efficiency and  its spectral ~ dependence  of
dimetilaminobenzylidene-1,3-indandione (DMABI) and several its derivatives was obtained.
Value of the threshold energy Ey from spectral dependence of quantum efficiency of
photoconductivity is obtained. From optical absorption spectra the values of optical gap (E%p)
were determined.

We have determined linear relation between values of optical gap E%y, and quantum
efficiency of photoconductivity Ey for DMABI and its derivatives depending on redox
potencial Uqox. Also relation of the difference between optical gap EGopt and quantum
efficiency of photoconductivity Ey depending on molecule dipole moment is studied.
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AMORFU FAZI VEIDOJOSO ORGANISKO VIELU
ELEKTROLUMINISCENCES IPASIBAS

S.Popova, A.Vembris, .Muzikante
Latvijas Universitates Cietvielu fizikas institiits

Mazmolekularie savienojumi, kuri veido amorfu struktiiru varétu but perspektivi
nakoSas paaudzes optoelektronikas iericés. Viens no plasi lietotajiem sarkani
luminiscgjosam organiskam vielam satur piraniliden atvasinajumu. Tam pievienojot
telpisku tritiloksietil grupu ir iesp&jams panakt amorfas struktiiras veidoSanos no
organiskiem $kidinatajiem.

Saja darba més paradisim optiskas un elektroluminiscentas ipasibas &etriem
originaliem dazadu akceptoru piraniliden atvasinajumiem, kuri veido amorfu strukttru.
Fotoluminescences spektrs ir atkarigs no akceptoras grupas un parklaj spektralo apgabalu
no oranzas Iidz tumsi sarkanai. Pie kam vajaka akceptora grupa nobida spektru uz sarkano
pusi.

No pétamam vielam tika pagatavoti paraugi elektroluminescences merfjumiem.
Fotoluminescences un elektroluminescences spektri sakrita. Papildus darba tiks apskatitas
elektriskas Tpasibas un elektroluminiscences efektivitate atkariba no molekulas struktiiras.

ELECTROLUMINESCENCE PROPERTIES OF ORGANIC COMPOUNDS IN
AMORPHOUS STATE

S. Popova, A.Vembris, [.Muzikante
Institute of Solid State Physics, University of Latvia

Glass forming low molecular weight organic compounds could be perspective in
next generation optoelectronic devices due to there easier synthesis and thin film
processing. One of common red luminescent materials contain pyranyliden fragment as
backbone. Attached bulky trityloxyethyl groups lead to glass forming thin film from
organic solvents.

In this presentation we will show optical and electroluminescence properties of four
original glasses forming pyranyliden fragment containing molecules with different
acceptor groups. Photoluminescence spectra of compounds in thin film depend on acceptor
group and cover spectral region from orange to deep red. Weaker acceptor group gives red-
shift of luminescence spectra.

Electroluminescence devices were prepared from investigated compounds by spin-
coating method. Maximum position and shape of electroluminescence and
photoluminescence spectra is similar. Electrical properties as well as electroluminescence
efficiency will be discussed.
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PROGRAMMATURA UN MERAPARATURA TSL INTENSITATES UN
SPEKTRU REGISTRESANAI

A.Zolotarjovs , K.Smits, D.Millers
Latvijas Universitates Cietvielu fizikas institits

Termostimuléta luminiscence (TSL) ir metode, kura p&tamais objekts tiek ierosinats pie
zemam temperatiiram un luminiscenci registré paraugu sildot ar uzdoto atrumu.

Izstradata vizualizacijas, kontroles un datu apstrades programma National Instruments
Labview 9 programmgsanas vidg€, kura vada temperatiiras kontroles un spektru regisracijas ierices.

Temperattiras kontrole realizéta ar VISIO 350-RA-22 PLK (Programmgjams Logiskais
Kontrolleris) ierici, kurai programmatiira izstradata iek$&ja VisiLogic programmeéSanas vide.
Linearai sildiSanai izmanto Proporcionali-Integrali-Diferencialo algoritmu, kas veic silditajam
pievaditas elektriskas jaudas kontroli izmantojot simistoru. Temperatiiras registréSanai izmanto
termopretestibu (PT100) un termopari (T-tips). Datu parraides nodrosinasanai starp VISIO ierici un
pamatprogrammu ir izmantots OPC (OLE for Process Control) serveris. Spektru registracijai lietots
Andor Shamrock SR-3031-B spektrometrs ar Andor IDus CCD kameru izeja, kontrolei izmantots
Andor SDK modulis. Programma tiek uzdoti sakumparametri: temperatiiru diapozons, sildiSanas
atrums, laika intervals starp registréjamiem spektriem, ka arT monohromatora un CCD kameras
uzstadijumi. Parauga sildiSanas procesa vienados laika intervalos tiek uzpemti luminiscences
spektri. Rezultata iegiist 3D datu masivu ar luminiscences spektrala sastava un intensitates atkaribu
no temperattiras.

Izveidota mérsistéma viegli modific€jot saslédzama gan ar slapekla gan ar hélija
kriostatiem, kur pirmaja gadijjuma iesp&jamais TSL diapazons ir no 77-850K, bet otraja no 10-
400K.

SOFTWARE AND HARDWARE FOR TSL INTENSITY AND SPECTRA
MEASUREMENT

A.Zolotarjovs , K.Smits, D.Millers
Institute of Solid State Physics, University of Latvia

Thermostimulated luminescence (TSL) is a method, where the sample is excited at low
temperature and luminescence is measured during the sample is heated.

The visualization, control and data processing software was developed using National
Instruments Labview 9 software, which controls temperature and spectra registration devices.

Temperature control was performed using VISIO 350-RA-22 PLC (Programmable Logic
Controller) device, software to PLC was developed using built-in VisiLogic development
enviroment. For linear heating Proportional-Integral-Derivative method was used, which via
simistor modulates the width of electric power pulse for heater. For temperature control,
thermoresistor (PT100) and thermocouple (T-type) were used. The OPC (OLE for Process Control)
server was used to transfer the data from PLC to main software. To acquire spectra Andor
Shamrock SR-303I-B spectrometer and Andor [Dus CCD camera attached to it were used. To
control spectrometer and CCD camera Andor SDK module was used. The starting parameters must
be defined: the temperature region, heating rate, time interval between spectra registration, as well
as monochromator and CCD camera settings. During the sample heating, the luminescence spectra
at defined time intervals were measured. As a result, 3D data matrix with luminescence intensity,
spectra and temperature was obtained.

Equipment will be easy modified for LNT and LHeT cryostats. For the first option,
temperature range is 77-850K, but with LHeT cryostat — 10-400K.
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TiO, NANOPULVERU FOTOKATALIZES EFEKTIVITATES PETIJUMI

J. Rikveilis, L. Grigorjeva, D. Millers, K. Smits
Latvijas Universitates Cietvielu fizikas institits

Fotokatalizes efektivitate (FKE) tika pétita un salidzinata TiO, nanopulveriem (ar grauda
izm€riem no 25 nm Iidz 70 nm), kas dopéti ar Er, Yb un Sm joniem. Sagatavoto pulveru
FKE novértéta péc metilénzila skiduma sabrukSanas apstarojot ar UV lampu. Métileénzila
absorbcijas spektri registréti pie dazadiem apstaroSanas laikiem 190-1100 nm spektra
apgabala. Pétita sakariba starp FKE un pulveru graudu izm@riem, anatasa un rutila fazu
attiectbam (Ca/Cr). Rentgenstaru difrakcija izmantota fazu sastava un graudu izméra
novertésanai.

Iegtitie rezultati rada, ka noverotajos fotokatalizes procesos anatasa un rutila fazu attieciba
ir nozimigaka par grauda izmériem. Nanopulveri ar mazakiem grauda izmériem neuzrada
lielaku FKE, iesp&jams tadel, ka ir liela virsmas defektu koncentracija.
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PHOTOCATALYTIC EFFICIENCY STUDIES OF TiO; NANOPOWDERS

J. Rikveilis, L. Grigorjeva, D. Millers, K. Smits
Institute of Solid State Physics, University of Latvia

Photocatalytic efficiency (PE) of nanosized (ranging from 25 nm to 70 nm) TiO, powders with
different rare earth ions (Er, Yb, and Sm) doping were studied. PE of the prepared powders was
evaluated by degradation of methylene blue aqueous solution. Absorption spectra from 190-1100
nm were measured during solution UV light illumination. A dependence of PE on particle size,
rutile to anatase phase ratio (Ca/Cr) were studied and analyzed. The XRD was used for
anatase-rutile phase composition and grain size estimation.

Experimental results show that anatase to rutile phase ratio has more significant role than
grain size in PE. The smaller grain size does not lead to greater performance, possible due to high
concentration of surface defects.
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JAUDAS REGULATORS AKTIVAI SLODZEI

A.Kristins, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

Veicot dazadus eksperimentus dazreiz rodas nepiecieSamiba sildit lielas masas objektu
(aktiva slodze) un vienlaicigi veikt precizus parametru merjjumus. Jaudas regul€Sanai
tados gadijumos visbiezak lieto tiristoru regulatorus ar aizdedzes fazes regulésanu. Siem
regulatoriem piemit biitisks trikums — liels elektromagnétisko trokSnu Itmenis tiristoru
komutacijas momentos, kas apgriitina precizas méraparatiras darbibu. Tiek piedavats
jaudas regulators, kura trok$nu limenis ir butiski mazaks, jo visas komutacijas notiek tuvu
barojosa sprieguma nulles limena parejai. Jaudas reguléSana notiek izslédzot veselus
pusperiodus no sildiSanas procesa. Jo vairak pusperiodu laika vieniba nepiedalas sildiSana,
jo mazaka jauda izdalas sildamaja objekta. IzkritoSie pusperiodi vienmérigi sadaliti laika,
tapec masivaja sildamaja objekta tas nerada ievérojamas temperatiiras svarstibas.

