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Optiskas 1pasibas un defekti

STARPMEZGLU SKABEKIL.A APMAINA AR STRUKTURAS SKABEKLI
EKSIMERU LAZERA APSTAROTA SiO, STIKLA

K. Kajihara', L. Skuja®, H. Hosono’
Tokijas Metropoles Universitate
’Latvijas Universitates Cietvielu fizikas institits
ITokijas Tehnologiskais institiits

Punktdefekti stiklveida silicija dioksida spéle bitisku lomu daudzos $1
materiala pielietojumos. Tiek uzskatits, ka elementarais Frenkela defekts —
starpmezglu skabeklis - veido saiti ar SiO, rezgi veidojoSo skabekla atomu, un
difundé ka Si-O-O-Si saite (peroksida tiltins). Sads process nozimé efektivu apmainu
starp sakotn&ji raditiem starpmezglu O atomiem un SiO; rezga atomiem. Misu
ieprieks€jos petijumos tika paradits, ka apstarojot starpmezglu O, molekulas saturoSu
SiO; stiklu, ar F, eksimeru lazeru (A=157 nm) tiek raditi starpmezglu O atomi ka art
starpmezglu O3 (ozona) molekulas. Saja darba, izmantojot stiklu, kas impregnéts ar
80 izotopu-bagatinatam skabekla ('*O-'*0) molekulam un singleta O,
fotoluminiscences svarstibu blaksujoslu detektéSanu izotopiska sastava noteikSanai,
paradits, ka eksisté papildus difuzijas mehanisms starpmezglu O atomiem, kura
ietvaros tie neapmainas ar stikla rezgi veidojoSiem O atomiem.

EXCHANGE BETWEEN INTERSTITIAL AND STRUCTURAL OXYGEN IN
EXCIMER LASER-IRRADIATED SiO; GLASS

K. Kajihara', L. Skuja?, H. Hosono’
'Department of Applied Chemistry, Graduate School of Urban Environmental Sciences,
Tokyo Metropolitan University
*Institute of Solid State Physics, University of Latvia
' Materials and Structures Lab &Frontier Research Center, Tokyo Institute of Technology

Point defects in silicon dioxide play an important role in many applciations of
this material. It is widely accepted that the elementary Frenkel defect — the interstitial
oxygen atom in SiO, does not stay in the interstitial position, but rather forms a bond
with the neighboring "bridging" oxygen atom in SiO, glass network and diffuses as a
"peroxy linkage" (Si-O-O-Si bond). Such mechanism signifies an effective exchange
between the initially created O interstitials and the SiO, lattice oxygens. Our previous
studies demonstrated that irradiation of SiO, glass containing interstitial O, molecules
by the light of F, excimer laser (A=157nm) creates both interstitial O atoms and ozone
(O3) molecules. In this work we studied glassy SiO,, impregnated by isotope-
enriched O, (180—180) molecules, and used vibrational sidebands of singlet O,
luminescence as a tool for monitoring the '*O isotope exchange after F, laser
irradiation. It was found that apart from the "peroxy linkage" diffusion mechanism of
O interstitials, an additional mechanism exists, which does not involve exchange with
O atoms in the Si0O, glass network.
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RADIACIJAS DEFEKTU PETIJUMI AR Ce, Eu, Tb AKTIVETOS
OKSIFLUORIDU STIKLOS UN STIKLA KERAMIKAS

E. Elsts, U. Rogulis, K. Bulindzs, K. Smits, A. Zolotarjovs, L. Trinklere, K. Kundzins

Latvijas Universitates Cietvielu fizikas institiits

Saja referata tiks apliikoti radiacijas defektu pétijumi neaktivétos, ar terbiju, ar
c€riju un ar eiropiju aktivetos oksifluoridu stiklu un stiklu keramiku paraugos.

Kaut arT rentgenapstarotu paraugu termostimulétas luminiscences (TSL) spektri ir
atkarigi no ievadita aktivatora, TSL Iiknes liecina par ievérojami vairak k&rajcentriem
stikla keramikas paraugos neka stikla paraugos.

Gan stiklu, gan stikla keramikas paraugu absorbcijas spektros péc
rentgenapstaroSanas novérojamas joslas ar maksimumiem ap 550 nm un 750 nm. Tas
noverojamas gan neaktivetajos, gan aktivétajos paraugos un saistitas ar radiacijas
defektiem stikla matrica.

Skengjosas elektronu mikroskopijas att€los tika novérots, ka p&tamajiem
keramikas paraugiem pastav apgabali ar augstaku lantana, fluora un aktivatora
(eiropija vai terbija) koncentraciju, tadejadi apstiprinot aktivatoru iebuivéSanos LaF;
kristalitos.

E. Elsts pateicas ESF (projekts Nr. 2013/0046/1DP/1.1.1.2.0/13/APIA/VIAA/021) par
finansialu atbalstu.

STUDIES OF RADIATION DEFECTS IN Ce, Eu, Tb DOPED OXYFLUORIDE
GLASSES AND GLASS CERAMICS

E. Elsts, U. Rogulis, K. Bulindzs, K. Smits, A. Zolotarjovs, L.Trinklere, K. Kundzins
Institute of Solid State Physics, University of Latvia

In this report, we will discuss studies of radiation defects in non-activated,
terbium, cerium and europium activated oxyfluoride glass and glass-ceramic samples.
Although thermally stimulated luminescence (TSL) spectra of X-irradiated samples
depend on the doped activators, TSL curves show significantly more trap centres in
the glass-ceramic samples than in the glass samples.

Absorption spectra of the glass and glass-ceramic samples after X-ray
irradiation show bands with peaks around 550 nm and 750 nm. This induced
absorption has been observed in both non-activated and activated samples and could
be attributed to the radiation defects created in the glass matrix.

Scanning electron microscopy images of studied glass-ceramic samples show
areas with a higher concentration of lanthanum, fluorine and activator (europium and
terbium), confirming that activators are indeed embedded in the LaF; crystallites.

E. Elsts thanks the ESF (project No. 2013/0046/1DP/1.1.1.2.0/13/APIA/VIAA/021) for
financial support.
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HROMA UN DZELZS JONU OPTISKAS IPASIBAS BERILA UN TOPAZA
KRISTALOS

V. Skvorcova', N. Mironova —Ulmane', L. Trinklere', V. Merkulov?
"Latvijas Universitdtes Cietvielu fizikas institiits
?Cietvievu un pusvaditaju fizikas institiits BNZA

Topaza un berila kristalu un no tiem izgatavotu iericu fizikalas 1pasibas liela
mera ir atkarigas no piemaisijumu un struktiiras defektu daudzuma. Darba tika pétitas
hroma un dzelzs jonu optiskas 1pasibas topaza un berila kristalos pirms un péc
apstaroSanas.

Pirms bezkrasaina dabiga topaza apstaros$anas ar atriem neitroniem absorbcijas
spektra bija verojama tikai viena josla pie 230 nm. P&c apstaroSanas 230 nm
absorbcijas joslas intensitate palielinas, un paradas papildus joslas ar maksimumiem
pie 305, 430 un 620 nm. Kristali iegtst zilu krasu. Tadas pasas joslas tiek novérotas
dabigiem kristaliem. Neapstarota topaza kristala luminiscences spektri satur divas
joslas pie 700 un 540 nm. P&c apstaroSanas §is joslas praktiski paziid, bet paradas
platjosla 460 nm ar plecu 380 nm. Dabigo berila kristalu absorbcijas spektra pirms
apstaroSanas tiek novérota 820 nm josla. P&c apstaroSanas ar atriem neitroniem 820
nm joslas intensitate samazinas un paradas papildu joslas 690 nm rajona. Berila
kristala fotoluminiscences spektra pie T = 300 K tiek novérota plata josla 740 nm, bet
pie T= 8 K - Sauras linijas 680-720 nm rajona. Tiek secinats, ka absorbcijas un
luminiscences joslas apstarotos berila un topaza kristalos ir saistitas ar apmainas
mijiedarbibu starp radiacijas defektiem un piemaisijumu Cr’un Fe*" joniem.

CHROMIUM AND IRON IONS OPTICAL PROPERTIES OF TOPAZ AND
BERYL CRYSTALS

V. Skvortsova', N. Mironova — Ulmanel, L. Trinklerl, V. Merkulov?
!Institute of Solid State Physics, University of Latvia
*Institute of Solid State and Semiconductor Physics NASB

Small amount of impurities and structural defects have a significant effect on
the physical properties of crystals, chemical and radiation resistance of products and
devices manufactured on the basis of topaz and beryl crystals. We present a study of
optical properties of chromium and iron ions in topaz and beryl crystals before and
after irradiation.

Before fast neutron irradiation in absorption spectra of colourless natural topaz
there was observed only one band at 230 nm. After irradiation intensity of the
absorption band 230 nm increases and there appear bands with maxima at 305, 430
and 620 nm. As a result crystals obtain blue colour. The same bands are observed in
natural crystals. In the luminescence spectra of unirradiated topaz crystal there are
two bands at 700 and 540 nm. After irradiation this band practically disappears and a
broad band 460 nm with shoulder 380 nm is observed. Natural beryl crystals before
irradiation had wide absorption band at 820 nm. After the fast neutron irradiation the
intensity of the 820 nm band reduces and there appears the additional band with
maxima 690 nm. Wide band at 740 nm at T= 300 K and narrow lines in region from
680 t0720 nm at T= 8 K are observed in the photoluminescence spectra of beryl
crystals. We assume that absorption and luminescence bands of irradiated beryl and
topaz crystals are connected with exchange interaction between radiation defects and
Cr** or Fe*" impurity ions.
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DAZADU KRISTALISKA REZGA VIETU IETEKME UZ Er**
LUMINISCENCI NaLaF; MATRICA

J. Griibe, G. Doke, A. Sarakovskis, M. Springis

Latvijas Universitates Cietvielu fizikas institiits

Par augSup-parveidotas luminiscences avotiem bieZi vien tiek izmantoti dazadi
materiali, kas aktivéti ar retzemju elementiem. Viens no nosacijumiem, lai iegiitu
materialu ar augstu augSup-parveidotas luminiscences efektivitati, ir maza materiala
fonona energija, cits - vieta kristaliskaja rezgi, kur retzemju elements varétu brivi
»iebuveties”. Iepriek§gjie petijumi ir paradijusi, ka NaLaF, atbilst Siem nosacijumiem
[1]. Saja darba tiks apskatiti pétfjumi, kas saistiti ar dazadu kristaliska rezga vietu
ietekmi uz Er’" luminiscenci.

NaLaF,, kas aktivéts ar Er'" (2mol%), veikti spektroskopiskie mérijumi
zemajas temperatiras (10K). Novérotas Er’’ raksturigds luminiscences joslas.
Ierosinot domingjoSo zalo luminiscenci ar dazada vilpa garuma starojumu, tika
noverotas luminiscences spektra izmainas, kas liecina par neekvivalentu vietu
esamibu materiala kristaliskaja struktira, kur Er’" var “iebuivéties”. Apskatot ierosmes
spektru, tika noverotas Sauras joslas, kas raksturigas tradicionalajam elektroniskajam
parejam no pamatstavokla uz kadu no ierosinatajiem stavokliem. Papildus pie katras
no $1s parejas paradas ari plata ierosmes josla uz 1saku vilpa garumu pusi.

Apkopojot rezultatus, tika izdariti secindgjumi par dazadu kristaliska rezga vietu
ietekmi uz NaLaF4Er’" spektroskopiskajam pasibam.

NaLaF; MATRIX MULTI SITE NATURE IMPACT ON Er**
LUMINESCENCE

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

Different kinds of materials doped with rare-earth elements often serve as up-
conversion luminescence sources. One of the requirements for the high up-conversion
luminescence efficiency is low material phonon energy, other — existence of sites
where rare-earth ions can freely incorporate within the lattice. Previous studies have
shown that NaLaF4 meet these requirements [1]. In this work we will show NaLaF,
matrix multi site nature impact on Er’~ luminescence.

Spectroscopic measurements at low temperature (10K) were done for the
NaLaF, doped with Er'" (2mol%). Characteristic Er’~ luminescence bands were
observed. Combined excitation-emission spectroscopy for the dominant green
luminescence band shows different luminescence spectra which proves the multi site
nature of crystalline lattice where Er’” can incorporate. Excitation spectra show sharp
peaks caused by transition between energy levels multiplet from ground state to one
of the excitated state. In addition to each of this sharp peaks broad excitation band at
the shorter wavelength side of sharp peaks appears.

Based on the experimental results the impact of the multi site nature of
NaLaF, on Er*" luminescence is discussed.

[1] A. Sarakovskis, J. Grube, A. Mishnev, M. Springis, Opt. Mater. 31, 1517 (2009).

This work has been supported by the European Social Fund within the project ,,Support for
Doctoral Studies at University of Latvia” (No. 2009/0138/1DP/1.1.2.1.2/09/IPTA/VIAA/004)
as well as State Research Program IMIS (project 1).
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LUMINISCENCES MEHANISMA PETIJUMI SrAl,O4:Eu, Dy MATERIALA

V. Liepina, D. Millers, K. Smits

Latvijas Universitates Cietvielu fizikas institiits

Sobrid viens no efektivakajiem ilgi pécspidosajiem luminoforiem ir stroncija
aluminats, aktivéts ar Eu un Dy. Ir zinams, ka $aja materiala luminiscences centrs ir
Eu”" jons, tadu nav skaidrs kadi procesi ir iesaistiti Eu*" ierosinata stavokla radisana
ilgas pecspidésanas laika. Vairaku autoru darbos ir paradits, ka Eu®" ierosinatais
stavoklis veidojas termostimuléta procesa. Miusu pétijumu rezultati paradija, ka bez
termostimuléta procesa iesaistits arT no temperatiiras neatkarigs process — ladinnesgju
tunelé$ana. Termostimulétas luminiscences maksimumi SrAlLO4:Eu un SrAl,O4:Eu,
Dy nanopulveros ir pie atSkirigam temperatiiram, kas norada, ka ladinnes€ju termiska
atbrivosana notick no dazada dziluma Ilimeniem, pie kam iesp&jams, ka abos
materialos Sie Itmeni nav monoenergétiski. Novérotas ari termostimulétas
luminiscences spektrala sastava izmainas pie dazadam temperatiram registrétajos
spektros, kas norada, ka Eu®" tuvaka apkartne nav viena un ta pati visiem
luminiscences centriem, iesp&jams, ka tas saistits ar luminiscences centra un
ladinnes&ju lokaliz€josa defekta savstarp€jo novietojumu.

THE STUDY OF LUMINESCENCE MECHANISM IN
SrAl,O4:Eu,Dy MATERIAL

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

One of the most effective long afterglow phosphors are strontium aluminates
activated with Eu and Dy. It is known that luminescence center of this material is Eu*"
ion, but it is not clear what processes are involved in the Eu®" excited state creation
during the long afterglow. Several authors have shown that the Eu*" excited state is
formed in a thermostimulated process. Our study shows that besides thermostimulated
processes there is a temperature-independent process involved - tunneling of charge
carriers. Thermostimulated luminescence peaks of SrAl,O4:Eu and SrAl,O4:Eu,Dy
nanopowder are at different temperatures, indicating that charge carrier release by
heat occurs from different depth levels and these levels in the materials possibly are
not monoenergetic. Also spectral changes were observed at different temperatures,
indicating that the Eu®" environment is not the same for all luminescence centers; is
likely that it is related to luminescence center and charge carrier localizing defect
mutual position.

10
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TERMOSTMULETAS LUMINISCENCES PETIJUMI OKSIDU
MATERIALOS

A. Zolotarjovs, K. Smits, D. Millers

Latvijas Universitates Cietvielu fizikas institiits

Ar termostimulétas luminiscences (TSL) metodeém iesp&jams efektivi pétit
elektronu un caurumu energétisko Itmenu sadalijumu materialos, ka arT noteikt to
termiskas aktivacijas energijas, izmantojot frakcionétas termoizspidinasanas
algoritmus.

Merijumu veikSanai izveidota iekarta, kuras galvenie elementi ir temperatiiras
kontrolieris (LakeShore 331) ar hélija kriostatu, Andor Shamrock SR-303I-B
spektrometrs ar Andor IDus CCD kameru, rentgenstaru lampa un dators.

Darba gaita pétiti dazadi cinka oksida paraugi — ZnO:Ga monokristals (MTI
firmas razojums), nedopéts ZnO monokristals (PIKEM firmas raZojums), ZnO
keramika, ka ar7 pétiti cinka oksidu parklajumi.

Apkopojot rezultatus secinam, ka ZnO keramika veidojas atskirigi no
monokristalu kérajcentri. Identificétas lidzibas un atskiribas TSL spektros nedop&tam
Zn0O un ar Ga dopétam monokristalam. ZnO monokristala TSL maksimuma pie ~48K
aktivacijas energija aprékinata ar 2 metodém, iegiitic rezultati tika salidzinati ar
literatiiras datiem. Patreiz uz Ti pametnes iegiito ZnO plano kartipu TSL intensitate
nav pietiekama ticamu rezultatu iegtiSanai. Labaku rezultatu iegtisanai japalielina
kartinas biezums, ka ar1 javeic modifikacijas TSL iekarta.

THERMOSTIMULATED LUMINESCENCE IN OXIDE MATERIALS

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

Thermostimulated luminescence (TSL) methods are effective for electron-hole
energy level distribution research, as well as for defining activation energy of traps
using fraction glow technique.

For our measurments a complex device was built using temperature controller
(LakeShore 331) with helium cryostat, Andor Shamrock SR-303I-B spectrometer
with Andor IDus CCD camera, X-Ray lamp and personal computer.

Various zinc oxide samples were used in our research: ZnO:Ga monocrystal
(fabricated at MTI company), undoped ZnO monocrystal (fabricated at PIKEM
company), ZnO ceramics as well as ZnO coatings.

After analysing experimental results we can conclude that in ZnO ceramics
completely different traps are formed in comparison with monocrystals.Similarities
and differences were found in ZnO and ZnO:Ga monocrystal spectra. Activation
energy for the ~48K peak of undoped ZnO monocrystal was found using 2 methods
and acquired value was compared to results found in literature. For now it is
impossible to gather reliable TSL data for ZnO coatings on Ti due to luminescence
intensity being very low. For better results either thickness of coating should be
greater or modifications for measurment equipment should be made.

11
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FOSFATUS SATUROSU MATERIALU LUMINISCENCE: KRISTALISKS
SiOz-P UN STIKLVEIDTGU 3P205‘7Si02; CaO- PzOs; SrO- P205
A. Truhins', K. Smits', J. Jansons', Dz. Bérzins', G. Cikvaidze', D. Griscom®
"Latvijas Universitates Cietvielu fizikas institiits
*impactGlass research international

Pétita ar fosforu aktiveta kvarca, fosfosilikatu un divu fosfatu luminiscence.
Fotoluminiscences (FL) spektra apgabala 1,5 — 5,5 eV ir vairakas joslas. Visos $ajos
materialos UV joslai ir [idzigas dziSanas komponentes, T~37 ns un us rajona. Spektra
joslas ar t~37 ns un t~1 ps savstarp&ji nobiditas par ~0,6 eV, kas liecina par tripleta
un singleta stavoklu SkeSanos. F1 dziSanas 1&€nas komponentes dzives laika pieaugSana
pie temperatiiras zemakas par 14 K liecina par tripleta stavokla SkelSanos nulles
magnétiskaja lauka. Kvarca un fosfosilikata stikla var induc@t dzelteni-sarkanu
luminiscenci, kurai ir joslas pie 600 un 740 nm. Pie 9 K So luminiscences joslu
dzisana atskiras, ta ir ~t> 600 nm joslai un ~t" 740 nm joslai. TSL spektra ir tikai 600
nm josla. UV un dzeltena luminiscence $ajos materialos ir savstarpgji neatkarigas un
tas ir saistitas ar atSkirigdm fosfora pozicijam materiala. Dzeltena luminiscence
nekorele ar fosfors—netiltina skabeklis EPR signalu. Kvarca paraugu sasildot lidz
660°C FL neatgriezeniski pazid UV un dzelteni-sarkana luminiscence. Kvarca
paraugu sasildot lidz 550°C paradas cita, radidcijas inducéta sarkana FL. Sai
luminiscencei pie 9 K ir bez fononu linija pie 647 nm un fononu atkartojumu joslas ar
nobidém 903 cm'l, 440 cm'l, luminiscences dziSanas laika konstante ir ~17 ns un ta ir
tuva netiltina skabekla centram nove€rotajai ar neitroniem apstarota kvarca kristala
(Skuja L, et al., NIM B, 286 (2012), pp. 159-168).

LUMINESCENCE OF PHOSPHORUS CONTAINING OXIDE MATERIALS:
CRYSTALLINE SI10,-P AND 3P,05:7S10,; CaO-P,0s5; SrO-P,0s GLASSES
A. N. Trukhin', K. Smits', J. Jansons', Dz. Berzins', G. Chikvaidze', D. L. Griscom®
"Institute of Solid State Physics, University of Latvia
YimpactGlass research international

Luminescence of P-doped a-quartz, phosphate and phosphosilicate glass is
studied. The photoluminescence (PL) contains many bands in the range 1.5 — 5.5 eV.
the UV bands are similar in those samples, possessing T ~ 37 ns. a component in us
range was detected as well. The shift of PL bands corresponding to t ~ 37 ns and 7 ~ 1
us is about 0.6 eV. It is explained as singlet-triplet splitting of excited state. An
increase of PL kinetics duration corresponding to zero magnetic field splitting of
triplet excited state of the center is observed below 14 K. an yellow-red luminescence
could be induced in P-doped a-quartz and phospho- silicate glasses. The yellow band
contains two subbands at 600 and at 740 nm, possessing hyperbolic decay ~t-2 and ~t-
1 for the bands at 600 and 740 nm respectively at 9 K. TSL Spectra contain only band
at 600 nm. UV and yellow luminescence exist independently and could be ascribed to
different position of the phosphorus. Yellow luminescence anti correlates with ESR
signal of phosphorus-oxygen hole center. Heating of p-doped a-quartz sample to 660
¢ provides opalescence. All three PL bands disappeared irreversibly. Another
radiation induced red luminescence has been induced for p-doped a-quartz heated to
550 C. It spectrum contains zero phonon line at 647 nm with phonon repetitions
shifted to 903 cm-1 and 440 cm-1 at 9 K. The time constant of red PL is 17 us is
similar to non-bridging center in neutron irradiated o-quartz crystal (Skuja et al,
Nuclear Instruments and Methods in Physics Research B 286 (2012) 159-168).
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Eu UN Ce LUMINISCENCES JOSLU NOVIETOJUMS OKSIFLUORIDU
STIKLA KERAMIKAS

U. Rogulis, I. Brice, E. Elsts, J. Gribe

Latvijas Universitates Cietvielu fizikas institiits

Oksifluoridu stiklos un stikla keramikds novérojamas platas cérija Ce’” un
eiropija Eu”" aktivatoru jonu luminiscences joslas ar maksimumu spektra zilaja dala,
ka ari Eu’" jonu luminiscences linijas spektra sarkanaja dald. Luminiscences
intensitate vairakiem oksifluoridu sastaviem ir salidzinama ar komercialo baltas
gaismas LED luminoforu luminiscences intensitati [1].

Eu un Ce luminiscences joslu novietojumu nosaka gan oksifluoridu stikla
keramiku veidojosa oksidu stikla sastavs, gan fluoridu kristaliti, kuru koncentraciju un
izm@rus iesp&jams mainit, izveloties atbilstoSus temperatiiras rezimus. Mainot stikla
keramikas veido$anas temperatiiras rezimus, iesp&jams izmainit ari Eu*" un Eu’*
luminiscences joslu savstarp&jo intensitasu attiecibu. Referata tiks apspriesta visu $o
luminiscences joslu novietojuma izmainas iesp&ju izmantoSana, lai aktivéto
oksifluoridu stikla keramiku luminiscences spektru tuvinatu kadam no baltas gaismas
toniem.

Eu AND Ce LUMINESCENCE BAND POSITIONS IN OXYFLUORIDE
GLASS-CERAMICS

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

Cerium Ce®" and europium Eu®" activator ions in the oxyfluoride glasses and
glass-ceramics show broad luminescence bands with their maxima in the blue spectral
region. Eu’" luminescence lines could be observed in the red region. The
luminescence intensity of several oxyfluoride compositions is comparable with the
intensity of commercial white LED phosphors [1].

Eu and Ce luminescence band positions in the oxyfluoride glass-ceramics are
determined by the composition of the oxide glass matrix, as well as by the fluoride
crystallites. The concentration and size of the fluoride crystallites could be varied by
appropriate temperature procedures. By varying the annealing temperatures, also the
relative intensities of the Eu”” and Eu’" luminescence bands can be changed. These
possibilities of the luminescence band position variations will be discussed,
concerning the improvement of the spectrum of the oxyfluoride glass-ceramics to
adjust it to one of the white light standards.

[1] I. Brice, U. Rogulis, E. Elsts, J. Griibe, Photoluminescence of Eu and Ce activated
oxyfluoride glass and glass ceramics. Latv. J. Phys. Techn. Sci., 2012, N6(1I), p. 44.
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MAGNETISKAS REZONANSES SPEKTRI UN REKOMBINATIVA
LUMINISCENCE ZnO

A. Fedotovsl, U. Rogulisl, Dz. BérZiI}§1, K. gmitsl, G. Dol,(el,
A. Medvids?, P. Onufrijevs’
1Latvijas Universitates Cietvielu fizikas institits
’Rigas Tehniskas Universitates Tehniskas fizikas institiits

Cinka oksids ir aktuals pusvaditaju optiski-elektronisko ieri€u izejmaterials.
Apstarojot ZnO paraugus ar noteiktas jaudas lazera starojumu, iesp&jams panakt
pakapeniskas strukturalas izmainas, kuras ir nov€rojamas rekombinativas
luminiscences (RL) spektros. Noverots, ka lazerapstarota ZnO kristala RL sastav no
divam joslam (630nm un 740nm) ar dazadiem dziSanas laikiem, un ir noskaidrots, ka
visas izmeritas RL-EPR Iinijas atbilst RL joslai ar 1énako dziSanas laiku. Izmantojot
modulaciju (mérot PL-EPR), iesp&jams novérot vienu donoram atbilstoSu ODMR
joslu, kuru dotajos paraugos ar RL-EPR metodi neparadijas. Detektétajam RL-EPR
spektram piemit izteikta lenkiska atkariba. Elektronu paramagnétiskas rezonanses
(EPR) mérijumi liecina par vairaku parejas metalu klatbiitni paraugos. Referata tiks
apspriesti rekombinativas luminiscences mehanismi lazerapstradatos ZnO paraugos.

MAGNETIC RESONANCE SPECTRA AND RECOMBINATION
LUMINESCENCE IN ZnO

A. Fedotovs', Dz. Berzins', U. Rogulisl, K. Smits', G. Doke!,
A. Medvids®, P. Onufrijevs’
nstitute of Solid State Physics, University of Latvia
* Institute of Technical Physics, Riga Technical University

Zinc oxide is known as a promising material for production of opto-electronic
semiconducting devices. It is possible to obtain structural changes in these samples
using laser-treatment which could be detected in the recombination luminescence
(RL) spectra. It has been observed that in the laser-treated ZnO sample RL consists of
two bands (630nm and 740nm) with different decay times. All bands detected in the
RL-EPR belong to the RL band with slower decay time. Using modulation of
microwaves (PL-EPR), it is possible to observe one donor band which does not
appear in the RL-EPR spectra. The detected RL-EPR spectrum has a pronounced
angular dependence. The EPR measurements show presence of some transition
elements in the investigated samples. The mechanisms of the RL in the laser-treated
samples will be discussed.
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ScF3; EPR SPEKTRI

A. Antuzeviés, U. Rogulis, J. Purans, A. Fedotovs, Dz. Bérzins
Latvijas Universitates Cietvielu fizikas institiits

Skandija fluorids (ScF3) ir kubiskas struktiiras materials, kam piemit negativs
termiskas izpleSanas koeficients temperatiiras diapazona no 10 K Iidz 1100 K.
Elektronu paramagnétiskas rezonanses (EPR) mérjjumi veikti polikristaliskiem un
monokristaliskiem paraugiem istabas un 8kidra slapekla temperatiiras. Ar EasySpin
programmu veikts spektru parametru aprékins. [1]

Pulvera paraugu EPR signalus veido divu defektu raditie spektri, kas parklajas.
Monokristaliskaja ScF; parauga sikstruktiiras mijiedarbiba rada izteiktas EPR spektru
lenkiskas atkaribas ar g=1,994. Labus spektru parametrizéSanas rezultatus dod
defekta modelis ar piejaukuma jonu, kas iebiivgjies skandija pozicija.

EPR SPECTRA OF ScF;

A. Antuzevics, U. Rogulis, J. Purans, A. Fedotovs, Dz. Berzins
Institute of Solid State Physics, University of Latvia

Scandium fluoride (ScF3) is a cubic structure material, which has a negative
thermal expansion coefficient in the temperature range from 10 K to 1100 K.

Electron paramagnetic resonance (EPR) measurements have been made for
polycrystalline and single crystal samples at room and liquid nitrogen temperatures.
Easyspin software was used for spectra parameter calculation. [1]

EPR signals of powder samples are generated by two overlapping spectra.
Angular dependences with g =1.994 in the single crystal ScF; sample are caused by
the fine structure interaction. Good results of simulated spectra are achieved in a
defect model where an impurity is embedded in the scandium site position.

[1] Stefan Stoll, Arthur Schweiger; EasySpin, a comprehensive software package for
spectral simulation and analysis in EPR J. Magn. Reson. 178(1), 42-55 (2006)
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LOKALIZETAS PAREJAS AIN KERAMIKAS LUMINISCENCE

L. Trinklere, B. Bérzina
Latvijas Universitates Cietvielu fizikas institiits

AIN keramika UV gaismas apstaroSanas izraisitas fotoluminiscences (FL) un
termoluminiscences (TL) 1pasibas galvenokart nosaka skabekli saturoSie defektu
centri, kas ir atbildigi par UV luminiscences joslu (3.18 eV, jeb 400 nm) un Zilo
luminiscences joslu (2.58 eV, jeb 480 nm). Tika noskaidrots, ka par UV
luminiscences joslu atbildigajos donoru akceptoru paros (DAP) attalums starp
komponenteém atbilst gadijuma sadalijumam. AIN keramikas luminiscences pasSibas
tiek izskaidrotas izmantojot lokaliz€tas rekombinacijas modeli [1], kas apraksta
elektrona pareju no ierosinata donora D stavokla uz akceptora A pamatstavokli.
Tunelrekombinacijas varbitibas atkariba no attaluma starp D un A nosaka vairakas
AIN luminiscences 1pasibas, tadas ka FL UV joslas zilo nobidi pieaugot ierosinasanas
blivumam, TL Iiknes formu, TL luminiscences joslas sarkano nobidi ar temperatiiras
paaugstinasanu un citas.

[1] M.Jain, B.Guralnik, M.T.Andersen, J. Phys.: Condens. Matter 24 (2012) 385402.

LOCALISED TRANSITIONS IN LUMINESCENCE OF AIN CERAMICS

L. Trinkler, B. Bérzina
Institute of Solid State Physics, University of Latvia

The photoluminescence (PL) and thermoluminescence (TL) properties of AIN
ceramics revealed under UV irradiation are determined mainly by oxygen-related
centres, giving rise to the UV (around 3.18 eV) and the Blue (2.58 eV) bands. It was
found that the UV irradiation-generated donor acceptor pairs (DAPs), responsible for
the UV emission band, are randomly distributed with regard to separation distance
between components. Luminescence properties of AIN are interpreted basing on the
model of localised recombination involving electron tunnel transitions from the
excited state of D to the ground state of A, proposed in [1]. The observed features of
PL, afterglow and TL of AIN ceramics are explained by dependence of tunnelling
recombination probability on separation distance between D and A implied by the
used model.

[1] M.Jain, B.Guralnik, M.T.Andersen, J. Phys.: Condens. Matter 24 (2012) 385402.
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Udenraza materiali un energétika
MIKROVILNOS SINTEZETU TiO, NANOSKIEDRU IPASIBU PETIJUMI

R. Drunka, J. Grabis
Rigas Tehniskas universitates Neorganiskas kimijas institits

Dazadu struktiiru TiO, nanomateriali izcelas ar augstu fotokatalitisko aktivitati.

Perspektivi ir materiali ar lielu Tpatn€jo virsmu un modificétu sastavu.
Izmantojot mikrovilpu sint€zes metodi iegttas TiO, nanoskiedras un nanovadi ar
diametru no 10 nm un ar Ipatn&jo virsmu no 70 lidz pat 150 m?%g. Ka izejvielas
izmantots anatasa nanopulveris un 10M KOH s$kidums. Lai uzlabotu nanoskiedru
fotokatalitisko aktivitati gan redzamaja, gan UV gaisma, paraugus modific€, tos
kars€jot, 500 °C un 380 °C temperatira slapekla un sériidenraza gazu plusmas, dazadu
laika intervalu. Iegito paraugu fotokatalitiska aktivitate parbaudita, sadalot
metilénzila skidumu UV un redzamas gaismas starojuma.

Modificétie paraugi uzrada augstaku fotokatalitisko aktivitati, salidzinot to ar
tiru TiO, nanoskiedru aktivitati, tapec ir lietderigi tos izmantot Gidens sadaliSsana un
tidenraza iegtiSana, ka arT kaitigo organisko savienojumu noardiSana.

Autori pateicas Valsts Petijumu programmai LATENERGI par finansialu atbalstu
pétijumiem.

MICROWAVE ASSISTED TiO; NANOFIBER SYNTHESIS AND
PROPERTIES

R. Drunka, J. Grabis
Institute of Inorganic Chemistry, Riga Technical University

Photocatalytic activity of TiO, nanoparticles depends strongly on its
crystallinity, specific surface area, morphology of the particles and used dopants.
Promising is materials with high specific surface area and with modified composition.

In the present work formation of active TiO, nanoparticles in microwave
synthesis and their modification with nitrogen and sulfur were studied. Anatase
nanopowder and 10M KOH solution are used as raw materials. Microwave assisted
synthesis method permits to obtain TiO, nanofibres and nanowires with a diameter of
10 nm and a specific surface area in the range of 70- 150 m*/g. In order to improve
the photocatalytic activity of nanofibers under visible and UV light, the samples are
modified by their treatment at 500 °C and 380 °C in nitrogen and hydrogen sulfide gas
streams for different time intervals. Photocatalytic activity was determined by
degradation of the methylene blue solution under UV and visible light irradiation. The
obtained samples show higher photocatalytic activity with respect to pure TiO;
nanofibers. The doped TiO, nanofibers are appropriate for degradation of harmful
organic compounds as well as for hydrogen production by water splitting.

The financial support of National Research program LATENERGI is greatly
acknowledged.
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METALA OKSIDU PARKLAJUMU FOTOFIZIKALAS IPASIBAS
DAUDZSLANU STRUKTURAS

A. Knoks, L. Grinberga, J. Kleperis

Latvijas Universitates Cietvielu fizikas institiits

Udenraza iegiiSana, ar pusvaditdju materialu nanodalinam vai parklajumiem
sadalot Gideni Saules gaisma, ir videi draudziga nulles CO, emisiju tehnologija, kas
tiek pétita daudzos institiitos visa pasaulé. Daudzslanu metalu oksidi ar pusvaditaju
ipasibam plasi tiek izmantoti dazadu fotoaktivu parklajumu veidoSanai, 1pasi saules
fotovoltaisko bateriju (organisko, neorganisko) un fotoelektrolizes pielietojumiem.
Misu darba ar pirolitiskas izsmidzinaSanas, anodéSanas metodeém tiek iegiiti metalu
oksidu parklajumi gan vienslanu, gan daudzslanu struktiras un pétiti fotofizikalie
procesi slana materiala un uz robezvirsmas starp slaniem, ka ari robezvirsma ar
elektrolttu. Petijumiem tiek izmantots potenciostats VoltaLab 301, izmantojot dazadas
elektrokimiskas metodes: atvértas k&des potenciala, volt-ampéra, hrono-
amperometriska, 1ssléguma stravas. Par gaismas avotu tiek izmantota halogéna un
dzivsudraba lampas. legiitajam slanu un daudzslanu struktiiram ir mérita gaismas
caurlaidiba un novértéta absorbcijas mala. Slanu struktiiras analize veikta ar
rentgendifraktometru un morfologijas analiz€m izmantoti optiskais un SEM
mikroskopi.

Par finansialo atbalstu autori pateicas Valsts P&tijumu programmai LATENERGI.

PHOTOPHYSICAL PROPERTIES OF METAL OXIDE MULTILAYER
FILMS

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

Hydrogen production using semiconductor nanoparticles or thin film coatings
to split the water in sunlight is an environmentally friendly and zero-CO, emissions
technology that is being explored in many institutions around the world. Multilayer
metal oxides with semiconductor properties are widely used in a variety of
photoactive coatings, especially in photo-voltaic solar cells ( organic, inorganic ) and
photo-electrolysis applications. In our research we used spray-pyrolysis and anodic
thin film coating methods to make both single layer and multi-layer structures. Photo-
physical processes were studied in thin film material and the boundary between the
different layers, as well as the interface between thin film electrode and electrolyte. In
the studies we used potentiostat VoltaLab 301 and variety of electrochemical
techniques: open circuit potential, volt-amperic, chrono-amperometric, short-circuit
current methods. As a light source the halogen and mercury lamps were used. The
light transmission spectra of thin layers and multilayer structures are measured to
determine the absorption edge. Structural and morphological analysis were performed
with XRD and optical and SEM microscopes.

For financial support the authors acknowledge the National Research Program
LATENERGI.
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UDENRAZA ADSORBCIJAS PETIJUMI AR ELEKTROKIMISKO
ATSLANOSANAS METODI IEGUTA GRAFENA

P. Lesniéenoksl, J. ZemTtisl, G. Tauril,léz, J. Kle:peris3
'Rigas Tehniskas Universitdtes Materialzindtnes un lietiskas kimijas fakultdte
’SIA Keramserviss
JLatvijas Universitates Cietvielu fizikas institiits

Elektrokimiskas atslanoSanas panémiena graféna, graféna oksida pulveris
iegiits izmantojot (Liu ef al 2013) metodi, lai no grafita industrialajiem atkritumiem
atslanotu vairakslanu atomaras graféna plaksnes. Petijuma salidzinati preséti - malti
un grafita atkritumi ar saskatamu strukturalo anizotropiju, kas ir ta sauktie
parstradajamie izejmateriali. Noveérota materiala specifika — pulverveida materiala
tiecksme makroskopiski izplesties sildiSanas laika péc atrasanas tidenraza atmosfera,
tadejadi ierobezojot izmantojamo metozu klastu tdenraza adsorbcijas petijumiem
slegta tipa eksperimentalajas kameras bez briva operativa tilpuma (ar mazo paraugu
mérkameru).

