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Optiskas Tpasibas un defekti materialos
KRISTOBALITA LUMINISCENCE

Anatolijs Truhins, Kri§janis Smits, Janis Jansons, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Kristobalita luminiscences spektra ir tris galvenas luminiscences joslas. Joslai, kuras
maksimums ir pie 400 nm, nov@rota desmitiem sekunzu ilga p€cspidéSana.
Luminiscences joslai ar maksimumu pie 270 nm ir maza intensitate un luminiscence
atri dziest. Abas minétas joslas ir saistamas ar defektu luminiscenci. Tre$as noverotas
luminiscences joslas maksimums ir pie ~600 nm, Sai joslai nav novérota peécspidésana.
Domajams, ka $1 josla var€tu bt kristobalita autolokalizéto eksitonu (ALE)
luminiscence. Kristobalita ALE Iuminiscences energétisko iznakums novertéts
salidzinot to ar a-kvarca luminiscenci, kura apméram 30% no absorb&to rentgenstaru
energijas tiek transforméta ALE luminiscencé. Kristobalita ALE luminiscences
intensitate izradijas 4 reizes mazaka par tira a-kvarca ALE luminiscences intensitati,
kas lauj novertet, ka pétitajam kristobalita paraugam ALE luminiscences energétiskais
iznakums ir apmé&ram 7%.

LUMINESCENCE OF CRISTOBALITE

Anatolijs Truhins, Krisjanis Smits, Janis Jansons, Aleksejs Kuzmins
Institute of Solid State Physics, University of Latvia

The luminescence of cristobalite contains three main bands with different nature. One
situated at 400 nm was also observed in afterglow during tens of seconds. Another at
270 nm is fast and is of low intensity. These two bands are ascribed to some defect.
Another band at ~600 nm was not observed in afterglow and therefore could be ascribed
to luminescence of self-trapped exciton (STE). The energetic yield of the cristobalite
STE luminescence was determined by comparison with STE luminescence of a-quartz.
The last is about 30 % of absorbed energy of x-ray. We get the luminescence intensity
of cristobalite luminescence 4 times lower than pure o-quartz, therefore STE
luminescence energetic yield of our cristobalite sample is ~7% as well.

The financial support of Latvian State research program IMIS? is greatly acknowledged.
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AUGSUP-PARVEIDOTA LUMINISCENCE AR ERBIJA JONIEM
AKTIVETA OKSIFLUORIDU STIKLA UN STIKLA KERAMIKA

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

Darba gaita tika iegtti oksifluoridu stikli, kuru sastavs ir 16Na>0O-9NaF-5LaF3-7Al>0s3-
63Si02, kam pievienots 3% ErFs (visi skaitli noraditi mol%).

Termiski apstradajot stikla paraugus dazadas temperatiiras (400-800°C), tika iegitas
NalLaF4 nanokristalus saturosas stikla keramikas.

Paraugus ierosinot infrasarkanaja diapazona, tika novérota augSup — parveidota
luminiscence, ar Er** raksturigam luminiscences joslam. Paraugiem tika izméritas ari
luminiscences dziSanas kin&tikas, p&c kuram analiz€ti augSup-parveidotas
luminiscences mehanismi.

Balstoties uz eksperimentalajiem datiem, tiek spriests par augSup-parveidotas
luminiscences procesu dabu stikla un stikla keramikas paraugos, ka art tiek paradita
kristaliskas fazes ietekme uz augSup-parveidotas luminiscences efektivitati.

UP-CONVERSION LUMINESCENCE OF ERBIUM DOPED OXYFLUORIDE
GLASS AND GLASS CERAMICS

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

In this work erbium doped oxyfluoride glass samples were synthesized. The nominal
composition of the glass samples was 16Na,O-9NaF-5LaFs-7Al,03-63Si02 with 3%
ErFs.

Glass ceramics samples containing NaLaF4:Er®* nanocrystals were obtained by thermal
treatment of the precursor glass at different temperatures in the region of 400 — 800°C.
Up-conversion luminescence spectra of both glass and glass ceramics samples were
measured under excitation in the infrared spectral region. Bands typical for Er®* were
observed in the spectra of the up-conversion luminescence. Decay kinetics of the bands
were measured and analyzed.

Based on the experimental data the nature of the mechanisms involved in the creation
of the up-conversion luminescence are discussed, and the impact of the crystalline
phase on the efficiency of the up-conversion luminescence is explored.
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AUGSUP-PARVEIDOTA LUMINISCENCE LalnOs:Er®* MATERIALA

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

Augsup-parveidotas luminiscences procesi ar augstu efektivitati novérojami dazados ar
retzemju elementiem aktivétos materialos.

Darba gaita sintezéti LaInOz:Er®* paraugi ar dazadam Er®" koncentracijam (0.01 —
10mol%). Paraugiem, tos ierosinot ar starojumu infrasarkanaja spektra apgabala, tika
izmeériti augSup-parveidotas luminiscences spektri un kinétikas.

Luminiscences spektru analize rada, ka, Er®* koncentracijai palielinoties, augsup-
parveidotajai luminiscences intensitatei ir noveérojama koncentracija dzésana (sakot ar
2 mol%), savukart no luminiscences kinétiku petijumiem seko, ka augsSup-parveidotas
luminiscences mehanisms mainas no ierosinata stavokla absorbcijas uz energijas
pardevi starp Er®* joniem.

Referata tiks diskutéts par Er’* koncentracijas iespaidu uz materiala notiekosajiem
luminiscences procesiem.

UP-CONVERSION LUMINESCENCE IN LalnOz:Er®*

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

High efficiency up-conversion luminescence processes are observed in various rare-
earth doped materials. In this work LalnOs:Er** samples with different Er®*
concentrations (0.01 — 10 mol%) have been synthesized.

Up-conversion luminescence and luminescence decay kinetics excited in the infrared
spectral region have been measured.

The analysis of the up-conversion luminescence spectra measured for the samples with
different Er®* content revealed presence of the concentration quenching (starting at 2
mol%). The transformation of excited state absorption mechanism to energy transfer
mechanism of the up-conversion luminescence was noticed when the concentration of
Er** was increased.

The impact of Er** concentration on the luminescence processes in the material is
discussed in the presentation.
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AIN NANOPULVERA LUMINISCENCE UN TAS ATKARIBA NO
APKARTEJAS VIDES

Paula Jankovska®, Valdis Korsaks!, Laima Trinklere!, Baiba Bérzina?, Janis Grabis'
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitites Neorganiskas kimijas institiits

AIN ir viens no plasi pazistamiem platzonu materialiem, sastopams makroizmé&ros
(monokristali, polikristaliskie pulveri, keramikas) un dazados nanoizméru veidojumos
(nanoadatas, nanostieni, nanocaurules uc). AIN optiskas 1paSibas nosaka ta
pielietojumu dazadas jomas, tadas ka gaismas starotaji, UV gaismas detektori uc.
Skabekla gazes sensora ipasibas nesen tika atklats kadam citam materialam — hBN, kas
liela méra ir Iidzigs AIN. Tika konstatets, ka, paraugam atrodoties skabekla gazg,
samazinas ta luminiscences intensitate.

P&tijuma mérkis ir AIN nanopulvera spektrala raksturoSana, ievietojot paraugu dazadas
vides (vakuums, parasts gaiss, skabekla gaze uc.).

AIN nanopulvera fotoluminiscences (PL) spektri un ierosmes (PLE) spektri tika pétiti
plasa spektra rajona un temperatiiru intervala. Tika novérots, ka zilo luminiscenci (BL),
kuru veido vismaz divas joslas pie 410 nm un 480 nm, ietekm@ paraugu aptveross
skabeklis. Luminiscences intensitate ir maksimala, ja paraugs atrodas vakuuma. Ja
telpu, kura atrodas paraugs, piepilda ar skabekli, luminiscences intensitate kritas vismaz
2,3 reizes. Noverotais lauj secinat, ka AIN nanopulveris ir perspektivs materials
skabekla sensoriem.

LUMINESCENCE OF AIN NANOPOWDER AND ITS DEPENDENCE FROM
ENVIRONMENT

Paula Jankovska®, Valdis Korsaks!, Laima Trinkler!, Baiba Berzina!, Janis Grabis'?
YInstitute of Solid State Physics, University of Latvia
?Institute of Inorganic Chemistry, Riga Technical University

AIN is one of well known wide band gap materials available in macro size forms (single
crystals, polycrystalline powder, and ceramics) and different nanosize formations
(nanotips, nanorods, nanotubes etc). AIN is known to be prospective for several
applications based on its optical properties such as light emitters, UV light detectors
and others. Recently sensitivity for oxygen gas surrounding the sample based on its
luminescence behavior was found for another material - hBN, which properties are very
close to those of AIN.

The aim of the present investigation is spectral characterization of AIN nanopowder
using different surroundings of sample (vacuum, conventional air, oxygen gas and
others).

Photoluminescence (PL) spectra and its excitation (PLE) spectra were studied for AIN
nanopowder within a wide spectral and temperature ranges. It was found that the blue
luminescence (BL) consisting of at least two sub-bands at 410 nm and 480 nm is
sensitive to oxygen gas surrounding the sample. The maximum of the BL intensity is
reached when AIN sample is put into a vacuum. If a chamber where the sample is put
in is filled up with an oxygen gas then the BL intensity is reduced ~2,3 times. It allows
conclusion that AIN nanopowder is a prospective material for oxygen gas sensors.
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AR SKABEKLI SAISTITU DEFEKTU IETEKME UZ AUGSUP-
PARVEIDOTAS LUMINISCENCES IPASIBAM AR Er®* AKTIVETA NaLaF4
MATERIALA

Guna Doke', Guna Krieke?, Jurgis Griibe', Anatolijs Sarakovskis!, Maris Springis®
YLatvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskas universitdtes Visparigds kimijas tehnologijas institiits

Dazadi ar retzemju (RE) elementiem aktivéti fluoridu un komplekso fluoridu materiali
jau gadu desmitiem tiek izmantoti, lai pétitu augSup-parveidotas (AP) luminiscences
ipaSibas un iesp&amos pielietojumus. Viena no butiskakajam S$adu materialu
problémam ir ar skabekli saistitu defektu rasanas sint€zes procesa. Miisu laboratorija
jau vairakus gadus tiek veikti padzilinati NaLaF4:RE pétijumi, tai skaita ir izveidotas
vairakas §1 materiala sint€zes metodes.

Darba gaita, dazadas atmosferas (gaisa, fluord), tika sintez&ti divi NaLaF4:Er®* paraugi
ar Er** koncentraciju 2.0 mol%.

Abiem paraugiem tika veikti luminiscences, ierosmes spektru, kingtiku merfjumi
ierosinot tos ar starojumu gan ultravioletaja, gan redzamaja, gan infrasarkanaja (IS)
spektra apgabala. Papildus tika veikti IS absorbcijas un ar struktiiras izp&ti saistiti
merjjumi.

Apkopojot rezultatus, tika secinats, ka sint€ze gaisa veicina ar skabekli saistitu defektu
raSanos un So defektu klatbiitne butiski ietekm&é AP luminiscences intensitati,
zalas/sarkanas luminiscences joslu attiectbu un AP luminiscences mehanismus.

IMPACT OF OXYGEN RELATED DEFECTS ON THE PROPERTIES OF UP-
CONVERSION LUMINESCENCE OF Er®* DOPED NaLaFs MATERIAL

Guna Doke?!, Guna Krieke?, Jurgis Grube!, Anatolijs Sarakovskis?, Maris Springis*
YInstitute of Solid State Physics, University of Latvia
%Institute of GeneralChemical Engineering, Riga Technical University

Various rare earth (RE) doped fluoride and complex fluoride materials have been used
for decades to study properties and possible applications of up-conversion (UC)
luminescence. One of the main problems of such materials is emergence of oxygen-
related defects in the process of the synthesis. In our laboratory in-depth studies of
NaLaF4:RE, including creation of different methods of synthesis, have been carried out
for several years.

In this work, two NaLaFs: Er** samples with Er®* concentration of 2.0 mol% were
synthesized in different atmospheres (air, fluorine).

For both samples luminescence, excitation spectra, decay kinetics were measured by
using excitation at ultraviolet, visible and infrared (IR) spectral region. In addition
measurements of IR absorption and structural studies were performed.

Summarizing of the results showed that synthesis in air atmosphere stimulate formation
of oxygen-related defects and the presence of these defects significantly impact
intensity of UC luminescence, the green/red luminescence band ratio and UC
mechanisms.

The financial support of VPP IMIS? is greatly acknowledged.
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JAUNAS NETILTINA SKABEKLA CENTRA LUMINISCENCES JOSLAS
KRISTALISKA SIO2

Linards Skuja?, Koichi Kajihara?, Jurgis Griibe!, Andrejs Silins*, Hideo Hosono®
YLatvijas Universitdtes Cietvielu fizikas institiits
2 Tokijas Metropoles Universitate
*Tokijas Tehnologiskais institiits

Netiltina skabeklis (non-bridging oxygen hole centers, NBOHC) ir viens no
nozimigakajiem defektiem stiklveida SiOz pielietojumos, jo tas ir galvenais optiskas
absorbcijas c€lonis spektra redzamaja un tuvaja UV rajona. Tas ir norautas saites tipa
defekts, kas raksturigs SiO2 amorfajam stavoklim, un tas nevar tikt radits ar vienkarSu
vakancu-starpmezglu mehanismu a-kvarca. Tomér tas ir noveérojams ar neitroniem
apstarota o-kvarca, kurd nanoizméru amorfizeti apgabali veidojas gar dalinu trekiem.
Luminiscences pétijumos ir novéroti 2 NBOHC apakstipi ar kristaliski sakarotu
apkartni, kuri dod asas vienfonona linijas (VFL) pie 1.933 (NBOHC 1) un 1.883 eV
(NBOHC 2) [1]. Saja darba, izmantojot parskanojama OPO lazera ierosmi 653-663nm
rajona un laika izskirtu registraciju, ir atrasta tre$a NBOHC luminiscences VFL pie
1.879 eV. Uz tas saistibu ar NBOHC norada tas lidziga ar NBOHC 1,2 energija un
dzisanas laika konstante, un - visparliecino$ak — tas mijiedarbiba ar raksturigo 895 cm™
Si-O saites stiepsanas svarstibu. Sis centrs (NBOHC3) krasi atskiras no NBOHC(1,2)
ar stipru saistibu ar zemas frekvences (=66 cm™) svarstibu modu. Tuvaka izpéte rada,
ka NBOHC(1,2) arT —tacu vaji— mijiedarbojas ar So modu. Domajams, ka §T moda ir
saistita ar netiltina skabekla libracijas kustibu.

NEW LUMINESCENCE BANDS OF NON-BRIDGING OXYGENS HOLE
CENTER IN CRYSTALLINE SIO2

Linards Skuja?, Koichi Kajihara?, Jurgis Grube!, Andrejs Silins?, Hideo Hosono®
YInstitute of Solid-State Physics, University of Latvia.
%2 Tokyo Metropolitan University
Tokyo Institute of Technology

Non-bridging oxygen hole center (NBOHC) is the most important intrinsic defect in
many applications of glassy SiO: since it dominates the visible and UV optical
absorption. It is a dangling-bond type defect, characteristic to amorphous form of SiOx.
It cannot be created by a simple vacancy-interstitial mechanism in a-quartz. However,
it is observed in neutron-irradiated a-quartz, where nano-sized amorphous regions form
at the particle tracks. In luminescence studies, highly ordered NBOHC's showing two
subtypes with sharp zero-phonon lines (ZPLs) at 1.933 (NBOHC 1) and 1.883 eV
(NBOHC 2) were reported. In the present work, a third distinct NBOHC luminescence
line at 1.879 eV was discovered by using tuned OPO laser near-resonance excitation
scanned over 663-653nm region and time-resolved registration. The attribution of this
line to NBOHC is based on the similarity of its spectral position and decay kinetics to
other two lines and, most selectively, on its coupling to 895 cm™ Si-O stretching
vibration of NBOHC. This center (NBOHC 3) is distinct from NBOHC(1,2) by a strong
interaction with low-energy (=66 cm™) vibrational mode. A closer scrutiny shows that
this mode is weakly coupled also to NBOHC(1,2). It is tentatively attributed to libration
movement of terminal oxygen atom in NBOHC.

This study was in part supported by Latvian Science Council grant 302/2012.
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PARAMAGNETISKAS ZONDES OKSIFLUORIDU STIKLA KERAMIKU
STRUKTURAS PETIJUMIEM

Andris Fedotovs, Uldis Rogulis, Andris Antuzevics, Meldra Kemere, Dzintars Bérzins
Latvijas Universitates Cietvielu fizikas institiits

Izmantojot parmagnétiskus piejaukumjonus jeb ta saucamas paramagnétiskas zondes
un elektronu paramagnétiskas rezonanses (EPR) spektroskopijas metodes, péc
paramagnétisko zonzu EPR spektriem ir iesp&jams konstatét kristalisko fazu klatbiitni
un to kristalografisko struktiiru oksifluoridu stikla keramiku materialos.

Misu darba tika veikti eksperimentalie kristalisko fazu strukttru veidosanas pétijumi
CaF,, BaF2, SrF., LaFs saturoSos oksifluoridu stikla keramiku paraugos. Ka
paramagnétiskie piejaukumi tika izmantoti parejas metalu elementi Mn?*, Fe3*, Cr*,
Cu?*, ka arf retzemju elementi - Gd®*, Eu*. Pamatojoties uz to, ka katrai kristaliskai
struktiirai ir savas kimiskas un fizikalas Tpatnibas, t. i., ka piejaukumjoni spgj iebuveties
attiecigaja kristaliskaja struktira un ka tie mijiedarbojas ar apkartesoSiem reZzga
atomiem, tika noskaidrots, ka tados fluoridos ka CaF», BaF», SrF; piemerotakas zondes
ir Mn?*, savukart, kompleksas struktiiras fluoridos piemérotaki ir trisvértigie parejas
elementu joni Fe3*, ka ari retzemju elementi Gd®**, Eud*. Darba iegiitie rezultati tiek
salidzinati ar EPR spektru teorétiskajiem aprékiniem.

PARAMAGNETIC PROBES FOR OXYFLUORIDE GLASS CERAMICS
STRUCTURE STUDIES

Andris Fedotovs, Uldis Rogulis, Andris Antuzevi¢s, Meldra Kemere, Dzintars Bérzins
Institute of Solid State Physics, University of Latvia

By using paramagnetic impurity ions or so-called paramagnetic probes and electron
paramagnetic spectroscopy (EPR) methods it is possible to study crystalline phases and
their crystallographic structure in the oxyfluoride glass-ceramics materials.

In our work, the experimental studies of creation of the crystalline phases in the
oxyfluoride glass-ceramics materials containing CaF», BaF», SrF. and LaF3 have been
carried out. The transition metal impurity ions Mn?*, Fe®*, Cr®*, Cu®* and also rare
earth ions - Gd®*, Eu®" have been used as paramagnetic probes. Each crystalline
environment has its specific physical and chemical characteristics and thus ability to
host impurity ions. The most suitable impurity for simple binary structures is Mn?*,
while trivalent transition metal ions (Fe3*) and rare earth elements Gd**, Eu®* could be
used in more complex fluorid structures. Obtained experimental results are compared
with theoretical calculations of the EPR spectra.

12



Optiskas Tpasibas un defekti materialos
Gd®* CENTRS UN RADIACIJAS DEFEKTI ScF3

Andris Antuzevics, Uldis Rogulis, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Skandija fluorids (ScF3) ir perovskita tipa materials ar negativu termiskas izpleSanas
(NTE) koeficientu. Lai noskaidrotu NTE ietekmi uz elektronu paramagnétiskas
rezonanses (EPR) spektru parametriem, veikti EPR mérfjumi pie dazadam
temperatiiram monokristaliskos un polikristaliskos ScF3 paraugos.

Gd®* centrs jons kristala iebiiv&jas Sc®* pozicija un atrodas kubiska kristaliskaja lauka
ar g=1,992. EPR spektru parametru temperatiiras atkariba liecina, ka Gd*" centra
lokala apkarte izplesas pozitivi ar temperatiiru.

P&c apstaroSanas ar rentgenstariem polikristaliskos ScFz paraugos paradas jauni
paramagnétiski centri, kas var€tu bt saistiti ar skabekla piejaukumiem kristala.

Gd3** CENTRE AND RADIATION DEFECTS IN ScFs

Andris Antuzevics, Uldis Rogulis, Juris Purans
Institute of Solid State Physics, University of Latvia

Scandium fluoride (ScFs) is a perovskite type material with a negative thermal
expansion (NTE) coefficient. In order to investigate the effect of NTE on electron
paramagnetic resonance (EPR) spectra parameters, EPR measurements have been made
at different temperatures for single crystal and polycrystalline samples.

Gd®* replaces Sc®* ion in the crystal and is surrounded by a cubic crystal field with
g = 1.992. Temperature dependence of EPR spectra parameters indicates that the local
environment of Gd** centre expands positively with temperature.

Irradiation with x-rays creates new paramagnetic defects in polycrystalline ScFs
samples that could be associated with oxygen impurities in the crystal.
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AR ELEKTROLITISKO OKSIDESANU PLAZMA IEGUTIE ALUMINIJA
OKSIDA PARKLAJUMI: SINTEZE UN RAKSTUROJUMS
Aleksejs Zolotarjovs?, Krisjanis Smits!, Donats Millers, Martin§ Vanks?, Larisa Grigorjeva®,
Reinis Drunka?, Reinis Ignatans®
YLatvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskas Universitites Neorganiskas kimijas institiits

Elektrolitiska oksidésana plazma (PEO) ir viena no virsmas oksidéSanas metodém, kura
iegiitie metalu oksidu parklajumi uz metaliem raksturojas ar izcilam mehaniskam
(cietiba un nodiluma izturiba) un kimiskam ipasibam.

ST pétijuma ietvaros veikti morfologijas, struktiiras, sastiva ka ari optisko ipasibu
mérjjumi (EDX, XRD, SEM, mikrocietibas, parklajumu luminiscence, plazmas
emisijas spektroskopija) gan PEO procesa, gan anodizacijas procesa iegiitiem aluminija
oksidu parklajumiem. P&tfjuma merkis ir izveidot efektivu un droSu parklajumu
izveides metodi.

Parsvara iegiitos parklajumus uz aluminija virsmas veido Al>Os, kaut gan ir iesp&jams
izveidot sarezgitakus parklajumus mainot PEO parametrus un procesa izmantoto
elektrolitu. Paradits, ka atkariba no PEO parametriem ir iesp&jams izveidot aluminija
oksida parklajumus ar Eu jonu piemaistjumu, kura novérojama Eu®* vai Eu®*
luminiscence. Sadi ar retzemju joniem dopétie aluminija oksidi var tikt izmantoti
dazados luminiscentajos pielietojumos, tadejadi atverot jaunas PEO procesa un
parklajumu izmantoSanas iesp€jas. Petijums veikts sadarbiba ar Elgootech Itd.

ALUMINA COATINGS OBTAINED BY PLASMA ELECTROLYTIC
OXIDATION: SYNTHESIS AND CHARACTERIZATION

Aleksejs Zolotarjovs?, Krisjanis Smits!, Donats Millerst, Martins Vanks?, Larisa Grigorjeva®,
Reinis Drunka?, Reinis Ignatans!
YInstitute of Solid State Physics, University of Latvia
?Institute of Inorganic Chemistry, Riga Technical University

Plasma electrolytic oxidation (PEQ) is one of advanced surface oxidation methods used
for producing oxide coatings on metals with great mechanical (wear resistance and
hardness) as well as chemical (corrosion resistance, chemical stability) properties.
During this research coatings acquired in both PEO process and anodization on
aluminium were studied using a variety of approaches: morphology and structure
measurements (EDX, XRD, SEM, microhardness) and optical measurements (coating
luminescence, plasma optical emission spectroscopy) to develop a method for reliable
and efficient coating production.

Typically Al,O3 coatings on aluminium are formed; however, more complex coatings
can be produced by changing electrolyte type or discharge rate parameters. For example,
it was discovered that by changing PEO parameters, preparation of alumina coatings
doped with Eu ions with Eu?* or Eu** luminescence is possible, which opens wide
variety of new applications for PEO method itself and coatings prepared by it as rare
earth ion doped aluminium oxides can be used as luminescent materials. This research
was done in collaboration with Elgootech Itd
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DISLOKACIJAS Bi JONU TREKOS DAZADOS LENKOS APSTAROTA LiF

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

Izpétita ar GeV energijas kompleksus serdi saturoSus trekus veidojoSiem Bi joniem
apstarota LiF dislokaciju struktiira. P&tfjumiem izmantota kimiska kodinaSana
apvienojuma ar atomspéku mikrsokopiju un nanoindentéSanu. ApstaroSana veikta
normala un slipa lenki (no 90° Iidz 30° attieciba pret apstaroto virsmu) fluencu
diapazona no 10° Iidz 10'? joni/cm?, kas nodrosina gan atseviski stavosus trekus, gan
treku parklasanos. Visiem apstarosanas lenkiem tika nove@rotas dislokaciju rindas gar
individualiem trekiem. Tiek uzskatits, ka veidojas starpmezglu tipa dislokaciju cilpas.
Salidzinot normala lenkT un slipos lenkos apstarotus paraugus var redzet, ka dislokaciju
skaits uz treka garuma vienibu slipo lenku gadijuma ir lielaks. So novérojumu var
izskaidrot ar Smida likumu un ar kritiska bides spriegumu projekciju, kas nepieciesama
dislokaciju cilpu emitéSanai, un kas atkariga no jonu kiila lenka pret dislokaciju vieglas
slidésanas virzienu. Treku parklasanas stadija jonu izraistto dislokaciju blivums pieaug.
Biitiska cietinasanas apstiprina jonu izraisito dislokaciju uzkrasanos.