POWER CONTROLLER FOR ACTIVE LOAD

A.Kristin$, J.Melderis
Institute of Solid State Physics, University of Latvia

Sometimes there is necessity of heating objects with significant mass (active load) and
simultaneously perform the accurate parameter measurements at the same time. Thyristor
regulators with ignition phase adjustment most frequently are used in these situations.
These regulators have fundamental deficiency - large electromagnetic noise level during of
thyristor switching moments which makes precision measuring operations difficult. There
is proposed a power regulator with noise level significantly lower, because all switching is
close to the power voltage zero transition. Power adjustment is organized by removing full
half-cycles from the heating process. Decreased half-cycles in time unit provides less
heating power for heating object. Non-activated half-cycles are evenly distributed in time,
so massive heating object has not significant temperature fluctuations.
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STIKLA AUDUMA ELEKTROKIMISKAS IMPEDANCES RAKSTURLIKNES UN
MITRUMA SATURS

E. Pentjuss, A. Lisis, G. Bajars, J. Gabrusenoks, L. Jekabsone
Latvijas Universitates Cietvielu fizikas institiits

Analiz€ta natrija alumosilikatu stikla diegu auduma elektrokimiska impedance atkariba no
auduma mitruma. Diegu elementi saturgja poras, pilditas ar sarmu metalu oksidiem, kuru
daudzumu var€ja mainit ar auduma izskaloSanu tdeni vai skabe. Lietots HP 16451B
parauga turétajs ar uznestu Ni vai cita metala kartinu.Visi paraugi ar mitruma saturu
mazaku par lidzsvara (ap 2 mg/cm?®) izturéjas lidzigi dielektrikiem ar dielektriskam
konstantém, sagaidamam atbilstosi to komponensu materialu konstant€m, diapazona no
100 Hz lidz 15MHz. Mitruma palielina8ana virs lidzsvara lidz 10 mg/cm? izsauca pie 100
Hz pakapenisku relativas dielektriskas konstantes pieaugSanu virs 100 000. Turprett pie 15
MHz konstantes pieaugumi bija mazi un var€tu but saistiti tikai ar Gdens satura
palielinaSanos. Oksidu satura palielinaSana poras un auduma virsmas metalizacija
palielinaja constantes veértibu. Minétie rezultati norada ka tdens kalpo ka nepartraukta vide
jonu transportam. Randles tipa Z’-Z’’ liknes savukart norada uz jonu difuziju un jonu
telpas ladina veidosanos pie metala elektrodu virsmas, ja tikai ir nepartraukts mitrums un
pietickams tam laiks. Diskutéta tidens loma poras, telpas starp diegu elementiem un
diegiem.

ELECTROCHEMICAL IMPEDANCE CHARACTERISTICS AND MOISTURE
CONTENTS OF GLASS FABRIC

E. Pentjuss, A. Lusis, G. Bajars, J. Gabrusenoks, L. Jekabsone
Institute of Solid State Physics, University of Latvia

The electrochemical impedance characteristics of sodium alumosilicate glass fabric are
analyzed at different its moisture content. The elements of threads have the pores
containing oxides of alkali metals that may be partly eluted by water or acids. As
measurement capacitor there was used HP 16451B dielectric test fixture with contacting
plates coated by sputtered Ni (or other metal). All samples of fabric below equilibrium
moisture content (around 2 mg/cm®) behave similar to dielectrics having dielectric
constants values that may be prospective from its materials values in range of 100Hz-
15MHz. The increase of moisture usually above its equilibrium values leads to the increase
of dielectric constant of fabric. The increase of dielectric constant is much higher at the
lowest frequencies (100 Hz) and usually exceed the value of 100 000 at moisture level of
10 mg/cm”. In contrary at frequencies of 15 MHz the increase is small and may be
associated with the increase of water content. The increase of oxide content in sample and
metal deposition on the surface of fabric leads to the increase in dielectric constant. The
results mentioned above indicate that water serves as continuous media of ions
transportation. The Randles-cicuit type characteristic in Z -Z plane is indicative of ions
diffusion to metallic surface and formation of the charge layer if there are continuous
water paths in fabric and low enough frequency (sufficient time). The role of water in
pores and in space between the elements of threads and threads is discussed.
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MODIFICETU SKIEDRU TERMO-MEHANISKAS IPASIBAS

R.Janeliukstis, L.Velkere, J.Zandersons, E.Pentjuss, A.Liisis
Latvijas Universitates Cietvielu fizikas institiits

Tehnisko tekstiliju joma aktuali ir pétijumi par dabigo Skiedru (linu un kanepaju) ka
atjaunojamu dabas resursu funkcionalizé€Sanu, lai aizstatu sintétiskas Skiedras, kas iegiitas
no naftas produktiem. Tematiski modificétu Skiedru termo-mehanisko 1pasibu pétijumi ir
saistiti ar kanepju un stikla skiedru. Viens no pétijumu merkiem ir noskaidrot ka Skiedru
virsmas modificéSana, aktivo vielu uzklasana un mitrums ietekmé Skiedru termo-
mehaniskas 1pasibas. Darba tiks prezentSti pirmie mekl§juma pétijumi ar kanepju
Skiedram, kas veikti ar 100 tex kanepju dziju (1 tex = 1 g/km). Dzijas modific€Sana tika
veikta viena tehnologiska procesa vakuuma: kodinasana argona plazma un aktivo dalinu
(Cu, Cuz0 un CuO) uzneSana magnetrona procesa. Petita nemodific€tu un modificétu dziju
termo-mehaniska stipriba pie fiksétam temperatiiram intervala no 25-500 °C atkariba no
mitruma un uznesto aktivo dalinu masas blivuma. TGA uzrada divus masas zudumu
temperatiiras apgabalus 30-110 °C (mitruma izdali$anas) un 200-300 °C (kanepju $kiedru
paroglosanas). Modificéto dziju stipriba samazinas par 30%, kas koreleé ar mitruma saturu
(6-12 sv%). Relativa stipriba pie 280 °C dzijai ar aktivam dalipam palielinds pret
nemodificéto virziena Cu, Cu,O un CuO.

MODIFIED FIBER THERMO-MECHANICAL PROPERTIES

R.Janeliukstis, L.Velkere, J.Zandersons, E.Pentjuss, A.Liisis
Institute of Solid State Physics, University of Latvia

Technical textiles field is actual research on natural fibers (flax and hemp) as a renewable
natural resource to replace synthetic fibers derived from petroleum products. The theme
modified fiber thermo-mechanical studies are related to hemp and glass fibers. One of the
objectives of the study is to determine the fiber surface modification of the active
substance coating and humidity affect the fiber thermo-mechanical properties. Work will
be presented in the first search studies with hemp fibers, made of hemp yarn of 100 tex (1
tex = 1 g/ km). Modify the yarn was in the technological process in vacuum: etching with
argon plasma and deposition of active particles (Cu, Cu,O and CuO) in magnetron
process. Studied in unmodified and modified yarn thermo-mechanical strength at fixed
temperatures in the range of 25-500 °C depending on the humidity and density of
deposited mass of active of particles. TGA shows two weight loss temperature areas of 30-
110 °C (moisture retention) and 200-300 °C (hemp fiber carbonization). Modified yarn
strength decreases by 30%, which correlated with the moisture content (6-12 %wt).
Relative strength at 280 °C yarn with active particles respect to unmodified increased in
the direction Cu, Cu20 and CuO .
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Ar Mn, Co MODIFICETAS (Ba,Pb)TiO; KERAMIKAS STRUKTURA UN
DIELEKTRISKAS IPASIBAS

A.Plaude, K.Kundzins, A.Kalvane, V.Dimza
Latvijas Universitates Cietvielu fizikas institiits

Segnetoelektriku vidi no praktiskas pielietojamibas viedokla jaizce]l ABO; —
perovskita tipa materiali. So materialu parametri ir loti jiifigi pret elektriska lauka,
temperatiras iedarbibu, tie ir ietekm&ami ar defektivitates izmainam ar dopantu
ievadiSanu. Bitiski, ka mazas dopantu (ka, pieméram, 3d grupas elemtu: Mn, Fe, Co)
piedevas var izsaukt iev€rojamas parametru izmainas.

Neskatoties uz daudziem So efektu p&tijmiem, izmainu mikromehanismi joprojam
ir neskaidri.

Darba, izmantojot  dielektriskos meérjjumus, SEM, XRD, EPR un
Ramanspektroskopiju, tieck pétiti (Ba, Pb)TiOs +Mn, Co keramikas paaugi.

Konstatéts, ka Mn, Co piedevas pauagstina fazu parejas tempetratiirau T
pieaugumu un izmaina dispersijas raksturu.

Tie diskutéti minéto izmainu mikromehansmi.

DOPANT (Mn,Co) EFFECTS ON THE STRUCTURE AND DIELECTRIC
PROPERTIES IN (Ba, Pb)TiO; CERAMICS

A.Plaude, K.Kundzins, A.Kalvane, V.Dimza
Institute of Solid State Physics, University of Latvia

Most popular ferroelectrics under consideration for the technical applications are
perovskite oxides represented by ABOs structure. They are very sensitive to electric fields,
temperature, defects, and dopants.

Regardless of a lot of studies having been made, the microscopic nature of the
dopants (as 3d elements: Mn, Fe, Co) effects are still unclear.

In the this work the structural and dielectric properties of (Ba, Pb)TiO3; +Mn, Co
ceramics were investigated by dielectric spectroscopy, scanning electron microscopy
(SEM), XRD analysis, electron paramagnetic resonance (EPR), Raman spectroscopy.

The increase of phase transition temperature T, the change of dielectric response
(dispersive nature) is determined.

The micromechanisms of the observed dielectric dispersion mechanisms are discussed.
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UDENRAZA IETEKME UZ Al:ZnO PLANO KARTINU OPTISKAJAM UN
ELEKTRISKAJAM TPASIBAM

M. ZubkKins, A. Ecis, K. Vilnis, R. Kalendarevs, A. Azens, J. Purans
Latvijas Universitates Cietvielu fizikas institits

Tika izgatavota serija ar 200 lidz 400 nm bieziem, vadoSiem, caurspidigiem, ar
aluminiju legétiem cinka oksida (AZO) parklajumiem uz stikla pamatnes. Izputinasana tika
veikta no metaliska mérka (Zn=98%, Al=2%) Ar+O[] un Ar+O[]+H[] atmosfera pie
~310°C pamatnes temperatiiras, 3 mTorr darba spiediena un 100 W jaudas, procesu
kontrolgjot ar plazmas optiskas emisijas spektroskopijas palidzibu. Tika pétita Gdenraza
ietekme uz AZO plano kartinu optiskajam un elektriskajam 1paSibam.