Ta ka materiala iegiiSanas metode sevi ietver dazadu citu jonu klatbitni
materiala apstrades laika un piemaisijumus no ieprieks¢ja pielietojuma metalurgija vai
citur, par pamatu pétjjumiem nemts ierosinajums l1&ta un efektiva (Ciraci and Ustunel
2008) sorbenta iegtisanai, kas balstits uz graféna vai graféna oksida (Wang et al 2009)
daudzsolo$ajiem rezultatiem tidenraza adsorbcija.

STUDY OF HYDROGEN ADSORPTION IN ELECTROCHEMICALY
EXFOLIATED GRAPHENE

P. Lesnidenoks', J. Zemitis', G. Taurir,léz, J. Kleperis3
'Faculty of Material Science and Applied Chemistry, Riga Technical University
’SIA Keramserviss
I Institute of Solid State Physics, University of Latvia

Electrochemical exfoliation of graphene, graphene oxide accomplished by
method (Liu et al 2013) where graphite industrial waste of compressed rods or less
dense graphite blocks can be pulled apart by electric current till few atomic layer
graphene thickness. Observations of materials characteristics show the extreme
expansion of raw material while heating in hydrogen atmosphere. This demands
consideration of adsorption study with a device that consists of smaller dead volumes
or moving parts within the experiment chamber. Also the lightness of material
suggests avoiding usage of small samples during the adsorption testing with
thermogravimetric method.

Because of the sample production the method specifics is based on contact of
graphite with different ions in exfoliation solution, as well as previous preparation
method for usage in metallurgy or elsewhere, the basis of this study are the reports
suggesting the usage of it as cheap and effective raw material (Ciraci and Ustunel
2008) to obtain graphene or graphene oxide (Wang et al 2009) for hydrogen storage
purposes.

Authors acknowledge the National Research Program LATENERGTI for financial support.
References:
Ciraci S and Ustunel H. Appl. Phys. Lett. 93 (2008) 1-4.

Liu J, Poh CK, Zhan D et all. J. Nano Energy 2 (2013) 377-86
Wang L, Lee K, Sun Y-Y et all. ACS Nano 3 (2009) 2995-3000
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SPEEK POLIMERU KOMPOZITI AR SKABIEM JONU SKIDRUMIEM KA
MATERIALS DEGSUNU MEMBRANAM

Sl 12 1 qumaal . 1,2
E. Spriigis , E. Ausekle', A. Prik§ane’, G. Vaivars
Latvijas Universitates Kimijas fakultdte
’Latvijas Universitates Cietvielu fizikas institits

Pasaulé nemitigi aug pieprasijums péc elektroenergijas. S1 pieprasijuma
apmierinasana aizvien lielaka loma tiek atvélta ar alternativajiem energijas avotiem,
to mazas ietekmes uz vidi un ilgtsp&jibas d€l. Ka vienu no Sadiem avotiem var minét
dazadu tipu degSiinas, no kuram tie$i protonu apmainas membranas degSiinas
(PEMFC) varétu but piemérotas ka energijas avots transporta lidzeklos un
parnésajamas elektroniskajas ieric€s. Membrana $adas degStnas kalpo ka 1)
elektronus nevadoSs atdalitajslanis starp anodu un katodu, ka ari 2) ka protonu
vaditajs, turklat So vaditsp&ju membrana nodrosina tas sastava esosais tidens, tade] §1s
membranas ir izmantojamas temperatiiras, kas neparsniedz 100 °C. Viena pieeja, ka
risinat o problému, varétu bit membranas un skabo jonu skidrumu (JS) kompozitu
izgatavoSana un izmantoSana PEMFC.

Darba tika sintezéti vairaki skabie JS, kuri tika izmantoti JS-SPEEK (sulfonéta
polieteréterketona) kompozitmembranas pagatavosanai. Tika noteikta iegiito
membranu termiska stabilitate, izmantojot TGA/DTA metodi. Vaditspéja tika noteikta,
izmantojot Autolab iekartu temperatiiru intervala 20-120 °C.

COMPOSITES OF SPEEK POLYMERS WITH ACIDIC IONIC LIQUIDS AS
MATERIAL FOR FUEL CELL MEMBRANES

E. Sprugisl’z, E. Ausekle', A. Priksane', G. Vaivars'?
"Faculty of Chemistry, University of Latvia
*Institute of Solid State Physics, University of Latvia

The demand for electric power in the world is growing constantly. To meet
these demands, various alternative energy sources are of growing importance, due to
their low environmental footprint and longevity. One of such examples are fuel cells
of various types, of which proton exchange membrane fuel cells (PEMFC) could be
suitable as energy source in vehicles and portable electronic devices. In fuel cells like
these, a polymer membrane serves as 1) a non-conducting layer, which separates
anode and cathode, as well as 2) a proton conductor; unfortunately the conductivity is
provided by water inside the membrane, which means that the temperature range of
these membranes is below 100 degrees Celsius. One approach of solving this problem
could be making a composite of membrane and acidic ionic liquid (IL), and using it in
PEMFC.

In this work several acidic ILs were synthesized and used to make IL-SPEEK
(sulfonated poly(ether ether ketone) composite membrane. Thermal stability was
determined by using TGA/DTA. Conductivity of membrane was obtained from
impedance measurements using Autolab setup in temperature range 20-120 °C.
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UDENRAZA KA ENERGIJAS NESEJA IESPEJU IZPETE BEZIZMESU
TRANSPORTA UN ENERGETIKA LATVIJA
A. Starikovs', J. Fricsons', B. Slokaz, J. Kleperis3
]Latvijas Udenraza asocidcija
’Latvijas Universitates Ekonomikas un vadibas fakultate
JLatvijas Universitates Cietvielu fizikas institiits

Udenradis un elektriba abi ir energijas nesgji un tiek uzskatits, ka tie viens otru
lieliski papildina ilgtsp&jigas energétikas sistémas. Jau no 1970ajiem adenradis tiek virzits ka
lieliska alternativa fosilajiem energoresursiem, kuru dedzinasana piesarno vidi un atstaj lielu
soglekla pedu”. Udenraza tehnologijas tick pétitas daudzos institiitos un ka komerciali
produkti attistitas dazadas kompanijas visa pasaulg. Ipasa interese ir par fidepradi ka degvielu
nulles emisiju transporta un ka energijas neséju liela méroga energijas glabasana, kombingjot
atjaunojamo resursu (saules, v&ja) energiju ar Gdenradi. Tacu lai piedavatu paterétajiem
konkurences spgjigu energijas tehnologiju eso$ajam uz fosilajiem resursiem bazétajam,
japarvar daudzi izaicinajumi ne tikai likumdoSanas, droSibas joma, bet arl sabiedribas
uztveres un atziSanas aspektos. Eiropas Savieniba fidenraZa tehnologiju ievie$anai nodibinats
kopuzn€mums starp industrialajiem un petniecibas partneriem — FCH JU. HORIZON 2020
programmas ietvaros FCH JU 2014.-2020. gados apsaimnicko budzetu 1,4 miljardu eiro
apmgéra, orientgjoties uz divam galvenajam prioritatém — tirs transports un liela apjoma
energijas uzkrasana, izmantojot tidenradi. Referata tiks analiz&tas Latvijas iesp&jas gan vietgjo
resursu, gan viet§jo politiski-ekonomisko nosacijumu aspekta pievienoties tdenraza
tehnologiju lielvalstim Eiropa.

STUDYING THE LATVIA'S CHALLENGES FOR HYDROGEN AS AN
ENERGY CARRIER IN ZERO-EMISSION TRANSPORT AND
ENERGETICS
A. Starikovs', J. Fricsons', B. Sloka?, J. Kleperis3
"Latvia Hydrogen Association
Faculty of Economics and Management, University of Latvia
I Institute of Solid State Physics, University of Latvia

Hydrogen and electricity together is considered to be an interesting option for
developing more sustainable energy systems because both are energy carriers. Since 1970s
the hydrogen has been claimed to be a good alternative to replace fossil fuels which create
pollution and has large carbon footprint. Many research institutes and companies worldwide
are working hard to develop technologies that can efficiently exploit the potential of hydrogen
energy. Especially interest is to use hydrogen in zero-emission transport and as energy carrier
in large scale energy storage — the combination of hydrogen with renewable energy (wind,
solar). To offer consumers a competitive alternative, many technical and otherwise challenges
must be overcome, public acceptance and other societal issues including, related with the
introduction of a new energy carrier into every day use. Hydrogen introduces different safety
and regulatory issues which need to be understood and tackled by appropriate authorities;
public expectations towards hydrogen systems must be met. For fuel cells and hydrogen, the
EU started the Fuel Cells and Hydrogen Joint Undertaking (FCH JU), a unique public -
private partnership supporting research, development and demonstration (RD&D) of fuel cell
and hydrogen technologies in Europe. Within the European program HORIZON 2020 the
FCH JU will run from 2014-2020 with a total budget of 1,4 billion euro for two basic
headlines: clean transport and large energy storage with hydrogen. In this report the local
drivers and local resources for hydrogen in Latvia will be analyzed comparing within the
European results.

The financial support from National Research Program LATENERGI is greatly
acknowledged.
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UDENRAZA TEHNOLOGIJU IEVIESANA TRANSPORTA RIGAS
PIEMERA - VIDES IEGUVUMU ANALIZE
M. Gudakovska', A. Priede?, J. Kleperis®
'Latvijas Universitates Geografijas un Zemes zindtnu fakultdte
’Olaines Mehanikas un tehnologijas koledza
JLatvijas Universitates Cietvielu fizikas institiits

Riga regulari tiek parsniegti robezlielumi gaisa piesarpotajvielu
koncentracijam - NO; un PMI10. Gaisa piesarnojuma galvenais c€lonis Riga ir
transportlidzekli (65-85% centra kanjona tipa ielas), kuru izpludes gazes satur
slapekla oksidus, ogliidenrazus, smalkas dalinas jeb kvépus. Slapekla dioksida
piesarpojumu un puteklu apjomu pilsétas ielas var samazinat, ievieSot tirakus
transportlidzeklus, vai arT samazinot to skaitu pils€tas centra. Darba tika analizétas
izpludes gazu emisijas Rigas ielu kanjona posma starp Dzirnavu un Lacplesa ielu
krustojumiem. Tika skaititas masinas, kas izbrauc caur ielas Skérsgriezumu, ka ari
analiz&tas piesarpotajvielu koncentracijas, ko méra tuvuma eso$a gaisa monitoringa
stacija. Veicot kvalitativu datu ieguvi un aprékinus, tika secinats, ka galvenas gaisu
piesarnojosas transportlidzeklu kategorijas ir vieglas automaSinas un satiksmes
autobusi. Ta ka vieglo transportlidzeklu nomaina ir atkariga no katra iedzivotaja, tad
tika analizéts pasreiz€jo EURO 3, planoto EURO 5 un udenraza autobusu NO,
emisiju apjoms. Parejot uz elektriskajiem/tidenraza autobusiem, CO,, CO, CHx un
NO, emisijas bitu vienadas ar nulli. Sada pareja bitiski samazinatu ari PM10 un
trokSnu piesarnojumu pilsétas centra. Samazinoties CO un NOy emisiju apjomam,
samazinatos arl smogs un lidz ar to arT siltumsalas efekts centra, ka ari uzlabotos
iedzivotaju veseliba un darbaspgjas.

ENVIRONMENTAL BENEFIT ANALYSIS FROM IMPLEMENTATION OF
HYDROGEN TECHNOLOGIES IN RIGA'S PUBLIC TRAFFIC
M. Gudakovskal, A. Priedez, J. Kleperis3
!Faculty of Geography and Earth Sciences, University of Latvia
’Mechanics and Technology College of Olaine
JInstitute of Solid State Physics, University of Latvia

Riga exceeds concentrations of air pollutants limits - NO, and PM10. Air
pollution in Riga is mostly caused by transport (65-85% in canyon-type streets in city
center), which exhaust gases contains nitrogen oxides, hydrocarbons and fine particles
or soot. Nitrogen dioxide pollution and dust can be reduced by implementing cleaner
vehicles or reducing the number of transport units in city center. Exhaust emissions
were analyzed in one of the Riga street canyon - Brivibas Street between Dzirnavu
and Lacplesa Street intersections. Number of cars were counted in working day and
compared with concentrations of pollutants measured by air monitoring station. From
calculations it was concluded that the main polluting vehicle categories are light cars
and buses. The replacement of private cars mostly depends on individuals and
governmental tax policy, therefore public transportation bus category was analyzed,
comparing NO; emissions from the existing Euro 3, planned next generation - Euro 5
and hydrogen buses. When converting public traffic buses in Riga to
electric/hydrogen buses, the NO, emissions would be equal to zero. Such a shift
would substantially reduce also CO,, CO, CHy, PM10 and noise pollution in the city
center. Decreasing the amount of CO and NOy reduce also smog and hence the heat-
island effect, and will improve the health and workability of citizens.
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EUROFUSION PROGRAMMA (2014-2018): LATVIJAS ZINATNIEKU
LIDZDALIBA

A. Sternbergs

Latvijas Universitates Cietvielu fizikas institiits

Eiropa ir izvirzijusi ambiciozu mérki, tagad ar1 balstitu uz realu attistibas
planu, 2050. gada raZot elektribu izmantojot termisko kodolsintézi. Starptautiskais
termiskas kodolsintézes eksperimentalais reaktors ITER ir galvena iekarta attistibas
plana, kura izblives gaita, balstoties uz virkni iesp&joso tehnologiju (KET), tiks
izstradatas un izmantotas progresivakas zinatniski-p&tnieciskas un industrialas
inovacijas.

Latvijas EUROFUSION organizacija sadarbojas tris Latvijas Universitates
zinatniskie institiiti. Cietvielu fizikas institits (LU CFI) savas aktivitates koncentres
uz radiacijas un termisku izturigi materialu uz pirmajiem principiem balstitu
modeléSanu un modelu eksperimentalu apstiprinasanu pielietojot rentgenstaru
absorbcijas spektroskopijas (XAS) metodes. Savukart Lazeru ablacijas spektroskopija
(LIBS) tiks pielietota ar Plazmu saskaroSos komponensSu (materialu) (PFC) sastava un
piemaisijumu 2D un 3D kontrolei. Fizikas institita (LU FI) zinatnieku unikala
pieredze fundamentalaja un pielietojamaja Skidro metalu magnetohidrodinamika
(MHD) tiks virzita PFC korozijas efektu izpétei LiPb pliisma, jaunu PFC materialu
izstradei, tai skaitd materialiem siltuma aizvadiSanas efektivitates uzlaboSanai
blanketa un divertora sist€émas. Kimiskas fizikas institiita (LU KFI) zinatnieki savas
prasmes koncentr€s tritija daudzuma un sastava analizei PFC materialos, tai skaita
Litiju saturos$as keramikas un berilija ofos. Originala ir KFI metodika, veicot tritija
atbrivoSanas pétjjumus no blanketa materidliem - gan vienlaicigi, gan atseviski
atkariba no tris faktoriem: radiacijas, temperatiiras un magnétiska lauka.

EUROFUSION PROGRAMME (2014-2018): LATVIAN SCIENTISTS INTENT
TO PARTICIPATE

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

Europe has now an ambitious, yet realistic roadmap in order to achieve the
goal of fusion electricity by 2050. International Thermonuclear Experimental Reactor
(ITER) is the key facility in the roadmap: ITER construction is fostering R&D and
industrial innovation on a number of enabling technologies (KET). The Latvian
EUROFUSION organization consists of three Institutes of University of Latvia. The
Institute of Solid State Physics - ISSP UL is involved in research on first principles
modelling of radiation and thermal resistive materials and experimental validation of
the models using X-ray absorption spectroscopy (XAS) and expertise of Plasma-
Facing Components (PFC) using Laser Breakdown Spectroscopy (LIBS). Institute of
Physics - IP UL is focused on fundamental and applied liquid metal MHD, addressing
heat-power exhaust issues and systems, corrosion of PFC in LiPb flow and novel PFC
material solutions. Institute of Chemical Physics ICP UL is involved in analysis and
estimation of behaviour of trittum in PFC, int.al., in Lithium containing ceramics and
beryllium pebbles as well as in assessment of the effects of simultaneous and separate
action of radiation, temperature and magnetic field on the tritium release from
breeding blanket materials.
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VOLFRAMA PARKLAJUMU STRUKTURAS IZMAINAS PEC
EKSPLUATACIJAS JET PLAZMAS KAMERA
E. Pajustel, G. I,(izﬁnel, L. Avotir,lal, EFDA-JET sadarbibas partneri2
"Latvijas Universitate, Kimiskas fizikas institiits
*JET-EFDA

Apvienotaja Eiropas tora (Joint European torus — JET) Sobrid tiek istenots
ITER (International Thermonuclear Experimental Reactor - Starptautiskais
Kodoltermiskais Eksperimentalais Reaktors) veida sienas (ITER Like Wall) projekts.
Ta merkis ir testét materialus, kurus paredzets izmantot ITER reaktora. Vakuuma
kameras sienas ir izklatas ar berilija kiegeliem, savukart divertors veidots no oglekla
Skiedras kompozitmaterialiem, kas parklatas ar volframu[1].

Ar volframu parklatam oglekla skiedru kompozitmaterialam piemit virkne
priekSrocibu. Ka pieméru var minét volframa augsto termiska izturibu un nelielo
kodoldegvielas uzkrasanos kombinacija ar ogles mazo svaru un labo siltumvaditspgju.
Viens no galvenajiem trikumiem ir parklajuma slanu noturiba ekspluatacijas laika.
Dalgji adh&zijas probléma ir atrisinata starp oglekla Skiedras kompozitu un volframu
izveidojot molibdéna starpslani. Ipasi bitiski ir novértét divertora materialu virsmas
noturibu augtas energijas plazmas triecienu apstak]os.

Petijuma mérkis ir noveértét volframa - molibdéna parklajumu struktiiras
izmainas péc ekspluatacijas JET plazmas kameras apstaklos. Darba izmantotas
skengjoso  elektronu mikroskopijas un energijas dispersivo rentgenstaru
spektroskopijas metodes.

legiitie rezultati lauj prognoz€t slanu noturibu ilgstoSas ekspluatacijas
apstaklos JET, ka arT ekstrapol&t to noturibu ITER iekartas darbibas laika.

STRUCTURE CHANGES OF TUNGSTEN COATING DURING
EXPLOITATOIN IN JET PLAZMA CHAMBER
E. Pajustel, G. I,(izﬁnel, L. AVOtil;lal, EFDA-JET contributers®
"University of Latvia, Institute of Chemical Physic,
*JET-EFDA

Currently the ITER - Like -Wall project is being carried out at Joint European
Torus. This project aims to test materials relevant to ITER (International
Thermonuclear Experimental Reactor). Vacuum chamber first wall is made of solid
beryllium tiles, whereas for divertor tungsten coated carbon fibre composite tiles are
used[1].

Carbon fibre composite coated with tungsten has a number of advantages. For
example, the combination of high thermal durability and low nuclear fuel retention of
tungsten with low Z and good thermal conductivity of carbon must be emphasized.
However, one of the main disadvantages is the questionable durability of the coating
under operational conditions. Partly the adhesion problem has been solved by
introducing a molybdenum interlayer. Durability of the coatings during high thermal
loads is of great importance.

Aim of this study is to evaluate structure changes of tungsten — molybdenum
coatings during exploitation in the JET plasma chamber. Scanning electron microscopy
and Energy dispersive X-ray spectroscopy methods has been used.

Results of this study gives possibility to predict durability of coatings during
long term exploitation in JET and to extrapolate their durability to the operational

conditions of ITER.
1. Paméla, J., G.F. Matthews, V. Philipps and R. Kamendje, An ITER-like wall for JET. Journal
of Nuclear Materials, 2007. 363-365: p. 1-11.
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TRITIJA UZKRASANAS TILPUMA PROFILI JET DIVERTORA
IEKSEJAS SIENAS KIEGELOS
M. Halitovsl, G. Kizﬁnel, L. Avotir,lal, J. Likonenz, N. Bekris3, S. Catalin*

!Latvijas Universitates Kimiskds fizikas institiits
2VTT Technical Research Centre of Finland
3Karlsruhe Institute of Technology
*Horia Hulubei National Institute of Physics and Nuclear Engineering

2010. gada, lai tuvotos Starptautiska kodolsintézes reaktora (ITER) parametriem, tika
uzlabots kodolsintézes reaktors Eiropas Apvienotais Tors (JET), mainot plazmas apstaklus un
modificgjot divertora kiegelus [1]. Istenojot ITER-veida sienas (ILW) projektu, planots samazinat
materialu eroziju un tritija akumulaciju vakuuma kamera [2]. Projekta realiz€Sanai uzstaditi
oglekla kompozitmaterialu (CFC) divertora kiegeli ar 15 — 25 um W parklajumu ar Mo starpslani
[3]. Petijuma iegti tritija uzkrasanas tilpuma profili JET divertora iek$€jas sienas kiegelos, lai
analizétu JET uzlabojumu raditas izmainas un volframa parklajumu efektivitati ar ITER reaktoru
salidzinamos apstak]os.

P&tijuma analizeti tritija akumulacijas profili JET reaktora 2010. — 2012. gada kampanas
MKII-HD ILW veida divertora kiegelos 14ING3B un 14BNG4D ar volframa parklajumu.
Vertikala kiegela 14ING3B virsmas paraugu tritija Ipatngja aktivitate ir (0,13 + 0,21)-10° Bq-g™.
Turpreti horizontala pamatnes kiegela 14BNG4D paraugu ipatngja aktivitate palielinas no 0,15:10°
Bq-g” 1idz 0,37-10° Bq-g™ virziena uz centrilo divertora kiegeli. Tritija aktivitate divertora kiegelu
14ING3B un 14BNG4D tilpuma samazinas Iidz aptuveni 1 mm dziJlumam un paliek nemainiga
(0,46 + 0,56)-10° Bq'g "' robezas.

Ieprieks$ novérots, ka ar W neparklatam 2007. — 2009. gada JET kampanas divertora
kiegelim 2IWG3A (pozicija analoga 14ING3B kiegelim; virsmas paraugu vidéja aktivitate —
3,07-10° Bq'g"), tritija uzkrasanas profila tendence saglabajas. Tatu kodolsintézes degvielas
uzkratais daudzums pé&c uzlabojumiem ir samazinajies aptuveni 20 reizes. Divertora kiegela
2IWG3A tilpuma vidgja tritija aktivitate ir 3,04-10° Bq-g'l, kas ir aptuveni 6 reizes lielaka ka
kiegeliem ar W parklajumu.

INNER WALL DIVERTOR TILE TRITIUM ACCUMULATION VOLUME
PROFILES
M. Halitovsl, G. I,(izﬁnel, L. Avotir,lal, J. Likonenz, N. Bekris3, S. Catalin®
!Latvijas Universitates Kimiskas fizikas institiits
2VTT Technical Research Centre of Finland
*Karlsruhe Institute of Technology
*Horia Hulubei National Institute of Physics and Nuclear Engineering

In 2010 Joint European Torus (JET) was upgraded in compliance with International
Thermonuclear Experimental Reactor (ITER) relevant parameters changing plasma configuration
and modifying divertor tiles [1]. Implementing the ITER-like wall (ILW) project it is planned to
reduce material erosion and tritium accumulation in vacuum vessel [2]. To achieve the aims set,
carbon fibre composite (CFC) tiles with 15 —25 pm W coating with Mo interlayer were installed
[3]. Tritium fusion fuel accumulation volume profiles of the inner divertor wall tiles were
produced in the research to analyse the changes caused by the new installation and efficiency of
the tungsten coatings under ITER-like fusion conditions.

Samples of JET MKII-HD ILW type divertor tiles 14ING3B and 14BNG4D with tungsten
coating used in 2010 — 2012 JET campaign were analysed. Samples of vertical tile 14ING3B top
layer have tritium mass activity of (0.13 + 0.21):10° Bq-g" whereas horizontal “floor” tile
14BNG4D sample activity increases from 0.15:10° Bq'g™ to 0.37-10° Bq-g”" towards the central
load-bearing tile of the divertor. The bulk activity of 14ING3B and 14BNG4D tile samples
gradulally decreases until roughly 1 mm in depth of tile and remains constant at (0.46 + 0.56)-10°
Bgg .

As was observed previously for JET campaign of 2007 — 2009 CFC tile 2IWG3A with no
W coating (similar positioning to tiles 14ING3B; average top layer samples tritium mass activity
of 3.110° Bq'g") tritium accumulation profile trend remains analogous. Yet the amount of
accumulated tritium has decreased by a factor of 20 since. For the non-covered tile 2IWG3A the
average bulk tritium mass activity is 3.0-10° Bq-g™ that is higher by a factor of 6 compared to W-
covered tiles.

[1]J. Paméla et al. / Journal of Nuclear Materials 363-365 (2007) 1-11

[2] A. Widdowson et al. / Journal of Nuclear Materials 438 (2013) S827—-S832
[3] V. Philipps et al. / Fusion Engineering and Design 85 (2010) 1581-1586
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21 KODOLA STRUKTURAS PETIJUMI

T. Krasta, M. Balodis
Latvijas Universitates Cietvielu fizikas institiits

Nepara-nepara kodola '*Ir struktiira ir pétita izmantojot eksperimentalos datus,
kas tika ieguti iepriek$gjos siltuma neitronu satverSanas, vid€joto rezonanses neitronu
satverSanas (ARC) un dalinu parneses reakciju pétijumos [1,2]. Visu pieejamo datu
saskanota analize neaksiali deform&ta dalinas-plus-rotora mijiedarbibas modela
ietvaros, ka arT salidzinajums ar kaiminu nepara-nepara kodola ¥ struktaru [3] Java
izlabot un papildinat ieprieksgjo '**Ir ierosinato limenu sheému [1,4]. Tika atrastas un
pamatotas vairakas jaunas rotacijas joslas zem 500 keV energijas, tai skaita |K+2|
stavokli trim zemakajam divu kvazidalinu konfiguracijam: K"=4" pamatjoslai, K=6"
joslai pie 12.97 keV un K™=6joslai pie 16.02 keV. Ilgi dzivojosam (241 gadu) '**Ir™
izoméram atrasta izlades shéma dod S§im stavoklim spinu un paribu 11°, tapat ka
izom@ram stavoklim kaiminu '**Ir kodola.

STUDY OF " Ir NUCLEAR STRUCTURE

T. Krasta, M. Balodis
Institute of Solid State Physics, University of Latvia

Structure of the doubly-odd '**Ir nucleus has been studied using experimental

data obtained earlier [1,2] in thermal neutron capture, average resonance capture
(ARC) and particle transfer reactions. Consistent analysis of all available data in the
frameworks of particle-plus-rotor coupling model with non-axial core deformation
and comparison with the neighboring odd-odd '**Ir nucleus [3] allowed to correct and
extend the previously known '*’Ir level scheme [1,4]. Several previously unknown
rotational structures below 500 keV have been established, including |K+2| side-bands
of three lowest two-quasiparticle configurations: the K™=4" ground state band, the
K™=6" band at 12.97 keV, and the K=6 band at 16.02 keV. Proposed decay pattern of
the long-lived (241 years) '"“Ir™ isomer state gives it spin-parity assignment 117,
analogously to the isomer state observed in neighboring '**Ir nucleus.

[1]J. Kern et al., Nucl. Phys. A534 (1991) 77.

[2] P.E. Garrett, D.G. Burke, Nucl. Phys. A568 (1994) 445.

[3] M. Balodis et al., Phys. Rev. C77 (2008) 064602.

[4] M. Balodis, in Proc. 9th Int. Symp. on Capture Gamma-Ray Spectroscopy and
Related Topics, Budapest, Hungary, October 1996. Eds. G.L. Molnar, T. Belgya and
Zs. Revay. Vol.1 (1997) p.147.
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DABIGA RADIOAKTIVITATE BUVMATERIALU IZEJVIELAS UN MALA
KERAMIKA

D. Riekstina', J. Bérzinél, T. Krastal, R. Svinkaz, 0. Skrypnik3 , L. Simonova'
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskds universitdtes Silikatu Materialu Institits
JLatvijas Universitates Kimiskas fizikas institiits

Dala no celtnieciba izmantotajiem materialiem, pateicoties to sastava
esoSajiem dabiskajiem radionuklidiem (K-40 un Th-232, U-238 (Ra-226) sabruksanas
kédes produktiem), ir galvenais iedzivotaju ieksStelpas sanemtas gamma starojuma
dozas avots. Petijuma mérkis bija iegiit datus par dabigo radionuklidu aktivitates
Iimeni dazados Latvija pielietotos bilvmateridlos. IpaSa uzmaniba tika pieversta
malam, kas ieglts Devona un Kvartara perioda Latvijas atradn@s, ka arT no ta
izgatavotai keramikas produkcijai. Dabigo radionuklidu koncentracijas dazadas
blivmaterialu izejvielas, celtniecibas materialos un mala izstradajumos tika noteiktas
ar gamma-spektroskopisko aktivitates mérisanas metodi.

Rezultati parada, ka dabigo radionuklidu koncentracija mala no dazadam
Latvijas atradném un dazos mala keramikas produktos var atSkirties vairak ka divas
reizes. legltie rezultati tika analiz€ti attieciba uz to atbilstibu nacionalajam un ES
radiacijas drosibas prasibam.

NATURAL RADIOACTIVITY IN RAW BUILDING MATERIALS AND
CLAY CERAMICS

D. Riekstina', J. Berzinsl, T. Krastal, R. Svinkaz, 0. Skrypnik3 , L. Simonova'
Institute of Solid State Physics, University of Latvia
? Institute of Silicate Materials Science of the Riga Technical University
3 Institute of Chemical Physics, University of Latvia

Part of building materials are a significant source of indoor gamma-ray
exposure for the population due to activity of natural radionuclides K-40 and Th-232,
U-238 (Ra-226) decay chain products. The aim of this study was to obtain data about
the level of natural radionuclides present in different building materials used in Latvia.
Especial attention was given to clay and clay ceramic materials produced from raw
materials obtained from different Latvian deposits of Devonian and Quaternary
periods. The natural radionuclide contents in various building materials and clay
ceramic products have been determined using the gamma-spectroscopic activity
measurement method.

The obtained results show that natural radionuclide content in clay of different
Latvian deposits, and some clay ceramic products can differ more than two times. The
obtained results have been analysed for their compliance with the national and EU
radiation safety requirements.
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Materialu struktiira, teorija un model&Sana

KUBISKA ScF; REZGA DINAMIKA,
IZMANTOJOT APREKINUS NO PIRMAJIEM PRINCIPIEM

D. Bocarovs'?, S. Piskunovsl, P. Zgunsz, J. Purﬁnsl, A. Kuzmin'
Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates fizikas un matematikas fakultate

Skandija fluorids (ScF3) ir daudzsoloSs materials ar ReO; kubisko Pm-3m
telpisko struktiiru. Nesen $im materialam tika atklata negativa termiska izpleSanas
(NTE) plasa temperatiiras intervala no 10 lidz 1100 K [1]. ST darba tiek pétita ScF;
elektroniska struktiira (zonu strukttira, DOS, ladinu analize), rezga dinamika un
fononu anharmonisms, izmantojot kvantu kimijas metodes (LCAO un PAW, HF-DFT)
Crystal09 un VASP datorprogrammu ietvaros.

Briljuena zonas punktos 7', X, M, R ir pétits fononu anharmonisms. Atrasts, ka
pétitas modas ir harmoniskas iznemot mikstas modas M un R punktos. Tas parada, ka
R un M modas varétu biit atbildigas par skandija fluorida fazu pareju zem
augstspiediena [2] .

LATTICE DYNAMICS OF CUBIC ScF;
FROM FIRST PRINCIPLES CALCULATIONS

D. Bocharov'?, S. Piskunovl, P. Zgunsz, J. Puransl, A. Kuzmin'
!Institute of Solid State Physics, University of Latvia
’Faculty of Physics and Mathematics, University of Latvia

ScFs is a perovskite-type material with a cubic ReOs-type structure (space
group Pm-3m). Recently it was found that ScF; undergoes strong negative thermal
expansion (NTE) over a wide range of temperatures from 10 to 1100 K [1]. In the
current activity ScF3 electronic structure (band structure, DOS, charges analysis),
lattice dynamics, and phonon anharmonicity were studied within the framework of
quantum chemistry approaches (LCAO and PAW, HF-DFT) using Crystal09 and
VASP programs.

Phonon mode anharmonicity are studied in the 7, X, M, R points of the
Brillouin zone. It has been found that all modes investigated are harmonic except soft
modes in R and M points. This suggests that R and M modes could be responsible for
phase transition into rhombohedral phase under high pressure [2].

[1]J. Am. Chem. Soc. 132 15496 (2010)
[2] K. S. Aleksandrov, et al., Phys. Solid State 53 (2011) 564.
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Fe-Pt NANODALINU STRUKTURAS AB INITIO APREKINI

A. Platonenko', S. Piskunovs?, J. Zukovskisz, D. Bocarovs®?

'Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitates Fizikas un matematikas fakultdte

FePt nanodalinam ar L1, struktiiru [1] piemit gan augsta magnetokristaliska
anizotropija, gan augsta koercivitate, tadel tas ir uzskatamas par perspektivu materialu
augsta blivuma magnétisko datu nesgju veidosanai [2]. So nanodalinu magnétiskas
ipasibas lauj tas izmantot ka katalizatoru oglekla nanocaurulu (CNT) ar uzdoto
hiralitati audzéSanai. Tadu CNT hiralitate ir atkariga no argja magnétiska lauka
virziena audzesanas laika, un diametrs biis ir atkarigs no FePt nanodalinu izméra [3].

Saja darba més veicam ab initio aprékinus ar CRYSTALO9 programmu,
izmantojot PWGGA apmainas-korelacijas funkcionali [4]. Tika izveidotas vairakas
FePt nanodalinas ar atSkirigu stehiometriju un atomu sakartojumu: ikosaedri ar
slapainu un ,,sipolveida” struktiiru, ka ar7 slanaina un ,,stpolveida” heksagonala bliva
pakojuma strukttira. Aprékinot attiecigo nanodalinu veidu virsmas energiju, tika
noteikts, ka zemaka energija piemit ,sipolveida” tipa ikosaedra struktiirai ar
stehiometriju Fe4sPt o4, kuras ar€jo slani veido tikai platina atomi.

Fe-Pt NANOPARTICLE STRUCTURE AB INITIO CALCULATIONS

A. Platonenkol, S. Piskunovz, Yu.F. Zhukovskiiz, D. Bocharov??
! Faculty of Chemistry, University of Latvia
*Institute of Solid State Physics, University of Latvia
Faculty of Physics and Mathematics, University of Latvia

FePt nanoparticles with L1, structure [1] exhibit both high magnetocrystalline
anisotropy and high coercivity, what make them potential material for ultra-high
density magnetic data storage [1]. Magnetic properties of these nanoparticles allow
one to use them as a catalyst for growth of carbon nanotubes (CNTs) with predictable
chiralities. Chirality of arbitrary CNT depends on the direction of an external
magnetic field while its diameter depends on the size of FePt nanoparticle [2].

We present results of ab initio calculations performed using CRYSTALO9
code with application of PWGGA exchange-correlation functional [3]. Number of
FePt nanoparticles with different stoichiometry and atom arrangement were set up.
There were considered both icosahedrons with layered and ,,onion-like” structures as
well as analogous hcp-type structures. Calculations of the energy surfaces for the
enumerated structural types of nanoparticles showed that the energy minimum
corresponds to the nanoparticle with the icosahedron ,,onion-like” structure and
Fe43Pt)4 stoichiometry, where the outer layer consists of Pt atoms only.

[1] D.E. Laughlin, K.Srinivasan, M.Tanase, L.Wang, Scr. Mater. 53 (2005) 383388

[2] S. Sun, Adv. Mater. 18 (2006) 393—403

[3] T.L.Makarova, Fiz. Tech. Polupr. 38 (2004) 641-664

[4] R. Dovesi, V.R. Saunders, C. Roetti, R. Orlando, C.M. Zicovich-Wilson, F.
Pascale, B. Civalleri, K. Doll, N.M. Harrison, 1.J. Bush, Ph. D’Arco, M. Llunell,
CRYSTALOY User’s Manual, University of Torino, 2009
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EVOLUCIONARO ALGORITMU IZMANTOSANA EXAFS ANALIZEI

J. TimoSenko, A. Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Evolucionarie algoritmi (EA) ir skaitliska metode parametru optimizacijai,
kuras darbibas principi atgadina dziva daba notiekoSos genétiskos procesus. EA pieeja
ir lidziga labi pazistamajai un plasi pielietotajai apgrieztajai Monte-Karlo metodei:
abu metozu pamata ir sist€émas gadijuma rakstura izmainas, 11dz tiek atrasts optimalais
tas stavoklis. Butiska EA prieksrociba ir ta, ka $1 metode ir ievérojami efektivaka no
skaitlisko aprékinu viedokla.

Saja referata més piclietojam EA metodi EXAFS datu analizei. EA process
tiek izmantots, lai optimizétu kristaliska savienojuma struktiiras 3D modeli ar mérki
panakt iesp&jami labaku sakritibu starp eksperimentalo un teorétisko, daudzkartgjas
izkliedes ab-initio aprekinos iegiito EXAFS spektru. Sada pieeja lauj no pieejamajiem
EXAFS datiem iegut informaciju par parauga lokalo struktiru ari aiz pirmas
koordinacijas sferas robezam. Lai ilustrétu izstradatas EXAFS-EA metodes iespéjas,
prezent€jamaja darba ta tiek pielietota dazadam temperatiiram atbilstoSo kristaliska
cinka oksida Zn K-malas EXAFS spektru analizei.

EVOLUTIONARY ALGORITHMS FOR THE ANALYSIS OF EXAFS DATA

J. Timoshenko, A. Kuzmin
Institute of Solid State Physics, University of Latvia

Evolutionary algorithm (EA) is a computational method for parameter
optimization that strives to mimic genetic processes in the natural systems. The EA
approach is similar to the well known and widely used Monte Carlo method: both
techniques are based on the random modifications of a system, till the optimal
solution is obtained. The important difference, however, is that EA is significantly
more computationally efficient.

