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OPTISKAS IPASIBAS



NETILTINA SKABEKLA CENTRU ELEKTRONU PARAMAGNETISKAS
REZONANSES LENKISKAS ATKARIBAS a-KVARCA

L.Skuja', K. Kajihara®, A.Silin§', H.Hosono®
'Latvijas Universitates Cietvielu fizikas institiits
?Tokijas Metropoles Universitdte
Tokijas Tehnologiskais Institiits

Norautas skabekla saites ("NBOHC" — non bridging oxygen hole centers) ir
fundamentals punktdefekts, kas raksturigs SiO, stiklveida stavoklim, un kas ir
galvenais optiskas absorbcijas c€lonis [1] ar ultravioleto starojumu saistitos S$1
materiala pielietojumos. Kopa ar optisko absorbciju, ta raksturigakas spektroskopiskas
pazimes ir fotoluminiscences josla pie 1.9eV un elektronu paramagnétiskas
rezonanses (EPR) signals ar g matricas 1paSveértibam g;=1.9999, g,=2.0095, g;=2.078.
EPR signala registraciju dazos gadijumos apgriitina centra gandriz degenerctais
elektroniskais pamatstavoklis un vielas amorfa stavokla strukturala nesakartotiba. g-
matricu tapéc tiek aprékinata, skaitliski simul&jot nehomogeni paplasinatu signalu, ko
dod stikla haotiski orientéti NBOHC. Tacu ar neitroniem apstarota kristaliska SiO; (a-
kvarca) vietas-izSkirSanas luminiscences pétijumi norada uz tadu NBOHC klatbutni,
kuru apkartné ir sakartots kristalisks rezgis. Saja darba més identificgGiam NBOHC
EPR signalu o-kvarca. Ta lenkiskas atkaribas norada, ka norautas O saites ir
orientetas aptuveni "1so" Si-O saiSu virziena a-kvarca struktiira.

ANGULAR DEPENDENCIES OF THE ELECTRON PARAMAGNETIC
RESONANCE OF NON-BRIDGING OXYGEN CENTERS IS a-QUARTZ

L.Skuja', K. Kajihara®, A.Silin$', H.Hosono®
!Institute of Solid State Physics, University of Latvia
Tokyo Metropolitan University
3 Tokyo Institute of Technology

Oxygen dangling bond ( "non-bridging oxygen hole center", "NBOHC") is a basic
point defect characteristic to glassy SiO, and a major source of optical absorption in
UV-related applications of this material [1]. Apart from the optical absorption, its
most characteristic spectroscopic "fingerprints" are: a photoluminescence band around
1.9eV and an electron paramagnetic resonance (EPR) signal with g;=1.9999,
2,=2.0095, g5=2.078 []. The detection of EPR is hindered in some cases by the nearly-
degenerate electronic ground state of the center and by the structural disorder due to
amorphous state. The g-matrix has been obtained by numerical simulation of the
inhomogeneously broadened signal of randomly oriented NBOHCs in silica glass.
However, site-selective PL studies of neutron-irradiated crystalline SiO, (o-quartz)
point to the presence of NBOHCs in an ordered, crystal-like environment. In the
present work we identify the EPR signal of NBOHCs in a-quartz. Its angular
dependence is consistent with orientation of the dangling O bond along the "short" Si-
O bond directions in a-quartz crystal.

[1] L. Skuja, K. Kajihara, M. Hirano, H. Hosono, Visible to vacuum-UV range optical
absorption of oxygen dangling bonds in amorphous SiO,, Phys.Rev.B 84, 205206
(2011).



EPR SPEKTRU LENKISKAS ATKARIBAS LIYF; KRISTALA

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

LiYF, kristalu pielietojumi ir saistiti ar cietvielu lazeriem un scintilaciju detektoriem.
Darba veikti elektronu paramagnétiskas rezonanses (EPR) un ta lepkisko atkaribu
mérjjumi LiYF, kristala, rot€jot magnétisko lauku divas perpendikularas plaknés,
pirms un p&c apstaroSanas ar rentgenstariem istabas temperatiira.

EPR spektru lenkiskas atkaribas liecina par divu defektu klatbiitni — piejaukuma jona,
kas radies kristala audz€Sanas laika, un radiacijas defekta ar aptuvenu g faktora
vertibu 2,0. Darba apspriesti spektru parametri un iesp&jamie defekta modeli.
Radiacijas defekta EPR spektrus labi var aprakstit ar skabekla piejaukuma jona
modeli, kura ir ladinu kompensgjosa fluora vakance. [1]

EPR SPECTRUM ANGULAR DEPENDENCIES IN LIYF; CRYSTAL

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

LiYF4 can be used in solid-state lasers and scintillation detectors.

Electron paramagnetic resonance (EPR) measurements have been made for two
perpendicular planes in a LiYF, crystal before and after x-ray irradiation at room
temperature.

Analysis of the EPR spectrum angular dependency shows the presence of two defects
— an impurity ion, which was embedded during the crystal growth process, and an x-
ray induced defect with the g-factor of approx. 2.0. Parameters of the spectrum and
possible defect models are discussed. The EPR spectrum of the radiation defect can be
explained by an oxygen impurity model, with fluorine vacancy for charge
compensation. [1]

[1] A.Antuzevics, A.Fedotovs, U.Rogulis, Latvian Journal of Physics and Technical
Sciences, 2012, Nr6(I), p.49



RADIACIJAS DEFEKTU PETIJUMI OKSIFLUORIDU STIKLOS UN
STIKLA KERAMIKAS

E.Elsts, O.Kiselova, U.Rogulis, K.BulindZs, A.Zolotarjovs, L.Trinklere
Latvijas Universitates Cietvielu fizikas institiits

Mes pétijam radiacijas defektus ar terbiju, c@riju un eiropiju aktivetas
oksifluoridu stikla keramikas. Termostimulétas luminiscences (TSL) mérijjumi tika
veikti, Skidra slapekla temperatiira ierosinot paraugus ar rentgenstariem (W anods, 30
kV, 10mA); péc tam paraugi tika silditi 85-600K diapazona. M&s novérojam, ka
paraugam ar eiropija piejaukumiem visintensivakie signali ir pie 310 K un paraugiem
ar terbija vai c€rija piejaukumiem - pie 150-160 K.

Ar eiropiju aktivétam paraugam, kas tika apstarots ar rentgenstariem istabas
temperatiira, tika meériti optiskas absorbcijas spektri ar spektrofotometru Specord 210-
2. M@&s novérojam, ka p€c stundu ilgas ierosinasanas ar rentgenstariem optiskais
blivums pieaug Iidz aptuveni 0,5 pie 388-580 nm; inducéta absorbcija rada divas
platas defektu absorbcijas joslas, kas var ietekm& luminiscences intensitati
petamajam stikla keramikam. Tiks apspriestas defektu centru ipasibas, kas ir
noverotas ar optiskas absorbcijas un TSL metodém.

STUDIES OF THE RADIATION EFFECT OF OXYFLUORIDE GLASSES
AND GLASS CERAMICS

O.Kiselova, E.Elsts, U.Rogulis, K.BulindZs, A.Zolotarjovs, L.Trinklere
Institute of Solid State Physics, University of Latvia

We have studied radiation defects of terbium- , cerium- and europium-
activated oxyfluoride glass ceramics. Thermally stimulated luminescence (TSL)
measurements were carried out using X-ray irradiation (W anode, 30 kV, 10mA) at
liquid nitrogen temperature and heating the samples in the 85-600K range. We
observed that the most intense signals appear at 310 K for europium doped sample
and at 150-160 K for terbium and europium doped samples.

Optical absorption spectra of X-irradiated samples at room temperature have
been measured using spectrophotometer Specord 210 - 2. We observed that after the
X-ray irradiation for 1 hour optical density rises to about 0.5 at 388 — 580 nm;
induced absorption shows two broad defect absorption bands, which may affect the
luminescence intensity of investigated glass-ceramics. The nature of defect trap
centers observed by the optical absorption and TSL will be discussed.



TOPAZA UN BERILA KRISTALU OPTISKAS IPASIBAS

V. Skvorcova, N. Mironova -Ulmane
Latvijas Universitates Cietvielu fizikas institiits

P&dgjos gados topaza un berila kristali ir piesaistijusi lielu uzmanibu sakara ar to
praktisko pielietojumu. Topaza kristali ir piem&rots materials dozimetrijai. Berila kristali
legéti ar parejas metalu joniem ir atradusi pielietojumu ka lazera materiali. Tomeér,
jautajums par radiacijas ietekmi uz piemaisjjumu ipasSibam topaza un berila kristalos nav
gluzi skaidrs. Darba tika pétiti parejas metalu jonu optiskas ipaSibas topaza un berila
kristaliem pirms un p&c apstaroSanas.

Pirms apstaros$anas topaza spektra tika noverota josla, kas ir saistita ar cr' jonu
elektronu pareju *A,,—°E,. P&c apstaroSanas absorbcijas spektrd paradas intensiva
absorbcijas josla pie 230 nm un rodas raksturigi maksimumi pie 305, 410, 446, ~ 590 nm.
P&c apstarosanas ar atriem neitroniem (® > 10">cm™ ) absorbcijas josla 590 nm paplasinas
un tas maksimums parbidas uz 620 nm. M&s uzskatam, ka josla ~ 620 nm ir sarezgita un
ietver ne tikai radiacijas defektu, bet art apaksjoslas, kas ir saistitas ar piemaisijumiem
Cr’, Fe*" un Mn®". Pétitie $aja darba berila kristali pirms apstaro$anas uzrada joslu
infrasarkanaja diapazona 820 nm. Joslu parasti attiecina uz iek$gjo elektronu pareju °T
(D) — °E (D) Fey* jonos, kas ir lokalizéti oktaedriskos aluminija mezglos berila
kristalos. P&c apstarosanas ar atriem neitroniem ~ 820 nm joslas intensitate samazinas, un
paradas papildu joslas ar maksimumu 690 nm, kas ir saistita ar bez fononu pareju
*As(F)— “Eg(G) Cr’" jona. Tiek secinats, ka josla ar maksimumu 690 nm atbilst
sarezgitam centram, kas sastav no Cr’" jona un radiacijas defektiem.

OPTICAL PROPERTIES OF TOPAZ AND BERYL CRYSTALS

V. Skvortsova, N. Mironova - Ulmane
Institute of Solid State Physics, University of Latvia

During the last years topaz and beryl crystals have attracted a great deal of
attention due to their interesting applications in different fields. Topaz crystal is a suitable
material for dosimetry applications. Beryl crystals doped with transition metal ions find
application as laser materials. There is little information about the influence of radiation
on impurities behavior in topaz and beryl crystals. The paper presents a study of optical
properties of transition metal ions in topaz and beryl crystals before and after irradiation.

Before irradiation several lines were observed in the region of the Cr’* ion electron
transition *A,, —°E, in topaz spectra. After irradiation in the absorption spectra there
appears an intense absorption band at 230 nm and occur the characteristic maxima at 305,
410, 446, ~590 nm. With increase of neutron fluence the absorption band 590 nm
broadens and its maximum shifts to 620 nm. We assume that the band ~ 620 nm is
complex and includes not only radiation defects but also the bands associated with the
presence of impurities of Cr’", Fe*" and Mn*" ions. Beryl crystals studied in the present
work before irradiation had wide absorption band with peak in the near-infrared range at
820 nm. The band is generally ascribed to internal electron transition of °T,
(D) — °E (°D) of Fey;*" ions localized in octahedral aluminum sites of beryl. After the
fast neutron irradiation the intensity of ~820 nm band reduces and there appears the
additional band with maxima 690 nm connected with zero phonon transition *A,y(F)—
’E¢(G) in Cr’" ion. We suppose that the band with maxima 690 nm belongs to complex
center which consists of Cr’* ions and radiation defects.



SINTEZES APSTAKLU IETEKME UZ NaLaF,:Er'" AUGSUP-
PARVEIDOTAS LUMINISCENCES IPASIBAM

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

Ar augstu efektivitati augSup-parveidotas (AP) luminiscences procesi ir
novérojami dazados ar retzemju elementiem aktivétos materialos. Par loti
daudzsolosiem AP luminiscences procesu izpétei un pielietojumiem ir atziti dazadi
fluoridu un komplekso fluoridu materiali, tomér ari tiem piemit dazadas nepilnibas.
Ka vienu no bitiskakajam fluoridu problémam var minét ar skabekli saistitu defektu
rasanos sinteézes procesa. Savukart skabekla defektu esamiba fluoridos var apgriitinat
energijas pardeves (ET) procesus, kas 1pasi svarigi ir AP luminiscences gadijuma, jo
ET cela notikusi ierosinata stavokla absorbcija (ESA) ir viens no efektivakajiem AP
luminiscences mehanismiem.

Saja pétijuma tika veikta NaLaF4Er'" sintéze at3kirigas atmosfeéras (gaisa vai
fluora). Siem paraugiem tika mériti AP luminiscences spektri, kingtikas, ierosmes
spektri un tika veikti citi optiskie mérijjumi ka ar1 rentgendifrakcijas analize.

Analizgjot iegiitos datus tika secinats, ka atkariba no sint€zes apstakliem mainas
domingjosais ,,zalas” (540nm) AP luminiscences mehanisms. Gaisa sintez€tajam
paraugam AP luminiscence pamata veidojas ESA cela, savukart, fluora sintezétajam
paraugam vadogais AP luminiscences mehanisms ir ET starp Er’ joniem.

IMPACT OF SYNTHESIS CONDITIONS ON THE PROPERTIES OF UP-
CONVERSION LUMINESCENCE OF NaLaFg:Er'

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

Highly efficient up-conversion (UC) luminescence can be observed in several
rare-earth doped materials. Numerous fluoride and complex fluoride materials are
considered as very promising for a research of UC mechanisms and applications;
however there are some synthesis related problems with these materials. One of the
most important problems of fluorides is emerging of oxygen-related defects which
can act as luminescence “killers”. Additionally, the presence of oxygen defects in
fluorides may disturb the energy transfer (ET) processes which are particularly
important in the case of UC because excited state absorption (ESA) via ET is one of
the most effective UC mechanisms.

In this research NaLaF4:Er’" were synthesized in different atmospheres (air or
fluorine). For these samples UC spectra, kinetics, excitation spectra as well as other
optical measurements and X-ray diffraction analysis were performed.