Literatiira [1,2] tika atrasts, ka tidenraza pievienoSana izputinaSanas gazei keramiska
procesa efektivi palielina vadamibu un kristalizacijas pakapi AZO parklajumiem pie zemam
uzputina$anas temperatiiram (=100°C). Udenradis cinka oksida ir pozitivi ladéts, un darbojas
ka elektrona donors. Udenraza attiecibai pret argonu palielinoties virs 0.1, strauji samazinas
parklajuma caurspidiba. Papildus tika atrasts, ka pie 300°C atkv€linasanas temperatiiras
tidenradis sak pamest kristalu graudus.

Misu eksperiments rada, ka elektriskds un optiskas Ipasibas nav atkarigas no
tdenraza klatbuitnes. Visvarbitigakais skaidrojums ir tads, ka tidenradis nav reaggjis ar cinka
oksidu uz pamatnes parak augstas pamatnes temperatiira dél, vai arT pastav butiska atSkiriba
starp izputinasanu no keramiska un metaliska mérka.

HYDROGEN IMPACT ON OPTICAL AND ELECTRICAL PROPERTIES
OF Al:ZnO THIN FILMS

M. Zubkins, A. Ecis, K. Vilnis, R. Kalendarevs, A. Azens, J. Purans
Institute of Solid State Physics, University of Latvia

A set of transparent conductive aluminum-doped zinc oxide (AZO) films were
deposited by DC reactive magnetron sputtering from metallic (Zn=98%, Al=2%) target in an
Ar+0; and Ar+O,+H;, atmosphere. 200 to 400 nm thick films were deposited on glass
substrates at ~<310°C substrate temperature, 3 mTorr working pressure and 100W power. The
process was controlled by plasma optical emission spectroscopy. The effect of hydrogen
presence in the sputtering gas on electrical and optical properties of AZO films was
investigated.

In has been reported in the literature [1,2] that addition of hydrogen to the sputtering
gas upon sputtering from ceramic targets enhances the conductivity of the AZO films at low
deposition temperatures (=100°C). Hydrogen in ZnO is present in the positive-charge state,
and interstitial atomic hydrogen acts as a shallow donor. As the hydrogen gas ratio (Ha/Ar)
exceeds approximately 0.1, the film transmittance decreases sharply. It has also been
reported that increased annealing temperature (=<300°C) promotes the escape of hydrogen
from the grains.

Our experiments showed that electrical and optical properties are independent of H;
presence. The most likely explanation is that either the used substrate temperature is too high
for efficient hydrogen incorporation in the films, or there is a significant difference between
sputtering from metallic and ceramic processes.

[1] Jaec-Hyeong Lee, Current Applied Physics 10 (2010) 515 —519.
[2] Mao-Hua Du, Koushik Biswas, Physical Review Letters 106, 115502 (2011).
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EPR SPEKTRU LENKISKO ATKARIBU MODELESANA LiYF, KRISTALA

A.Antuzevics, A.Fedotovs, U.Rogulis
Latvijas Universitates Cietvielu fizikas institits

LiYF, kristala pec rentgenapstaroSanas novérota defekta elektronu paramagnétiskas
rezonanses (EPR) spektra [1] lenkiskas atkaribas un hipersikstruktira to sarezgitibas dél
l1dz $im nav bijusi viennozimigi interpreteta.

Matlab vidé izveidots modulis, kurs, izmantojot EasySpin [2] programmu, lauj €rti mainit
parametrus un savietot model&tos spektrus ar eksperimentalajiem dazadas orientacijas.
Referata apspriesti iegiitie parametri un iesp&jamie petama defekta modeli.

SIMULATING OF EPR SPECTRA ANGULAR DEPENDENCIES
IN LiYF4 CRYSTAL

A.Antuzevics, A.Fedotovs, U.Rogulis
Institute of Solid State Physics, University of Latvia

Electron paramagnetic resonance (EPR) spectrum, its angular dependencies and hyperfine
structure of a defect, observed after X-ray irradiation in LiYF4 crystal [1], have not been
unambiguously interpreted because of their complexity.

A module has been created in Matlab environment, which uses EasySpin program [2], and
allows convenient manipulations with parameters and comparing of modelled and
experimental spectra in different orientations.

In our work, different parameters and possible models of the defect are discussed.

[1] A.Fedotovs, U.Rogulis, L.Dimitro¢enko, Latvian Journal of Physics and Technical
Sciences, 2006, Nr.6, pp. 60-63.

[2] S.Stoll, A.Schweiger, EasySpin, a comprehensive software package for spectral simulation
and analysis in EPR, Journal Magnetic Resonance, 2006, vol. 178(1), pp. 42-55.
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TEMPERATURAS UN VIDES pH IETEKME UZ Bi;WOq
NANODALINU VEIDOSANOS

S.Didrihsone, M.Kodols, J.Grabis
Rigas Tehniskas universitates Neorganiskas kimijas institits

Bismuta volframatu izmanto fotokatalitiskos procesu organisku vielu un krasvielu
sadali$ana, tas ir aktivs redzamas gaismas diapazona no 380 lidz 789 nm, tapéc to ir
iesp&jams pétit, izmantojot ne tikai UV starojumu, bet arT redzamo gaismu.

Petijuma tika sintez€tas nanodalinas dazadu vides pH vertibu robezas 1 — 10,
izmantojot sola-gela paSaizdegSanas metodi, par paSaizdegSanas reagentu izmantojot
glicerinu, sintézes temperatiiru 500 °C. Sintez€tie bismuta volframata paraugi izmantoti
metilénzila Odens $kiduma sadaliSana UV un redzemas gaismas diapazona. Vislielako
fotokatalitisko aktivitati uzradija paraugs, kas sintez€ts pH 7 vide, kas tika termiski
kalcin€ts un izturéts temperataras no 600 °C Iidz 800 °C, ka arT veikti metilénzila tdens
$kiduma sadaliSanas mérijumi. Iegiiti nanopulveri ar ipatngjo virsmu no 18,6 — 23,4 m*/g.

THE INFLUENCE OF TEMPERATURE AND pH OF Bi;WOs PHOTOCATALYST
NANOPOWDER FORMATION

S.Didrihsone, M.Kodols, J.Grabis
Institute of Inorganic Chemistry, Riga Technical University

Bismuth tungstate is used as a photocatalytic compound for photo degradation of
organic compounds and organic dyes. Itis active inthe visible light range from 380
to 789 nm and itis possible to make a photocatalytical studies not only under UV
irradiation but also under visible light.

Bi,WO¢ nanopowders have been prepared by sol-gel combustion method with pH
variety form 1 to 10 and glycerine used as an organic fuel. Photocalatytic activity of the
sample was evaluated by the degradation of methylen blue solution in water under UV and
visible light irradiation. The highest decomposing rate gave powder synthesized by pH 7.
Further investigation was made with sample after thermal calcinations and treatment in
temperature range from 600°C to 800 °C. There were made methylene blue decomposition
measurements as well. Obtained nanopowders are with a specific surface area in range of
18,6 — 23,4 m/g.
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MgAle4:Cr3+ NANOKRISTALU LUMINISCENCE IZMANTOJOT
SINHROTRONA STAROJUMU

L. Sirmane' V. Pankratovl, A. L Popovl, A. Kotlovz,
P. Gluchowski’, W. Strek’
! Latvijas Universitdtes Cietvielu fizikas institits, Riga, Latvija
’HASYLAB at DESY, Hamburga, Vicija
I Institute of Low Temperature and Structure Research, Vroclava, Polija

MgALOy4 Spinelis legéts ar lantanidiem un parejo metalu joniem veido interesantu
luminescences klasi, jo tiem piemit augsta mehaniska izturiba un termiska pretestiba. Saja
darba ir prezentéti ar hromu dopeta MgAl,O4 nanokristalu luminescences mérjjumu
rezultati. Eksperimenti tika veikti uz SUPERLUMI stacijas HASYLAB, DESY
(Hamburga), izmantojot sinhotrona starojumu no DORIS III uzglabasanas rigka (1.5 — 25
eV).

Visiem pétamiem paraugiem tika novérotas gan Cr’*, gan pa$vielu luminiscences
joslas. So luminiscences joslu spektralais novietojums un forma ir atskirigas nanopulverim
un nanokeramikai. Tika paradits, ka luminiscences spektri ir Joti atkarigi no ierosinajuma
energijas. Tika piedavati un apspriesti energijas parneses procesi dazados MgAl,O4:Cr’
nanokristalu tipos, kas izskaidro noverotas atskiribas luminiscences 1pasibas.

LUMINESCENCE OF MgALO4:Cr’* NANOCRYSTALS UNDER
SYNCHROTRON RADIATION

L. Shirmanel, V. Pankratovl, A.L Popovl, A.Kotlovz,
P. Gluchowski® and W. Strek®
Institute of Solid State Physics, University of Latvia, Riga, Latvia
? HASYLAB at DESY, Hamburg, Germany
3 Institute of Low Temperature and Structure Research, Wroctaw, Poland

The MgAl,O4 spinels doped with lanthanide and transition metal ions form
interesting class of phosphors due to their high mechanical strength and thermal resistance.
In this study we report the results of luminescence properties of chromium doped MgAIl,O4
nanocrystals. The experiments were carried out in wide spectral range (1.5-25 eV) using
pulsed synchrotron radiation emitted from DORIS III storage ring on the SUPERLUMI
station of HASYLAB at DESY (Hamburg).