Kopuma, rezultati lauj secinat, ka dislokaciju veidosanas jonu trekos ir bitiska treku
uzbiives sastavdala.

DISLOCATIONS IN Bi TRACKS IN LiF IRRADIATED AT VARIOUS BEAM
INCIDENCE ANGLES

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

Dislocation structure in LiF crystals created by irradiation with GeV-energy Bi ions,
which produce complex tracks exhibiting core damage has been studied. Chemical
etching combined with AFM and nanoindentation have been used as investigation
methods. Irradiations were performed at normal and oblique incidences of the ion beam
(from 90° to 30° in respect to the irradiated surface) at fluences ranging from 10° to 10'?
ions/cm? ensuring formation of separate as well as overlapping tracks. For all
investigated beam incidence angles results show rows of dislocation loops along
individual ion tracks. Formation of interstitial type prismatic dislocations is suggested.
When samples irradiated at normal and oblique incidences are compared, it can be seen
that a number of dislocations per length of a track is higher in the case of oblique
irradiation angle. This observation could be explained by the Schmid’s law and the
projection of a necessary critical shear stress required for the emission of dislocation
loops, which depends on the angle of incident ion beam in respect to the direction of
easy glide of dislocations. At the stage of track overlapping the density of ion-induced
dislocations increases. Substantial hardening confirms accumulation of ion-induced
dislocations.

In summary, the result allows to conclude that creation of dislocations along ion path
is an essential feature of the track damage.
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EUROFUSION: EIROPAS TERMISKAS KODOLSINTEZES KOPEJA
PROGRAMMA

Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Kops$ 1970-tajiem gadiem, kad Eiropas kodolsintézes laboratorijas apvienoja spekus,
lai veidotu un darbotos Kopigaja Eiropas Tora (JET), tas nepartraukti attistija
savstarp&jo sadarbibu. P&tniecibas pasakumu koordin€Sanai arpus JET, Asociacijas
1999. gada apvienojas Eiropas Kodolsintézes attistibas noliguma EFDA.

EUROfusion konsorcijs tika izveidots 2014. gada, ka nakosais resursu koncentracijas
un sadarbibas attistibas solis. EUROfusion finansé kodolsintézes p&tniecibas darbibu
saskana ar "Kodolsintézes energijas attistibas planu" un Programmu, atbilstosi lokalas
EUROfusion organizacijas konkursa ieglitajiem projektiem tematiski orientétas
Programmas darba paketes. Programmai ir divi pamatmérki: gatavoties ITER
palaiSanai un attiecigajiem eksperimentiem taja, un izstradat koncepciju kodolsintézes
spekstacijas demonstracijas modelim DEMO.

Latvijas EUROfusion organizacijas ,,Latvijas Universitates Cietvielu fizikas instittts”
(ISSP UL) ietvaros sadarbojas laboratorijas no tris Latvijas Universitates institatiem:
LU CFI, LU Flun LU NKI.

(77 -
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EUROFUSION: EUROPEAN FUSION JOINT PROGRAMME

Andris Sternberg
Institute of Solid State Physics, University of Latvia

Since the 1970s, when Europe’s fusion laboratories joined forces to build and operate
the Joint European Torus (JET), they continuously developed their collaboration. To
coordinate research activities beyond JET, the Associates formed the European Fusion
Development Agreement, EFDA, in 1999. The EUROfusion consortium being
established in 2014, takes this development another step further. EUROfusion funds all
fusion research activities in accordance with the “Roadmap to the realisation of fusion
energy”. EUROfusion funds the Research Units in accordance with their participation
to the mission-oriented Work Packages outlined in the Consortium Work Plan. In
general the Programme has two aims: preparing for ITER experiments and developing
concepts for the fusion power demonstration plant DEMO.

The Latvian EUROfusion organization Institute of Solid State Physics, University of
Latvia (ISSP UL) incorporate laboratories from three Latvian University institutes:
ISSP, IPUL and ICP UL.
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JET VAKUUMA KAMERAS PUTEKLU STRUKTURA UN KIMISKAIS SASTAVS
Elina Pajuste!, Gunta Kizane!, Liga Avotina!, Zane Ozolina?, Anna Widdowson?, JET contributors®*
EUROfusion konsorcijs, JET, Kalemas zinatniskais centrs
Kimiskas fizikas institiits, Latvijas Universitate
2Kimijas fakultate, Latvijas Universitate
3CCFE, Kalemas zindatniskais centrs

Plazmai mijiedarbojoties ar vakuuma kameras sienu materialiem, kodolsintézes iekartas var
veidoties putekli [1]. Putekli var bt radioaktivi tritija satura del, ka ar1 kimiski aktivi un toksiski.
Vel jo vairak, tie negativi ietekmé kodolsinteézes plazmas darbibu.

Dotaja petijuma analiz&ti putekli, kas iegtiti 2010. gada no JET vakuuma kameras iek$gja divertora.
Puteklu izmers, struktiira un elementu sastavs noteikts izmantojot SEM un EDX metodes. P&c to
struktiiras, ktmiska sastava un iesp&jama veidoSanas mehanisma puteklu dalinas var tikt iedalitas
sekojosas grupas: slanainas parslas, kas veidojusas atslanojoties noseédumu slanim, Skiedru
fragmenti, kas atdalijuSies mehaniski apstradajot sienas, neregularas formas dalinas ar augstu metalu
koncentraciju, kas varétu but veidojusas, kondensgjoties iztvaikojuSam/izkusuSam sienu
materialam, ka arT dalinas ar gludu virsmu un augstu oglekla saturu, kas varétu biit veidojusas no
atomariem prekursoriem plazma [2]. Analiz€taja parauga lielaka dala puteklu dalinu atbilst
parlsveida nosédumu slana un skiedru fragmentiem. Lidz ar to var secinat, ka nos€édumu slana
atslano$anas ir galvenais puteklu veidoSanas mehanisms JET vakuuma kameras divertora. Tas sakrit
ar1 ar agrak veiktu petjjumu rezultatiem, kuros noskaidrots, ka nosédumu slanis ir galvenais puteklu
avots [3].

STRUCTURE AND CHEMICAL COMPOSITION OF THE DUST RETRIEVED
FROM JET VACUUM VESSEL
Elina Pajuste’, Gunta Kizane!, Liga Avotina!, Zane Ozolina?, Anna Widdowson?, JET contributors®*
EUROfusion Consortium, JET, Culham Science Centre
YInstitute of Chemical Physics, University of Latvi
2Faculty of Chemistry, University of Latvia
3CCFE, Culham Science Centre

Dust can be produced in the fusion devices as a result of plasma — first wall materials interactions
[1] and it is considered as an important safety and operational issue. This dust can be radioactive
due to tritium inventory, chemically reactive and toxic. Moreover, it may adversely impact fusion
plasma performance.

In this study, dusts collected from JET vacuum vessel inner divertor before installation of ITER-
like wall, in 2010 have been analysed. Size, structure and the elemental composition have been
measured of the dust particles by the means of SEM and EDX methods. Analysed dust particles can
be categorized according to their structure, chemical composition and possible formation
mechanism as follows: laminar, layered flakes formed as a result of deposition layer delamination,
fragments of the fibres formed mechanically during maintenance, irregular shaped particles with
higher content of metals possibly formed during plasma instabilities by condensation of
vaporized/melted wall materials, and particles with smooth surface and high carbon content that
might be formed in the plasma edge by growth from atomic precursors as described in the literature
[2]. In the analysed sample dominant fraction of the particles correspond to the fragments of the
fibres and deposition layer flakes. Therefore it can be assumed that flaking of the deposition layer
is the main mechanism of dust formation in the inner divertor of the JET vacuum vessel. It
corresponds well to the results of earlier studies where it was found that the re-deposited material is
a major source of dust [3].

[1] Widdowson et al., Journal of Nuclear Materials, 2013. 438: p. S827-S832.

[2] Rosanvallon et al, Fusion Engineering and Design, 2008. 83(10-12): p. 1701-1705.

[3] Widdowson, A., 2008, IAEA-CRP Meeting: Vienna.

See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy Conference
2014, Saint

Petersburg, Russia

This work has been carried out within the framework of the EUROfusion Consortium and has received funding from
the Euratom research and training programme 2014-2018 under grant agreement No 633053. The views and
opinions expressed herein do not necessarily reflect those of the European Commission.
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APSTAROTU OGLEKLA DIVERTORA MATERIALU STRUKTURAS UN
SASTAVA SPEKTROSKOPISKA ANALIZE

Liga Avotinal?5, Elina Pajuste’, Mihails Halitovs!, Gunta Kizane?!, Aurelian Marcu?, Mihail Lungu®
Corneliu Porosnicu?, Cristiana Grigorescu®, Cristian P. Lungu?, Stefan Antohe®
YLatvijas Universitates Kimiskds fizikas institiits
2Naciondlais Lazeru, plazmas un radidcijas fizikas institiits
SMateridlu izpétes institiits
4Nacionalais Optoelektronikas pétiecibas un attistibas institiits
SBukarestes Universitates Fizikas fakultate

Oglekla materialus lieto kodolsintézes reaktoros ka divertora materialus to zema atomskaitla
un labas siltumvaditsp&jas (Iidz ~250 Wm?K™?) del. Kodolsintezes reakciju laika notiek
materialu erozija, puteklu veidoSanas un dalga to nos€Sanas, kodoldegvielas uzkraSanas
noséduma slani, var veidoties fulleréni, garu k&zu ogludenrazi, rezultata samazinot divertora
materialu izmantoSanas laiku un traucgjot kodolsintezes reakcijas norisei.

Augstas energijas pliismu (10-100MWm2), kada iesp&jamas tokamaka veida reaktoros, modelg,
apstarojot ar lazeri (A=800 nm) oglekla divertora materialus, un novert€ viena un vairaku
impulsu starojuma ietekmi.

Divertora materialus pirms un péc apstaroSanas analiz&ja ar Ramana spektroskopijas metodi.
Labakai fotonu absorbcijas mehanismu un fotonu ierosinato parvértibu izpratnei darba
izmantoja atskirigus vilnpu garumus (488, 514 un 633 nm) ar dazadiem stara iespieSanas
dzilumiem.

Femto- un nanosekunzu lazera apstaroSanas laika raditas izmainas grafita kristalu izméros, sp?
hibridiz&tu atomu konfiguracija un sp® hibridizétu oglekla atomu koncentracija.

Izpratne par reakciju mehanismiem femto- un nanosekunzu apstaro$anas laika laus labak
saprast tritija uzkrasanas, ka ar1 putek]u un pleksnu veidosanas procesus kodolsintezes reaktora.

SPECTROSCOPIC INVESTIGATIONS ON STRUCTURAL PROPERTIES OF
IRRADIATED CARBON BASED DIVERTOR MATERIALS

Liga Avotinal®, Elina Pajuste!, Mihails Halitovs?, Gunta Kizane!, Aurelian Marcu?, Mihail Lungu?,
Corneliu Porosnicu?, Cristiana Grigorescu?, Cristian P. Lungu?, Stefan Antohe®
YInstitute of Chemical Physics, University of Latvia
National Institute for Laser, Plasma and Radiation Physics
3Institute for Material Research
“National Institute R&D for Optoelectronics
SUniversity of Bucharest, Faculty of Physics

Carbon based materials are used as divertor materials for fusion reactors due to low Z and good
thermal conductivity (up to ~250 WmK-1). However, during plasma reactions, plasma-wall
interactions like: erosion, formation and deposition of dust, fuel retention in redeposited layer,
formation of fullerenes, long-chain hydrocarbons, can take place, decreasing lifetime of
divertor materials and efficiency of fusion reaction.

In order to simulate effects of the high-energy fluxes possible in the tokamak reactors (10-
100MWm2), carbon based divertor materials were irradiated with single and multiple laser
(A=800 nm) pulses.

Targets were characterized before and after laser irradiation by Raman spectroscopy. Different
wavelengths (488, 514 and 633 nm) with different penetration depth were used for a better
understanding of the photon absorption and photo-induced transformations.

Changes in graphite crystallite sizes, configuration of sp? and content of sp* hybridized carbon
are observed after femto- and nanosecond laser pulses interaction with the carbon materials
Understanding of reaction mechanisms taking place during femto- and nanosecond irradiation
will allow a better understanding of dust and flakes formation and tritium accumulation in
fusion reactor.

The financial support of Ministry of Education and Science of Latvia and Romanian National
Authority for Scientific Research is greatly acknowledged.
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ZIROTRONU IZMANTOSANA ELEMENTARDALINU, KODOLU UN
CIETVIELU FIZIKA

Olgerts Dumbrajs
Latvijas Universitates Cietvielu fizikas institiits

Zirotrons ir Tpasa radio lampa, kas generé radio vilnus milimetru diapazona. Zirotroni
galvenokart tiek izmantoti kodolplazmas karsé€Sanai, lai izraisitu kontrol&tas
kodoltermiskas reakcijas uz Zemes, tacu pedeja laika zirotronus sak plasi izmantot ari
elementardalinu, kodolu un cietvielu fizika.

Nesen tika izmérita hipersmalka pareja pozitronija (elektrona un pozitrona saistits
stavoklis ) pamatstavokli. Hipersmalka struktiira starp orto-pozitroniju un para-
pozitroniju ir apméram 203 GHz plata. Meérijums tika veikts ar zirotronu, kas generé
vilnus ar frekvenci 202.89 GHz. Izmérita parejas varbiitiba labi saskan ar teoretisko
vertibu, ko paredz kvantu elektrodinamika.

Liela atruma frekvences modulacija 460 GHz Zzirotrona tika izmantota, lai parnestu
elektronu spinu magnetizaciju uz kodolu spiniem, tadgjadi palielinot dinamiskas kodolu
polarizacijas pastiprinasanas faktoru kodolu magnétiskas rezonances spektroskopija.
Zemaku frekvencu (15-50 GHz) zirotroni paver jaunas perspektivas jaunu keramisku
un kompozito materialu radiSanas tehnologija. Pie §$Tm jaunam tehnologijam pieder
ultraizklied€tu un nanostrukturét keramisku materialu apdedzinasana, keramisku
materialu sakausé$ana ar keramiskiem materialiem un ar metaliem, atra pusvaditaju un
dialektrisko materialu riidiSana, dazadu parklajumu radiSana.

APPLICATIONS OF GYROTRONS IN PARTICLE, NUCLEAR AND SOLID
STATE PHYSICS

Olgerts Dumbrajs
Institute of Solid State Physics, University of Latvia

A gyrotron is a special tube generating radio waves in the millimeter wave range.
Gyrotrons are mainly used to heat nuclear fusion plasma, in order to induce controlled
thermonuclear reactions on Earth. However, they have found a wide utility also in
particle, nuclear and solid state physics.

The first direct measurement of the hyperfine transition of the ground state positronium
(a bound state of an electron and a positron) was performed recently. The hyperfine
structure between ortho-positronium and para-positronium is about 203 GHz. This was
measured by means of a gyrotron which produces 202.89 GHz radiation. The measured
transition probability is in good agreement with the theoretical value predicted by
quantum electrodynamics.

The high speed frequency modulation of a 460 GHz gyrotron was used to transfer
magnetization of electron spins nuclear spins increasing the enhancement factor of the
Dynamic Nuclear Polarization in Nuclear Magnetic Resonance spectroscopy. Use of
lower frequency (15-50 GHz) gyrotrons opens new perspectives for the technology of
creating novel ceramic and composition materials. Baking of ultra-disperse and
nanostructured ceramic materials, joining ceramic materials and ceramics with metals,
rapid annealing of semiconducting and dielectric materials, creating coatings with
various functionality, etc. are among these novel techniques.
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KODOLA FORMAS MAINAS IETEKME UZ NEPARA-NEPARA RENIJA UN
IRIDIJA IEROSINATO STAVOKLU SPEKTRIEM

Tamara Krasta, Janis Bérzins, Lubova Simonova
Latvijas Universitates Cietvielu fizikas institiits

Izmantojot geometrisko rotatora plus divas kvazidalinas modeli ar modificéto
oscilatora potencialu [1] tika veikti ierosinato stavoklu energiju un vilnu funkciju
sajauk3anas amplitiidu aprékini nepara-nepara kodoliem 1#18Re (Z=75) un 190192194
(Z=77). legitie rezultati tika salidzinati ar So kodolu eksperimentali novérotajiem
ierosinato stavoklu spektriem. Tika konstatéts, ka, kamér %Re (N=111) kodoliem
piemit stabila aksiali-simetriska deformacija (2=0.2, €4=0.065), ta kaiminu nepara-
nepara kodolam 8Re (N=113) spektra ir novérojamas atseviskas neaksialitates
pazimes divu kvazidalinu stavokliem, kas saistiti ar augstas j vertibas dalinu orbitam.
Lai aprakstitu '®Re eksperimentdli novérojamo augsto pozitivas paribas limenu
blivumu, Siem stavokliem ir jaiizmanto deformacijas parametri €2=0.18, £4=0.05, y=20°.
Iridija kodolu ar N=113+117 ierosinato energijas limenu interpretacijai tika izmantots
divu kvazidalinu plus triaksiala rotatora modelis ar y>15°. Tomér aprékinu rezultati
nelava iegiit labu kvantitativu saskanu ar eksperimentalajiem 0192194y spektriem.
Analize rada, ka §1s nesaskanas iesp&jamakais iemesls ir nepietickama spin-orbitalas
mijiedarbibas ieveéro$ana izmantotaja kodola modeli.

EFFECTS OF NUCLEAR SHAPE CHANGE OBSERVED IN THE SPECTRA
OF ODD-ODD RHENIUM AND IRIDIUM EXCITED STATES

Tamara Krasta, Janis Berzins, Lubova Simonova
Institute of Solid State Physics, University of Latvia

Energies and mixing amplitudes of excited states of odd-odd !8¢®Re (Z=75) and
190.192.194) (7=77) nuclei have been calculated using geometrical rotor plus two
quasiparticles model with modified oscillator potential [1]. Obtained results have been
compared with the observed experimental excited state spectra. It has been found that,
while ®Re (N=111) nuclei have stable axially-symmetric deformation (£2=0.2,
£4=0.065), in the spectra of its neighbor odd-odd nucleus ‘8Re (N=113), one observes
some indications of non-axiality for two quasiparticle states involving high j value
particle orbitals. In order to describe experimentally observed high density of positive
parity levels in *38Re, one should apply for these states deformation parameters £2=0.18,
€4=0.05, y=20°. The excited energy levels of iridium nuclei with N=113+117 have been
interpreted in terms of two quasiparticle plus triaxial rotor model with y>15°. However,
the results of calculations failed to give good quantitative agreement with experimental
190,192.194) spectra. Analysis shows that the most probable cause of this failure is the
insufficient accounting for spin-orbital interaction in the used nuclear model.

[1] S.E. Larsson, G. Leander, I. Ragnarsson, Nucl. Phys. A307, 189 (1978)
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VOLFRAMA PARKLAJUMU IETEKME UZ TRITIJA AKTIVITATI
AREJAS UN IEKSEJAS SIENAS DIVERTORA MATERIALOS

Mihails Halitovs®, Gunta Kizane!, Liga Avotinal, Jari Likonen?, Nicolas Bekris?,
Catalin Stan-Sion?, JET lidzstradnieki®*
Latvijas Universitates Kimiskas fizikas institiits, >VTT Technical Research Centre of Finland, Finland;
3Karlsruhe Institute of Technology, Germany; “Horia Hulubei National Institute of Physics and
Nuclear Engineering, Romania; *CCFE, Culham Science Centre, Abingdon, OX14 3DB, UK

Volframs ir pamatmaterials Starptautiska kodolsintézes eksperimentala reaktora (ITER) divertora dala.
Galvenokart dé] ta augstas mehaniskas un termiskas izturibas un zemas tritija caurlaidibas spgjas.
Petjjuma merkis ir izvertét volframa parklajuma efektivitati uzkrata tritija samazinasana uz dazadu
Apvienota Eiropas tora (JET) kodolsintézes reaktora divertora kiegelu virsmas.

Pétfjuma veikta 2005.-2007. un 2010.-2012. gada JET kampanas izmantoto divertora kiegelu virsmas
paraugu analize. Divertora kiegelu pozicijas 1 un 3 (ieksgja siena), ka ar pozicijas 7 un 8 (argja siena)
analize veikta ar pilnigas oksideSanas un $kidras scintilacijas metozu izmantoSanu.

Ieksgjas divertora sienas virsmas paraugu pétfjumu rezultati norada uz ieveérojamu tritija aktivitates
samazinasanos salidzinajuma ar tas paSas pozicijas neparklatiem oglekla kompozitmaterialu (CFC)
virsmas paraugiem. Neparklato divertora pozicijas 3 kiegela paraugu vidgja virsmas aktivitate ir
108 Bg-g. Vienlaikus W-parklato virsmas paraugu aktivitite analogiskds pozicijas ir vien ap
10* Bg-g . Argjas divertora sienas paraugu analize nenorada uz ieverojamam izmainam tritija aktivitate
starp neparklatiem un W-parklatiem virsmas paraugiem. Vidgja aktivitate abu veidu divertora kiegelu
virsmas paraugiem ir vid&ji 5-10* Bg-g™.

P&tjjums apstiprina pien€mumus, ka metalisko plazmas saskares materialu izmantosana JET
kodolsintézes reaktora vakuuma kamera ievérojami samazina kodolsintézes degvielas uzkrasanos. Ta
rezultata tiek samazinata ari tritija Tpatngja aktivitate uz materialu virsmas. Rezultati norada uz to, ka
lielaka efektivitate tritija aktivitates samazinasana tiktu panakta divertora iek$gjas sienas apgabala, kas
paklauta lielakai energijas un dalinu plismas iedarbibai. Divertora argjas sienas apgabala ar mazaku
materialu tieSu mijiedarbibu ar plazmu tritija aktivitates samazinajums uz virsmas ir nenozimigs
salidzinajuma ar neparklatiem materialiem un ievérojamas virsmas aktivitates izmainas nav noverotas.

THE INFLUENCE OF TUNGSTEN COATINGS ON TRITIUM ACTIVITY IN
THE OUTER AND INNER WALL DIVERTOR MATERIALS

Mihails Halitovs!, Gunta Kizane', Liga Avotinal, Jari Likonen?, Nicolas Bekris®,
Catalin Stan-Sion*, JET contributors®*
L University of Latvia, Institute of chemical physics; 2VTT Technical Research Centre of Finland,
Finland; ®Karlsruhe Institute of Technology, Germany; “Horia Hulubei National Institute of Physics
and Nuclear Engineering, Romania; SCCFE, Culham Science Centre, Abingdon, OX14 3DB, UK

Tungsten is the material of choice for the International Thermonuclear Experimental Reactor (ITER)
divertor region due to its thermal and mechanical stability and low tritium permeability. The research
focuses on tungsten coating efficiency at reducing the accumulated amount of tritium on the surface of
various Joint European Torus (JET) divertor tiles.

A post-mortem analysis of JET 2005-2007 and 2010-2012 campaign divertor tile surface samples was
done. A method of full combustion and liquid scintillation analysis was performed on samples of divertor
tiles 1 and 3 (inner wall) and tiles 7 and 8 (outer wall).

The results of inner divertor wall tile surface samples show gradual decrease in tritium activity comparing
to uncoated carbon fibre composite (CFC). Tile 3 uncoated samples have average tritium surface activity
at 10° Bg-g* while W-coated tile surface samples have surface activity at the order of 10* Bg-g*. The
analysis of outer divertor wall samples does not show distinct difference between uncoated CFC tile and
W-coated tile tritium activity on the surface. The average surface activity of both types of samples is at
5-10% Bg-g* with no distinct variation between the two types of tiles.

The research confirms that the operation with the metal wall in JET efficiently reduces fuel inventory in
PFC. As a result, the tritium surface activity is also reduced. The results show that the highest efficiency
of tritium activity decrease could be achieved at the inner divertor wall region that has higher heat loads
and particle flux. While in the outer divertor wall region with less direct plasma-surface interaction the
decrease of surface activity comparing to uncoated tile samples is minimal and a gradual difference of
surface activity changes was not observed.