In this presentation we employ the EA method for the analysis of EXAFS
data. The EA process is used to optimize the 3D structure model of the crystalline
compound with the aim to maximize the agreement between experimental and
theoretical EXAFS spectra, where the latter is obtained within ab-initio multiple-
scattering theory framework. Proposed approach allows us to advance the solution of
long-standing problem of the analysis of EXAFS data beyond the first coordination
shell. The application of the EXAFS-EA method is illustrated on the example of the
analysis of temperature dependent Zn K-edge EXAFS data for crystalline zinc oxide.
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DOPETO SrTiO; UN TiO; NANOCAURULU MODELESANA UN
SALIDZINAJUMS
FOTOKATALITISKAI UDENS SADALISANAI

J. Begensl’z, S. Piskunovsz, J. Zukovskis?, O. Lisovskis®
! Latvijas Universitate, Fizikas un matematikas fakultate
? Latvijas Universitates Cietvielu fizikas institiits

Dopéto SrTiO; un TiO, nanocaurulu (NTs) fotokatalizatori ir potencialie
kandidati fotokatalitiskas tidenraza iegiiSanas izmantoSanai [1]. Inducéti vidus zonu
stavokli var uzlabot augstsp&jigo foto-elektrokimisko elektrodu reaktivitati zem
redzamas gaismas ietekmes. Svarigo lomu talakajai NT modeléSanai spélé izpratne
par virsmas efektu ietekmi uz model&to nanostruktiiru aizliegto zonu.

Veidosanas energiju variacijas iegitas lidzsvarotam defektétam strukttram
lauj mums prognozet visstabilakas kompozicijas, neatkarigi no augSanas apstaklu
izmainas. Dazadu caurulveida nanostruktiiru aprékinatas ladina blivuma kartes, kas
satur neraksturigo piemaisijumu atomus, parada izmainas ladinpa sadaltfjuma, ko
izraisa dop@Sana. Tas nozimé, ka palielinata kovalences defektu uztveroSu atomu
saites var izraisit uzlabotas adsorbcijas Tpasibas.

SIMULATIONS AND COMPARISON OF DOPED SrTiO3; AND TiO,
NANOTUBES FOR APPLICATION IN PHOTOCATALYTIC WATER
SEPARATION

J. Begensl’z, S. Piskunovz, Yu. F. Zhukovskii?, O. Lisovski?
"Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, University of Latvia

Photocatalysts made from doped SrTiO; and TiO, nanotubes (NTs) are
potential candidates to be used in future photocatalytic hydrogen production [1].
Induced mid-gap states may enhance the reactivity of high-performance photo-
electrochemical electrodes under influence of visible light. A major role in further NT
developing plays the understanding of surface effects’ influence on band gap of
modeled nanostructure.

The variations in formation energies obtained for equilibrium defective
nanostructures allow us to predict the most stable compositions, irrespective of the
changes in growth conditions. Calculated charge—density maps of the different tubular
nanostructures containing extrinsic substitutional impurity atoms highlighted changes
in the charge distribution caused by doping. This means that the increased covalency
in defect-host atom bonds may lead to an enhancement of adsorption properties.

[1] Yu.F. Zhukovskii, S. Piskunov, J. Begens, J. Kazerovskis, O. Lisovski, Phys.
Status Solidi (b) 250 (2013) 793-800.
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DAZADAS Y ATOMA MIGRACIJAS TRAJEKTORIJAS ENERGIJAS
BARJERU AB INITIO APREKINI fce-Fe REZGI

A. Gopejenko', J. Zukovskis', P.V. Vladimirov®, J. Kotomins', J. Mastrikovs,
V. A. Borodin®, A. Méslang®
"Latvijas Universitates Cietvielu fizikas institiits

? Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
INRC “Kurchatov Institute”

Samazinatas aktivacijas ferita — martensita te€raudi stiprinati ar Y,Os ir
daudzsolosi struktiru materiali nakotn€s kodolsintézes reaktoriem. Oksidu stiprinatie
teraudu pastiprinati ar Y,Os3 nogulsn&jumiem ir attistitie, ka materiali kuru paSibas ir
labak neka parasto samazinatas aktivacijas t€raudiem un lauj palielinat reaktora darba
temperattiru par 100°C. Gan oksida nanodalinu lielums gan to telpiskais sadalijums
butiski ietekm€ oksidu stiprinato térauda mehaniskas Ipasibas un radiacijas izturibu.

Difuizijas barjeru energija ir svarigais parametrs oksidu stiprinato t€rauda
veidosanas modelésana izmantojot rezga kinétisko Monte-Carlo (LKMC) metodi. Lai
veiktu Sos aprékinus nudge elastic band metode tika pielietota VASP datora kods
ietvaros [1]. Tika veikti dazadu Y difuzijas celu aprékini . Aprekinata zemaka
diftizijas barjera energija ir aptuveni 1.75 eV . Difuizijas barjeru energiju augsta
vertiba pierada, ka palielinata Fe vakancu koncentracija ir nepiecieSama Y difuzijai.

FIRST PRINCIPLES CALCULATIONS OF THE ENERGY BARRIERS FOR
DIFFERENT TRAJECTORIES OF Y ATOM MIGRATION INSIDE fcc-Fe
LATTICE

A. Gopejenko', Yu. F. Zhukovskii', P.V. Vladimirov?, E. A. Kotomin',
Yu. Mastrikovl, V. A. Borodin® , A. ME')slang2
Latvijas Universitates Cietvielu Fizikas Institiits

? Karlsruhe Institut fiir Technologie, Institut fiir Angewandte Materialen
INRC “Kurchatov Institute”

Oxide dispersion strengthened (ODS) structures of reduced activation ferritic-
martensitic (RAFM) steels are found to be promising construction materials for fusion
reactor applications. Development of ODS steels strengthened by Y,Os precipitates as
more suitable materials for reactors instead of non-modified RAFM steels permits to
increase the operating temperatures of blanket structures by 100°C. Both size and
spatial distribution of oxide nanoparticles significantly affect mechanical properties
and radiation resistance of ODS steels which are produced by mechanical alloying,
followed by a hot isostatic pressing (hipping) at temperature around 1000-1200°C and
pressure ~100 MPa.

Diffusion barrier energies are important parameters in the lattice kinetic Monte-Carlo
(LKMC) modeling of the ODS particle formation. In order to perform these calculations, the
nudge elastic band (NEB) method can be implemented when using the VASP computer code
[1]. The calculations of different Y diffusion paths were performed. The lowest calculated
energy of diffusion barrier was found to be about 1.75 eV. The high values of diffusion
barrier energies prove that the increased concentration of Fe vacancies is required for Y
diffusion.

[1] G. Kresse and J. Hafner, VASP the Guide, University of Vienna, 2013,
http://cms.mpi.univie.ac.at/vasp/
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ODS TERAUDA IZEJMATERIALU LOKALAS STRUKTURAS ANALIZE
IZMANTOJOT RENTGENABSORBCIJAS SPEKTROSKOPIJU

A. Cinting', A. Anspoksl, J. Purans', C. Vladimirov?
"Latvijas Universitates Cietvielu fizikas institiits
’Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I

Oksidu stiprinats terauds (ODS) ir perspektivs kodolsintézes reaktoru
materials. Saja darba ir izpétita ODS terauda izejmaterialu lokala struktiira izmantojot
rentgenabsorbcijas spektroskopiju. Darba ir izmantota rentgenabsorbcijas spektru
piemalas sikstruktiras (XANES) un rentgenabsorbcijas spektra sikstruktiiras
(EXAFS) analize.

XANES datu analize deva informaciju par dzelzs matricas fazi, un tas atkaribu
no temperatiiras un mehaniskas apstrades ilguma. Izmantojot EXAFS datus, ieguvam
lokalas struktiiras parametrus un veicam pirmas koordinacijas sfeéras radialas
sadalijuma funkcijas rekonstrukciju.

Darba rezultata paradits, ka ODS izejmaterialu apstrade ietekmeé lokalo
atomaro struktiiru. Tapat tika paradits, ka izejmaterialu karséSana izraisa fazu pareju
matrica no a-Fe uz y-Fe fazi.
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ODS STEEL RAW MATERIAL LOCAL STRUCTURE ANALYSIS USING X-
RAY ABSORPTION SPECTROSCOPY

A. Cintins', A. Anspoksl, J. Purans', C. Vladimirov?
!Institute of Solid State Physics, University of Latvia, Latvia
’Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I

Oxide dispersion strengthened (ODS) steels are promising materials for fusion
reactors. In this work we have studied local structure 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 iron matrix
phase on temperature and duration of mechanical processing. From EXAFS we
reconstructed radial distribution function and obtained local structure parameters.

We have revealed that mechanical processing of ODS raw materials influences
the local structure of the material, and that heating of the materials causes phase
transition in the iron matrix from a-Fe to y-Fe.
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NiO:Ir PLANO KARTINU STRUKTURAS ANALIZE

I. Skarda, A. Anspoks, J. Purans, R. Kalendarevs
Latvijas Universitates Cietvielu fizikas institiits

NiO planas kartinpas izmanto dazados praktiskos pielietojumos, ka
elektrohromie materiali, rezistivas atminas, magnétiska ieraksta iekartas un
caurspidiga elektronika. Visos $ajos pielietojumos ir svarigi noteikt NiO struktiiru, kas
tiesa veida ietekmé ta IpaSibas. NiO dopéSana ar Ir, tadejadi veidojot NiO:Ir, ir
perspektiva metode plano kartinu vaditsp&jas uzlabosanai.

Saja darba ir raksturotas NiO:Ir planas kartinas, tas ir, ir paradits, ka mainas
nikela un iridija lokala struktiira atkariba no iridija koncentracijas planaja kartina. Sis
kartinas veido kristaliti ar izm@riem, kas mazaki par 2 nm, tadél tradicionala
rentgenstaru difrakcija nesniedz pietickamu informaciju par planas kartinas atomaro
struktliru. Savukart rentgenabsorbcijas spektroskopijai nav ierobezojumu attieciba uz
petama objekta izméru un ta sniedz tieSu informaciju par Ni un Ir atomu lokalo
struktiiru.

NiO:Ir THIN FILMS STRUCTURE ANALYSIS

I. Skarda, A. Anspoks, J. Purans, R. Kalendarevs
Institute of Solid State Physics, University of Latvia

NiO thin films are used in various practical applications as electrochromic
materials, resistive memories, magnetic recording devices and transparent electronics.
In the listed applications it is important to determine the structure of NiO which
directly affects its properties. A perspective method for improving thin films electrical
conductivity is using a dopant such as Ir and thereby forming NiO:Ir.

In this study NiO:Ir thin films are characterized by showing how the
concentration of iridium in the thin film affects the nickel and iridium local structure.
These films consist of crystallites with dimensions of less than 2 nm, therefore the
traditional X-ray diffraction doesn’t provide with the sufficient information about the
atomic structure of the thin film. On the other hand X-ray absorption spectroscopy has
no limitations regarding to the size of the object in question and this method provides
with direct information about Ni and Ir atom local structure.
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NEINVAZIVA UZ BIOIMPEDANCI BALSTITA METODE CENTRALAS
AORTAS ASINSSPIEDIENA SIGNALA FORMAS NOVERTESANAI
H. Uuetoa'”, A. Krivoshei'?, J. Lamp™’, M. Min', T. Uuetoa™*, P. Annus'?, A. Kristins®
'Kompetences centrs ELIKO, Tallina; Igaunija*Tallinas Tehnologiskas Universitates
Elektronikas nodaja, Tallina, Igaunija; 3814 “JR Medical OY”, Tallina, Igaunija;
*AustrumTallinas centrala slimnica, Tallina, Igaunija; 5Sahlgrenskas Universitates slimnica,
Zviedrija; °Latvijas Universitates Cietvielu fizikas institits

Sirds un asinsvadu slimibas ir atbildigas par aptuveni 50 % naves gadijumu attistitajas
valstis. Ir atzits, ka centralas aortas asinsspiedienam (CAA) ir augsta prognozg€jama vertiba ka
riska markierim kardiovaskularajam, cerebrovaskularajam, renovaskularajam un dazam citam
slimibam. CAA vértibas, Itknu formas un augmentacijas indekss (Al) ir Joti svarigi, lai vaditu
antihipertensivo terapiju un lai prognozétu kardiovaskularas mirstibas riskus. CAA tie§i var
izmeértt tikai ar loti dargu, laikietilpigu un potenciali nav&joSu invazivo metodi. Slimnicas
apstaklos aizliegts veikt asinsspiediena monitoringu fiziskas vai garigas slodzes laika, kur$ tomer,
domajams, ir labakais riska markieris laika.

CAA neinvazivas mérisanas metodes, kas balstitas uz radiala arteriala spiediena vilna
analizi, dod sliktu atkartojamibu un CAA liknes novert€§jums ir iesp&jams tikai atpiitas laika.
Metodes un ierices, kuras izmanto rokas spiediena aproci, lai izméritu asinsspiedienu, pulsa vilni
un aprékinatu Al, ka tiek zinots, ir loti jutigas pret artefaktiem.

Tiek piedavata CAA metode, kas ir neinvaziva un drosa radiala arteriala spiediena vilna
noveértéSanas panémiens, kas balstits uz bioimpedances mérijumiem (BI). CAA liknes
rekonstrukcija no BI datiem sniedz spektralo doména parneses funkciju. Salidzinajuma ar
tradicionalo tonometrijas piedavato metodi ta ir mazak jutiga pret operatoru neprecizitatem, ir
értak izmantojama un atlauj argjo ilgtermina Al parraudzibu. Kliniskie eksperimenti tika veikti
AustrumTallinas centralas slimnicas sirds centra ar koronaras angiografijas pacientiem vecuma no
43 lidz 80 gadiem. Metodes kvalitate un ticamiba tika parbaudita, salidzinot ar invazivi izmé&ritiem
CAA datiem un rekonstruétam Itkneém.

NON-INVASIVE BIO-IMPEDANCE BASED METHOD FOR CENTRAL
AORTIC BLOOD PRESSURE WAVEFORM ESTIMATION

H. Uuetoa'’, A. Krivoshei'?, J. Lamp2’3, M. Min', T. Uuetoa**, P. Annus'?, A. Kristir,léf’

" Thomas Johann Seebeck Department of Electronics, Tallinn University of Technology, Tallinn,
Estonia; ° ELIKO Competence Center, Tallinn, Estonia; 3 JR Medical OY, Tallinn, Estonia; * East-
Tallinn Central Hospital, Tallinn, Estonia; 5Sahlgrenska University Hospital, Sweden, SInstitute of

Solid State Physics, University of Latvia

Cardiovascular diseases are responsible for about 50% deaths in developed countries. It
has been recognized that central aortic pressure (CAP) has high predictive value as a risk marker
for cardiovascular, cerebrovascular, renovascular and some other diseases. CAP values, shape of
the curve, and Augmentation Index (Al) are very important for guiding antihypertensive therapy
and for predicting cardiovascular mortality risks. The CAP can be measured directly only by very
expensive, time consuming and potentially lethal invasive method. Intra-hospital conditions
prohibit monitoring of the blood pressure variability during physical or mental stress, which is
believed to be better risk marker.

Non-invasive measurement methods of CAP, based on the radial artery pressure
waveform analysis, have poor reproducibility, and the CAP curve estimation is feasible only
during rest. Methods and devices which use brachial pressure cuff to measure the blood pressure,
pulse wave and calculate the Al are reportedly very sensitive to artefacts.

Non-invasive and safe method for estimation of the CAP waveform, based on the
measurement of the Electrical Bio-Impedance (EBI) on radialis, is presented. Reconstruction of
the CAP curve from the EBI data is provided by spectral domain transfer functions (TF).
Compared to the traditional tonometry the proposed method is less sensitive to operator
inaccuracies, is more convenient to use and allows outdoors long-term monitoring of the Al
Clinical experiments were carried out on patients in the Heart Center of the East-Tallinn Central
Hospital during coronary angiography on patients in age of 43 to 80 years. The quality and
reliability of the method was tested by comparing the invasively measured CAP data with the
reconstructed curve.
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KONTROLIERIS SIGNALIZACIJAS DEVEJU STAVOKI.A KONTROLEI

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

Izstradatais kontrolieris paredzets signalizacijas dev&ju stavokla kontrolei
apsardzes un signalizacijas sist€émas. Tas fiksé cCetrus iesp&amos stavoklus —
signalizacijas devgjs ir normala stavokli, dev@js ir trauksmes stavokli, devgjs ir
atvienots (izkniebts) no sakaru linijas un devgjs ir noisinats. Lai noteiktu Sos stavoklus
pa divvadu sakaru Iiniju, pie devgja tiek pieslégti divi virkn€ slégti rezistori, viens no
kuriem dev€ja normalaja darba rezima ir noisinats un sakaru linijas pretestiba ir
vienada ar otra rezistora pretestibu (ja pienem, ka Iinijas pretestiba ir nulle).
Trauksmes gadijuma aktiviz€jas noisinatais rezistors un lIinijas pretestiba kliist
vienada ar divu rezistoru pretesttbu summu. Ja devEjs ar visam pretestibam ir
atvienots no linijas vai linija kaut kur tiek parrauta, tad linijas pretestiba ir bezgaliga.
Ja linija tiek noisinata, tad tas pretestiba ir vienada ar nulli.

KontrolierT katras linijas pretestiba tiek mérita, parveidojot pretestibas vertibu
laika intervala. Pavisam kontrolieris kontrole 16 Iinijas. Tas ir izveidots uz
ATTINY2313-208U bazes. Sakariem ar augstaka ranga kontrolieriem vai datoriem tiek
izmantots standarta interfeiss RS-485. Kontrolierus var apvienot grupas lidz 16
gabaliem.

CONTROLLER FOR ALARM SENSORS STATUS MONITORING

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

The developed controller provides control of alarm sensors data status to
monitor the position of security and alarm systems. It tracks four possible positions —
alarm sensor in the normal position, sensor is in alarm position, sensor is disconnected
(ripped out) of the lines of communication and sensor is shorted. In order to determine
these positions over a two-wire loop sensor is connected to two serial-connected
resistors. One of the resistors in normal operating mode is shorted and the loop
resistance is equal to the resistance of the second resistor (assuming that the line
impedance is zero). Alarm activates shorted resistor and line resistance becomes equal
to the sum of the two resistors. If the sensor is disconnected from the line with all the
resistances, or the line is broken somewhere, the line impedance is infinity. If the line
is shorted, then the impedance is zero.

Controller performs control of each line resistance by converting the resistance
value in the time interval. The controller manage control of 16 lines at all. It is
designed on ATTINY2313-20SU base. Communication with senior controllers or
computers uses standard interface RS-485. The controllers can be combined in groups
up to 16 pieces.
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MATERIALU JONIZACIJAS ENERGIJAS VAI IZEJAS DARBA
NOTEIKSANA AR FOTOELEKTRONU EMISIJAS METODI LU
CIETVIELU FIZIKAS INSTITUTA

R. Grzibovskis, A. Vembris

Latvijas Universitates Cietvielu fizikas institiits

Efektivu organisko saules bateriju izveidei nepiecieSamas vielas, kas ne tikai
spétu absorbét péc iesp&jas vairak gaismas, bet arl spétu saraut generétos eksitonu,
radot ladinnes&jus. ST iemesla dé| ir nepiecie$ams zinat materialu energétisko Itmenu
struktiiru, pieméram, molekulu jonizacijas energiju un elektronu afinitates energiju,
kas dotu iesp&ju uzlabot saules bateriju efektivitati, izv€loties piemérotakos materialus.
Jonizacijas energijas noteikSanai biezi lieto ultravioleto fotoemisijas spektroskopiju.
Tada sistéma ir sarezgita un darga, tadél tiek izmantotas ari alternativas metodes,
pieméram, fotoelektronu emisijas spektralas atkaribas mérfjumi. Sada sistéma ir
izveidota LU CFI Organisko materialu laboratorija.

Ir veikti pirmie mérijumi vielam ar zinamu jonizacijas energiju, lai novertétu
iekartas precizitati un rezultatu ticamibu. Me&rjjumu atkartojamiba novert€ta gan
mainot plano kartinu biezumu robezas no 50-600nm, gan ari mainot elektrodu
novietojumu, to materialu, ka arTt meérijjuma laika uzlikto elektriska lauka stiprumu.
Mérfjumi tiek veikti vakuuma (~1-10”mBar), starojuma vilnpa garumu mainot ar
monohromatoru lidz 6,9 eV fotonu energijas robezai.

IONIZATION ENERGY OR WORK FUNCTON DETERMINATION OF
MATERIALS USING PHOTOELECTRON EMISSION METHOD IN
INSTITUTE OF SOLID STATE PHYSICS, UNVERSITY OF LATVIA

R. Grzibovskis, A. Vembris
Institute of Solid State Physics, University of Latvia

Materials that not only absorb as much light as possible but could also create
charge-carriers from generated excitons are necessary to build effective organic solar
cells. Therefore it is necessary to know energy levels of materials, for example,
ionization energy of molecule and electron affinity energy, what would give
possibility to improve efficiency of solar cells by choosing the most suitable materials.
Ultraviolet photoemission spectroscopy is often used to determine ionization energy.
Such system is complex and expensive therefore alternative methods are used, for
example, measurements of photoelectron emission spectral dependence. Such system
was built in Laboratory of organic materials (Institute of Solid State Physics,
University of Latvia).

We have made first measurements for compounds with known ionization
energy to estimate precision and credibility of results. Repeatability of measurements
was tested by changing thickness of thin films from 50-600 nm, by changing material
and position of electrode and also changing applied voltage. Measurements were
made in vacuum (~1-10°mBar). Wavelenght of light till 6,9 eV photon energy was
changed by monochromator.
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Modernas iekartas

SKENEJOSAIS ELEKTRONU MIKROSKOPS TESCAN LYRA: IESPEJAS
UN PIELIETOJUMI.

K. Kundzins, E. Nitiss

Latvijas Universitates Cietvielu fizikas institiits

LU CFI ftirtelpas uzstadits sken&josais elektronu mikroskops Tescan Lyra,
aprikots ar sekundaro elektronu un atpakalatstaroto elektronu detektoriem, energijas
dispersivu spektrometru EDS elementu mikroanalizei, fokusétu Ga jonu avotu un
gazu injekcijas sisttmu. Mikroskopam ir moderns elektronu staru avots, kurs
nodros$ina darbibu plasa paatrinosa sprieguma (Iidz 30 kV) un stravas (2 pA-200 nA)
diapazona. Paraugu tur€tajs ar 5 asu motoriz€tu koordinatu galdinu lauj izvéleties
izdevigu skata lenki. Paredzgta iesp€ja stradat zema vakuuma (7-500 Pa) rezima, lai
varétu pétit stravu nevadoSus paraugus.

Referata tiks aplikoti mikroskopa pielietojuma pieméri cietvielu fizika un
materialzinatn€, dots ieskats darbibas nodrosSinasana un attistiba.

Pateiciba ERAF fondam par finansialo atbalstu, projekta istenoSanu numurs
2011/0041/2DP/2.1.1.3.1./11/IPTIA/VIAA/004

SCANNING ELECTRON MICROSCOPE TESCAN LYRA: OPTIONS AND
APPLICATIONS

K. Kundzins, E. Nitiss
Institute of Solid State Physics, University of Latvia

A new TESCAN LYRA scanning electron microscope is mounted in ISSP
cleanroom. The microscope is fitted with Secondary electron and backscattered
electron detectors with high sensitivity and atomic number resolution for Energy
Dispersive Spectroscopy (EDS) microanalysis, gallium Focused Ion Beam (FIB)
column and gas injection system. A modern electron beam source works with
accelerating voltage up to 30 kV and beam current 2 pA — 200 nA. XM chamber
model provides superior specimen handling using a full 5-axis motorized
compucentric stage and ideal geometry for EDX. Low vacuum operation (7-500 Pa) is
possible to investigate nonconductive samples.

[lustrations of usage of the microscope in solid state physics and material
science will be given during the presentation as well as view in maintenance and plans
of development.

The financial support of ESF project 2011/0041/2DP/2.1.1.3.1./11/IPIA/VIAA/004 is
greatly acknowledged.
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TRANSMISIJAS ELEKTRONU MIKROSKOPS FEI TECNAI: IESPEJAS UN
PIELIETOJUMI

K. Smits, K. Kundzin
Latvijas Universitates Cietvielu fizikas institiits

S referata mérkis ir iepazistinat ar 2013. gada beigas VNPC projekta ietvaros
LU CFI tirtelpas uztadito FEI Tecnai G20 transmisijas elektronu mikroskopu (TEM).
Ar TEM ir iesp&jams ne tikai uznemt mikrofotografijas, bet art veikt virkni citu
mérjjumu, kuri izmantojami cietvielu materialu izpeté. Tadel referats sastavés no
uzstaditas iekartas apraksta, realiz€jamo pétijumu metozu izklasta, ka arT veiktajiem
pétijumiem ZrO; nanokristalu izpete. Nanostrukturéto materialu izp&te ir vajadziba ne
tikai parliecinaties par $o nanostruktiiru izmériem un morfologiju, bet svariga ir ari
iegiito datu analize un interpretacija.

Referata biis apspriesti, kadi petijumu objekti ir piemeroti §Tm metodikam, ka
ar1 dots mazs ieskats paraugu sagatavoSana.

Pateiciba ERAF fondam par finansialo atbalstu, projekta istenoSanu numurs
2011/0041/2DP/2.1.1.3.1./11/IPIA/VIAA/004

FEI TECNAI TRANSMISSION ELECTRON MICROSCOPE: OPTIONS AND
APPLICATIONS

K. Smits, K. Kundzins
Institute of Solid State Physics, University of Latvia

In last year the FEI Tecnai transmission electron microscope (TEM) was
successfully installed in ISSP LU clean rooms. Using TEM it is possible not only to
take microphotographs, but also carry out various other measurements which could be
very useful in solid-state materials research. Therefore, the report will describe the
TEM equipment and possible measurement modes, as well as example of ZrO,
nanocrystal studies. The micrograph images are necessary for nanoscale research, but
also further analysis and interpretation of the data are very important.

The potential research objects and their limitations will be discussed and a
brief insight into sample preparation.

The financial support of ERAF project 2011/0041/2DP/2.1.1.3.1./11/IPIA/VIAA/004
is greatly acknowledged.
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Funkcionalie un biomateriali

TEHNISKAIS TEKSTILS IZAUGSMES IZAICINAJUMS
A. Lusis

Latvijas Universitates Cietvielu fizikas institiits

Eiropas Ekonomikas un socialo lietu komiteja veikusi Pasaules tirgu un vienota Eiropas
tirga tekstila nozar€ analizi un sniegusi atzinumu par tematu ‘“Tehniskie audumi ka izaugsmes
virzitajspeks”. ES dalibvalstis vidgji eksporte 33% tehniska tekstila (bez apgerbiem) (Vacija —
65%, Latvija <5%). Inovativu produktu Ipatsvars Vacijas tekstila nozare ir 25% un iepem treso
vietu aiz elektronikas - 32% un automobilu - 46%. Ka ES, ta ar1 Pasaulé ped€jos gados novero
tekstila nozares biitisku apjomu pieaugumu un ar stabilu pieauguma prognozi nakotng. Tas saistits
ar austa un neausta tekstila funkcionalizaciju ar nanotehnologijam viedo materialu razo$anai gala
lietotajiem - tehniska tekstila tirgus 12 segmentos: Agrotech, Buildtech, Clothtech, Geotech,
Hometech, Indutech, Medtech, Mobiltech, Oekotech, Packtech, Protech un Sporttech. Eiropas
Ekonomikas un socialo lietu komiteja rosina Eiropas Komisiju istenot Sadus pasakumus: (+)
vajadzibas gadijuma izejvielu “diplomatija” nemt véra tehniskajiem audumiem kritiski svarigas
izejvielas; (+) sekmét dabigo skiedru, t.i., linu, kanepju, vilnas, celulozes skiedru un biopoliméru
razoSanu, lai tekstilrazoSanas nozares nodro§inatu ar vietgjiem izejmaterialiem. Eiropas Komisija
»APVARSNIS 2020” darba programmas 2014.-2015.gadiem ir ietverusi tekstila tematiku.

Tas ir izaicingjums Latvijas ilgtspjigai un viedai izaugsmei. Latvijas Vietgjas
riipniecibas uzpémumu (tekstila) asociacija un Latvijas industrialo kanepju asociacija ir jau nakusi
no 2007.gada ar priekslikumiem attistit dabigo Skiedrmaterialu (lini, kanepes, koksne u.c.) ieguvi
un parstradi sadarbibai ar Latvijas zinatniskajam institicijam. Tads priekslikums bija ari SP
10.0040 laika posmam 2010.-2013.gadiem par kanepju Skirpu selekciju, audz&Sanu un atbilstibas
novertéSana to izmantoSanai tekstila nozaré. LU CFI veica pétjjumus par audumu
funkcionalizéSanu ar metalu un to oksidu parklajumiem.

Referata tiks apskatitas LU CFI iespgjas Skiedrmaterialu funkcionalizéSana, ka ari
sadarbiba ar nozares uzpémumiem un daliba Eiropas pétniecibas, tehnologiskas attistibas un
inovaciju programmas tekstila joma.

TECHNICAL TEXTILES GROWTH CHALLENGE
A. Lusis
Institute of Solid State Physics, Univesity of Latvia

European Economic and Social Committee made the world markets and the single
European market in the textile sector analysis and an opinion on the "Growth Driver Technical
Textiles". EU Member States on average, 33% of exports of technical textiles (excluding clothing)
(Germany - 65%, Latvia <5%). The share of innovative products in the German textile industry
25% and ranks third behind the electronics - 32% and cars - 46%. As the EU and the world in
recent years observed in the textile sector for significant volume growth and stable growth forecast
for the future. This is due to functionalisation of the woven and non-woven textiles with
nanotechnology for production intelligent material for end-users — in the technical textile market
12 segments: Agrotech, Buildtech, Clothtech, Geotech, Hometech, Indutech, MedTech, Mobiltech,
Ockotech, Packtech, Protech and Sporttech. For this reason the European Economic and Social
Committee asks the European Commission to: (+) take into account, where necessary, the critical
raw materials for technical textiles in its raw materials "diplomacy", (+) encourage production of
natural fibres - flax, hemp, wool, cellulosic fibres - and biopolymers, so as to secure for the textile
industries home-grown resources in raw materials. The European Commission 'Horizon 2020'
work program 2014 to 2015 has included textile theme.

It is a challenge for the Latvia sustainable and smart growth. The Latvian Textile Industry
Association and the Latvian Industrial Hemp Association has already come from 2007 with
proposals for the development of natural fiber (flax, hemp, wood, etc.) extraction and processing
co-operation with Latvian scientific institutions. A proposal was also cooperation project SP
10.0040 for the period 2010 to 2013 varieties of hemp selection, rearing and evaluation of
conformity for use in the textile industry.

In the paper will be discussed ISSP possibilities for the fiber functionalization, as well as
cooperation with industry and participation in the EU research, technological development and
innovation programs in the field of textiles.
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DISLOKACIJU VEIDOSANAS MEHANISMI AR ATRAJIEM JONIEM
APSTAROTOS LiF KRISTALOS

R. Zabels, I. Manika, J. Maniks, R. Grants

Latvijas Universitates Cietvielu fizikas institiits

Sakara ar atro jonu pielietojumu materialu nanostrukturéSanai aktuali ir
radiacijas defektu un to agregatu veidoSanas pétijumi pie augstam radiacijas dozam.
Lidz $im maz uzmanibas veltits linearo defektu (dislokaciju) pé&tijumiem, kuru
masveidiga radanas novérota augstu fluenéu apstaklos. Saja darba apliikota dislokaciju
veidosanas ar MeV-GeV *°S un *®U joniem apstarota LiF, izmantojot ASM un
dislokaciju kimiskas kodinaSanas metodes. Izv€leti joni, kuri veido jonu trekus ar
at3kirigu morfologiju. Noskaidrots, ka individualos trekos ***U joni sava trajektorija
rada kimiski kodinamu defektu rindas, kas varétu piederét loti sikam dislokaciju
cilpam vai to aizmetniem. Palielinot fluenci Iidz treku parklasanas aizsakumam,
kimiskas kodinasanas metode uzrada apstaroSanas virziena veérstas kodinasanas
bedriSu rindas ar dislokacijam tipisko formu. Veérojams to izkartojums pa pariem, kas
raksturigi dislokaciju cilpam. Attalums starp bedrit€m (cilpu izmérs) sasniedz 600-
1000 nm. Art vieglakie séra joni izsauc dislokaciju veidosanos, tacu cilpu izmérs ir
ievérojami mazaks. Rezultata cilpai piederosas bedrites sapliist, veidojot taisnstiira
formu, To izmérs mainas gar jona trajektoriju, sasniedzot maksimumu maksimalo
jonu energijas zudumu apgabala. Rezultati apliecina, ka dislokaciju veidoSanas
aizsakumi mekl&jami jau individualos trekos, bet to augSana intensivi noris treku
parklasanas stadija. Aplikoti dislokaciju veidoSanas iesp&jamie mehanismi.

MECHANISMS OF DISLOCATION FORMATION IN LiF CRYSTALS
IRRADIATED WITH SWIFT IONS

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

Due to use of swift ions in nanostructuring of materials, investigation of
radiation defects and their aggregates at high irradiation doses are of importance.
Comparatively little attention has been devoted to research of extended defects,
intensive formation of which has been observed at high fluences. In this work
formation of dislocations in LiF irradiated with MeV-GeV *°S and **U ions has been
investigated by AFM and chemical etching. The chosen ions form tracks with
different morphology. It has been established that 38U ions in individual tracks form a
row of chemically etchable defects, which might belong to tiny dislocation loops or
their nuclei. Increasing fluence till overlapping of tracks leads to etching of typical
dislocation pits arranged along the direction of incoming beam. It can be observed
that these pits tend to pair, which is characteristic to dislocation loops. The distance
between paired pits reaches 600-100 nm which corresponds to the size of dislocation
loops. The light sulfur ions also cause formation of dislocations. In comparison the
size of loops is considerably smaller which results in merging of pits. The size of
dislocation loops varies along the ion trajectory reaching maximum in the region of
the greatest ion energy loss. Results show that initial formation of dislocations occurs
in individual tracks, whereas intensive growth takes place in the stage of track
overlapping. Possible mechanisms of dislocation formation have been discussed.
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HROMATISKAS ABERACIJAS BRILLU LECU MATERIALOS UN
INDUCETA KRASU STEREOREDZE

K. Muiiniecel, M. Ozolins®

'Latvijas Universitates Optometrijas un redzes zindtnes nodaja
*Latvijas Universitates Cietvielu fizikas institiits

Augstas tehnologijas produkti, kur vienota elementa ir apvienoti optiska ieejas
dala un integréta processora dala tiek plasi pielietoti miisdienu tehnika. Ka
vispopularakais piemérs ir ciparu fotoaparats ar pievienotu izvéles komplektu
momentanai uztverta attéla apstradei velama rezultata sasnieganai. Sie apstrades
varianti var ietvert sarezgitakus algoritmus (filtré€Sanu, Furje analizi), Iimenu
diskriminaciju un rezultata izvadi analoga vai diskréta veida. Interesanti, ka lidzigu
uzdevumu paveic daba — acs kopa ar “procesoru” pasléptu galvas smadzenu garoza.
Redze nodroSina atbildi, kas dabigi ir diskréta: redzu vai nesaredzu. Redzes optiskaja
sisttma dazada vilpa garuma redzama gaisma hromatisko transversalo aberaciju
ietekmé tiek projic€ta dazadas acs tiklenes dalas, kas smadzenés rada krasu ierosinato
stereopsi — dziluma sajﬁtul’z. [lluzori viena daudzkrasu avota plakne atspogulojas
smadzenes ka dazada dziluma atrodoSas dazadas krasas plaknes. Krasa ir viena no
pazimém, kas piedalas §1s dziluma sajiitas uztver€. P&tijjuma butiska nozime ir redzes
refraktivo defektu korekcijas lidzekliem un apgaismojumam, ka ari binokularai un
monokularai stimula novéroSanai. Veiktais petijums palidz izprast krasu
stereoskopiska efekta un to polaritasu ietekmi uz dziluma sajiitu.

CHROMATIC ABERATIONS IN EYE AND GOGGLE LENSES AND
INDUCED COLOR STEREOPSIS

K. Muiiniecel, M. Ozolinsh?
'Department of Optometry and Vision Science, University of Latvia
*Institute of Solid State Physics, University of Latvia

Due to chromatic transversal aberrations in human eye light from a point
source is projected at different retinal positions. That causes the illusory effect which
is called induced chromatic stereopsis — a depth sense, where planar source points of
different color are projected at different depth layers in our brain. Sample point color
and the presence of eye chromatic aberrations are one of distinct features of this kind
of stereopsis. Our studies reveal the role of eye aberrations and aberrations in eye
appliances and the role of mono- either binocular observation in the degree of illusory
depth sense. Studies give the interpretation of color stereopsis and its peculiarity — the
effect of depth sense polarity switching.

M.Ozolinsh is thankful to ESF project 2013/0021/1DP/1.1.1.2.0/13/APIA/VIAA/001
support.

1. Kitaoka, A., Kuriki, 1., Ashida, H. The Center-of-gravity Model of Chromostereopsis. Ritsumeikan
Journal of Human Sciences, Vol.27, N 11, p.59-64(2000).

2. Kitaoka, A. Chromostereopsis.Advancing color and receding color.
http://www.psy.ritsumei.ac.jp/~akitaoka/scolor-e.html
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DEGVIELAS DETEKTESANA AR INOVATIVU POLIMERA —
NANOSTRUKTURETA OGLEKLA KOMPOZITMATERIALU

S. Stepina, G. Sakale, M. Knite

Rigas Tehniskds universitdtes Tehniskas fizikas institits

Saja darba zinots par inovativa poliméra — nanostrukturéta oglekla
kompozitmateriala izveidi un izpeti kimisko vielu detektéSanai gazveida stavokli.
Kompozitmateriala matrica ir etiléna vinilacetata kopolimérs un elektrovadosa
pildviela - oglekla nanodalinas (PRINTEX XE-2). Ka viena no iesp&amam
pielietojuma jomam ir degvielas nozare, kas piedava benzinu ar atskirigu oktanskaitli,
biologiski tiru degvielu vai ari degvielu ar dazadam piedevam. Lidz ar to ir
nepieciesams pietiekami atri noteikt degvielas atbilstibu standartiem un normativajam
prasibam.

Pirmo parbauzu rezultati uzrada, ka sensors ir sp&jigs atskirt dazadu naftas
izcelsmes produktu tvaikus (benzina (98 un 95), dizeldegvielas un petrolejas tvaikus),
ka arm norada uz sastavu atSkiritbam dazadas degvielas uzpildes stacijas iegadatam
vienas markas degvielam, kas tikai apstiprina nepiecieSamibu p&c vienkarSa un atra
degvielas kvalitates monitoringa.