Chromium related as well as several intrinsic emission bands in visible-UV spectral
range have been observed for all samples studied. However, the position and shape of these
emission bands are different for nanopowder and nanoceramic samples. Moreover, it was
detected that the emission spectra are strongly dependent on the excitation energies.
Mechanisms of energy transfer processes in different types of nanocrystalline
MgALO4:Cr’" explainig observed distinctions in luminescent properties will be suggested
and discussed.

77



Eu UN Ce JONU LUMINISCENCE OKSIFLUORIDU STIKLA KERAMIKA

I.Brice, U.Rogulis, E.Elsts, J.Grube, L.Skuja
Latvijas Universitates Cietvielu fizikas institits

Baltas gaismas diodes jeb LED lampas, salidzinot ar kvélspuldzém, ir daudz
energoefektivakas, tajas nav dzivsudraba, ka ari tas kalpo ilgak. Liela probléma ir
atbilstosa luminofora izv€le, jo tam jabiit ne tikai ar pietiekamu luminiscences emisijas
intensitati, bet arT ar plaSu redzamas gaismas izstaroto spektru. Miisu darba tiek izgatavoti
aktivéti oksifluoridu stiklu un keramikas paraugi, kuriem ka aktivators ir izmantots Ce’ un
Eu”, un tiek pétita to luminiscence no redzamids gaismas luminoforu pielietojumu
viedokl]a.

Ieprieks tika izgatavoti un izpétito paraugi ar sastavu 50Si0,-6A1,03-24Li,CO3-20LaF;-
2Ce0; un 508i0,-6A1,05-24Li,CO5-20LaF;-2EuF,. So paraugu luminiscence bija
intensiva, tacu luminiscences spektrs nebija piem&rots baltds gaismas iegiiSanai. Platas
luminiscences joslas atrasanas ir atkariga no stipra kristaliska lauka. Parauga, kur§ ir
aktivéts ar Ce, izlemam AlL,O; (AI’" jona radiuss 67,5 pm) aizvietot ar Y,03 (Y°" jona
radiuss 104 pm). Tika izgatavots paraugs ar sekojoSu sastavu: 45Si0,-7Y,03-22Li,COs3-
21LaF3-5Ce0,. Sis paraugs necaurspidigs, dzelteniga krasa, bet struktiira ir nehomogéna,
tas ir, tika noverots, ka paraugam ir apgabali, kas spid spozi zila/zili violeta krasa un
apgabali, kas spid loti vaji. leglits parauga spoza apgabala luminiscences spektrs, spidésanu
ierosinot ar 340 nm impulsu lazeru. Salidzinot ar paraugu, kura ir AlO;, plata
luminiscences josla ir parbidijusies uz garo vilpu pusi par 15-20 nm. Tiek mekl&ti ar1
nehomogenitates iemesli, lai varétu tos noverst.

Eu AND Ce ION LUMINISCENCE IN OXIFLUORIDE GLASS CERAMICS

I.Brice, U.Rogulis, E.Elsts, J.Grube, L.Skuja
Institute of Solid State Physics, University of Latvia

Comparing to conventional switch light bulbs, white LEDs are more energoeffective, have
no mercury fumes and serve longer. Main problems is to choose an appropriate phosphor,
because not only the emission of luminescence has to be efficient but also the spectrum has
to be wide enough. In our work, the luminescence of oxyfluoride glass and ceramics
samples activated by Ce’" and Eu”" have been discussed from point of view of solid-state
lighting applications.

Previously samples of 50Si0,-6A1,05-24Li,C0O3-20LaF3;-2Ce0; un 50Si0,-6Al1,03-
24L1,CO;-20LaF;-2EuF2 have been made and investigated. The luminescence of these
samples was intensive but the spectra were not fit for obtaining white light. The location of
the wide luminescence band depends on the strong crystal field. It was decided to switch
ALO; (AI’" ionic radius 67,5 pm) with Y,0; (Y°' ionic radius 104 pm) for the sample
activated with Ce. Following sample was made: 45Si10,-7Y,03-22L1,CO3-21LaF3-5CeQ..
This new sample is non-transparent, yellowish and inhomogeneous, meaning, it has areas
witch shine brightly in violet/blue and areas witch shine considerably less intensive. The
spectra of the intensive luminescence area of the sample was obtained and comparing to
the sample, which contains Al,Os, the wide luminescence band has shifted approximately
15-20 nm to the long waves. The cause of the inhomogeneity is being investigated to
prevent it.
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INOVACIJAS: JAUNAS IEKARTAS,
METODIKAS UN IZMANTOSANAS
PERSPEKTIVAS
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PROFESORS JURIS ZAKIS - 75

J. Jansons
Latvijas Universitates Cietvielu fizikas institiits

Nesen aprit€ja 75 gadi kopS nacis pasaulé ieveérojamais zinatnieks, pedagogs,
zinatnes un izglitibas vaditajs, politikis profesors Juris Zakis. Liktenis vinu jau no b&rnibas
bija apveltijis ar izcilam gara sp&am. Tas vins$ ar uzviju realizé vél joprojam visdazadakas
jomas, pie tam giidams plasu sabiedribas atzinibu.

Ar misu instititu — Latvijas Universitates (LU) Cietvielu fizikas instititu (CFI), un
ta prieksteci — Pusvaditaju fizikas problému laboratoriju (PFPL), Juris Zakis bija ciesi
saistits ceturtdalgadsimtu. Tur vins kluva par zinatnieku, pedagogu, izaudzinaja skolniekus
un kluva par PFPL un p&c tam par CFI direktoru. Var dros$i apgalvot, ka vél joprojam miisu
institiita daudz kas liecina par vina klatbitni, it ipasi pats galvenais — kolegialais vadibas
veids.

Juris Zakis piedzima 1936. gada 4. novembr1 Ogres pilséta Roderiha un EiZenijas
Zaku gimeng. Tévs stradaja Keguma hidroelektrostacija (HES) par galdnieku un péc tam
par udenslid€ju, bet mate vadija majsaimniecibu. Gimené pakapeniski radas pieci bérni:
divi brali un tris masas. Juris bija otrais vecakais. ,,No savas mates guvu tieksmi péc
stingras un noteiktas, pat viennozimigas kartibas, stingribu, noteiktibu un nopietnibu. Un
zem ta visa jutu kaut kddas dzilas un taluma ejosas tieksmes, nepiepilditus sapnus,
censanos izrauties no ikdienibas. ... Tévs man lava saprast cilveku attiecibu daudzveidibu,
kura nebiit nav ietverama kaut kdados stingros, ieprieks noteiktos ramjos. Redzéju, ka vinu
velk sabiedriskas aktivitates un ka vipam piemit laba humora izjiuta. Un tomer vins man
likas nedaudz noslépumains un pat ne visai saprotams. Bet tiesi tas man visvairak pievilka.
To vél vairak pastiprindja vina darba vieta — Keguma hidroelektrostacija...” [1].

Juris macibas saka 1944. gada rudeni Ogres pils€tas nepilnas vidusskolas 1. klasg.
1950.un 1951. gada vasara Juris stradaja Keguma HES par elektromontiera paligu
gimenes materialo apstaklu dél. 1951. gada pavasari Juris sapéma apliecibu par
septingadigas skolas beigSanu, kura bija tikai teicamas atzimes, un rudeni iestajas Ogres
pilsétas 1. vidusskolas 8. klase [2].

1952. gada vasara Juris saka stradat Riga Teatra biedribas fotodarbnica par macekli.
Saja sakara vin$ 1952./53. macibu gada pargaja macities uz Rigas 8. stradnieku jaunatnes
vidusskolas 9. klasi, kur macibas norisa vakaros. 1953. gada augusta Juris izstajas no darba
fotodarbnica un iestajas atpakal Ogres pils€tas 1. vidusskola. Lidztekus macibam skola
vin$ stradaja par fizikas un kimijas laborantu. Skolu Juris pabeidza 1955. gada ar
apbalvojumu ,, Sudraba medala”, jo gatavibas aplieciba starp teicamam atzim&€m bija tikai
viena atzime ,,4” krievu valoda rakstos. lesp€jams, ka ,,Zelta medala” vinam gaja secen
tapec, ka Juris nestajas komjaunatné. No skolas izdota raksturojuma uzzinam, ka Juris
daudz lasijis, interes€jies par tehniku un fizika uzradijis izcilas zinasanas, bijis kartigs un
pieklajigs.

Rudent Juris Zakis iestajas macities LU Fizikas un matematikas fakultate, lai studétu
fiziku. Studgjot Juris loti mérktiecigi sekoja Iidzi macibspeku lekcijam un citam
nodarbibam, visu kartigi pierakstot. Tas lava vinam jau pirmaja eksamenu sesija iegiit tikai
teicamas atzimes un vinam pieSkira Tpaso ta saucamo J. V. Stalina stipendiju (vélak to
parsauca par V. I. Lenina). Ta bija ievérojami lielaka par parasto stipendiju — laba
stradnieka darba algas apjoma. Juris kluva materiali neatkarigs no vecakiem. Un ta tas
turpinajas visus piecus studiju gadus.

J. Zakis aktivi piedalijas studentu sabiedriskaja dziv€, sportoja un nodarbojas ar
turismu. Bet visvairak brivo laiku vig§ veltija universitates Studentu Zinatniskai biedribai,
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par kuras priekSsédetaju vinu ievélgja vairakus gadus péc kartas. Ar zinatnisko darbu vins
citigi nodarbojas Eksperimentalas fizikas katedras Fizikalas optikas laboratorija. Par
legiitajiem rezultatiem pat uzstajas Baltijas un Baltkrievijas studentu zinatniski tehniskaja
konferencé Minska un Tallina. Vasaras brivlaikos gan vins parasti stradaja algotu darbu,
bet vakaros turpinaja nodarboties arT ar zinatni.