* See the Appendix of F. Romanelli et al., Proceedings of the 25th IAEA Fusion Energy Conference 2014, Saint Petersburg, Russia

This work has been carried out within the framework of the EUROfusion Consortium and has received funding from the Euratom research and

training programme 2014-2018 under grant agreement No 633053. The views and opinions expressed herein do not necessarily reflect those of the
European Commission.
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LITIJA ORTOSILIKATA MINILODISU AUGSTTEMPERATURAS
RADIOLIZE PAATRINATO ELEKTRONU IETEKME

Artiirs Zarins!, Gunta Kizane!, Arnis Supe?, Larisa Baumane?, Regina Knitter?,
Matthias Kolb?, Oskars Valtenbergs®
! Latvijas Universitates Kimiskas fizikas institiits
2Latvijas Organiskas sintezes institits
® Karlsriies Tehnologiju institiits

Litija ortosilikata (LisSiOs) minilodites ar 2,5% silicija dioksida (SiO2) piedevu
(9=0,25-0,63 mm), kas ir sintez&tas ar standarta kaus¢juma-izsmidzinasanas metodi,
ir akceptCtas ka tritiju generjosa keramika Eiropas Savienibas izvirzitaja Hélija
dzesétaja lodisu slanu jeb HCPB (Helium Cooled Pebble Bed) modula koncepcija.
Paslaik standarta LisSiO4 miniloditém ir aktualas dazas funkcionalas un tehnologiskas
problémas: relativi zema mehaniska stabilitate, razoSanas metodes relativi zema
efektivitate u.c. Finansialu un ekologisku apsvérumu dél ir baitiski noveérteét ar dazadam
sintézes metodém izgatavotas un sagatavotas tritiju gener&josas keramikas radiacijas
stabilitati, ka ar1 noteikt un novérst radiacijas stabilitates samazinaSanas c€lonus.
Dazadi sintez&tu un sagatavotu LisSiO4 minilodiSu radiacijas stabilitate ir novértéta péc
to apstaroSanas ar paatrinatajiem elektroniem (E=5 MeV) lidz pat 11 GGy absorbétai
dozai paaugstinata temperatiira (T=380-670 K) argona un gaisa atmosféra. legutie
rezultati liecina, ka LisSiOs minilodisu radiacijas stabilitate ir atkariga no vairakiem
parametriem - no minilodiSu mikrostruktiras un graudu diametra, sagatavoS$anas
apstakliem un kimiska sastava.

HIGH-TEMPERATURE RADIOLYSIS OF LITHIUM ORTHOSILICATE
PEBBLES UNDER ACTION OF ACCELERATED ELECTRONS

Arturs Zarins!, Gunta Kizane!, Arnis Supe?!, Larisa Baumane?, Regina Knitter?,
Matthias Kolb?, Oskars Valtenbergs®
! University of Latvia, Institute of Chemical Physics
Z Latvian Institute of Organic Synthesis
$Karlsruhe Institute of Technology

Lithium orthosilicate (LisSiO4) pebbles with 2.5% silicon dioxide (SiO2) additions
(9=0.25-0.63 mm), which are synthesised with standard melt-spraying method, are
accepted as tritium breeding ceramic in European Union proposed Helium cooled
pebble bed or HCPB module conception. Presently, the standard LisSiO4 pebbles have
few functional and technological problems: low mechanical stability, low efficiency of
synthesis methods. From financial and ecological reasons it is vital to compare radiation
stability of the tritium breeding ceramics, which are synthesised and pre-treated with
differently methods, as well as establish and prevent reasons of decrease of radiation
stability. The radiation stability of the differently synthesized and pre-treated LisSiO4
pebbles was compared after irradiation with accelerated electrons (E=5 MeV) up to 11
GGy absorbed dose at elevated temperature (T=380-670 K) in dry argon and air.
Obtained results suggested, that the radiation stability of the LisSiO4 pebbles depends
on microstructure and grain size of the pebbles, preparation conditions and chemical
composition.

Research was financed by Republic of Latvia, Ministry of Education and Science (project
EURATOM No. 11-11/ES12) and The Baltic-German University Liaison Office.
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UDENRAZA INFRASTRUKTURAS ATTISTIBAS ASPEKTI — IEGUSANA,
UZGLABASANA, KVALITATES UN DROSIBAS KONTROLE

Janis Kleperis®, Peteris Lesnienoks?!, llze Dimantal 2, Liga Grinberga®
YLatvijas Universitates Cietvielu fizikas institiits;
2Latvijas Universitdtes Biologijas fakultate

Udenradis nakotné biis neaizvietojams energonesgjs pasaules valstu energétikas
bilancgs, jo sp&j nodrosinat nulles emisijas transporta sektora un zemas emisijas vai pat
nulles emisijas (ja CO2 tiek savakts un reforméts par metanu) energijas razo$anas
sektora. Turklat Gidenradis praktiski jebkura vieta uz Zemes ir ieglistams no lokaliem
resursiem, gan fosiliem, gan atjaunojamiem.

Misu darba tiek analizeti Gidenraza infrastruktiiras aspekti — iegtiSana, uzglabasana un
droSibas kontrole — Latvijas pieméra, vadoties no savas un Eiropas valstu pieredzes un
direktivam. Atkariba no pieejama resursa un izmantoSanas tehnologijas iesp&jams
tidenradi iegt uzreiz lietoSanai p&c nepiecieSamibas, apejot iegliSanu un uzglabasanu
lielos apjomos, kas stipri atvieglo drosibas kontroli. Tada gadijuma ir apgritinata
tdenraza kvalitates kontrole, un iesp&jams, katrai tehnologijai un resursam tiks mekl&ts
savs risinajums. FEiropas valstu pieredze udenraza uzpildes staciju veidosana
transportam rada, ka vispirms tiek izvertéts pieprasijums konkrétaja vieta, pieejamie
resursi fidenraza iegtSanai. Pe&c tam atkariba no transportlidzekliem (autobuss vai
vieglas masinas) un planoto uzpilzu skaita diennakti tiek noverteéts maksimalais stacija
uz vietas glabajama tidenraZza apjoms.

Autori pateicas Valsts Pétijumu programmai energétika LATENERGI 2014-2017 par
finansialu atbalstu.

HYDROGEN INFRASTRUCTURE DEVELOPMENT ASPECTS -
PRODUCTION, STORAGE, QUALITY AND SAFETY CONTROL

Janis Kleperis®, Peteris Lesnienoks?!, llze Dimanta'-?, Liga Grinberga®
YInstitute of Solid State Physics, University of Latvia
2Faculty of Biology, University of Latvia

In the world's national energy balance the hydrogen will be an indispensable energy-
carrier in the future because of its ability to provide zero emissions in the transport
sector and low-emission or even zero emissions (if CO2 is collected and reformed to
methane) in power generation sector. In addition, the hydrogen practically anywhere
on Earth can be obtained from local resources, both fossil and renewable.

Our work analyzes the hydrogen infrastructure aspects - the production, storage, and
quality and security control on the basis of their European and local experiences and
directives. Depending on the available resources and applied technology, it is possible
obtain hydrogen on site so as needed, bypassing the storage in large volumes, what
highly facilitates security control. However in this case, is difficult to perform the
quality control of hydrogen, and possibly, each technology and resource will be sought
for its own solution. European experience in building hydrogen filling stations for
vehicles show that demand is evaluated together with available resources, and
maximum hydrogen to be stored calculated in dependence from amount of vehicles
(busses, cars) and the planned filling times per day.

26



Udenraza materiali, energétika un iekartas

POLITIKA UN STANDARTI GAZVEIDA DEGVIELU UZPILDES
STACIJAM UN UDENRAZA VIETA TAJOS

Justs Dimants?, Ilze Dimanta’ 2, Biruta Sloka® %, Janis Kleperis®
YLatvijas Universitates Cietvielu fizikas institiits;
2Latvijas Universitates Biologija fakultate;,

Latvijas Universitates Ekonomikas un vadibas fakultate

Sobrid 94% autotransporta ES izmanto naftas degvielu, no kuras 84% tick importgti.
ES direktivas rekomende dalibvalstim [idz minimumam samazinat atkaribu no naftas
un mazinat transporta ietekmi uz vidi. Lai $1s abas prasibas izpilditu, vienigais celS ir
pareja uz nulles emisiju - elektrisko un Gidenraza transportu. Ja elektriskas masinas ir
komercializétas vairakkart ped€jos simts gados (sakot no 1907.g.) un lielakais
pardosanas apjoms sasniegts tiesi ped&jos gados (ASV 2008.-2014. gados vien pardots
250 000 vienibu), tad udenraza masinu komercializacija uzsaka Sogad (Toyota,
Huyndai). Darba apkopota informacija par likumdoSanu un standartiem saistiba ar
fidenraza transporta ievieSanu un uzpildes stacijam Eiropas Savieniba, un analiz€ta
Latvijas politika un esoSie noteikumi. Dazadi alternativo degvielu veidi (elektroenergija,
tdenradis, biodegvielas, biogaze) ilgtermina potenciali varétu aizstat naftas produktus.
ES dokumenti uzsver, ka valstij jaizstrada standarti un tiesibu akti, nedodot prieksroku
kada konkréta veida tehnologijai, lai neaizkavétu alternativo degvielu un energoneséju
turpmako attistibu.

Autori pateicas Valsts Pétijumu programmai energétika LATENERGI 2014-2017 par
finansialu atbalstu.

POLICY AND STANDARDS OF GASEOUS FUEL FILLING STATIONS AND
THE PLACE OF HYDROGEN THEREIN

Justs Dimants?, llze Dimanta®?, Biruta Sloka'?, Janis Kleperis®
YInstitute of Solid State Physics, University of Latvia;
2Faculty of Biology, University of Latva;

*Faculty of Economics and Management, University of Latvia

Currently, 94% of EU road transport is using oil, from which 84% is imported. EU
Directive recommends Member States to minimize the dependence on oil and reduce
the environmental impact of transport. In order to meet these two requirements, the only
way is shift to zero emission vehicles - electric and electric/hydrogen. If the electrical
cars are commercialized several times over the last hundred years (for the first time in
1907) and the largest volume of sales are achieved in the last few years (250 000 units
are sold in the US from 2008 to 2014), then the hydrogen car commercialization is
launched this year (Toyota, Hyundai).

Our work summarizes information on the legislation and standards in relation to the
introduction of hydrogen vehicles and refueling stations in the European Union and in
this context analyzes policy and regulations in Latvia. Various types of alternative fuels
(electricity, hydrogen, biofuels and biogas) in the long term could potentially replace
petroleum products. EU documents highlights to develop national standards and
legislation, without giving preference to any particular type of technology, in order not
to delay the future development of alternative fuels and energy carriers.
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ENTEROBACTER AEROGENES SARAZOTA UDENRAZA UZGLABASANAS
IESPEJAS DAZADOS METALHIDRIDOS

llze Dimanta’?, Sintija Valucka?, Vizma Nikolajeva?, Jilija Hodakovska?,
Indrikis Muiznieks!, Janis Kleperis?
YLatvijas Universitates Biologijas fakultdte
Latvijas Universitates Cietvielu fizikas institiits

Fakultativi anaerobas baktérijas Enterobacter aerogenes ir optimali producenti
ripniecisko atkritumu (glicerina un laktozes) fermentativai izmanto$anai bio-tidenraza
ieguves sisttmam. Tumsas fermentacijas procesa bakteriju raditais tidenradis dal&ji
pariet gazveida faze, bet dala paliek saistita parsatinata $kiduma. Udenraza sintézi
iesp&jams aktivet, fermentacijas Skidumu maisot un/vai nepartraukti burbulojot ar
inertu gazi. Hidridus veidojoSu metalu klatbiitne fermentacijas Skiduma aktivize
E.aerogenes tidenraza sintézi, absorbgjot dalu iz§kidusa tidenraza. Apkopojot rezultatus,
tika izdariti secinajumi par tidenraza uzkraSanas iesp&jam dazados materialos (Pd,
LaNi5, AB5, AB2) un E.aerogenes tdenraza producé$anu fermentacijas barotné ar
metalhidridiem. P&tijums finanséts no Latvijas Zinatnes padomes Sadarbibas projekta
No. 666/2014. Pateiciba ESF projektam ,Atbalsts doktora studijam Latvijas
Universitate” par stipendiju I.Dimantai.

ENTEROBACTER AEROGENES PRODUCED HYDROGEN STORING
POSSIBILITIES IN VARIOUS METAL HYDRIDE ALLOYS

llze Dimanta’?, Sintija Valucka?, Vizma Nikolajeval, Jalija Hodakovska?,
Indrikis Muiznieks?!, Janis Kleperis?
YLatvijas Universitates Biologijas fakultdte
Latvijas Universitates Cietvielu fizikas institiits

Hydrogen gas is produced during the fermentation process of bacteria in anaerobic
conditions. Bacteria Enterobacter aerogenes are producing hydrogen in the liquid
phase and when thermodynamic equilibrium is reached, hydrogen is diffusing from
liquid to gaseous phase. Constant stirring do increase the overall hydrogen
concentration and when it is turned off, the hydrogen concentration slowly decreases in
overall fermentation process. It was proved that hydrogen over-saturation phenomena
in liquid phase during dark fermentation process occur. The task is to remove hydrogen
from liquid phase. We used powdered metals and alloys (Pd, LaNi5, AB5, AB2)
forming hydrides to test for their facility to remove hydrogen from liquid phase in dark
fermentation process. Differential thermogravimetric method was used to measure
amount of adsorbed hydrogen in alloy — before and after the contact with
microorganisms. Results in the report will be discussed in detail.

The financial support Latvian Council of Science Cooperation Project No. 666/2014
and European Social Fund for the scholarship to llze Dimanta is greatly acknowledged.
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MATERIALU UDENRAZA UZGLABASANAI PETNIECIBAS METODES
KAUNA UN RIGA

Péteris Lesni¢enoks®, Liga Grinberga?, Janis Kleperis?
'Rigas Tehniskas Universitates Materidlzinatnes un lietiskas kimijas fakultdte
2Latvijas Universitates Cietvielu fizikas institiits

XPS Fotoelektronu spektroskopija ,0z& spektroskopija, FTIR Furje caurlaidibas
infrasarkana spektroskopija, (O/N/H) gazu analize- lidz 100s, SEM/EDS, PCT-Pro
2000 tilpuma izmainas gazu sorbcijas merjjumi, Masspektroskopija (kvadrupola) un
termogravimetrija - §is ir galvenas metodes, kuras iespejams pielietot Gidenraza
sorbcijas petijumiem un materialu klasifikacijai. Parskats par metodém, kuras
picejamas LU CFI, Lietuvas Energétikas institita (LEI) un draudzigs aicinajums
atcer€ties arl par saistoSiem pétijjumiem Kaunas Tehnologiskaja Universitate (KTU)
instititos un iesp&jamu sadarbibu.

legtiti jauni rezultati par Udenraza sorbciju materialos, izmantojot O/N/H gazu
analizatoru, kas lauj precizak spriest par ieprieks€jos gados LU CFI veiktajiem
termogravimetrijas merfjumiem un veikt korekcijas rezultatu interpretacija, ka ari
novertet materialu struktiira eso$a idens daudzumu.

Pateiciba LZP Pé&tnieciskajam Sadarbibas projektam Nr.666 (2014.-2017.) un ES
COST MP 1106 akcijai.

MATERIALS FOR HYDROGEN STORAGE — METHODS AVAILABLE IN
KAUNAS (LT) AND RIGA (LV)

Péteris Lesnicenoks?, Liga Grinberga?, Janis Kleperis?
'Faculty of Materials Science and Applied Chemistry , Riga Technical University
%Institute of Solid State Physics, University of Latvia

XPS, Auger Spectroscopy, FTIR, (O/H/N) Oxygen hydrogen nitrogen gas
analysis - capable of detecting hydrogen in measurements up to 100 seconds, SEM/EDS,
PCT - Pro 2000 volumetric sorption measurements, quadrupole mass spectroscopy and
thermo-gravimetric are the main methods for detecting hydrogen and classifying
materials intended for hydrogen sorption. Overview about methods available in ISSP
of UL (Latvia), Lithuanian Institute of Energetic (Lithuania) and related topics of
research in Kaunas University of Technology (Lithuania) and remainder of possible
collaboration. What we obtained are new sorption results and better understanding
about our earlier results with Thermogravimetric method, as well as more precise
interpretation for molecular water in synthesized materials.

Authors acknowledge financial support from Project No 666 (2014-2017) of Latvian
Council of Science as well as EU COST Action No 1106
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TiO2 NANOCAURULISU AUGSANAS IPATNIBAS ANODESANAS
PROCESA

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

TiO2 nanocaurulites iesp&jams ieglt, izmantojot dazadas sint€zes metodes:
hidrotermalo tvaiku nogulsnéSanu, sol-gel sintézi, ka ar1 elektrokimisko anodésanu.
Orientétas TiO2 nanostrukttras giist lielu interesi dazadas zinatniskas aprindas, to
mainamo 1Ipas$ibu un dazada pielietojuma dél. Lietojot elektrokimisku anod&Sanu
iesp&jams ieglt pasorientétas TiO2 nanocaurulites ar dazadu morfologiju un struktiiru
atkariba no anodésanas parametriem. STs metodes galvenas prieks§rocibas ir vienkarsa
audz€Sanas parametru maina, nanocauruliSu augsta organizacija, orientacija un
kvalitate.

Darba gaita tika sintez@tas TiO: paSorient€tas nanostruktiiras, izmantojot dazadus
pievaditos anodéSanas spriegumus 15V, 20V, 25V un 30V. Sintézeé tika lietots
NaF/H3PO4/H20 elektrolits ar dazadu fluorida jonu koncentraciju 0.14 , 0.18 un 0.2
svara %. Analizgjot iegiito paraugu struktiru un morfologiju, tika pétita sakotngjo
anodeésanas parametru un fluorida jonu koncentracijas ietekme uz nanocauruliSu
augSanas procesu un ta patnibam.

Autori pateicas Valsts pétfjumu programmas IMIS? 2. projektam par finansialo
atbalstu.

FEATURES OF ANODIZED TiO2 NANOTUBE GROWTH PROCESS

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

There are several techniques to obtain TiO2 nanotubes (NT) such as hydrothermal
chemical vapour deposition, sol-gel synthesis, and electrochemical anodization.
Electrochemical anodization is method with highly controllable parameters to grow
ordered self-oriented nanotube arrays. In this work potentiostatic mode is used during
the anodization process.

Investigations of applied anodization voltage and fluorine ion concentration influence
on growth of titanium nanotubes are described in this work.

Structural analysis of gained NT were performed using X-ray diffraction and Raman
spectroscopy methods. Morphological differences were observed and compared by
SEM. Studies of acquired results indicates initial parameter influence on growth
process.

The financial support of State research program IMIS? project No. 2 is greatly
acknowledged.
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INTERESANTI REZULTATI IMPEDANCES MERIJUMU GAITA

Raul Land?, Paul Annus?, Mart Min?, Alberts Kristing?
! Tallinas Tehnologiskas universitites Tomasa Johana Zébeka elektronikas nodala
2Latvijas Universitates Cietvielu fizikas institiits

Ir labi zinams, ka rezistors, kondensators, induktivitate, un p&dgja laika ari memristors ir
pasivas kédes &etri pamatelementi. Sis sadalfjums ir balstits uz attiecibam starp spriegumu,
stravu, ladinu un magnétisko plismu. Realaja pasaulé Sie elementi parasti savienoti dazados
veidos. Lai vienkarSotu analizi sarezgitas pasivajas kédés dazkart lieto dazas vairak eksotiskas
komponentes, pieméram, Varburga impedanci vai pastavigas fazes elementu (CPE).

K&zu pretestibas uzvediba biezi atainojama kompleksaja plakné (Arganda, Vessela vai
Naikvista), tad parsvara kapacitativa rakstura k&dei ir negativa imaginara dala, bet induktiva
rakstura kédei — pozitiva imaginara dala.

Jebkura gadijuma, ja kéde ir patieS$am pasiva, tad impedances vertibas ir kompleksas plaknes
labaja puse ar pozitivu realo dalu un fazes lenki starp + 90° un —90° gradiem.

Praktiskie merfjumi tika veikti uz vienkarSas stieples spoles (pilnas pretestibas precizijas
meritajs Wayne Kerr 6500P diapazona no 20 Hz lidz 120 MHz). Teorija liecina, ka pie loti
zemam frekvencém dominé vada pretestiba. Pie augstakam frekvencém dominé induktiva
pretestiba ar fazes lenki Iidz 90° un kapacitativa pretestiba (Saja gadijuma starpvijumu
kapacitate) ar fazes lenki lidz —90°. Parejot rezonanses frekvenci, notiek fazes l&cienveidiga
izmaina par 180°.

Tomér praks€ dazos gadijumos bija iesp&jams iegiit rezultatu, kad fazes I&ciens var sasniegt
360°. Lai izpétitu iespgjamas mérijumu kludas, tika veikts atkartots tests ar parasto signalu
generatoru un osciloskopu, kur§ deva loti lidzigus rezultatus. Sadus novérojumu netipiskus
rezultatus citi pétnieki tika konstatgjusi arT agrak. Tomér tadi rezultati parasti tika vienkarsi
noraiditi ka kliidaini, bez jebkadas talakas analizes vai p&tijumiem.

INTERESTING RESULTS DURING IMPEDANCE MEASUREMENT

Raul Land?, Paul Annus?, Mart Min!, Alberts Kristins?
Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology (TTU)
2 Institute of Solid State Physics, University of Latvia

It is well known that resistor, capacitor, inductor, and lately also the memristor are the four
fundamental passive circuit elements. This division is based on relationships between voltage,
current, charge, and magnetic flux. In real world these elements are typically spread and
connected in many different ways. To simplify analysis of the more sophisticated passive
circuits few more exotic components are sometimes introduced, such as Warburg impedance
or constant phase element (CPE).

Behaviour of the impedance of circuits is often depicted on complex plane (Argand, Wessel or
Nyquist plot), whereas predominantly capacitive circuits have negative imaginary part, and
inductive circuits positive.

In any case, if the circuit is truly passive, then the impedance vales are on the right side of the
complex plain, having positive real part, and phase angle between +90° and —90° degrees.
Practical measurements were carried out on simple wirewound inductor (Wayne Kerr 6500P
precision impedance meter; 20Hz to 120MHz). It is clear from the theory that at very low
frequencies series resistance of the wire will dominate. At higher frequencies mostly inductive
behavior is following with phase angle up to 90° and capacitive section caused by parasitic
capacitance between the turns becomes visible with phase angle up to —90°. Then at the resonant
frequency 180° phase jump to —90° happens.

In practice however it was possible to change the picture fundamentally, whereas phase jump
could reach 360° in some cases. In order to investigate possible measurement error the same
test was repeated with ordinary signal generator and oscilloscope with very similar results.
After discussions and search it became evident that similar behaviour has been observed before
and by different groups. Results were typically simply rejected as erroneous, without any
further analysis or investigation.
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IS BARJERU VADIBAS MODULIS

Alberts Kristing
Latvijas Universitates Cietvielu fizikas institiits

Infrasarkano barjeru (IS) vadibas modulis paredz€ts darbam komplekta ar firmas
VISHAY TSOP48xx tipa infrasarkana signala uztvergjiem un izmantojams attalinatas
kontroles sisteémas.

Modulis izstradats uz CMOS mikroshémas CD4093BCN, sastavosas no &etriem Smita
trigeriem. Uz viena izveidots nesosas frekvences generators, uz otra impulsu pakesu
veidoSanas generators, bet uz tresa un ceturta izveidoti impulsu garuma selektori.
Pirma trigera izejai pieslégtas IS starojoSas diodes. Uz selektoru ieejam tiek padoti
signali no IS uztvergju izejam. Selektoru izejas vada staru skersosanas indikatorus un
nodod informaciju attalinatas kontroles sistémas kontrolierim.

Modulis tada veida var nodrosinat divu IS barjeru darbibu.

Modulis paredzets darbam ar IS uztveérgjiem ar nesoso frekvenci diapazona no 30 lidz
56 kHz, bet var tikt pielagots ar citam frekvencu diapazonam.

IR BARRIERS CONTROL MODULE

Alberts Kristins
Institute of Solid State Physics, University of Latvia

Barriers infrared (IR) control module is designed to work with the TSOP48xx type
infrared signal receivers of the company VISHAY and is applicable in remote control
systems.

The module is designed on CMOS chips CD4093BCN composed of four Schmitt
triggers. On first trigger is built carrier frequency generator, on the second trigger —
pulse packet generator, on the third and fourth are made pulse lengths up selectors.
The output of the first trigger is connected to the IR emitting diodes. The selector inputs
are fed by signals from the IR receiver outputs. The selector outputs manage beam
crossing indicators and transmit information to a remote controller control systems.

In this way, the module can provide two-IS barrier function.

Module is designed to work with IR receiver with carrier frequencies ranging from 30
to 56 kHz, but can be adapted for another frequency range.
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AUTOMATISKA STARTA-FINISA KONTROLES IEKARTA UN
SACENSIBU NORISES PROTOKOLS SAULES MASINU UN LAIVU
SACENSIBAM

Alberts Kristins, Irina Gvardina, Janis Melderis, Janis Strauméns, Janis Kleperis,
Péteris Lesni¢enoks, Janis Zemitis
Latvijas Universitates Cietvielu fizikas institiits

Izstradata un izveidota automatiska starta-finisa iekarta ar Saules energiju darbinamu
masinu un laivu sacensibam paraléli 2 celos (cela garums 1idz 8 m).
Sistema sastav no periférijas vadibas kontroliera, pie kura tiek pieslégtas 2 starta un 2
finiSa infrasarkano staru barjeras, argja vadibas pults un dators caur RS-232 portu.
Uzrakstita speciala datorprogramma

e apstrada no kontroliera pienakoSo informaciju

o fiks€ komandu dalibnieku rezultatus

e péc atlases sacensibu rezultatiem sadala komandas astotdalfinalam,

ceturtdalfinalam, pusfinalam un finalam.

Rezultatus iesp€jams att€lot uz displeja jebkura sacensibu posma, ka ar1 izdrukat
sacensibu protokola veida. Starta/finisa laiks tiek registréts ar precizitati lidz 0,002 s.
Iekarta parbaudita pasakuma ,Saules Kauss 20147, kur§ norisinajas Latvijas
Universitates Cietvielu fizikas institita 2014. gada 17. maija.