FUEL DETECTING BY ADVANCED POLYMER - NANOSTRUCTURED
CARBON COMPOSITE

S. Stepina, G. Sakale, M. Knite
Institute of Technical Physics, Riga Technical University

An advanced polymer — nanostructured carbon composite has been developed
for chemicals sensing purposes. The composite matrix material is ethylene
vinylacetate copolymer and electroconductive filler - carbon nanoparticles (PRINTEX
XE-2). As one of scope of application can be fuel industry. Now there are available
petrol with higher octane number and also biologically pure fuel. Wherewith, it is
necessary to determine fuel conformity to standards and legislative requirements.

First results show that sensormaterial has been able to distinguish various oil-
based product vapours (petrol (98 and 95), diesel fuel and kerosene vapours) as well
as indicating the differences in composition of the same brand fuel purchased in
various petrol stations. This only approves the need for fast and simple fuel quality
monitoring.
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BIOMIMETISKA APATITA VEIDOSANAS UZ TITANA DIOKSIDA
VIRSMAS SIMULETAJA KERMENA SKIDRUMA

L. Bugovecka, I. Narkevica, J. Ozolins, L. Bérzina-Cimdina

Visparigas kimijas tehnologijas institiits, Rigas Tehniska universitate

Bioaktivs materials implantéts organisma tiesi saistas ar kaulu nenotiekot
iekapsuléSanas procesam. Tas veido uz virsmas apatita slani, kur§ gan péc sastava,
gan strukturas ir lidzigs dabigajam apatitam kaulos un Iidz ar to nodroSina labaku
materiala sasaisti ar organismu un dzivo audu mijiedarbibu ar implantu. Materiala
bioaktivitate, kuru butiski ietekmé virsmas ipasibas un morfologija, var tikt izvertéta
in vitro pétijumos simulétaja kermena Skidruma. Lai veidotos biomimétiskais apatits,
ir nepiecieSamas kimiskas funkcionalas grupas uz materiala virsmas, kas ierosinatu
apatita nukleaciju.

Ka bioaktivu implantmaterialu iesp&jams izmantot titana dioksida (TiO,)
keramiku. Darba gaita izveidoti titana dioksida nanopulvera paraugi, kuri termiski
apstradati dazados temperatiiru reZimos. Ar UV starojumu apstaroti un neapstaroti
paraugi tiek ievietoti simulétaja kermena Skidruma uz vairakam dienam. Paraugu
virsma un sastavs pirms un péc ievietoSanas simulétaja kermena Skidruma pétits ar
SEM, XRD, EDS, FTIR un Ramana spektroskopiju. Termiska apstrade augstakas
temperatiiras samazina porainibu, BET Ipatngjo virsmu un palielina rutila ipatsvaru
parauga, kas samazina apatita veidoSanos uz parauga virsmas.

Pateiciba: Darbs izstradats ar Valsts petijumu programmas Nr.2 , projekta Nr.4 "Jauni
materiali un tehnologijas biologisko audu izvertésanai un aizvietoSanai" atbalstu.

DEVELOPMENT OF BIOMIMETIC APATITE ON TITANIUM DIOXIDE
SURFACE IN SIMULATED BODY FLUID

L. Bugovecka, I. Narkevica, J. Ozolins, L. Berzina-Cimdina
Institute of General Chemical Engineering, Riga Technical University

Bioactive materials implanted into bone defects bonds to living bone without
encapsulation by a fibrous tissue. Bioactive materials form bone-like apatite layer on
their surfaces and bonds to living bone through it. The structure and composition of
formed apatite is similar to apatite in living bone. The bioactivity of material, which is
affected by surface properties and morphology, can be evaluated in vitro in simulated
body fluid (SBF). For the biomimetic apatite formation on materials, chemical species
for induction of the nucleation should be included at the surfaces.

Titanium dioxide (TiO;) ceramics can be used as one of bioactive implant
materials. In the present work, TiO, samples were obtained from nanopowder by
uniaxial pressing and thermally treating at different temperature regimes. UV-light
irradiated and non-iradiated samples were soaked in SBF for various periods of time.
The surface morphology and composition of samples before and after soaking in SBF
were studied with SEM, XRD, EDX, FTIR and Raman spectroscopy. Thermal
treatment at higher temperatures reduces porosity, BET specific surface area and
increases amount of rutile amount in the samples, which decreases apatite-forming
ability on TiO; surface.

Acknowledgments: This work was supported by the Latvian State Research
Program No.2, project No. 4 "New materials and technologies for evaluating
biological tissue and replace".
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AR FLUORU AIZVIETOTA HIDROKSILAPATITA IEGUSANA UN
RAKSTUROSANA

K. Kostrjukova, V. Zalite, M. Sokolova, J. Locs
R.Cimdina Rigas Biomaterialu inovdciju un attistibas centrs
Rigas Tehniska universitate Visparigas kimijas tehnologijas institiits

Hidroksilapatits (HAp) Ca;o(PO4)s(OH); ir minerals, kas ietilpst kaulu un zobu
sastava. Sim mineralam ir raksturiga loti laba biosaderiba un bioaktivitate, tomér ir
nepietickamas mehaniskas 1pasibas un vaja kimiska stabilitate skaba vide. Mingtie
trikumi ierobezo HAp plasaku izmantoSanu ortopédija un stomatologija.

HAp molekula dalgji aizvietojot OH jonus ar F  joniem, tiek iegits
fluorhidroksilapatits (FHAp) Ca;o(PO4)s(OH)224F2x. Fluora jonu ievadiSana HAp
strukttira biitiski uzlabo fizikalas un kimiskas 1pasibas.

Eksperimentalaja dala, lai iegiitu FHAp, izmantota nogulsnéSanas sint€zes
metode. Pirmaja pétijuma stadija skabes un bazes neitralizacijas reakcija iegtts HAp.
HAp suspensiju atSkaida ar 0,02M NaF tdens Skidumu un veic pH reguléSanu no 4
Iidz 7. pH kontrolei izmantots H3PO4 un NaOH. Iegiitas nogulsnes centrifugg, skalo ar
dejoniz€to Gdeni un zaveé. Ar Furjé transformaciju infrasarkano spektroskopiju tika
identificéta FHAp raksturigas hidroksilgrupas svarstibas. Ar skengjoso elektronu
mikroskopiju analizéta FHAp kristalu morfologija.

Turpmakajos eksperimentos planots p&tit FHAp 1pasibas atkariba no F~ jonu
aizvietoSanas HAp molekula.

FLUORINE-SUBSTITUTED HYDROXYAPATITE SYNTHESIS AND
CHARACTERIZATION

K. Kostrjukova, V. Zalite, M. Sokolova, J. Locs

Riga Biomaterial Inovation and Development Center
Riga Technical University Institute of General Chemical Engineering

Hydroxyapatite (HAp) Ca;o(PO4)s(OH), is the main mineral component of
bone tissue. HAp has a good biocompatibility and bioactivity, however it has poor
mechanical properties and instability in acidic condition. These disadvantages limit
the use of HAp in orthopedics and stomatology.

By incorporation of F~ ions into HAp structure, fluorhydroxyapatite (FHAp)
Cajo(PO4)s(OH),24F2x could be obtained. Replacement of OH™ ions by F~ improves
physical and chemical properties of HAp.

FHAp was synthesized by using precipitation method. The first experimental
step was production of HAp by acid and base neutralization reaction. Obtained HAp
suspension was diluted in 0,02M NaF solution and pH was controlled from 4 to 7 by
using H3PO4 and NaOH solutions. Produced precipitates were centrifuged and washed
with deionized water followed by drying.

Fourier transform infrared spectroscopy was used to detected characteristic
OH" groups of FHAp. FHAp morphology was analyzed by scanning electron
microscopy.

Next study will be devoted to the investigation of FHAp properties depending
on the OH" substitution level by F".
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SKALARU UN VEKTORIALU HOLOGRAFISKO REZGU RELAKSACIJA
AZOSAVIENOJUMU KARTINAS

A. Ozols, P. Augustovs, K. Kénins, V. Kokars, E. Zarins, K. Traskovskis,
Dm. Saharovs
Rigas Tehniskdas universitates Materialzindtnes un lietiskas kimijas fakultate

Ir turpinati caurlaidibas holografisko rezgu (HR) tumsas relaksacijas p&tijumi,
ierakstot tos ar s-s, p-p, s-p, L-L, L-R lazerstaru polarizacijam organisko molekularo
azostiklu kartinas. Eksperimentali izpétitas jaunas kartinas W-75 un K-RJ-9, ka ar1
paplasinats HR rezgu periodu diapazons: izpétiti HR ar periodiem 0.50, 2.0 un 8.6 um.
Rezultati ir salidzinati ar analogu pétijjumu rezultatiem azokartipa W-50 un
halkogenida kartina a-As2S3.

Konstatets, ka ieraksta efektivitate viena parauga ir atkarigas ka no ieraksta
polarizacijam, ta ari no HR perioda. Art HR stabilitate relaksacijas laika ir atkariga no
Siem faktoriem. Gandriz vienmér maksimala ieraksta efektivitate tika sasniegta ar p-p
vai L-R polarizacijam un ar 2.0 um periodu. Savukart HR stabilitate nekorel&ja ar
ieraksta efektivitati un visbiezak atbilda s-s vai L-L polarizacijam un 8.6um HR
periodam. Pat péc sastava lidzigiem paraugiem W-50 un W-75 vienados apstaklos
rezultati bija jitami atskirigi.

Tika novérota ari HR relaksacijas paSpastiprinasanas paraugos W-75 (s-s
polarizacijas, 2.0um) un K-RJ-9 (p-p polarizacijas, 8.6um). K-RJ-9 gadijuma tika
novérota ar1 HR relaksacijas paSpastiprinaSanas uz atstaroSanos. Novérotie
relaksacijas efekti tiek skaidroti ar masas parnesi péc HR ieraksta.

RELAXATION OF SCALAR AND VECTORIAL HOLOGRAPHIC
GRATINGS IN AZOBENZENE FILMS

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

Studies of transmission holographic grating (HG) relaxation (recorded with s-s,
p-p, s-p, L-L, L-R laser beam polarizations) have been continued in organic molecular
azobenzene glassy films. New films W-75 and K-RJ-9 have been investigated. The
range of HG periods is widened: HG with the periods of 0.50, 2.0 and 8.6 um are
studied. The results are compared with previously obtained results for W-50 and a-
As2S3 films.

It is found that recording efficiency in the same sample depends on both
recording polarizations and HG period. The HG stability in the course of relaxation
also depends on these factors. In almost all cases the maximum recording efficiency
was achieved with p-p or L-R polarizations at 2.0 um period. The HG stability did not
correlate with the recording efficiency, and, in most cases ,corresponded to s-s or L-L
polarizations at 8.6 um period. Even for chemically similar compounds W-50 and W-
75 under the same conditions the results were markedly different.

The HG relaxational self-enhancement of HG was observed in the case of W-
75 ( s-s polarizations, 2.0 um) and K-RJ-9 ( p-p polarizations, 8.6um) samples. In the
latter case the relaxational self-enhancement of HG was observed also in reflection
mode. Relaxation effects are explained in terms of post-recording mass transfer.

The financial support of the Latvian State Research Program on Multifunctional
Materials is greatly acknowledged.
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SOI - POLIMERA ELEKTRO OPTISKAIS MODULATORS

E. NitiSs, M. Rutkis,
Latvijas Universitates Cietvielu Fizikas institiits

Elektro — optiskie (EO) modulatori ir vieni no galvenajiem elementiem, kas
noteiks turpmakas informacijas un komunikacijas tehnologiju attistibu. Lai
nodrosinatu nerimstoSo pieprasijumu péc aizvien lielakiem datu parraides atrumiem,
ir nepiecieSams jauna tipa EO modulators, kas biitu pietiekami atrs, efektivs un 1éti
1zgatavojams.

Mes piedavajam jaunu un patent€Sanai iesniegtu Silicon-on-insulator (SOI) —
poliméra EO modulatora struktiiru, kura sp&tu nodrosinat optisko signalu modulaciju
galvenajos komunikaciju diapazonos no 800 Iidz 900 nm un no 1260 lidz 1675 nm.
SOI — polim&ra EO modulatora galvenas prieksrocibas ir ta vienkarsa pagatavosana ar
jau plasi pielietoto pusvaditaju apstrades tehnologiju, ka arl zemi modulacijas
spriegumi. Saja referata tiks demonstréti SOI — poliméra EO modulatora
izgatavoSanas soli, ka ar1 skaitliskas model€Sanas rezultati, ar kuru palidzibu
iesp&jams izcelt struktiras prieksrocibas un trukumus.

SOI - POLYMER ELECTRO OPTIC MODULATOR

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

Broadband electro optical (EO) modulators are one of the main building
blocks used in the development of information and communication technology. In
order to satisfy the growing need for increase in data transfer rate there is a demand
for a high speed, low loss and importantly low production cost EO modulator.

We present a new type patent pending Silicon-on-insulator (SOI) - polymer
modulator that could operate both in the 800 to 900 nm and 1260 to 1675 nm
communication wavelength range. The main advantages of the proposed modulator
structure are the simplicity of preparation since it could be integrated with the cost
effective CMOS technology, so as the low drive voltages. We demonstrate the
preparation steps of the SOI — polymer EO modulator as well as numeric modelling
results, based on which we will outline the advantages and drawbacks of the structure.
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PLANU KARTINU ELEKTRO OPTISKA KOEFICIENTA NOTEIKSANA AR
VAJINATAS PILNIGAS IEKSEJAS ATSTAROSANAS METODI

A. Bundulis, J. Busenbergs, M. Rutkis, E. Nitiss

Latvijas Universitates Cietvielu fizikas institiits

Organisko Materialu laboratorija viens no pétjjumu virzieniem ir jaunu,
nelineari optiski (NLO) aktivu poliméru un organisko stiklu materialu radiSana, kurus
varétu izmantot elektro — optiski (EO) aktivo komponenSu izstradei dazadas fotonikas
ieric€s, pieméram, modulatoros, slédzos u.c. Materialu raksturo$anai ir nepiecieSams
novertét gan ta linearas, gan nelinearas optiskas ipaSibas. Viens no svarigakajiem
parametriem NLO materialu raksturoSanai ir ta EO koeficients. Lai noteiktu planu
kartinu EO koeficientu, més ieviesam vajinatas ieksgjas atstaroSanas metodi.

Sekmigai vajinatas pilnigas ieks€jas atstaroSanas metodes realiz€Sanai
nepiecieSams ieverot bitiskas prasibas pret plano kartinu parametriem — tam ir jabut
pec iespejas gludam, ka arT jasp&j nodrosinat optiska vilpa vadiSanas nosacijumus.
Referata tiks demonstréti EO koeficienta mérijumu rezultati planam DMABI+PMMA
10wt% kartinam, ka art sikak skaidroti metodes triikumi un prieksrocibas.

DETERMINATION OF ELECTRO OPTIC COEFFICIENT OF THIN FILM
BY ATTENUATED TOTAL REFLECTION TECHNIQUE

A. Bundulis, J. Busenbergs, M. Rutkis, E. Nitiss
Institute of Solid State Physics, University of Latvia

In Laboratory of Organic materials one of the main research activities concern
the development and investigation of new nonlinear optical (NLO) active polymers
and organic glass materials, which could be used as electro - optical (EO) active
components in photonics devices such as switches, modulates and others. One of the
most important characteristics of the NLO material is the EO coefficient. In order to
determine EO coefficient of thin polymer films we have implemented the attenuated
total reflection technique.

For successful realization of attenuated total reflection technique it is
important to fulfill the fundamental requirements towards parameters of the thin films
- they must be smooth as well as be able to possess the optical waveguiding properties.
In this paper we will demonstrate the EO coefficient measurements of thin
DMABI+PMMA 10wt % films, so as the detailed illustration of the advantages and
disadvantages of the implemented method.
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SUBLIMESANAS PARAMETRU IETEKME UZ TETRA-TIO-TETRACENA
PLANO KARTINU MORFOLOGIJU UN ELEKTRISKAJAM IPASIBAM

K. Pudzs, A. Vembris, M. Rutkis

Latvijas Universitates Cietvielu fizikas institiits

Termoelektriskas ieric€s izmantojamiem materialiem ir jabait ar augstu
elektrisko vaditspgju. Dazadam organiskajam vielam ir atSkirigas elektriskas
vaditsp€jas saistiba ar molekula eso$am funkcionalajam grupam, bet arT vienas vielas
ietvaros elektriska vaditsp€ja var krietni atSkirties saistiba ar §is vielas veidotajam
struktiram. Tadg] ir svarigi izpétit plano kartipu struktiiras ietekmi uz elektrisko
vaditspgju. Ar termiskas iztvaic€Sanas vakuuma metodi, mainot uzputinasanas
parametrus, piem€ram, uzputinaSanas atrumu vai pamatnes temperatliru, var iegit
polikristaliskas kartinas ar atSkirigiem graudu izmériem. Lai palielinatu plano kartinu
vaditsp€ju, ir nepiecieSams tas dopét. Ir paradits, ka dopgjot tetra-tio-tetracénu ar jodu
ir iesp&jams iegiit organiskos metalus. [1,2]

Plano kartinu morfologijas pétijumiem tika pielictota optiska mikroskopija un
skengjosa elektronu mikroskopija. Elektrisko ipaSibu pétijumiem tika pielietota 4
kontaktu metode un ladinnes€ju ekstrah&Sana ar lineari izverstu spriegumu (CELIV)
metode.

Darba tiks apskatits, ka pamatnes temperatiira sublimésanas laika ietekme
tetra-tio-tetracéna planas kartinas morfologiju un elektriskas ipasibas. Tiks paraditi
pirmie rezultati plano kartinu dop&sanai ar jodu.

IMPACT OF SUBLIMATION PARAMETERS ON TETRA-TIO-TETRACENE
THIN FILM MORPHOLOGY AND ELECTRICAL PROPERTIES

K. Pudzs, A. Vembris, M. Rutkis
Institute of Solid State Physics, University of Latvia

To create a suitable material for thermoelectric devices, it must have a high
electrical conductivity. Conductivity depends not only on existing functional groups
in molecule, but also on thin film structure made by matter. It is therefore important to
examine the impact of the structure of thin films on the electrical conductivity.
Polycrystalline layers with different grain size can be obtained by changing the
deposition parameters such as deposition rate or the temperature of the substrate at the
thermal evaporation in vacuum process. In order to increase the conductivity of thin
films, they must be doped. It is shown that organic metals can be obtained when tetra-
thio-tetracene is doped with iodine. [1,2]

Optical microscopy and scanning electron microscopy were used for
morphology studies of the thin films. 4-probe method and charge extraction by linear
increasing voltage (CELIV) method were used for studies of electrical properties.

The impact of substrate temperature during evaporation on tetra-thio-tetracene
thin film morphology and electrical properties will be discussed. Also first results of
thin film doping with iodine will be shown.

The financial support of 7 framework programme project H2ESOT is greatly
acknowledged.

[1] V.F.Kaminskii et al. Phys. Stat. Sol. (a) 44, 77 (1977)
[2] L.I. Burarov et al. J.Chem.Soc., Chem. Commun., 18, 720 (1976)
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FOTOINDUCETA MASAS PARBIDE UN DUBULTLAUSANA
AZO SAVIENOJUMA W-75

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

Viena no azo savienojumu 1pasibam ir optiski ierosinama izomerizacija ap azo
saiti starp diviem to geometriskajiem trans un cis izomériem. Izomerizacijas procesa
laika molekulas var tikt orient€tas attieciba pret ierosinosas gaismas polarizaciju,
rezultata materiala rodas anizotropija, kas izpauzas ka gaismas dubultlauSana. Vel
viens process, ko gaismas elektriska lauka ietekmé var novérot azo savienojumos, ir
vielas makroskopiska parvietosanas.

Darba tika pétiti fotoinducgtie procesi azo savienojuma W-75, kas ir organisks
mazmolekulars stikls (sintez€jis Elmars Zarin$ no prof. Valda Kokara grupas RTU
MLKF). Lai ierosinatu masas parbidi, tika veikts polarizacijas holografiskais ieraksts
ar lazera vilpa garumiem, kas atbilst parauga absorbcijai redzamaja spektra diapazona.
Rezultata tika uzpemta viela W-75 iegiita virsmas reljefa dziluma atkariba no
ierakstosa vilpa garuma. Tika noteikts ari ar dazadiem lazera vilpa garumiem
inducétas dubultlauSanas lielums un virziens.

THE PHOTOINDUCED MASS TRANSPORT AND BIREFRINGENCE IN
AZO COMPOUND W-75

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

Under influence of light azo compounds experience frans-cis isomerisation
process. As a result, the moieties may align relative to the electric field vector of light,
leading to anisotropy in material and birefringence. Another phenomenon of azo
compounds is macroscopic movement of material in the presence of light.

In this work photoinduced processes in azobenzene containing low-molecular
weight organic glass W-75 were experimentally studied. Polarization holography with
laser wavelengths corresponding to the absorption of the sample was used to induce
mass motion. Dependence of the surface relief depth on the recording laser
wavelength in the visible spectrum was obtained. Birefringence induced by different
wavelengths was also studied.
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IEROSINOSA STAROJUMA VILNA GARUMA IETEKME UZ VIRSMAS
RELJEFA VEIDOSANAS AS,S; PLANAJAS KARTINAS

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

Izmantojot lazera starojumu un gaismas jutigos materialus ir iesp&jams veikt
optisko ierakstu un iegiit noteiktas formas struktiiras uz materiala virsmas.

Darba tiek pétits periodiska virsmas reljefa optiska ieraksta process. Virsmas
reljefa veidoSanas pamata ir gaismas ierosinata anizotropija un elektriska lauka
gradients. Materiala notiekoSos foto-inducétos procesus ietekmé visi optisko ierakstu
raksturojoSie parametri (gaismas intensitate un polarizacija, ekspozicijas laiks, utt.),
bet procesa efektivitati lielakoties nosaka ierosinosa starojuma vilpa garums. Savukart,
elektiska lauka sadalfjumu uz parauga virsmas nosaka ierosino$a gaismas stara
polarizacijas modulacija, kas ir fikséta — par efektivako sadalijumu piegemot S-P (jeb
-45; +45 holografiskas metodes apzZim&jumos).

Veicot ierakstu, vilpa garuma veértibas tika piemeklétas ta, lai starojuma
energija ir salidzinama ar As,S; aizliegtas zonas platumu. Izmantotas As,S; planas
kartinas ar biezumu 3,5 um un ieraksts realiz€ts izmantojot viena stara optisko shému.
Ka rezultats ir iegtti virsmas reljefu profili un to dzilumu atkariba no ekpozicijas
laika.

RECORDING LIGHT SOURCE WAVELENGHT INFLUENCE ON
SURFACE RELIEF FORMATION PROCESS IN AS;S; THIN FILMS.

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

Exposing light sensitive materials to laser light illumination can lead to specific
structure formation on material surface.

In this report we discuss periodic surface relief optical recording process.
Surface relief formation is determined by photo-induced anisotropy and electric field
gradient. Photo-induced processes are affected by all of the optical recording
characterizing parameters (light intensity and polarization, exposure, etc.), but
recording light wavelength defines the efficiency. Electric field distribution on sample
surface is determined by light polarization modulation. The S-P (or -45; +45 in
holograpgy) polarization configuration is found to be most efficient so this parameter
stays constant during the study.

Optical recording was performed with light energy value comparable to the
As;S3 bandgap. One beam experimental set-up was used to record surface reliefs in
3,5 um thick As,S;samples. Surface relief profiles were observed and surface relief
depth dependence on exposure was studied.
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BIS-AZO SAVIENOJUMU OPTISKI IEROSINATAS IPASIBAS
PLANAS POLIMERA KARTINAS.

M. Narels', A. Vembris', J. Vapaavuori2
'Latvijas Universitates Cietvielu fizikas institiits
?Aalto Universitates Lietiskas fizikas nodaja

Azobenzolu atvasinajumi ir plasi pazistami ar ta Tpasibu veikt izomerizaciju
gaismas ietekmé starp diviem stabiliem stavokliem — trans izomé&ru un cis izoméru.
Fotoizomerizacijas process planas poliméra kartinas ir sarezgits un to var ietekmét ne
tikai fotoreakciju aktivacijas energijas un termala cis-trans reakcija, bet ari poliméra
un hromofora struktiira. Ir zinams, ka hromofori ar divam azobenzola dalam
(bisazobenzoli) ir piemé&rotaki kandidati efektivam virsmas reljefa materialam ka
monoazobenzoli. Tiek uzskatits, ka virsmas modulacija notiek pateicoties azobenzolu
atvasinajumu trans-cis-trans izomerizacijas cikliskajai dabai, lidz ar to izomerizacijas
kinétikas analize varétu biit loti noderiga.

Darba tika izmantoti paraugi ar Gdenradi saistitu polim@ra-bisazo kompleksu
P4VP(DY7) dazadas koncentracijas. Visi paraugi tika apstaroti ar ~400nm un
~365nm gaismu, kas, péc misu domam, atbilst, respektivi, trans—cis un cis—trans
izomerizacijai. Vienlaicigi tika registréta caurizgajusas gaismas intensitate pie 400nm.

PHOTOINDUCED PROPERTIES OF BISAZOBENZENE
DERIVATIVES IN POLYMER THIN FILM.

M. Narelsl, A. Vembrisl, J. Vapaavuori2
!Institute of Solid State Physics, University of Latvia
’Department of Applied Physics, Aalto University

Azobenzene derivatives are recognized for their capability to isomerise under
illumination between two stable states — trans isomer and cis isomer.
Photoisomerisation process in polymer film is complex and it can be affected not only
by activation energies of photoreactions and thermal cis-trans back-reaction, but also
by polymer and chromophore structure. Chromophores bearing two isomerizable
azobenzene units (bisazobenzenes) are known to be more preferable candidates for an
efficient SRG (surface-relief grating) material than monoazos. The surface modulation
is thought to be driven by trans—cis—trans cycling of the azobenzene derivatives,
therefore analysis of the kinetics of isomerization process could be very useful.

In the work we were given samples with hydrogen-bonded polymer—
bisazobenzene complexes P4VP(DY7) at various concentrations. Samples were
irradiated by alternate light visible spectral region at ~400nm and ultraviolet spectral
region at ~365nm, which we believe correspond to trans—cis and cis—trans
isomerization, respectively. At the same time light intensity at 400nm which pass
through the sample was recorded.
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CELMETALU-OKSIDU NANOPULVERU KOMPOZICIJAS: IEGUSANA,
RAKSTUROJUMS

E. Pal¢evskis', V. Sergal, L. Kulikova', A. Cvetkovs', D. Karashanova®
'Rigas Tehniskas universitates Neorganiskds kimijas institiits
Optisko materialu un tehnologiju institiits, Bulgarijas Zindatnpu akadémija

Celmetalu katalizatori tiek lietoti dazados kimiskos procesos. Metala dalinu
izmers, kur§ vairuma gadijumu ir nanometru diapazona, biitiski ietekme katalizatoru
aktivitati un selektivitati.

Izstradata jauna, daudzsolosa ekstrakcijas pirolitiska metode (EPM) c€lmetalu
(Au, Pt un Pd) nanoizméra dalinu iegtiSanai un apkopoti pétijumu rezultati par So
metala dalipu izméra atkaribu no pielietota katalizatora nes€ja un metala
koncentracijas diapazona no 0,6 Iidz 5,0 masas %. Ka katalizatoru nes€ji izmantoti
sekojosie oksidu nanopulveri: silicija dioksids (Aerosils, SiO,), plazma sintezgts itrija
oksids (Y;03) un ar EPM metodi iegtts dzelzs oksids (Fe,Os3). Metalu kristalitu
izm@ri noteikti ar rentgenstruktiiranalizes metodi, salidzinot ar elektronu
mikroskopijas petijumiem.

Rezultati parada, ka zelts veido dalinas diapazona no 20 lidz 50 nm, pie tam
lielakas dalinas veidojas pie lielakam zelta koncentracijam. Platins veido mazakas
dalinas — ar kristalitu izmériem zem 10 nm, savukart palladija kristalitu izm@ri ir
mazaki par 20 nm. Uz itrija vai dzelzs oksidiem uznestas platina un palladija dalinas
ir rentgenamorfas un tapéc neiesp&jams noteikt to kristalitu izmeérus. Elektronu
mikroskopijas pétijumi parada, ka Siem paraugiem metala dalinu izméri ir dazi nm.

NOBLE METALS-OXIDE NANOCOMPOSITES: PREPARATION,
CHARACTERISTICS

E. Palcevskis', V. Sergal, L. Kulikova', A. Cvetkovs', D. Karashanova®

!Institute of Inorganic Chemistry, Riga Technical University
? Institute of Optical Materials and Technologies, Bulgarian Academy of Sciences

Noble metal catalysts are used in various chemical processes. The dependence
of catalytic activity or selectivity on the particle size is most pronounced for metal
particle sizes from several nm to several tens of nm.

A new promising extractive-pyrolytic method (EPM) for the production of
nanoparticles of noble metals Au, Pt and Pd has been developed. The investigation
results on the influence of the metal content in a range of 0.6-5.0 wt. % and of the
carrier nature on the obtained metal particle size are presented. Different nanopowders
were used as catalyst carriers - nanopowders of commercial silica (Aerosil - Si0O,),
plasma processed yttria (Y,0O3) and iron oxide (Fe;Os) - also prepared by the EPM.
The size of metal crystallites was determined by XRD analysis and compared with the
average particle size measured by TEM.

The results of XRD analysis shows that the gold particles have the greatest
dimensions increasing in a range from 20 up to 50 nm with the increase of the metal
content. Platinum builds the smallest particles — the crystallite size is smaller than 10
nm, but the Palladium crystallite size is smaller than 20 nm. If yttria and iron oxide
are used as a carrier material, the Platinum and Palladium particles are amorphous and
the crystallite size cannot be determined by XRD at contents of 2.5 wt.% and less.
The TEM investigation shows that these amorphous particles have the dimensions of
several nm.

62



Nanomateriali

DIELEKTROFOREZES PIELIETOJUMI GRAFENA DOPESANAS
PROCESA

J. Kosmaéal, L. Andiﬁnel, G. Kunakoval, G. Pétersonsl, J.D. Holmesz, D. Erts'

Latvijas Universitates Kimiskas fizikas institiits
’Nacionalas Irijas Universitates Kimijas nodaja

Graféns ir 2D nanomaterials, kas sastav no viena vai daziem sakartotiem
oglekla atomariem slaniem. Viens no graféna p&tijumu mérkiem ir graféna ka aktiva
elementa integréSana pusvaditaju elektroniskas ierices. Tirs graféns nav piemerots tam,
jo graféna aizliegtas zonas platums ir 0 eV. Lai izmainitu aizliegtas zonas platumu var
izmantot dop@Sanu. Parasti dopéSana notiek pa visu graféna parauga virsmas laukumu,
lai p&c tam var€tu veidot dopéta graféna strukttiras. Tacu nanoiericu veidosanai butu
velams dopét grafenu lokali - adsorb&jot dopanta vielas mazu daudzumu noteikta
vieta.

Lokalai graféna dop@sanai tika izvéléti nanovadi. Seit més piedavajam
pielietot nanovadu dielektroforézi, lai precizi novietotu nanovadus uz graféna parauga
virsmas.

CVD audzeta monoslana graféna struktiiras tika sagatavotas izmantojot
elektronu litografijas metodi. Tika piemekleéti optimali Sb,S; nanovadu
dielektroforézes parametri, tadi ka AC frekvence, amplitiida, ka arT izv€l€ts solvents
nanovadu parnesei. Realiz€ta Sb,S; nanovadu parnese uz graféna struktiram.
Apspriesti faktori, kas nosaka dielektroforézes pielietojuma lietderibu graféna
dopésanas procesa.

APPLICATION OF DIELECTROPHORESIS IN GRAPHENE DOPING
PROCESS

J. Kosmaca', J. Andzane', G. Kunakova', G. Petersons', J. D. Holmesz, D. Erts'
University of Latvia, Institute of Chemical Physics
’Department of Chemistry, National University Ireland

Graphene is a 2D nanomaterial that consists of one or few layers of ordered
carbon atoms. One of the goals for graphene research is graphene integrating into
semiconductor electronic devices as an active element. Pristine graphene is not useful
for this purpose, because graphene itself has zero band gap. For changing band gap
doping may be used. Usually graphene doping is performed on whole graphene
sample surface. Then structures of doped graphene can be made. For making
nanodevices it ir preferable to perform local doping by adsorbing small amount of
dopant on pure graphene structure surface at a specific position.

For local doping of graphene we use nanowires. Here we present
dielectrophoresis of nanowires for their accurate alignment on a graphene structure
surface.

Samples of CVD grown monolayer graphene were prepared by using electron
litography. Optimal dielectrophoresis parameters such as AC frequency and amplitude,
as well as the media for nanowire transfer have been choosen. The transfer of Sb,S;
nanowires to graphene structures is performed. The factors which affects on
application of dielectrophoresis for graphene doping process are discussed.
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DAZADAS METODES HOPG GRAVESANAI GRAFENA UZNESANAI UZ
SILICIJA PAMATNES

E. Butanovs, J. Butikova, B. Polakovs, R. Zabels, 1. Tale
Latvijas Universitates Cietvielu fizikas institiits

Eksperimentali tika pétitas dazadas pirolitiska grafita (HOPG) gravéSanas
metodes. Grafita virsmas gravéSana atvieglo graféna slanu atdaliSanos, tos parnesot uz
silicija pamatni ar spiedogu. Kvadratveida laukumu raksta iegtiSanai uz HOPG
virsmas (ar kvadratu izmériem lidz 35x35 pm) tika izmantota gravéSana ar impulsu
lazera staru gan gaisa, gan tideni, gravéSana ar nanoindenteru, ka arT raksta parnesana
ar lazera staru no maskas. Izmantojot optisko virsmas profilometru un optisko
mikroskopu, tika novertéti struktiiru elementu izméri un grafita virsmas kvalitate
atkariba no pielietotas metodes. Planu strukturéta grafita slanu mehaniskai parnesei uz
oksid@tu silicija pamatni graféna iegtiSanai tika izmantoti spiedogi, kurus sagatavojot
izmantota silikona Itme un polidimetilsiloksana (PDMS) epoksids. Piedavata metode
ir vieglak 1stenojama un pielagojama neka vairums pasreiz€jo metozu graféna lokSnu
uznesanai uz parauga.

HOPG PATTERNING METHODS FOR GRAPHENE STAMP PRINTING ON
SILICON WAFER

E. Butanovs, J. Butikova, B. Polyakov, R. Zabels, I. Tale
Institute of Solid State Physics, University of Latvia

Different patterning methods of highly oriented pyrolytic graphite (HOPG)
were investigated. Micropatterning of HOPG surface facilitates the detachment of
graphene layers during contact stamp printing. Direct pulsed laser beam scribing in air
and water, nanoindenter scribing and laser beam assisted pattern transfer through a
shadow mask were used to produce square patterns (with square size down to 35x35
um). Optical profilometer and optical microscopy were used to determine quality of
scribed graphite surface and size of pattern elements depending on the method used.
Silicone glue and polydimethylsiloxane (PDMS) epoxy were used for stamp
preparation by mechanical lift-off of thin layer of patterned graphite and following
contact printing of graphene onto an oxidized silicon wafer. The presented method is
easier to implement and is more flexible than the majority of existing methods of
placing graphene sheets onto substrate.
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AAO MEMBRANU VEIDOSANAS IETEKMEJOSIE FAKTORI, LAI
IEGUTU BLIVUS NANOPUNKTU MASIVUS

1. Apsite, R. Poplausks, U. Malinovskis, J. Prikulis, G. Bergs, D. Erts

Kimiskas fizikas instituts, Latvijas Universitate

Lai iegiitu masivu ar nanodalinu izm&riem zem 20 nm, nepiecieSams veidot
anotéta aluminija oksida (AAQO) maskas ar biezumu 100 nm un poru diametru ap 20
nm. AnodéSana tika veikta s€rskabes elektrolita, izmantojot 8-20 V spriegumu. Tika
analizéta elektrolita koncentracijas, anodéSanas laika un anod€Sanas sprieguma
ietekme uz AAO poru parametriem, diametru, starpporu attalumu un sakartotibu.
Uzlabota AAO membranas parnese, izmantojot PMMA un parafina
kompozitmembranu. legiito membranu biezums ir 30-100 nm. Salidzinot ar literatiras
datiem, iegiitais poru diametrs un membranas biezums ir mazaks. legiitas membranas
ir brivi novietojamas uz dazadam virsmam, ar1 uz nevadoSiem materialiem.

Izmantojot iegiito AAO membranu, iesp&ams veidot blivus Cr, Ag, Au
nanopunktu masivus ar nanopunktu diametrs zem 20 nm. legiitajiem Ag un Au
nanodalinu masiviem tika uznemti optiskas izkliedes spektri.

AAO MEMBRANE FORMATION PARAMETERS FOR MASKED DENSE
NANOPARTICLE ARRAY DEPOSITION

L. Apsite, R. Poplausks, U. Malinovskis, J. Prikulis, G. Bergs, D. Erts
Institute of Chemical Physics, University of Latvia

Masked deposition of sub-20 nm diameter nanoparticles require templates
with thickness below 100 nm and pore diameter below 20 nm. For this purpose we
optimized the process of formation of ultra-thin anodized aluminum oxide (AAO)
membranes. The masks were prepared by two step anodization in sulfuric acid using
low voltages 8-20 V. We analyzed the effect of concentration of electrolyte,
anodization time and voltage on the AAO pore parameters, diameter, separation, and
ordering. The mask transfer was improved through reinforcement of the PMMA with
paraffin as a transport substrate. The obtained membrane thickness is 30-100 nm.
Compared to the literature, the pore diameter and the thickness of the membrane are
smaller than previously reported.

Dense Cr, Ag, Au nanoparticle arrays with diameters below 20 nm can be
obtained using above mentioned membranes. Optical scattering spectra were
measured for obtained Ag and Au nanoparticle arrays.
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PLAZMONU REZONANSES BLIVU NANODALINU MASIVOS

G. Bergs, U. Malinovskis, I. Apsite, D. Erts, J. Prikulis
Latvijas Universitates Kimiskas fizikas institits

Metala nanostruktiiru neparastas Ipasibas jau ilgstosi tiek pétitas un plasi
izmantotas, pieméram, kataliz€ vai sensoru veidoSanai. Miisu laboratorija iegiti
seviski blivi nanodalinu masivi ar dalinu vidéjo diametru mazaku par 20 nm. Saja
darba analiz&jam to optiskajas izkliedes 1pasSibas redzamas gaismas diapazona.