The analysis of the obtained data showed that, the dominant UC mechanism of
the “green” (540nm) luminescence depends on the synthesis atmosphere. For the
sample synthesized in the air atmosphere the dominant UC mechanism is ESA, while
for the sample synthesized in fluorine atmosphere the UC process is governed by ET
between Er’" jons.
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AIN-Mn PULVERA LUMINISCENCE

R. Kirsteins, V. Korsaks, L.Trinklere, B.Bérzina, J .Grabis'
Latvijas Universitates Cietvielu fizikas institiits
'Rigas Tehniskas universitates Neorganiskds kimijas institiits

AIN ir perspektivs platzonu materials, un ta luminiscence ir noveérojama plasa
spektra rajona, sakot ar talo UV gaismu ap 200 nm (eksitonu luminiscence) un
ietverot defektu raditu redzamo gaismu. Galveno luminiscences joslu novietojums
spektra ir atkarigs ne tikai no dazadu defektu klatbiitnes, bet ar1 no materiala
struktiiras un izmériem. Saja pétijuma AIN ir izraudzits ka galvena sastavdala baltas
gaismas radiSanai. Miisu iepriekS€jie pétijumi ir paradijusi, ka AIN keramikai un
makro izméru pulverim galvena ir zila luminiscence pie 400 nm, bet nano izméru
pulverim ta ir novietota pie 480 nm. Bez tam, ir zinams, ka AIN ir nov€rojama ari
600 nm luminiscence, kas ir svariga baltas gaismas sastavdala, kuru var€tu saistit ar
Mn piemaisijumiem.

Petfjums ir veltits AIN makro izmé&ru pulvera spektralai raksturoSanai, kura ir
ievaditas dazadas Mn piemaisijuma koncentracijas, un kas ir sintez€ts RTU NKI.
Darba tiek pétiti materiala fotoluminiscences un tas ierosinasanas spektri plasa
temperatiiru rajona no 8 K Iidz 300 K. Tika atrasts, ka paraugos ar dazadam Mn
koncentracijam galvena ir 600 nm luminiscences josla, turprett 400 nm un 480 nm
luminiscences ir vajas. Tiek analizéta Mn loma 600 nm luminiscences veidoSana.

LUMINESCENCE OF AIN-Mn POWDER

R. Kirsteins, V. Korsaks, L. Trinkler, B. Berzina, J. Grabis'
Institute of Solid State Physics, University of Latvia
"Riga Technical University, Institute of Inorganic Chemistry

AIN is prospective wide band gap material with characteristic luminescence
within the wide spectral region including far UV light around 200 nm (exciton
luminescence) and defect-induced visible light. A position of the dominant
luminescence bands in spectra depends not only of the different defect content but
also of the material structure and size. In present investigation AIN is chosen as the
main component for creation of the white light source. Our previous investigations
showed that in AIN ceramics and macro-size powders the blue luminescence band
around 400 nm is predominant, but in nano-size powder 480 nm luminescence is more
intensive. Besides, in AIN the 600 nm luminescence also appears valid for white light
formation, which could be related to Mn impurity.

The present work is devoted to spectral characterization of AIN macro-size
powder with specially introduced Mn impurity at different contents, synthesized in
Riga Technical University, Institute of Inorganic Chemistry. The photoluminescence
(PL) spectra and its excitation (PLE) spectra were investigated within a wide
temperature range between 8 K and 300 K. It was found that in all samples with
different Mn content the 600 nm luminescence is predominant, whereas, the 400 nm
and 480 nm luminescences are very weak. The Mn related origin of this luminescence
is discussed.

Research is supported by European Regional Development Fund ERDF Project Nr.
2010/0253/2DP/2.1.1.1.0/10/APIA/VIAA/079
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OPTISKI DETEKTEJAMAS MAGNETISKAS REZONANSES SPEKTRI ZnO

Dz. Bérzins, A. Fedotovs, U. Rogulis, K. Smits, A. Medvids', P. Onufrijevs'
Latvijas Universitates Cietvielu fizikas institiits
'Rigas Tehniskas Universitates Tehniskas fizikas institiits

Veikti optiski detekteto magnétisko rezonanSu mérfjumi péc rekombinativas
pecspidésanas [1] ar Fe aktivéta un tira ZnO 1.5 K temperatura, izmantojot 53 GHz
mikrovilpu frekvenci magnétiskaja lauka Iidz 2 T. Ar Fe aktivétaja ZnO izzud seklo
donoru rezonanses Iinija un izmainas akceptoru signali. Rekombinativas
pecspidesanas spektrs ar Fe aktivétaja ZnO ir plata josla ar maksimumu pie 630 nm,
un ir loti lidzigs pé&cspidéSanas spektram tiraja ZnO. Tiks diskutéti iesp€jamie
rekombinativas pecspideésanas mehanismi péc UV apstaroSanas ar Fe aktivétaja ZnO.

OPTICALLY DETECTED MAGNETIC RESONANCE SPECTRA IN ZnO

Dz. Berzins, A. Fedotovs, U. Rogulis, K. Smits, A. Medvids', P. Onufrijevs'
Institute of Solid State Physics, University of Latvia
!Institute of Technical Physics, Riga Technical University

We measured optically detected magnetic resonance spectra via recombination
afterglow [1] in Fe-doped and undoped ZnO at temperature of 1.5 K, microwave
frequency 53 GHz and magnetic fields up to 2 T. In the Fe-doped ZnO, the shallow
donor resonance line disappeared, acceptor signals have changed as well. Spectrum of
the recombination afterglow of the Fe-doped ZnO consists of a broad band at 630 nm,
and is very similar to the spectrum of the undoped ZnO. Possible mechanisms of the
recombination afterglow after UV irradiation in the Fe-doped ZnO will be discussed.

[1] P.G. Baranov et al, JETP Letters, 2006, vol. 84, pp. 409-413
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HOLOGRAMMU KOHERENTA PASPASTIPRINASANAS SKALARAS UN
VEKTORIALAS CETRU VILNU MIJIEDARBES GEOMETRIJA

A.Ozols, P.Augustovs, A.Belajevs, Dm. Saharovs, J.MeZiels
Rigas Tehniskas Universitates Materialzinatnes un lietiskas kimijas fakutate

Lidz $im dinamisko hologrammu koherenta paspastiprinaSanas (KPP) ir pétita tikai
divu vilnu geometrija. SinT darba ir pirmo reizi eksperimentali izp&tita elementaro
hologrammu - holografisko rezgu (HR) KPP skalaras [ieraksto$o staru polarizacijas
linearas (s-s-s, p-p-p) vai cirkularas (R-R-R)] un vektorialas [ierakstoSo staru
polarizacijas linearas (s-p-p) vai cirkularas (R-L-L)] &etru vilnu mijiedarbes (CVM)
geometrija. Ka gaismas jutigie ieraksta materiali tika izmantotas amorfo halkogenidu
a-As,S; (As-S)un a-As40S;sSess (As-S-Se) kartinas, ka arT azosavienojumu K-RJ-4-3,
W-75 un K-D-2 kartinas. HR periodi bija 2 um, ieraksta un nolases vilnu garumi —
532 vai 633 nm atkariba no materiala. Maksimalais (inversas) atstaroSanas koeficients
skalaras CVM gadijuma p,.q = 6% tika sasniegts ar s-s-s polarizacijam As-S kartina,
bet vektorialas CVM gadijuma pya = 15% - ar R-L-L polarizacijam K-RJ-4-3
kartina. Savukart skalaras CVM gadijuma maksimalais KPP faktors &= 6.7 tika
sasniegts ar s-s-s polarizacijam K-RJ-4-3 kartina, bet vektorialas CVM gadijuma
Ema= 3.0 tika sasniegts ar R-L-L polarizacijam As-S kartina. Tada karta ir
eksperimentali apstiprinata CVM iespéja ne tikai paralélu polarizaciju gadijuma, bet
ar1 ortogonalu polarizaciju gadijuma. Pirmo reizi pieradits, ka hologrammu KPP ir
iespejama ari CVM geometrija — ka skalara, ta vektoriala.

COHERENT HOLOGRAM SELF-ENHANCEMENT IN SCALAR AND
VECTOR FOUR-WAVE MIXING GEOMETRY

A.Ozols, P. Augustovs, A.Belayev, D.Saharov, J.Meziels,
Faculty of Material Science and Applied Chemistry, Riga Technical University

Up to now coherent self-enhancement (CSE) of dynamic holograms has been studied
only in two-wave mixing geometry. In this paper, CSE of elementary holograms-
holographic gratings (HG) is experimentally studied in scalar [ linear (s-s-s, p-p-p) or
circular (R-R-R) recording beam polarizations] and vector [linear (s-p-p) or circular
(R-L-L) recording beam polarizations] four-wave mixing (FWM) geometry.
Chalcogenide a-As;S; (As-S) and a-AsgS;sSess (As-S-Se) films as well as
azocompound K-RJ-4-3, W-75 and K-D-2 films were used as photosensitive
recording materials. HG periods were 2 um, recording and readout wavelengths were
532 or 633 nm depending on material. The maximum (inverse) reflection coefficient
in the case of scalar FWM p,,,. = 6% was achieved with s-s-s polarizations in As-S
film but in the case of vector FWM p,.. = 15% was achieved with R-L-L
polarizations in K-RJ-4-3 film. The maximum CSE factor in the case of scalar FWM
Ema— 6.7 was found with s-s-s polarizations in K-RJ-4-3 film whereas in the case of
vector FWM ¢&,,,= 3.0 was found with R-L-L polarizations in As-S film. Thus we
have confirmed the FWM possibility not only in the case of parallel polarizations but
also in the case of orthogonal polarizations. It is also shown for the first time that CSE
is possible in both scalar and vector FWM geometry.
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FOTOINDUCETIE PROCESI AZO-KRASVIELAS SATUROSAJOS
ORGANISKAJOS POLIMEROS

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

Darba tika pétiti fotoinducétie procesi un holografisks ieraksts poli(Disperse
Red 1 — metil-metakrilats) - P(DR1-MMA) planas kartinas, kur azo krasvielas DR1
molekulas ir kTmiski saistitas ar metil-metakrilatu.

Paraugu veidoSanai tika izmantoti dazadi Skidinataji un dazadas uzklasanas
metodes, kas ietekm&ja parauga kvalitati un biezumu. legiitajos paraugos tika pétita
fotoinducéta dubultlauSana un dihroisms pie 532 nm ierosinosa vilpa garuma.
Holografiskais ieraksts tika veikts pie dazadiem ieraksta apstakliem ar 532 nm vilna
garumu. Rezga difrakcijas efektivitate tika pétita atkariba no ieraksto$o staru
polarizacijas, intensitates un parauga biezuma.

Azo-krasvielas kimiska piesaiste pie poliméra nodroSinu efektivu un atru
masas parnesi, kas tika noverota ar1 eksperimentali.

PHOTOINDUCED PROCESSES IN AZO-DYE CONTAINING
ORGANIC POLYMERS

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

In this work photoinduced phenomena and holographic recording in
poly(Disperse Red 1 — methyl-metacrilate) — P(DR1-MMA) thin films were studied.
In the used material azo-dye DR1 is chemically bonded to methyl-metacrilate.

For sample preparation different solvents and coating methods were used, that
affected a thickness and quality of a sample. In the prepared samples photoinduced
birefringence and dichroism at 532 nm induced wavelength were studied.
Holographic recording was performed at different recording conditions by 532 nm
laser wavelength. Diffraction efficiency dependence on recording beams intensity,
polarization state and thickness of a sample was studied.

Chemically bonded azo-dye and polymer provides effective and fast mass
transport during holographic recording that have been observed experimentally.
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Ag NANODALINAS VEIDOSANAS HOLOGRAFISKA
IERAKSTA PROCESA

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

Darba gaita tika sagatavotas kompozitu planas kartinas uz polimetilmetakrilata,
brivo radikalu fotoiniciatora un sudraba perhlorata bazes. Tika izpétiti iegtito plano
kartinu optiskas caurlaidibas spektri un to izmainas p&c paraugu apstarosanas ar
dazada vilpu garuma lazerstarojumu. Tika nodemonstréts, ka reduc€joso reakciju
rezultata kompozitmateriala veidojas sudraba nanodalinas.

Kompozitu planajas kartinas tika ierakstiti holografiskie difrakcijas rezgi ar
dazadiem ekspozicijas un sudrabu koncentracijas parametriem. Tika apskatita
kompozitu kartinas fotojutibas atkariba no poliméru molekularmasas. Rezgu virsmas
reljefs tika izpétits ar atomspeku mikroskopa palidzibu.

Ag NANOPARTICLES FORMATION IN THE PROCESS OF
HOLOGRAPHIC RECORD

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

The composite films with PMMA, free radical photoinitiator and silver
perchlorate were prepared. Transmission spectra of the films before and after
illumination by different laser lines were measured. Silver nanoparticles formation as
a result of reduction reaction has been showed.

The holographic gratings were recorded by different exposure in the films with
different concentration of silver salt. Also, the film sensitivity dependence on polymer
molecular weight was studied. Surface relief of the gratings was measured by AFM.
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FOTOINDUCETA VIRSMAS RELJEFA VEIDOSANAS
AS;S; KARTINAS

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

Petfjuma ir ieklauti rezultati par virsmas reljefa veidoSanas arséna trisulfida
paraugos, kas tiek paklauti lazera starojumam.

Izveletais materials ir zinams ka neorganiskais polimérs un tam piemit
interesantas optiskas ipasibas. Reljefa iegiiSanas metode atSkiras no holografiska
ieraksta. Masas parbide, kuras rezultata izveidojas rezgis, tiek sasniegta izmantojot
ierosinosa lazera stara polarizacijas modulaciju.

Dazada biezuma paraugi tika izgatavoti izmantojot vakuumputinaSanas
metodi. Fotoinduc€tas izmainas uz parauga virsmas tika ierosinatas ar DPSS lazera
starojumu (532 nm). Tika iegtti un analizéti virsmas reljefu profili un pétitas
atkaribas — reljefa dzilums no paraugu biezuma un ekspozicijas.

PHOTOINDUCED FORMATION OF SURFACE RELIEF IN AS,S; FILMS

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

In this report we discuss the formation of surface relief in arsenic trisulfide films
under laser light illumination.

Arsenic trisulfide is known as inorganic polymer with unusual optical properties.