1957. gada septembra sakuma vecakais pasniedz&js V. Smélings organizéja pie
Universitates Zemes Maksligo pavadonu (ZMP) vizualas nov€roSanas staciju, par
noverotajiem uzaicinot studentus. Tads bija dots rikojums no Maskavas. Aril J. Zakis
pieteicas. Tika izveidotas un apmacitas vairakas studentu grupas, lai labvéligos laika
apstaklos vakara un nakts stundas tiktu veikti nepiecieSamie novérojumi. Ilgi nebija jagaida
— pasaule pirmo ZMP palaida orbita ap zemeslodi 4. oktobr1 PSRS. Tas bija liels
sasniegums cilvécei, kas ievadija Kosmosa eksperimentalas apguves €ru. Var teikt, ka pie
tas pirmsakumiem bija piedalijies art J. Zakis, kaut arT neliela méra.

Pedagogisko praksi J. Zakis izgaja Rigas 2. vidusskola skolotajas L. Graves vadiba.
Vinas dotaja raksturojuma par studenta J. Zaka prakses gaitu ir lasami tikai atzinigi vardi
un nobeiguma: “Ja stud. Zakis stradatu par skolotdju — biitu priekszimigs, energisks,
noteikts, no kura skoléeni daudz ko varetu iegiit; ists sava darba entuziasts.” Arl no
razoSanas prakses Sanktpéterburgas (agrak Leningrada) riipnica ,,Svetlana” ir loti pozitivs
vertgjums.

Tuvojoties studiju nobeigumam, J. Zakis izvélgjas diplomdarba t€ému ,,Sarmmetalu
halogenidu kristalu ar sestas grupas elementu piejaukumiem optiskas 1pasibas”, kuru vadija
vecakais pasniedzgjs O. Smits [3]. Témas novitate bija tada, ka iepriek§ pamata plasi tika
pétiti sarmmetalu halogenidu kristali ar katijonu piejaukumiem, bet $aja darba tika izveleti
anijonu piejaukumi. Sie pétijumi deva originalus rezultatus. Diplomdarbu J. Zakis loti
sekmigi veica un aizstav&ja. Jaatzim¢, ka darba iegiitos rezultatus vins kopa ar vaditaju
uzskatit par J, Zaka pirmo zinatnisko publikaciju, kas tolaik negadijas biezi tikko
augstskolu beibeigusajiem.

Absolventam J. Zakim bija Universitates beigSanas teicamnieka diploms — labakais
no visiem, un vigam bija tiesibas ka pirmajam izveleties visizdevigako turpmaka darba
vietu. Bet vins izvelgjas laboranta amatu FMF ar algu 880,- rbl. menesT (vecaja nauda, tikai
nedaudz lielaku par teicamnieka stipendiju). Laikam tadai izv€lei zinamu stimulu deva
FMF zinatniskais gars un saméra liela radosa briviba.

Ta J. Zakis no 1960. gada 6. augusta saka stradat par laborantu FMF [5]. Taja laika
dekans O. Smits un vecakais inZenieris 1. Vitols [6] ar lielam ptilém panaca atlauju un
lidzeklus, lai Universitaté varétu sakt veidot pirmo fizikas zinatniski pétniecisko
laboratoriju péckara posma — PFPL [7]. Par tas vaditaju no 16. septembra tika noziméts
I. Vitols. Vins saka komplektet darbiniekus. Ka vienu no pirmajiem vigs izvelgjas J. Zaki,
piedavadams jaunaka zinatniska Iidzstradnieka vietu ar algu 1050.- rb]. menesi. J. Zakis
piekrita un no 26. septembri saka stradat PFPL. Ta sakas vina saméra strauja zinatnieka
karjera.

Sakuma J. Zakis turpindja savus aizsaktos pétjjumus diplomdarba, uzlabojot
mériekartas un eksperimentu veikSanas metodes. Biezi brauca komand&jumos uz dazadam
Vissavienibas zinatnes iestadém, lai giitu pieredzi un sagadatu nepiecieSamo aparatiiru.
Pildija saimnieciskos ligumdarbus, gadajot lidzeklus. Lidztekus apguva pusvaditaju fiziku
un saka pasniegt lekcijas un nodarbibas 4. kursa studentiem (no 1960 lidz 1976. gadam).
1964. gada septembrT J. Zakis iestajas aspirantira. Vins 1sa laika public€ja apm. desmit
zinatniskos darbus, nokartoja visus kandidata minimuma eksamenus, uzrakstija disertaciju
[8] un 1966. gada oktobrT to sekmigi aizstav&ja Tartu universitates Zinatniskaja padome.
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J. Zakis bija pirmais PFPL darbinieks, kam 1967. gada marta Vissavienibas Augstaka
atestacijas komisija (VAAK) pieskira fizikas un matematikas zinatnu kandidata gradu.

PFPL strauji attistfjas. 1960. gadu vidi tur stradaja jau ap 150 darbiniekiem:
zinatniskie lidzstradnieki vairakas rado$as grupas, inzenieri radioelektronikas un
konstruktoru nodalas, dazadi specialisti mehaniskaja darbnica un kriogé€naja stacija.
Tehniskas nodalas bija nepiecieSamas, lai apgadatu fizikus ar nepiecieSamam
eksperimentalam iekartam, jo tajos laikos praktiski bija neiesp&ami nopirkt modernu
zinatnisko aparatiiru ierindas augstskolai. Visa ta saucama ,,vidéja masinbiive” bija
paredzeta tikai PSRS militari rupnieciskas varenibas attistibai slégtajos uznémumos. Bet
parasti PFPL zinatnieki sameklgja ar Ilidzekliem bagatus uzp€mumus, kuru
lidzstradniekiem bija interese iegadaties lidzigas eksperimentalas iekartas, un noslédza ar
viniem saimnieciskus ligumdarbus par iekartu izstradi un izgatavoSanu. MaketéSanas
iekarta palika misu fizikiem. Tada veida PFPL pakapeniski apgadaja sevi ar samera
unikalam pétniecibas iekartam un kluva slavena ar savam izstradém Vissavienibas méroga.

1966. gada misu darbiniekiem notika likteniga tikSanas ar Maskavas Tehniska stikla
institiita (MTSI) [idzstradnieku L. Landu. Vinu loti ieinteres€ja miisu cietvielu materialu
optiskie p&tijumi plasa spektra un temperatiiru diapazona. MTSI nodarbojas ar optisko
materialu izstradi un izgatavoSanu kosmosa lidaparatiem, ieskaitot iluminatorus
kosmiskajiem kugiem. Viena no problémam bija kvarca stiklu radiacijas noturiba.
Savstarpgjas sapratnes gara ar MTSI tika noslégts saimnieciskais Iigumdarbs Nr. 22 par
100 000 rbl. — lielakais tajos laikos Taja tika ietverta automatiz&tas iekartas izstrade un
izgatavoSana absorbcijas un luminiscences spektru mérjjumiem plasa temperatiru
diapazona kvarca stiklu paraugiem. Tadas iekartas un tas atseviskie mezgli bija
nepiecieSami arl miisu fizikiem. Tika noslégts ar1 ligums kvarca stiklu fizikalo 1pasibu
1Zpete.

Pec disartacijas aizstaveéSanas 1966. gada beigas J. Zakis kopa ar lidzstradniekiem
A. Silinu un A. Truhinu saka intensivi nodarboties ar kvarca stiklu fiziku. Vini saka ar
kvarca kristalu un kvarca stiklu 1paSibu salidzinaSanu. Pamazam nonaca pie secindjuma, ka
stikli nav pilnigi nesakartotas strukturas, bet gan raksturojas ar ta saucamo tuvo kartibu.
Bez tam, pretstata visparpienemtajam uzskatam, ka stiklveida stavoklis pats par sevi ir
defekts, vini nonaca pie slédziena, ka kvarca stiklos eksisté arT punktveida defekti I1dzigi
ka kristaliskam vielam. Ta diezgan strauji PFPL izveidojas stikla fizikas skola, kurai par
vadoSo specialistu kluva J. Zakis. Vipa vadiba A. Silin§ 1971. gada un A. Truhins
1973. gada aizstav§ja fizikas un matematikas zinatnu kandidata disertacijas stiklu fizika.
Japiebilst, ka J. Zakis turpinaja nodarboties arT ar jonu kristalu fiziku, vadot vairaku
lidzstradnieku pétijumus (V. Zeikats, A. Maskalonovs, 1. Smite, A. Radionovs u. c.). Bez
tam vins$ uzrakstijis vairakas popularzinatniskas gramatinas un rakstus zurnala ,,Zinatne un
Tehnika”.

Ta ka PFPL strauji attistfjas, tas vaditajs . Vitols viens vairs netika gala ar
daudzajiem uzdevumiem. Vig§ lidza J. Zaki klt par savu vietnieku (sabiedriska karta, jo
tadas Stata vietas nebija paredzetas). J. Zakis ar savu iedzimto kartibu un lielajam darba
sp&jam driz kluva par neaizstajamu paligu 1. Vitolam. Ta ka 1. Vitols vél nebija izstradajis
un aizstavejis zinatnu kandidata disertaciju lielas noslodzes del, tad vins 1968. gada
atkapas no PFPL vaditaja vietas, lai intensivi saktu stradat pie disertacijas. Par PFPL
vaditaju no 27. maija kluva J. Zakis. Vin$ pretstata I. Vitolam, kas pamata vadija PFPL
autoritativi, bija kolegialas vadibas piekritéjs un izveidoja laboratorijas Zinatnisko padomi,
kas svarigakos léemumus pienéma, tos vispusigi izdiskutgjot.