Metala nanodalinu masivi tiek ieguti ar fizikalas tvaiku nos@dinasanas
palidzibu anodiz€ta aluminija oksida membranas maska. P&titie sudraba nanodalinu
mastvi ir ar 14-50 nm vidgjo dalinas izmé&ru un vid&jo centru attalumu 45-112 nm [1]

Izkliedes un ekstinkcijas spektri un attéli tiek iegtiti mikroskopa ar tumsa un
gaisa lauka konfiguraciju. Eksperimentali iegiitie dati ir salidzinami ar tiem, kuri ir
aprékinati simulacija izmantojot saistito dipolu modeli, kur katru dalinu raksturo
elipsoida polariz§jamiba. Simulacija paredz ieve€rojamu izkliedétas gaismas
depolarizaciju, kas novérota ar1 eksperimentos.

[1] J. Prikulis, U. Malinovskis, R. Poplausks, 1. Apsite, G. Bergs, D. Erts Optical
Scattering by Dense Disordered Metal Nanoparticle Arrays. Plasmonics (2013) DOI
10.1007/s11468-013-9639-2

SURFACE PLASMON RESONANCES OF METAL NANOPARTICLES IN
DENSE ARRAYS

G. Bergs, U. Malinovskis, 1. Apsite, D. Erts, J. Prikulis
Institute of Chemical Physics, University of Latvia

Metal nanostructures are interesting for many reasons and their unusual
properties have been utilized in practical applications for many years. In this work we
analyze optical scattering of exceptionally dense arrays of silver nanoparticle arrays
with average diameter in 14-50 nm range.

Nanoparticle arrays are produced by physical vapor deposition trough
anodized aluminum oxide membrane mask. By this method we can synthesize silver
arrays with mentioned particle diameter and average center separation 45-112 nm [1].

The scattering and extinction spectra and images are recorded using darkfield /
brightfield microscope configuration. The recorded data is consistent with
calculations using coupled dipole model. The numerically predicted effect of
depolarization can also be observed experimentally.

[1] J. Prikulis, U. Malinovskis, R. Poplausks, 1. Apsite, G. Bergs, D. Erts Optical

Scattering by Dense Disordered Metal Nanoparticle Arrays. Plasmonics (2013) DOI
10.1007/s11468-013-9639-2
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p- UN n- TIPA PUSVADITAJU PLANO KARTINU IEGUSANA UN TO
IPASIBU IZPETE

J. Pervenecka, J. Butikova, G. Marcin$
Latvijas Universitates Cietvielu fizikas institiits

Planas p- un n- tipa silicija kartinas tika iegiitas ar plazmas kimisko tvaiku
uzklasanas metodi (PECVD). Varigjot procesa parametrus (putinasanas laiks,
spiediens un gazu pliisma), tika iegiitas dazada biezuma kartinas. Dazi no iegiitajiem
paraugiem tika termiski kristalizeti.

Eksperimentu laika tika noskaidroti vienmérigu plano kartinu iegiiSanas
PECVD putinasanas procesa optimalakie parametri, ka ari izskaidrota parametru
ietekme uz kartinu biezumu.

1.att. n-tipa Si virsmas att€li. Kristaliska: (a) 24x19 um apgabals, (b) 110x133 um apgabals;
amorfa: (¢) 24x19 um apgabals, (d) p-tipa 110x133 um apgabals

(b) (c) (d)
Fig.1. Images of the n-type Si surface. Crystalline: (a) 24x19 um area, (b) 110x133 pm area;
amorphous: (¢) 24x19 um area, (d) p-type 110x133 um area

OBTAINING AND INVESTIGATION OF THE PROPERTIES OF THE
p- AND n- TYPE SEMICONDUCTOR THIN FILMS

J. Pervenecka, J. Butikova, G. Marcin$
University of Latvia, Institute of Solid State Physics

p- and n- type Si thin films have been obtained using Plasma-enhanced
chemical vapor deposition (PECVD) technique. Changing the parameters of the
process (deposition time, pressure, and gas flow), thin films of different thickness
were obtained. Some of the obtained samples were thermally crystallised.

The most optimal PECVD parameters for obtaining the uniform thin films
were discovered, as well as the influence of these parameters on the film thickness
were determined.
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BISMUTA TELURIDA NANOVADU SINTEZE

J. AndZane, U. Malinovskis, G. Kunakova, D. Jevdokimovs, D. Erts
Latvijas Universitates Kimiskas fizikas institits

Bismuta telurida (BiyTe;) nanostruktiras to ipaSibu dg] ir perspektivas ka
,hano-celtniecibas bloku” materiali. Bismuta telurids ir Saurjoslu slanveida
pusvaditajs, kura ir novéroti topologiski aizsargati virsmas stavokli, kas nozimg, ka $is
materials var uzvesties ka izolators savos iek$€jos slanos, bet kura virsma ir
elektrovadosa. Taja pasa laika, bismuta teluridam, it ipasi leg€tam ar antimonu vai
selénu, ir augsti efektivs termoelektriskais efekts.

Parasti bismuta telurida nanovadu sintézei izmanto elektrokimiskas
nogulsnéSanas un tvaiks-Skidrums-ciets (VLS) metodes, izmantojot zelta katalizatoru.

Saja darba ir prezentéta vienkarSa viensola metode bismuta telurida
nanostruktiiru tadu ka nanoplaksnes, nanovadi un nanolentes sintézei. Sint€zes
metodes pamata ir Bi,Tes; fizikalas tvaiku nogulsné$anas, kura nav izmantots
katalizators. Bi:Te komponensSu proporcijas un sintez€to strukttiru formas ir atkarigas
no temperatiras gradienta nogulsnésanas procesa laika.

BISMUTH TELLURIDE NANOWIRE SYNTHESIS

J. Andzane, U. Malinovskis, G. Kunakova, D. Jevdokimovs, D. Erts
Institute of Chemical Physics, University of Latvia

Bismuth telluride (Bi;Tes) nanostructures are of great interest as nanoscale
building blocks due to properties of this material. Bismuth telluride is a narrow gap
layered semiconductor in which topologically protected surface states have been
observed meaning that this material could behave as an insulator in its interior but
whose surface contains conducting states. At the same time, bismuth telluride,
especially alloyed with antimony or selenium, has high-efficient thermoelectric effect.

Commonly used methods of bismuth telluride nanowire synthesis are
electrochemical deposition and vapor-liquid-solid (VLS) growth method using gold
catalyst. In this work, simple one-step method of bismuth telluride nanostructure (as
nanoplates, nanowires and nanoribbons) synthesis is presented and discussed. Method
is based on Bi,Tes physical vapor deposition and does not require any catalyst. Bi:Te
ratios and shapes of deposited structures depend on temperature gradient during the
deposition process.
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BISMUTA SULFIDA NANOVADU REALAS UN IMAGINARAS
IMPEDANCES RAKSTUROJUMS

J. Katkeviésl’z, G. Kunakovaz, A. Viksnal’z, J.D. Holmes3, D. Erts®
Latvijas Universitates Kimijas fakultate
’Latvijas Universitdtes Kimiskds fizikas institiits
INaciondlas Irijas universitates Kimijas nodala

Bi,S; nanovadi tika sintezeéti anodizéta aluminija oksida (AAQO) nanoporas.
Nanovadu pildijuma kvalitate nanoporas tika noteikta, izmantojot skengjoSas
elektronu un atomaro speku mikroskopijas metodes. Lai veiktu elektrokimiskos
eksperimentus ar trauslajiem Bi,S;/AAO paraugiem, tika izgatavota speciala
elektrokimiska Suna elektrolita tilpumiem 0.1 — 0.2 ml.

Bi,S; nanovadu, kas iepilditi AAO nanoporas, realas un imaginaras pretestibu
raksturoSanai tika izmantota elektrokimiska impedances spektroskopija (EIS). Tika
analizétas Bode diagrammas. TukSo AAO membranu un Bi;S;/AAO matricu EIS
spektru interpretacijai tikai salidzinati vairaki ekvivalento shému modeli.

Aprekinatas ekvivalento shému modelu individualu elementu vértibas, ka art
impedances modulis dazada Bi,S; nanovadu pildijuma blivuma paraugiem uzradija
atkaribu no nanovadu daudzuma matricas.

REAL AND IMAGINARY IMPEDANCE CHARACTERISTICS OF BISMUTH
SULPHIDE NANOWIRES

J. Katkevics'?, G. Kunakova®, A. Viksna'?, J. D. Holmes?, D. Erts?
'Department of Chemistry, University of Latvia
?Institute of Chemical Physics, University of Latvia
Department of Chemistry, National University Ireland

Bi,S; nanowire arrays were fabricated inside anodic aluminium oxide (AAQO)
templates. Scanning Electron and Atomic Force Microscopy were used to characterize
filling density of nanowire arrays. A specially engineered cell with a nominal
electrolyte volume of 0.1 — 0.2 ml was constructed to hold the fragile Bi,S;/AAO
samples and measure their electrochemical impedance.

Electrochemical Impedance Spectroscopy (EIS) was used to characterize the
real and imaginary resistance of Bi,S; nanowires embedded into AAO membranes.
Bode plot diagrams were analysed. EIS parameters of the electrochemical cell with
not filled AAO membranes and Bi,S;/AAO samples were interpreted in terms of
different equivalent circuit models.

Calculated values of the individual elements of equivalent circuit model and
impedance modulus found to be dependent on the nanowire filling density in AAO
membranes.
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JUNGA MODULA NOTEIKSANA SB,S; NANOVADIEM

L. Jasulaneca', R. Meijal, A. Livsics', J. D. Holmes?, D. Erts'
'Latvijas Universitdtes Kimiskas Fizikas institiits
’Nacionalas Irijas Universitates Kimijas fakultate

Antimona sulfids (Sb,S;) ir anizotrops pusvaditajs, kas, pateicoties ta
termoelektriskajai jaudai un fotojutibai, augstajam absorbcijas koeficientam un
aizliegtas zonas platumam redzamas gaismas un tuvo infrasarkano vilpu diapazona
(1.78-2.5 eV), tiek wuzskatits par perspektivu materialu termoelektrisku,
optoelektronisku, mikrovilpu un slédzu iericu izveidei.

Sb,S; nanovadu mehaniskas ipasibas lidz §im nav pétitas. Saja darba
eksperimentali tika noteikts Junga modulis Sb,S; nanovadiem ar Sk&rsgriezuma
laukumiem robezas no 0.011 pm” lidz 0.073 um?®. Eksperimenti tika veikti in situ
skengjosa elektronu mikroskopa, nosakot elektriska lauka ierosinato rezonanse
frekvenci un veicot statiskas lieces un kritisko speku spiedes eksperimentus.

Eksperimentali noteiktais Sb,S; nanovadu Junga modulis klidu robezas sakrit
ar makroskopiska materiala Junga moduli (33,8 GPa).

DETERMINATION OF YOUNG’S MODULUS OF SB,S; NANOWIRES

L. Jasulanecal, R. Meijal, A. Livsicsl, J.D. Holmesz, D. Erts'
"University of Latvia, Institute of Chemical Physics
’Department of Chemistry, National University Ireland

Antimony sulfide (Sb,Ss) is an anisotropic semiconductor material. Due to its
high thermoelectric power, photosensitivity, large absorption coefficient and direct
band gap in the visible and near infrared range (1.78-2.5 eV), it has potential
applications in thermoelectric, optoelectronic, microwave and switching devices.

In this work for the first time we present an investigation of Young’s modulus
in Sb,S; nanowires. In situ electric-field induced mechanical resonance and static
bending tests were carried out on individual Sb,S; nanowires with cross-sectional
areas ranging from 0.011 pm’ to 0.073 pm’. The buckling behaviour of Sb,S;
nanowires was also examined.

The experimentally determined Sb,S; nanowire Young's modulus corresponds
to that of bulk material Young's modulus reported in literature (33,8 GPa).
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PROJEKTA ‘SCIENCE LINK’ REZULTATI

L. Grinberga, A. Sternbergs

Latvijas Universitates Cietvielu fizikas institiits

Projekts ‘Science Link’ ir tikls starp vadoSajam fotonu un neitronu avotu
pétniecibas iekartam Vacija un Zviedrija un to lietotajiem. Projekta mérkis ir atbalstit
un veicinat inovacijas un uznpéméjdarbibu Baltijas juras regiona.

Pec tresa projektu konkursa slégSanas ir apkopoti rezultati par visiem
uznémumiem, kuri izmantoja iesp&u, lai pieteiktos bezmaksas pétijumiem
sinhrotrona radiacijas centros. Kopuma ‘Science Link’ rikotaja konkursa tika sanemti
66 pieteikumi. P&c projektu izvert€Sanas komisija apstiprinaja 47 pretendentu
pieteikumus.

Uzpe@mumiem tika sniegtas bezmaksas konsultacijas un atbalsts no zinatnieku
puses pirms eksperimentu veikSanas, to laika un ar péc tam, kad bija nepiecieSams
saprast un izskaidrot iegiitos rezultatus, kas, visticamak, laus uznémumiem uzlabot
savu produkciju vai turpinat p&tniecibu.

Vislielakais apstiprinato projektu skaits no Zviedrijas un Polijas, bet no
Latvijas uzn@mumiem tika apstiprinati 5, bet reali mérjjumi tika veikti tikai vienam.
Visvairak no pretendentiem darbojas celtniecibas un inZenierzinatnu nozaré€s,
materialzinatnés, dzivibas zinatn€ un biotehnologiju jomas.

THE RESULTS OF THE PROJECT ‘SCIENCE LINK’

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

The project ' Science Link ' is a network among the leading photon and
neutron source research facilities in Germany and Sweden and their users. The project
aims to support and promote innovation and entrepreneurship in the Baltic Sea region.
After the closing of the third project call, the results are summarized and all
companies who took the opportunity to apply for free experiments in the synchrotron
radiation research centres are identified. Overall, 66 applications were received. After
the evaluation of project proposals, the commission approved 47 candidates for free
measurement time.

Companies were supported from the scientists before carrying out experiments,
during the experiments and also after to explain and interpret the results, which are
likely to enable companies to improve their products or to continue the research.

The highest number of the approved projects was from Sweden and Poland.
Five proposals were approved from Latvian enterprises; however samples from only
one company were measured. The highest representation amongst the applicants was
from the construction and engineering industry, materials science, life science and
biotechnology.
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ADSORBETA UDENRAZA PETIJUMI DABIGA UN SINTEZETA CEOLITA
AR TILPUMA UN MASSPEKTROMETRIJAS METODEM

A. Sivars', P. Lesni¢enoks”, L. Grinberga', J. Kleperis'
! Latvijas Universitdtes Cietvielu Fizikas Institits
? Rigas Tehniska Universitdte

Iepriek$gjos gados Udenraza materialu laboratorija tika pétita iespéja,
izmantot dabigo ceolitu ka tidenraza uzglabasanas vidi transporta vajadzibam. Tomér
dabigais ceolits satur dazadus piemaisjjumus un ta virsmas laukums un poru
raksturlielumi varié, atkariba no parauga.

Sintez&jot ceolitu laboratorija iesp&ams ieglt materialu ar viendabigaku
struktiiru un poru tilpumu, tapéc tika veikta dazadu ceolitu veidu sintéze. P&c
literatlira atrastam metodém (Satokawa & Itabashi, 1997; Turnbull & Anderson,
2010) tika sintez€ti NaA, NaY un klinoptilolita paraugi autoklava. Iegiito ceolitu
pasibas ir salidzinatas ar dabiga klinoptilolita paraugiem.

Petijumu laika pilnveidota masspektroskopijas — tidenraza adsorbcijas
petijumu metodika, un noteikta gazu mijiedarbiba ar paraugu. Absorbéta tdenraza
daudzums noteikts izmantojot tilpuma metodi, bet paraugu materialu struktiira tika
noteikta ar rentgenstaru difrakciju.

Autori izsaka pateicibu valsts p&tijumu programmai energétika - LATENERGI

HYDROGEN SORPTION STUDY IN NATURAL AND SYNTHESIZED
ZEOLITES WITH VOLUMETRIC AND MASSPECTOSCOPY METHODS.

A. Sivars', P. Lesni¢enoks”, L. Grinberga', J. Kleperis'
!Institute of Solid State Physics, University of Latvia
? Riga Technical University

In previous experiments in our laboratory the use of natural zeolite as a
hydrogen storage environment were explored. Nevertheless, natural zeolite contains
various impurities and the surface area and pore characteristics vary from sample to
sample.

Synthesis of zeolites in laboratory could assure more exact structure and
volume of pores. Using suggested synthesis methods (Satokawa & Itabashi, 1997,
Turnbull & Anderson, 2010) NaA, NaY and clinoptilolite zeolites were synthesized in
autoclave. The obtained zeolite properties are compared with the natural clinoptilolite
samples.

During experiments masspectrometry - hydrogen adsorption research
methodology was improved and interaction of gases with sample was determined.
Amount of sorbed hydrogen is determined using the volumetric method, but the
sample structure characterisation was carried out by X-ray diffraction.

The authors express their gratitude to the National research program - LATENERGI
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PASSAKARTOTU TiO; NANOSTRUKTURU AUDZESANAS IPATNIBAS —
METODIKA UN REZULTATI

A. Knoksl, L. Kuhtaz, M. Milbergaz, L. Gﬁnbergal, J. Kle:peris1
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Francu Licejs

TiO, nanostruktiiras pedgja laika ir kluvusas par aktivas p€tniecibas objektu,
jo tas var iegiit ar labi sakartotu struktiiru, lielu ipatngjas virsmas laukumu un
vienvirziena ladina parnesi, kas ir svarigi pielietojumiem Saules baterijas, tdens
sadaliSana un citur.

Darba ir pétitas dazadu TiO, nanostruktiru audz€Sanas Tpatnibas, to
fotokatalitiskas aktivitate un salidzinati iegttie rezultati. Uz titana plaksném kimiskas
anodgsanas procesa tika iegiitas TiO, nanostruktiiras. Nanostruktiiru augSanas atrumu
un formu ietekmé titana plaksnitei pievaditais spriegums, laiks, elektrolita sastavs un
temperatiira. Beidzoties anod€Sanas procesam kartinas tika skalotas un izkarsétas
velamas anataza fazes iegiiSanai.

legiito paraugu struktiira tika p@tita izmantojot rentgenstaru difrakciju, bet
virsmas morfologija tika apliikota ar skengjoso elektronu mikroskopu. Fotoaktivitate
un elektrokimiskas pasibas noteiktas ar Voltalab potenciostatu.

Pateiciba:
Valsts pétijumu programmas ‘IMIS’1. projektam.

THE FEATURES OF SELF-ASSEMBLING TiO; NANOSTRUCTURES
GROWTH - METHODOLOGY AND RESULTS

A. Knoks', L. Kuhta®, M. Milberga®, L. Grinberga', J. Kleperis'
! Institute of Solid State Physics, University of Latvia
? Riga French Lyceum

TiO, nanostructures has recently become an attractive research object due to
their well-ordered structure, large specific surface area and the one-way charge
transfer, which is important for applications in solar cells and water splitting.

In this work the features of TiO, self-assembled nanostructures growth and
their photo-catalytical activity is explored. TiO, nanostructures were obtained on
titanium substrate by electro-chemical anodising process. The growth rate and shape
of the nanostructures are influenced by supply voltage on titanium plate, time,
electrolyte composition and temperature. After anodising samples were washed and
crystallised at 500 °C temperature for 4 hours to obtain anataze structure.

XRD was used for structure analysis. Morphology of coatings wasexamined
by SEM. Photo-activity and electrochemical characteristics were determined by
potentiostat VoltaLab.

Acknowledgements:
To the 1* project of the National Research Program 'IMIS'.
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DOPETU CINKA OKSIDA NANODALINU SINTEZE UN
FOTOKATALITISKA AKTIVITATE

J. Grabis, A. Letlena, A. Kriimina
Rigas Tehniskas universitates Neorganiskdas kimijas institiits

Ir zinams, ka ZnO dop@Sana ar metaliem ietekmé€ ta optiskas. elektriskas un
fotoelektriskas ipasibas, bet iegiitie rezultati ir pretrunigi, atkarigi no izmantotajam
sintézes un parbaudes metodem.

Darba, apstradajot abilstoSo metalu salu Skidumus mikrovilnu reaktora (150 °C,
40 min), iegiitas ZnO, ZnO/Ag, Zn/Fe, ZnO/Co, ZnO/Ni nanodalinas un noteikta to
fotokatalitiska aktivitate MB Skiduma sadaliSana UV starojuma atkariba no dopanta
koncentracijas.

Nanodalinu Ipatngja virsma ir 22,8-28,5 m*/g, ZnO kristalitu izméri ir 30-40
mn, Ag — 50-55 nm. ZnO raksturiga tetrapoidu vai garenisku dalinu forma. Ag
dalinas izvietotas uz ZnO virsmas. Saskana ar rentgenanalizes datiem Fe, Ni, Co
ievietojas ZnO rezgl un, ja to koncentracija ir lielaka neka 1,5 mol%, veido arl
papildus ZnMeQOy tipa fazes.

ZnO/Me fotokatalitiska aktivitate ir atkariga no Me koncentracijas un veida.
ZnO/Ag nanodalinam ar Ag daudzumu 2 mol% fotokatalitiska aktivitate ir divas
reizes lielaka neka ZnO. ZnO/Fe, Ni, Co fotokatalitiska aktivitate, ja Me
koncentracija ir 0,2 mol% ir lidziga ar tira cinka fotokatalitisko aktivitati. Lielakas Me
koncentracijas fotokatalitisko aktivitati samazina sakara ar papildus fazu veidoSanos.

PREPARATION OF DOPED ZINC OXIDE NANOPARTICLES AND THEIR
PHOTOCATALYTIC ACTIVITY

J. Grabis, A. Letlena, A. Krimina
Riga Technical University Institute of Inorganic Chemistry

It is known, that metal dopants influence optical, electrical and photocatalytic
characteristics of ZnO but the obtained data are somewhat contradictory because the
different synthesis and testing methods are used.

In the present work doped ZnO, ZnO/Ag, Zn/Fe, ZnO/Co, ZnO/Ni
nanoparticles were prepared from solution of salts by microwave synthesis (150 °C,
40 min) and their photocatalytic activity in degradation MB solution under UV
radiation was determined.

The specific surface area of the prepared particles was in the range of 22.8—
28.5 m*/g, in the dependence on the amount of the dopants. Crystallite size of ZnO
was in the range of 30—40 nm but of Ag — in the range of 50-55 nm. The products
were composed of tetrapode-shaped and rod-like particles. Ag particles were
deposited on the surface of ZnO. The shift of diffraction maxima of ZnO/Me powders
showed that Fe, Ni, Co were incorporated in ZnO lattice. The amount of the dopants
up to 1.5 mol% promoted formation of extra-phase ZnMeOs.

The photocatalytic activity of the doped ZnO depended on the Me
concentration. The photocatalytic activity of ZnO doped with 2 mol% Ag was two
times higher with respect to pure ZnO. The photocatalytic activity of ZnO doped with
Fe, Ni, Co (0.2 mol%) was similar to that of ZnO but decreased at higher amounts of
dopants, obviously, due to formation of extra-phases.
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AR NEORGANISKIEM SAVIENOJUMIEM MODIFICETU SULFONETU
POLI-ETER-ETER-KETONA MEMBRANU PROTONU VADAMIBAS
PETIJUMI

J. Hodakovska, J. Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Degvielas $iinai ir nepiecieSsamas membranas ar sekojosam 1pasibam: (1) laba
protonu vaditsp€ja, (2) zema elektronu vaditspgja, (3) zema degvielas un oksidanta
caurieSanas sp&ja, (4) zema udens parnesana diftizijas un elektro-osmozes dgl, (5)
kimiska stabilitate, (6) mehaniska stabilitate ar un bez absorbéta tidens, (7) zemas
izmaksas un (8) sp&ja veidot labu kontaktu ar elektrodiem [1]. Lai izveidotu materialu,
kuram ir tadas 1pasibas, izmanto dazadas metodes, ieskaitot arT organisko-neorganisko
nanokompozitu sint€zi.

Darba ir veikta sulfonéta poli-gter-&ter-ketona un titana oksida nanokompozita
sint€ze un pétitas Tpasibas atkariba no iegiita kompozita sastava un apstrades metodes.
legiiti rezultati un analizétas sekojoSas 1paSibas: mehaniska stabilitate (kvalitativs
novert§jums), Udens absorbcija un protonu vaditspja. Membranas Tpasibu
uzlaboSanai izmantota to apstrade ar skabi un tideni.

J.Hodakovska pateicas ESF Grantam Nr. 1DP/1.1.1.2.0/13/APIA/VIAA/021 par
finansialu atbalstu.

RESEARCH OF PROTON CONDUCTIVITY IN SULFONATED POLY
(ETHER ETHER KETONE) MEMBRANES MODIFIED WITH INORGANIC
COMPOUNDS

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

A fuel cell needs a membrane with following properties: (1) high proton
conductivity, (2) low electronic conductivity, (3) low fuel’s and oxidant’s
permeability, (4) low water transport caused by diffusion and electro-osmosis, (5)
chemical stability, (6) mechanical stability in both dry and hydrated states, (7) low
cost and (8) capability to make good contact with electrodes [1]. To prepare material
with abovementioned properties several methods can be used, including organic-
inorganic nanocomposite synthesis.

In this work authors are reporting results on ongoing research of sulfonated
poly (ether-ether-ketone) and titanium oxide nanocomposites. The following
properties are discussed in this report: qualitative estimation of mechanical stability
and quantitative estimation of water absorption and proton conductivity. An activation
of membrane by acid and water is used to improve properties of membrane.

The financial support from ESF Fund No 1DP/1.1.1.2.0/13/APIA/VIAA/021 is
greatly acknowledged by J.Hodakovska.

[1] Bijay P. Tripathi, Vinod K. Shahi. Organic—inorganic nanocomposite polymer
electrolyte membranes for fuel cell applications. Progress in Polymer Science 36
(2011) 945-979.
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ELEKTROKIMISKAS UN GAZU ANALIZES METODES GAISMAS
JUTIBAS IPASIBU PETISANAI FOTOKATALITISKIEM MATERIALIEM

M. Vanagsl, A. Sutka?
"Latvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskdas Universitates Materidlzindtnes un lietiskas kimijas fakultdte

Darba izstradatas fotoelektroktmisku merijumu metodes pusvaditaja materiala
fotostravas, plakanas zonas potenciala un donorladinnes€ju blivuma noteikSanai. Pamata
ir tris elektrodu fotoelektroktmiska Stina, kur darba elektrods - uz vadoSas pamatnes
uzputinata pusvaditaja materiala, paligelektrods - platina loksne, references elektrods -
platina stieple, kuras potencials ir tuvs normalam tdenraZza potencialam, un 1M NaOH
elektrolits. Sinai ir kvarca logs un gaismas modulators — periodiskai parauga
apgaismosSanai. Meérfjumiem tiek izmantots potenciostats Voltalab PGZ 301. Fotostrava
tiek noteikta, mérot voltampe@ra raksturlikni no -100mV Iidz 600mV ar sprieguma
izvérses atrumu 2mV/s un periodiskiem gaismas impulsiem 5-10 s. Plakanas zonas
potencials un donorladinnesgju blivums tick noteikts no Mota-Sotkes (Mott — Shottky)
liknes. Lai to iegtitu, darba elektrodam tiek mériti impedances spektri frekvencu intervala
IHz — 100 kHz pie polarizacijas sprieguma -350 - 100mV ar soli 50 mV. legiitos
impedances spektrus izmanto, lai programma ZView izv€létam ekvivalentas shémas
modelim noteiktu barjeras slana kapacitati, kuru atlickot ka polarizacijas sprieguma
funkciju, ieglist Mota Sotkes Ikni. Lai analizétu fotokatalizes procesa izdalitas gazes,
izveidota speciala neriisgjoSa terauda Siina ar kvarca logu un gazes izvadu uz
masspektrometru RGA Pro100.

Autori pateicas ESF projektam Nr 2013/0010/1DP/1.1.2.0/APIA/VIAA/030 par finansialu
atbalstu pétnieciba.

ELECTROCHEMICAL AND GAS ANALYSIS METHODS FOR STUDYING
THE PROPERTIES OF LIGHT SENSITIVITY OF PHOTOCATALYTIC
MATERIALS

M. Vanags], A. Sutka®
"Institute of Solid State Physics, University of Latvia
Faculty of Material Science and Applied Chemistry, Riga Technical University

Electrochemical and gas analysis methods are developed for studying the light
sensitivity properties of photocatalytic semiconducting materials. Basic research unit is
three electrode photoelectrochemical cell with working electrode — semiconducting
material coated onto conducting substrate, counter electrode - platinum sheet, the
reference electrode - platinum wire with the potential close to the normal hydrogen
electrode, 1 M NaOH electrolyte. Cell has a quartz window and a light modulator — for
periodic illumination of the sample. All electrochemical measurements are performed
with potentiostat Voltalab PGZ 301. The photocurrent is determined by measuring the
volt-ampere characteristic from -100mV to 600mV with a voltage scan rate of 2 mV/s and
periodic light pulses of 5-10 s. Flat area and potential and density of donor charge carriers
are determined from Mott - Shottky curves in next way. The impedance spectra in the
frequency range of 1 Hz - 100 kHz at different polarization voltages (-350 - 100mV with
increments of 50 mV) are measured for working electrode and processed with impedance
calculation program ZView. Using specified equivalent circuit model, the capacity of
barrier layer is calculated for each impedance spectra and plotted as a function from
polarization voltage, obtaining the Mott Shotky curve. In order to analyze released gases
from photoelectrochemical cell, a special stainless steel cell is made with a quartz
window and a gas outlet to the mass spectrometer RGA Pro100.

The financial support from ESF project No 2013/0010/1DP/1.1.2.0/APIA/VIAA/030 is
greatly acknowledged.
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TIRA UN MODIFICETA HEMATITA FE,O; PLANU KARTINU
FOTOELEKTROKIMISKO TPASIBU PETIJUMI

M. Vanagsl, A. Sutka?
"Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskdas Universitdtes Materialzindtnes un lietiskas kimijas fakultdte

Darba izpéetitas a-Fe203 planas kartinas fotoelektrokimiskas 1pasibas.
Kartinas uzputinatas uz vadoSas stikla pamatnes (stikls ar ITO parklajumu),
izmantojot izsmidzinasanas pirolizes metodi. Fotoelektrokimiska aktivitate izveérteta
no iegltas fotostravas vertibam, kuras méritas fotoelektrokimiska s§tina, par atbalsta
elektrodu izmantojot platina loksni un par references elektrodu - gan kalomela, gan
tdenraza elektrodus. legiitie rezultati tiek salidzinati. SintezEtajiem paraugiem
papildus uznemta Mota — Sotkes (Mott — Shottky) Iikne, no kuras noteikts plakanas
zonas potencials un donoru ladinnes&ju koncentracija. Kartinai no absorbcijas spektra
tika noteikts ar1 aizliegtas zonas platums. Eksperimentala metod€ iegiiti rezultati, kas
labi atbilst ar iepriek§ zinatniskos rakstos lidzigiem materialiem publicétiem
rezultatiem, tadé] metodi turpmak varés pielietot dazadu citu materialu
fotoelektrokimisko Tpasibu noteikSana.

Autori pateicas ESF projektam Nr 2013/0010/1DP/1.1.2.0/APIA/VIAA/030 par
finansialu atbalstu pétnieciba.

PHOTO-ELECTRO-CHEMICAL PROPERTIES OF CLEAN AND
MODIFIED HEMATITE FE,O; THIN LAYER

M. Vanagsl, A. Sutka?
!Institute of Solid State Physics, University of Latvia
’Faculty of Material Science and Applied Chemistry, Riga Technical University

Photo-electrochemical properties of thin film o - Fe,O; investigated in this
report. Thin film layers are sputtered on the conducting glass substrate (coated with
ITO film)) by using a spray pyrolysis method. Photo-electrochemical activity is
evaluated from the resulting photocurrent values measured in photo-electrochemical
cell equipped with counter electrode (the platinum sheet) and the reference electrode
(two different electrodes are used - calomel and standard hydrogen electrodes, and
obtained results compared). For sputtered samples the Mott — Shottky (MS) curve is
measured using combined polarization-impedance curve method in darkness and in
light. From MS curve the flat band potential and donor charge carrier concentration
are calculated. The width of optical forbidden gap of thin layers is measured from
light absorption spectra. Obtained experimental results are in a good match with the
published information in scientific research articles for similar materials, so the
method is able to be used for determination the photo-electrochemical properties for
variety of other materials.

The financial support from ESF project No 2013/0010/1DP/1.1.2.0/APIA/VIAA/030
is greatly acknowledged.
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V-A LIKNU METODES PIELIETOSANA PROCESU EFEKTIVITATES
NOTEIKSANAI IMPULSU UN LIDZSTRAVAS UDENS ELEKTROLIZE

M. Vanags, J. Kleperis, G. Bajars

Latvijas Universitates Cietvielu fizikas institiits

Darba tiek attistita eksperimentala metode impulsu elektrolizes salidzinasanai ar
DC elektrolizi. Metodes bitiba balstas uz polarizacijas Iiknes iegiiSanu impulsu
elektrolize. Tiek atrastas stravas un sprieguma impulsu efektivas vertibas. Mainot impulsa
amplitudu, mainas ar1 sprieguma efektivas vertibas, tada veida ieglistot vairakus punktus
VA plakné, kas rezultata dod polarizacijas likni. To salidzina talak ar DC polarizacijas
likni, kas iegtita ar potenciostatu. Rezultati (Fig.1) rada, ka 0,1M KOH $kiduma impulsa
elektrolize uz neriis€josa teérauda (marka SUS 316L) ir intensivaka salidzinajuma ar DC
elektrolizi. Ja polarizacijas Iliknes linearo dalu aproksim& uz taisni, tad slipuma
koeficients impulsa elektrolizei ir gandriz divas reizes lielaks ka DC elektrolizei. Savukart,
pie koncentracijas 0,3 un 0,5M abu rezimu elektrolizes ir apméram vienadas.
Autori pateicas Valsts Pétijumu programmai LATENERGI par finansialu atbalstu
peétnieciba.

V-A CURVE METHOD FOR DETERMINATION THE EFFICIENCY OF
WATER ELECTROLYSIS IN PULSE AND DC PROCESSES

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

Experimental method is being developed to compare pulse electrolysis with DC
electrolysis. Essence of the method is based on the acquisition of polarization curves in
the process of pulse electrolysis from root mean square (rms) voltage and current values.
By changing the pulse amplitude also changes the values of rms voltage and current,
thereby producing a number of points VA plane, resulting in a polarization curve for
pulse electrolysis process. It further can be compared with the DC polarization curve,
measured directly with potentiostat. The results show (Fig.1) that in 0.1 M KOH solution
electrolysis in pulse regime on stainless steel (SUS 316L brand) is more intense in
comparison with DC electrolysis. If the polarization curve approximates to a straight line,
it is seen that the slope of pulse electrolysis is nearly twice as large as that for DC
electrolysis. On the other hand, at a higher concentrations of KOH electrolyte (0,3 and 0,5
M) both processes, pulse and DC electrolysis, are similar.

The financial support from National Research Program LATENERGI is greatly
acknowledged.
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Fig. 1. Volt-amperic polarization curves of steel electrode in 0,1 M KOH
measured in direct current (DC) mode and in pulse mode.
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UDENRAZA DAUDZUMA NOTEIKSANA, IZMANTOJOT TEHNISKO
GLICERINU ANAEROBO BAKTERIJU FERMENTACIJAS PROCESA

L Dimantal, Z. Rutkovskal, J. Kleperisl, 1. MuiZnieks?
"Latvijas Universitates Cietvielu fizikas institiits
’Biologijas fakultates Mikrobiologijas un biotehnologijas katedra

Udenradis (Hy) ir atjaunojams, tirs energijas avots ar ievérojamu energijas
blivumu, kas nodroSina videi draudzigu un ilgtsp&jigu attistibu. Biologiski veidots
tidenradis var but efektivs energoapgades risinajums, jo ta iegtiSanai praktiski nav
jateré citi energétiskie resursi un to iesp&jams iegiit, izmantojot riipnieciskos
atkritumus, pieméram, tehnisko glicerinu. Glicerinu metabolizé vairakas baktériju
grupas, tacu optimalus rezultatus iesp&jams iegiit, izmantojot anaerobo bakteriju
fermentacijas procesu. Udenraza koncentracijas daudzuma noteik$anai izmantots
Klarka elektroda mikrosensors (Unisense, Danija), kas méra izSkiduSo molekularo
tidenradi. Baktériju fermentacija sarazota tidenraza daudzuma noteikSanai gazes faze
tika izmantota masspektrometrijas analize (masspektrometrs RGAPro 100, Francija).
Udenraza koncentracijas mérisanai gazes fazé plasaka méroga producentu testeSanai
veiksmiga bija invertéto mégenu sist€éma, kura, ar baktériju veidoto gazi izspieZot
sarmu no invertétas mégenes, var€ja noteikt tidenraza veidoSanas daudzumu un ar
Slirci panemt paraugus gazu sastava analizei masspektrometra. [zmantotas metodes un
izveidotas testsist€mas lava salidzinosi novértét producentu produktivitati, izmantojot
tehnisko glicerinu ka substratu.

HYDROGEN YIELD ANALYSIS, USING CRUDE GLYCEROL IN
ANAEROBIC BACTERIA FERMENTATION

L. Dimanta' , L. Rutkovskal, L. Kleperisl, 1. MuiZnieks?
!Institute of Solid State Physics, University of Latvia
? Department of Microbiology and biotechnology, Faculty of Biology, University of Latvia

Hydrogen is renewable, clean energy carrier with high energy density.
Biological production of hydrogen by bacterial anaerobic fermentation of widely
available renewable resources is a promising and advantageous area, given that
substrates are industrial by-products, for example, crude glycerol. Glycerol can be
metabolized using different bacteria, but optimal results can be achieved using
anaerobic fermentation process. Hydrogen concentration analysis in liquid phase were
made using Clark electrode microsensor (Unisense, Denmark). For hydrogen analysis
in the gas phase the RGAPro-100 mass-spectrometer connected to the experimental
test-system was used. In order to measure different bacteria hydrogen production
yields, inverted test-tube system was used and gas samples with syringe for gas
content analysis were taken and measured in the mass-spectrometer. Test-systems
were optimised to allow on-line estimation of hydrogen production in liquid and
gaseous phase and the factors, influencing the bacterial capability to produce
hydrogen at fermentation of crude glycerol, as well as the possibilities to optimize the
measuring process were investigated.