Formation of surface relief is obtained with method, what is different from
holographic recording. The main reason for mass transfer is modulated polarization of
light in laser beam.
Samples with different thickness were made using vacuum evaporation. The
photoinduced changes on samples’surface were initiated by DPSS laser light (532
nm). Profiles of surface reliefs were observed and reliefs depth dependence on film
thickness and exposure was studied.
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FOTOINDUCETAS MASAS PARVIETOSANAS VIRZIENA ATKARIBA NO
GAISMAS POLARIZACIJAS ORGANISKOS UN NEORGANISKOS
FOTOHROMOS MATERIALOS

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

Tika pétits masas parvietosanas virziens organiskos (pieméram, molekularais
stikls) un neorganiskos (pieméram, As,S;) savienojumos atkariba no gaismas
polarizacijas. Sajos paraugos notiek fotoinducétas parmainas pie izmantota lazera 532
nm vilna garuma — tiem absorbcijas josla atrodas pie §1 vilpa garuma. As,S; parauga
tika pétits reljefa dzilums un masas parbides virziens atkariba no gaismas intensitates
pie vienadas ekspozicijas.

Uz parauga virsmas optiskaja shéma bija vienmerigs apgaismojums, bet
pastavéja polarizacijas modulacija ar periodu apméram 30 pm. Zinot polarizacijas
sadalfjumu uz parauga, ar profilometru var izmérit iegtito virsmas reljefu, un lidz ar to
noteikt masas parbides virzienu atkariba no polarizacijas. Izmantojot $adu metodi, tika
veikti eksperimenti ar1 pie citiem lazera vilpa garumiem.

Darba pétito masas parneses mehanismu sekmigi izmanto tieSajam
holografiskajam ierakstam, kura laika iegtitos rezgus var pielietot optoelektronika,
telekomunikacijas, datu glabasana.

THE DEPENDENCE ON LIGHT POLARIZATION OF
PHOTOINDUCED MASS TRANSFER’S DIRECTION IN ORGANIC AND
INORGANIC PHOTOCHROMIC MATERIALS

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

The direction’s of mass transfer in organic (e.g. molecular glass) and inorganic
(e.g. As>S3) compounds dependence on light polarization were experimentally
studied. In these samples changes are photoinduced by used 532 nm laser — the
absorption band is at this wavelength. In the As,S; sample the surface relief depth’s
and the direction’s of mass transfer dependence on light intensity with constant
exposure were also experimentally studied.

On the sample surface in experimental set-up was a uniform irradiance but
polarization modulation was present with a period of about 30 um. If the polarization
distribution is known and the surface relief was measured with a profilometer, the
direction of mass transfer can be determined. By using this method, experiments with
other laser wavelengths were also carried.

The mechanism of mass transfer which was studied in this work is used in
direct holographic recording, whose produced gratings can be used in optoelectronics,
telecommunications and data storage.
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GAISMAS INDUCETAS IZMAINAS AMORFAS As;S; PLANAS KARTINAS

U.Gertners, J.Teteris
Latvijas Universitates Cietvielu fizikas institits

Saja darba ir pétits foto-inducétas izmainas amorfas planas kartinas. Tie§a-
ieraksta metode ietver sevi ari foto-induc€td virsmas-reljefa modificéSanu bez
jebkadas kimiskas kodinasanas pécapstrades. Sis metodes padzilinata izpéte laus
uzlabot vai aizstat lidz S§im jau labi zinamas un izpétitas virsmas- vai tilpuma-reljefa
strukturéSanas metodes gaismu jutigos materialos. Procesa pamata ir anizotropisks
gaismas sadalifjums uz parauga virsmas un gaismas vai elektriska lauka gradienta
iespaida ir iesp&jama masas parbide mums interesgjosa virziena. Darba tiks pétits Sis
process amorfas As;S3 planas kartinas. Ieraksts tiks realizéts ar 532nm vilpa garuma
lazeru. Tiks apskatiti iesp&jamie virsmas-reljefa veidoSanas modeli uz fotoinducéta
plastiskuma bazes.

PHOTO-INDUCED CHANGES IN AMORPHOUS CHALCOGENIDE FILMS

U.Gertners, J.Teteris
Institute of Solid State Physics, University of Latvia

This work is devoted to the topical issue — photo-induced formation of relief in
thin layers of chalcogenide vitreous semiconductors (ChVS) without following
complicated chemical processing. Direct recording technique is on of the advanced
methods for surface relief structuring in light sensitive materials. Because of the high
light and electric field gradient it is possible to obtain surface-relief structures that can
easily replace some of the chemical processing techniques. In this report the study of
direct mass transfer on ChVS like As;S; has been presented. Experiments were
performed by 532nm wavelength. Also the mechanism of the direct recording of
surface-relief on amorphous chalcogenide films based on the photo-induced plasticity
has been discussed.
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KODOLU TERMISKA SINTEZE
UN UDENRAZA ENERGETIKA
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ATTISTIBAS PLANS ENERGIJAS IEGUSANAI KODOLSINTEZES CELA

A.Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Termiskas kodolsintézes eksperimentala reaktora ITER izbiive ir attistibas
plana galvenais uzdevums, reiz€ veicinot plasu licenzétu industrialo inovaciju
piclictosanu konstrukciju izstadé, izmantojot attistitas modernas tehnologijas.
Rezultata izveidota ITER konstrukcija un tas veiksmiga ekspluatacija biitu
fundamentals paveérsiena punkts cela uz termiskas kodolsintézes elektrostaciju.
Attistibas plana ir izdalitas un izvertétas astonas dazadas misijas: (1) siltuma
aizvadiSanas procesa risindjums termiskas kodolsintézes elektrostacija; (2)
specializ€ta neitronu avota izstrade blanketa un divertora materialu izstradei un
parbaudei; (3) tritija paSapgades procesa izpete un realizacija; (4) DEMO iekartas
projektesana izmantojot ITER izstrades gaita ieglito pieredzi; (5) agrina industrijas
iesaiste DEMO formulésana un projektésana; (6) Eiropas Savienibas stellaratora
programmas optimizéSana; (7) plazmas un materialu izstrades teorija un modeléSana;
(8) Eiropai jaizmanto visas iesp&jas merktiecigai starptautiskajai sadarbibai.

ROADMAP TO THE REALIZATION OF FUSION ENERGY

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

ITER is the key facility in the roadmap: ITER construction is fostering
industrial innovation on a number of enabling technologies. It’s licensing, completion
of construction and successful operation will be fundamental milestones towards the
fusion power plant. Eight different roadmap missions have been defined and assessed:
(1) a solution for the heat exhaust in the fusion power plant, (2) a dedicated neutron
source for material development; (3) the R&D to ensure tritium self-sufficiency; (4)
DEMO design with benefit from the experience that is being gained with the ITER
construction; (5) early involvement of industry in the DEMO definition and design;
(6)
optimisation of the EU Stellarator programme; (7) theory and modelling in plasma
and material physics; (8) Europe should seek all the opportunities for international
collaborations.
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LU FIZIKAS INSTITUTA PIEREDZE ELEKTROMAGNETISKO INDUKCIJAS
SUKNU UZ PASTAVIGIEM MAGNETIEM DAZADIEM SKIDRIEM METALIEM
PROJEKTESANA, IZGATAVOSANA UN SUKNU PARAMETRU OPTIMIZACIJA

I.Bucenieks, E.Platacis, A.Ziks
Latvijas Universistates Fizikas institiits

Skidro metalu parsiknésanas problémas arvien kliist aktualakas sakara ar jaudigu
nakotnes jauno energijas iekartu projekt€Sanu un pétisanu kuras dazadi skidrie metali tiek
izmantoti ka darba vide un reizé arT ka siltumnesgjs. Acimredzami lielas problémas rodas
izmantojot parastos mehaniskos stknus agresivo Skidro metalu parsuknésanai. Ir skaidra
MHD elektromgnetisko indukcijas stiknu neapstridama prieksSrociba kuru darbibas princips
balstas uz inducétiem Skidraja metala elektromagnétiskiem sp&kiem bez kontakta ar Skidro
metalu. Savukart, starp dazada tipa elektromagnétiskiem indukcijas siikniem bitiskas
prieksrocibas ir elektromagnétiskiem indukcijas siikniem uz rot€joSiem pastavigiem
magnétiem — galvenas prieksrocibas ir suknu vienkarsaka konstrukcija un ito izgatavosana, ka
ar1 butiski lielaks lietderibas koeficients.

Sada tipa siknpu efektivitates pétisana, to modeléSana un teorctiskie aprékini,
projekteSana un realo siiknu izgatavoSana praktiskiem pielietojumiem tika iesakta LU Fizikas
institiita pavisam nesen (tikai sakot no 2000. gada). legiita licla pieredze kas lauj drosi veikt
stuknu parametru teorétisku noveértéSanu un to optimizaciju dazadiem Skidriem metaliem (ka
vigliem: natrijs, Iitijs un ta arT smagiem metaliem: dzivsudrabam, svinam un ta
sakaus€jumiem) plasa siiknu razotsp€jas un to ekspluatacijas darba temperatiiru diapazona.
Paradita galveno Stknu konstuktivo parametru ietekme uz stknu lietderibas koeficientu.

IPUL EXPERIENCE IN DESIGN AND PRODUCTION OF ELECTROMAGNETIC
INDUCTION PUMPS BASING ON ROTATING PERMANENT MAGNETS FOR
LIQUID METALS AND THEIR PARAMETERS OPTIMIZATION

I.Bucenieks, E.Platacis, A.Ziks
Institute of Physics, University of Latvia

Problems associated with liquid metals transfer becoming more actual for next
generation powerful plants design and study in which different liquid metals are used both as
working media and heat transfer agents. Obviously big problems arise at using traditional
mechanical pumps at transport of aggressive liquid metals. It is clear that MHD
electromagnetic induction pumps have essential advantages as their principle of operation is
basing on induced electromagnetic forces in liquid metal without contact with liquid metal
being pumped. In its turn, between different types of electromagnetic induction pumps the
pumps basing on the principle of rotating permanent magnets have essential advantages the
main of which are their more simple construction and, consequently, their production, as well
as essentially higher efficiency.

The fundamental investigations of the efficiency of such king of pumps design, their
modeling and their parameters theoretical evaluations and production for practical
applications have been started at Institute of Physics of University of Latvia (IPUL) only
from 2000. The big experience was gained which allows the theoretical evaluation and
calculation of pumps parameters and their optimization for different liquid metals (both for
light metals such as sodium lithium and heavy liquid metals such as mercury, lead and lead
based eutectic melts) in wide range of pumps productivity and operating temperatures. The
influence of the main pumps governing parameters on the pumps efficiency have been
demonstrated.
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SKIDRS METALS KA JAUDAS NOVADITAJS NAKOTNES
KODOLSINTEZES REAKTOROS

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

Latvijas Universistates Fizikas institiits

Pieradit, ka energiju iespéjams generét ekonomiski izdeviga veida, tas ir viens
no pasreizgjo kodolsintezes p&tijumu pamatmerkiem. Paral€li sakts arT domat, kada
varétu izskatities atbilstoSa kodolsintézes spékstacija - aizsakta EURATOM
programma ,,Spékstacijas fizika un tehnologija”.Seit viena no problémam- ka
novadit/nonemt jaudu, kas generéta plazmas izlades kamera? Galvenas bazas rada ta
saucamas divertora virsmas. Slodze te sasniegs 25-45 MW/m®, pie tam tie§a saskaré
ar plazmu.Jaudas novadiSanai no $tm virsmam ieteikts izmantot Skidros metalus,
tadus ka litijs (Li) un gallijs (Ga). LU Fizikas instittita veikti p&tijumi, kas lauj
noskaidrot Ga priekSrocibas. Tokamaka ISTTOK (Portugale) Skidra Ga strukla tika
kontaktéta ar plazmu tieSi izlades kamera. Tika pieradits, ka Ga strukla sp&j novadit
jaudu ari parsteidzosi lielas ( 2,5 kW/cm®) tilpuma slodzes apstak]os. Noskaidrotas
sakaribas, kas lauj noteikt Skidra metala striiklu sabrukSanas punktu. Paradits ari, ka
atbilstosa Releja nestabilitate atkariga no magnétiska lauka intensitates. Novertéts, ka
Ga striikklu sistéma principa sp&jiga novadit augstdk mintajai virsmas slodzei
atbilstoso jaudu. Laukos ar intensitati [idz 5T pétitas MHD problémas tadas sist€mas,
kur cieto metalisko virsmu sedz atras Skidra metala pléves.

LIQUID METAL FOR POWER EXHAUST IN THE FUTURE
GENERATION OF FUSION REACTORS

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

To confirm that the power can be generated in an efficient enough way, it one of
the main assignments for the research on fusion today. The question has already been
risen how should the corresponding power station look like. An EURATOM
programm ,,Power station physics and technology” has been launched. One of the
problems here — what are the potential ways for the exhaust of the power which is
generated in the discharge chamber. Most problematic are the so called divertor
surfaces. The loads will reach here 25-45 MW/mz, additionally, in a direct contact
with the plasma. Proposals are under consideration to apply here with liquid metals,
such as lithium (Li) and gallium (Ga). At the Institute of Physics of the .Univ. of
Latvia research has been performed confirming definite advantages of Ga. In the
tokamak ISTTOK (Portugal) a jet of liquid Ga was brought in a contact with the
plasma in directly in the discharge chamber. It was stated that such a jet is able to
transfer the power under conditions when the volumetric load reaches a surprisingly
high (2.5kW/cm®) value. Dependences have been proposed for the definition of the
break-up length in the case of liquid metal jets. It has been shown the corresponding
instability depends on the intensity of the magnetic field. According to a crude
estimate a system of fast Ga jets is able to extract the power which corresponds to the
mentioned surface load. In up to 5T fields MHD problems have been investigated
which are connected with the generation of fast film flows over solid backgrounds.
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MALA LOKALIZETU MODU APSPIESANA AR REZONEJOSAM
MAGNETISKAM PERTURBACIJAM

D. Constantinescu’, O. Dumbrﬁjsz, V. Igochine3, K. Lackner’, H. Zohm® un
ASDEX Upgrade team®
'Kraiovas Universitates Eksakto zinatpu fakultate, Rumanija
’Latvijas Universitates Cietvielu fizikas institiits, Latvija
*Maksa-Planka Plazmas fizikas institiits, Vacija

Mala lokalizétas modas (ELM) ir nevélama paradiba toroidalas kodolplazmas, kuras tiek
saturétas ar magnétisko lauku. Sis modas korodé tokamaka sienu, pamazina augstfrekvences
antenu saiti ar plazmu, izraisa citas magnétiskas hidrodinamikas (MHD) nestabilitates. ELMu
kontroles nozimigums tika saprasts pirms daudziem gadiem. Tika izstradatas divas ELMu
kontroles metodes: lodisu inzekcija plazma, rezongjoSo magnétisko perturbaciju (RMP)
izraisisana. ELMu fizika ir loti sarezgita. Taja ir MHD modu nelineara evoliicija plazmas
mala, kuras c€lonis ir plazmas stravas un spiediena gradienti. Spiediena lokalas izmainas, kas
rodas lodiSu inzekcijas rezultata, izraisa plazmas notriekSanu pret tokamaka sienu. ELMu
fizika RMP klatbutné aizvien vél nav skaidra. Mazu sadursmju tokamaka DIII-D tika
noverots, ka magnétisko rezonans$u parklasanas plazmas mala rezultata plazmas blivums
pazeminas un plazmas stabilitate atjaunojas. Tacu ASDEX tokamaka veiktie eksperimenti
liek domat, ka rezonanses nav svarigas, plazmas blivums nepazeminas, ELMi vienmer tiek
apspiesti virs plazmas blivuma sliekSna. M@s petam §is pretrunigas paradibas zemu dimensiju
modela ietvaros [1].