1960. gadu beigas PFPL saka trukt telpas. Ta bija izvietojusies Universitates vecaja
€ka Raina bulvart 19 un nebija piem&rota modernas eksperimentalas petnieciskas iestades
vajadzibam. Laboratorijas zinatniskas grupas un tehniskas nodalas bija izkaisitas no €kas
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béniniem lidz pagraba telpam, ieskaitot pat pirma stava gaiteni. Tapéc PFPL vadiba
noléma, ka nepiecieSams uzbuivét jaunu eku PFPL specialajam vajadzibam. Ar lielam
griitibam tika panakta valdibas piekriSana un iegiiti nepiecieSamie lidzekli. Tika izstradats
&kas projekts ar plaSu darbinieku lidzdalibu arhitekta A. Rulla vadiba. 1970. gada sakas
€kas celtnieciba Kengaraga iela 8. Jau 1975. gada pavasari €ka tika pabeigta, aktivi
lidzdarbojoties laboratorijas darbiniekiem. Kaut ari tad PFPL jau stradaja apm. 250
darbinieku, €ka bija uzcelta ar lielu telpu rezervi. Tapéc tika piedavats 1968. gada doc.
V. Fricberga dibinatajai Segnetoelektriku un pjezoelektriku fizikas problému laboratorijai
(SPFPL) ar1 parnakt uz jauno €ku. Tam SPFPL piekrita un ta 1975. gada rudeni uzsaka
darbibu abas laboratorijas un Pusvaditaju fizikas katedra jaunas telpas ar kop&ju neoficialo
nosaukumu ,,Universitates Macibu un zinatniskais komplekss” (UMZK). To vadija
Apvienota zinatniska padome, par priekSsédetaju ievelot J. Zaki.

Ta ka UMZK darbinieku skaita un zinatniskas kvalifikacijas zina bija salidzinams ar
lidzigiem zinatnes centriem Zinatnu akad@mijas struktiiras, kur parasti tiem bija zinatnisko
institlitu statuss, radas doma arT mums partapt par instititu, bet pie Universitates.
Republikas un Maskavas vadibas institicijam nebija biitisku iebildumu, iznpemot to, ka
UMZK nav neviena zinatnu doktora. Saja situacija J. Zakis atkal paradija savu erudiciju
fizika un lielas darba spgjas, 1sa laika apkopojot jaunos uzkrato pétijumu rezultatus un
uzrakstot zinatnu doktora disertaciju [9]. VAAK Maskava vinam apstiprinaja fizikas un
matematikas zinatnu doktora gradu 1977. gada 14. janvari. V&l vajadz€ja gadu, lai tiktu
izpilditas visas pargjas formalas prasibas institiita izveidoSanai. Beidzot 1978. gada marta
pie Universitates tika oficiali nodibinats zinatniski pé€tnieciskais institiits ar nosaukumu
,Cietvielu fizikas institits” (CFI) un Izglitibas un zinatnes ministrijas kolégija par CFI
direktoru apstiprinaja J. Zaki 1978. gada 16. februari.

Instittits turpinaja augt darbinieku zina, tuvojoties 300 septindesmito gadu beigas, un
radas jaunas struktirvienibas. Direktoram J. Zakim kluva griti izvertét atsevisku
struktiirvienibu un darbinieku atdevi. Tap&c vins ieviesa ta saucamos ,,Zaka rublus” (ZR) —
katrai personala tipveida darbibai, piem. publikacija viet€jos Zurnalos, vissavienibas
zurnalos, starptautiskos zurnalos, uzstaSanas konferenc€, izgudrojuma autoraplieciba,
disertacijas darba novadiSana, diplomdarba un kursa darba novadiSana, ligumdarba izpilde
u. c., bija noteikta cena atbilstoSos ZR. Struktiirvienibas vaditajam katru gada ceturksna
beigas vajadz€ja iesniegt minétas zinas ZR izteiksmé par katru darbinieku CFI direktoram.
Tas bija samera vienkarSs un uzskatams veids, ka novertét darbinieka vai strukttrvienibas
darbibas efektivitati: ja darbinieks bija nopelnijis tik pat ZR cik sap@musi alga, tad vins
bija viduvgjs darbinieks, ja vairak, tad labs, bet, ja mazak un tas atkartojas, tad slikts
darbinieks. Lidzigi bija ar struktiirvienibam. So ZR sistému akceptéja CFI Zinatniska
padome un ta bija dzivotsp&jiga, lai arT ka tas vienam otram nepatika, to uzskatot pat par
padomju socialismam nepienemamu.

J. Zakis ir piedalijies ar referatiem apm. 30 zinatniskas konferenc€s un simpozijos
dazadas valstis. Vins$ pieredzi bija ieguvis ar1 arzemes ilgstosakos komand&jumos. Ta vins
1969./1970. gada ziema stradaja Kornela, Ilinoisas un Oregonas universitatés ASV, bet
1972./1973. macibu gada stazgjas 10 ménesus Cikagas universitaité un Masacusetsas
Tehnologiskaja instittta.

1981. gada J. Zaki Universitaté ievéléja par profesoru. Gadu velak — par Latvijas
Zinatnu akadémija (LZA) korespondétajlocekli. 1986. gada prof. J. Zakis ieguva LPSR
Nopelniem bagata zinatnes darbinieka nosaukumu un LZA M. KeldiSa varda nosaukto
prémiju.

Prof. J. Zaka plasas zinaSanas un labas organizatora sp&jas nebija gajusas secen
Universitates vadibas uzmanibai. Tap€c vinam tika piedavata vakanta Universitates zinatnu
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prorektora vieta, kuru vin$ arl pienéma. Ta ar 1984. gada 1. martu prof. J. Zakis pargaja

stradat uz Universitates rektoratu.

Visas lielas Universitates zinatnu prorektora amata prof. J. Zakim lieti noder€ja speja
uzklausit jebkuru darbinieku vai studentu un savstarp&jas diskusijas nonakt pie optimala
problémas risinajuma. Saja amata vins izpelnijas kolégu atzinibu.

Tuvojas 1987. gads, kad beidzas rektora V. Millera amata beigu termins. Bija sacies
PSRS vaditaja M. Gorbacova aizsaktais ,,perestroikas” un ,,glastnosk” laikmets. Pirmo
reizi padomju laika tika organiz€tas rektora véleéSanas ar vairakiem kandidatiem, vinu
tikSanos ar vEletajiem — studentiem un darbiniekiem, turpmakas darbibas programmu
popularizéSanu, pretstata ieprieksgjiem laikiem, kad Universitates rektoru iec€la amata
,partija un valdiba no augsas”. Sajas vélesanas piedalijas ari prof. J. Zakis un parliecinosi
uzvargja. Ta no 1987. gada Iidz 2000. gadam prof. J. Zakis vadija Universitati, izturot vél
divas parvéleésanas rektora amata. Tas bija laiks, kad sabruka PSRS, Latvija atjaunoja
neatkaribu un bija japarkarto visa dzive no socialisma uz tirgus ekonomikas pamatiem.
Rektors J. Zakis loti sekmigi parveidoja Universitati, atjaunoja tas 1sto nosaukumu —
Latvija Universitate (LU), un visu vésturisko atribiitiku, tas satversmi un autonomiju. Bet
tas jau ir cits stasts par prof. J. Zaki ka pedagogu, sabiedrisko darbinieku un politiki.

Prof. J. Zakis ir autors vairakam zinatniskam monografijam, pari par 300 rakstiem
zinatniskos zurnalos, vairakam popularzinatniskam un pardomu gramatam un daudziem
popularzinatniskiem un publicistiskiem rakstiem periodika [10]. 1990. gada prof. J. Zaki
ievelgja par LZA Tsteno locekli. 2000. gada prof. J. Zakim par nopelniem dzimtenes laba
pieSkira Triju Zvaigznu ordena virsnieka pakapi un 2004. gada par miiza ieguldijumu
Latvijas Universitates attistiba un petijumiem stikla fizika — LU G&rbona Zelta zZimi Nr.1.

Prof. J. Zakis vé&l joprojam aktivi strada, no 2004.gada ir Socialo tehnologiju
augstskolas rektors, iev@leéts par Latvijas privato augstskolu asociacijas valdes
priek$sédetaju. Atliek novelet prof. J. Zakim labu veselibu un vél daudzus rado$a darba
panakumus.

Veres:

1. Zakis J. Pulkstena atvérSana. — Riga: LU, 1995, 200 Ipp.

2. LU Arhivs, 6. apr. 1882. 1., 27 Ip. — Jura Zaka studenta lieta Nr. 550509.

3.Jansons J. LU fizikas docents Ojars Smits (24.04.1930.-14.03.1993.). — ,,Zvaigznota
Debess”, 2010./2011. gada ziema (210), 14. — 21. Ipp.

4. IImut O. A, 3akuc 1O. P. OnTuyeckue CBOMCTBa [IEJOYHO-TAJIONTHBIX
kpuctamuiodochopos, akruBupoBanubeix O, S, Se. — Tesucsl noknanoB IX coBemanus 1mo
momuHectieHnnn  (kpuctawiodocdopsr) : Kues, mronp 1960 r. — MockBa: M3a-Bo AH
CCCP, 1960. - C. 83.

. LU Arhivs, 7. apr. 13022. 1., 162 Ip. — Jura Zaka darbinieka lieta.

6. Jansons J. Latvijas Universitates profesoram I[lmaram Vitolam — 70. — ,,Zvaigznota Debess”

2001./2002. gada ziema (174), 46. —48., 57. — 59. lpp.

7. Jansons J. Fiziku centieni 1950.—1960. gados atgrieza fundamentalo zinatni Universitate. —
»Zvaigznota Debess”, 2011./2012. gada ziema, (214), 27. — 32. lpp.

8. 3akwuc 0. P. MccnenoBanus MOJEKYIISIPHBIX [IEHTPOB B IIEIOYHO-TAIOWIHBIX KPUCTAIIIAX C
NPUMECBI0 MeIU W KHCIOPOAOCOJAEpKAIIMX aHWOHOB: ABTopedepaT amccepranuy Ha
COMCKAHUM YYCHHOI CTENEeHU KaHIuaaTa (HU3MKO-MAaTeMaTHYeCKHX HayK. — TapTyBCKuii
roc. yH-T, Tapty, 1966, 16 c.

9.3akuc 1O. P. JlehekTsl u yHNOPSIOYCHOCTh TBEPIABIX TN HA OCHOBE IINEIIOYHBIX
raJIOTeHbII0B, IBYOKUCH KPeMHHUS U XankoreHnoB Meisika (01.04.07. — ¢usuka TBEpAoro
Tena) : ABTopedepar IUCCEpTAlMM Ha COMCKAHHWE YYCHHOH CTENeHH JOKTOpa (H3UKO-
MaTreMaTHyeckux Hayk. — Pura, 1975. —35 c.