Authors ID, ZR and JK acknowledge financial support from National Research
program LATENERGI.
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BREMZESANAS ENERGIJAS UZKRASANA ELEKTRISKA VELOSIPEDA

K. Beitans', V. Vigantsl, V. Nemcevs®, M. Vanagsz, . Kleperis2
'Rigas Francu Licejs
’Latvijas Universitates Cietvielu fizikas institiits

Pedgjos gados Riga tiek atklati jauni velocelini, un daudzi ridzinieki regulari
brauc pa tiem jo tas ir atrak, neka braukt ar sabiedrisko transportu, vai ar masinu,
palidz uzturét fizisko formu, un, galvenais, ir videi draudzigi. Tom&r daudzi cilveki
neizvélas parvietoties ar riteni, jo tas ir fiziski griiti, bet ar elektrovelosipédu ta vairs
nav probléma. Izradas, ka vairumam Latvija pieejamo elektrovelosipédu bremzesanas
energija netiek uzkrata, turklat, ripojot p&c inerces un bremzgjot, elektromotors
automatiski tiek atslégts no energovadibas shémas, lai nestradatu ka generators un
nebremzetu riteni. Musu pétijuma meérkis bija realam elektrovelosipédam parveidot
kinematisko mezglu ta, lai bremzeéSanu varétu veikt ar elektromotoru, to darbinot
generacijas reZzZima. P&c tam tika izveidota elektroniska shéma, kas lava generatora
sarazoto elektribu uzkrat superkondensatora. Ta ka bremzgSanas cel$ nedrikst biit gars,
generatora slogoSanai nepiecieSams ietilpigs superkondesators ar mazu ieejas
pretestibu, ko iesp&jams atri uzladet ar lielu 1slaicigu stravu. Tadgjadi tiek nodrosinats,
ka tiek uzkrata bremzé$anas kinctiska energija, ko péc tam var izmantot velosipéda
akumulatora papildus uzladei un palielinat ar vienu akumulatora uzlades reizi
nobraucamo attalumu.

Autori pateicas uznpémumam Blue Shock Bike par tehnisku atbalstu p&tnieciba.

STORAGE OF THE BRAKING ENERGY IN ELECTRIC BICYCLE

K. Beitansl, V. Vigantsl, V. Nemcevsz, M. Vanagsz, L. Kleperis2
'Riga French Lyceum
*Institute of Solid State Physics, University of Latvia

In recent years the numbers of new bicycle paths are opened in Riga, and
many residents commute through them because it is faster than a ride by public
transport or by car, helps to keep in shape, and, most importantly, is environmentally
friendly. However, many people choose not to move with the bike as it is physically
difficult. Nevertheless with electric bike it is no longer a problem. It was a surprise to
learn that the majority of electric bikes in Latvia are not equipped with the ability to
store braking energy, and the electric motor is automatically disconnected from the
energy management scheme when rolling by inertia and braking. This is in order to
prevent the electric motor can work as a generator, directly contrary to our interests.
For our research we used a real electric bike assembled together in Ltd Blue Shock
Bike (Latvia), and the first task was to transform the kinematic system so that braking
can be accomplished by an electric motor, operation in the generating mode. This was
followed by formation of an electronic circuit, which allowed to accumulate the
electricity produced by generator in the supercapacitor. Since the braking distance
should not be long, the loading of the generator requires commodious supercapacitor
with low input resistance, which can be quickly recharged with large transient
currents. This ensures that kinetic energy of braking is stored and can be used to
charge the battery of bike and increase the distance that can be driven with a single
battery charge time.

The technical support from Ltd Blue Shock Bike is greatly acknowledged.
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TELEMETRIJAS DATU KONTROLES UN PARRAIDES IEKARTA
J. Veinbergsl’z, V. Romanenkovs’

Latvijas Universitates Cietvielu fizikas institiits
’SIA "Klinkmann”
A4S, Latvijas Gaze

Misdienas arvien lielaku nozimi iegist attalinata iekartu darbibas kontrole un iegiito
mérdatu parraide.

Sada pieeja dod iespgju sekot un dispeeru punktos vizuali novérot attalinatu iekartu
mé&rdatu parametrus, kontrol&t un savlaicigi reag€t uz iesp&amo avarijas situaciju rasanos
attalinataja objekta, sapemt bridinajuma signalus par nesankcionétu piekluvi (informacija
apsardzes firmai).

Telemetrijas datu kontroles un parraides iekarta paredzeta gazes reguléSanas punktu
(GRP) attalinatai kontrolei un iegiito datu parraidei, izmantojot mobilos sakarus.

Iekarta GRP kontrol€ un parraida datus par:
Ieejoso un izejoSo gazes spiedienu.
Temperatiiru GRP tehnologiskaja telpa un temperatiiru telemetrijas aparattras skapi
Gazes nopladi GRP tehnologiskaja telpa
Tikla sprieguma (~220V, AC) esamibu telemetrijas skap1
Diferencialo gazes spiedienu
Gazes caurulu katodaizsardzibas potencialu, ka arT iesp&jama katodstacijas parametru
(stravas un sprieguma) kontrole
7. Nesankciong&tu piekluvi GRP telpas.

Darba apskatita uz firmas ,,UNITRONIC” industriala kontroliera V120-22R2 bazes

raditas ierices struktiirshema un iekartas attéls.

AR

EQUIPMENT OF TELEMETRY DATA CONTROL AND
TRANSMISSION

J. Veinbergsl’z, V. Romanenkovs’
Institute of Solid State Physics, University of Latvia
? Klinkmann Ltd
S "Latvijas Gaze", JSC

Remote equipment control activities and data transmission of measurement results are
of growing importance.

This approach enables possibility to follow and visually observe remote device
measurement data parameters, control and timely response to a possible emergency situation
occurring at the remote object and receiving warnings about unauthorized access providing
information for Security Company.

Telemetry data control and transmission equipment of gas regulation points (GRP) is
designed for the remote control and the resulting data transmission via mobile
communications.

The device controls the GRP and transmits data on:

1. Input and output gas pressure.

2. The temperature in GRP technological space and temperature of telemetry equipment
box.

3. Gas leak in GRP technological space

4. Existence of Mains Voltage (220V AC) in telemetry box.

5. The differential pressure of the gas.

6. Gas pipe cathodic protection potential as well as possible cathode station parameters

(current and voltage) control.

7. Unauthorized access to the premises of the GRP

The paper deals with the structural scheme and image of device, developed on bases

of company "UNITRONIC" Industrial Controller V120 - 22R2
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ATMINAS UN NOVECOSANAS EFEKTI AR Mn DOPETA PLZT
ELEKTROOPTISKAJA KERAMIKA

L. Kundzipa', M. Kundzir,1§2, K. Kundzir,léz, V. Dimzaz, A. Plaude’
! Rigas Tehniskas universitates Tehniskas fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits

Vairums segnetelektrisko materialu uzrada ta saucamo novecosanas efektu, t.i.
pakapeniskas fizikalo pasibu izmainas laika. Tapéc ir bitiski izprast novecoSanas
fizikalo izcelsmi, lai varétu to kontrol&t vai noverst.

Darba tika pétiti novecos$anas procesi nelegéta elektroptiskaja PLZT 8/65/35
(La8) un legéta ar Mn, Fe, Co, Cu (Me) piedevam.

Ipasi detalizéti tika petitas noveco$anas procesu izmainas legetos paraugos ar
dazadu Mn piedevu koncentraciju (Mn=0,01; 0,1; 0,3; 1,0 un 3,0 sv.%).

Paraugu struktiiras izmainas pie legéSanas tika kontrolétas ar SEM un XRD
metodém.

NovecoSanas efekti tika pétiti merot kompleksas dielektriskas caurlaidibas
e*=¢’—ig” temperatiiras un frekvences atkaribas (frekvencu diapazona 130 Hz-1Mhz),
ka art polarizacijas cilpas P(E).

Konstatéts, ka Me=1 sv.% paraugos novecosanas efekti biitiski samazinas.

Tiek diskutéti iesp€jamie novecosanas mikromehanismi: skabekla vakancu Vo
migracija, Mn>*-Vo dipolu parorientacijas, telpas ladinu polarizacija.

MEMORY AND AGING EFFECTS IN ELECTRO-OPTICAL PLZT 8/65/35
CERAMICS MODIFIED WITH Mn ADDITIVE

L. Kundzinal, M. Kundzir,léz, K. Kundzir,léz, V. Dimzaz, A. Plaude?

'Riga Technical University
*Institute of Solid State Physics, University of Latvia

Most ferroelectric materials exhibit aging effect (a time-dependent gradual
change in physical properties) in their ferroelectric state. In this work the aging
process in relaxor electro-optical PLZT 8/65/35 ceramics modified with Mn, Fe, Co,
Cu (Me) additives was studied.

Specific details were investigated in the aging process changes in samples
doped with different concentrations of Mn additive (Mn = 0.01, 0.1, 0.3, 1.0 and 3.0
wt.%).

The sample structure changes with additive were controlled by SEM and XRD
methods.

Aging effects were studied by measuring the complex dielectric permeability
g*=¢'-1e” temperature and frequency dependencies (the frequency range 130 Hz to 1
MHz) and polarization loops P(E).

It was found that aging is significantly reduced at Me = 1 wt.%.

The mechanisms of the phenomena are discussed, such as: migration of
oxygen vacancies Vo, reorientation of dipoles Me**-Vo, interfacial space charge
polarization.
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KARBONIZETO Na-Al-Si STIKLA SKIEDRAS AUDUMU
HIDRATIZACIJAS KINETIKA

E. Pentjuss, A. Liisis, J. Gabrusenoks, G. Bajars

Latvijas Universitates Cietvielu fizikas institiits

Petijumu objekts- riipnieciski razots Na-Al-Si stikla Skiedras audums uz kura
elementaro $kiedru virsmas difundgjusie Na'joni, reaggjot ar CO, un fidens tvaikiem
no atmosféras, ménesu vai gadu laika tur veido karbonatu Gaulu. Caula sastav no
tronas (NazH(CO;3)-2H,O) un natrija karbonata hidrata (Na,COs'H,O) un ir
hidroskopiska. Analizéta auduma dehidratizacija (p&c slapinasanas) un hidratizacija
istabas apstaklos péc karseianas diapazona no 95 °C (sagrauta trona) lidz 200°C
(dehidrat@ts natrija karbonats). Svara krituma un pieauguma laika atkaribas analiz&tas
izmantojot regresiju tehniku. Udens parpalikuma apstaklos auduma svars lineari
samazinas laika ar koeficientu, kas tuvs pie iztvaiko$anas no fidens virsmas. Udens
daudzumam samazinoties paradas tidens sakeres iespaids ar Caulas virsmu un poram,
kas izpauzas pareja uz svara mono-eksponencialu kritumu. Regresiju analize parada
ka péc izkars€Sanas audums sakuma atglist svaru péc bi-eksponenciala likuma, kura
eksponente ar mazako laika konstanti saistita ar iidens absorbciju uz ¢aulas virsmas un
otra ar tidens diftiziju tas iekSien€. Velak paradas auduma biezuma augSana, saistita ar
neatgriezenisku udens iebiivéSanos, ar karséSanu sagrautas tronas un hidratizeta
natrija karbonatam atjaunoSanos. Gala stadija process ir mono eksponencials un
relativi 1€ns. Svara atjaunoSanas pakapi nosaka vides mitrums.

HYDRATATION KINETICS OF CARBONIZED Na-Al-Si GLASS FIBER
FABRICS

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

Object of research is industrially produced Na-Al-Si glass fiber fabrics having
diffusion of Na" ions to surface of elementary fibers, that react with CO, and humidity
from atmosphere and create the shell of mixture of trona (NazH(CO;)-2H,0O) and
hydrate of sodium carbonate (Na,COs3-H,0). The dehydratation of wet fabrics and
hydratation of heated in range from 95°C (decomposition of trona) to 200°C
(decomposition of Na,CO;-H,O) at room conditions are determined. The weight
increase and decrease on time are analyzed by regression technique.

At a high content of water the weight decreases linearly. Decrease of water
content in fabrics leads to change linear relation to exponential. Regression analysis
showed bi-exponential weight increase immediately after heating. The short time
exponent predictable is associated with water absorption on the shell surface and
second exponent with water diffusion to shell. Later appears the fabric thickness
growth, associated with irreversible water incorporation into the molecules, the heat
shattered throne, and hydrated sodium carbonate recovery. The final weight changes
are mono-exponential and relatively slow. Weight recovery levels are determined by
environmental humidity.

Pateicamies par financialu atbalstu Valsts programmai IMIS

84



Stenda referati

MEHANISKAS DEFORMACIJAS IZRAISITAS MAINSTRAVAS
VADAMIBAS IZMAINAS POLIIZOPRENA / NANOSTRUKTURETA
OGLEKLA KOMPOZITOS

K. Ozols, M. Knite
Rigas Tehniskas universitates Tehniskas fizikas institiits

Daudzas zinatnieku grupas izstrada un teste poliméru/elektrovadosu
nanodalinu kompozitus pielietojumam dazados sensoros. Miusu darbs tika veikts, lai
varétu labak optimizét poliizopréna/nanostrukturétu oglekla kveépu (PNOK)
kompozitus pielietojumam sensoros, veicot vadamibas relativo izmainu (VRI)
mérjjumus mainstravas rezima atkariba no kompozitu mehaniskas deformacijas.
PNOK paraugi ar dazadu nanostrukturétu oglekla kvépu pildvielas daudzumu tika
testéti frekvencu diapazona no 20 Hz Iidz 2 MHz. Mérjjumi paradija, ka VRI
maksimums PNOK paraugiem ar zemu oglekla pildvielas daudzumu (4-5 masas dalas
nanostrukturétu oglekla kvépu uz 100 masas dalam poliizopréna) atrodas tikai pie
pasam zemakajam meéritajam frekvencém, bet PNOK paraugi ar augstu pildvielas
koncentraciju (8-10 masas dalas pildvielas) uzradija plasu, nemainiga lieluma VRI
plato 1idz vismaz 10 kHz.

MECHANICAL DEFORMATION INDUCED ALTERNATING CURRENT
CONDUCTANCE CHANGES OF POLYISOPRENE / NANOSTRUCTURED
CARBON COMPOSITES

K. Ozols, M. Knite
Institute of Technical Physics, Riga Technical University

Polymer/conductive nanoparticle composites are being created and tested for
different sensor applications by many scientific groups. Our work was done to be able
to better optimize polyisoprene/nanostructured carbon black (PNCB) composites for
sensor application by carrying out relative conductance change (RCC) measurements
in alternating current mode while inducing mechanical deformation in the composites.
PNCB samples with different amount of nanostructured carbon black filler were
tested in the frequency range from 20 Hz to 2 MHz. The measurements showed that
maximum RCC for PNCB samples with low carbon black filler concentration (4-5
mass parts of carbon black per 100 mass parts of polyisoprene) is found only at the
lowest measured frequencies, but PNCB samples with high filler concentration (8-10
mass parts of the filler) showed a wide, constant RCC plateau up to at least 10 kHz.
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PJEZOREZISTIVAIS EFEKTS POLIIZOPRENA NANOSTRUKTURETU
OGLEKLA ALOTROPISKO MODIFIKACIJU HIBRIDKOMPOZITOS

A. Linarts, M. Knite
Rigas Tehniskas universitates Tehniskas fizikas institiits

Pjezorezistivais efekts poliméru elektrovadosu pildvielu kompozitos ir
atkarigs no pildvielas koncentracijas, dalinu dispergéSanas efektivitates un
geometriskajiem izmériem. Ka vienas no visbiezak izmantotajam pildvielam $adu
kompozitu iegtiSanai ir dazadu oglekla alotropisko modifikaciju nanodalinas.

Saja darba pétita dazadu koncentraciju un oglekla alotropiju ietekme uz
poliizopréna nanostrukturétu oglekla alotropisko modifikaciju hibridkompozitu
pjezorezistivajam 1paSibam. Izgatavoti hibridkompoziti ar dazadam daudzsienu
oglekla nanocauruliSu un elektrovadosu oglekla kvépu proporcijam un koncentracijam.
Noteikti pjezorezistivie efekti cikliski slogojot paraugus lidz 1 atmosféru lielam
spiedienam. Noveérots, ka pie noteiktam elektrovadoSo pildvielu koncentracijam un
attiecibam hibridkompozitiem piemit iev@rojami labaka pjezorezistiva jutiba
salidzinot ar poliizopréna daudzsienu oglekla nanocauruliSu vai poliizopréna oglekla
kvépu kompozitiem. Apkopojot rezultatus, izdariti secinajumi par daudzsienu oglekla
nanocauruliSu un oglekla kvépu koncentraciju ietekmi uz poliizopréna
nanostrukturétu oglekla alotropisko modifikaciju hibridkompozitu pjezorezistivajam
Ipasibam.

PIEZORESISTIVE EFFECT IN POLYISOPRENE NANOSTRUCTURED
CARBON ALLOTROPES HYBRID COMPOSITES

A. Linarts, M. Knite
Institute of Technical Physics, Riga Technical University

Piezoresistive effect in polymer electrically conductive filler composites is
highly dependent of filler concentrations, dispersion efficiency and filler geometry.
Various carbon allotropes are one of the most commonly used fillers for
manufacturing of these composites.

In this paper we studied the influence of various carbon allotropes and
concentrations on the piezoresistive properties of polyisoprene nanostructured carbon
allotrope hybrid composites. Hybrid composites with various ratios and
concentrations of multi wall carbon nanotubes and electrically conductive carbon
blacks were made. The piezoresistive response of the composites have been
determined under 1 atmosphere of external pressure in cyclic loading-unloading
conditions. It has been observed, that hybrid composites with certain filler
concentrations and ratios has significantly higher piezoresistive sensitivity compared
to polyisoprene carbon nanotube composites and polyisoprene carbon black
composites. Based on these results the impact of the carbon nanotube and carbon
black concentrations on the polyisoprene nanostructured carbon allotrope hybrid
composites piezoresistive properties is discussed.

Acknowledgements: This study was supported by ESF Grant Nr.
1DP/1.1.1.2.0/13/APIA/VIAA/021
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UZ TI10, BAZETU MATERIALU SINTEZE AR SOLA-GELA METODI

K. Rubenis, J. Locs, L. Bérzina-Cimdina
Rigas Tehniskas universitates Visparigas kimijas tehnologijas institiits

Pedgja laika lielu interesi raisa termoelektriskie materiali, kas saistits ar to
potencialajam pielietojuma jomam, ka, pieméram, siltuma zudumu parveidoSana
elektriskaja energija. Starp parejas metalu oksidiem titana dioksidu var uzskatit par
vienu no visdaudzsolosakajiem termoelektriskajiem materialiem.

Labi zinams, ka materiala termoelektriskas 1pasibas ietekmé ta mikrostruktiira,
pieméram, graudu izmérs, poru izmérs, ka arT leg€joso elementu sadalijums tilpuma.
Saja pétijuma ar dazadu Nb un Sn daudzumu legéti TiO pulveri izgatavoti izmantojot
sola — g€la metodi. legiitie pulveri sapreséti tableSu forma un sakepinati gaisa vidé
400 Iidz 1000 °C temperatura. Sakepinato tablesu liizuma virsmas pétitas ar skengjoso
elektronu mikroskopu. Novérots, ka leg€joso elementu koncentracija, ka ari
sakepinasanas temperatiira, biitiski ietekm& TiO, keramikas mikrostrukttru.

SYNTHESIS OF TIO; BASED MATERIALS USING SOL-GEL METHOD

K. Rubenis, J. Lo¢s, L. Bérzina-Cimdina
Institute of General Chemical Engineering, Riga Technical University

Thermoelectric materials are currently of great interest due to their potential
applications, such as waste heat recovery. Among the transitional metal oxides,
titanium dioxide can be considered as one of the most promising thermoelectric
materials.

It is well known that thermoelectric properties are sensitive to various
microstructural features, such as grain size, pore size as well as dopant distribution. In
the present study, diffferent amounts of Nb and Sn doped TiO, powders were
prepared using sol - gel technique. Afterwards the obtained powders were pressed into
pellets and sintered in air at 400 to 1000 °C. Fracture surfaces of the sintered pellets
were examined by scanning electron microscope. It was found that concentration of
dopants as well as sintering temparature greatly affect microstructure of TiO, ceamic.
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HIDROKSILAPATITU UN FLUORAPATITU LUMINISCENCE

L. Pukina®, L. Grigorjeva', D. Millers', K. Smits'
"Latvijas Universitates Cietvielu fizikas institiits
“Rigas tehniskas universitates Neorganiskds kimijas institiits

[e]

Tika péetiti neaktivéti un ar Er, Yb joniem aktivéti hidroksilapatitu
Caj9(PO4)s(OH), (HAp) un HAp nanopulveri ar fluora piemaisijumu. Petijums veikts,
lai noskaidrotu energijas parneses procesu efektivitates izmainu (pasvielas
ierosinajumi-aktivatora joni) dalgji aizvietojot OH grupas ar fluoru.

Paraugi sintez€ti RTU Neorganiskas kimijas institita ar izgulsné€Sanu no
Skidras fazes metodi. Tika sintez€ti ar1 paraugi ar cietvielu reakciju starp Hap-Er/Yb
un CaF, (kalcing$ana pie 800°C 24h) Nanopulveru struktiiras raksturo$anai registréti
rentgendifrakcija (XRD) un infrasarkanas absorbcijas (FTIR) spektri. No XRD
spektriem lietojot Debaja-Serera formulu noteikts nanopulveru graudu izmérs: ~20-25
nm neaktivétiem un ar Er un Yb aktivétiem HAp, bet neaktivétiem paraugiem ar
fluoru (sintezeti dazados apstaklos) ~30 nm un ~75-80 nm.

FTIR spektru analize veikta OH™ svarstibu grupu apgabala, ka ari (PO4)*
grupas valento (800-1200 cm™) un deformativo (530-700 cm™) svarstibu apgabala.
Tika pétita paraugu fotoluminiscence pie 266 nm lazerierosmes. Fotolminiscences
sastavs salidzinats ar rentgenluminiscences spektralo sastavu.

LUMINISCENCE OF HIDROXILAPATITE AND FLUORAPATITE

L. Pukina®, L. Grigorjeva', D. Millers', K. Smits'
"Institute of Solid State Physics, University of Latvia
*Institute of Inorganic Chemistry, Riga Technical University

The Ca;o(PO4)s(OH), hydroxylapatite (HAp) nanocrystals undoped and doped
with Er and Yb ions and HAp synthesized with fluorine addition (HAp-F) where
studied. These nanopowders were synthesized by co-precipitation method in RTU
Institute of Inorganic Chemistry. Also samples were prepared by solid-state reaction
between Hap-Er/Yb and CaF, (calcinations at 800°C 24h). The study was conducted
to determine the changes of energy transfer processes efficiency due to partially
replacing the OH group with fluorine.

The structure of nanopowders was characterized by x-ray diffraction (XRD)
and infrared (FTIR) absorption spectra. The powder grain size (~20-25 nm to
undoped HAp and doped with Er and Yb; ~30nm and ~75-80nm to HAp-F) were
estimated from XRD spectra by Debye-Scherrer formula.

The analysis of FTIR spectra was carried out in OH" group stretching vibration
region as well as (PO4)’ group stretching (800-1200 cm™) and (PO4)* group bending
(530-700 cm™) vibration regions.

The photoluminiscence was excited by 266 nm laser beam. The
photoluminiscence and radioluminiscence spectra were compared.
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INDUCETAS ABSORBCIJAS ATKARIBA NO TEMPERATURAS
PLZT KERAMIKA

M. Vanks, D. Millers, L. Grigorjeva, K. Smits

Latvijas Universitates Cietvielu fizikas institiits

Elektronu kula impulsa inducétas isi dzivojoSas absorbcijas spektrs svina-
lantana-cirkonata-titanata (PLZT) optiskaja keramika noverots apgabala 1,0 — 2,9 eV.
Saja spektra apgabala ir vairakas absorbcijas joslas, kuras stipri parklajas un tadé]
spektra nav saskatami labi izteikti maksimumi. Isi dzivojo$as absorbcijas spektru
salidzinajums dazados laika momentos p€c ierosmes impulsa, ka ar1 §is absorbcijas
sabruk$anas kinétiku analizes rezultati rada, ka parklajas vismaz 3 vai pat vairakas
absorbcijas joslas. Pie istabas temperatiiras 1si dzivojosas absorbcijas sabrukSanas
kingtika spektra 1so vilnu pus€ novérota loti 1&€na absorbcijas sabrukSanas komponente.
Ta ka 1si dzivojosas absorbcijas sabrukSana PLZT keramika ir iesaistita ladinu
delokalizacija no defektiem, tad procesam jabiit atkarigam no temperatiiras. Isi
dzivojosas absorbcijas temperatiiras atkaribas pétijumi paradija, ka pie 90 K PLZT
keramika ir iesp&jama induc€tad absorbcija, kas laika nemainas, liecinot, ka gan
elektroni, gan caurumi ir lokaliz&ti relativi dzilos energétiskos limenos. Inducétas
absorbcijas atkariba no temperatiiras lauj noveértét aktivacijas energiju ladinu
atbrivosanai no Siem [tmeniem.

INDUCED ABSORPTION DEPENDENCE ON TEMPERATURE IN
PLZT CERAMICS

M. Vanks, D. Millers, L. Grigorjeva, K. Smits
Institute of Solid State Physics, University of Latvia

The short-lived absorption induced by a pulsed electron beam was observed in
led-lantaniun zirconate-titanate (PLZT) optical ceramics within 1.0 — 2.9 eV spectral
range. The well resolved maxima were not determined in the short-lived absorption
spectrum since a number of absorption bands strongly overlap. The comparison of
short-lived absorption spectra at different delay relative to the excitation pulse and
analysis of short-lived absorption decay kinetics showed that at least 3 or even more
absorption bands overlap. The short-lived absorption kinetics at room temperature
within short wave range of spectrum reveals a very slow decay component. Since the
origin of short-lived absorption decay in PLZT ceramics is charges delocalization
from defects the process must be temperature dependent. The study of short-lived
absorption dependence on temperature showed a component of time independent
induced absorption at 90 K. This is strong evidence that electrons as well as holes
were trapped at relative deep levels. The study of short-lived absorption decay
kinetics at different temperatures gave possibility to estimate the activation energy for
charges release from defects.
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Zn,Cd;.,O PLANO KARTINU PETIJUMI

0. Kiselova', A. Cvetkovsz, U. Rogulisl, V. Sergaz, R. Ignate’tnsl
"Latvijas Universitdtes Cietvielu fizikas institiits
’RTU Neorganiskas kimijas institiits

Zinka oksida (ZnO) Cd piejaukumi iebiivgjas lielas koncentracijas un Zn,Cd;.
xO materiala aizliegta zona var mainities no 3,37 eV (ZnO) lidz 2,3 eV (CdO).
Sintez€jot Zn,Cd; O planas kartinas atkariba no Cd koncentracijas tajas, mainas
materiala struktiiras parametri, ta optiska caurlaidiba un vadamiba [1].

Petijuma tika iegiita tira ZnO un Zn,Cd; O planas kartinas ar 10% CdO
piejaukumu uz dazadam pamatn€m, izmantojot jaunu plano kartinu sint€zes metodi —
ekstrakcijas pirolitisko metodi. legiitajiem paraugiem izmériti XRD spektri, kuri
apliecina, ka tika iegiitas ZnO un CdO kristaliskas fazes planajas kartinas, un noteikts
plano kartinu biezums.

STUDIES OF Zn,Cd; O THIN FILMS

O. Kiselova', A. Cvetkovs®, U. Rogulis', V. Serga®, R. Ignatans'
! Institute of Solide States Physics, LU
? Institute of Inorganic Chemistry. RTU

A large content of Cd in ZnO thin films can decrease a bandgap of Zn,Cd,; sO
material from 3,37 eV (ZnO) to 2,3 eV (CdO). Cd concentration variation in the
ZnyCd; 4O thin films changes structural parameters, an optical transmittance and an
electrical conductivity of the material [1].

In the present study thin films of pure ZnO and doped with 10% CdO were
synthesized by extraction - pyrolytic method on different substrates. The XRD and the
thinkness of ZnyCd; O thin films were measured. XRD patterns showed crystalline
phases of ZnO and CdO in the thin films.

[1] Y.-S. Choi, C.-G. Lee, S. M. Cho, Transparent conducting Zn,Cd; O thin films
prepared by sol — gel process, Thin Solid Films, 289 (1996), p.153
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SKANDIJA FLUORIDA LUMINISCENCES IPASIBAS

L. Shirmane'?, V. Pankratov', A. Kuzmins', J. Purans'

'Latvijas Universitates Cietvielu fizikas institiits
? EuroLCDs

Skandija fluorids (ScF3) ir platzonu materials (E,~10eV), piederoSs pie
perovskita-tipa savienojumiem. ScF3 parada stipru negativo termisku izpleSanu (NTE)
[1], kas ir izteiktaka par pargjiem plasi zinamiem NTE materialiem. Nemot véra, ka
luminiscences metode ir viena no jutigakajam pret rezga struktiiras un simetrijas
izmainam, pasSvielu luminiscences Ipasibu pétijumi ir arkartigi svarigi ScF; NTE
dzilakai saprasanai un analizei.

Saja darba polikstistaliska ScF; (tiriba 99.5%, AlfaAesar) luminiscences
ipasibas ir izpétitas plasa spektra (1.5-40 eV) un temperatiiras (10-300 K) diapazona.
Vakuuma ultravioleta luminiscences ierosinasanas spektroskopijas metode ir
izmantota S$im pétjjumam. Eksperimenti veikti SUPERLUMI stacija izmantojot
sinhrotrona starojumu no DORIS III uzglabasanas rinka DESY sinhrotrona. ST stacija
jau ir bijusi veiksmigi izmantota platzonu fluoridu pétijumiem (pieméram YF; [2]).
ScF; luminiscences un ierosinajuma spektri, un to atkariba no temperatiras ir
veiksmigi iegiiti. Luminiscences centru daba tiks noskaidrota un provizoriski
piedavata. lerosinajuma spektru termiskas izmainas eksitonu un/vai zona-zona pareju
diapazona tiks apskatitas, nemot véra NTE skandija fluorida.

LUMINESCENCE PROPERTIES OF SCANDIUM FLUORIDE

L. Shirmanel’z, V. Pankratov', A. Kuzmin', J. Purans’
!Institute of Solid State Physics, University of Latvia
? EuroLCDs

Scandium fluoride (ScF3) is a wide-band gap material (E;~10eV) belonging to
perovskite-type compounds. ScF; demonstrates strong negative thermal expansion
(NTE) [1], which is more pronounced than that of most known NTE materials. Taking
into account that luminescence method is very sensitive to lattice structure and
symmetry changes the study of intrinsic luminescence properties is extremely
important for dipper understanding and analysis of NTE in ScF;.

In this study luminescence properties of polycrystalline ScF3(99.99% Aldrich)
have been investigated in wide spectral (1.5-40 eV) as well as temperature (10-300 K)
range. Vacuum ultraviolet luminescence excitation spectroscopy technique has been
applied. The experiments have been carried out at SUPERLUMI endstation using
synchrotron radiation from DORIS III storage ring of DESY. This set-up was
successfully employed before for a study of wide band gap fluorides (for instance YF;
[2]). Emission and excitation spectra as well as their temperature dependencies of
ScF; have been successfully obtained. The origin of luminescence centres will be
elucidated and preliminary proposed. The behaviour of thermal evolution of
excitation spectra in the range of excitonic and/or band-to-band transitions will be
discussed in respect of NTE in ScF;.

[1] B.K. Greve, et al., J. Am. Chem. Soc. 132 (2010) 15496
[2] V. Pankratov, M. Kirm, H. von Seggern, J. Lumin. 113 (2005) 143

The financial support of ESF project 2013/0046/1DP/1.1.1.2.0/13/APIA/VIAA/021 is greatly
acknowledged.
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NATRIJA SILIKATU STIKLU LUMINISCENCE, IEROSINATA AR ArF
EKSIMERU LAZERI

Dz. Briljonoks, A. Truhins

Latvijas Universitates Cietvielu fizikas institiits

Tiro natrija silikatu stiklu luminiscence tika petita izmantojot ArF eksiméru
lazeri , kura vilpu garums ir 193 nm jeb 6.41 eV. ST energija atbilst natrija silikata
stikla fundamentalas absorbcijas malai [1]. Fundamentalo absorbcijas malu veido
lokalizetie elektroniskie stavokli. Lokalizétajiem stavokliem piemit luminiscence,
kuru ierosina dazados procesos, sakot ar ickScentru procesu un rekombinativo procesu,

rekombinacija starp k&rajcentriem. Luminiscence satur plaso joslu no 5.5 eV Iidz 1.5
eV. IekScentru luminiscence satur triplet-singleta un singlet —singleta elektronu
parejas. ArF lazera impulss lauj pétit arT atro komponenti un pamat uzmaniba tika
veltita Sai atrajai komponentei. Ar dekonvoliicijas metodi ir secinats, ka atra
komponente ir stipri neeksponenciala . Ta pat var izdalit 1sako komponenti, kas ir
mazaka par 1 ns, bet garaka komponente ir ap dazam ns. Komponentes sadalijumus ir
planots pétit nakotné.

LUMINESCENCE OF SODIUM SILICATE GLASSES EXCITED WITH ArF
EXCIMER LASER

D. Briljonoks, A. Trukhin
Institute of Solid State Physics, University of Latvia

Pure sodium silicate glasses luminescence was studied under ArF laser
excitation, which wavelength is 193 nm or 6.41 eV. This energy corresponds to
sodium silicate glasses intrinsic absorption threshold [1]. Intrinsic absorption is
created by localized electronic states of the glass. Those localized states provide
luminescence excited in many processes starting from intra center process and several
recombination processes. One of them is related to charge carriers liberation in
thermally stimulated process with mutual recombination on recombination centers.
Another is tunneling recombination between traps. Luminescence contains broad band
from 1.5 eV to 5.5 eV. Intra center luminescence is due to two main electronic
transitions — triplet-singlet and singlet-singlet [1]. ArF laser impulse allows
investigate fast singlet-singlet transitions. The shape of luminescence e pulse was
analyzed with deconvolution method and it was obtained that singlet-singlet
transitions related luminescence e is strongly non-exponential. Faster component is
lower than 1 ns and slow component is some several ns. Distribution of component in
time is planned study in future.

1.

[1] A.N.Trukhin, 17" course., NATO science series. I Mathematics, Physics and
Chemistry Defects in SiO2 and related dielectrics: science and technolohy, Ed
D.Griscom, G.Pacchioni, L.Skuja, Kluwer Academic Publishers, Printed in the
Netherlands, 2 (2000) 235-283 .
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SKABEKIL.A MOLEKULAS LUMINISCENCES KINETIKA SILICIJA
DIOKSIDA

L. Skuja', K. Kajihara®, A. Silins'
Latvijas Universitates Cietvielu fizikas institiits
’Tokijas Metropoles Universitate

Starpmezglu skabekla molekulas stiklveida SiO, var veidoties ka radiacijas
defekti, vai arT tikt ievaditas O, difuzijas cela. No sava zemaka ierosinata elektroniska
stavokla a (1Ag, t.s. "singleta skabeklis") tas izstaro raksturigu infrasarkano
luminiscenci 1270 nm rajona, ko &rti izmantot ar skabekli saistito punktdefektu un
skabekla diftizijas pétijumiem Si0,. Tacu singleta skabeklim ir daudz plasaka nozime
arpus SiO; fizikas — tas ir noveérojams dazadas vid@s, un ta reaktivitates dé]| tas tiek
loti plasi pétits saistiba ar pielietojumiem fotokataliz€ un (foto)biologija.
Salidzinajuma ar citu materialu matricam, singleta skabeklis silicija dioksida izcelas
ar neparasti ilgo ierosinata stavokla dzives laiku (~0.8 sec), kas iezimé to ka
perspektivu materialu ar singleta O, saistitos pielietojumos (piem., sensori, singleta
O, generatori). Singleta luminiscence ir novérota nanoporainos SiO,-bazétos stiklos.
Saja darba ir aizsakti pétijumi singleta skabekla dziveslaiku ietekmgjoso faktoru
noskaidro$anai un iep€amai optimizacijai ar SiO, saistitos stiklveida un
nanostrukturétos materialos.

LUMINESCENCE KINETICS OF MOLECULAR OXYGEN IN SILICON
DIOXIDE

L. Skujal, K. Kajiharaz, A. Siligé1
!Institute of Solid State Physics, University of Latvia
’Department of Applied Chemistry, Tokyo Metropolitan University

Interstitial oxygen molecules O, can form in glassy SiO, as radiation defects
or can be introduced by diffusion. Excited to their lowest excited electronic state (IAg ,
often denoted as '"singlet oxygen") they emit a characteristic near-infrared
luminescence at ~1270 nm, which can be conveniently used for monitoring oxygen-
related defect processes or oxygen diffusion in SiO,. However, singlet oxygen is
important on a much broader scope beyond the physics of SiO,. It can be observed in
various materials and because of its high reactivity is extensively studied in
photocatalysis and (photo)biology contexts. Compared to other matrices, singlet
oxygen in SiO; stands out by its unusually long (excited-state) lifetime (~0.8 sec),
which marks SiO, as a perspective material in related applications (e.g., sensors,
singlet O, generators). Singlet O, is observed in nanoporous SiO,-based glasses. This
study reports initial steps to establish the factors, which govern the singlet O, lifetime,
and to evaluate their optimization possibilities is glassy and nanostructured SiO,-
related materials.
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Y,03; STRUKTURAS ANALIZE, IZMANTOJOT EXAFS-RMC METODI

I. Jonane, J. TimoSenko
Latvijas Universitates Cietvielu fizikas institiits

Itrija oksida nanodalinu piemaisijumi ir jaunas paaudzes ODS (Oxide
dispersion-strengthened) teéraudu biutiska sastavdala. Taja paSa laika pat kristaliska
itrija oksida lokala struktiira ir komplic€ta (elementar$iina ir 80 atomi) un maz
izpétita. ST darba ietvaros més veicam kristaliska un nanokristaliska Y,Os lokalas
struktiiras analizi ar rentgenabsorbcijas (EXAFS) spektroskopijas metodi. Itrija K-
malas EXAFS datu interpretacijai izmantojam nesen izstradato RMC/EA pieeju, kas
apvieno apgriezto Monte-Karlo (RMC) metodi un evolucionaros algoritmus (EA). Tas
lava mums iegut kristaliska itrija 3D struktiiras modeli un izsekot ta attistibai,
temperatiirai picaugot no istabas temperatiras lidz pat 1000°C.