EDGE LOCALIZED MODE SUPPRESSION BY MEANS OF RESONANT
MAGNETIC PERTURBATIONS

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

Edge localized modes (ELM) are a significant concern in magnetically confined toroidal
fusion plasmas because they can rapidly erode plasma facing material surfaces, reduce the
coupling efficiency of rf antennas and trigger other MHD instabilities. The importance of
ELM control was realized many years ago and different means of the ELM control were
developed. Two main control strategies which are foreseen for ITER are: pellet injectionand
resonant magnetic perturbations (RMP). The ELM physics is quite complex and include non-
linear evolution of MHD modes at the plasma boundary which are driven by the current and
pressure gradients. Local changes of pressure due to pellet injection, trigger such a mode and
produce a crash with a smaller load on the plasma facing components. The physical
mechanisms of ELM behaviour in the presence of RMP is not yet clearly understood. At low
collisionality, in the DIII-D, it was found that overlap of the magnetic resonances at the
plasma boundary could lead to the density pumpout and thus move the plasma back into the
stable region. Results from AUG suggest that the resonances are not important, density
pumpout is not observed and the ELM suppression is achieved in all cases above a density
threshold. We investigate these contradictory results by means of a low-dimensional model
system for quasi-periodic plasma perturbations [1].

Reference

[1] D. Constantinescu, O. Dumbrajs, V. Igochine, K. Lackner, R. Meyer-Spasche, H.
Zohm, and ASDEX Upgrade Team, Phys. Plasmas 18, 062307 (2011)
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DABIGA RADIOAKTIVITATE CELTNIECIBAS MATERIALOS UN
TO IZEJVIELAS LATVIJA

D.Riekstina, J.Bérzin§, O.Véveris
Latvijas Universitates Cietvielu fizikas institiits

Sodien celtnieciba tiek izmantoti loti dazadi biivmateriali. Latvija ir viena no
nedaudzam ES valstim, kura nav veikti visaptverosi dabigo radionuklidu mérfjumi ST
darba mérkis bija veikt dabigo radionuklidu mérijumus Latvija pielietotajos dazada
tipa blivmaterialos, lai izpétitu to atbilsttibu MK Nr. 149 noteikumiem (09.04. 2002.
g.). Saskana ar Siem noteikumiem, K-40 un Th-232, U-238 (Ra-226) saimju
sabruksanas produktu Tpatné&ja aktivitate biivmaterialos un biivizstradajumos nedrikst
parsniegt noteiktas koncentracijas. Darba, izmantojot HPGe gamma-spektrometrus,
veikti K-40 un Th-232, U-238 (Ra-226) aktivitates m&rjjumi vairak ka 100 dazada
tipa biivmaterialiem, lielaku uzmanibu pievérSot Latvija razotiem.

Merijumi paradija, ka granita, ka arT atseviSkam keramzita un ugunsdroSo kiegelu
Skirném dabigo radionuklidu koncentracijas parsniedz normativos minétas. Ar1 mala
un ta izstradajumos konstatétas paaugstinatas Th-232, U-238 koncentracijas.
Pamatojoties uz iegiitajiem rezultatiem, uzsakti petijumi par dabigo radionuklidu (K-
40, Ra-226, Th-232, U-238) saturu dazadu firmu raZotos celtniecibas materialos, kuru
pamata ir mals.

NATURAL RADIOACTIVITY OF BUILDING MATERIALS
AND THEIR COMPONENTS IN LATVIA

D.Riekstina, J.Bérzin§, O.Véveris
Institute of Solid State Physics, University of Latvia

Very different building materials are used in modern construction. Latvia is one of a
few EU countries in which no one has performed comprehensive measurements of
natural radionuclides. The aim of present work was to perform measurements of
natural radionuclides in various types of building materials used in Latvia in order to
establish their conformity with the Cabinet of Ministers regulations No.149 (adopted
on 09.04.2002). These regulations set the maximal allowed limit for K-40 and Th-
232, U-238 (Ra-226) decay chain product activity in building materials and
construction elements. Employing HPGe gamma-spectrometers, the K-40 and Th-
232, U-238 (Ra-226) activity measurements have been carried out for more than 100
building materials of various types. The greatest attention has been given to materials
produced in Latvia.

Measurements have shown that the concentration of natural radionuclides in granite,
and some sorts of ceramsite and fireproof bricks exceeds the limits allowed by
regulations. An excess of Th-232, U-238 contents has been found also in clay and
products made of clay.

Basing on obtained results, we have started a study of natural radionuclide (K-40, Ra-
226, Th-232, U-238) contents in clay based building materials produced by different
firms.

24



DOPETO SrTiO; NANOCAURULU KVANTU KIMIJAS MODELESANA
FOTOKATALITISKAM REAKCIJAM

J. Begens'?, S. Piskunovs’, J. Zukovskis®
'Rigas Tehniskas universitates Materialzinatnes un lietiskdas kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Dopéto SrTiO; nanocauruJu (NTs) fotokatalizatori ir potencialie kandidati
fotokatalitiskas tidenraza iegiiSanas izmantoSanai. Induc@ti vidus zonu stavokli var
uzlabot augstspgjigo foto-elektroktmisko elektrodu reaktivitati zem redzamas gaismas
ietekmes. Svarigo lomu talakajai NT modeléSanai spél€ izpratne par virsmas efektu
ietekmi uz model&to nanostruktiiru aizliegto zonu.

Analizgjot aprékinu rezultatus, tika atrasts ka vakances SrTiOs plaksnes argja
slant parada lielo ietekmi uz nanostruktiiru elektroniska ladina reorganizacijas del.
Tapeéc tika modeléta nanocaurule ar argjo un ieks€jo vakances slaniem. Tika noverota
kritiska aizliegtas joslas saSaurinasana kur pieveda pie ta, ka nanocaurule ir kluvusi
vaditspéjiga. Tadel, mes liecinam, ka NT nanoplaksnes SrTiO; kristala plaknes maina
butu labak piemérota miisu uzdevumam. Tika arT nolemts izm&ginat jauno SrTiO; NT
modificéSanu ar iepriek§ veiksmigi izmantotiem dopantiem, pieméram, S un N
atomiem skabekla pozicijas.

QUANTUM CHEMICAL SIMULATIONS OF DOPED SrTiO; NANOTUBES
FOR APPLICATION IN PHOTOCATALYTIC REACTIONS

J. Begensl’z, S. Piskunovz, Yu.F. Zhukovskii
'Faculty of Materials Science and Applied Chemistry, Riga Technical University
?Institute of Solid State Physics, University of Latvia

Photocatalysts made from doped SrTiOs; nanotubes (NTs) are potential
candidates to be used in future photocatalytic hydrogen production. 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.

Analyzing the results of calculations, it has been found that vacancies upon
the outer layers of SrTiO; slabs show great effect on nanostructure due to re-
arrangement of electronic charge. Hence, nanotube with inner and outer layers of
vacancies was modeled. Critical narrowing of NTs band gap was observed, which
leads to conductivity of nanotubes. Therefore, we suggest that changing the SrTiO;
plane of the NTs nanoslab would prove more suitable for our task. It was also decided
to attempt doping of the novel SrTiOs; NT with successfully applied dopants, for
example S and N atoms in oxygen positions.
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UDENRADIS ENERGETIKA, JEB LU CFI UDENRAZA ENERGETIKAS MATERIALU
LABORATORIJAS STRATEGIJA UN TAKTIKA 2013

J.Kleperisl, L.Grinbergal, A.Starikovsl’z, J.Fricsons'?
]Latvijas Universitates Cietvielu fizikas institiits
2Lal‘vijas Udenraza asocidcija

LU CFI Udenraza energétikas materialu laboratorija veic elektrodu procesu pétijumus fidens
elektrolizes laika, izzinot elektroda materiala, Stnas formas un pielikta sprieguma impulsu
savstarp&jas sakaribas. Tas nepieciesams, lai Gideni sadalitu atseviskas gaze€s, izmantojot mazak
energiju. Otrs pétijumu virziens saistits ar GidenraZa uzglabasanu cietvielas, kas tiek uzskatits par
visdrosako S§is gazes uzglabasanas veidu. Nanoporainas ceolitu struktiiras var€tu biit viens no
piemérotakiem materialiem atgriezeniskai liela daudzuma wdenraza adsorbcijai. Biomasas
parstrade riipnieciba un partikas razoSana ir saistita ar lielu daudzumu atkritumu uzkrasanos.
Petijumi tiek veikti ar piena parstrades atkritumiem un glicerinu, kas paliek pari biodizela
razoSanas procesa, kurus iesp&jams fermentet par gazi, arl tidenradi, speciali piemekl&jot un
optimiz€jot mikroorganismus. Saules gaisma v&l daudzas cilvéku paaudz€s biis neizsmelams
energijas avots, tapec liels izaicinajums ir sintez&t materialus, veidot parklajumus un $Gnas tidens
sadaliSanai tUdepradi un skabekli. Pe&tijumi tiek veikti ar nanopulveru un paSsakartotu
nanostruktiiru parklajumiem, tos modificgjot ar dazadu elementu piemaisfjumiem - titana
dioksidu, feritiem un citiem materialiem. Udenraza katalitiska sadedzinaSana elektribas iegiiSanai
kurinama elementa notick membranas-elektrodu sist€éma, kuras pamata ir protonus vadosa
membrana. Masu pétijumi virziti uz 1&taku un videi draudzigakas tehnologijas ieglstamu
membranu sint€zi, k& arT membranu ar jauktu elektronu un protonu vaditspgju iegiiSanu
efektigakas membranas-elektrodu sisteémas izveidei.

Pateiciba: Autori pateicas Valsts pétijumu programmai LATENERGI par finansialu atbalstu
petijumu veiksand.

HYDROGEN IN ENERGY: STRATEGY AND TACTICS OF HYDROGEN ENERGY
MATERIALS LABORATORY 2013

J. Kle erisl, L. Grinbergal, A. Starikovsl’z, J. Fricsons"’
Latvijas Universitates Cietvielu fizikas institits
2Latvijas Udenraza asociacija

Hydrogen Energy Materials Laboratory at ISSP carry out research of the electrode processes in
water electrolysis, studying correlations between the electrode material, the cell shape and the
applied voltage pulses. This is necessary to decrease the energy of the water splitting in hydrogen
and oxygen gases. Another direction of research is related to hydrogen storage in solid media,
which is considered the safest way to store this gas. Nano-porous zeolite structure may be one of
the most suitable materials for reversible adsorption of large amounts of hydrogen. Biomass
processing industry and food production is associated with the accumulation of large amounts of
waste. Studies in laboratory are made with dairy waste and glycerol, which remains from the
biodiesel production process, how to ferment them for hydrogen gas, optimizing specific
microorganisms. Many more people generations will use the Sun as an inexhaustible source of
energy, therefore our challenge is to synthesize materials and coatings, and build cells for water
splitting in hydrogen and oxygen only with light. Research is being carried out with nanopowders
and self-organized nano-coatings, modifying them with different elements — titania, ferrite
compounds and other materials. Catalytic combustion of hydrogen in the fuel cell to produce
electricity is based on the membrane-electrode assembly. Our research is directed to find cheaper
and environmentally-friendly technologies of proton conducting membrane synthesis, and also to
development of membranes with mixed electron-proton conductivity for more efficient
membrane-electrode assembly.

Acknowledgment: The authors thank the National Research Program LATENERGI for financial
support of these researches.
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UDENRAZA SAISTISANAS MEHANISMA CEOLITA IZPETE — EKSPERIMENTI
UN SKAIDROJUMI

P. Lesni¢enoks', L. Grinberga®, J. Kleperis®
'Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultdte
’Latvijas Universitates Cietvielu fizikas institiits

Pieaugosas prasibas palielinat fidenraza uzglabasanas apjomus noteiktas sistemas, lai
nostiprinatu Gdenraza pielietoSanu transporta un kogeneracijas sisteémas, noved pie jauniem
atklajumiem gan inZenierzinatné, gan materialzinatn€. Pateicoties ceolita strukturalajai
dazadibai un gandriz 3 miljoniem teorétiski iesp&jamo strukturalo kombinaciju, tie ir
interesanti materiali idenraza energétikas nozaré. Ekonomiskais izdevigums ir labs iemesls
meklet vienkarSus un pieejamus materialus idenraza uzglabasanai un dabigie materiali $aja
gadijuma ir Tpasi saistosi.

Lai gan ir publicetas dazadas teorijas par Udenraza saistiSanos ar ceolitiem, pieméram,
ka adsorbcija stingri seko Langmira vienadojumam, ka procesu nosaka partec€Sanas jeb
spillover efekts, pateicoties spécigiem katalizatoriem, kas manipulé ar tdenraza gazes
molekulam un atomariem tidenraza atomiem, jeb ka notiek vienkarSa poru piepildisanas, ko
ar1 skaidro ar Langmira vienadojumiem, to pielietojumi eksperimentalajiem rezultatiem ne
vienmer ir viennozimigi. Eksperiment&jot un pielietojot dazadas metodes, lai precizétu
adsorbcijas mehanismu un noteiktu materialu efektivitati, novérotas vairakas nesakritibas.
Misu darba dabigie ceoliti ir pétiti ar masspektroskopiju, Sieverta tipa — tilpuma izmainas
iekartu un termogravimetriju. Noteikti zema spiediena, mitras atmosféras un temperatiiras
ietekmes efekti uz tidenraza adsorbciju ceolita, lai skaidrotu tidenraza saistiSanos pie ceolita
virsmas.