AUTOMATIC START-FINISH CONTROL UNIT AND THE VENUES
PROTOCOL-SOFTWARE FOR RACE COMPETITIONS OF SOLAR CARS
AND BOATS

Alberts Kristins, Irina Gvardina, Janis Melderis, Janis Strauméns, Janis Kleperis,
Peteris Lesnicenoks, Janis Zemitis
Institute of Solid State Physics, University of Latvia

The automatic start-finish control equipment is developed and set up for the solar-
powered car and boat races in two parallel paths (path length up to 8 m).
The system consists of peripheral management controller, which is connected to the
two start and two finish infrared barriers, external control panel and through RS-232
port to computer. Special developed software provides:

e Processing of information received from controller,

e Recording racing results of team members

e Qualification of teams for eighth-final in accordance with the selection race

results, and then for quarter-final, semi-final and final.

The results can be displayed on the display at any stage, as well as printed in the forms
of racing protocols. Start and finish time is registered with an accuracy of 0.002 sec.
The equipment is tested in the competition "Solar Cup 2014", which took place in the
Institute of Solid State Physics, University of Latvia on May17, 2014.
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GAISA UN UDENS JONU GENERATORS IEKSDEDZES DZINEJU
DARBIBAS UZLABOSANAI

Artis VVolkovs?, Martin§ Vanags?, Janis Kleperis?
! Latvijas Universitates Fizikas un matematikas fakultate;
2 Latvijas Universitates Cietvielu fizikas institiits

Gaisa un Gdens jonu generators ir iekarta, kas izmantojot augstsprieguma koronizladi,
saske| gaisa un tidens molekulas jonos. ST iekarta domata ick$dedzes dzingju darbibas
uzlaboSanai un tiek ievietota gaisa iepliides kanala, vai nu aizvietojot gaisa filtru vai
pirms ta. lekartas mérkis ir bagatinat degvielas/gaisa maisijumu ar citadiem gazveida
savienojumiem, kas sadegSanas procesa ir efektivaki par gaisu. Jonu generatora
skabekla molekulas tiek saSkeltas skabekla jonos, kas savienojoties ar parastu skabekla
molekulu veido ozonu - augstakas energijas nestabilu savienojumu O3 , ar kura
palidzibu ir iesp&ams piegadat daudz vairak skabekli oksidéSanas reakcijam
sadegSanas kamera. Jonizgjot atmosféras gaisu veidojas N.O molekulas, kas darbojas,
ka papildus degviela. Ari no Gidens molekulas un koronizladé saSkeltas molekulas
veidojies H* jons, kas darbojas ka papildus degviela un uzlabo ogliidenrazu sadegsanu.
Praks€ ir zinams, ka mitra gaisa iekSdedzes dzingjs strada labak, turklat degvielas
ietaupiSanai tiek lietoti elektrolizes gazu generatori vai jonu generatori atseviski. Miisu
darba visi tr1s iekSdedzes dzingja darbibas uzlaboSanas principi apvienoti viena iekarta,
un pétits, kadas gazveida vielas rodas koronizladé mitrinata un ar elektrolizes gazi
bagatinata gaisa, ka ar1 Sadas kombinétas iekartas ietekme uz iekSdedzes dzingja
darbibu dazados braukSanas reZimos.

AIR AND WATER ION GENERATOR FOR INTERNAL COMBUSTION
ENGINE PERFORMANCE IMPROVEMENT

Artis Volkovs', Martin$ Vanags?, Janis Kleperis®
! Faculty of Physics and Mathematics, University of Latvia;
2 Institute of Solid State Physics, University of Latvia

Air and water ion generator is a device which uses high voltage corona discharge to
split air and water molecules into ions. This device is intended to improve the operation
of the internal combustion engine, and is inserted into the air intake channel, either by
replacing the air filter, or before the air filter.

Device aims to enrich the fuel/air mixture with other gaseous compounds which are
more efficient in the combustion process than just simple air. In the ion generator,
oxygen molecules are split into oxygen ions, which connect to normal oxygen
molecules forming ozone - “O3” an unstable compound with higher energy, by which
it is possible to deliver more oxygen to the oxidation reactions taking place in the
combustion chamber. By ionizing atmospheric air, “N20O” molecules are formed which
work as an additional fuel. Water molecules and the water molecules split by corona
discharge form H* ions, which act as additional fuel too and improve combustion of
hydrocarbons.

From practice, it is known that with moist air the internal combustion engines work
better, and for the fuel savings, electrolysis gas generators or ion generators are used.
In our work, all three performance principles of internal combustion engine are
combined in one device. Research is done what kind of gaseous substances are formed
by the corona discharge device using humidified and enriched with electrolysis gases
intake air, as well as effect of such combined device on internal combustion engines
performance in various driving modes.
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DZELZS TRIFLUORIDA Fe K-MALAS EXAFS SPEKTRA
INTERPRETACIJA IZMANTOJOT MOLEKULARAS DINAMIKAS
SIMULACIJAS

Karlis Lazding, Aleksejs Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Dzelza trifluoridam (FeF3) ir perovskita tipa struktira, to veido FeFe oktaedri ar dzelzi
centra un fluoru virsotnés, kas savstarp€ji novietojusies ta, ka saite Fe-F-Fe veido 153°
lenki. Sads novietojums ir tuvs kubiski simetriskai kristaliskai struktiirai, bet novirze
no izstiepta lenka samazina FeF3 simetriju lidz romboedriskai R-3c.

Saja darba tiek izstradats un pielietots vienkar$s speka lauka modelis klasiskas
molekularas dinamikas stimulacijam, ar mérki aprakstit FeFs statisko struktiru un
dinamiskos procesus istabas temperattira. Aprékinatais konfiguraciju vidgjais EXAFS
spektrs tika salidzinats ar eksperimentalu dzelzs fluorida K-malas EXAFS spektru [1],
kas satur informaciju par kristala struktiiru un dinamiku. FeF3 speka lauka modela
kvalitati un apskatiti nesakritibu c€loni tiks diskutéti.

INTERPRETATION OF THE Fe K-EDGE EXAFS SPECTRUM FOR IRON
TRIFLUORIDE USING MOLECULAR DYNAMICS SIMULATIONS

Karlis Lazdins, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

Iron trifluoride (FeF3) has perovskite type crystal structure, built up of FeFs octahedra
with iron atoms at the center and fluorine atoms at the vertices. The bonding angle Fe-
F-Fe between two octahedra is about 153°. The deviation of fluorine atoms from linear
chains reduces the symmetry of the crystal from cubic to rhombohedral R-3c.

In this study we have developed and applied simple force-field model for classical
molecular dynamics simulations of FeFs. Our goal is to use such model for a description
of FeFs crystal structure and lattice dynamics at room temperature. We have validated
the obtained model using the experimental Fe K-edge EXAFS spectrum [1], which
contain information on the structure and dynamic disorder. The obtained force-field
model quality and related problems will be discussed.

[1] A. Kuzmin and Ph. Parent, J. Phys.: Condensed Matter 6 (1994) 4395-4404.
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FeFs STRUKTURAS MODELESANA UN ANALIZE, IZMANTOJOT
EVOLUCIONARO ALGORITMU

Inga Jonane, Janis Timosenko
Latvijas Universitates Cietvielu fizikas institiits

Dzelzs (III) fluorids (FeF3) ir perovskita tipa savienojums, kura struktiiru veido ar
virsotném savienoti FeFg oktaedri. AtSkiriba no lidzigam kubiskam rénija trioksida un
skandija fluorida struktiram ( Pm3m telpiska grupa), FeFs gadijuma oktaedri ir
pagriezti un tade] FeFs ir zemaka, romboedriska simetrija (telpiska grupa ir R3c).

Lai izpétitu FeF3 lokalo struktiru un kristaliska rezga dinamiku, tika veikta dzelzs
absorbcijas K malas sikstruktiiras (EXAFS - Extended X-ray Absorption Fine Structure)
analize. Istabas temperatirai atbilstoSo EXAFS datu interpretacijai tika izmantota nesen
izstradata kombingta apgriezta Monte-Karlo/evolucionaro algoritmu metode
(RMC/EA). RMC/EA metodé tiek konstruéts pétamas struktiiras 3D modelis un
gadijuma rakstura procesa tiek mainitas atomu koordinates ar meérki minimizget starpibu
starp eksperimentalo un dotajam modelim ab-initio aprékinos iegtito EXAFS spektriem.
Sadas simulacijas iegiitais FeFs struktiiras modelis tika salidzinats ar molekularas
dinamikas aprékinos iegiito, ka ar1 tika noskaidroti atbilstoSie struktiiras parametri
(starpatomu attalumi un atomu svarstibu relativas amplitudas).

MODELING AND ANALYSIS OF FeFs STRUCTURE USING
EVOLUTIONARY ALGORITHM

Inga Jonane, Janis Timoshenko
Institute of Solid State Physics, University of Latvia

Iron (111) fluoride (FeFs) is a perovskite-type compound: its structure is built up of FeFe
octahedra connected through vertices. Unlike similar cubic rhenium trioxide and
scandium fluoride structures (space group Pm3m), in FeFs case these octahedra are
tilted and thus FeFs has a lower rhombohedral symmetry (space group R3c).

In this study we have investigated the local structure and lattice dynamics of FeFs using
EXAFS (Extended X-ray Absorption Fine Structure) spectroscopy at the iron K-edge.
EXAFS data, acquired at room temperature, were analyzed employing recently
developed combined reverse Monte Carlo/evolutionary algorithm approach (RMC/EA).
In the RMC/EA method a 3D model of the investigated structure is constructed and
then atomic coordinates are modified in a random process with the aim to minimize the
difference between experimental and calculated EXAFS spectrum. The latter one is
obtained in ab-initio calculations for current structure model.

The final structure model of FeFs was used for comparison with the results of molecular
dynamics and to estimate the values of structure parameters (interatomic distances and
the mean square relative displacements of atoms).
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ODS TERAUDA STRUKTURA ANALIZE IZMANTOJOT TI K-MALAS
RENTGENABSORBCIJAS SPEKTROSKOPIJU

Arturs Cinting*, Andris Anspoks?, Juris Purans?, Tim Graening?
YLatvijas Universitdtes Cietvielu fizikas institiits
2Karlsruhe Institut fiir Technologie, Institut fir Materialforschung-1

Oksidu stiprinats terauds (ODS) ir perspektivs kodolsintézes reaktoru materials. Saja
darba ir izpétita ODS teérauda izejmaterialu Ti K-mala, izmantojot rentgenabsorbcijas
spektroskopiju. Darba ir izmantota rentgenabsorbcijas spektru piemalas sikstruktiiras
(XANES) un rentgenabsorbcijas spektra sikstrukttras (EXAFS) analize.

XANES datu analize deva informaciju par Ti lokalo struktiru ODS matrica, un tas
atkartbu no apstrades temperatiiras. Izmantojot EXAFS datus, ieguvam lokalas
struktiiras parametrus un veicam pirmas koordinacijas sféras radialas sadalijuma
funkcijas rekonstrukciju.

Darba rezultata ir paradits ka mainas Ti faze ODS izejmaterialu matrica, atkariba no
apstrades temperatiiras.
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ODS STEEL RAW STRUCTURE ANALYSIS USING TI K-EDGE X-RAY
ABSORPTION SPECTROSCOPY.

Arturs Cintins?, Andris Anspoks?, Juris Purans?, Tim Graening?
YLatvijas Universitates Cietvielu fizikas institiits
“Karlsruhe Institut fiir Technologie, Institut fir Materialforschung-I

Oxide dispersion strengthened (ODS) steels are promising materials for fusion reactors.
In this work we have studied Ti K-edge of ODS steel raw materials with X-ray
absorption spectroscopy using analysis of X-ray absorption near edge structure
(XANES) and extended X-ray absorption fine structure (EXAFS).

Analysis of XANES revealed information about dependency of local structure of Ti in
ODS matrix on processing temperature. From EXAFS we reconstructed radial
distribution function and obtained local structure parameters.

We have revealed how thermal treatment influences the phase of Ti in ODS raw
materials
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Na12Biy2TiO3-SrTiOs-PbTiOs CIETA SKIDUMA STRUKTURAS ATKARIBA
NO ELEKTRISKA LAUKA

Reinis Ignatans, Eriks Birks, Marija Dunce, Karlis Kundzins, Maris Kundzins, Aina Plaude,
Maija Antonova, Maris Livin$
Latvijas Universitates Cietvielu fizikas institiits

Cietajiem Skidumiem ar sastavu 0,4Na12Bi12TiOs-(0,6-x)SrTiO3-xPbTiO3 (0,4NBT-
(0,6-x)ST-xPT) ir konstatéts izteikts elektrokaloriskais efekts. Tas ir butiskakais iemesls
veikt rentgenstaru difrakcijas merijumus, pieliekot ar&ju elektrisko lauku paraugam.
Istabas temperatiira sastaviem ar 10% un 5% PT koncentraciju novérojama tetragonalas
un kubiskas fazes koeksistence. Rentgenstaru difrakcijas ainas tika analizétas ar
modificétu Ritvelda metodi. P&c Ritvelda analizes rezultatiem var secinat, ka paraugam
ar 10% PT koncentraciju ar elektrisko lauku var mainit tetragonalas un kubiskas fazu
attiecibu, piedevam rezga parametri abam fazém praktiski nemainas. Ritvelda analize
norada ar1 uz lieliem iek$€jiem spriegumiem tetragonalajai fazei, bet kubiskai fazei
ieksgjie spriegumi ir nenozimigi. Paraugam ar 5% PT koncentraciju istabas temperattira
bez uzlikta argja lauka ir lielaks kubiskas fazes daudzums salidzinot ar 10% PT sastavu.
Elektriskais lauks $ada sastava paraugu ietekm@ mazak. Lai varétu veikt rentgenstaru
difrakcijas merjjumus ar argju elektrisko lauku, ir izgatavota neliela papildus iekarta
rentgenstaru difraktometram.

Na12Bi12TiO3-SrTiOs-PbTiO3 SOLID SOLUTIONS STRUCTURE
DEPENDENCE ON ELECTRIC FIELD

Reinis Ignatans, Eriks Birks, Marija Dunce, Karlis Kundzins, Maris Kundzins, Aina Plaude,
Maija Antonova, Maris Livins
Institute of Solid State Physics, University of Latvia

Solid solutions with composition of 0,4Nay2Bi12TiO3-(0,6-x)SrTiOs-xPbTiO3
(0,4ANBT-(0,6-x)ST-xPT) exhibit high electrocaloric effect. That is the main reason to
study crystalline structure dependence of external electric field for particular material.
At room temperature compositions with 10% and 5% PT concentration phase
coexistence of tetragonal and cubic phase is detected. X-ray diffraction patterns were
analyzed by modified Rietveld method. Results of Rietveld analysis show that phase
ratio can be changed with external electric field, additionally cell parameters of both
phases practically do not change. Rietveld analysis show high internal stresses in the
tetragonal phase, but internal stresses in the cubic phase are negligible. Composition
with 5% PT concentration at room temperature without external field has higher cubic
phase weight compared to 10% PT composition. Electric field affects specimen with 5%
PT concentration less compared with 10% PT composition. New additional apparatus
was made for X-ray diffractometer so measurements with external electric field could
be possible.
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NEITRALO PUNKTVEIDA DEFEKTU UN FRENKELA PARU APREKINI
NO PIRMAJIEM PRINCIPIEM KORUNDA

Aleksandrs Platonenko, Jurijs Zukovskis, Sergejs Piskunovs, Jevgenijs Kotomins
Latvijas Universitates Cietvielu Fizikas Instituts

Korunds (a-Al203) ir svarigs radiacijas izturigs materials, kuru var veiksmigi pielietot
nakotnes kodolsintézes reaktoros, ka diagnostikas komponentu sastavdalu un
starojumu absorb&joso parklajumu. Radiacijas izraisitas izmainas korunda strukturalas
un optiskas 1pasibas ir galvenokart saistitas ar skabekla vakancém un Frenkela defektu
pariem (Oi+Vo).

Saja darba més veicam aprékinus neitraliem punktveida defektiem un Frenkela pariem
korunda, izmantojot 2x2x1 periodisku superSiinu, kas sastav no 120 atomiem, un
3x3x1 superSunu, kas sastav no 270 atomiem. Aprékini tika veikti izmantojot
CRYSTALI14 programmu. Veido$anas energijas, ladina sadalijums un elektronu
blivuma diagrammas tika salidzinatas abiem defektu saturoSiem modeliem, lai
novertétu defektu miejiedarbibu. Starpmezglu Oi atoms visos apskatitos gadijumos
veido ,,hanteli” ar regularo skabekla atomu (do;-0 = 1,404 A), kuras kop&jais 1adin3 ir -
1,1 e. Veidosanas energijas neitraliem punktveida defektiem, kas aprékinati izmantojot
2x2x1 superSunu ir: Oj — 4,21eV un Vo — 7,60eV. Veicot aprékinus ar 3x3x1 korunda
supersiinu, Frenkela paris ar doivo = 4,42 A rekombingjas, kamér 2x2x1 supersiinas
gadijuma ta paliek metastabila stavokli.

AB INITIO SIMULATIONS ON NEUTRAL POINT DEFECTS AND
FRENKEL PAIRS IN CORUNDUM

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

Corundum (a-Al203) is important material with potential applications for components
of diagnostics, breeder blanket and in future fusion reactors as coating to avoid the light
gases permeation, as well as corrosion produced by lithium-based alloys. Radiation-
induced changes in structural and optical properties of radiation-exposed o-Al>.O3
crystalline materials are mainly associated with oxygen vacancies Vo and
complementary Frenkel pairs of defects (Oi+Vo).

We have performed ab initio calculations using CRYSTAL14 code on neutral single
point defects and Frenkel pairs of radiation defects in corundum, using periodic
conventional supercell 2x2x1 containing 120 atoms, as well as 3x3x1 supercell
containing 270 atoms. Formation energies, charge distribution, and electron density
plots for both defect-containing supercells were compared to evaluate defect-defect
interaction in periodic model. The interstitial O; atom, both single and a component of
Oi+Vo pair, spontaneously forms a dumbbell with the adjacent atom in the regular
oxygen sublattice (do,-o = 1.404 A) characterized by the induced charge -1.1 e.
Formation energies for neutral single point defects in 2x2x1 supercell are equal to
4.21eV for Oi and 7.60eV for Vo. In calculations performed for 3x3x1 corundum
supercell, Frenkel pair with initially fixed distance doi.vo = 4.42 A has been found to be
recombined after geometry optimization, while in 2x2x1 supercell, this pair stays in
metastable state.
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Y, O UN Vee DIFUZIJU BARJERU AB INITIO APREKINI FCC-FE REZGI

Aleksejs Gopejenko?, Jurijs Zukovskis?, Pavel V. Vladimirov?, Jevgenijs Kotomins?, Jurijs
Mastrikovs?, Vladimir A Borodin®, Anton Mdslang?
1Latvijas Universitates Cietvielu Fizikas Institiits,
2Karlsruhe Institut fir Technologie, Institut fir Angewandte Materialen
SNRC “Kurchatov Institute”’

Pasreizgjas paaudzes ferita-martensita t€raudi ar samazinato aktivacijas sp&ju pastiprinati ar
oksidi nogulsngjumiem lauj palielinat nakotnes kodolsintézes reaktoru darba temperatiiru uz
apméram 100°C (Iidz 650°C un augstak). Visbiezak izmantotais teraudu pastiprinasanai oksids
ir Y203, jo tas ir viens no stabilakajam oksidiem ar kusanas temperatiira augstak neka téraudiem,
kas varétu spélét nozimigu lomu, oksida nanodalinu ODS téraudos veidoSana.

Saja pétijuma galvenais mérkis ir iegiit dzilu ieskatu ODS nanodalinu veidosana ODS teraudu
strukthras. Lai to veikt, tiek izmantota divpakapju teorétiska pieeja S procesa atomarai
modelésanai. Pirmais solis ietver plasu ab initio aprékini elementaro itrija un skabekla
kompleksu dzelza rezgi (4x4x4 un 5x5x5 FCC Fe super$iinas modeliem), kas satur ari Fe-
vakances (Vre) izmantojot VASP datora kodu. Mijiedarbibas energija starp oksida atomiem un
dzelza matricas atomiem un to migracijas barjeras energijas ir iegiiti no §Im aprékiniem
turpmakai atomarai modelesanai.

Saistibas energijas starp piemaisijuma atomiem un vakancém, ka ari to migracijas barjera
energija, ir svarigi parametri ODS dalinu veidosanas LKMC model&sana (otrais modelésanas
solis). Lai veikt migracijas barjeru aprékinus ir izmantots nudge elastic band (NEB) metode
(kura ir pielietota VASP datora koda). Vismazakais aprékinatais Y atomu migracijas energija
barjera ir aptuveni 1.75eV. Acimredzot ka paaugstinata vakan¢ec koncentracija ir nepiecieSsama
Y migracijai, ka arT palielinats super$tinas izmérs ir nepiecieSams §im mérkim.

AB INITIO CALCULATIONS OF Y, O AND Vre DIFFUSION BARRIERS
INSIDE FCC-FE LATTICE

Aleksejs Gopejenko?, Yuri F. Zhukovskiit, Pavel V. Vladimirov?, Eugene A. Kotomin®
Yuri Mastrikov?, Vladimir A. Borodin®, Anton Mdslang?
Latvijas Universitates Cietvielu Fizikas Institiits
2Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
SNRC “Kurchatov Institute”’

Current generation of reduced activation ferritic-martensitic steels (RAFM) strengthened by
oxides permits a growth of the operating temperature for future fusion and advanced fission
reactors by 100°C (up to 650°C and higher). The most frequently used oxide for the
strengthening of RAFM steels is Y203, as it is one of the most stable oxides with melting
temperature higher than that of the steels which might play significant role in the formation of
oxide nanoparticles in ODS steels.

The main objective of this study is to get deep insight in the formation of the ODS particles
inside RAFM steel structures. To perform it, a two-step theoretical approach for atomistic
simulation of this process is proposed. The first step includes extensive ab initio calculations
of elementary yttrium and oxygen complexes inside the iron lattice (4x4x4 and 5x5x5 fcc-Fe
supercell models) containing also Fe-vacancies (Vr) performed using VASP computer code.
Both interaction energies between solute and matrix atoms and barriers for migration of
different solute atoms are extracted from these calculations for further atomistic simulations.
Binding energies between the impurity atoms and vacancies as well as their migration barrier
energies are important parameters for the LKMC modeling of the ODS particle formation (the
second step of our simulations). To perform calculations in order to estimate migration barriers,
the nudge elastic band (NEB) method have been used (as implemented within the VASP
computer code). The lowest calculated energy of the barrier for Y atom migration has been
found to be about 1.75eV. Obviously, the increased concentration of Ve vacancies is required
for interstitial Y migration and the increased size of the supercell is necessary for this aim.
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T102 NANOCAURULU GEOMETRIJAS UN SASTAVA IETEKME UZ TO
ELEKTRONISKO STRUKTURU: AB INITIO MODELESANA

Andrejs Cesnokovs, Olegs Lisovskis, Dmitrijs Bo¢arovs, Sergejs Piskunovs, Jurijs Zukovskis
Latvijas Universitates Cietvielu fizikas institiits

TiO2 ir perspektivs materials tidens fotokatalitiskai sadaliSanai. Diemzgl, tira TiO2
efektivitate ir zema un Iidz ar to tas nav ekonomiski izdevigs. Ta efektivitati var
palielinat, veidojot no ta nanocaurules — energgtiski stabilas struktiiras ar lielu virsmas
laukumu. Vel lielaku efektivitati var panakt, mainot titana dioksida aizliegtas zonas
platumu.

Darba ir salidzinatas dazadas morfologijas nanocaurulu ipasibas. Devinu slanu (001)
anataza nanocaurule, miisu agrako p&tijumu objekts, ir salidzinata ar vairakam sesu
slanu (101) anataza nanocaurulém. M@&s salidzinam to stabilitati, veidoSanas energijas,
to dop@Sanas iesp&jas un to zonu struktiiras atkaribu no piemaisijuma atomiem (gan no
individualajiem N un S atomiem, gan no pari ieviestiem). M&s ar1 parbaudam
piemaistjumu koncentracijas ietekmi uz zonu struktiiru un apspriezam piemaisjjumu
savstarp€jo mijiedarbibu.

Aprekinu laika samazinasanai, mes izp&tam iesp&jas samazinat modela izmérus un
dimensionalitati, t.i. pareju no periodiska modela uz neperiodisko modeli. Tas mums
laus veikt komplic@takus aprékinus pienemama laika.

CONNECTION BETWEEN ELECTRONIC STRUCTURE OF
NANOTUBULAR TIO2 AND ITS MORPHOLOGY: AN AB INITIO STUDY

Andrejs Chesnokov, Olegs Lisovski, Dmitrijs Bocharov, Sergejs Piskunov,
Yuri F. Zhukovskii
Institute of Solid State Physics, University of Latvia

TiOz is a promising photocatalyst for water splitting. However, 3D bulk titania’s
efficiency is too low for this aim. It can be improved by transforming titania into
stable 1D nanotubes (NTs) possessing large surface area. Further improvement of
TiO2 NT catalytical activity is possible through the band gap engineering.

In this study, we compare properties of nanotubes with different morphology. A 9-
layer (001) anatase NT, an object of our earlier studies, is compared to various 6-layer
(101) anatase NTs. Specifically, we compare their stability, formation energies,
doping possibilities and dependence of band structure on types of dopant atoms (N
and S as individual atoms or when introduced in pair). We also investigate how
concentration of dopant atoms affects the band structure and discuss interactions
between impurities.