ANALYSIS OF Y;0; STRUCTURE USING EXAFS-RMC METHOD

I. Jonane, J. Timoshenko
Institute of Solid State Physics, University of Latvia

Yttrium oxide nanoparticle impurities are important component of the new
generation of ODS (Oxide dispersion-strengthened) steels. At the same time the local
structure of even crystalline yttrium oxide is complex (unit cell consists of 80 atoms)
and hardly explored. Within this study we have carried out the analysis of the local
structure of crystalline and nanocrystalline Y,O; using x-ray absorption (EXAFS)
spectroscopy. For the interpretation of EXAFS data from yttrium K-edge we
employed a recently developed reverse Monte Carlo and evolutionary algorithm
(RMC/EA) approach, which allowed us to obtain the 3D structure model of
crystalline yttrium oxide and to follow its development upon temperature increase
from the room temperature up to 1000°C.
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SPEKA LAUKA MODELA PARBAUDE IZMANTOJOT MD-EXAFS
METODI

K. Lazdins, A. Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Katras klasiskas molekularas dinamikas vai ,,Monte Carlo” simulacijas pamata
jabuit uzticamam spéku laukam, kura iegliSana ir loti nozimigs un izaicino$s
uzdevums. Visbiezak So problému atrisina salidzinot eksperimentali iegiitas materiala
ipasibas ar teor€tiski aprékinatajam. Lai iegiitu pareizu rezultatu gandriz vienmer
salidzina struktiiras rezga konstanti, tilpuma elastibas moduli, elastiskas konstantes un
dazreiz fononu frekvences.

Saja pétijuma més izmantojam MD-EXAFS metodi [1], lai novértétu
izmantota speka lauka kvalitati. Galvenas metodes izmantoSanas prieksrocibas saistas
ar to, ka EXAFS spektrs vairumam materialu ir viegli izmérams un satur informaciju
par vielas struktiru un rezga dinamiku, ka ari ieklauj daudzkartgjas izkliedes
funkcijas. Mes paradisim MD-EXAFS metodes pielietojuma iespgas diviem
metaliem (Fe, Cr) un itrija (III) oksidam (Y»03).

VALIDATION OF FORCE FIELD MODEL USING MD-EXAFS METHOD

K. Lazdins, A.Kuzmin
Institute of Solid State Physics, University of Latvia

Reliable force field (FF) model is a starting point in any material simulation
based on classical molecular dynamics (MD) or Monte Carlo methods. Therefore, its
validation is important and challenging task, which is solved usually comparing
experimental and calculated properties of a material. Typically, structural (lattice)
parameters, bulk modulus, elastic constants and sometimes phonon frequencies are
employed.

In this study we suggest to use additionally the MD-EXAFS method [1] to
evaluate the FF model quality. The advantages of such approach lie in the fact that
EXAFS spectra can be relatively easily measured for most materials and contain
simultaneously structural and dynamic information, including that on many-atom
distribution functions. We will demonstrate the usability of our approach on example
of two bulk metals (Fe and Cr) and yttrium trioxide (Y,03).

[1] A. Kuzmin, R.A. Evarestov, J. Phys.: Condens. Matter 21 (2009) 055401.
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LIFEPO,/GRAFENS NANOKOMPOZITA SINTEZE UN
ELEKTROKIMISKAS IPASIBAS

G. Kucinskis, K. Bikova, G. Bajars, J. Kleperis

Latvijas Universitates Cietvielu fizikas institiits

Viena no graféna ievérojamakajam fizikalajam Tpasibam ir ta augsta elektronu
vaditsp€ja. Tas attiecas arT uz reducetu graféna oksidu (rGO) — grafénu, kurs papildus
satur arl skabekli un Gidenradi. Saja darba tika pétita rGO elektrovadosas piedevas
ietekme uz LiFePO; litija jonu bateriju katodmaterialu.

LiFePO4 tika sagatavots ar un bez rGO. Tika noskaidrots, ka rGO
elektrovadosa piedeva uzlabo LiFePO, uzlades/uzlades atrumu, tomér rezultati
atSkiras atkariba no LiFePO./rGO sagatavosanas metodes. Materialu sajaukSana stipri
polara skidinataja (Saja petijuma N-Metil-2-pirolidona) deva labus rezultatus, ilgstoSa
maisiSana 60 °C lava iegit materialu ar visaugstako uzlades/izlades atrumu.

Tika analizéti iemesli uzlades/izlades atruma atsSkirtbam LiFePO,/rGO
paraugos, secinot, ka uzlades/uzlades atrumu uzlabo vienmeérigs rGO sadalijums
materiala un tas, cik labi rGO monoslani atdalijuSies viens no otra.

Autori izsaka pateicibu Valsts pétijumu programmai materialzinatné€s un Taivanas —
Latvijas — Lietuvas sadarbibas projektam ,,Materialu un tehnologiju pilnveidosana
modernam litija jonu baterijam”.

SYNTHESIS AND ELECTROCHEMICAL PROPERTIES OF
LIFEPO4/GRAPHENE NANOCOMPOSITE

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

One of graphene’s most remarkable physical properties is its high electric
conductivity. This is also true for reduced graphene oxide (rGO) — graphene which
contains additional oxygen and hydrogen. In this work the influence of rGO electron-
conducting additive on LiFePOy lithium ion battery cathode material has been studied.

LiFePO4 was prepared with and without rGO. It was observed that rGO
electron conducting additive improves the rate capability of LiFePO4. However, the
effect largely depends on the method of LiFePO4/rGO preparation. Mixing LiFePOy4
and rGO in a highly polar solvent (in this study — N-Methyl-2-pyrrolidone) yielded
good results, with prolonged mixing in 60 °C resulting in a cathode with best rate
capability.

The reasons for high rate capability and differences in rate capability over
various samples were analyzed, concluding that the rate capability mostly depends on
how well the graphene oxide is dispersed and also on how well the layers of rGO have
been separated from each other.

Authors acknowledge national research program in material sciences and Taiwan —

Latvia — Lithuania cooperation project “Materials and processing development for
advanced lithium ion batteries”.
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Li;«Fe;Ti,P,07 (x=0, 0.1) - PERSPEKTIVI KATODU MATERIALI LITIJA
DAUDZKARTEJI UZLADEJAMAM BATERIJAM

A. Dindune', D. Valdniece', Z. Kanepel, . Ronisl, V. Venckute?, A. F. Orliukas®
! Rigas Tehniskas universitates Neorganiskds kimijas institriits
? Vilnas Universitates Fizikas Fakultate

Li" jonus vadosie pirofosfati ir tehnologiski svarigi cieto elektrolitu bateriju
katodu materialu pielietoSana. Teorétiska TiP,O; kapacitate sasniedz 121 mAh/g un ir
noteikts, ka red/oks potencials vs. Li'/Liir E = 2.62V. LiFeP,0; un LijoFeg ¢Tig P20
sintez&ti cietfazu reakcijas. Struktiiras parametri iegiiti no pulveru rentgendifrakcijas
datiem istabas temperatira intervala 20 = 6-80. Rezga parametri tika aprékinati,
izmantojot TOPAS v.4.1 and SCANIX v.2.16. Noteikts, ka Li;4Fe;4TixP,O7; (x=0,
0.1) kristalu struktiira pétamo temperatiiru intervala atbilst monoklinai singonijai,
telpiska grupa P2;. P&c keramisko paraugu iegiiSanas, pulverus karsgjot pie 1173K,
virsmam tika uzpemti SEM/EDX un XPS spektri istabas temperatiira. XPS rezultati
paradija, ka Fe joniem pirofosfatos ir galvenokart Fe’* oksidacijas pakape un nedaudz
ari Fe*". Elektrisko ipasibu pétijumi, izmantojot impedances spektroskopiju, veikti
frekvendu intervala (10 — 3x10” Hz pie temperatiram (300-700) K. Konstatéti
elektrisko 1pasibu dispersijas apgabali, tie attiecinami uz relaksacijas procesiem,
saistitiem ar atru Li" jonu parnesi keramiskajos paraugos. Konstatétas jonu vaditspéjas
aktivacijas energijas izmainas attiecinamas uz rezga $unu nesakartotibu p&tamajos
savienojumos.

Lii«Fe«TixP,07 (x=0, 0.1) - ATTRACTIVE CATHODE MATERIALS FOR
LITHIUM SECONDARY BATTERIES

A. Dindune', D. Valdniecel, Z. Kanepel, J. Ronisl, V. Venckutez, A. F. Orliukas®
!Institute of Inorganic Chemistry, Riga Technical University
Faculty of Physics, Vilnius University

Li+ ions conducting pyrophosphates are technologically important for
applications as cathode materials for solid electrolyte batteries .The theoretical
reversible capacity based on TiP,O; reaches 121 mAh/g and redox potential vs. Li'/Li
found to be E = 2.62V. LiFeP,0O7 and LigoFe(¢Tip1P2,0; were synthesized by solid
state reaction.The structure parameters were obtained at room temperature from the
X-ray powder diffraction patterns in the region 20 = 6-80 The lattice parameters were
deduced by software TOPAS v.4.1 and SCANIX v.2.16. Crystal structure of Li;4Fe;.
x11xP207 (x=0, 0.1) has been indexed as monoclinic system with P2; space group.
Ceramic samples were sintered at 1173K and SEM/EDX and X-ray photoelectron
spectroscopy (XPS) of the surface were investigated at room temperature. The results
of XPS showed that Fe ions in pyrophosphates mostly are trivalent Fe’" and small
amount also Fe*". The investigation of electrical properties were carried out in the
frequency range (10 — 3x10” Hz in the temperature range (300-700) K by impedance
spectroscopy.The dispersion regions of electrical properties were found and attributed
to the relaxation processes related to fast Li" ion transport in the investigated ceramics.
The change of activation energy of ionic conductivity was found. The phenomena can
be related to disordering in the unit cells of the compounds.

This work was supported by Latvian State budget according the National
Research Program in Material sciences (IMIS) and by Research Council of Lithuania
(Project No TAP LLT 03/2012)
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GRAFENA KARTINU ELEKTROFORETISKA UZKLASANA NO UDENS
SUSPENSIJAS

K. Kaprans’, G. Bajars’, K. Bikova’, J. Kleperis’, A. Lisis’, E. Pentjuss’
'Rigas Tehniskas universitates Biomedicinas inZenierzindtnu un nanotehnologiju institiits
’Latvijas Universitates Cietvielu fizikas institits

Grafens ir oglekla viena atoma biezuma slanis, kas veidots ar sp? starpatomu
saittm heksagonala divdimensiju kristaliskaja rezgl. Tam piemit licla mehaniska
stipriba, laba elektronuun siltuma vaditsp&ja. Grafénam ir liels potencials
pielictojumiem tadas jomas ka biosensori, elektronika un elektrokimiska energijas
uzglabasana.

Darba gaita tika veikta elektroforétiska graféna oksida (GO) uzneSana uz
terauda elektroda potenciostatiska rezZima pie dazadiem spriegumiem (10-40 V/cm) no
tidens suspensijas. GO kartinu termiska reducéSana tika veikta caurulkrasni pie 700 °C
argona pliisma.

legutas graféna kartinas tika analiz€tas izmantojot sken&joSo elektronu
mikroskopiju, rentgendifrakcijas analizi un Ramana spektroskopiju.

Analizgjot iegiitos rezultatus tika secinats, ka efektivakais graféna kartinas
uzneSanas spriegums ir 30 V/cm. legttie graféna-metala elektrodi var tikt izmantoti
litija jonu bateriju elektrokimisko 1pasibu uzlabosanai.

ELECTROPHORETIC DEPOSITION OF GRAPHENE FILMS FROM
WATER SUSPENSION

K. Kaprans’, G. Bajars’, K. Bikova’, J. Kleperis’, A. Lusis’, E. Pentjuss’
Institute of Biomedical Engineering and Nanotechnologies, Riga Technical University
*Institute of Solid State Physics, University of Latvia

Graphene is a 2-dimensional, crystalline allotrope of carbon. In graphene,
carbon atoms are densely packed in a regular sp>-bonded atomic-scale chicken wire
(hexagonal) pattern. Graphene can be described as a one-atom thick layer of graphite.
It has excellent thermal conductivity and high electron mobility. It has potential for
applications such fields as bio-sensors, electronics and electrochemical energy storage.

Graphene oxide film was electrophoretically deposited on steel electrodes
from water suspension using potenciostatic mode with different voltages (10-40
V/cm). Graphene oxide thermal reduction was performed by heating at 700 °C in
argon flow.

Obtained graphene layers were analyzed by scanning electrone microscopy,
X-ray diffraction analysis and Raman spectroscopy.

According to obtained results the most effective voltage for graphene
deposition is 30 V/cm. Prepared graphene-metal electrodes could be used to improve
the electrochemical performance of lithium ion batteries.

The financial support of State Research Program IMIS is greatly acknowledged.
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ALUMINIJA OKSIDA-NIKELA KOMPOZITA PARKLAJUMU
ELEKTROFORETISKA IEGUSANA, SASTAVS UN STRUKTURA

I. Liepinal, G. Bajérsz, J. Gabrusenoks®, A. Liisis’
"Latvijas Universitates Kimijas fakultate
2Lal‘vijas Universitates Cietvielu fizikas institiits

Pateicoties to mehaniskajam, optiskajam un elektriskajam 1pasibam,
metala/metala oksida kompoziti jeb kermeti p&€d€jos divdesmit gados ieguvusi
plasu uzmanibu. Viens no ta iesp&jamajiem pielietojumiem masu produkcija ir
absorbera materials saules kolektoros, jo kermeti labi absorbé redzamas gaismas
apgabala, bet ir caurlaidigi IS regiona, kas ir butiski, jo parklajums veido IS-
atstarojosu virsmu. Elektroforétiskas uzklasanas (EFU) metodes priekSrocibas ir
kartinas homogenitate, salidzino$i vienkarSs eksperimentalais uzstadijums, zems
piemaisijumu saturs un viegla piem@roSana industrialas razoSanas vajadzibam.
Tacu bez papildvielam aluminija oksids EFU procesa neiesaistas nepietiekama
virsmas ladina dgl.

Darba ir veikta keramisku ALOs; kartinu iegiiSana uz rudita te€rauda
plaksnitem ar elektroforétiskas izgulsnéSanas metodi. Mainot elektroforétiskas
uzklasanas ilgumu un darba spriegumu iegiitas seSas Al,Os kartipas. Kartinu
raksturo$anai izmantoja rentgenstaru difraktometriju, optisko mikroskopiju un
virsmas profilometriju.

ALUMINIUM OXIDE-NICKEL COATING ELECTROPHORETIC
DEPOSITION, COMPOSITION AND STRUCTURE

I. Liepinal, G. Bajarsz, J. Gabrusenoks®, A. Lusis’
"Faculty of Chemistry, University of Latvia
? Institute of Solid State Physics, University of Latvia

Over the last decade ceramic-metal composite coating production has been of
increased interest, due to its mechanical, optical and electrical properties. One of
cermets applications is in solar thermal collectors as absorber because of the
composites ability to be permeable for IS region but absorb visible light region.
Among all traditional deposition methods electrophoresis has the advantages of
obtaining coatings with homogenous surface, complex geometry and advanced
component variety. One of important factors influencing electrophoretic deposition
(EPD) is the dielectric constant of non-aqueous liquid media that for optimal results
must be in the range of 12 - 25. For propanol-2 the relative dielectric constant is 20.

In this work ceramic Al,O; films were deposited on hardened steal sheets by
EPD method. By changing the composition of mixture used as electrolyte six Al,O3
films were obtained. Films were characterized by XRD, optical microscopy and
surface profilometry.

The financial support of European Regional Development Fund project
No0.2010/0243/2DP/2.1.1.1,0/10/APIA/VIAA/156 is greatly acknowledged.
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FTALOCIANINA PLANO KARTINU ELEKTRISKO IPASIBU PETIJUMI

J. Latvels', K. Pudzs', 1. BTdermanez, N. Witkowski?
"Latvijas Universitdtes Cietvielu fizikas institiits
’Institute of Nanosciences of Paris, University Pierre and Marie Curie

Pedeja desmitgad€ notiek intensivi pétijumi pie jaunu hibridu iericu izveides,
kas satur makromolekulas. Tadam iericem paredzams potencials pielietojums gazes
sensoru izveid€. Starp makromolekulam ievérojamu vietu ienem ftalocianina (Pc) un
ta atvasinajumu molekulas, kas izcelas ar savu salidzinosi lielo termisko stabilitati un
interesantam optiskam un elektriskam 1pasibam. Gazu sensoru izveidoSana, kas
balstas uz hibridiem organisko sensoru/pusvaditaju struktiiram, ko izmanto organisko
lauka efektu tranzistoros un diodg€s, ir loti labs pamats jaunu sensoru izveidoSana. To
darbibas princips balstas uz mijiedarbibu starp organisko plano kartigu un analiz€joSo
gazi, kuras rezultata mainas organiska materiala fizikalas 1pasibas. Tam mainoties,
izmainas organiska materiala kartinas un silicija pamatnes mijiedarbiba.

Saja darba ir paraditi FePc elektrisko Tpa§ibu pétijumi uz dazadam virsmam-
Au, Si, ITO. Ar Kelvina zondes metodi ir noteiktas virsmas potenciala izmainas gazu
ietekmé, ka ar jiitibas ietekme atkariba no dazadiem organisko kartinu biezumiem.
Labaka jutiba tika iegtita Au pamatnes gadijjuma.

Sis péttjums veikts ar Francijas un Latvijas sadarbibas programmas zinatnes
un tehnologiju attistibas joma «Osmoze» atbalstu.

ELECTRICAL PROPERTIES OF PHTHALOCYANINE THIN FILMS

J. Latvels', K. Pudzs', 1. Bidermane?, N. Witkowski?
!Institute of Solid State Physics, University of Latvia
’Institute of Nanosciences of Paris, University Pierre and Marie Curie

In the last decade new hybrid devices containing active macromolecules have
been intensively studied. These hybrid devices have potentialities in gas sensor
development. For these types of application, the use of phthalocyanines (Pc) is very
promising because this class of molecules presents a great thermal stability,
interesting  electronic and  optical  properties. @ The  hybrid, organic
sensors/semiconductors, based on the organic field-effect transistor and other related
devices, are promising candidates for the development of new gas sensors due to their
low cost, high sensitivity and especially easy integration in micro-electronic devices.
The principle of operation is based on the interactions between the sensitive organic
layer and the target gas; consequently it is crucial to understand the fundamental
physicochemical processes, which govern the reactivity of the thin layers of these
organic molecules on substrate.

In this work investigations of electrical properties of FePc on different
substrates are shown. Au, Si, ITO as substrates were used. The gas influence on
changes of surface potential by Kelvin probe method was determined. The sensitivity
dependence on thickness of organic layer was determined. Significant changes in the
case of Au substrate were observed.

The financial support of project within the bilateral collaboration programme
between France and Latvia "OSMOSE" is greatly acknowledged.
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VIRSMAS RELJEFA VEIDOSANAS AZO-SAVIENOJUMOS

J. Aleksejeva, J. Teteris, A. Vembris

Latvijas Universitates Cietvielu fizikas institiits

Saja darba tika pétiti virsmas reljefa iegfiSanas iespéjas holografiska ieraksta
laika mazmolekularos organiskos stiklos, kuru sastava ir diazosavienojumi. Sajos
savienojumos ir iesp&jams iegit rezgus, kuru veidoSanas atrums ir liels, bet jutiba
neliela, Iidz ar to rezgu veido$anai nav nepiecieSams ilgs laiks un liels energijas
paterins.

Darba tika mekl&ti optimali virsmas reljefa veidoSanas apstakli holografiska
ieraksta laika ar vilpa garuma A = 532 nm. Tika vari€ti ierakstoSo staru parametri —
polarizacija, intensitate, ka ar1 tika veikts ieraksts pie dazadiem periodiem. Izveidojies
virsmas reljefs tika petits ar AFM un profilometru.

Parbaudot dazadus mazmolekularus organiskos stiklus ir iesp&jams noteikt
optimalo organiska stikla sastavu, kas nepiecieSam efektivas virsmas reljefa ierakstam.

SURFACE RELIEF FORMATION IN AZO-COMPOUNDS

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

In this work surface relief grating (SRG) formation via holographic recording
in low-molecular organic glasses consisting of diazocompounds was studied. It is
possible to obtain SRG with high formation velocity and low sensitivity, thus no long
time and high exposures required for SRG recording.

In this work we looked for the optimal holographic recording conditions at A =
532 nm wavelength by varying parameters of recording beams — polarization state,
intensity; recording at different grating periods was performed. Obtained SRG was
studied by AFM and profilometer.

Studying low-molecular glasses with different structure allows to obtain
optimal structure for efficient SRG formation via holographic recording.
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PARAUGA BIEZUMA IETEKME UZ VIRSMAS RELJEFA VEIDOSANAS
PROCESU AMORFAJOS HALKOGENIDOS

M. Reinfelde, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Dotaja darba apliikota parauga biezuma ietekme uz virsmas reljefa veidoSanas
procesu divstaru (holografiska) ieraksta, ja reljefa periods A mainas diapazona no =
0,6 um lidz = 80 um. Pétitas As,S; planas kartinas ieraksta ar vilna garuma A=0,532
pm gaismu un intensitati I, neparsniedzot 4 W/cm® stara. Iegiitie rezultati liecina, ka
pie vienadam apgaismojuma dozam un nemainiga perioda, virsmas reljefa veidosanas
efektivitate liela meéra ir atkariga no parauga biezuma.

INFLUENCE OF SAMPLE THICKNESS ON FORMATION OF SURFACE
RELIEF IN AMORPHOUS CHALCOGENIDES

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

The influence of sample thickness on the surface relief formation process
during two light wave (holographic) recording was studied. Period of recorded relief
was changed from A= 0,6 um= 0,6 um up to nearly A= 80 um. The As;S; thin films
at 0,532 pm light illumination at intensities not exceeding 4 W/cm® on beam was
under examination. The achieved results show that at constant illumination dose and

the same period, efficiency of surface relief formatting process largely depends on
sample thickness.
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FOTO-INDUCETA DUBULTLAUSANA AS,S; PLANAJAS KARTINAS.

M. Jirgensons, J. Teteris

Latvijas Universitates Cietvielu fizikas institiits

Dotaja darba tika pétita fotoinduceta optiska dultlausana As,S; planas kartinas.
Dubultlausana tika induc@ta un mérita pie vilnpu garumiem 491nm, 532nm, 561nm un
635nm. Tika pétita dubultlausanas koeficienta izmainas atkariba no staroSanas laika.
Dubultlausanas koeficienta maina tika pétita, starojot paraugu ar polarizétu lazera
staru. Sheéma, ar ko tika pétita dubultlausana As,S; planajas kartinas, tika izmantotas
pusvilnu plaksnites, 1€cas, gaismas polarizatori, polarizacijas uzlabosanai. Pie vilnu
garuma 532nm, noteikts dubultlausanas koeficients izmantojot foto-induc&to
dihroismu, p&c parauga staroSanas tika nomérita interfernces maksimumu nobide
parauga spektra.

PHOTOINDUCED BIREFRINGENCE IN AS;S; THIN FILMS.

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

The photoinduced birefringence was in observed in As;S; thin films.
Birefringence was researched and induced at such wavelengths as 491nm, 532nm and
635nm. Birefringence coefficient was researched by dependence of time. Change of
birefringence coefficient was studied by streaming polarized light beams on the
surface of sample. In the scheme, which was used to study birefringence in thin films,
was 1/2 wave plates, lenses, polarizers, to gain better polarization. At the 532nm
wavelength, birefringence coefficient was determined using the photoinduced
dichroism, after streaming the sample change of the interference maximums in the
spectrum was studied.
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RADIACIJAS DEFEKTU UN RADIOLIZES PRODUKTU VEIDOSANAS
MODIFICETAJAS LITIJA ORTOSILIKATA MINILODITES
A. Zarip§', G. I,(izﬁnel, A. Supel, R. Knitterz, M. Kolbz, L. Baumane',
O. Valtenbergs'.
Latvijas Universitates Kimiskas fizikas institiits
’Karlsrues Tehnologiju institits, Funkcionalo materialu institiits

Litija ortosilikata (LisSiO4) minilodites ar 10 mol% litija metasilikata (Li,SiO;) piedevu ir
standarta tritiju gener&josa keramika Eiropas Savienibas izstradatajam cieto materialu testa blanketa
modulim [1]. P&d&jie apstaroSanas eksperimenti norada [2], ka blanketa modula ekspluatacijas
apstaklos standarta Li,SiO, minilodités veidojas plaisas un notiek minilodisu fragmentacija. Viens no
iespgjamajiem problémas risindgjumiem ir mainit standarta Li,SiO, minilodiSu kimisko sastavu,
aizstajot Li,SiO; ar mehaniski stabilako litija metatitanatu (Li,TiO;). Apvienojot §is divas fazes -
Li4SiO4 un Li,TiO;, ir iesp&ams iegit modificétu tritiju genergjoso keramiku ar uzlabotam
mehaniskajam Ipasibam, nezaudgjot tritija izdaliSanas Tpasibas [3]. P&tjjuma mérkis izpétit radiacijas
defektu (RD) un radiolizes produktu (RP) veidoSanos un uzkrasanos modificetajas Li,SiO4 minilodites
ar 10-30 mol% Li,TiOs.

Modificetu lodisu augstas temperatiiras radiolize veikta argona atmosfera ar linearo elektronu
paatrinataju ELU-4 (E=5 MeV) lidz pat 5 GGy absorbétai dozai 430-610 K temperatiira. Ieprieks,
izmantojot ktmisko akceptoru metodi noteikts, ka standarta Li4,SiO, minilodites (D=1-11 GGy, T=550-
590 K) Iidz pat 95 % no uzkratajiem elektronu veida RD un RP, ir koloidala litija (Li,) agregati, bet
pargjie ir E’ centri (SiO5*), F un F°centri [4]. E’ centriem, Li, un F centriem piemit paramagnétiskas
ipaSibas, un tadgjadi tos var detektét un analizét ar elektronu paramagnétiskas rezonanses (EPR)
spektroskopiju.

Izmantojot EPR ir konstatéts, ka modificétajas Li;SiO, minilodité€s ar 10-30 mol% Li,TiO;,
veidojas un uzkrajas vairaki paramagnétiskie RD veidi, pieméram, E’ centri (SiOs> vai TiO5*) un HC,
centri (SiO43' vai TiOy). legitie rezultati liecina, ka, aizstajot Li,SiO; ar Li,TiO; fazi, kopgja
paramagnétisko RD koncentracija modificétajas Li4SiO4 minilodites ievérojami samazinas.

FORMATION OF RADIATION-INDUCED DEFECTS AND RADIOLYSIS
PRODUCTS IN MODIFIED LITHIUM ORTHOSILICATE PEBBLES
A. Zarinsl, G. Kizanel, A. Supel, R. Knitter?, M. Kolb?, L. Baumanel,

O. Valtenbergs'.

University of Latvia, Institute of Chemical Physics
’Karlsruhe Institute of Technology, Institute for Applied Materials (IAM-WPT)

Lithium orthosilicate (Li4SiO4) pebbles with 10 mol% lithium metasilicate (Li,SiO;) are the
reference tritium breeding ceramic for the European Union solid breeder test blanket module [1]. Latest
irradiation experiments showed that the reference Li,SiO,4 pebbles may crack and form fragments under
operation conditions as expected in the blanket module [2]. Therefore it may be favourable to change
the chemical composition of the reference Li,SiO, pebbles and to replace the Li,SiO; with a
mechanically more stable lithium metatitanate (Li,TiO;) phase. In combining these two phases —
Li4Si0O4 and Li,TiO;, it is anticipated to obtain a modified tritium breeding ceramic with improved
mechanical properties, without losing the benefit of the good tritium release [3]. The aim of this
research was to investigate the formation and localisation of radiation-induced defects (RD) and
radiolysis products (RP) in the modified Li,SiO4 pebbles with 10-30 mol% Li,TiO;.

High-temperature radiolysis was performed with a linear electron accelerator ELU-4
(E=5MeV) up to 5 GGy absorbed dose at 430-610 K in dry argon. Previously using the method of
chemical scavengers it has been determined that up to 95 % of accumulated electron type RD and RP
in the reference Li,SiO4 pebbles (D=1-11 GGy, T=550-590 K) are colloidal lithium (Li,) aggregates
while the rest are E’ centres (SiO5>), F" and F° centres [4]. The E’ centres, Li, and F' centres possesses
paramagnetic properties and thus could be detected by electron spin resonance (ESR) spectroscopy.

Using ESR it has been determined that in the modified Li,SiO, pebbles with 10-30 mol%
Li,TiO; forms and accumulates several paramagnetic species of RD, like, E’ centres (Si033' or TiO33')
and HC, centres (Si043" or TiO3"). Obtained results suggested that by replacing the Li,SiO; with equal
amount of Li,TiO; phase, the total concentration of paramagnetic RD in the modified Li4SiO4 pebbles
significantly decreases.

[1] M. Zmitko et al., J. Nucl. Mater. 417 (2011) 678-683.

[2] S.van Til et al., Fus. Eng. Des. 87 (2012) 885-889.

[3] R.Kanitter et al., J. Nucl. Mater. 442 (2013) S433-S436.

[4] A. Zarins et al., Fus. Eng. Des. (2014) doi:10.1016/j.fusengdes.2014.01.005.
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EIROPAS APVIENOTA TORA (JET) OGLEKLA KOMPOZITU PUTEKLU
AR GARU KEZU OGLUDEN RAZU PIEMAISIJUMIEM ANALIZE
L. Avotina', G. Kizénel, M. Halitovsl, J. LapiI,lél, S. Romanelliz,
EFDA-JET sadarbibas partneri’
ILatvijas Universitate, Kimiskas fizikas institiits,
’EURATOM / CCFE Fusion Association
3JET-EFDA

Oglekla skiedras kompozitmateriali (carbon fiber composites - CFC) Iidz 2009.
gadam izmantoti Apvienotaja Eiropas tora (Joint European torus — JET) ka plazmas
saskares materiali. JET ITER veida divertors ir veidots no CFC kiegeliem, kas
parklati ar volframu. Reaktora darbibas laika plazmas ietekmé notiek volframa slana
kusana un deformeSanas [1]. Uz plazmas saskares virsmas ar volframu neparklatajas
vietas plazmas ietekmé var veidoties dazadi oglekli saturosi savienojumi — fulleréni
un garu kézu ogludenrazi [2].

Ir veikta priekSizpéte ar neaktivu CFC puteklu, garu kézu ogliidenrazu un
fulleréna Cgp maisijumiem. P&tjjuma meérkis ir salidzinat oksidéSanas un subliméSanas
procesus CFC puteklus saturoSiem dazada sastava maisijumiem. Sagatavotos
maisijumus kars€ja gaisa un inerta atmosfera, izmantojot termiskas analizes iekartu
EXSTAR TG/DTA 6300.

Salidzinot dazadu maisijumu un atsevisku vielu sadaliSanas procesus, secinats,
ka linearu garu kézu oglidenrazu klatbtitni maisijumos iesp&jams noteikt péc to
kusanas un sadaliSanas temperatiram. legttie rezultati tiks izmantoti, lai noteiktu
oglidenrazu un fullerénu klatbitni puteklos un pleksnés, kas veidojusSies
kodolsintézes reaktora plazmas kamera.

ANALYSIS OF JET CFC DUST MATERIAL WITH ADDITIONS OF LONG-
CHAIN HYDROCARBONS
L. Avotina', G. Kizanel, M. Halitovsl, J. Lapinsl, S. Romanelliz,
EFDA-JET contributors’
!Institute of Chemical Physics, University of Latvia
’EURATOM / CCFE Fusion Association
*JET-EFDA

Carbon fibre composites (CFC) have been used in fusion reactors, including
Joint European Torus (JET) until 2009 as plasma facing materials. In JET ITER like
wall W coated CFC divertor tiles are used. During high temperature gradients and
thermal stresses, formation of melt layer, erosion and crack formation of W is caused
[1]. Plasma-wall interaction in uncovered places may lead to formation of carbon
based compounds like fullerenes [2] and long-chain hydrocarbons.

In order to analyse such dust and flakes, analysis of mixtures containing dust
material from plasma non-exposed CFC tile, several long-chain hydrocarbons and
fullerene Cgp was performed. The aim of this research was to analyse and compare the
oxidation and sublimation processes of mixtures with different composition. The
mixtures were heated in air and inert atmosphere employing a differential thermal
analyser EXSTAR TG/DTA6300.

The results were compared with decomposition processes of separate materials.
It was obtained, that it is possible to detect the presence of long-chain hydrocarbons in
mixtures. The results will be used as references for analysis of dust and flakes
collected from vacuum vessel of fusion reactor.

1. T. Hirai et al. / Journal of Nuclear Materials 390-391 (2009) 751-754

2.  B.N. Kolbasov et al. / Journal of Nuclear Materials 415 (2011) S266—-S269
* See the Appendix of F. Romanelli et al., Proceedings of the 24th IAEA Fusion Energy Conference
2012, San Diego, US
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§I,(IDRA METALA PLANU KARTINU VEIDOSANAS SISTEMA

A. Les¢inskis', E. Platacis®, G. Kizane'
'Latvijas Universitites Kimiskas fizikas institiits
*Fizikas institits, Latvijas Universitdtes agentiira

Izstradata rot€joSa cilindra metodika, kas lauj vienlaicigi noteikt un salidzinat
sava starpa vairaku objektu fizikalkimiskos raksturlielumus. Rot&josa cilindra metode
var tikt izmantota Skidrumu, Skidumu un Skidru metalu, ka ar1 to kaus€jumu
fizikalktmisko raksturlielumu noteikSanai un savstarp&jai salidzinasanai. Ta nodro$ina
nepartrauktu pétama objekta kontaktu ar cita materiala virsmu. Iekartas pamata ir
rotgjoss cilindrs ar ta iekSpus€ iegravétam vienu vai vairakam grop&€m. Cilindra
grop€s tiek ievietoti peétamie objekti, kuru mijiedarbibu paredzets pétit ar virsmas
materialu no ka izgatavots pats rot&josais cilindrs vai ar ta grop€s esoso odergjumu.
Ar $adu metodiku ir iesp&jams noteikt un salidzinat sava starpa vairakus
fizikalktmiskos raksturlielumus: viskozitati, koncentracijas ietekmi, virsmas
slapinasanu, slapinaSanas temperatiiru, slidéSanas atrumu un virsmas koroziju.
Turpinas metodes pilnveidoSana un attistiSana.

LIQUID METAL THIN LAYER FORMING SYSTEM

A. Lescinskis', E. Platacis®, G. Kizane'
! Institute of Chemical Physics, University of Latvia
? Institute of Physics, Agency of University of Latvia

There’s been developed a rotating cylinder methodology that allows to
determine and compare physicochemical characteristics of multiple objects. The
rotating cylinder method may be used for all liquids including liquid solutions, liquid
metals and their alloys. It provides continuous contact of the research object with
another surface of the selected material. Equipment based on a rotating cylinder with
one or more installed grooves inside of it. The research objects are placed inside of
the selected cylinder groves. Groves can hold various linings and can be made of any
desired material which is intended to study the object interaction with it. By this
method it is possible to determine and compare with each other a number of
physicochemical parameters: viscosity, concentration effects, surface wetting, wetting
temperature, the slip rate and surface corrosion. Further optimization and
improvement of the method is in progress.
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MHD EFEKTI UN SLAPINASANAS PROBLEMAS LITIJA GRAVITACLJAS
PLUSMA ,,MAZAS JAUDAS” (SFERISKA) TOKAMAKA DIVERTORA ZONA

A. Si§kol, E. Platacisl, A. Sobolevsl, A. Klukinsl, F. Muktepévelaz, A. Ziksl,
S. Ivanovs', M. Grjaznevich®, L. Zaharov*
'Latvijas Universitates Fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits
’Culham Science Centre
*Plasma Physics Laboratory

Pedgja laika arvien vairak paradas darbi saistiba ar ta saukto mazo sférisko
tokamaku ka efektivu zemas kodoltermiskas jaudas neitronu avotu. Lai var€tu
sekmigi 1stenot sferiska tokamaka projektus, ir janodroSina superplana Li slapinasanas
slana ( £ < 0.1 mm ) plisma ar loti mazu linearo caurplidi (¢ < 1 mm? /s) defingtos
gravitacijas un stipra magnétiska lauka apstaklos. Darba, izmantojot aproksimacijas
metodi, veikti teorétiski aprékini MHD efektiem Li plismai gan kapilara inzektora
iekSpuse, gan pa te€rauda brivo virsmu gravitacijas lauka klatbiitng. Izvesti nelinearie
otras kartas diferencialie vienadojumi, kas apraksta Li pléves biezumu (%) ka funkciju
no plismas atruma (v), caurpliides, magné&tiska un gravitacijas lauka vértibam.
Aprekinati optimalie parametri Li pléves gravitacijas un MHD plismam ar v = 4
mm/s. Lai uzlabotu Li slapinasanu un izpliSanu tika izstradata caurplides regulacijas
metode, kas lava eksperimentali ieglit vienmerigu Li plismu ar aprékinato atrumu.

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

MHD EFFECTS AND WETTING PROBLEMS DURING LITHIUM
GRAVITATIONAL FLOW IN THE DIVERTOR ZONE OF “LOW-POWER”
(SPHERICAL) TOKAMAK

A. Shishkol, E. Platacisl, A. Sobolevsl, A. Ziks', S. Ivanovsl, F. Muktepavelaz,
M. Gryaznevich?, L. Zakharov’
!Institute of Physics, University of Latvia
*Insitute of Solid State Physics, University of Latvia
'Culham Science Centre
*Plasma Physics Laboratory

Recently the number of works concerning so called small spherical tokomak
as an effective low power nuclear neutron source is growing. In order to successfully
accomplish projects involving spherical tokomak, it is crucial to ensure a flow (¢ <1
mm® /s) of super-thin Li wetting layer (4 < 0.lmm) in strictly defined conditions of
gravitational and magnetic fields. In this work theoretical calculations of MHD effects
of Li flow in capillary injector as well as on the free surface of steel in the presence of
gravitational field using method of approximation have been performed. Non-linear
second order differential equations describing the thickness (4) of Li film as a
function of velocity (v), flow, values of magnetic and gravitational fields has been
derived. Optimal parameters for gravitational and MHD flow (v = 4 mm/s) of Li film
have been calculated. To improve the wetting and spreading of Li a method of flow
regulation, which allowed experimentally obtaining a uniform flow of Li with
calculated velocity was developed.

The work has been done within ERAF project N°
2010/0262/2DP/2.1.1.1.0/10/APIA/VIAA/176
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RADIACIJAS MONITORINGS SALASPILS KODOLREAKTORA
APKARTNE 1998. - 2013.G.