Pateiciba: Paldies ERAF projektam Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/VIAA/031 “Véja
un udenraza elektroapgades autonoma sistéema” par finansialu atbalstu

THE MECHANISM OF HYDROGEN BONDING IN ZEOLITE — EXPERIMENTS
AND THEIR EXPLANATIONS

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

Growing demands of increase of volume for hydrogen storage, for launching
hydrogen industry, leads to new developments in industry and scientific investigation. Due to
its structural variety and almost 3 million theoretical structural combinations to create zeolite
structures, it is a promising material for hydrogen storage. Economical convenience is a good
reason to seek simple and common materials for storage, and natural materials are especially
interesting.

Although there are couple of theories about hydrogen’s bonding with zeolite, such as
adsorption, mainly trough Langmuir equations, spillover effect — thanks to strong catalysts
which manipulate hydrogen gas as well as atomic hydrogen, and basic filling of pores, also
explained by Langmuir equations, results are not always consistent. While experimenting and
using different methods to precise the mechanism of adsorption and measuring efficiency
some irregularities has been found. In our work the various experiments using natural zeolite
(clinoptiolite) are performed - mass spectroscopy, Sievert type — volumetric method and
thermogravimetry. Effects of low pressure, air humidity, temperature on adsorption efficiency
are investigated to explain their influence on hydrogen bonding process with zeolite.

Acknowledgement: Thanks to ERDF project Nr. 2010/0188/2DP/2.1.1.1.0/10/APIA/
VIAA/031 for financial support.
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FEROMAGNETISKU CINKA FERITA NANODALINU PETIJUMI
ISTABAS TEMPERATURA

A.§utka1, A.Knoksz, Dz.Bérzil,1§2, G.Meiinskisl, J.Kleperis2
'Rigas Tehniskas universitates Silikatu materialu institiits
2Latvijas Universitates Cietvielu fizikas institiits

Miisu darba ZnFe,O,4 nano-pulveri ar izm&riem zem 30 nm sintez&ti, izmantojot sol-g€la
pasSaizdedzinaSanas metodi. Paraugi kristaliz&ti, tos apdedzinot gaisa temperatiiras 150, 300, 500
un 800 °C temperatiras. Ar rentgenstaru fotoelektronu emisijas (XPS) metodi noteikts, ka
sintez&tie nanopulveru kristali sava starpa atSkiras ar inversijas pakapi, kura dala Zn(II) jonu
atrodas oktaedriskaja tukSuma (B), bet dala Fe(Ill) jonu — tetraedriskaja tuk§uma (B). Inversijas
pakape sintez€tajiem nanopulveriem atkariga no apdedzinasanas temperatiiras, un samazinas,
temperatiirai pieaugot virs 300 °C. Magnétiskas uznémibas mérjjumi rada, ka vislielaka
piesatinajuma magnetizacija un koercitivais spéks ir 300 °C apdedzinatam nanopulverim (60.7
emu/g un 56 Oe attiecigi), kas samazinas, pieaugot apdedzinasanas temperatiirai. Sim paraugam
augstaka piesatindjuma magnetizacija ir tade], ka mazaks ir amorfas fazes un nemagnétisku
piemaisTjumu saturs, bet inversijas pakape, ka to rada XPS, mazliet mazaka ka zemakas
temperatiiras apdedzinatiem paraugiem. Savukart, 800 °C apdedzinatam paraugam nav inversas
$pinela fazes piemaisjumu vispar, ir vaja magnetizacija, un izteikti atSkirigs elektronu
paramagnétiskas rezonanses (EPR) spektrs. Istabas temperatiiras EPR spektri izteikti atSkiras
normalas (800 °C apdedzinats paraugs) un jauktas Spinela struktiiras gadijuma. No jauktas Spinela
strukttiras paraugiem vislielakais EPR signals ir 300 °C apdedzinatam paraugam, un raksturojas ar
2 linijjam — vienu intenstvu pie 3210 Oe (attalums starp maksimumiem 224 Oe) un otru vaju pie
2300 Oe. Normalas Spinela strukttiras paraugam ir intensivs nesimetrisks EPR signals ar intensivu
Imiju pie 2810 Oe un vajaku struktiiru pie augstakam magnétiska lauka intensitates vertibam.

Pateicibas: Autori pateicas Tartu Universitates Fizikas institiuta pétniekam R. Pdrna,
Igaunijas Nanotehnologiju Kompetences Centra pétniekam V. Kisand par XPS mérijumiem, un
LU Fizikas institiita pétniekam Mihailam Majorovam par magneétisko ipasibu merijjumiem.

STUDIES OF ROOM TEMPERATURE FERROMAGNETIC ZINC FERRITE
NANOPARTICLES

A. Sutkal, A. Knoksz, Dz. Berzinsz, G. Mezinskisl, J. Kleperis2
!Institute of Silicate Materials, Riga Technical University
*Institute of Solid State Physics, University of Latvia

Nanopowders of magnetic zinc ferrite ZnFe,O, with particle size less than 30 nm are
synthesized by using sol-gel auto-combustion method and annealed in air at 150, 300, 500, 800
oC. Using local structure sensitive X-Ray photoelectron spectroscopy it has shown that
synthesized low temperature (annealing temperature 300°C and lower) nano-crystals have anti-site
defects with Zn(II) ions in octahedral sites and Fe(IIl) ions in tetrahedral sites of spinel structure.
In spinel ferrites, magnetic properties originate from the anti-ferromagnetic coupling between the
octahedral and tetrahedral sublattices. The inversion degree decreased, increasing annealing
temperature above 300 °C. Magnetic susceptibility measurements of obtained ZnFe,O4
nanopowders demonstrated high saturation magnetization and coercive force for sample annealed
at 300 °C (60.7 emu/g and 56 Oe accordingly), which decreases increasing annealing temperature.
The electron paramagnetic resonance (EPR) spectrum differs between spinel and inverse spinel
structures. Nanopowder of zinc ferrite with highest inversion (annealed ad 300°C) at room
temperature presents intense single broad line centered at 3210 Oe (224 Oe peak-peak separation)
and weak band around 2300 Oe.

Acknowledgments: The authors thank R. Pdrna from Estonian Nanotechnology Competence

Center and V. Kisand fromlnstitute of Physics, University of Tartu for XPS measurements; and
Mihail Maorov from Institute of Physics of UL and for measurement of magnetic properties.
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POLIOKSIMETILENA (POM) PLASTMASAS IZSTRADAJUMU POTENCIALS UN
PIELIETOJUMS LABORATORIJAS UN PILOT-BIOREAKTORU
KONSTRUESANA

A. Gruduls', I. Dirnéna’, A.E. SulZanoka’ J. Kleperis'
" Latvijas Universitates Cietvielu fizikas institiits
’Latvijas - Igaunijas kopuzpémums SIA ,, Industriplasts”

Lai ieviestu inovativus biologiskos procesus riipnieciskaja razo$ana, tos nepiecieSams
vispirms parbaudit laboratorijas méroga iekartas — bioreaktoros. Eksperimentala laboratorijas
aprikojuma razo$ana miisdienas izmanto galvenokart neriiso$a te€rauda materialus. Termiski
un kimiski izturigi neriiso$a térauda materiali ir saméra dargi. Ne vienmér biologisko procesu
nodroSinasanai ir nepiecieSami tik augstas klases materiali. Polioksimetiléns (poliacetals,
ertacetals, POM) ir termoplastika plastmasa ar izcilam mehaniskas apstradasSanas ipasibam.
Detalam, kas izgatavotas no POM, ir liela nodilumizturiba, mazs berzes koeficients, laba
termoizturiba (Iiddz 170°C), laba kimiska izturiba pH diapazona 4 — 11. Turklat POM detalas
mitra vide saglaba savus precizos izm&rus. Musu darba paradits, ka, laboratorijas m&roga un
pilot-bioraektoru izgatavoSanai veiksmigi var izmantot POM materialus. Izgatavoti tris 5L
bioreaktori eksperimentiem viena no lielakajam Latvijas biogazes stacijam. Izgatavoti arT trTs
0,6L laboratorijas bioreaktori un divus gadus veiksmigi izmantoti eksperimentos ar
biotidenradi un biogazi. Reaktoru konstrukcijas izmantots POM, 316 markas nerlisoSais
terauds, borsilikata stikls. Aizstajot lielako dalu nertisosa terauda detalu ar POM materialiem,
nezaudgjot efektivitati iespgjams samazinat reaktora pasSizmaksu, atvieglot konstruSanas
procesu, samazinat konstrukcijas siltuma zudumus.

Pateiciba: Paldies ESF projektam Nr.2011/0015/1DP/1.1.2.1.1/11/IPIA/VIAA/008 ,, Atbalsts
magistra studiju programmu istenoSanai Latvijas Universitate”

POLYOXYMETHYLENE (POM) MATERIAL POTENTIAL AND USAGE IN
CONSTRUCTION OF LABORATORY SCALE AND PILOT-BIOREACTORS.

A. Gruduls', I. Dirnena', A.E. Sulzanoka® J. Kleperis1
! Institute of Solid State Physics, University of Latvia
’Latvian - Estonian Jjoint venture SIA ,, Industriplasts”

The implementation of innovative biological processes in industrial production
requires precise experiments in laboratory-scale test systems — bioreactors. Stainless steel
materials are mostly used for laboratory equipment construction nowadays. Heat-resistant and
chemically resistant stainless steel materials can be quite expensive. In addition for
maintenance of biological processes such high grade materials are not always necessary.
Polyoxymetylene (polyacetal, ertacetal, POM) is a thermo stable plastic with outstanding
machining properties. Mechanical parts made of POM have great abrasion resistance; low
friction coefficient; good thermal resistance (up to 170 °C) and high chemical resistance in
pH rage 4 — 11. In moist environment the parts from POM maintain strict specific
manufacturing dimensions. Our work shows examples of successful POM material usage in
laboratory-scale and pilot-bioreactor construction. We have built three pilot-bioreactors with
total volume 5 liters each for experiments in one of the biggest biogas plant in Latvia. We
also have built three laboratory- scale bioreactors with total volume 0.6 liters each. These
have been used for more than two years in successful experiments with bio-hydrogen and
biogas. For reactor construction stainless steel grade 316, POM and borosilicate glass have
been used. Replacing most of the stainless steel parts with POM, it is possible to decrease
reactor cost, facilitate construction process and reduce heat loss of system.

Acknowledgement: Thanks to ESF project
Nr.2011/0015/1DP/1.1.2.1.1/11/IPIA/VIAA/008
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ELEKTROFORETISKI IEGUTU NANOSTRUKTURETU Fe-TiO; PLANO
KARTINU FIZIKALAS TPASIBAS UN FOTOAKTIVITATE

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

Titana dioksidam ka fotokatalizatoram ir plass pielietojuma klasts sakot no
pasattiroSajam  virsmam un antibakterialiem parklajumiem Iidz fotostravu
genergjosam iekartam. Tomér ta aizliegtas zonas platums (3.2 eV) padara $o materialu
aktivu tikai tuvaja UV apgabala. Saja darba tika pétitas ta legeSanas iespéjas ar Fe®*
joniem, lai titana dioksida fotoaktivitate tiktu ierosinata jau redzamaja gaisma.

Plano kartinu iegiiSanai izmantota elektroforétiska uzneSana, kas nodroSina
viendabigu klajumu ar lielu virsmas laukumu. Fe-TiO, kartinu raksturoSanai
izmantota rentgenstaru difrakcija, rentgenfluorescenta analize un sken&josa elektronu
mikroskopija. Fotoaktivitates aprékinaSanai izmantoja atveértas kédes potenciala un
fotostravas blivuma mérijumus.

ELECTROPHORETICALY OBTAINED NANOSTRUCTURED Fe-TiO; THIN
FILM PHYSICAL PROPERTIES AND PHOTOACTIVITY

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

Titanium dioxide as photocatalyst has a vide range of application field — from self-
cleaning surfaces and antibacterial coatings to photocurrent generating devices. Since
TiO, has a wide band gap (3.2 eV), this material is active only in near UV spectrum.
In current work the doping possibilities with Fe*" ion have been studied in order to
initiate photoactivity in the visible light.

Electrophoretic deposition was used for thin film obtaining, because it
provides the homogeneous films with large surface area. Fe-TiO, films were
characterized by studies of X-ray diffraction, X-ray fluorescence and scanning
electron microscopy. Photoactivity was calculated from open-circuit voltage and
photocurrent density measurements.
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MITRUMA IETEKME UZ STIKLA SKIEDRAS UN TEKSTILSKIEDRAS
ELEKTRISKAJAM IPASIBAM

R.Janeliukstis', J.Zandersons>, U.Sidorovi¢a®, E.Pentjuész, A.Lisis
'Latvijas Universitates Fizikas un matemadtikas fakultate
*Latvijas Universitates Cietvielu fizikas institiits
*Rigas Tehniskas universitdtes Materialzindtnes un lietiskas kimijas fakultdte

Mitrums liela meéra ietekmé stikla Skiedru un tekstilSkiedru fizikalas un
kimiskas Tpasibas. Skiedras mitrums tiek absorbéts galvenokart poras. Mitruma
daudzumam Skiedras ir jabut kontrolgjamam, un viena no metodém ir impedances
spektroskopija. Ir iespéjams modificét virsmas 1pasSibas, veicot metala (Ni) dalinu
uzneSanu ar magnetrona uzputinasanas metodi.

Darba veikta impedances spektroskopijas analize sausiem un mitriem auduma
paraugiem ar nikela parklajumu un bez ta sprieguma frekvencu diapazona no 0,1Hz
lidz 65 MHz. Tika veikti petijumi ari citd rezZima — pie mainigas spriegumu polaritates
(-1 V 1idz 1 V) un fiksétas frekvences 0,1 Hz. Veikta arT audumu tidens sorbcijas un
zuSanas kinétikas procesu izpéte.

Tika secinats, ka auduma paraugos absorbétais tidens samazina elektrisko
vadamibu, bet izZiistot paraugs uzrada kondensatoram raksturigas elektriskas 1pasibas.
Mitriem paraugiem impedances absoluita veértiba uzrada maksimumu pie aptuveni
vienas un tas pasSas sprieguma vértibas. Audumi bez parklajuma labak absorbé
apkartgja vide esoSo mitrumu neka audumi ar Ni parklajumu.