In order to reduce computational time and to be able to run more complex calculations
in reasonable time, we investigate strategies for reducing size and dimensionality of
our model, e.g., transition from a periodic model of a nanotube to its non-periodic
cluster model.
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ATSTAROSANAS REZGI MOLEKULARO AZOSTIKLU KARTINAS

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

Misu ieprieksgjie caurstaroSanas holografisko rezgu ieraksta pé&tijumi molekularo
azostiklu kartinas ar biezumu 1-3 pum ir uzradiju$i strauju ieraksta efektivitates
samazinasanos pie maza rezga perioda A=0.5um. Vai tas ir saistits ar ieraksta
mehanismu vai tikai ar gaismas Releja izkliedi ? Kada ir situacija pie vél mazaka rezga
perioda?

Meklgjot atbilde uz Siem jautagjumiem esam veiku$i atstaroSanas rezgu (AR) ierakstu
molekularo azostiklu kartinas ZWK-2TBp, ZWK-3p, WE-3b un ZWK-3b ar 532nm un
633 nm lazeriem (attiecigi 4=0.182 pm un A=0.216 pum). Merjjumu rezultati ir
salidzinati ar caurstaroSanas rezgu (4=2 um) attiecigajiem raksturlielumiem.
Visaugstaka difrakcijas efektivitate DE=0.91% ir sasniegta kartina ZWK-2TBp,
ierakstot ar 532 nm un nolasot ar 633 nm gaismu. Kopuma AR ieraksta efektivitate ir
aptuveni 10 reizu mazaka neka caurstaroSanas rezgu gadijuma ar 4=2 um. Nav giti
pieradijumi tam, ka So efektivitates samazinasanos nosaka Releja izkliede.

Jaatzime negaidita iesp&ja AR ierakstu un nolasi veikt ar loti atSkirigiem gaismas vilnu
garumiem-532 un 633 nm. DE pie 633 nm ne tikai nav mazaka par DE pie 532 nm, bet
ir pat lielaka. Aprékins saskana ar Kogelnika teoriju (nemot véra ar1 absorbciju) rada,
ka DE pie 633 nm biitu jabit 30 reizu mazakai neka pie 532 nm. Referata tiks apliikoti
iesp&jami celoni.

REFLECTION GRATINGS IN MOLECULAR AZOBENZENE GLASSY
FILMS

Andris Ozols, Peteris Augustovs, Dmitry Saharov, Elmars Zarins, Valdis Kokars
Faculty of Material Science and Applied Chemistry, Riga Technical University

Our previous transmission holographic grating recording studies in molecular
azobenzene glassy films with the thickness of 1-3 um have revealed a steady decrease
of recording efficiency at small grating period A4=0.5um. Is this decrease connected
with the recording mechanism or only with the Rayleigh light scattering ? What is the
situation at still smaller gratings periods?

The answer these questions we have recorded reflection gratings (RG) in ZWK-2TBp,
ZWK-3p, WE-3b and ZWK-3b molecular azobenzene glassy films by 532 and 633 nm
laser beams (corresponding to 4=0.182 um and 4=0.216 um, respectively). The results
of measurements were compared with the transmission grating corresponding
parameters at /=2 um. The highest diffraction efficiency DE=0.91% has been achieved
in ZWK-2TBp film when RG was recorded at 532 nm and read out at 633 nm. Generally,
RG recording efficiency was about 10 times lower than in the case of transmission
gratings with /=2 pum. No evidence of the dominant Rayleigh scattering effect was
obtained.

Unexpected possibility was found to use light of considerably different wavelengths
(532 and 633 nm) for recording and readout of RG. DE at 633 nm was not only smaller
but even higher than at 532 nm. Calculations according to Kogelnik’s theory including
absorption have shown that DE at 633 nm should be 30 times smaller than at 532 nm.
The possible explanations of this discrepancy will be discussed.
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LIMITEJOSIE FAKTORI ENERGETISKO LIMENU NOTEIKSANAI AR
SKENEJOSAS KELVINA ZONDES METODI

Raitis Grzibovskis, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

Materialu pétnieciba biezi tick izmantota skengjosa Kelvina zonde ar kuru iesp&jams
noteikt pétama materiala dazus energétiskos limenus. Kelvina zondes iekarta darbojas
bezkontakta rezima, tada veida §1 metode ir materialus nesagraujosa. Kaut ar Kelvina
zonde tiek plasi pielietota gan dazadu metalu p&tnieciba, nosakot to izejas darbu, gan
pusvaditaju petnieciba, merot virsmas potencialu, tomér ir vairaki ierobezojosie faktori,
kas ietekmé rezultatus un metodes pielietojamibu.

Saja darba més esam pétijusi dazadu materidlu (metals, organiski pusvaditaji,
dielektrisks materials) plano kartinu virsmas potenciala vértibu atkaribu no elektroda,
kas atrodas zem pétita materiala. legiitas virsmas potenciala un izejas darba vertibas
tiek skaidrotas ar materialu Ipatn€jo vadamibu. Referata tiks 1suma apskatits Kelvina
zondes princips un prezentéti iegiitie rezultati.

LIMITING FACTORS FOR ENERGY LEVEL DETERMINATION USING
SCANNING KELVIN PROBE TECHNIQUE

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

In material research Kelvin probe is often used to determine some of the energy levels
of studied material. Kelvin probe operates in non-contact regime meaning that this
method is non-destructive. Although Kelvin probe is widely used in metal research, by
determining their work function, and in semiconductor research, by determining their
surface potential, there are several limiting factors which can affect the results and
usability of this method.

In this work we have studied surface potential value dependence on electrode which
lies under the thin films of different materials (metal, organic semiconductors,
insulator). Obtained surface potential and work function values are being explained by
material conductivity. In the talk short Kelvin probe principle as well as obtained results
will be presented.
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ENERGETISKIE LIMENI DMABI HROMOFORU SATUROSAS
MOLEKULAS

Julija Pervenecka, Raitis Grzibovskis, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

Augstas efektivitates ieriCu izveidoSanai no organiskam molekulam, piemé&ram,
organiskas saules baterijas, ir svarigi noteikt o materialu energétisko limenu struktiiru.
Energgtiskie Iimeni sniedz informaciju par materiala savietojamibu un izmantoSanas
iesp&jam kopa ar citiem materialiem.

Darba gaita tika pétits dimetilaminobenzilidén-1,3-indandions (DMABI) un cetri ta
atvasinajumi. Planas kartinas tika pagatavotas ar divam metodém: rotgjosa diska (spin
coating) un termiskas iztvaiceéSanas vakuuma metodi. PagatavoSanas metode tika
izveleta atkariba no vielas spgjas veidot planu amorfu kartinu no skiduma.

P&tamo vielu molekulu jonizacijas energija plana kartina uz ITO stikla tika noteikta ar
fotoemisijas kvantu iznakuma spektroskopijas metodi. Molekulas jonizacijas energijas
un elektronu afinitates energijas starpiba noteikta no fotovadamibas sliek$na vertibas.
No iegutas molekulu jonizacijas energijas un fotovadamibas sliekSna vertibas
iesp&jams iegiit elektronu afinitates limena vertibu. Referata tiks atspogulotas sakaribas
starp pétito molekulu struktiiru un to energétiskiem limeniem.

ENERGETICAL LEVELS OF DMABI CHROMOPHORE CONSISTING
MOLECULES

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

To create high-efficiency device from organic molecules, for example, organic solar
cells, the energetic levels structures of those molecules is very important to define.
Energetic levels provide information of material compatibility with other materials.

In this work dimetilaminobenzylidene-1,3-indandione (DMABI) and four its
derivatives were studied. Thin films were made by two methods: spin-coating and
thermal evaporation in vacuum. Preparation method was chosen depending on
compounds ability to form thin amorphous films from solution.

The molecule ionization energy in thin films of the studied compounds was obtained
by photoemission quantum yield spectroscopy method. The energy gap between
molecule ionization energy and electron affinity energy was determined from the photo
conduction experiment.

An electron affinity level value was obtained from molecules ionization energy and
photo-conductivity threshold value. Relation between the studied molecules structure
and their energy levels will be discussed in the presentation.
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FOTOINDUCETA ANIZOTROPIJA AZOBENZOLU SATUROSA
MOLEKULARAJA STIKLA

Krista Klismeta, Janis Teteris
Latvijas Universitates Cietvielu fizikas institiits

Ka zinams, azo savienojumiem ir raksturiga optiski ierosinama izomerizacija ap azo
saiti. Izomerizacijas procesa laika molekulas var tikt orienttas attieciba pret
ierosinos$as gaismas polarizaciju, rezultatad materiala rodas anizotropija un var notikt
makroskopiska meroga masas parnese uz parauga virsmas. Azohromoforus saturosos
mazmolekularajos stiklos orient€Sanas process gaismas elektriska lauka ietekmé tiek
atvieglots, jo to geometriska forma kave kristalizacijas procesus.

Minéto masas parneses paradibu azo savienojumos var izmantot, lai holografiski
izveidotu difrakcijas rezgus. Saja darba pétita iesp&ja uzlabot holografiska ieraksta
efektivitati, paraugu papildus apstarojot ar cita vilna garuma lazeru, ka ar7 §1 procesa
atkariba no izmantotas gaismas polarizacijas. Darba izmantotais savienojums ir
azobenzolu saturo$s molekularais stikls ar nosaukumu K-RJ-8, sintez&ts Rigas
Tehniskaja universitate.

PHOTOINDUCED ANISOTROPY IN AZOBENZENE CONTAINING
MOLECULAR GLASS

Krista Klismeta, Janis Teteris
Institute of Solid State Physics, University of Latvia

As is known, under influence of light azo compounds experience photoisomerization.
During this process the moieties may align relative to the electric field vector of light.
This leads to anisotropy in the material and macroscopic movement of mass could occur
on the surface of the film. The orientation process is easier in low molecular weight
organic glasses containing the azo chromophore because the geometry of the moiety
prevents crystallization.

Mass transport phenomenon can be used to holographically create diffraction gratings.
In this work the possibility to improve efficiency of holographic recording by
additionally irradiating the sample with another laser with different wavelength was
experimentally studied. The dependence on polarization was studied. The compound
used in this work was azobenzene containing low molecular weight organic glass K-
RJ-8, synthesized in Riga Technical University.
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ELEKTRISKAS VADAMIBAS UN LADINNESEJU LAMATU LIMENU
PETIJUMI TETRACENA ATVASINAJUMU PLANAS KARTINAS

Janis Tjarve, Kaspars Pudzs, Aivars Vembris, Martins Rutkis
Latvijas Universitates Cietvielu fizikas institiits

Termoelektrisko iericu izveidei nepiecieSami materiali ar augstu elektrisko vaditsp&ju
un zemu siltumvaditsp&ju. Modificgjot molekulas, var mainit organisko materialu
ipasibas. Augstas elektriskas vaditsp&jas nodroSinaSanai organiskajos materialos ir
nepiecieSams izzinat ladinnes&ju transportu un energétiskos limenus.

Saja darba ir pétitas tetracéna un ta atvasinajumu planas kartinas. Pétitie paraugi ir
veidoti ar termiskas sublimé$anas metodi vakuuma. Elektriska vadamiba ir noteikta ar
¢etru kontaktu metodi. Elektriskas Tpasibas ir petitas ar telpas ladina ierobezotas stravas
metodém (TLIS). Paraugu morfologija ir pétita ar sken&joso elektronu mikroskopu
(SEM).

Darba tiks apskatitas plano kartinu elektriskas 1pasibas un ladinnes&ju ietekme uz tam.

STUDY OF ELECTRICAL CONDUCTIVITY AND CHARGE CARRIER
TRAPPING STATES IN THIN FILMS OF TETRACENE DERIVATIVES

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

Production of thermoelectric devices requires materials with high electrical
conductivity but low thermal conductivity. Characteristics of organic materials could
be changed by modifying molecular structure. Knowledge of electrical properties and
energetic levels is required to achieve high electrical conductivity in organic materials.
Thin films of tetracene and three of its derivatives were prepared by thermal
evaporation in vacuum. Electrical conductivity was measured by four probe method.
Other electrical characteristics were investigated by space charge limited current
(SCLC) methods. Morphology of thin films was determined using scanning electron
microscope.

Electrical properties and local trapping states impact on them will be discussed in this
work.
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AR TERBLJU, PRAZEODIMU, NEODIMU UN DISPROZIJU AKTIVETU
STIKLU UN STIKLA KERAMIKU PETIJUMI

Edgars Elsts!, Guna Krieke*?, Uldis Rogulis?, Krisanis Smits*, Aleksejs Zolotarjovs?,
Janis Jansons!, Anatolijs Sarakovskis®, Karlis Kundzins®
YLatvijas Universitdtes Cietvielu fizikas institiits
2 Visparigas kimijas tehnologijas institiits, Rigas Tehniska universitate

Cietvielu fizikas institiita tika sintez&ti stikla paraugi ar nominalo sastavu 16NazO-
9NaF-5LaF3-7Al,03-63Si02 (mol%), kas aktivéti ar 3 mol% TbFs, PrFs, NdFs un
DyFs.

Stikla paraugus termiski apstradajot pie 600°C, 700°C, 800°C temperatiiras 30 miniites,
tie tika padarfti par stikla keramikam.

Stiklu un stikla keramikas paraugi tika pétiti, izmantojot rentgenstaru difrakcijas,
rentgenstaru  ierosinatas luminiscences spektroskopijas, katodluminiscences
spektroskopijas un skengjoso elektronu mikroskopijas metodes.

Tika analizéta NalLaF4, ka art citu kristalisko fazu veido$anas paraugos un to ietekme
uz luminiscences 1pasSibam — intensitati un dziSanas laikiem.

Jauna scintilatoru materialu tehnologija tiks izstradata ESF projekta ,,Tehnologiski
svarigu materialu eksperimentali un teoretiski p&tijumi” ietvaros.

STUDIES OF TERBIUM, PRASEODYMIUM, NEODYMIUM, DYSPROSIUM
ACTIVATED GLASS AND GLASS-CERAMICS

Edgars Elsts?, Guna Krieke'?, Uldis Rogulis?, Krisanis Smits?, Aleksejs Zolotarjovs?,
Janis Jansons?, Anatolijs Sarakovskis?, Karlis Kundzins?
YInstitute of Solid State Physics, University of Latvia
%Institute of General Chemical Engineering, Riga Technical University

Glass samples with nominal composition 16Na>O-9NaF-5LaF3-7Al203-63Si0;
(mol%) doped with 3 mol% ThFs, PrFs, NdFs and DyFs were synthesized at the Institute
of Solid State Physics.

These glass samples were converted to glass ceramics by thermal treatment: at 600°C,
700°C, 800°C temperature for 30 min.

Glass and glass-ceramics samples were studied by X-ray diffraction, X-ray excited
luminescence spectroscopy, cathodoluminescence spectroscopy and scanning electron
microscopy methods.

Formation of NaLaFs as well as formation of other crystalline phases in the samples
and its influence on the luminescence properties — intensity and decay times have
been analyzed.

New scintillator materials technology will be developed in framework of the ESF
project “Experimental and theoretical investigation of technologically important
materials”.
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AR EUu?* UN RZ JONIEM AKTIVETU OKSIFLUORIDU STIKLU UN
STIKLA KERAMIKU LUMINISCENCES SPEKTRI

Janis Sperga, Meldra Kemere, Uldis Rogulis, Jurgis Gribe, Guna Krieke, Edgars Elsts
Latvijas Universitates Cietvielu fizikas institiits

Ar Eujoniem aktiveti oksifluoridu stikli un stikla keramikas ir apliikoti ka perspektivi
baltas gaismas luminofori'. Dota pétijuma ietvaros tiek pétita divu (Eu un vél viens RZ
aktivators) aktivatoru ietekme uz luminiscences centru veidoSanos pie dazadiem
ierosmes vilnpu garumiem, ar mérki iegit stikla vai stikla keramikas paraugu ar péc
iesp€jas augstaku CRI (color rendering index) indeksa vértibu.

Darba gaita sintezéti caurspidigi oksifluoridu stikli, kuri vienlaicigi aktivéti ar Eu®" un
kadu no RZ elementu joniem Sm3*, Ho*", Th®", Dy**, Er*" nelielas koncentracijas (~1
mol%). Kontroléti kars€jot stiklus pie noteiktam kristalizacijas temperatiiram tiek
iegttas CaF> kristalitus saturoSas stikla keramikas.

Paraugiem izmériti luminiscences spektri, kas lauj izdarit secinajumus par Eu®* un citu
RZ jonu savstarp&jo mijiedarbibu parauga, kas atspogulojas aktivacijas centru
luminiscences spektru intensitates izmainas, ka ari lauj aprékinat CIE krasu koordinatas
un CRI indeksa vertibu.

Eu®* joniem ir novérojama efektiva luminiscence spektra sarkanaja dala, pargjiem
izmantotajiem RZ aktivatoriem luminiscences maksimumi pamata atrodas spektra
zalaja dala un to luminiscences intensitate sintez€tajos paraugos pie dotajam
koncentracijam ir salidzinama ar Eu®* jonu luminiscenci.

LUMINESCENCE SPECTRA OF OXYFLUORIDE GLASSES AND GLASS
CERAMICS ACTIVATED WITH Eu®* AND RE IONS

Janis Sperga, Meldra Kemere, Uldis Rogulis, Jurgis Grube, Guna Krieke, Edgars Elsts
Institute of Solid State Physics, University of Latvia

Oxyfluoride glasses and glass ceramics doped with Eu ions are considered as
prospective white light luminofores!. In this research, we have investigated the
influence of two ions (Eu and other RE ion) on the luminescence spectra of the samples
using different excitation wavelength with a goal to find out a sample with the highest
CRI (color rendering index) value.

Transparent oxyfluoride glasses co-doped with Eu®* and one other RE ion: Sm**, Ho®*",
Th%, Dy*, and Er®* (concentration ~1 mol%) have been synthesized. By a controlled
heating of the glass samples at certain crystallization temperatures we obtained glass
ceramics which contain CaF crystallites.

The luminescence spectra allow us to evaluate the interaction between the Eu®* and
other RE dopant in the examined samples as a change in the intensity of the activator
luminescence. Using the data acquired by the luminescence spectra we calculated CIE
color coordinates and CRI index values.

The results show that there is an effective luminescence provided by the Eu* in the red
part of the spectrum while other dopants show a luminescence concentrated around the
green part of the spectrum. The luminescence intensity of the Eu®* is comparable to that
of the other dopants.

1. Brice, U. Rogulis, E. Elsts, J.Griibe. Latv. J. of Phys. Tech. Sci, 2012, Nr. (I). p.44
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AR EU DOPETU FAP UN HAP KERAMIKU LUMINISCENCE

Larisa Grigorjeva, Donats Millers, Krigjanis Smits, Aleksejs Zolotarjovs
Latvijas Universitates Cietvielu fizikas institiits

Luminiscences pétijumi hidroksilaptitos Caio(POa4)s(OH)2 (HAp) un fluorapatitos
Ca10(POas)eF2 (FAp) dopétos ar retzemju elementu joniem (RE) ir aktuali sakara
biomarkeSanas metoZzu attistibu. Abi materiali kristaliz€jas vienada heksagonala
struktiira (P63/m) vienigi FAp strukttira OH grupas ir aizvietotas ar fluora joniem. RE
joni iebuivéjas HAp un FAp struktiira divas atskirigas Ca pozicijas - Ca(l) un Ca(ll).
Eu®* joni lietoti ka lokalas struktiiras indikators sakara ar to, ka Eu®*" jonu luminiscence
ir jutiga pret centra simetriju. P&tijuma Eu®" jonu °Do-'Fj pareju luminiscence ir
salidzinata dazados nanopulveros un keramikas.

LUMINESCENCE OF EUROPIUM-DOPED FAp AND HAp CERAMICS

Larisa Grigorjeva, Donats Millers, Krisjanis Smits, Aleksejs Zolotarjovs
Institute of Solid State Physics, University of Latvia

The luminescence study of hydroxyapatite Caio(PO4)s(OH). (HAp) and fluorapatite
Cai10(POas)sF2 (FAp) doped with RE ions is an advanced topic due to development of
biolabelling methods. Both materials have the same hexagonal structure (P63/m) only
in FAp structure OH group was replaced by fluorine ions. RE ions were incorporated
in HAp and FAp structures in two types of Ca sites (Ca(l) and Ca(ll)). Eu®* ion was
used as a local structure probe since the Eu®* ion luminescence is sensitive to center
symmetry. In present study the fine structure of °Do-’Fj transitions of Eu* ion were
compared on different HAp and FAp nanopowders and ceramics.
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SKABEKLA APMAINA SISTEMA METALU OKSIDS-ATMOSFERA

Latvijas Universitates Cietvielu fizikas institiits

Dazus metalus oksid€jot gaisa veidojas nestehiometriski to oksidi, oksida ir pasvielas
defekti, kuri saistiti ar skabekla deficitu vai parpalikumu. Minétie defekti iespaido
metala oksida luminiscenci. Nestehiometriskam metala oksidam, kura ir skabekla
iztrikums, sadarbojoties ar gazu maistjumu, kur§ ir bagatinats ar skabekli, skabekla
deficits oksida samazinas un izmainas materiala luminiscence. Tadél dazu metalu
oksidi ir daudzsolosi skabekla sensoru izveidei. Miisu pétijumos lielakais datu vairums
ir uzkrats par ZrO2, gan neaktivétu, gan aktivétu ar retzemju joniem. Eksperimentu
rezultati, kuri iegiiti ZnO pé&tijumos, rada, ka arT §T materiala luminiscence ir atkariga
no skabekla satura to aptveroSaja gazu maisjjuma. Sadarbiba ar oksidu aptveroSam
gazém notiek caur oksida materiala virsmu, tadel efektivi ir materialu veidi, kuriem
attieciba starp virsmas laukumu un tilpumu ir liela. Parasti tadi materiali ir
nanokristaliski pulveri, tacu to izmantoSana sensoros saistita ar tehniskam problémam,
tadel veikti pétijumi par metala virsmai cieSi piesaistitas porainas smalkgraudainas
keramikas izveidi izmantojot metala elektrolitisku oksidaciju plazma.

OXIGEN EXCHANGE IN SYSTEM METAL OXIDE-ATMOSPHERE

Donats Millers, Krisjanis Smits, Larisa Grigorjeva, Aleksejs Zolotarjovs
Institute of Solid State Physics, University of Latvia

The non — stoichiometric oxides were obtained for some metals if oxidation was
prepared in air. The intrinsic defects were incorporated in these oxides because of
oxygen deficiency or excess. These intrinsic defects strongly affect the luminescence
of material. The oxygen deficient non — stoichiometric oxide interaction with oxygen
rich surrounding gasses led to the oxygen deficiency reduction in oxide and
luminescence of material changes. Therefore oxides of some metals were prospective
for oxygen sensor development. The most of results obtained in our experiments are
accumulated on pure as well as rare earth ion doped ZrO>. The results obtained during
ZnO recent study gave evidence that the luminescence of this material depends on
oxygen content in surrounding gasses also. The interaction between oxide and
surrounding gasses take place via material surface, thus efficient is material having
large surface to volume relation. These materials usually are nanocrystalline powders,
however its application meet technical problems, therefore we carried out an attempt
via plasma electrolytic oxidation process to produce the porous fine grain ceramics
strongly bonded to the metal surface.

The financial support of project 2DP/2.1.1.1.0/14/APIA/VIAA/007 is greatly
acknowledged.
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PLZT KERAMIKAS INDUCETAS ABSORBCIJAS ATKARIBA NO
TEMPERATURAS

v —

Latvijas Universitates Cietvielu fizikas institiits

PLZT keramiku apstarojot ar rentgenstariem vai elektronu kiila impulsiem pie dazadam
temperatiiram taja nove€rota inducéta absorbcija. Inducétas absorbcijas spektri ir 11dzigi
abiem apstaros$anas veidiem, kas liecina, ka abos gadijumos induc@to absorbciju nosaka
vieni un tie pasi absorbcijas centri. lesp&jama So absorbcijas centru izcelsme ir PLZT
keramika eso$o defektu parladéSanas apstarosanas laika vai arT pasvielas polaronu
veidoSanas. Induc@tas absorbcijas sabrukSana dazados spektra apgabalos notiek
atSkirigi un tas liecina, ka novérotaja spektra parklajas vairakas joslas. Inducétas
absorbcijas sabrukSanas kinétikas nevar aproksimét ar vienu eksponenti, tas labi
aprakstamas ar Kolrausa likumu (stiepta eksponente), kaut gan ir iesp&jama
aproksimacija ari ar divu eksponentu summu. Inducétas absorbcijas atkariba no
temperatiras rada, ka zemas temperatiirds iesp&jami stabili, nesabrikosi induc@tas
absorbcijas centri, paaugstinot temperatiiru inducétas absorbcijas centri sabruk, tomeér
1si dzivojosa inducéta absorbcija novérojama pat virs 500 K.