J. Alksnis', J. Berzing®, D. Riekstina®, J. Rudzitis'
'LU Latvijas Universitdtes Kimiskas fizikas institiits
? Latvijas Universitdates Cietvielu fizikas institiits

Salaspils kodolreaktors IRT (turpmak SKR) saka darboties 1961.g. 26.
septembr1. Pirmajos gados SKR apkartné mérija y un  radionuklidus, kurus satur&ja:
nokri$ni, aerosoli, augsnes virskarta, Gidens atklatos tidens baseinos, ka art SKR
saimnieciskas un lietus kanalizacijas sistéma. Veélak izradijas, ka iegttie vides
radioaktivitates dati liecinaja par kodolierocu spradzienu globalajam sekam, nevis par
SKR darbibas sekam.

SKR apkartnes pazemes tidenos y un 3 radionuklidus saka kontrol&t sakot ar
1990.g..kad ierikoja kontrolakas 4 1idz 9 m dziluma apm. 5 lidz 50 m attaluma no
reaktora bakas un speckanalizaciju baseiniem. Kad kodolreaktora aktivaja zona ka
neitronu atstarotaju saka izmantot berilija (Be) kasetes, tajas veidojas tritijs, kurs§ gala
rezultata nonaca 1. kontiira @ident un talak apkartgja vidé (ka tvaiki un pazemes
tidens). Tade] radas nepiecieSamiba kontrolét ari tritiju pazemes tdenos SKR
apkartng.

Petijumos iegiitas reaktora radito radionuklidu vid€jas koncentracijas un to
dinamika pa gadiem un pa vietam augsné un pazemes tidenos. Radiacijas monitoringa
rezultati paradija, ka no SKR vidé nonakuSo radionuklidu daudzums maz izmaina
daba esoso radionuklidu koncentraciju.

RADIATION MONITORING IN THE VICINITY OF SALASPILS NUCLEAR
REACTOR (1998-2013)

J. Alksnisl, J. Bérzinsz, D. Riekstinal’z, J. Rudzitis'
'LU Latvijas Universitdtes Kimiskas fizikas institiits
? Latvijas Universitdates Cietvielu fizikas institiits

The nuclear reactor IRT in Salaspils (SNR) started operation on September 26,
1961. In the first years, the activity of y and B radionuclides was measured in:
precipitations, aerosols, upper layers of soil, open water basins, as well as in the
operational and rain drain systems of the SNR. Later, it become clear that the obtained
environmental radioactivity data indicated global impact of nuclear weapon tests, and
not the operation of SNR. The activity monitoring of y and B radionuclides in the
ground waters around SNR was started in 1990, when the 4 to 9 m deep control-wells
have been made at distances ca. 5 to 50 m from the reactor tank and special sewage
basins. The use of beryllium (Be) casettes for neutron reflection in the reactor core
resulted in the production of tritium which leaked into the 1st contour water and then
in the environment (as wapours and ground waters). This caused a necessity to
monitor the H> activity in the ground waters in the vicinity of SNR.

Obtained results present average concentrations of reactor produced
radionuclides in soils and ground waters, as well as concentration dynamics in
dependence on years and locations. The results of radiation monitoring show that the
amount of radionuclides produced by SNR have little impact of the total radionuclide
content in the environment.
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SKIDRA METALA STRUKLA UZ IELIEKTAS PAMATNES STIPRA
MAGNETISKA LAUKA.

O. Lielausis, E. Platacis, A. Klukins, J. Peinbergs

Latvijas Universitates Fizikas institiits

Liela atruma striklas var sastapt jau paSos pirmajos priekslikumos, kur Skidrais
metals ieteikts ka darba kermenis atdalitaja (divertora) aizsardzibai un jaudas
novadiSanai. Liela termalas slodzes uztvertsp&ja uzskatama par galveno ipatnibu, kas
raksturo $ada veida atdalitajus. Ja pielaizami tadi materiali ka Ga vai Sn, tad slodzes
virs 50 MW/m? kliist iesp&jamas. Batiski rezultati tika iegiiti maza izméra tokamaka I
ST T O K, kur plasma mijiedarbojas tiesi ar Ga struklu. Nozimigakais ir secinajums
par to, ka Skidra metala strikla tiktieSam var absorb&t un parnest lielas termalas
slodzes. Tomér vienlaikus aktualiz&jas veca probléma par brivi lidojoSo striiklu
telpisko stabilitati. Izlades laika zinama striikklas novirze tika konstatéta. Ir izteikta
hipotéze, ka So novirzi izsauc magnétiska lauka mijiedarbe elektriskajam stravam,
kuras generé peldosais potencials plazma. Lai izvairitos no nevélamas
elektromagnétisko spku iedarbes, nepiecieSams saglabat So potencialu nemainigu visa
striiklas garuma. Sim noliikam iesakam virzit striiklas gar ekvipotencialam ieliektam
virsmam. Referata apskatiti attiecigie rezultati.

LIQUID METAL JETS PASSING OVER CURVED SUBSTRATES IN THE
PRESENCE OF A STRONG MAGNETIC FIELD.

O. Lielausis, E. Platacis, A. Klukins, J. Peinbergs
Institute of Physics, University of Latvia

Fast jets as plasma facing components can be found already in the very first
designs when for diverter protection and power extraction liquid metals were
proposed. A high power load capability should be considered as the most distinctive
and attractive feature of such a divertor. If materials like Ga or Sn are accepted loads
of the order of 50 MW/m” could be expected. Essential for applications are results
gained during experiments on the small scale tokamak ISTTOK where the plasma was
interacting directly with a Ga jet. Most important is the conclusion about the ability of
liquid metal jets to absorb and transfer high indeed power loads. However, the old
problem about the spatial stability of free flying jets was stirred up. During the
discharge a definite deflection of the liquid jet was detected. A hypothesis has been
offered that the deflection is caused by the magnetic field interacting with the electric
currents generated by the floating potential inside the plasma. To keep the floating
potential along the jet's path constant, as a consequence, to eliminate the badly acting
electro magnetic forces we offer to direct the jets along curved equipotential surfaces.
In the report results of this study are presented.

The work was supported by EFDA in the frame of the Task: WP13-PEX03b-
TOS
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ELEKTRONU STAROJUMA UN MAGNETISKA LAUKA IESPEJAMAS
STIMULEJOSAS IETEKMES NOVERTEJUMS TRITIJA IZDALISANAS
PROCESAM NO HIDOBE-01 BERILIJA LODITEM
A. Vitin§', G. Kizane', J. Jansons', V. Kinerte', G. Ivanov', M. Zmitko®
Latvijas Universitates Kimiskas fizikas institiits
’Kodolsinteze Energijai (F4E)

Berilija lodites paredz€ts izmantot Eiropas ar héliju dzeséta lodisu modula (HCPB) bridinga
blanketa nakotnes kodolsintézes reaktoros, lai nodro$inatu pietiekamu tritija atrazoSanu. Be lodites ar 1
mm diametru, kas razotas rotgjosa elektroda procesa, paslaik ir references materials HCPB, un tiks
izmantotas pirmajos HCPB parbaudes modulos [1].

Berilija lodites atradisies intensiva atro neitronu starojuma plisma, aptuveni 10" n.m™s™,
augsta magnétiska lauka 7-10 T un 573-923 K temperatiras ietekm&. HElijs un tritijs berilija rodas
neitronu izsaukto transmutaciju cela un izraisa gan lodiSu uzptsanos, gan tritija uzkrasanos tajas.

Veikta lielu dozu berilija apstarosana (HIDOBE-01) Niderlandé Petenas Augstplismas
kodolreaktora atro neitronu plusma, lai uzzinatu beriliju lodiSu uzvedibu un tritija uzkrasanos DEMO
reaktoram atbilstoSos atomu nobides un hélija atomu attiecibas un temperatiiru reZima apstaklos [2, 3].

Sis pétijums sniedz rezultatus par tritija izdali$anos no loditém, kas apstarotas neitronos 646
pilnas reaktora jaudas dienas, neitronu plisma ir 6.94 x 10* m ~* ( E > 1,0 MeV ) temperatiira zona
798 K.

Tritija izdaliSanas eksperimenti tika veikti 773-1079 K temperatura 3 stundas nes€jgazes He +
0,1 % H, plisma 14-15 L / h ar vienlaicigu 5 MeV atro elektronu apstaroSanu 10-13 MGy / h, gan bez
magnétiska lauka ( B = 0), gan magnétiskaja lauka 1,5-1,7 T(B=1,7T).

Vienlaiciga 5 MeV atro elektronu starojuma un magnétiska lauka 1,5-1,7 T iedarbiba
ieverojami atvieglo (56-67%) tritija izdalisanos no HIDOBE-01 eksperimenta 798 K temperatira
apstarotam 1,0 un 0,5 mm Be loditém, atdedzinot tas virs 1040 K temperattras. Tomér iespgja izdarit
vispargjus kvantitativus secinajumus par magnétiska lauka ietekmi ir loti ierobezota, jo ir iespgjams
atSkirigums starp lodit€m vienas partijas ietvaros gan attieciba uz to sakotngjo kopgjo tritija daudzumu,
gan uz tritija izdaliSanas Tpasibam.

ESTIMATION OF POSSIBLE STIMULATING EFFECT OF ELECTRON
RADIATION AND MAGNETIC FIELD ON TRITIUM RELEASE FROM
HIDOBE-01BERYLLIUM PEBBLES
A. Viting, G. Kizane, J. Jansons, V. Kinerte, G. Ivanov, M. Zmitko
!Institute of Chemical Physics University of Latvia
*Fusion for Energy (F4E)

Beryllium pebbles are foreseen to be used in the European Helium-Cooled Pebble-Bed
(HCPB) breeding blanket for a future fusion reactor in order to ensure sufficient tritium breeding. The
Be pebbles produced by Rotating Electrode Process with diameter 1 mm are at present the reference
multiplier material for the HCPB breeding blanket and will be used in the first HCPB Test Blanket
Modules [1].

The beryllium pebbles will be under intense fast neutron radiation of about 10'® n m? s, a
high magnetic field of 7-10 T at 573-923 K temperature. Helium and tritium are produced in beryllium
as a result of neutron-induced transmutations, causing swelling and trititum inventory.

The HIgh DOse irradiation of BEryllium (HIDOBE-01) was performed in the High Flux
Reactor at Petten, The Netherlands in order to know behaviour of beryllium pebbles and tritium
inventory under fast neutron irradiation at DEMO relevant dpa/He ratios and temperatures [2,3].

This study presents results on post neutron-irradiation tritium release from pebbles irradiated
for 646 full power days to the neutron fluence of 6.94 x 10 m? (E>1.0 MeV) in the temperature zone
798 K. Tritium release experiments were performed at 773-1079 K for 3 h in a flow of 14-15 L/h of He
+ 0.1% H, purge gas with simultaneous 5 MeV fast electron irradiation of 10-13 MGy/h both without
(B=0) and in a magnetic field of 1.5-1.7 T (B=1.7 T).

A considerable facilitating effect (56-67%) of a magnetic field of 1.5-1.7 T with the
simultaneous 5 MeV fast electron radiation on the tritium release from the HIDOBE-01 798 K 1.0 and
0.5 mm Be pebbles on annealing at temperatures above 1040 K was observed, but because of the fact
that only one pair of pebbles was investigated on the magnetic field effect from each batch, the ability
to draw general quantitative conclusions about the magnetic field effect is very limited by possible
dissimilarity of the pebbles within the batch with respect to their initial total trititum amount and their

tritium release properties.

1. M. Zmitko, Y. Poitevin, L. Boccaccini, et al. J. Nucl. Mater. 417 (2011) 678-683.

2. J.B.J. Hegeman, J.G. van der Laan, H. Kawamura, et al. Fusion Eng. Des. 75-79 (2005) 769-773.
3. S.van Til, A.V. Fedorov, M.P. Stijkel, et al. J. Nucl. Mater. 442 (2013) S478-S482.
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JONIZEJOSA STAROJUMA ENERGIJAS IETEKME UZ DOZIMETRU
KALIBRESANAS KOEFICIENTIEM

O. Skrypnik, V. Péde, J. Rudzitis

Latvijas Universitates Kimiskas fizikas institiits

Jonizgjoso starojumu plasi izmanto medicina, dazadas ripniecibas
nozar€s un zinatn€. Neskatoties uz to, ka joniz€joSam starojumam ir daudz
pielietojumu, tas var izraisit potencialus bojajumus cilvéka organisma, ja
radiacija parsniegs noteiktos limitus. Lai raditu iesp&ju drosi izmantot jonizgjosa
starojuma avotus un vienlaicigi aizsargat pacientus un personalu, kurs$
nodarbojas ar joniz€joSo starojumu, ka ari vidi pret iesp&jamo kaitigo iedarbibu
ir nepiecieSams kontrolét dozas limitus darba vietas un objektos. Darba vietu un
objektu kontrole izmanto plasu dozimetru loku.

Viens no galvenajiem nosacijumiem veicot Sos mérfjumus ir kalibrétu
dozimetru pielietoSana. KalibréSanas rezultats ir kalibréSanas koeficients un tas
ir skaitlis, ar kuru jareizina mérijjums, lai iegtitu patieso lielumu.

Diagnostikai un terapijas metodém izmanto dazadus joniz&josa
starojuma veidus (rentgenstarojums, gamma starojums, paatrinatie elektroni) un
katram veidam var atSkirties energija.

P&tfjuma galvenais mérkis ir noteikt kada méra dazadu dozimetru veidu
kalibréSanas koeficienti ir atkarigi no joniz&josa starojuma energijas.

THE INFLUENCE OF IONIZING RADIATION ENERGY ON
COEFFICIENTS OF DOSIMETERS

O. Skrypnik, V. Pede, J. Rudzitis
Institute of Chemical Physics, University of Latvia

Today the ionizing radiation is used for a variety of medical, industrial
and scientific purposes. lonizing radiation has many applications, but at the
same time it may cause the health hazards if the radiation exceeds certain limits.
It is critical to control dose limits in order to maintain the safe environment and
to protect the personnel and the patients from the potential harmful effects. The
control is ensured with different types of dosimeters.

One of the main requirements for the correct use of dosimeter is the
dosimeter calibration. The results of calibration are calibration coefficient and
are a number by which one should multiply the measurement in order to obtain a
correct value.

The different types of ionizing radiation (X-ray, gamma irradiation,
accelerated electrons) are used for diagnostic and therapy methods. In praxis
used ionizing radiation has wide range of energies.

Therefore, the aim of the research is to determine the dosimeters
calibration coefficients for different energy types of ionizing radiation and to
identify the differences of coefficients.
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SKAITLISKIE REKINI 3D PBLI MHD PLUSMAI KVADRATVEIDA
KANALA AR ATSKIRIGU SIENU ELEKTRISKO VADITSPEJU

L Krastinél, A. Siékol, L. Buligins2
! Latvijas Universitates Fizikas institiits
’Latvijas Universitates Fizikas un matematikas fakultates Fizikas katedra

Darba atspoguloti skaitliskie rezultati 3D stacionarai MHD plismai
sienu parametru veértibam, ka ar1 kad viena puse kanala ir ar nevado$am sienam un
otra puse ir ar vadosam Hartmana sienam.

Otraja gadijuma plismai eksist€ parejas apgabals, kura ta no bulk veida
plismas pariet neregulara MHD pliisma ar tai raksturigo M veida 2D atruma profilu.
Sim pétijumam ir vairak akadeémiska nozime ta vienkarsibas un fizikalas noteiktibas
del. Skaitliskos rezultatus var€tu izmantot Skidra metala blanketa izstrade, ka ari
skidra metala korozijas procesu MHD efektu ietekmes noveértésana uz konstrukciju
materialiem.

Skaitliskie rezultati parada, ka, arvien samazinot plismas vid€jo atrumu, pie
kadas kritiskas vertibas notiks pareja uz t.s. Stoksa plismu, kad plismas parejas
apgabals un atruma sadalijums taja vairs nav atkarigi no videja atruma vértibas, bet
tikai no Hartmana skaitla un sienu parametra. Palielinot atruma vértibu virs kritiskas,
proporcionali atrumam pieaug inerces speki, 11dz ar to ar1 palielinas parejas apgabala
garums. Papildus tam vé&l apskata parejas apgabala atkaribu no Hartmana skaitla.

NUMERICAL CALCULATIONS OF 3D PBLI MHD FLOW IN A SQUARE
DUCT WITH DIFFERENT WALL ELECTRICAL CONDUCTIVITIES

L Krastinsl, A. Shishkol, L. Buligins2
!Institute of Physics, University of Latvia
’Department of Physics, Faculty of Physics and Mathematics, University of Latvia

Numerical results of 3D stationary MHD flow in a long square duct with
applied strong magnetic field (By=const) are presented. In the first half of the channel
(x<0) all walls are electrically non-conducting, but in the second half (x>0) Hartmann
walls are electrically conductive.

In this kind of configuration in the vicinity of cross section at x=0 there is a
region where the flow changes from bulk type flow in the non-conducting part of the
channel to strongly irregular flow in the conducting part of the channel with
characteristic M-shaped 2D velocity profile.

This study is of an academic interest, because of its simplicity and physical
certainty. Numerical results could be of use in developing liquid-metal blanket, in
which PbLi is assumed as a breeding material, also for estimation of influence of
MHD effects on liquid-metal corrosion processes of structural materials.

Numerical results show that decreasing integral velocities vy, at some critical
value v, the transition to so called Stokes flow occurs, where the flow restructuring
region and velocity distribution in this region no more depends on the magnitude of vy
(Reynolds number), but depends only on Hartmann number and the magnitude of wall
parameter. At flow velocities larger than the critical value (vo>v,,), the increase of the
velocity vy leads to the increase of inertial forces, and, consequently, to the increase in
length of flow restructuring region in the channel.

The restructuring region length dependence on Ha parameter is also
determined.
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Zn-Ir-O PLANO KARTINU IZGATAVOSANA UN STRUKTURALAS,
ELEKTRISKAS UN OPTISKAS IPASIBAS

M. Zubkins, R. Kalendarevs, J. Gabrusenoks, K. Vilnis, A. Azens, J. Purans

Latvijas Universitates Cietvielu fizikas institiits

Turpmaku caurspidigas elektronikas attistibu uz caurspidigu, elektrovadosu
oksidu (TCO) bazes kave p-tipa vaditaju triikums. Amorfas ZnO-IrO, planas kartinas
ir potenciali p-tipa TCO vaditaji, kas iegiti istabas temperatira ar puls€josa lazera
uzklaSanas metodi [1]. Musu referata ir izpétita iesp&ja uzklat ZnO-IrO, planas
kartinas istabas temperatira ar reaktivu [idzstravas magnetrono uzputinasanu.

Zn-Ir-O planas kartigas tika uzklatas uz stikla, Si, Ti un poliimida pléves ar
reaktivu Iidzstravas magnetrono uzputinasanu, izmantojot Zn (99.95 %) mérki un Ir
gabalinus, kas tika simetriski izvietoti uz mérka erozijas zonas. Paraugu sérija tika
iegiita pie dazadam skabekla pret argona gazu attiecibam (1/4, 1/2/, 1/1) un pie
dazadam iridija koncentracijam uz mérka erozijas zonas (1, 3, 5, 7, 10, 13, 15 %). Zn-
Ir-O plano kartinu struktiiras, elektriskas un optiskas 1pasibas tika pétitas ar XRF,
XRD, Ramana spektroskopiju, profilometriju, Holla efekta mérijumiem un divstaru
optisko spektrofotometriju.

Uzputinatas Zn-Ir-O planas kartinas ir rentgenamorfas. Palielinot iridija
koncentraciju planajas kartinds, samazinas elektriska pretestiba, bet pieaug
absorbcijas koeficients redzamas gaismas diapazona.

DEPOSITION AND STRUCTURAL, ELECTRICAL AND OPTICAL
PROPERTIES OF Zn-Ir-O THIN FILMS

M. Zubkins, R. Kalendarev, J. Gabrusenoks, K. Vilnis, A. Azens, J. 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.
Amorphous ZnO-IrO, thin films are potential p-type TCOs deposited by pulsed laser
deposition at room temperature [1]. This study investigated the possibility to deposit
ZnO-IrO; thin films by reactive DC magnetron sputtering at room temperature.

Zn-Ir-O thin films were deposited on glass, Si, Ti and polyimide tape by
reactive DC magnetron sputtering from a metallic Zn (99.95 %) target with Ir pieces
on the target surface in an Ar+O, atmosphere. A set of samples was deposited at
different oxygen to argon gas ratios (1/4, 1/2/, 1/1) and at different fractions of
iridium on target erosion zone (1, 3, 5, 7, 10, 13, 15 %). Elemental, structural,
electrical and optical properties of Zn-Ir-O thin films were studied by XRF, XRD,
Raman spectroscopy, profilometry, Hall effect and two beam optical
spectrophotometry.

As-deposited Zn-Ir-O thin films at room temperature are x-ray amorphous.
Increase in iridium concentration leads to lower resistivity, but higher absorption
coefficient in the visible range.

[1] J. M. Dekkers, Transparent Conductive Oxides on Polymeric Substrates by Pulsed
Laser Deposition. Ph. D. thesis University of Twente, Enschede, Netherland, 2007.
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POLARIZACIJAS RAKSTURS UN STRUKTURA Na,,Bi;,TiO; - SrTiO; -
PbTiO; CIETAJOS SKIDUMOS FAZU PAREJAS APGABALA

R. Ignatans, E. Birks, A. Plaude, M. Antonova, M. Livin$

Latvijas Universitates Cietvielu fizikas institiits

Darba apskatitas cieto Skidumu rindas (0,4)Na;,Bi;,TiO; — (0,6-x)SrTiOs -
(x)PbTi0Os3, kur x=0,05/0,10/0,20, strukttiras atkaribas no temperattras un tas sakars ar
polarizacijas raksturu. Sastavam ar 20% PbTiO; koncentraciju pie T<Tc ir tetragonala
simetrija, kas sam@ra Saura temperatiru intervala transform&jas par kubisku.
Sastaviem ar 5% un 10% PbTiO; koncentracijam novérojama divu fazu - tetragonalas
un kubiskas — koeksistence istabas temperatiira, pieaugot temperattirai tetragonalas
fazes koncentracija samazinas. Neskatoties uz tetragonalas fazes klatbiitni,
makroskopiska polarizacija Siem sastaviem nav novérojama.

Polarizésana ietekmé sastava ar 10% PbTiOs struktiiru, piemeéram: palielinas
tetragonalitate, ka ari tetragonalas fazes daudzums fazu koeksistences apgabala
salidzinot ar nepolariz&tu paraugu.

Struktiiras pétfjumiem izmantota rentgendifrakcijas metode. Datu apstradei
izmantota Ritvelda metode kopa ar fundamentalo parametru pan€mienu.

POLARIZATION NATURE AND STRUCTURE OF Na;;;Bi;,TiO; - SrTiO; -
PbTiO; SOLID SOLUTIONS IN THE PHASE TRANSITION REGION

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

In this work structural change dependence on temperature and its connection
with polarization nature of solid solutions (0.4)Na;,Bi;,TiO; — (0.6-x)SrTiOs .
(x)PbTiO3 where x=0.05/0.10/0.20 is studied. Composition with 20% PbTiO;
concentration is with tetragonal symmetry at temperatures T<Tc. Compositions with
5% and 10% PbTiOs; show tetragonal and cubic phase coexistence at room
temperature, as temperature rises concentration of tetragonal phase drops. Despite
existence of tetragonal phase macroscopic polarization is not observed.

Poling affects structure of composition with 10% PbTiOs3 — it exhibits higher
tetragonality and higher tetragonal phase fraction in the phase coexistence interval
than non-polarized specimen.

Structure was studied by x-ray diffraction. Rietveld refinement accompanied
with fundamental parameters approach was applied to XRD data.

114



Stenda referati

SVINA FTALOCIANINA PLANARAS HETEROPAREJAS FOTOSUNA AR
FOTOJUTIBU INFRASARKANAJA SPEKTRA DALA

A. Ivanoval’z, L. Kaulaésl, M. Roze?
!Fizikalas Energétikas institiits
’Rigas Tehniska universitate

Pedejos gados ir sasniegts liels progress augsti efektivu organisko saules
elementu izveide. Tacu galvenais to trikums ir saistams ar Sauro spektralo jutibas
diapazonu, kas neparsniedz 800 nm. Lai paplasinatu to spektralo diapazonu Saja darba
tiek meklets tandéma Siinas partneris ar fotojutibu infrasarkanaja spektra dala. Zinams,
ka svina ftalocianins (PbPc) triklinaja kristalografiskaja singonija raksturojas ar
specigu starpmolekularas 1adina parneses joslu 900 nm rajona, kas nodrosSina planaro
heteropareju saules Stinu spektralo jutibu lidz pat 950 nm, izmantojot ka elektronu
akceptoru fullerénu Cg. Bet elektrodu un dazadu fulleréna atvasinajumu ietekme uz
sadu saules elementu efektivitati [idz Sim nav sistematiski pétita.

Lai noskaidrotu dazadu fulleréna atvasinajumu ietekmi uz $adu S§inu
efektivitati, darba veikta planaro heteropareju fotoStinu fotoelektrisko parametru
izpete par elektronu akceptoru izmantojot ari C;p un ICeBA atvasinajumu. Lai
palielinatu ieks€jo elektrisko lauku §iina tika pielietoti ar iterbija un indija elektrodi.

Visi Stnas slanisi tika veidoti ar termiskas uzputinaSanas metodi vakuuma
~10 mbar. Saja pat vakuumsistéma, neiznemot paraugu no vakuuma, tika veikta ari
galveno fotoelektrisko parametru izpéte.

LEAD PHTHALOCYANINE PLANAR HETEROJUNCTION CELL
SENSITIVE IN INFRARED

A. Ivanova'”, 1. Kaulachs', M. Roze®

Institute of Physical Energetics
’Riga Technical University

In the past few years a large progress has been achieved in creating highly
efficient organic solar cells. Still the main drawback of these cells is their limited
spectral range up to a wavelength of 800 nm. In order to broaden the spectral
coverage of the cells we are looking for tandem partner with photosensitivity in
infrared spectral region. It is known that lead phthalocyanine (PbPc) in triclinic phase
has large and strong intermolecular charge transfer (CT) band around 900 nm which
enables considerable efficiency in planar solar cells with Cg as electron acceptor and
transporter up to 950 nm. But electrode and different fullerene derivatives influence
on such cells efficiency is not systematically studied yet. In order to investigate
different fullerene derivatives influence on the cell performance we used not only Ceo,
but also C79 and IC¢oBA. To increase internal electric field in the cell the Yb or In
electrodes also were used.

All photoelectric measurements have been made in the same home made
vacuum cryostat where cell was manufactured at p ~ 10 mbar without breaking the
vacuum and moving the cell.

115



A

ALCKSEJEVA J. .o 101
ATKSINIS . oo 108
ANAZANE J.oooviiiiiciieeceeee e 63, 68
ANNUS Poooviiii e 40
ANSPOKS AL .ottt 37,38
ANtoNova M. .....coooiiiiiiiiieiece s 114
ANTUZEVIES A oo 15
APSTEE L. oo 65, 66
Augustovs P.
AUSEKIC E. oo
Avotina L. ..ccooooviiiiiiiiiece s 27,28, 105
AZENS A oo 113
B
Bajars G. ...ceoeeeeeeieenieeeeeee e 79, 84, 96, 98, 99
Balodis M. .....ooooiiiiiiiieeceeeeeeee e 29
Baumane L.........ccccoooiiiiiiiiiceceeeeee e 104
Begens J. oo 35
Beitans K.
BeKris N..ooviioiieiceeeeeeee e 28
Bergs G.ooooeeeeeeeeeeee e 65, 66
Bérzipa B. .................
Bérzina-Cimdina L. .....cccoccvevvieievienieieceeieeeeeenne. 50, 87
BErzinS Dz. ....covvevveiieiieiecieceeeeee e 12,14, 15
BEIzinS J. oo 30, 108
Bidermane L. ..........coooviiiiiiiiiiiiiiceeecee e 100
Bikova K. ....oooviiiiiiiiiccce s 96, 98
Birks E. oo 114
BoCarovs D. .....coooouvieiiiiieeeee e 32,33
Borodin V. A. ..o 36
Brice L oo 13
Briljonoks Dz........ccoeciiiiiiiniiiininieceeeeseeeeeee 92
Bugovecka L. ....coooiiiiiiiiiiieieeceeeeeeee 50
Buligins L. ..coooieiiiieieieieceeeeeeee e 112
BulindZs K. .....oooiiiiiiiiciieieeee e 7
Bundulis A........ooviiiiieceeeeee e 56
BUusenbergs J. .....ccveovieienieieiieieseeeeeeee e 56
Butanovs E.......cooovviiiiiiiiieee e 64
BUtiKOVa J. .o 64, 67
C
Catalin S. ....oooviieeceeceee e 28
Cintins A
CVELKOVS A oo 62,90
CIKVAIAZE G oo 12
D
Dimanta L. .......coooiiiiiie e 80
Dimza V..o 83
Dindune A......c.ooovieiiiiiieeee e 97
DOKE G 9, 14
Drunka R.......oovviiiiiiiiiceceeee e 18
E
EBIStS B oo 7,13
ErtS Do 63, 65, 66, 68, 69, 70

116

F
FEedOtovS A ..evvieieeeeeeee e 14,15
FriCSONS J. c.eveiviicieieee e 22
G
Gabrusenoks J. .....cccoooviiiiiiiiiiieeeeeeeeees 84,99, 113
Gopejenko A
GrabiS J. c.veevieiieeieecee e 18,75
Grants R ....ooooiiiiiiiiiiiieee e 47
Grigorjeva L....
Grinberga L......ccooovevievieieieieeceeees
GriSCOM Do
Grjaznevich M. ......
GIUDE J. e
Grzibovskis R. ...ocoiiiiiiiiee e 42
Gudakovska M. ........coooviiiiiiiiieie e 23
Gvardina L. ......c.oooveiiiiiiieiieeeee e 41
H
Halitovs M. ...ooiiiieieieceeeeeee et 28, 105
HodaKovska J......c..coovieiiiiiiieeeeeeeeeeeeee e 76
Holmes J.D. .ccoooooiiiieeeeeeceeeeeee e 63, 69, 70
HOSONO H. ..oovviiiicee e 6
I
Ignatans R. ....cocovviieiiieee e, 90, 114
IVaNOV G ..oooeeieieeeece e 110
Ivanoval...... . 115
IVanovs S. oo 107
J
JanSoNS J. ..ooovviiiiiiic e 12, 110
Jasulaneca L........ccooovviviiieiiiiiicieceeceeceeee e 70
JevdoKimovs D. ......ccoeevviiiiiiiieeeceeeeeeeee e 68
Jirgensons M. .. ..103
Jonane Lo 94
K
Kajihara K...oocooooiiiiiieeceeeceeee 6,93
Kalendarevs R. .38, 113
Kanepe Z.........ccooieviiniiiiniiiiiniiiiiicciccecee 97
Kaprans K. ...oooovoieieeeeee e 98
Karashanova D.........c.ccccoovvieviiiiieciicecceeee e 62
KatkeviCs J...oooveiieieceeceeecee e 69
KaulaGs L. ..o 115
Kinerte V. .... ..110
KiSelova O. ..oooevieiieciieiece e 90
Kleperis J. ....19, 20, 22, 23, 73, 74, 76, 79, 80, 81, 96, 98
Klismeta K. .......oooviiiiiiiiiciicecceeeeee e 58
KIUKINS A..covvieiiiieeeeeeeeeeeee e 107, 109
KNite M. ..oiiiiiiiceececeeeeeeeeee e 49, 85, 86
Knitter R. .....
KNOKS A oo 19, 74
KOKArs V. ..ooooeiiiieiieeeee e 54
...104
Kosmaca J.......cooviiiiiiiiiiiieieieeee e 63
Kostrjukova K. ....c.ooiiiiiiiieieecteeeee e 51
KOtomins J. ....c..ooovviiiiiiieeie e 36



Krasta T. ..oooooiieeiiieeie e 29, 30

Krasting L......ooeioiioiiececcee e 112
KEIStNS A vt 40, 41
KIiVOSNET Ao 40
Krimina A. cocoooveeieiieieieeeereee et 75
KucinsKis G. ...ooooviiiiiiiiiicieeeceee e 96
Kuhta L. ..o 74
KUlIKOVA L. oot 62
Kunakova G.......cccoeeveeviieiiiiiiieieeeieeieeeee e 63, 68, 69
Kundzina L. ......cooooiiviiiiiiieceececeeeeeee e 83
Kundzins K. ...oovveieiieieeceeeeeceeeee 7,43, 44, 83
Kundzing M. ...cocvioieiiiecieiceeee e 83
Kuzming A. ....ccooovvveeeeeeeeeeeeeee e 32,34,91,95
KENinS K. oo 54
Kizane G......cocooevvvevvecnieniennne 27,28, 104, 105, 106, 110
L
Lamp J. oo 40
Lapins J.... 105
Latvels J.ooo oo
Lazdind K. ..ooovooveeeiiieieeceeeeee et
Lesnicenoks P.
LeSCInskis A .oooiiiiiieiieee e
Letlena A. c..oooviiiieeeceeeeee e 75
Lielausis O...
Liepina I
Liepina V. oottt 10
Likonen J. ....

M
Malinovskis U.......cceeeveverieniieieieseeiesieeeenns 65, 66, 68
Manika L......coooooiiiiiiiiiccieecee e 47
ManiKs J...oooooiiiiiiieeee e 47
MBATCINS G. oottt 67
MaStITKOVS J. vt 36
METja R oot 70
MEIdETIS J. oo 41
MeETKUIOV V..o 8
MiIberga M. .....coeuiiiiiieeieecee e 74
Millers D...... ...10, 11, 88, 89
MIN M. e 40
Mironova —UImane N. .......cccccevvieeciieniiniiiesieeeesee e 8
Moslang A. ....ccoeveevenens
Muizniece K. ...ooooviiiiiiiiiiiiciieeee e
MUiZnieKs L ..ooooeiniiiiiiceeeeee e 80
Muktepavela F. .....occovivieviiiieieeieeeeee e 107
N
Narels M. ...ooooiiiiiieceeeeee e 60
Narkevica L........ooovviiioiiiiieeeeeeee e 50
NItiSS E. v 43, 55,56
NEMCEVS Voot et e 81
0]
Orliukas AF. c..oooieeiecceeeeeeee e 97
OZOlNS J. oot 50
Ozolins M. ...
OZO0IS A oo 54
O2Z0IS Ko oot 85

117

P

Pajuste E. ..ooeveeieieieeeeee e 27
PalGevskis E. ...
Pankratov V. ...

Peinbergs J. ..
Pentjuss E........
Pervenecka J. ..
Pétersons G.
Piskunovs S........coovvevieiiiiiieceeeeeeeeee e 32, 33,35
Platacis E. ....... ....106, 107, 109

Poplausks R. .c..ccoeieiiinininiiiciciiccrcceccccee 65
Potanina E. .......c.cocoeiiiiiiiiieeeceee e 59
Priede A. ...... 23

PriKSANEe A....ooovviiviieeeeeeeeee e 21

PUFANS J.ovvoeeeeeeeeeeee oo 15,32, 37, 38,91, 113
R
Reinfelde M. ......oooviiviiiiiiiieceeeeeee e 102
Riekstina D. ....cccoovviiiiiiiiieceeceeeeee e 30, 108
Rogulis U .. 7,13, 14, 15,90
Romanelli S. ......ooviiiiiiie e 105
Romanenkovs V.......cccoieiiiiiiiiiieeececeece e 82
RONIS J. oo 97

Roze M. ... .. 115
Rubenis K. .....ccoooiiiiiiiiiccie e 87
RUAZTEIS J. oo 108, 111
RUtkiS M. ..o 55,56, 57
RULKOVSKA Z. ... 80
S

Saharovs DM..........oooiiiiiiiiiieiicceeeece e 54
Serga V........... ..62,90
Shirmane L.........cc..oooiiiiiiiiiieeicceeeeeee e 91
SIS Al oo 93
SIMONOVA L.....oooviiiiiiiiiecceccceeeeeee e 30
SKATda L ..o 38
SKVOICOVA V. oo 8
SI0KA B oo 22
Sobolevs A... ... 107
SOKOIOVA M.t 51
SPIINZIS M. oo 9
Sprugis E

StArTKOVS A o.eeeieeeeeeeeeee e 22
SEPINA S. oo 49
Supe A. ........

Sakale G

SATAKOVSKIS A oo 9
SIEKO A oo eerns 107, 112
SHVATS A oot ee e s e e eeeeeeesesesens 73
SMits K. voeeeeeeeeeeeeeenn, 7,10, 11, 12, 14, 44, 88, 89
gtembergs A e 26, 72
SULKA A oot 77,78
SVINKA Rttt eeee e enee e 30



T
TALE Lo 64
TaUrNS G. c.vveeveeiieeeeee e 20
Teteris J ..58,59,101, 102, 103
TimOSenko J......coovviiiiiiiiiiiieeie e 34,94
Traskovskis K. ......cooveiiiiiiiiiiiiieceececeee e 54
Trinklere L .. 7,8, 16
Truhins A c.ooooeeeeee e 12,92

U
Tuetoa Ho ..o 40
TUEt0A T oot 40

A
VaIVars G......ooveeveeeieeeie ettt 21
Valdniece D. .....ooovvioveiiiieeeeeeeeeee e 97
Valtenbergs O. ......coevveieieiiieeieeeeeee e 104
Vanags M .. 77,78,79, 81
Vanks M. ... 89
Vapaavuori J. c..c..coeeoeiiininenieicnencceeeceeees 60
VeInbergs J. .o.eeveeieieiieieiecteee et 82

118

Vembris A.....ccovvveiviiiiiiiiiieciee 42,57, 60,101

Venckute V. ....c.ooovviiiiiiiiiciecceeeeeeeeee e 97
VIZANLS V.ot 81
VIKSNA A oo 69

Vilnis K........ 113
Vitin$ A........... .. 110
VIadimirov C. .....coooeeeiiiiiiiieeeeeeeeee e 37
V1adimirov P.V. ..o, 36
\\%
WiItkOWSKI N ...ooiiiiiiiiciiceeeee e 100
Z
ZabelS Ru..ooiiiiiiieeeeeeeeeee e 47, 64
Zaharov L......cccooooiiiiiiiiicie e 107
ZAITEE V. oottt 51
Zarip$ A. .. ...104
Zarins E...oooviviieieieeeeeeee e 54
ZRIMTLS J.ooeiviieiie et 20
Ziks A. ......... .. 107
ZmitkO M. oo 110
Zolotarjovs A. .... 111
ZUbKINS M.t 113
ZEUNS P. oo 32
ZUKOVSKIS J. oo 33, 35, 36