INFLUENCE OF MOISTURE ON THE ELECTRICAL PROPERTIES OF
GLASS FIBERS AND TEXTILE FIBERS

RJ aneliuk§tis1, J .Zandersonsz, U.Sidorovica3, E.Pentjussz, A.Lusis’
'Physics & mathematics faculty, University of Latvia
*Institute of Solid State Physics, University of Latvia

3 Material science & applied chemistry faculty, Riga Technical university

Moisture has a significant influence on physical and chemical properties of
glass and textile fibers. The moisture absorbed by fibers is mainly located in pores. It
is useful, if the amount of moisture in fibers can be controlled, and one of the methods
used for this purpose is impedance spectroscopy. It is possible to modify surface
properties by applying metal (Ni) particle coatings using DC magnetron sputtering
method.

Impedance spectroscopy analysis was carried out for dry and wet samples with
and without nickel coating in voltage frequency rang from 0,1Hz to 65 MHz.
Measurements were also made in another mode — changing voltage polarity (from -1
V to 1 V) by constant frequency 0,1 Hz. Research on water sorption and drying
kinetics of fabrics was carried out as well.

It can be concluded that the water absorbed in fabrics decreases electric
conductivity but when the sample dries out, it shows properties that are similar to
those of capacitance. For wet samples absolute value of impedance shows a maximum
at approximately one and the same voltage. Samples without coatings better absorb
water from the surrounding environment than samples with Ni coating.
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ORGANISKIE MATERIALI
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FAZU PAREJAS AR Ca MODIFICETOS Na;,Bi;2TiO3-SrTiO3-PbTiO;
CIETAJOS SKIDUMOS

M. Dunce, E. Birks, M. Antonova, A. Mi$novs, A. Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

0.4Na;,Bi;,Ti03-(0.6-x)SrTiO3-xPbTiOs  cietajos Skidumos, palielinoties Pb
koncentracijai x, relaksoru stavokla stabilitate, ko var raksturot ar temperatiras
intervalu starp dielektriskas caurlaidibas maksimumu Ty, un spontanas fazu parejas
starp relaksoru un segnetoelektrisko stavokli temperatiru T, samazinas. Sastavs
0.4Na;,Bi;,Ti03-0.4SrTi0;3-0.2PbTi0O; atrodas (T,x) fazu diagrammas dala, kura
spontana fazu pareja starp segnetoelektrisko un relaksoru stavokli ir sasniegusi Tp,.
Darba pétita ietekme uz relaksoru stavokli un fazu pareju, ko 0.4Na;;,Bi;,TiO:s-
0.4SrTi03-0.2PbTiO; rada pakapeniska Sr aizvietoSana ar Ca. Fazu parejas
temperatiiras un relaksoru stavokla stabilitati raksturo vaja atkariba no Ca
koncentracijas pie mazam Ca koncentracijam un strauja atkaribas palielinasanas,
sakot ar noteiktu Ca koncentraciju. Fazu pareju, polarizacijas stabilitates un
dielektrisko T1paSibu strauja samazinasanas skaidrota ar polaro nanoapgabalu
veidoSanas raksturu un dielektriskas caurlaidibas iesp&jamo mehanismu relaksoros.

PHASE TRANSITIONS IN Ca MODIFIED
Na;2Bi2TiO3-SrTiO3-PbTiO3; SOLID SOLUTIONS

M. Dunce, E. Birks, M. Antonova, A. Misnovs, A. Sternberg
Institute of Solid State Physics, University of Latvia

In 0.4Na;;»Bi;,Ti03-(0.6-x)SrTiO3-xPbTiO; family of solid solutions stability of
relaxor state, evaluated as temperature region between maximum of dielectric
permittivity Tp,, and temperature of spontaneous phase transition between relaxor and
ferroelectric state T, decreases, if concentration of Pb x increases. Composition
0.4Na;,Bi;,Ti03-0.4SrTi03-0.2PbTiO; is located in the region of (T,x) phase
diagram, where T; reaches Tp,. The influence on relaxor state and phase transitions are
studied, if Sr in 0.4Na;,B1;,Ti03-0.4SrTi03-0.2PbTi0; is gradually replaced by Ca.
Stability of the relaxor state and the temperature of phase transition is weakly
dependent on Ca at low concentration of Ca and steeply increases starting from
certain Ca concentration. Stability of phase transition and polarization from one side
and steep decreasing of dielectric properties at the same time at low concentration of
Ca is explained by behaviour of polar nanoregions.
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SrTiO; UN SrTi'®0; LOKALAS STRUKTURAS ANALIZE IZMANTOJOT
RENTGENABSORBCIJAS SPEKTROSKOPIJU

A.Anspoks, D.Bocarovs, J.Purans, F.Roccal, V.Trepakov2
Latvijas Universitates Cietvielu fizikas institiits
!Fotonikas un Nanotehnologiju institiits, Trento, Italija
’Fizikas institits, Praga, Cehija

SrTiO; ir labi pazistams kvantu paralektriskais materials, kura segnetoelektrisko
sakartoSanos nomac jonu nulles svarstibas. Mainot So nulles svarstibu un dipolu
mijiedarbibas balansu ar dopé$anas, aréja spiediena vai nomainot '°O ar '*0, %aja
materiala var panakt ta saucamo kvantu segnetoelektribu.

Saja darba més veicam lokalas atomu struktiiras ap Ti joniem pétfjumus SrTi'°O;
(STO) un SrTi'®0; (STO18) ar rentgenabsorbcijas spektroskopijas palidzibu,
izmantojot rentgenabsorbcijas spektra izstiepto sikstruktiru (EXAFS) un
rentgenabsorbcijas spektra piemalas struktiiru (XANES) temperatiiras diapazona 6 -
300K. salidzinot STO un STO18 datus més identificgjam izotopa efektu, kas izpauzas
zemo temperatiiru diapazona (T < 50K).

LOCAL STRUCTURE ANALYSIS OF SrTiO; AND SrTi'*0; BY X-ray
ABSORPTION SPECTROSCOPY

A.Anspoks, D.Bo¢arovs, J.Purans, F.Rocca], V.Trepakov2
Institute of Solid State Physics, University of Latvia
" IFN-CNR, Institute for Photonics and Nanotechnologies, Unit ‘FBK-Photonics’ of
Trento, Povo (Trento), Italy
? Institute of Physics, AS CR, Prague, Czech Republic

SrTiO; is well known quantum paraelectric material where ferroelectric ordering is
suppressed by ion zero-point vibrations. By controlling the balance between the
dipole-dipole interaction and the quantum fluctuation by doping, applying pressure,
and exchanging '°O with '*0, this material shows so-called quantum ferroelectricity.
In the present work we performed local structure studies of Ti in SrTi'°03 (STO) and
SrTi'®0; (STO18) by X-ray absorption spectroscopy using extended x-ray absorption
fine structure (EXAFS) and x-ray absorption near edge structure (XANES) spectra in
the temperature range 6 - 300K. By comparing the data from STO and STO18 we
have identified the isotope effect which constitutes in low temperature range (T <
50K).
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TEMPERATURAS IETEKME UZ ZnO SKABEKILLA VAKANCU
TERMODINAMISKAM IPASIBAM

A. Sorokins, J. Zukovskis, D. Grjaznovs, J. Purans, J. Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Cinka oksids ir daudzsolo$s materials caurspidigo elektrodu veidoSana. Tirais ZnO
ir platzonas izolators, bet, ievieSot taja defektus, var panakt elektrovadosa stavokla
iestasanos, saglabajot labu caurspidibu. legiita legéta materiala elektroniskas un
optiskas 1pasibas ir stipri atkarigas no aizvietotaju tipa un koncentracijas, ka ari no
citu defektu klatbtitnes. Skabekla vakances (Vo) var viegli veidoties ZnO kristaliskaja
rezgl, kas padara to termodinamisku parametru pétijumus svarigus, lai novértétu
efektus, kas vargtu ietekmét ar metala atomiem legétu struktiiru Tpasibas.

Saja darba més izpetijam cinka oksida ar skabekla vakancém (ZnO:Vo)
termodinamiskas pasibas ar kvantu kimijas simulacijam, izmantojot S§im nolikam
CRYSTALOY datorprogrammu, kura darbojas LCAO tuvinajuma, un bezparametrisko
korelacijas—apmainas funkcionali PBEO, kas balstas uz blivuma funkcionala teorijas.
Dazadas vakanCu koncentracijas tika model€tas ar superSinu piegajienu,
koncentracijas mainot no 6 % 32 atomu liela supersiina lidz 2 % 108 atomu liela
supersuna.

Skabekla vakancu veidosanas Gibsa briva energijas tika izrékinatas visam
struktiiram caur cietas fazes un skabekla molekulas fononu energijam. To atkariba no
temperatiiras tika izskaitlota pie 7' no 0 Iidz 1000 K, un iegiitie rezultati atrodas laba
saskana ar eksperimentaliem pétijumiem.

TEMPERATURE DEPENDENCE OF THERMODYNAMIC PROPERTIES OF
OXYGEN VACANCIES IN ZnO: FIRST-PRINCIPLE CALCULATIONS

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

Zinc oxide is a promising material in the transparent electrode industry. Pure ZnO
is a wide-gap insulator, whereas introduced defects can make it highly conducting
while retaining optical transparency. Electronic and optical properties of doped ZnO
depend on types and concentrations of dopants, as well as on the presence of other
defects. Oxygen vacancies (Vo) are readily formed in the crystal lattice of ZnO,
making it important to study their thermodynamic properties in order to take effects
they introduce into account, when calculating metal-doped structures.

In current study, we investigate thermodynamic properties of ZnO with vacancies
of oxygen (ZnO:V) through the quantum chemistry simulations using CRYSTAL09
computer code that employs LCAO approach and null-parametric correlation—
exchange hybrid functional PBEO that is based on the density functional theory.
Different concentrations of vacancies are modelled within supercell approach, being
varied from 6 % in 32-atom supercell down to 2 % in 108-atom supercell.

Gibbs free energy has been calculated for the formation of Vo in all the structures
through phonon energies for solid-state phase and a molecule of oxygen. Its
dependence on temperature has been computed in the range from 0 to 1000 K and is
in a good agreement with experimental studies.
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NIKELA NANOVADA IEVIETOSANA VIENSIENAS OGLEKLA
NANOCAURULES AR DAZADAM HIRALITATEM: BLIVUMA
FUNKCIONALA TEORIJAS APREKINI

J. Kazerovskisl’z, S. Piskunovsz, J. Zukovskis®
'Rigas Tehniskas universitates Materialzinatnes un lietiskas kimijas fakultate
*Latvijas Universitdtes Cietvielu fizikas institiits

Saja pétijuma més izmeklgjam nikela atomu k&des tipa nanostruktiiru, kas tika
ievietota viensienas oglekla nanocaurulés (CNTs) ar zig-zag (n,0) un krésla (n,n)
hiralitatém un dazadiem » indeksiem. Tika noteikti optimalie oglekla nanocaurulu
izm@ri un nikela nanovada atomu izvietojums tajas. Aprékiniem tika pielietota
elektronu blivuma funkcionala teorija (DFT), kura tika istenota CRYSTAL-09 koda,
kas lava iegit lidzsvara geometriju nikela atomu nanovadam viensienas nanocaurulgs.

Izmantojot PBE-DFT apmainu-korelacijas funkcionalu (Ex.) mes prognozejam
Ni nanovadu fragmentaciju (n,0) CNTs ieksa ja n > 10, turpréti (n,n) nanocaurul€s
nanokéde sastadita no Ni atomiem ir stabilas neatkarigi no CNT diametra. Visas
Ni@CNT konfiguracijas nikela nanovadam ir rakstiirigas ferromagnetiskas 1pasibas.
Péc misu aprékiniem, visas oglekla nanocaurules ar nikela nanovadu iek$a uzrada
metaliskas Tpasibas pat ja nanocaurule ar tuksu vidu pieder pie pusvaditajiem.

ATOMIC AND ELECTRONIC PROPERTIES OF Ni NANOFILAMENT
ENCAPSULATED INSIDE SINGLE-WALLED NANOTUBES OF
DIFFERENT CHIRALITIES

J. Kazerovskis'?, S. Piskunov’, Yu.F. Zhukovskii’
'Department of Materials Science and Applied Chemistry, Riga Technical University
*Institute of Solid State Physics, University of Latvia

In this study we consider monoatomic chains of nickel atoms encapsulated
into single-walled carbon nanotubes (CNTs) of zigzag-type (n,0) and armchair-type
(n,n) chiralities with varied n indices. We determine the optimal size of the CNT for
encapsulating a single atomic wire, as well as the most stable atomic arrangement
adopted by the wire. By means of large-scale calculations within the Density
Functional Theory (DFT) as implemented in CRYSTAL-09 code we obtain the
equilibrium geometry of single Ni filament inside CNTs.

Using the PBE-DFT exchange-correlation functional (Ex.), we predict the
fragmentation of Ni nanofilament inside (n,0) CNTs for n > 10, while in (n,n) NTs the
nanochain composed from Ni atoms is stable irrespectively of nanotube diameter. In
all Ni@CNT configurations, nickel nanofilament preserves a ferromagnetic ground
state. Our calculations indicate that CNTs with encapsulated Ni nanofilament exhibit
metallic behavior, even if initially hollow nanotube is a semiconductor.
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STRUKTURAS IZMAINAS MgO KRISTALOS, APSTAROJOT AR
ATRAJIEM Au UN N JONIEM

R.Zabels, R.Grants
Latvijas Universitates Cietvielu fizikas institits

MgO pateicoties savai augstajai radiacijas izturibai ir perspektivs materials
kodoldegvielu uzglabasanas matricam. ST iemesla d&] svarigi zinat MgO struktiiras un
mehanisko 1pasibu izmainas radiacijas ietekmé.

Veiktaja pétijuma MgO monokristali apstaroti ar augstas energijas (GeV diapazons)
smagajiem (Au, U) un vieglajiem (N) joniem. Apstaroianas dozas sniedzas lidz 7x10"
joni/cm?® smago jonu gadijuma un lidz 5x10' joni/cm? vieglo jonu gadijuma. Apstarotie
MgO paraugi petiti ar instrumentétas indent€Sanas, optiskas absorbcijas,
rentgendifrakcijas un atomspéku mikroskopijas metodém. Indent€Sanas meérijumi
paradija, ka apstaroSana ar smagajiem joniem izsauc MgO cietibas pieaugumu lidz 56%
ka art plastiskuma samazinasanos, savukart vieglie N joni izsauc tikai Iidz 16% lielu
cietibas pieaugumu. Struktiiras pétfjumi paradija kristalu nesakartotibas pieaugumu.
Atomspeku mikroskopijas rezultati uzradija dislokaciju blivuma palielinasanos
apstarotaja zona, kas var dot biutisku ieguldijumu eksperimentos novérotaja MgO
cietibas pieauguma.