THE INDUCED ABSORPTION DEPENDENCE ON TEMPERATURE IN
PLZT CERAMICS

Martins Vanks, Donats Millers, Larisa Grigorjeva Krisjanis smits, Vilnis Dimza
Institute of Solid State Physics, University of Latvia

The induced absorption under X-ray as well as pulsed electron beam irradiation at
different temperatures was observed in PLZT ceramics. The induced absorption spectra
are similar for both kinds of irradiation and it is the strong evidence that the same
centers are responsible for absorption observed. These centers possibly were created by
recharging of preirradiation defects in PLZT ceramics as well as creation of intrinsic
and bound polarons could be involved. The decay of induced absorption differs over all
spectrum thus showing that several bands overlaps. The induced absorption decay
kinetics can not be approximated by a single exponent, the approximation by
Kohlfausch law (streched exponent)gives a good result, however the approximation
with two exponents sum is possible also. The dependence of induced absorption on
temperature shows the stable absorption centres at low temperatures are. Enhancement
of temperature led to the decay of absorption centres, however short-lived absorption
was observed even above 500.K.
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LIOFILIZETA GRAFENA OKSIDA - BENZOLA SUSPENSIJA
CAURSPIDIGU ELEKTRODU IZGATAVOSANALI

Agnese Dravniece?, Lilita Gerca®, Martin$ Rutkis?, Karlis Kundzins®, Valdis Kampars?
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniska Universitate

Vienslana graféns ir inovativs gaismas caurlaidigs materials, kam piemit augsta
elektribas un siltumvaditsp€ja, 11dz ar to, tradicionalos elektrodus aizstajot ar graféna
monoslani, tiktu paaugstinata optoelektrisko iericu efektivitate. P&tfjuma graféna
oksida (GO) iegtsanai izmantota modificéta Hammera (Hummer) metode, kam seko
parauga liofilizacija, lai atbrivotos no udens. Pretji plasi izmantotajam GO
suspensijam Udeni, pétita GO suspensija benzola. Lai samazinatu GO lokSnu skaitu
planaja kartina, veikta eksfoli€Sana, paraugu songjot, ka rezultata iegttic GO izmé&ri ir
robezas no daziem nm lidz desmitiem pm. Nov@rota substrata virsmas apstrades
ietekme. Iegiitas GO suspensijas un planas kartinas raksturotas ar skengjoso elektronu
mikroskopiju.

Sis pétijums veikts ar Valsts pétfjumu programmas ,,Daudzfunkcionalie materiali un
kompoziti, fotonika un nanotehnologijas (IMIS?)” atbalstu.

LYOPHILIZED GRAPHENE OXIDE - BENZENE SUSPENSION
FOR USE IN TRANSPARENT ELECTRODES

Adgnese Dravniece?, Lilita Gercal, Martins Rutkis!, Karlis Kundzins?, Valdis Kampars?
YInstitute of Solid State Physics, University of Latvia
“Riga Technical University

Single sheet graphene is an innovative transparent material with high electrical and
thermal conduction therefore if used in transparent electrodes it would improve the
performance of optoelectronic devices. In this study graphene oxide (GO) has been
obtained by a modified Hummer's method followed by a relevant step of water removal
(lyophilisation). GO suspension in benzene is studied contrarily to widely used GO —
water suspensions. Exfoliation is carried out to reduce the number of GO layers in
suspension resulting in the GO sheet size range from few nm to tens of um. The effect
of variously treated glass substrate surfaces is observed. Obtained GO suspensions and
thin films have been studied using a scanning electron microscope.

This work has been supported by National Research Program “Multifunctional
Materials and Composites, Photonics and nanotechnology (IMI1S?)”
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JONU ENERGIJAS IETEKME UZ STRUKTURAS IZMAINAM AR Xe
JONIEM APSTAROTA LiF

Rolands Grants?, Roberts Zabels!, Muratbeks Baizumanovs?,
YLatvijas Universitates Cietvielu fizikas institiits
2Eirdzijas Nacionala Universitate, Astana, Kazahstana

Petitas struktiiras un mikromehanisko 1pasibu izmainas ar 450 MeV, 224 MeV un
52 MeV Xe joniem apstarotos LiF kristalos, izmantojot optiskas un ASM
mikroskopijas, kimiskas kodinasanas un nanoindentéSanas metodes. No SRIM
aprékinatajam energijas zudumu Iikném var secinat, ka Xe jonu gadijuma dala no to
trajektorijas tiek parsniegts energijas zudumu kritiskais slieksnis dE/dx>10 keV/nm,
kas nepieciesams kompleksu, serdi saturosu treku veidosanai. Saja apgabala veidojas
kimiski kodinami treki. Treku trajektorija kimiska kodinasana uzrada dislokaciju rindas.
Tacu atSkiriba no smagakajiem (U, Bi, Au) joniem Xe jonu veidotajas dislokaciju
rindas noveérojams liels siko cilpu skaits. To var saistit ar atSkirtbam treku diametra un
treku parklasanas efekta. Atskiribas dislokaciju struktiira apliecina ari
nanoindent€Sanas dati, kuri uzrada jonu izraisita cietinasanas efekta samazinajumu.
Apstarojot ar 224 MeV un 52 MeV energiju joniem, pie augstam fluencém (103-10%
Kr/cm?) novérots ievérojams sadursmju (nuklearo zudumu) mehanisma ieguldijums.

EFFECT OF ION ENERGY ON STRUCTURE OF LiF CRYSTALS
IRRADIATED WITH SWIFT Xe IONS

Rolands Grants!, Roberts Zabels?, Muratbek Baizhumanov?
YInstitute of Solid State Physics, University of Latvia
°L.N. Gumilov Eurasian National University, Astana, Kazkhstan

Structure and changes of micromechanical properties in LiF crystals irradiated with 450
MeV, 224 MeV and 52 MeV Xe ions have been investigated by optical and AFM
microscopy and methods of chemical etching and nanoindentation. From SRIM
calculated curves of energy losses it can be seen that in the case of Xe ions in a part of
their trajectory energy losses surpass the threshold of dE/dx>10 keV/nm for the
formation of complex tracks containing a core damage. Thus chemically etchable tracks
are formed within this region. The chemical etching of tracks reveals rows of
dislocations within a trajectory of tracks. Nevertheless, unlike other heavier ions (U, Bi,
Au) dislocation rows formed by Xe ions contain large number of tiny dislocation loops.
It can be linked to differences in diameters of tracks and degree of track overlapping.
Differences in the dislocation structure are confirmed also by nanoindentation which
shows a decrease in ion caused hardening effect.

By irradiating with 224 MeV and 52 MeV energy ions a substantial contribution of
collision (nuclear losses) mechanism has been observed.
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DABIGO RADIONUKLIDU KONCENTRACIJAS SALIDZINAJUMS
BALTIJAS REGIONA VALSTU KERAMIKAS MATERIALOS

Daina Riekstina®?, Janis Bérzins', Tamara Krasta!, Ruta Svinka®, Oksana Skrypnik?
YLatvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Kimiskas fizikas institiits
*Rigas Tehniskds universitates Silikatu materidalu institiits

Darba, izmantojot gamma spektrometrijas metodi, noteikti dabigo radionuklidu
aktivitates koncentraciju Ilimeni un aktivitates indeksi dazadiem celtniecibas
materialiem. Seviska uzmaniba pieversta maliem un malu keramikai ka vietgjiem
produktiem. Iegiitie rezultati salidzinati ar analogu materialu datiem citas
Ziemeleiropas un Baltijas valstis, ka arT noteikta atbilsttba ES radiacijas drosibas
prasibam. legiitic rezultati rada, ka aktivitates indeksa vértibas visiem pétitajiem
celtniecibas materialiem, iznemot granitu un ugunsdroSos kiegelus, ir zemaki par
Radiacijas droSibas noteikumos atlauto limeni. Konstatéts, ka dabigo radionuklidu
koncentracija Devona perioda mala depozitos var bt vairak ka divas reizes augstaka
neka Kvartara perioda depozitos, bet dazados mala keramikas produktos koncentracija
var atSkirties pat 1i1dz piecam reiz€m. Tomér dabigo radionuklidu koncentracijas un
aktivitates indeksa vidgjas vertibas maliem un mala kiegeliem Latvija ir tuvas
lielumiem iegitiem citas Ziemeleiropas valstis, iznemot Zviedriju.

COMPARISON OF NATURAL RADIONUCLIDE CONTENTS IN CERAMIC
MATERIALS OF BALTIC REGION COUTRIES

Daina Riekstina'?, Janis Bérzins!, Tamara Krasta®, Ruta Svinka3, Oksana Skrypnik®
YInstitute of Solid State Physics, University of Latvia
?Institute of Chemical Physics, University of Latvia
*Institute of Silicate Materials Science of the Riga Technical University

Part of building materials is a significant source of indoor gamma-ray exposure for the
population due to activity of natural radionuclides K-40 and Th-232, U-238 decay chain
products. This work presents results of the study of natural radionuclide level and
activity index in building materials used in Latvia. Especial attention is given to clay
and clay ceramics. Concentrations of natural radionuclides were determined by gamma-
spectrometry method. Conformity with national and EU regulations was established.
Results were compared with analogous data from other North European and Baltic
countries. Obtained data show that activity index values for all tested building materials,
except granite and fireproof bricks, are below permissible radionuclide concentration
level. It was found that radionuclide concentration in Devonian period clay deposits can
be more than two times higher than in Quaternary ones, but radionuclide content in
different clay products can differ up to five times. However, average concentrations of
natural radionuclides and activity index values for clay and clay bricks used in Latvia
are on the same level as in other North European countries, except Sweden.
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SALASPILS KODOLREAKTORA DZESESANAS UDENS
RADIOAKTIVITATES IZMAINAS (2001.- 2014.)

Daina Riekstina®?, Janis Bérzins', Janis Alksnis?, Janis Rudzitis?, Olgerts Véveris!
YLatvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Kimiskdas fizikas institiits

Darba demonstréti radionuklidu koncentracijas ilgtermina (kops 1999.g.) mérjjumu
rezultati Salaspils kodolreaktora (SKR) tvertnu tideni. Laika gaita pirma kontiira tident
veidojas aktivacijas produkti no mikro-piemaisijumiem un radioaktivie korozijas
produkti no metala apvalka, ka ar1 difund&ja kodoldaliSanas produkti caur degvielas
kaseSu mikroplaisam. Izmantojot augstas izskirtsp&jas gamma-spektrometrijas metodi,
tika mérita radionuklidu Co-60 un Cs-137 koncentracija tvertnes tdeni. Pirma radionuklida
klatbiitne ir saistita ar neitronu aktivaciju, otrais ir kodolu dalisanas produkts. Kodolreaktora
aktivaja zona neitronu atstaroSanai tika izmantotas berilija (Be) kasetes, kuras veidojas
tritijs, kas gala rezultata arT nonaca reaktora tvertnes tdeni. Ta ka H-3 ir gars$
pussabrukSanas periods — 12 gadi, tad ilgas SKR darboSanas laika izveidojas saméra
augsta Tpatngja tritija aktivitate. Tritija koncentracijas meérisanu tdenos Vveica
izmantojot Packard TRI-CARB2100 un Hidex 300SL beta spektrometrus un skidro
scintilatoru OptiPhase HiSafe 3™ .

Merfjumi tika turpinati ari pec degvielas kaseSu iznemSanas no reaktora tvertnes un
parvietoSanas glabasanas tvertng. Tika konstatgts, ka Co-60 koncentracija tident biitiski
samazinajas, jo glabasanas tvertnes sienas nesatur aktivacijas produktus.

CHANGES OF SALASPILS NUCLEAR REACTOR COOLING WATER
RADIACTIVITY (2001- 2014)

Daina Riekstina'?, Janis Bérzins!, Janis Alksnis? Janis Rudzitis?, Olgerts Veveris?
YInstitute of Solid State Physics, University of Latvia
?Institute of Chemical Physics, University of Latvia

Results of the long-term (since 1999) monitoring of radionuclide content in water of
the decommissioned Salaspils nuclear reactor (SNR) basins are presented. Within time
lapse, nuclear reactor’s first circuit water contains the products of neutron activation of
micro impurities, the radioactive substances of metal coating corrosion and also the
nuclear fuel fission products. The last ones diffuse in the water through micro splits of
the fuel ambient shell. The high-resolution gamma-spectrometry method was used to
measure concentrations of radionuclides Co-60 and Cs-137 in the water. The first
radionuclide characterizes neutron activation products, the second — fission products.
The use of beryllium (Be) cassette for neutron reflection in the reactor core resulted in
the production of tritium which has leaked into basin water. Measurements of H-3
activity in water were carried out with the liquid scintillation spectrometer Packard
TRI-CARB 2100 and Hidex 300SL using the scintillation liquid OptiPhase HiSafe 3™.
Monitoring has been continued also after the transfer of fuel ambient shells to the
storage-well. It was found that the content of Co-60 in water has significantly decreased
since walls of the storage-well do not contain activation products.
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LITIJA JONU VADITAJI SISTEMA LisTi1«P207 (x=0; 0,06; 0,2)

Antonija Dindune?, Janis Ronis?, Dagnija Valdniece!,Vilma Venckuté?, Antanas Orliukas?
1 Rigas Tehniskas universitates Neorganiskas kimijas institrlits
2 Vilnas Universitates Fizikas Fakultate

Pirofosfati, kuri sintezéti cietfazu reakcijas sistéma LiaxTi1-xP207 (x = 0, 0.06, 0.2),
varétu tikt izmantoti ka perspektivi elektrodu materiali daudzkartgji uzladgjamas
baterijas. Paraugu rentgendifrakcijas datu analize (XRD) paradija, ka paraugiem ir

kubiska 3x3x3 superstruktiira (telp.gr. Pa 3 ) ar 108 formulas vienibam §iina.
Rentgenstaru fotoelektronu spektroskopijas (XPS) un impedances pétijumiem TiP207,
Lio.24Ti0.94P207 un LiogTiosP207 keramikas tabletes karsgja atbilstosi pie 1460 K(3h),
1370 Kun 1170 K (1 un 5 h). SEM/EDX un XPS pétijumos analiz&ti Ti 2p, P 2p and
O 1s kodolu Iimeni. Kompleksa elektrovaditsp&ja mérita gaisa no 400 K lidz 720 K
un frekvencu intervala no 10 Hz lidz 3 GHz. Zemfrekvencu intervala lidz 2 MHz
mérfjjumus veica, izmantojot 2-paraugu un 4-paraugu metodes ar impedances
spektrometru. Mikrovilnu apgabala izmantoja iekartu ar koaksialo Itniju. Vaditsp&jas
spektros konstatéti divi relaksacijas dispersijas apgabali, kuri saistiti ar jonu parnesi
keramikas paraugu kristalos un uz to robezvirsmas. Dal&ja Ti aizvietoSana ar Li
iegitajos LiaxTi1-xP207 paraugos palielina kop&jo elektrovaditsp&ju, salidzinot ar tiru
TiP2O7. Novérota aktivacijas energiju anomalija kopgjas elektrovaditsp&jas meérijjumos
starp 520 to 580 K, kura var€tu bt saistita ar jonu nesakartotibu $iinas.

LITHIUM ION CONDUCTORS IN THE SYSTEM LisTi1xP207 (x=0; 0,06;
0,2)

Antonija Dindune?, Janis Ronis?, Dagnija Valdniece!, Vilma Venckuté?, Antanas Orliukas?
YInstitute of Inorganic Chemistry, Riga Technical University
2Faculty of Physics, Vilnius University

The powder of LisxTi1-xP207 (x = 0.06, 0.1, 0.2) pyrophosphates - potentially suitable
electrode materials for lithium secondary batteries - have been synthesized by solid
state reaction. The analysis of the XRD patterns showed that these pyrophosphates have

cubic 3x3x3 superstructure (S.G. Pa3) with 108 formula units in the supercell. For
XPS and impedance investigations the.pellets of TiP2O7, Lio24Tio94P207 and
LiogTiosP20O7 were sintered at 1460 K(3h), 1370 Kand 1170 K (1 and 5 h) respectively.
SEM/EDX and XPS investigations were carried out at room temperature and the core
level Ti 2p, P 2p and O 1s were analyzed. The complex electrical conductivity were
carried out in air from 400 K to 720 K and in the frequency range from 10 Hz to 3 GHz.
For the measurements with 2-probe and 4-probe methods in frequency range up to
2 MHz impedance spectrometer was used. A setup with a coaxial line was used for the
investigations in the microwave region. Two relaxation dispersion regions in
conductivity spectra were found caused by ion transport in grain boundary and grain
of the ceramics. The partial substitution of Ti by lithium in

LisxTi1-xP2O7 compounds leads the increment of the values of total conductivity
comparing with host TiP.O7;. The anomalies of activation energies of total
conductivities in range from 520 to 580 K were found and it can be related to
disordering in the supercells.

This work was supported by Research Cooperation project of Latvian Council of
Science N666/2014 .
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LiFePO4 LITIJA JONU BATERIJU KATODMATERIALA SPRIEGUMA
HISTEREZE

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

Virssprieguma — stravas stipruma atkariba elektrokimiskas sistémas parasti paklaujas
Butlera — Volmera sakaribai. Pie stravam, kas tuvas nullei, ari novérotie virsspriegumi
ir niecigi. Neseni litija injekcijas un ekstrakcijas materialu pétijjumi norada uz $§is
sakaribas neizpildiSanos pie maziem virsspriegumiem, tadg€jadi radot neizziidoSu
sprieguma histerezi.

Darba pétits LiFePOq litija jonu bateriju katodmaterials, kura novérota neizzudosa
sprieguma histeréze tiek saistita ar secigu litija injekciju LiFePO4 graudos.

Tika novérota Butlera — VVolmera tipa virsspriegumu — stravas stipruma atkariba. Pie
zemam stravam noveroti virsspriegumi zem 10 mV. Tie ir zemaki par lidz Sim
publicétajam virsspriegumu vertibam. Balstoties uz ieglitajiem rezultatiem, veikta
LiFePOs secigas uzlades un izlades modela izvértésana, noteiktas apmainas stravu un
ladina parneses koeficientu veértibas.

Autori izsaka pateicibu LZP zinatniskas sadarbibas projektam nr. 666/2015. Sis darbs
izstradats ar Eiropas Sociala fonda atbalstu projekta «Atbalsts doktora studijam Latvijas
Universitatey.

VOLTAGE HYSTERESIS OF LiFePOs LIHTIUM ION BATTERY CATHODE
MATERIAL

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

Overvoltage — current dependence in electrochemical systems usually obeys the Butler
— Volmer equation. The overvoltages observed at currents close to zero are also usually
negligible. However, recent studies of lithium insertion materials indicate that in some
systems there is still considerable overvoltage measured even at very small currents,
therefore non-vanishing voltage hysteresis can be observed.

In this work LiFePQO4 lithium ion battery cathode material has been studied. Non-
vanishing voltage hysteresis of this material has been related to the sequential lithium
insertion in LiFePOq grains.

A Butler — Volmer type overvoltage — current dependence was observed for high
overvoltages. Overvoltages under 10 mV have been observed at low currents. These
are lower than the values published until now. Based on the obtained results, LiFePO4
particle sequential charging and discharging has been evaluated, exchange currents and
charge transfer coefficients have been determined.

Authors acknowledge the financial support of Latvian Council of Science cooperation

grant No. 666/2015. This work has been supported by the European Social Fund within
the project «Support for Doctoral Studies at University of Latvia»
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LiFePOs ELEKTROFORETISKA UZNESANA UZ TERAUDA ELEKTRODA

Karina Bikova, Gints Kucinskis, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institiits

Elektroforéze ir metode, kura $kidinataja izvietotas 1adetas dalinas var tikt parvietotas,
izmantojot elektrisko lauku. Tadejadi elektriska lauka iedarbibas rezultata dalinas var
tikt uznestas uz elektrodiem. LiFePOs ir plasi pétits litija jonu bateriju katodmaterials.
LiFePO4 katodus ar elektroforézes parklasanas metodi (EPD) pirmo reizi sagatavoja
Mazors un kolgégi.

Misu darba N-metil-2-pirolidona (NMP) tika ievietoti LiFePOs4, ogles kvépi un
polivinilidéna fluorida (PVDF) saistviela masu attiecibas 75:15:10. PVDF ir laba
skidiba NMP, tadgjadi dispersijas sagatavosana ir vienkar$aka ka izmantojot Citus
Skidinatajus. Dispersijai tika pievienoti dazadi nejonu virsmaktivas vielas Triton
X-100 (TX-100) apjomi, lai noteiktu optimalo virsmaktivas vielas daudzumu, kas
nepiecieSama EPD veikSanai.

Rezultati liecina, ka gadijuma, kad TX-100 nebija pievienots, LiFePOy4 elektroforétiska
uzklasana nebija veiksmiga. Péc 0.4 % (v/v) TX-100 pievienoSanas LiFePO4 kartina
tika veiksmigi uznesta tomér uzklasanas temps bija Iéns. Biezaka kartina ir iegita,
pievienojot 1.6 % (v / v) TX-100, kas bija lieclaks no TX-100 daudzumiem, kas tika
pievienots suspensijai. EPD tika veikta 15 min ar elektriskajiem laukiem 100 V/cm un
120 Vicm.

ELECTROPHORETIC DEPOSITION OF LiFePO4ON A STEEL
ELECTRODE

Karina Bikova, Gints Ku¢inskis, Gunars Bajars
Institute of Solid State Physics, University of Latvia

Electrophoresis is a method of moving charged particles through a medium by using an
electric field induced by electrodes. Therefore particles can be deposited on the
electrodes under the influence of an electrical field. LiFePO4 is a widely researched
cathode material for lithium ion batteries. LiFePO4 cathodes were first prepared by
electrophoretic deposition method (EPD) by Mazor et al.

In our work LiFePOa, carbon black and polyvinylidene fluoride (PVDF) were inserted
in N-Methyl-2-pyrrolidone (NMP) in mass ratio 75:15:10. PVDF has a good solubility
in NMP than in acetone, therefore enabling easy preparation of the dispersion. Various
amounts of the non-ionic surfactant Triton X-100 (TX-100) were added to the
dispersion in order to study the optimal amount of the surfactant necessary for
electrophoretic dispersion.

The results show that in the case where TX-100 was not added, electrophoretic LiFePO4
deposition was not successful. After adding 0.4 % (v/v) TX-100, LiFePO4 thin film was
successfully deposited. However, the deposition rate was slow. A thicker film was
obtained by adding 1.6 % (v/v) of TX-100, which is the biggest amount of TX-100 that
was added to the suspension. EPD has been done for 15 min with electric fields 100
V/cm and 120 V/cm.

Authors acknowledge the financial support of National Research program of Latvia
"Multifunctional materials and composites, photonics and nanotechnology™ IMIS-2
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NANOPORAINA OGLEKLA MATERIALA KARTINU ELEKTROFORETISKA
UZKLASANA NO IZOPROPANOLA UN UDENS SUSPENSIJAM

Anna Dorondo?, Janis Mateuss?, Kaspars Kaprans®, Gints Ku¢inskis®, Gunars Bajars®, Janis Kleperis®
! Latvijas Universitates, Kimijas fakultate
2 Latvijas Universitates, Fizikas un matematikas fakultate
3 Latvijas Universitates, Cietvielu fizikas institiits

Darba gaita tika izmantots nanoporains oglekla materials (NOM), kas iegiits termokimiska
sintéz€. Sintézes pamata metodologija ir 2 stadiju termiskas apstrades process, kas ietver
izejvielas karbonizaciju zema temperatira (250-450 °C) un tai sekojoSu termokatalitisku
aktivaciju (600-800 °C). Sintézes rezultata iegutais oglekla un mineralu produkts pec
demineralizacijas ir nanoporains oglekla materials ar Sauru poru sadalijumu un augsti attistitu
patngjo virsmu (SBET vairak neka 2000 m?/g).2

Tika veikta elektroforétiska NOM uzne$ana no izopropanola un tidens suspensijam uz térauda
elektroda potenciostatiska reZima pie spriegumiem 2-10 V/cm H,O suspensija un 20-150 V/cm
izopropanola suspensija. Suspendeto dalinu virsmas ladina palielinasanai tika pievienots 1 M
KOH skidums, palielinot pH vertibu no neitralas uz bazisku.

legtitas NOM Kkartinas tika analizetas izmantojot skengjoso elektronu mikroskopiju (SEM),
rentgendifrakcijas (XRD) un energijas izkliedes rentgena spektroskopiju (EDX), un tam tika
pétitas elektroktmiskas pasibas, izveidojot litija jonu $tinu.

Tika secinats, ka elektroforéze noris efektivak, pievienojot 1.5 mL 1 M KOH uz 10 mL NOM
suspensijas, Eksperimentali tika noskaidrots, ka tidens suspensija elektroforézes procesa
optimalais spriegums ir 5 V/cm (30 min), pie lielaka sprieguma tdens elektrolize negativi
ietekmé elektroforézes procesu. No izopropanola suspensijas vienmérigas kartinas tika
elektroforetiski uznestas pie 70 V/cm (30 min).

ELECTROPHORETIC DEPOSITION OF NANOPOROUS CARBON MATERIAL
FILMS FROM ISOPROPANOL AND WATER SUSPENSIONS

Anna Dorondo?, Janis Mateuss?, Kaspars Kaprans®, Gints Kucinskis®, Gunars Bajars®, Janis Kleperis®
'Faculty of Chemistry, University of Latvia
2Faculty of Physics and Mathematics, University of Latvia
SInstitute of Solid State Physics, University of Latvia

For experiments nanoporous carbon material was used (NCM), which had been made by a
thermochemical reaction. The 2 stage synthesis is based on substrate carbonization at low
temperature (250-450 °C) and thermocatalytic activation (600-800 °C). The resulting material
after demineralization is NCM with highly nanoporous structure and large specific surface
(SBET over 2000 m?/g). !