10. Profesors Juris Zakis : Bibliografiskais raditajs / LU b-ka; sast.: Z. Alika; bibliograf. red.

D. Paukséna. Riga: LU, 1996. — 108 Ipp.
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LU CFI INFRASTRUKTURAS ATTISTIBA 2012.-2015.

A.Sternbergs, J.Klavin§
Latvijas Universitates Cietvielu fizikas institits

Cietvielu fizikas institata (CFI) tiek realizeti divi Eiropas Regionalas Attistibas Fonda
(ERAF) darbibas programmas 2007. — 2013.gadam ,,Uznémé&jdarbiba un inovacijas”
2.1.1.3. aktivitates ,,Zinatnes un p&tniecibas infrastruktiras attistiba” projekti —
2.1.1.3.1. apaksaktivitates ,,Zinatniskas infrastruktiiras attistiba” projekts .,Nanostrukturéto
un daudzfunkcionalo materialu, konstrukciju un tehnologiju Valsts nozimes pétniecibas
centra zinatniskas infrastruktiiras attistiSana” (VNPC projekts) un
2.1.1.3.2. apaksSaktivitates ,Informacijas tehnologiju infrastruktiiras un informacijas
sisttmu uzlabosana zinatniskajai darbibai” projekts ,,Vienota nacionalas nozimes Latvijas
akadémiska pamattikla zinatniskas darbibas nodroSinaSanai izveide” (Akadémiska tikla
projekts).

CFI ir atbildiga iestade VNPC projekta, kura ietilpst vél piecas akademiskas
institlicijas — Latvijas Universitate (LU), LU Fizikas institits (LU FI), LU Polimé&ru
mehanikas institits (LU PMI), Rigas Tehniska universitate (RTU), RTU Neorganiskas
ktmijas institiits (RTU NKI) — realizétaja. Valsts nozimes p&tijjumu centram nav juridiskas
personas statusa, tacu projekta talakais mérkis ir uzsakt Latvijas méroga nanotehnologiju
un materialu pétniecibas centra LATNANO-C veidosanu. VNPC projekts ir realiz&jams
laika no 2012.gada 1.janvara Iidz 2015.gada 31.augustam. Projekta merkis ir izveidot
vienotu pétniecibas, macibu, un inovaciju centru, kura apvienotos un viens otru
papildinatu studiju un zinatniskais darbs, tiktu koncentréts zinatniskais potencials, notiktu
augstakas kvalifikacijas zinatnieku sagatavoSana, atrastos pasaules klases zinatniskas
aparattiras un tehnologisko iekartu parks, kas lautu veikt starptautiska limena pé&tijjumus.
Projekta uzdevums ir butiski uzlabot zinatnes infrastruktiiru, zinatnieku darba apstaklus,
veikt jaunakas paaudzes iekartu iegadi, nodroSinat pieeju zinatnisko iekartu izmantoSanai
studentiem, doktorantiem un zinatnisko institiiciju darbiniekiem piecas valsts nozimes
pétijumu centra teritoriali telpiskajas komponent€s, partnerorganizacija - LU CFI, LU,
RTU, LU FI, LU PMI un RTU NKI. Projekta kopgjas apstiprinatas izmaksas sastada LVL
7717 252, no tam ERAF finans€juma — LVL 6874939. Projekta skaistums ir tads, ka visi
projekta realizacijas laika iegiitie labumi biis pieejami visiem projekta partneriem.

CFI pieejamie lidzekli projekta ir, atbilstosi, - LVL 2 362 974 un LVL 2 126 676. So
lidzeklu ietvaros tiks iegadatas vai biitiski uzlabotas piecas zinatniskas p&tniecibas iekartas
un izbiivétas firtelpas CFI &kas pirmaja stava 632m” platiba.

Akadeémiska tikla projektu vienpersonigi realizé Izglitibas un zinatnes ministrija
(IZM), kas ir noslégusi sadarbibas ligumus ar visam (varbiit 96, t.sk., CFI) Latvijas
zinatniskajam iestadém par projekta TstenoSanu. Projekta TstenoSana notiek laika no
2010.gada 22.novembra lidz 2014.gada 31.decembrim ar ERAF finans€jumu LVL
10514 363. IZM kopa ar konkursa kartiba izvelétam konsultaciju firmam, aptaujajot
sadarbibas partnerus un apkopojot to vajadzibas, veido projekta koncepciju un nosaka
prioritates. Kopuma projekta ir 13 aktivitates, arT tadas ka plata piesléguma nodroSinasana
Eiropas un starptautiskajiem akad@miskajiem tikliem, €ku centralo tikla mezglu
modernizé$ana (ta ir CFI prioritate), koplietoSanas programmatiras iegade petnieciskas
darbibas veikSanai, piekluves nodro§inasana starptautiskajam bibliotekam un zinatniskas
literatiras datu bazém (jau lietojama Science Direct un Scopus), viena jauna datu centra
izveidoSana u.c.
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CIKLOTRONA PIELIETOSANAS IESPEJAS AKTIVACIJAS ANALIZE

D.Riekstina, O.Veveris
Latvijas Universitates Cietvielu fizikas institiits

Aktivacijas analize (AA) ir kodolfizikala metode vielas elementsastava noteikSanai,
izmantojot maksligo radioaktivitati, kas rodas apstarojot pétamo vielu ar neitroniem,
ladétam dalinam vai gamma starojumu. Elementu kvantitativa analize notiek, identificgjot
radionuklidus péc to starojuma gamma-spektra, izmantojot standarta materialus. Metodes
priekSrocibas ir augsta detekt€Sanas robeza lielam skaitam elementu ar sameéra lielu
precizitati, vienkarsa parauga sagatavosana analizei, iespg&ja noteikt lielu elementu skaitu
viena parauga. Rezultatus neietekmé parauga kimiska forma.

Ka vienu no iespgjamiem paraugu aktivacijas avotiem var izmantot ciklotronu, kura
paraugus iesp&jams apstarot ka protonu ta neitronu plisma. Lai iegiitu atro neitronu kili,
nepiecieSams izmantot litija vai berilija neitronu konvertoru. Viens no ierobezojumiem,
pielietojot ciklotronus aktivacijas analizg, ir, ka to galvenokart iesp&jams veikt tikai planas
kartinas.

Referata apskatitas metodikas un pievesti rezultati, kuri iegiiti dazados p&tniecibas centros
pasaulg, izmantojot ciklotronus AA. Ta pieméram, Florida, Mt.Sinai medicinas centra /1/,
izmantojot ciklotronu Cyclon-30, iegiita neitronu plisma 2x10° n/em™ s”'. Analizgjot
paraugus péc apstaro$anas integrala neitronu plisma 5x10'* n/cm™, detekt@Sanas robezas
sasniedza Au — 0.2 pg, In — 1 pg, Na — 50 pg, kuru var salidzinat ar neitronu generatoros
sasniegtam vertibam.

POSSIBILITIES TO USE CYCLOTRON FOR ACTIVATION ANALYSIS

D.Riekstina, O.Veveris
Institute of Solid State Physics, University of Latvia

Activation analysis (AA) is a nuclear physical method for determination of substance’s
element content via its artificial radioactivity, caused by the irradiation of corresponding
sample by neutrons, charged particles, or gamma-rays. Quantitative analysis of elements is
performed by the identification of radionuclides according to their gamma radiation
spectrum employing standard element sources. Advantages of the AA method are: a high
detection limit for a great number of elements achieved with a comparably high precision;
a simple preparation of sample for the analysis; a possibility to determine a great number
of elements in one sample. The results do not depend on a chemical form of the sample.
One of possible sources to be used for sample activation can be a cyclotron, which allows
perform irradiation both by protons, and neutrons. In order to obtain a fast neutron beam,
one must use either lithium or beryllium neutron converter. One of limitations for the use
of cyclotrons for AA is that such analysis can be done only for thin layer samples.

The methods and results of AA using cyclotrons in different research centres in the world
are reported. For instance, in the Mt.Sinai (Florida, U.S.A.) medical centre /1/, with the aid
of cyclotron Cyclon-30, the neutron flux 2x10° n/cm™ s has been obtained. If one
analyzes samples following their irradiation in the 5x10'* n/cm™ integral neutron flux, the
element detection limits reached for Au — 0.2 pg, for In — 1 pg, and for Na — 50 pg. Such
limits are comparable with those obtained using neutron generators.
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,MAZIE LAZERISI” UN JAUDIGAS GAISMAS DIODES LED DZIVE UN
OPTIKAS LEKCIJAS

M. Ozolins"?, P. Paulins’
'Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Fizikas un matematikas fakultdte

Pedgjos gados lielu popularitati iemantojusi miniattri lazeri, kuri atpaliek ar starojuma
kvalitati, tacu parsteidz ar savu jaudu, starojuma spektra dazadibu un baroSanas
vienkarsibu, ka ari cenu. Tie iemantojusi lielu popularitati jaunu cilvéku vidé dazadu
aktivitaSu realizacija, ka arT var tikt izmantoti skolas un universitateés optikas nodarbibas.
Lidzigu celu patérétaju tirgi veikusi mazo LED - gaismas dioZu strauja attistiba. Referata
tieck apskatiti ped€jie sasniegumi miniatiiro gaismas avotu radiSana, to parametri un
konstruktivas detalas. Gaismas diodes, kuras paSlaik tiek raditas visa redzama spektra
rajona ka arT nedaudz ultravioleta diapazona staro 1idz pat jaudam sasniedzot 10W,

var izmantot luminiscentos klajumus, kas dalu energijas transformé uz plaSa spektra
starojumu, tad&jadi radot baltu gaismas staroSanas sajutu. Gaismas diodes tadgjadi sak
kalpot ka gaismas avoti ar lielu lietderibas koeficientu, konversijas faktoram sasniedzot 50-
70 1m/W. Starp apgaismojuma standartiem tuvakaja nakotn€ tiks ievests LED
apgaismotajs. Vienkrasainas gaismas diodes var iegiit ar joslas starojuma spektru ar labu
spektralo selektivitati. Tas rada labas iesp€jas §1s diodes lietot arT krasu redzes p&tijumos,
un acs audu caurlaidibas noteiksana, kas ir interesanti acs patalogiju diagnostika. Savukart
miniatiirie lazeri loti perspektivi gaismas paradibu un optikas likumu demonstréjumos, kur
nepieciesama starojuma koherence. Seit Tpasa vériba javirza uz droSu lazeru lietosanu
skolas. Tie gan ir mazak bistams instruments ka gazes plits komplekta ar sérkociniem
bérna rokas, tacu nepatikamus pardzivojumus un darbu oftalmologiem nevériga apieSanas
ar mazajiem lazeriem var sagadat.