Neskatoties uz Jloti lielam radiacijas dozam, MgO paraugi saglaba savu
monokristaliskumu, kas parada §1 materiala apbrinojamo sp&ju izturét agresivu
apstaro$anu ar GeV-energijas joniem.

STRUCTURAL CHANGES IN MgO CRYSTALS UNDER IRRADIATION
WITH SWIFT Au AND N IONS

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

Due to a very high resistance to radiation MgO is a perspective material for nuclear
containment matrix. For this reason it is important to know the changes in the structure
and mechanical properties of MgO after irradiation.

In the presented research MgO single crystals were irradiated with high energy (GeV-
range) heavy (Au, U) and light (N) ions. Irradiation doses reached up to 7x10" ions/cm”
in the case of heavy ions and up to 5x10'" ions/cm’ in the case of light ions. The
irradiated MgO samples were investigated with instrumented indentation, optical
absorption, X-ray diffraction and atomic force microscopy methods. The indentation
results showed, that irradiation with heavy ions leads to a significant (up to 56%) increase
of hardness and a marginal decrease of plasticity, whereas light N ions cause only up to
16% increase of hardness. Structural research revealed an increase of disorder in the
irradiated crystals. The results of atomic force microscopy showed an increased
dislocation density in the irradiated zone, which can play a substantial role in the
experimentally observed increase of hardness in MgO.

Despite the high doses of radiation MgO samples maintain their single crystalline state,
which shows a remarkable ability of this material to withstand aggressive irradiations
with GeV-energy ions.
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AZOBENZOLU FRAGMENTUS SATUROSU UN AMORFO FAZI
VEIDOJOSO MATERIALU NELINEARI OPTISKIE PETIJUMI

Z.Kalnina' , A.Tokmakovs', M.Rutkis', V. Kokars?, E.Zarins’, K. Traskovskis®
! Latvijas Universitates Cietvielu fizikas institiits
2 p- . — . - -
Rigas Tehniska universitate

Organiskie materiali ar mazu dielektrisko konstanti un lielu nelineari-optisko
(NLO) efektivitati varétu tikt izmantoti ka aktivas komponentes NLO ieric€s, un lidz
ar to tie piesaista arvien lielako zinatnisko un tehnologisko interesi.

Rigas Tehniskas universitates kimijas fakultate tika uzsintezetas vairak neka 6

jaunas organisko stiklu fazi veidojoSas NLO aktivas | A max Tsmrso | Dss
vielas, kombingjot azobenzola skeleta struktiiras, amorfu | 515 87 126
fazi veidojosas alkil-tritil un alkil-tritiloksi grupas un | 517 74 62
donora un akceptoru dalas. So vielu absorbcijas [507 83 24
maksimumi ir diapazona no 455nm lidz 517 nm, NLO [ 455 58 23
efektivitati (d33) no 10 pm/V lidz 126pm/V , termalo [ 44> 61 15
stabilitati (TsgiS0 = 50% NLO signala intensitates 457 38 14
samazinasana) no 58 lidz 88 gradiem. Referata tiks [ 70 10

apspriesta jauno materialu NLO efektivitate un to
termiskas stabilitates atkaribu no to struktiiras.

AZOBENZENE BASED FRAGMENT GLASY STATE FORMING
NONLINEAR OPTICAL MATERIAL PROPERIES RESURCH

Z.Kalninal, A.Tokmakovl, M.Rutkisl, V. Kokarsz, E.Zaril,léz, K. Traskovskis>
! Institute of Solid State Physics, University of Latvia
’Riga Technical University

Large and fast nonlinear optical (NLO) response, low dielectric constant and
easiness of processing make organic materials of great current scientific and
technological interest for application in NLO

devices. R N
NLO properties and thermostability \\N < > R

dependence from the chemical structure of
more than 6 new glass state forming
compounds will be discussed. These Azobenzene base stucture
compounds are azobenzene based structures
with alkyl-tritil and alkyl- tritiloksi groups forming amorphous phase and with
different donor and acceptor parts. The absorption peak is in the range from 455nm to
517 nm.

Influence of compound structure on NLO efficiency and thermal stability will
be discussed.
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LADINNESEJU KUSTIGUMA NOTEIKSANA PIRANILIDEN FRAGMENTU
SATUROSU SAVIENOJUMU PLANAS KARTINAS

K.Pudzs, A.Vembris
Latvijas Universitates Cietvielu fizikas institiits

Vienas no vienkarsakajam un letakajam planu kartinu iegiiSanas metodém ir
lieSanas metodes, kuras kartinas tiek pagatavotas no Skiduma. Tad€] savienojumi, kas
veido amorfas struktiiras planu kartipu no Skiduma ir perspektivi organiskaja
elektronika, it seviski ja tie ir mazmolekularie savienojumi. Organisko materialu
elektriskas 1pasibas ir svarigas $adas ieric€s. Viens no bitiskiem parametriem, kas
raksturo elektriskas 1pasibas ir ladinnesg€ju kustigums.

Darba petiti ladipnes€ju  kustigums piraniliden fragmentu saturoSu
savienojumu planas kartinas. Eksperimenta izmantoti ,,sendvi¢a” tipa paraugi, kuros
organiskais slanis atrodas starp ITO un Al elektrodiem. Organiska materiala slanis
izveidots ar rot§josa diska uzneSanas metodi no hloroforma Skiduma. P&tijumos
izmantotas klasiskas un modificétas CELIV (carrier extraction by linearly increasing
voltage), photo-CELIV un ToF (Time of Flight) metodes. Prezentacija tiks apskatiti
metozu  pielietoSanas  ierobezojumi un iespgjamie  risindgjumi  p&tamiem
savienojumiem.

DETERMINATION OF CHARGE CARRIER MOBILITY IN THIN FILMS
OF PYRANYLIDEN FRAGMENT CONTAINING COMPOUNDS

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

Thin film deposition by solution casting method is one of the easiest and low cost
processing methods. Therefore, compounds that form amorphous structure from
solution are perspective in organic electronics, especially low molecular weight
compounds. Electrical properties of organic compounds are important in such devices.
Charge carrier mobility is one of the key parameter that characterizes electrical
properties.

In this work charge carrier mobility in thin films of pyranylidene fragment
containing compounds was studied. “Sandwich” type samples of organic compound
layer between ITO and Al electrode were prepared. The organic thin films were made
by spin-coating method from chloroform solution. Charge carrier mobility was
determined by classical and modified CELIV (carrier extraction by linearly increasing
voltage), photo-CELIV and ToF (Time of Flight) methods. Application limits and
possible solutions of charge carrier mobility determination methods for such
compounds will be discussed.
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TEMPERATURAS IETEKME UZ AZOBENZOLU MOLEKULU OPTISKI
IEROSINATAM TPASIBAM PLANAS KARTINAS

M.Narels, E.Laizane, A.Vembris
Latvijas Universitates Cietvielu fizikas institiits

Azobenzolu atvasinajumi ir plasi pazistami ar to paSibu veikt izomerizaciju
gaismas ietekme. Tas nozimé, ka azobenzolu molekulam fotoreakcija ir iesp€jama
parslégsanas starp diviem stavokliem — trans un cis izoméru. Cis—trans
izomerizacijas gadijuma izmainas molekula var inducét art ar termalo reakciju, jo cis
stavoklis ir metastabils. Termala reakcija istabas temperatura ir daudzkart 1énaka par
fotoreakciju, tomér tas ietekmi nedrikst ignorét. Lai iegiitu informaciju par
temperatiiras ietekmi uz izomerizacijas procesu, ir nepiecieSams veikt izomerizacijas
procesa kinétikas analizi.

Darba izmantots originals azobenzolu atvasinajums A45. Molekulas tika
iejauktas poliméra matrica dazadas koncentracijas. Planas kartinas iegltas no
hloroforma S$kiduma, izmantojot rotéSanas (spin-coating) metodi. Visi paraugi tika
apstaroti ar 360nm un 450nm gaismu, kas atbilst, respektivi, trans—-cis un cis—trans
izomerizacijai, vienlaicigi registréjot caurizgajusas gaismas intensitati pie 360nm.
Fotoizomerizacijas process tika noverots pie temperatiiram no 100K Iidz 300K. Darba
tiks paradita temperatiiras ietekme uz fotoizomerizacijas procesa parametriem.

INFLUENCE OF TEMPERATURE ON PHOTOINDUCED PROPERTIES OF
AZOBENZENE MOLECULES DOPED IN POLYMER THIN FILM

M.Narels, E.Laizane, A.Vembris
Institute of Solid State Physics, University of Latvia

Azobenzene derivatives are well-known for their capability to isomerize. It
means that azobenzene molecules can be switched between two states - trans and cis
isomer - by photoreaction. Cis—trans isomerization can be induced also by thermal
reaction due to the fact that cis isomer is metastable. The thermal reaction at room
temperature is slower compared to the photoreaction, nonetheless it has impact which
cannot be ignored. Analysis of the kinetics of isomerization process at various
temperatures is useful to obtain information about influence of temperature on
molecule isomerization.

In the work original azobenzene derivative A45 was chosen. Molecules were
doped in polymer matrix at various concentrations. Thin films were prepared from
chloroform solutions by spin — coating method. Samples were irradiated with alternate
light in ultraviolet spectral region at ~360nm and visible spectral region at ~450nm,
which correspond to trans—cis and cis—rans isomerization, respectively. At the
same time light intensity at 360nm which pass through the sample was recorded
Photoisomerization process was observed at temperatures from 100 to 300 K.
Temperature influence on parameters of photoisomerization process will be showed.
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AR TERC BUTIL GRUPU MODIFICETU UN PIRANILIDEN FRAGMENTU
SATUROSU MOLEKULARO STIKLU OPTISKAS UN
ELEKTROLUMINISCENTAS IPASIBAS

S.Popova', A.Vembris', E.Zarin¥’, V.Kokars’
"Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitdtes Lietiskas Kimijas institiits

Darba prezent§jamiem savienojumiem, pateicoties to vienkarSai un
atkartojamai sintézeli, ir zinamas perspektivas nakotnes optoelektronika.

Prakse plasi pielietotas sarkana spektra luminisc€josas vielas satur piraniliden
atvasinajumu. Saja prezentacija tiks apskatitas tris originalu amorfas struktiras
veidojosu pirinaliden fragmentu saturoSu vielu planu kartinu optiskas un elektriskas
ipasibas. Organiskas vielas slanis iegiits ar ,spin-coating” metodi. Termiska
subliméSana vakuuma tika izmantota elektrodu un papildus slanu izveidoSanai.
Elektroluminiscences (EL) merjjumiem tika izveidota sisteéma
ITO/PEDOT:PSS/Organiska viela/BaF/Al. Elektroluminiscences spektrs ir identisks
fotoluminiscences spektram, kas liecina par vienadiem Iuminiscences rasanas
mehanismiem. Paraugu zema elektroluminiscences efektivitate varétu but skaidrojama
ar elektronu-caurumu disbalancu, ko iesp&jams novérs ievietojot Alqs; slani starp
elektroluminiscgjoso slani un BaF. . Sadam sistémam efektivitate uzlabojas, bet tai
pasa laika ievérojami paaugstinas ieslégSanas spriegums. EL spektri ar un bez Alqs;
neatskiras, kas nozimée, ka Alq; neemité gaismu.

OPTICAL AND ELECTROLUMINESCENCE PROPERTIES OF
MOLECULAR GLASSES MODIFIED WITH TERC BUTYL GROUP AND A
PYRANILIDEN FRAGMENT AS A BACKBONE

S.Popoval, A.Vembrisl, E.Zaril,léz, V.Kokars>
"Institute of Solid State Physics, University of Latvia
*Institute of Applied Chemistry, Riga Technical University

Presented compounds could be perspective in next generation optoelectronic
devices due to their repeatable and simple synthesis.

One of common red luminescent materials contain pyranyliden fragment as
backbone. In this presentation optical and electrical characteristics of three original
glasses forming pyranyliden fragment containing compounds are presented. Organic
layers were deposited by spin-coting method. For metal and intermediate layers
thermal evaporation in vacuum was applied. ITO/PEDOT:PSS/Organic
compound/BaF/Al system was made for electroluminescence (EL) measurements.
Electroluminescence and photoluminescence spectrum of the compounds were
identical showing similar origin of both luminescences. The EL efficiency was low
for these samples. Additional Alqs layer between electroluminescence and BaF layers
could enhance balance of injected electrons and holes thus increase EL efficiency. It
was achieve but unfortunately EL appears at higher voltage. EL spectrum with and
without Alqs are the same, so Alqs doesn’t emit light.
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STIKLU VEIDOJOSU PIRANILIDEN ATVASINAJUMU
ENERGETISKIE LIMENI

R.Grzibovskis', K.PudZs', B.Turovska’, M.Rutkis', A.Vembris'
! Latvijas Universitates Cietvielu fizikas institiits
? Latvijas Organiskas sintézes institiits

Misdienas arvien nozimigaka klist organisko materialu izmantoSana
elektronika, tada veida aizstajot klasiskos materialus. Uz organiskajiem materialiem
balstitas elektronikas priekSrociba varétu biit vienkarsaka un 1&taka izgatavoSana. Lai
varétu spriest par iesp&jamiem pielietojumiem un izveidot energétiski salagotas
sistémas, ir nepiecieSsams noskaidrot organisko savienojumu energétisko limenu
struktiiru.

Darba petiti stiklveida struktiiras veidojosu piraniliden atvasinajumu
energétiskie limeni Skiduma un planas kartipas. No Skidumu un planu kartinu
absorbcijas spektriem noteikta p&tamo savienojumu optiska sprauga, bet no
fotovadamibas kvantu efektivitaSu spektralas atkaribas- fotovadamibas sliekSna
vertiba. Savienojumu veidoto plano kartinu ladinnes€ju lokalie lamatu limeni tika
noteikti ar temperatiras modul@to telpas ladinu ierobezoto stravu metodi. No
cikliskam voltamperogrammam noteikti oksidéSanas un reduc€Sanas potenciali
pétitajam vielam. Noteikto energétisko ITmenu korelacija tiks analiz&ta prezentacija.