NCM films were deposited on steel electrode from water and isopropanol suspensions using
potenciostatic mode, 2-10 V/cm potential was used for electrophoretic deposition from H,O
suspension and 20-150 V/cm -from isopropanol suspension. To increase the surface charge of
the suspended particles 1.5 mL 1M KOH has been added increasing pH from neutral to basic.
Obtained NCM films were analyzed by scanning electron microscopy (SEM), X-ray diffraction
(XRD) and energy-dispersive X-ray spectroscopy (EDX), electrochemical characteristics were
studied in two electrode Li-ion cell.

It was concluded, that efficiency of electrophoresis is increased by adding 1.5ml (1M KOH) /
10ml (suspension). Optimal voltage for deposition from water suspension was 5 VV/cm (for 30
min) under higher potential water electrolysis had a negative impact on the deposition process.
For electrophoretic deposition from isopropanol most uniform films were obtained at 70V/cm
(for 30 min).

The financial support of Latvian Science Cooperation Project No. 666/2014 is greatly
acknowledged.

2Dobele G., Jakab E, Volperts A, Sebestyén Z, Zhurins A, Telysheva G., Formation of nanoporous carbon
materials in conditions of thermocatalytic synthesis. Journal of Analytical and Applied Pyrolysis 103 (2013) 173—
180
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ELEKTROFORETISKI UZKLATU TIO2-WO3; KOMPOZITU STRUKTURA,
OPTISKAS UN FOTOKATALITISKAS IPASIBAS

Ineta Liepina®, Gunars Bajars?, Marcis Rublans?, Andrejs Liisis®, Evalds Pentjuss?,
Janis Balodis?, Jevgenijs Gabrusenoks®
YLatvijas Universitdtes Cietvielu fizikas institiits
Latvijas Universitates Fizikas un matematikas fakultate

TiO2 pateicoties ta fotokatalitiskajam 1ipasibam, zemam razoSanas izmaksam un
kimiskajam inertumam ir daudzsoloSs materidls Gidens un gaisa attiroSajam
tehnologijam. Saja darba bi-komponents WOs tika izmantots ka foto-elektronu
uzglabasanas materials.

TiO2-WOs3 parklajumi tika iegiiti, izmantojot elektroforétisko nogulsnésanu uz 3x3 cm
terauda plaksném ar elektriska lauka intensitati no 50 Iidz 100 V/cm un laiku no 5 lidz
20 min. Dispersijas vide tika sagatavota no salsskabes vai benzoskabes $kiduma
izopropanola, kura tika pievienoti metalu oksidi. [zgulsnétas kartinas tika silditas 60 °C
temperattira 2 stundas un p&c tam karsétas 500 °C ar1 2 stundas.

Izmantojot rentgenstaru difrakciju tika ieglita fazu strukttra un kristalu izméri TiO>
planajas kartinas. Rentgenstaru fluorescence tika izmantota, lai noteiktu WOs3
daudzumu planajas kartinas. Virsmas morfologija tika analizéta ar sken&joso elektronu
mikroskopu.

Optiskas 1pasibas (absorbcijas koeficients, aizliegtas zonas platums) dazada biezuma
TiO2-WOs3 paraugiem tika iegiiti UV-redzamas gaismas diapazona. Fotokatalitiskas
ipasibas iegiitajiem parklajumiem tika novértétas atkariba no TiO2/WO3 daudzuma
attiecibas.

STRUCTURE, OPTICAL AND PHOTOCATALYTIC PROPERTIES OF TIO2-
WO3; COMPOSITES PREPARED BY ELECTROPHORETIC DEPOSITION

Ineta Liepina®, Gunars Bajars!, Marcis Rublans?, Andrejs Lusis?, Evalds Pentjuss?,
Janis Balodis?, Jevgenijs Gabrusenoks®
YInstitute of Solid State Physics, University of Latvia
“Faculty of Physics and Mathematics, University of Latvia

Due to its photocatalytic capability, low cost and chemically inert properties, TiO2 is a
promising material for water and air contamination treatment technologies. In this work
bi-component WOz is used as a photo-electron storing material.

TiO2-WO3 coatings were prepared by electrophoretic deposition 5 to 20 min on 3x3 cm
steel substrates using electric field intensity ranges from 50 to 100 V/cm. Dispersion
medium was prepared from either hydrochloric or benzoic acid solution in isopropanol
where the metal oxides were added. Deposited films were heated at 60 °C for 2 h and
then annealed at 500 °C for 2 h.

The phases and crystalline sizes of obtained TiO> thin films were determinate by X-ray
diffraction. X-ray fluorescence was used to establish WO3z content in thin films. Surface
morphologies were analyzed by scanning electron microscopy.

Optical properties (absorption coefficient, bandgap) for different thickness TiO2-WOs3
thin films were determined in UV-visible light range.

Photoacatalytic properties of obtained coatings were assessed in dependence on TiO2/
WOj3 content ratio.

The financial support of State Research Program IMIS-2 is greatly acknowledged.
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TiO2 NANODALINU PARKLAJUMA UZ STIKLA AUDUMA IEGUSANA AR
ELEKTROFOREZI

Andrejs Lisis, Gunars Bajars, Ineta Liepina, Jevgenijs Gabrusenoks, Janis Balodis,
Evalds Pentjuss
Latvijas Universitates Cietvielu fizikas institiits

Starp titana oksida (TiO2) nano dalinu fizikalajam un kimiskajam ipaSibam butisku
vietu ienem fotokatalitiskas 1pasibas. Stikla audumi ar savu kimisko, termisko un
mehanisko 1pasibu kopu ir laba pamatne fotokatalitisko membranu radiSanai.

Darba tika izgatavota speciala cirkulara elektroforézes Stina un veikti pétijumi par
elektroforézes parklajumu iegtisanas metodikas izstradi.

TiO2 parklajumi tiek iegiiti no TiO2 suspensijas elektroforézes $una. legttie TiO2 nano
dalinu parklajumi tika raksturoti ar XRD un Ramana spektriem tikko ieglitiem un
termiski apstradatiem gaisa 2h pie 500 °C. No Ramana spektriem seko, ka termiska
apstrade sakotngji iegiitos anataza TiOz nano dalinu parklajumus parveido anataza un
rutila fazu maistjuma. Termiska apstrade nobida XRD spektru linijas par 0.5 (°) lielaku

20 (°) vertibu virziena.

ELECTROPHORETIC DEPOSITION OF TiO2 NANO PARTICLES
COATING ON THE GLASS FABRIC

Andrejs Lusis, Gunars Bajars, Ineta Liepina, Jevgenijs Gabrusenoks, Janis Balodis,
Evalds Pentjuss
Institute of Solid State Physics, University of Latvia

Among the titanium oxide (TiO2) nano particles physical and chemical properties the
photo catalytic properties take substantial place. The set of chemical, thermal and
mechanical properties of glass fabrics is a good base for photo catalytic membrane
creation.

The special circular electrophoresis cell had been made and the methodologies of
electrophoretic coating deposition have been studied.

TiO> coatings are obtained from TiO> suspension in electrophoresis cell. The obtained
TiO2 nano particle coatings were characterized by XRD and Raman spectra of freshly
obtained and heat threated in air 2h at 500 °C. From the Raman spectra follows that the
heat treatment of originally obtained anatase TiO2 nano particle coating converts it to
anatase and rutile phase mixture. Heat treatment shifts XRD spectrum lines by 0.5 (°)
to higher 26 (°) value direction.

The financial support of IMIS2 project is greatly acknowledged.
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CINKA OKSIDU PLANO KARTINU SINTEZE AR EKSTRAKCIJAS —
PIROLITSKO METODI

Olga Kiselova!, Antons Cvetkovs?, Uldis Rogulis?, Vera Serga?, Reinis Ignatans!, Karlis
Kundzing*
! Latvijas Universitates Cietvielu fizikas institiits
2 Rigas Tehniskas universitates Neorganiskds kimijas institiits

Cinka oksids (ZnO) ir n-tipa pusvaditajs. Pateicoties materiala kristaliskas sturktiiras
parametriem, aizliegtas zonas platumam (3,37 eV istabas temperatiira), lielai eksitonu
saites energijai (60 meV) un dazadu kimisko elementu piemaisijumiem, materialam ir
labas optiskas, elektriskas, pjezoelektriskas un magnétiskas ipaSibas. Augstak miné&tas
Ipasibas padara ZnO par svarigu materialu ar dazadiem pielietojumiem, pieméram,
fotodetektoros, gaismas diod€s, gazu sensoros, biosensoros, saules baterijas u.c
Petfjuma ietvaros tika sintez€tas tiras ZnO un ar CdO piejaukumu planas kartinas,
izmantojot ekstrakcijas — pirolitisko metodi Iegiitajiem paraugiem izmériti XRD spektri,
kuri apliecina, ka tika iegiitas ZnO un CdO kristaliskas fazes planajas kartinas, noteikts
plano kartinu biezums un virsmas morfologija.

SYNTHESIS OF ZINC OXIDE THIN FILMS BY EXTRACTION —
PYROLYTIC METHOD

Olga Kiselova?, A. Cvetkovs?, Uldis Rogulis?, Vera Serga?, Reinis Ignatans?, Karlis
Kundzinst
Institute of Solide States Physics, University of Latvia
Z Institute of Inorganic Chemistry, Riga Technical University

Zinc oxide (ZnO) is a n-type semiconductor. Because of ZnO crystal structure
parameters, wide direct band gap (3,37 eV at room temperature), large exciton binding
energy (60 meV) and different chemical elements impurities material has good optical,
electrical, piezoelectrical un magnetic properties. These properties make ZnO as an
important material with a variety of applications, such as a photodetector, light-emitting
diodes, gas sensors, biosensors, solar cells, etc.

In the present study thin films of pure ZnO and doped with CdO were synthesized by
extraction - pyrolytic method. The XRD, the thinkness and the surface morphology of
thin films were measured. XRD patterns showed crystalline phases of ZnO and CdO in
the thin films.
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AR Mn LEGETAS PLZT 8/65/35 ELEKTROOPTISKAS KERAMIKAS
POLARIZACIJAS IPATNIBAS
Vilnis Dimza, Lelde Kundzina, Maris Kundzins, Karlis Kundzins, Aina Plaude, Maris Livins,
Maija Antonova
Latvijas Universitates Cietvielu fizikas institiits

Petita polarizacijas uzvediba elektrooptiskas keramikas PLZT 8/65/35 (La8)+X sv.% Mn
(X=0.01; 0.1; 0.3; 1.0 un 3.0) (La8+Mn) sastavos.
Tiek analizgti polarizacijas mehanismi vajos un stipros elektriskos laukos, Attiecigi, tika mérita
kompleksa dielektriska caurlaidiba e*=¢’-i¢"" (f=129Hz-1Mhz) pie elektriska lauka 0,4V/cm
un polarizacijas histerézes cilpas (hysteresis loops) P(E) pie laukiem 1-30kV/cm. Temperatiiras
diapazons: no -50°C lidz +400°C.
Ja nelegeta La8 €* uzvediba atbilst tipiskai relaxor uzvedibai (pieméram, izpildas Fogela-
Fulcera lilkums), tad, ievadot Mn piedevu relaxor tipa uzvedibas komponente samazinas un
paradas Debaja (Debye), Maksvela-Vagnera (Maxwell-Wagner) un mainstravas vadamibas
(alternating current (AC) dispersion) tipa dispersiju komponentes. To, vai citu minéto
dispersiju dominésana atkariga no Mn koncentracijas un temperatiiras.
Polarizacijas elektriska lauka atkaribu P(E) izskats ar1 butiski mainas atkariba no Mn
koncentracijas un temperatiiras.

Var iegat vairaku veidu P(E):

a) klasiskam segnetoelktriskam (SE) (ferroelectric) = materialam raksturigas

taisnstiirveida (rectangular) histerézes cilpas;
b) lidzigas antisegnetoelektrikim AFE (antiferroelectric) materialam dubultas (double)
histergzes cilpas;

c¢) ieznaugtas (constricted) histerézes cilpas.

Tiek diskutéta dubulto histerézes cilpu izcelsme, ka

1) antisegnetoelektriskas (ASE) fazes klatbttne;

2) elektriska lauka inducéta fazu pareja (piem., ka: relaxor—>ASE, relaxor-> SE);

3) novecosanas (Aging) efektu ietekme.

POLARISATION SPECIFIC CHARACTERISTICS IN Mn DOPED PLZT 8/65/35
ELECTRO-OPTICAL CERAMIC

Vilis Dimza, Lelde Kundzina, Maris Kundzins, KarlisKundzins, Aina Plaude, Maris Livins,
Maija Antonova
Institute of Solid State Physics, University of Latvia

In the research was studied polarization behaviour of electro-ceramic PLZT 8/65/35 (La8) + X
wt.% Mn (X = 0.01; 0.1; 0.3; 1.0 and 3.0) (La8 + Mn) configurations. The study contains an
analysis of polarisation mechanisms in the strong and weak electric fields, respectively,
complex dielectric permeability e*=¢'-ie’" (f=129 Hz -1 MHz) for electric field 0,4 VV/cm and
polarization hysteresis loops P(E) for electric fields 1-30 kV/cm. Temperature range is from -
50°C to +400°C.
If non-doped La8 £* corresponds to typical relaxor behaviour (for example, Vogel-Fulcher law
is met), then by introduction of Mn additive the relaxor behaviours component decreases and
Debye, Maxwell-Wagner and alternating current (AC) type dispersion components appear.
Whether these or other dispersion dominates depends on the Mn concentration and temperature.
Character of dependence P(E) of polarization electric field significantly varies depending on
the Mn concentration and temperature. It is possible to get several kinds of P(E) dependence:

a) rectangular hysteresis loops characteristic to classical ferroelectric material;

b) double hysteresis loops similar to antiferroelectric material;

c) constricted hysteresis loops.

There is the discussion about the double hysteresis loops origin as:
1) presence of antiferroelectric phase;
2) phase transition induced by the electric field (eg. as: relaxor—antiferroelectric material;
relaxor—ferroelectric material);
3) influence of the aging effect.
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NO RECIKLETA PET IEGUTU POLIURETANU PUTUPLASTU
MODIFICESANA AR OGLEKLA NANODALINAM

Laura Stiebra®, Ugis Cabulis®, Maris Knite?
YLatvijas Valsts Koksnes kimijas institiits
2Rigas Tehniskas universitdtes Tehniskas fizikas institiits

Misdienas oglekla nanodalinas, pateicoties to augstajam mehaniskajam un vaditsp&jas
1pasibam, tapat ka poliuretana putuplasti to viegla svara dél, ir kluvusi arvien pieprasitaki
un to izmantosanas iesp&jas dazadas jomas ir pieaugusi.

Saja darba, izmantojot oglekla nanocaurulites, tika modificéti poliuretanu/poliizocianuratu
(PUR/PIR) putuplasti, ar merki iegiit elektrovadoSus viedos materialus. Oglekla
nanodalinas PUR/PIR sistémas tika ievaditas dazadas koncentracijas (0,18-0,46%), tika
mainiti ari izocianata indeksi (11=110-260). Paraugiem ka uzputoSanas agents izmantots
tidens, to blivums 200+5 kg/m3. Eksperimentalaja dala noteikta tilpuma Tpatn&ja elektriska
pretestiba un siltumvaditsp&ja. Veikta mehanisko 1pasibu testésana.

PUR putuplastiem ar 11=110, pievienojot 0,18% oglekla nanocaurulisu, elektrovaditspg&ja
palielinas par 5-6 kartam. Nanodalinu koncentracijai palielinoties, tilpuma ipatn&ja
pretestiba samazinas. Il pieaugot, nanocauruliSsu ietekme uz PUR/PIR putuplastu
elektrovaditsp&ju samazinas - pievienojot pat 0,46%, tilpuma Tpatné&ja pretestiba samazinas
tikai par 2 kartam.

Darba gaita tika noskaidrots, ka, pievienojot oglekla nanodalinas, robezstipriba un elastibas
modulis stiepé samazinas. Il Sos raditajus bitiski neietekmé. Izgatavoto kompozitu
siltumvaditsp&ju neietekmé ne izocianata indekss, ne ievadito pildvielu daudzums. Tas
svarstas robezas starp 31-33 mW/m-K.

Secinajums: elektrovaditsp&ja poliuretanu/poliizocianuratu putuplastiem palielinas,
pieaugot oglekla nanocaurulisu daudzumam. Optimalais izocianata indekss ir 110.

POLYURETHANE FOAMS OBTAINED FROM RECYCLED PET AND
MODIFIED WITH CARBON NANOPAARTICLES

Laura Stiebra?, Ugis Cabulis?, Maris Knite?
YInstituteLatvian State Institute of Wood Chemistry
2Institute of Technical Physics, Riga Technical University

Carbon-based nanoparticles due to their high mechanical and transport properties have
attracted a great deal of interest and have opened up a whole new set of possibilities in
different systems. Likewise increased interest for research and development are receiving
light weight materials such as polyurethane foams.

In this work carbon nanotubes were used in order to modify polyurethane/polyisocyanurate
(PUR/PIR) foams and to obtain conductive smart materials. Different concentrations of
nanotubes (0.18-0.46%) and isocyanate indexes (11=110-260) was used. Foaming agent
used for samples — water. Density of all samples — 20045 kg/m®. Electrical properties, as
well as heat conductivity and mechanical properties was investigated.

Volume electric resistivity for PUR foams with 11=110 and 0.18% carbon nanotubes is 5 to
6 orders lower, than without nanoparticles. Increasing concentration of nanoparticles,
electric resistivity decreases. Increasing Il, carbon nanotube influence on PUR/PIR foam
electric conductivity decreases — adding 0.46%, volume resistivity reduces by 2 orders.
During the work it was found that adding carbon nanotubes, tensile strength and modulus
of elasticity decreases. Il do not influence these results dramatically. Heat conductivity of
prepared composites is not affected neither by isocyanate index, neither concentration of
dispersed particles. It is in the range between 31 and 33 mW/m-K.

Conclusion: electrical conductivity for polyurethane/polyisocyanurate foams increases,
increasing concentration of carbon nanotubes. The optimal index of isocyanate is 110.
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TRIS KOMPONENSU MEMBRANU PETIJUMI IZMANTOSANAI
DEGVIELAS SUNAS

Julija Hodakovska, Janis Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Attistoties degvielas $tnu tehnologijam un tuvojoties to plasai izmanto$anai, arvien
aktualaks paliek jautajums par [etaku un plasak pieejamu tas sastava ieejoso materialu
izveidi, kas lautu $ai tehnologijai veiksmigi ienakt plasaja tirgt. Poliméru degvielas
Stinam viena no tadam komponentém ir protonu vadosa polim&ru membrana.

Nafion un 11dzigi uz fluora bazeti poliméri jau vairak neka 50 gadus ienem vadoSo lomu
protonus vadoSu membranu joma, bet to razoSanas izmaksas un dazi trikumi
(pieméram, metanola caurlaidiba metanola degvielas $iinas) izraisa mazaku paterétaju
interesi par tehnologiju kopuma, neskatoties uz daudzajam degvielas $tnu
pievilcigajam pusém. Tapé&c arvien tiek veikti plasi p&tijumi, lai atrastu materialus, kas
spétu nodros$inat 1idzigu protonu vadamibu, bet nebiitu ar ieprieks minétiem trikumiem.
Poliméru daudzveidiba un modifikacijas iesp&jas atstaj pétniekiem plasu darbibas lauku
iesp&ju tuvaka nakotné sintezet nepiecieSamos materialus.

Misu darba tiek apskatitas tris komponensu membranas: 2 poliméru (sulfonéts
poli(&ter-&ter-keton)s un Nafion) un neorganiska komponente (oksidi). Polimeri
nodros$ina protonu vadamibu un kalpo ka neorganiskas komponentes matrica. Izvéléto
oksidu Tpasibas lauj palielinat Gidens daudzuma saglabasanas sp&ju membrana pie
liclakam temperatiiram un pazeminata mitruma, tadgjadi nodrosinot labaku protonu
vadamibu un plasakas pielietoSanas iespéjas.

Viens no autoriem (JH) pateicas ESF Grantam
2013/0046/1DP/1.1.1.2.0/13/APIA/VIAA/021.

RESEARCH OF THREE-COMPONENT MEMBRANES FOR POLYMER
FUEL CELLS

Julija Hodakovska, Janis Kleperis
Institute of Solid State Physics, University of Latvia

To enter wide market, the fuel cell technology needs to develop better materials to make
the technology more attractive. For polymer electrolyte fuel cells one of such
components is membrane.

Nafion and similar polymers are on the leading edge for last 50 years, but some of its
disadvantages (like production costs, methanol permeability etc.) could reduce fuel cell
technology’s attractiveness to buyers despite some advantages. This is the reason why
search for good proton conductive materials which also are competitive in other areas.
The variability and possibilities for multiple modifications gives to polymer compounds
a lot of possibilities for researchers.

Our research work is focused on three-compound membranes: two are organic
compounds (sulfonated poly(ether-ether-ketone) and Nafion) and one is an inorganic
material (oxide). Polymers make proton conductive matrix, but inorganic components
are added to improve material’s ability to retain water (that is important component in
proton conductivity mechanisms) at higher temperatures and in case of reduced
humidity.

One of authors (JH) gratefully acknowledges the financial support of ESF Grant
2013/0046/1DP/1.1.1.2.0/13/APIA/VIAA/021.
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INDIJA PIEJAUKUMA FERITA IETEKMES IZPETE UZ STRUKTURU,
FIZIKALKIMISKAM IPASIBAM UN FOTOAKTIVITATI PLANAS
KARTINAS

Janis Zemitis®, Martin§ Vanags'?, Janis Kleperis?
! Rigas Tehniskas universitates Materialzindtnes un lietiskas kimijas fakultdte
2 Latvijas Universitates Cietvielu fizikas institiits

Fotoelektrokimiska fotonu energijas parvérSana kimiskaja energija ir alternativa pieeja
saules energijas uzglabasana. Hematits jeb a-Fe2Os tiek pétits ka n — tipa pusvaditajs,
kuru varétu pielietot fotoelektriskaja tidens SkelSana. Petjjumi ir pieradijusi, ka tirs
hematits nesniedz v€lamo rezultatu. Viena no metodém ka uzlabot fotoelektrokimiskas
Ipasibas ir hematita dop€sana ar dazadu vielu atomiem.

Eksperimentu gaita tika sintez&ti dazadi ar indiju dazadas koncentracijas.dopéta
hematita nanoslani uz stikla ar elektrovadoSu caurspidigu FTO (alvas oksids ar fluora
piejauku) klajumu. Nanoslani tika iegiiti no attiecigo metalu hloridiem, izmantojot
pirolizes metodi. STm kartinam tika mérita fotoaktivitate, virsmas topografija, biezums,
struktiiras fazes u.t.t. Ir noverots, ka palielinot indija atomu koncentraciju, fotoaktivitate
pieaug, sasniedzot maksimumu pie noteiktas koncentracijas un péc tam samazinoties.

Autori pateicas Valsts Pétijumu programmai energétika LATENERGI 2014-2017 par
finansialu atbalstu pétniecibai.

IMPACT OF INDIUM IMPURITIES IN THIN FILM FERRITE ON
STRUCTURE, PHYSICOCHEMICAL PROPERTIES AND FOTOACTITY

Janis Zemitis*, Martin§ Vanags®, Janis Kleperis®
Material science and applied chemistry faculty, Riga Technical University;
%Institute of Solid State Physics, University of Latvia

The photo-electrochemical conversion of photon energy into chemical fuel is an
alternative approach to store solar energy. Hematite (a-Fe2O3) has been studied for
decades as n-type semiconductor electrode for photoelectrical water splitting.
Nevertheless, studies have shown that pure hematite performs poorly. One of
approaches is modifying the electronic conductivity by doping the hematite with
different element atoms.

In this study, we have synthesized different doped hematite nano-layers on FTO glass
with indium in different concentrations. These nano-layers were obtained from
respective metal chlorides by pyrolysis. There were measured foto-activity, surface
topography, thickness, phases etc. It has been observed that foto-activity reaches
maximum and then decreases when increasing indium concentration.

The authors would like to thank the National Research Program in energetic 2014-2017
LATENERGI for financial support of research.
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ELEKTROENERGIJAS SAVAKSANA NO PIESARNOTU UDENU
BASEINIEM, IZMANTOJOT MIKROORGANISMU BATERIJAS

Roberts Berkis!, Artiirs Gruduls?, Rasa Smite®, Raitis Smits®, Janis Kleperis*
lRl'gas 64. vidusskola,
2Latvijas Universitates Biologijas fakultate;
3Makslas, zinatnes, kultiras un inovdaciju tikls RIXC
*Latvijas Universitates Cietvielu fizikas institits;

Lidz sim tika uzskatits, ka energijas iegiiSana ir saistita ar apkartgjas vides piesarnosanu,
tomer ir iesp&jams apvienot energijas razoSanu ar vides attiriSanu. Piesarnota tidens
dzelmég, ka ar1 purvos bakterijas nemitigi dara savu labo darbu, noardot organiskos
atkritumus. Saja procesa slépjas neizmantotas energijas rezerves - bezskabekla
apstaklos (anaeroba vid€) organiskas vielas tiek noarditas fermentacijas procesos un
bioktmiskajas reakcijas rodas dazadi blakusprodukti, metans, oglskaba gaze un ar1
tidenraza joni un ,brivie” elektroni. Izmantojot 1pasi izveidotas sist€mas -
mikroorganismu degsStinas jeb Microbial Fuel Cells (MFC) Sos elektronus un tidenraza
jonus iespgjams izmantot elektribas iegfiSanai. Sadas degiinas stravas ir loti vajas, tadel
lidz elektroiericu darbinaSanai jaatrisina elektribas uzkraSanas jautajums. Darba
izveidota mikroorganismu degs$tina ar anodu no poraina oglekla materiala un katodu no
metala sieta, kur$ parklats ar katalizatoru, ar mérki novertet elektribas ieguves iespgjas
no dabigas ekosistémas. Izstradata elektroenergijas uzkraSanas shéma ar
superkondensatoriem elektribas savaksanai no mikroorganismu degsiinas daba.