Darbu atbalsta ERAF fonds (proj.2.1.1.1./137).
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»LATROSTRANS” OBJEKTU APSARDZES, SIGNALIZACIJAS UN VADIBAS
SISTEMAS FUNKCIONALO IESPEJU PAPLASINASANA

I.Gvardina, A.Kristins$, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

2004. - 2005. g.g. CFI piedalijas SIA “LatRosTrans” komplekso sakaru sist€émas
rekonstrukcija. SIA LatRosTrans magistralo caurulvadu sisteémai visa garuma no Polockas
lidz Ventspilij vidgji ik péc 25 km ir tehnologiskas kontroles un reguléSanas objekti (viens
vai divi blok-boksi). Latvijas teritorija taja laika bija 24 $adi objekti. Katra objekta tika
uzstadita viena vai divu Itmenu apsardzes sist€ma (divu tipu kontrolieri), kuru vargja
nonemt no apsardzes vai nu uz vietas ar Dallasa identifikacijas atslegam vai arl no
dispecerpunkta Daugavpili. NodroSinaja arT temperatiiras mériSanu viena punktd un
automatisko ventilacijas darbibas vadibu ar iesp&u parnemt vadibu no dispecerpunkta.
Dispecerpunkta tika uzstaditas musu izstradatas servera un dispecera programmas. Sakari
ar objektiem notika ar radioreleju staciju palidzibu izmantojot Ethernet standartus.
2011.g. veiktas modernizacijas rezultata ir iesp&jams

e kontrolét triju tipu objektu kontrolierus ar paplasinatam funkcijam;

e veikt temperatiiras mérisSanu divos punktos;

e vadit ventilacijas sistému péc sarezgitaka algoritma.
Bez tam sistéma papildinata ar papildus objektu ,,Daugavpils”. Parstradata visa
programmatiira. Tas deva iesp&ju palielinat informacijas parraides atrumu aptuveni Cetras
reizes. Dispecerpunkts tagad atrodas Iltukste.

"LATROSTRANS" OBJECT SECURITY, ALARM AND CONTROL SYSTEM
FUNCTIONALITY EXPANSION

I.Gvardina, A.Kristin§, J.Melderis
Institute of Solid State Physics, University of Latvia

ISSP participated in reconstruction of the complex communication system for
LatRosTrans 1td. LatRosTrans Ltd main pipeline system along the length of Polotsk to
Ventspils has technological control and regulation objects (one or two block-boxes) on
average every 25 km. In Latvian territory at that time there were 24 following objects. One
or two level security system (two types of controllers) was installed in each object, which
could be removed from the guard, either on the spot with the Dallas identification keys or
from dispatcher service point in Daugavpils. The system provided also a single point
temperature measurement and automatic ventilation control with the opportunity to take
over leadership from dispatcher service point. Our developed server and controller
programs were installed in dispatcher service point. Communication with objects was
ensured by radio relay stations using Ethernet standards.
The LatRosTrans object security, alarm and control system was upgraded in 2011,
providing possibilities:

e to control three types of object controllers with expanded functions;

e to make temperature measurement of 2 points;

e to manage ventilation system by more complicated algorithm.
The system was provided with additional object ,,.Daugavpils”. The software of the
LatRosTrans object security, alarm and control system was fully redesigned. This made it
possible to increase the transmission rate of approximately four times. Dispatcher service
point is in Ilukste now.
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CFI CAURLAIDES, PIEKLLUVES UN SIGNALIZACIJAS SISTEMA

I.Gvardina, A.Kristin$, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

CFI caurlaides, piekluves un signalizacijas sisttma nodroSina sankcionétu ieklaSanu CFI
ieks$gjas telpas caur caurlaidi vai pagalma durvim, ieklGisanu stavu gaitenos un atseviskas
telpas, ka ar1 autotransporta sankcion€tu iebraukSanu autostavvietd un institiita pagalma.
Sisteéma sastav no tikla kontrolieriem uz Rabbit 3010 bazes, kuriem var pievienot durvju
kontrolierus un signalizacijas paplasinatajus apsardzes sensoru pieslégsanai. Tikla
kontrolieri veido lokalo sistémas Ethernet tiklu, caur kuru visa fikséta informacija noklust
serverl un uzkrajas datu baze. Serveris ir pieslégts art korporativajam CFI Ethernet tiklam.
Sarga dators pieslégts lokalajam sisteémas tiklam. Citi siste€mas lietotaji (klienti), ja tiem ir
attiecigas pilnvaras, var sanemt no sistémas datu bazes vajadzigo informaciju uz sava
datora, izmantojot institiita tiklu. Sisteémas administratora programma var tikt uzstadita
jebkura piemerota vieta ar datora pieslégumu pie institiita tikla vai sisteémas lokala tikla.
Sist€mas lietotaju skaits I1dz 500. Katram sisteémas objektam lietotaju saraksti ir neatkarigi.
Par personigas identifikacijas lidzekli kalpo Proxy kartes vai breloki.

ISSP CHECKPOINT, ACCESS AND ALARM SYSTEM

I.Gvardina, A.Kristin$, J.Melderis
Institute of Solid State Physics, University of Latvia

ISSP checkpoint, access and alarm system ensures authorized access via checkpoint or
yard’s door into ISSP internal premises, in corridors of floors and in single rooms, as well
as authorized entry in the car parking place and in the yard of ISSP. System consists of
network controllers based on Rabbit 3010 microprocessor, connected with door controllers
and alarm expanders to connect safety sensors. Network controllers are switched in local
Ethernet network of system. All fixed events via this network are transferred to server and
accumulated in data base. Server is also connected to corporative Ethernet netwok of ISSP.
Guardian PC is connected to the local network of the system. Other users (clients) of the
system may receive necessary information from the system data base on their PC via ISSP
network, if they have appropriate authorization. System administrator’s program can be
installed on every suitable PC with connection to ISSP network or system’s local network.
Number of users is up to 500. Lists of users are independent for every object of system.
Proxy cards or breloques serve as the means of personal identification.
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BINARIE UN TERNARIE SIGNALI PLATJOSLAS SISTEMU IDENTIFIKACIJAI

P.Annusl’z, M.Ristl’z, J Oj arandl’z, R.Landl’z, A.Kristil,lé3
]Kompetences centrs ELIKO, Igaunija
*Tallinas Tehnologiskas Universitates Elektronikas Institits, Igaunija
3Latvijas Universitates Cietvielu fizikas institiits

Multisinusu un daudzfrekvencu binarie signali daudzos gadijumos var tikt izmantoti
ierosmei pie sistemu identifikacijas. Referata tiek salidzinati Sie, ka arT linearas frekvencu
modulacijas signali. Apskatamie daudzfrekvencu signali aptver 3 frekvencu dekades ar 11
spektralajam komponentém, kas sadalitas oktavas bazeta frekvencu sadalfjuma. Labi
zinams, ka multisinusu ierosmes signalu maksimuma koeficients var tikt optimizé€ts ar
veélamo spektralo komponentu fazu reguléSanu. Referata paradits, ka aprakstitais
daudzfrekvencu binarais signals formé&jas no atbilstosa multisinusu signala, ka ta signum
funkcija, kas ir vél efektivak, ka multisinusu signala optimizacija. lesp&jams manipulét ar
frekvencu komponentém, pakapeniski izmainot sakotngja multisinusu signala attiecigo
komponentu amplitidas. Tas lauj pielagot daudzfrekvencu binara signala spektralo
sadalijumu. Bez model&Sanas tiek paraditi arT eksperimentu rezultati ar realiem signaliem.
MerTjumiem nepiecieSamie ierosmes signali tika iegtiti no Tektronix AFG3252 patvaligas
formas vilpu generatora, tos izlaizot caur RC k&di, bet rezultati tika digitaliz&ti ar Agilent
MSO9104A oscilografa palidzibu. Analizei un grafiskai att€loSanai tika izmantota
LabView vide. Attieciba signals/troksnis bija labaka binaro signalu gadijuma.

BINARY AND TERNARY SIGNALS FOR WIDE BAND SYSTEM
IDENTIFICATION

P.Annus'?, M.Rist'?, J Ojarand'?, R.Land'?, A Kristins®
'ELIKO Competence Centre in Electronics- ,
Info- and Communication Technologies, Estonia
*Tallinn University of Technology, Estonia
3 Institute of Solid State Physics, University of Latvia

The multisine and binary waveforms are in many cases usable as multifrequency excitation
signals for system identification. Comparison of these waveforms, and also chirp signal, is
given. Multifrequency signals covering 3 frequency decades with 11 spectral components
and with octave based frequency distribution are used. It is well known that the crest factor
of the multisine excitation signal can be optimized by adjusting the phases of the desired
spectral components. It is shown in the paper that the binary multifrequency signal formed
from the corresponding multisine waveform as the signum function of it, is even more
effective than the optimized multisine signal. It is possible to manipulate the amplitudes of
the frequency components of the binary multifrequency signal by manipulating iteratively
the amplitudes of the corresponding components of the original multisine signal. It allows
customization of the spectral distribution of the binary multifrequency signal. Besides
simulations also experiments with real signals are conducted. Excitation signals for
measurements were generated using Tektronix AFG3252 arbitrary waveform generator,
passed through RC circuit, and results digitized with Agilent MSO9104A oscilloscope.
LabView environment was used for analysis and graphical presentation. Signal to noise
ratio was better in case of binary waveforms.
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