Autori pateicas Valsts Pétijumu programmai energétika LATENERGI 2014-2017 par
finansialu atbalstu.

ELECTRICITY COLLECTION FROM WASTE WATER BASINS USING
MICROBIAL BATTERIES

Roberts Berkis', Artiirs Gruduls?, Rasa Smite®, Raitis Smits®, Janis Kleperis*
'Riga Secondary School Ne 64;
2Faculty of Biology, University of Latvia;
3RIXC — Network of Art, Science, Culture and Innovations
*Institute of Solid State Physics, University of Latvia

Until now, it was thought that the production of energy is associated with the pollution
of the environment; however, it is possible to combine energy production with
environmental treatment processes. In the depths of polluted water as well as in marshes
the bacteria are constantly doing their good work, breaking down organic waste. In this
process lies reserves of untapped energy — in anaerobic conditions the organic matter is
broken down by fermentation processes and biochemical reactions are forming a variety
of products: methane, carbon dioxide hydrogen ions and the "free" electrons. Using a
specially designed system - Microbial Fuel Cell (MFC) it is possible to exploit these
electrons and hydrogen ions for electricity production. Current in such MFC is very
weak, so the power amplification is necessary, what can be accomplished with
electricity accumulation. In our work the microbial fuel cell is made from porous carbon
anode material and a metal mesh cathode, coated with a catalyst, to assess the
opportunities of obtaining electricity from natural ecosystems. Electricity storage
circuit is developed with supercapacitor to store electricity produced by MFC under
realistic operating conditions.
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SINTEZETO CEOLITU STRUKTURAS UN SASTAVA RAKSTUROSANA
UN UDENRAZA ADSORBCIJAS PETIJUMI TAJOS

Amanda Dolga?, Ingars LukoSevi¢s?, Péteris Lesni¢enoks?, Janis Kleperis®
Rigas Francu Licejs;
2Rigas Tehniskas Universitdtes Materidlzinatnes un lietiskas kimijas fakultate;
Latvijas Universitates Cietvielu fizikas institiits;

Lai ieviestu jaunu degvielu tautsaimnieciba un attistitu infrastrukttru, taja pasa laika
samazinot fosilo kurinamo 1patsvaru tautsaimnieciba, nepiecieSams veikt petijumus un
atrast efektivako veidu ka uzglabat un parvadat tidenradi. Pateicoties savam unikalajam
1pasibam, nanoporu materials ceolits jau vairakus gadu desmitus tiek izmantots dazadas
cilvéka darbibas sféras — sakot ar medicinu un beidzot ar lauksaimniecibu: nepatikamu
aromatu novérSanai pagrabos, noliktavas vai saldéSanas iekartas, tiek pielietots ka
sorbents gazu, dzerama tidens un ripnieciska tidens attiriSana, ar to tiek veikta augsnes
cietas virskartas dezaktivacija, kas augkopiba palidz butiski palielinat razigumu. Misu
darba veiktais pétijums saistits ar Gidenraza uzglabasanas nozari un pétito materialu
izmantoSanas iesp&jam automasinas Gdenraza degvielas baka. Veikta ceolitu sintéze,
dabiska klinoptilolita un sintezéto ceolitu modifikacija ar joniem, struktiiras un sastava
petljumi Siem materialiem. VienkarSa metode izmantota ceolita saistita tdenraza
daudzuma noteikSanai ar nelielu parspiedienu (I1dz 2.2 bari) un temperattras no-173 °C
lidz +200 °C.

Autori pateicas Valsts Pétijumu programmai energétika LATENERGI 2014-2017 par
finansialu atbalstu.

CHARACTERIZATION OF STRUCTURE AND COMPOSITION OF
SYNTHESIZED ZEOLITES AND HYDROGEN ADSORPTION STUDIES

Amanda Dolga?, Ingars LukoSevi¢s?, Peteris Lesni¢enoks?, Janis Kleperis®
'Riga French Lyceum;
“Faculty of Materialscience and Applied Chemistry Riga Technical University;
®Institute of Solid State Physics, University of Latvia

Solid state hydrogen storage materials have become a key area of research over the past
20 years. In order to introduce a new fuel in economy and develop necessary
infrastructure, while reducing the share of fossil fuels in the economy, it is necessary to
carry out extensive research and find the most efficient way to store and transport
hydrogen. Thanks to its unique properties, nanoporous material zeolite for several
decades is used in various areas of human activity - from medicine to agriculture,
environmental treatment: the prevention of unpleasant odors in basements, warehouses
or refrigeration equipment, is used as a gas sorbent, treatment of drinking water and
industrial water etc.

Scientific investigations performed in this work are connected to hydrogen storage —
possibility to use investigated materials in hydrogen fuel storage tank in a car. Synthesis
and modification of different zeolite materials is accomplished and morphology and
structure investigated. The measurement of amount of absorbed hydrogen has been
performed during studies of synthesized materials. An original methodic f has been
developed or hydrogen sorption in temperatures between -173 °C and 200 °C.
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RECIKLETA GRAFITA VAIRAK-SLANU GRAFENA PIELIETOJUMS
ELEKTROVADOSAS TINTES IZSTRADE

vt e

Gustavs Baumanis?, Krisjanis Auzir}él, Péteris Lesni¢enoks?, Janis Zemitis?,
Janis Kleperis®
'Rigas Francu Licejs;
’Rigas Tehniskas Universitdtes Materidlzinatnes un lietiskas kimijas fakultate;
3Latvijas Universitates Cietvielu fizikas institiits;

Graféns ir 21. gadsimta materials, to veido oglekla atomi viena grafita slana veida.
Materials pirmo reizi iegits tikai 2004.gada, un tam piemit unikalas fizikalkimiskas
pasibas un paredz lielu lomu nakotné.

Miusu darba paradits, ka ar vienkarSu elektrokimiskas atslanoSanas metodi no
ripnieciskiem atkritumiem nemtu grafitu var parveérst graféena. Sakuma tiek iegiits
daudzslanu materials, un ultraskana tas tiek sasmalcinats. Grafena klatbiitne iegtitaja
materiala pieradita ar struktiru un morfologiju noteicosam metodém — rentgenstaru
difrakcijas un sken&joSo elektronu mikroskopijas komplekta ar izkliedétas energijas
spektroskopijas metodem. legiita materiala reduc€Sana Ar:H2 (95:5) atmosfera
palielina graféna dalu daudzslanu grafita. Emulsijas veidoSanai parbauditi dazadi
Skidinataji, ka arT izmantota apstrade ultraskanas vanna. Emulsija klata uz dazadam
virsmam, izmantojot vairakas iekartas, sakot ar vienkar§ako — rakstamspalvu, un
beidzot ar tintes printeri. leghti klajumi ar dazadu pretestibu, zemaka bija 8-10
Qlkvadrata robezas, bet augstaka virs 100 k Q/kvadrata.

Autori pateicas Valsts P&tfjumu programmai IMI1S? 2014-2017 par finansialu atbalstu.

APPLICATION OF MULTI-LAYER GRAPHENE FROM RECYCLED
GRAPHITE IN THE DEVELOPMENT OF CONDUCTIVE INK

Gustavs Baumanis®, Krisjanis Auzins!, Péteris Lesni¢enoks?, Janis Zemitis?,
Janis Kleperis®
'Riga French Lyceum;
Faculty of Materialscience and Applied Chemistry Riga Technical University;
®Institute of Solid State Physics, University of Latvia

Graphene is material of the 21st century, and is composed from carbon atoms with
graphite layered structure in the form of single layer. The material was produced for
the first time only in 2004, and it has unique physical-chemical properties and provides
a large role in the future.

Our work shows that in a simple electrochemical exfoliation method is possible the
industrial waste graphite to convert into graphene. At first, multi-layer material is
obtained, and than treated with ultrasound when it crushing happens. The presence of
graphene in the synthesized material has been demonstrated with the structural and
morphological methods - X-ray diffraction and scanning electron microscopy bundled
with energy dispersive spectroscopy. The reduction at high temperature in Ar:Hz (95:5)
atmosphere increases the share of multilayer graphene in material. Different solvents
were tested for the ability to form a homogeneous emulsion with synthesized graphene
after treatment in ultrasonic bath. Obtained emulsions were coated on a variety of
surfaces using multiple devices, starting with the simplest - nib, and finally with an
inkjet printer. Obtained coatings have different resistances, the lower was 8-10 Q
/square and the highest was above 100 k Q /square.
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TiO2 NANOSTRUKTURU SINTEZE UN PIELIETOJUMI UDENS
ATTIRISANAI

Rihards Vaivods®, Karlis Lacis?, Ainars Knoks? Janis Kleperis?, Liga Grinberga?
Rigas 64. vidusskola
’Latvijas Universitates Cietvielu fizikas institiits

TiO2 nanostruktiiras ir daudzsoloSs materials tirakas vides nodroSinasanai ne tikai
atmosfera, bet ar1 ideni. Absorb&jot Saules starojumu, titana oksids, ir sp&jigs sadalit
videi kaitigus organiskos savienojumus, tad€jadi attirot fideni. Nanostruktoram ir
liclaka aktiva virsma, tas nodroSina aktivaku procesu norisi tideni. Turklat TiO2 ir
ktmiski inerts, tadg€l ta nanostruktiiram sagaidams ilgaks dzives laiks attiramaja vidg.
Darba ka sintézes metode ir izvéléta elektrokimiska anodésana. ST metode lauj iegiit
kvalitativas nanostruktiiras, izmantojot nelielu eksperimentalo iekartu. Iegito TiO>
parklajumu struktiira ar rentgenstaru difrakcijas metodi tiek mekleta anataza faze, bet
virsmas pétjjumos ar sken&josas elektronu mikroskopijas palidzibu notiek raksturigo
parametru noteikSana titana dioksida nanocauruliSu klajumiem. Musu darba ka iegiito
TiO2 nanostruktiiru foto-katalitiskas aktivitates raksturojumu izmanto sintez&to
materialu fotostravas mérfjumus. Lielaka 1patngja fotostrava nozimé lielaku
fotokatalitisko sp&ju un nodrosina atraku tidens attiriSanas ciklu.

Autori izsaka pateicibu LZP sadarbibas projektam Nr. 666 par finansialo atbalstu.

SYNTHESIS OF TiO2 NANOSTRUCTURES FOR WATER PURIFICATION

Rihards Vaivods!, Karlis Lacis?, Ainars Knoks?, Janis Kleperis?, Liga Grinberga?
'Riga 64™ Secondary School
%Institute of Solid State Physics, University of Latvia

TiO2 nanostructures are promising material serving for a cleaner environment not only
in the atmosphere but also in the water. Titanium dioxide is able to split
environmentally harmful organic compounds in water while absorbing solar radiation,
thus purifying polluted water. Self-oriented nanostructures are with large active surface
and they provide more active photo-catalytic molecule-splitting processes in the water.
In addition, TiO is chemically inert material, therefore nanostructures are expecting
longer lifetime in an environment that must be cleaned.

In our work an electrochemical anodizing method is selected for synthesis of TiO>
nanotubes. This method makes it possible to obtain high-quality nanostructures using a
simple pilot plant. The anatase phase is sought in resulting TiO> coating structures using
X-ray diffraction method, and surface studies by scanning electron microscopy is
applied for determination of characteristic parameters of the titanium dioxide nanotube
coatings. Photocurrent measurements are used for the characterization of photo-
catalytic activity of the synthesized materials in our work. Increased specific
photocurrent means higher photo-catalytic ability and enables faster water treatment
cycle.

The financial support of LSC cooperation project No. 666 is greatly acknowledged.
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ELEKTRONU LADINA BLIVUMA INTEGRESANAS PARAMETRU
OPTIMIZACIJA BADERA METODEI

Maksims Sokolovs, Jurijs Mastrikovs, Jevgenijs Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Viens no biitiskiem rezultatiem no jebkura atomara limena aprékiniem ir elektronu
ladina sadalijums. Elektronu ladina aprékins ir atkarigs no izmantotas metodes.
Metodes, kuras pamatojas uz Blivuma funkcionalu teoriju (BFT), atlauj mums iegtt
elektronu ladina blivumu. Integréjot ta blivuma veértibas, mes izrékinam elektronu
ladinu konkr&tam jonam. Izaicion$s uzdevums ir nodefinét jona tilpumu ladina
blivuma integréSanai. R. Baders piedavaja pagaidam visveiksmigako topologisko
metodi tilpuma definéSanai.

Skailtiskajos BFT aprékinos mums ir diskréti elektronu ladina blivumi, kas prasa
bltvuma matricas parametru optimizaciju. Izmantojot ABO3 modeli, m&s veicam
vairakus aprékinus dazadiem ladina rezga izmériem. Optimiz&tajiem parametriem iz
praktiskais pielietojums, analizgjot sisteémas elektronu ladinu, ka arT magnétisko spinu
sadalfjumu, izrkékinato ar datorkodu VASP.

OPTIMIZATION OF THE ELECTRON CHARGE DENSITY INTEGRATION
PARAMETERS, FOR THE BADER METHOD

Maksims Sokolovs, Yuri Mastrikov, Eugene A. Kotomin
Institute of Solid State Physics, University of Latvia

One of the essential results of any atomistic level calculations is electron charge
distribution. Electron charge calculation depends on the method applied. Density
Functional Theory (DFT) —based methods allow us to obtain electron charge density.
Integrating values of that density, we calculate electron charge for particular ions. It is
quite a challenging task to define ionic volumes for charge density integration. The
most successful topological method was proposed by R. Bader.

In numerical DFT calculations we deal with discrete electron charge densities, which
requires optimization of the density matrix parameters. Using ABO3 — as a model
system, we performed multiple calculations for different resolutions of the charge grid.
Optimized parameters have a practical application in electron charge, as well as
magnetic spin distribution analysis of the systems, calculated by the computer code
VASP.

[1] Bader R F W 1990 Atoms in Molecules: a Quantum Theory (New York: Oxford
University Press)
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STRUKTURA, ELEKTRISKAS UN OPTISKAS IPASIBAS ZnO:Ir
PLANAJAM KARTINAM, KAS IEGUTAS AR REAKTIVO MAGNETRONO
KOPIZSMIDZINASANU

Martins Zubkins, Roberts Kalendarevs, Karlis Kundzins, Jevgenijs Gabrusenoks,
Kaspars Vilnis, Andris Azens, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Turpmaku caurspidigas elektronikas attistibu uz caurspidigu, elektrovadosu oksidu
(TCO) bazes kavé p-tipa vaditaju trikums. Eksperimentalu un teorétisku pétijumu
rezultati rada, ka polikristaliskas spinela Znlr,O4 planas kartinas ar atbilstoSiem
akceptora tipa defektiem ir p-tipa vaditaji [1,2]. ZnO ar mazu Ir koncentraciju ir pétits
tikai ar pirmo principu DFT aprékiniem [3], bet eksperimentali darbi nav veikti. Saja
darba tiek petitas IpaSibas ZnO:Ir planajam kartinam, kas iegutas ar reaktivo
magnetrono kopizsmidzinasanu.

ZnO:Ir planas kartinas tika iegiitas ar reaktivo magnetrono kopizsmidzinasanu Ar+O:
atmosfera, izmantojot Zn un Ir mérkus. Zn mérkis tika darbinats konstanta 200 W (DC)
jaudas reZima, bet Ir zemas jaudas (6 — 25 W) un zemas frekvences (100 Hz) pulsgjosa
rezima ar papildus rezgi virs mérka, lai samazinatu Ir izsmidzinaSanas un uzklasanas
atrumu. Paraugu sérija tika iegiita pie dazadam Ir mérka (katoda) jaudam, tada veida
vari§jot Ir koncentraciju kartinas. Procesa laika pamatinu temperatiira bija 300 °C un
darba spiediens 10 mTorr (Q(Ar) = 20 sccm, Q(O2) = 10 sccm).

STRUCTURAL, ELECTRICAL AND OPTICAL PROPERTIES OF ZnO:lIr
THIN FILMS DEPOSITED BY REACTIVE MAGNETRON CO-
SPUTTERING

Martins Zubkins, Roberts Kalendarev, Karlis Kundzins, Jevgenijs Gabrusenoks,
Kaspars Vilnis, Andris Azens, Juris Purans
Institute of Solid State Physics, University of Latvia

One of the obstacles to further developments of transparent electronics based on
transparent conductive oxide (TCO) thin films is lack of p-type conductors.
Polycrystalline spinel Znlr2O4 thin films with appropriate acceptor defects are shown
as p-type conductors by experimental and theoretical studies [1,2]. Light ZnO doping
with Ir has been studied only with first principles DFT calculation [3] without any
experimental investigation. This study investigates properties of ZnO:Ir thin films
deposited by reactive magnetron co-sputtering.

ZnO:lIr thin films were deposited by reactive magnetron co-sputtering from a metallic
Zn and Ir targets in an Ar+O> atmosphere. Zn target was sputtered in constant 200 W
(DC) mode, but Ir in low power (6 — 25 W) and low frequency (100 Hz) pulse mode
with additional grid above the target in the order to decrease the sputtering and
deposition rate of Ir. A set of samples was deposited at different Ir target (cathode)
powers to vary the Ir concentration in the films. Substrate temperature was kept at
300 °C and working pressure at 10 mTorr (Q(Ar) = 20 sccm, Q(O2) = 10 sccm).

[1] Dekkers M, Rijnders G, Blank D H A 2007 Appl. Phys. Lett. 90 021903
[2] Amini M N, Dixit H, Saniz R, Lamoen D, Partoens B 2014 Phys. Chem. 16 2588
[3] Ramo D M, Bristowe P D 2013, 2014 Thin Solid Films 555 112-116
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IRIDIJA JONU ABSORBCIJAS IPASIBAS CINKA-IRIIDIJA OKSIDA
PLANAS KARTINAS

Vera Skvorcova, Martins Zubkins, Roberts Kalendarevs, Georgijs Cikvaidze, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Darba tika pétiti iridija jonu absorbcijas spektri cinka-iridija oksida planas kartinas ar
dazadam iridija atomu koncentracijam. Kartinas tika uzklatas ar reaktivo DC
magnetrona izsmidzinasanu.

Paraugi, kuri satur iridiju, ir caurspidigi redzamaja spektra apgabala. Pieaugot iridija
koncentracijai kartinas caurlaidiba samazinas. Absorbcijas spektri ietver tris plasas
joslas ar maksimumiem: 240, 446 un 710 nm. Nov&rotas joslas ir saistitas ar Ir** jonu
klatbiitni cinka-iridija oksidu planas kartinas ar dazadu iridiju jonu koncentraciju.
Cinka-iridija oksida plano kartinu absorbcijas spektri tuvaja infrasarkana un
infrasarkana rajonos parada divas platas joslas ar maksimumiem tuvu pie 1100 un 3330
nm. Paradits, ka noverotas absorbcijas joslas ir saistitas ar trisvertigiem iridija joniem,
kuri atrodas tetraedriskas un oktaedriskas pozicijas. Pieaugot iridija koncentracijai,
cinka-iridija oksida kartinas joslas intensitate pie 1100 nm pieaug, sasniedzot
maksimumu pie iridija koncentracijas 29%. Turpmaka Ir koncentracijas palielinaSana
lidz 41% noved pie 3330 nm intensitates joslas palielinaSanas. Pie iridija
koncentracijam 47-56% 1100 un 3330 nm joslu intensitasu attieciba nemainas. Iegtitam
Zn-Ir-O planam kartinam pie zemam iridija koncentracijam ir normala Spinela strukttira.
Iridija koncentracijas palielinasana noved pie apgrieztas (inversas) $pinela struktiiras
veidoSanas.

ABSORPTION PROPERTIES OF IRIDIUM IONS IN ZINC-IRIDIUM OXIDE
THIN FILMS

Vera Skvortsova, Martins Zubkins, Roberts Kalendarev, Georgijs Chikvaidze, Juris Purans
Institute of Solid State Physics, University of Latvia

The paper presents a study of iridium ions absorption spectra of zinc-iridium oxide thin
films deposited by reactive DC magnetron sputtering with different iridium atomic
concentrations in the films.

The samples containing iridium are transparent in visible region. With iridium
concentration increase in the obtained films transparency of films decreases. The
absorption spectra in the visible range contain three broad bands with maxima: 240,
446 and 710 nm. The observed bands belong to Ir** ions in zinc-iridium oxides thin
films. The absorption spectra of zinc-iridium oxide thin films for different iridium ions
concentration in near infrared and infrared regions exhibit two broad bands with
maxima in the vicinity of 1100 nm and 3330 nm. It is shown, that observed bands are
connected with trivalent iridium ions in octahedrally and tetrahedrally coordinated sites.
With iridium concentration increase in zinc-iridium oxide thin films the intensity of the
1100 nm band increases, reaching a maximum at iridium concentration of 29 %. The
further iridium concentration increase up to 41% leads to an increase in intensity of the
band of 3330 nm. At iridium concentration from 47 to 56% the ratio of the intensities
of the 1100 and 3330 nm bands does not change. The obtained Zn-Ir-O thin films have
normal spinel structure at low iridium concentrations. Iridium concentration increase
leads to the formation of the inverse spinel structure.
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METALORGANISKAIS SVINA HALOGENIDU PEROVSKITA SAULES
ELEMENTS AR ORGANISKAJIEM LADINA TRANSPORTA SLANIEM

Anastasija Ivanova®?, Igors Kaulags, Gunta Slihta, Modris Roze?, Andrej Tokmakov?
L Fizikalas energétikas institiits
2 Rigas Tehniska universitate
8 Latvijas Universitates Cietvielu fizikas institiits

Saules elements ar aktivo laukumu 7 mm? izveidots uz ITO parklata stikla paliktna, ka
caurumu transporta un elektronus un eksitonus blok&joso slani izmantojot PEDOT:PSS
30-40 nm biezu kartinu, kurai péc izkars€Sanas 145°C temperatiira argona atmosfera
uznests ar rotacijas metodi Pbl> un PbCl; sajaukums no DMF un DMSO $kidumiem
pie 65°C ar rotacija atrumu 6000 apgr/min; kartinai péc zavéSanas 70°C argona
atmosfera uzklata CH3NHal kartina no 2-propanola skiduma (40 mg/mL) ar rotacija
metodi uz 65°C karsta paliktna. Lai padzilinatu slanu savstarp&ju difuziju, slani karséti
pie 107°C 1 h gaisa un tad 1 h argona atmosfera. Uz iegiita perovskita slana uznests
elektronus vadosais un caurumus blok&josais PCBM slanis ar rotacijas metodi no DCB
Skiduma. P&c zaveésanas 105°C argona, paraugs ievietots vakuuma, kur uznesti 50 nm
biezs Ceo un 60 nm Ag slani ar termisko sublimaciju vakuuma.

Saules elementa 1ssléguma fotostravas argjas kvantu efektivitates (EQE) spektralas
atkaribas 370-1000 nm intervala, ka arm1 EQE atkaribas no gaismas intensitates un
voltampgéru atkaribas saméritas $aja pat vakuumiekarta pie vakuuma 5-107 mbar,
neparvietojot paraugu. Sniegta iegiito rezultatu analize.

ORGANOMETAL MIXED HALIDE PEROVSKITE SOLAR CELL WITH
ORGANIC CHARGE TRANSPORT LAYERS

Anastasia lvanova'?, Igors Kaulachs!, Gunta Shlihta', Modris Roze?, Andrey Tokmakov®
Institute of Physical Energetics
2Riga Technical University
% Institute of Solid State Physics, University of Latvia

Solar cell samples with active area 7 mm? were built on ITO coated glass by
interdiffusion method: patterned ITO layer was covered by 30-40 nm thick hole
transport and electron blocking layer PEDOT:PSS and annealed at 145°C in argon
atmosphere. This layer was covered by Pbl, and PbCl> mixture dissolved in DMF and
DMSO mixture by spin coating at 6000 rpm on 65°C hot spin-coater, dried at 70°C in
argon and covered by CH3NHal solution in 2-propanol (40 mg/mL) by spin coating at
6000 rpm at 65°C. To finish interdiffusion process cell was heated at 107°C in closed
system for 1 h and additionally 1 h in argon. Obtained perovskite layer was covered by
PCBM layer at a rate 2000 rpm from DCB solution and annealed at 105°C for 1 h in
argon; then followed 50 nm thick Ceo and 60 nm thick Ag layers by thermal evaporation
in vacuum 10 mbar.

The short circuit photocurrent external quantum efficiency (EQE) spectral
dependencies, EQE dependencies on light intensity in 370-1000 nm region and
photocurrent EQE dependencies on applied voltage have been investigated in situ in
vacuum 5-10”" mbar without breaking the vacuum and moving the cell. Obtained results
will be discussed.
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