ENERGETICAL LEVELS OF GLASS FORMING PYRANYLIDEN
DERIVATIVES

R.Grzibovskisl, K.Pudzs], B.Turovskaz, M.Rutkisl, A.Vembris'
! Institute of Solid State Pysics, University of Latvia
? Latvian Institute of Organic Synthesis

Nowadays in electronics different classical materials are replaced by organic
compounds. Electronics that is based on organic compounds would have several
advantages as low cost and simple production. To estimate possible applications of
organic compounds and fabricate high efficiency devices it is important to determine
their energetical structure.

In this work energetical levels of glass forming pyranyliden derivatives was
studied. Optical gap from absorption spectra of solutions and thin films and
photoconductivity threshold energy value form spectral dependence of
photoconductivity quantum efficiency was obtained. Charge carrier local trap states of
organic thin films were determined by temperature modulated space charge limited
current method. From cyclic voltammetry oxidation and reduction potentials of
studied derivatives were obtained. Correlation of determinated energy levels will be
analysed.
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NANOSTRUKTURETU SALIKTO NITRIDU AlGaN LUMINISCENCE

J. Grigorjeva, V. Korsaks, L.Trinklere un B. Bérzina, Li-Chyong Chen'
Latvijas Universitates Cietvielu fizikas institiits
!Nacionala Taivanas Universitate, Kondensétas vielas zinatu centrs, Taipeja

Saliktie AlyGa;«N savienojumi ir perspektivi platzonu materiali, kuru aizliegtas
zonas platums var mainities robezas no 6,2 eV Iidz 3,2 eV, un kurus var pielietot ka
UV gaismas starotajus. Veiktais pétijums ietver AlyGa; 4N viendimensiju (1D) un
divdimensiju (2D) nanostruktiiru ( nanostieniSi un planas kartinas) spektralos
petijumus. Paraugi ir sintez€ti, lietojot dazadas metodes (MOCVD, MBE uc.)
Nacionalaja Taivanas Universitat€, Kondensétas vielas zinatnu centra. Pamatelementu
koncentracija x saliktos materialos AlyGa; N mainas robezas no 3,1% lidz 7,7%.

AlyGa;xN paraugos, tos ierosinot ar 263 nm lazera gaismu, tika meriti
fotoluminiscences spektri temperatiiru rajona no 8 K lidz 300 K. Tika noverota
eksitonu raditas luminiscences josla spektrala rajona no 320 nm Iidz 400 nm, kuras
novietojums ir atkarigs no augstak minétas koncentracijas x. Tika noverots, ka,
pieaugot paraugu temperatiirai no 8K Iidz 300 K, luminiscences joslas maksimums
parbidas spektra uz garo vilnu pusi, bet luminiscences intensitate samazinas.

LUMINISCENCE OF NANOSTRUCTURED COMPOUND NITRIDES AlGaN

J. Grigorjeva, V. Korsaks,_L. Trinkler, and B. Berzina, Li-Chyong Chen'
Institute of Solid State Physics, University of Latvia
National Taiwan University, Center for Condensed Matter Sciences, Taipei

Compound AlyGa; N is one of prospective wide band gap materials with variable
band gap energy within a range between 6,2 eV and 3,2 eV applicable for UV light
emitting devices. The present investigation is devoted to spectral characterization of
quasi one-dimensional (1D) and two dimensional (2D) nanostructures of Al; GaxN
(nanorods and thin layers) synthesized using different methods (MOCVD, plasma
assisted MBE et.al) in National Taiwan University, Center for Condensed Matter
Sciences. The values of host element concentrations X in compound materials are
restricted — ranging between 3.1% and 7,7%.

Photoluminescence spectra of AlyGa; N samples were measured under excitation
of 263 nm laser light within a temperature range from 8 K up to 300 K. The exciton-
induced luminescence band was observed between 320 nm — 400 nm with a peak
position dependent on x value. Increase of the sample temperature from 8 K up to 300
K results in a “ red shift” of the luminescence band maximum and decrease of the
luminescence intensity.
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HOLOGRAFISKAIS IERAKSTS As-S KARTINAS Ar 473 nm LAZERI

A. Kiselovs, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits
Darba tiek pétitas holografiska ieraksta TpaSibas As-S kartinas. Paraugi tika apstaroti
ar lazeri, kura vilpa garums A=473 nm. Lazera staru sadala divos staros un novirza to
ta, ka uz parauga veidojas interferences aina — ierakstas holografiskais rezgis.
Teraksto$o staru polarizacija darba gaitd ir nemainiga, +45° un -45°. Darba gaita tika

pétitas rezga ieraksta process atkariba no ierakstoSo staru intensitates.

HOLOGRAPHIC RECORDING IN As-S LAYERS WITH 473 nm LASER

A.Kiselovs, J. Teteris
Institute of Solid State Physics, University of Latvia
The properties of As-S holographic lattice were studied during work. For recording
the laser with A=473 nm was used. An interference pattern was created on the sample
surface. The polarization of recording light was +45° and -45°. The dependence of

light intensity was examined.
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FOTOINDUCETA VIRSMAS RELJEFA VEIDOSANAS MASIVA As;,S;

M. Jirgensons, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits
Dotaja darba tika pétita fotoinducéta virsmas reljefa veidoSanas masiva As,Ss.
Reljefa veidoSanas tika pétita ar lineari polarizétu gaismu pie vilpu garumiem 671 nm,
532 nm un 473 nm. Tika pétita virsmas reljefa veidoSanas atkariba no laika,
intensitates un polarizacijas virziena. Reljefa veidoSanas masiva As,S; tika novérota

mainot rezga periodus.

PHOTOINDUCED SURFACE RELIEF FORMATION IN As;S; BULK

M. Jirgensons, J. Teteris
Institute of Solid State Physics, University of Latvia
The photoinduced surface relief formation was observed in As;S; bulk. Relief
formation was researched with linearly polarised light beams at these wavelengths-
671 nm, 532 nm and 473 nm. Surface relief formation was researched by changing
polarisation axis, intensity of the light beam and the time of light beam induction.

Relief formation in the bulk was observed at different grating periods.
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FOTOINDUCETAIS DIHROISMS As-S SAVIENOJUMU
PLANAS KARTINAS

I.Rundane, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits
Dotaja darba tika pétits fotoinduc€tais optiskais dihroisms amorfas As-S
savienojumu planas kartipas. Optiskas caurlaidibas tika pétita ar lineari polarizeétu
gaismu pie vilpa garuma 532 nm. Optiska anizotropija paraugos tika inducéta ar
lineari polarizétu 532 nm lazera staru. Tika pétitas optiskas caurlaidibas izmainas gan
paralélam, gan perpendikularam polarizacijas virzieniem attieciba pret ierosinosa

stara polarizaciju.

PHOTOINDUCED DICHROISM IN THIN As-S FILMAS

I.Rundane, J. Teteris
Institute of Solid State Physics, University of Latvia
The photoinduced optical dichroism was studied in amorphous As-S thin
films. The photoinduced optical transparency was studied with linear polarized light
at wavelength of 532 nm. The optical anisotropy in the samples was induced by linear
polarized 532 nm laser beam. The changes of optical transparency both for
perpendicular and parallel directions regarding the polarisation of exciting beam were

studied.
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ZnO MONOKRISTALU LUMINISCENCE UN INDUCETA ABSORBCIJA

M.Vanks, D.Millers, L.Grigorjeva, K.Smits
Latvijas Universitates Cietvielu fizikas institiits

Salidzinata luminiscence, ka ar1 inducéta 1si dzivojosa absorbcija trijiem dazadas
izcelsmes ZnO monokristaliem pie dazadam temperatiiram. Luminiscence ierosinata
gan ar lazera starojuma impulsiem (266 nm), gan ar liela blivuma elektronu kila (10"
el/cmz, 10 ns, 270 keV) impulsiem, inducéta 1si dzivojosa absorbcija ierosinata tikai
ar elektronu kiila impulsiem. Atrasts, ka spektra apgabala 2.8 — 3.4 eV ir relativi
Sauras luminiscences joslas, un $o joslu novietojums spektra visiem paraugiem tuvs,
kaut gan joslu intensitates atSkirigas. Spektra apgabala 1.7 - 2.75 eV novérota plata,
iesp&jams salikta luminiscences josla, kura saistita ar elektronu parejam defektos un
daudzkart min&ta publikacijas.

Divos pétitajos paraugos noverota plata inducétas 1si dzivojosas absorbcijas josla,
kura parklaj spektra apgabalu 1.1 — 2.7 eV, viena parauga sada josla nav novérojama.
Salidzinot luminiscences un 1si dzivojosas absorbcijas kinétikas paradits, ka 1si
dzivojosa absorbcija nav saistita ar tiem ierosinatajiem stavokliem, kuri atbildigi par
noveroto luminiscenci. Diskutéti induc@tas 1si dzivojoSas absorbcijas iesp&jamie
c€loni pétitajos ZnO monokristalos.

THE LUMINESCENCE AND INDUCED ABSORPTION OF ZnO
SINGLE CRYSTALS

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

The luminescence as well as transient absorption was compared at different
temperatures for three ZnO single crystalline samples obtained from different sources.
The luminescence was excited by a pulsed laser beam (266 nm) as well as by a high
density pulsed electron beam (10 el/cm?, 10 ns, 270 keV), the transient absorption
was excited by pulsed electron beam only. The relative narrow luminescence bands
were observed in spectra within 2.8 — 3.4 eV and it was found the band positions are
very close for all samples studied; however the intensities of bands differ. The wide
luminescence band was observed within 1.7 — 2.75 eV. This band is known to be due
to electron transitions in defects as it is described in papers.

The wide band of transient absorption covering spectrum region 1.1 — 2.7 eV was
observed in two samples, whereas in one sample not. Comparison of kinetics for
luminescence and transient absorption suggested the excited states responsible for
luminescence were not the origin of transient absorption. The possible origin of
transient absorption is discussed.
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STRONCIJA ALUMINATA ILGI SPIDOSAS LUMINISCENCES IPASIBAS

V.Liepina, K.gmits, Dz.Jankovica, L.Grigorjeva, D.Millers
Latvijas Universitates Cietvielu fizikas institiits
Rigas Tehniskas universitates Neorganiskas kimijas institits

Ar eiropiju un disproziju aktiveti stroncija aluminati ir vieni no efektivakajiem
un ilgak spidoSajiem Sobrid zinamajiem luminoforiem. To luminiscentas ipasibas ir
tikuSas pétitas jau ilgaku laiku ar mérki iegut péc iesp&jas ilgak spidoSu un efektivu
luminoforu, bet par ilgo spidéSanu atbildigais mehanisms vél joprojam nav skaidrs. Ja
tiktu noskaidrots p&cspidéSana iesaistito ierosindjumu uzglabaSanas modelis, tad
sintézes parametrus varétu mainit apzinati, lai iegitu efektivaku luminoforu. Si
petijuma mérkis ir dot ieguldijjumu stroncija aluminatu luminoforu ilgas
pecspidésanas modela noskaidrosana.

Saja referata apskatita SrAl,O,: Eu, Dy ilgi spido3as luminiscences kingtiku
analize, ka ar1 termostimul€tas luminiscences pétijumi ar dazadiem ierosmes avotiem
(rentgena lampu, deiterija lampu, 266 nm Nd:YAG lazeru). Veicot TSL m&rijjumus un
salidzinot spektralo sadalijumu pie dazadam temperatiram, noveértéts ladinnes&ju
kérajcentru dzilums un veids. Analizéta materiala luminiscence un tas pécspidésana
selektiva piejaukumvielu ierosm&. Apskatits iespjamais energijas parneses
mehanisms starp aktivatoriem.

THE LUMINESCENT PROPERTIES OF LONG-LASTING STRONTIUM
ALUMINATE PHOSPHOR

V.Liepina, K.Smits, Dz.Jankovi¢a, L.Grigorjeva, D.Millers
Institute of Solid State Physics, University of Latvia
Institute of Inorganic Chemistry, Riga Technical University

Eu and Dy doped strontium aluminates are widely known for their intensive
long lasting phosphorescence. The luminescent properties of strontium aluminate
phosphors have been studied for some time in order to obtain even longer lasting and
more intensive phosphorescence, but the mechanism responsible for the long lasting
afterglow is not yet clear. Knowing the model, it would be possible to purposefully
change the synthesis parameters to obtain a more efficient phosphor. The goal of this
research is to contribute to the knowledge of the mechanism responsible for the long
lasting phosphorescence.

In this report the analysis of the kinetics of SrAl,O4: Eu, Dy has been
described, as well as the investigation of thermally stimulated luminescence with
different excitation sources (X-ray lamp, deuterium lamp, 266 nm Nd:YAG laser). By
TSL measurements and comparison of their spectral distribution dependence on
temperature the depth and the nature of the charge trapping centres has been
determined. The luminescence and afterglow of the sample after selective dopant
excitation has been investigated. The possible mechanism of energy transfer has been
discussed.
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AR Eu UN Ce JONIEM AKTIVETO HIDROKSILAPATITU
LUMINESCENCE

L.Pukina, L.Grigorjeva, D.Millers, Dz.Jankovica, K.Smits
Latvijas Universitates Cietvielu fizikas institiits
Rigas Tehniskas universitates Neorganiskas kimijas institits

Neaktiveti un ar Eu un Ce joniem aktivéti hidroksilapatitu Ca;o(PO4)s(OH), (HAp)
nanokristali sintezeti ar izgulsnéSanas no Skidras fazes metodi. Visi pulveri sintezéti
vienados apstaklos. Nanopulveru struktiiras raksturoSanai registréti rentgendifracijas
un infrasarkanas absorbcijas (FTIR) spektri. No rentgendifrakcijas spektriem, lietojot
Debaja-Serera formulu, ir novértéts pulveru graudu izmérs (~20-25 nm).

FTIR spektru analize veikta OH™ grupu svarstibu spektra apgabald, ki ari (PO4)™
grupas valento (800-1200 cm™) un deformativo (530-700 cm™) svarstibu apgabala.
Fotoluminiscences pétijumi veikti ar spektrali-kin€tiskam metodém luminiscences
ierosinasanai izmantots 266 nm lazerstarojums. Fotoluminiscences spektralais sastavs
salidzinats ar rentgenluminiscences spektralo sastavu. Tika noveérota HAp pasvielas
defektu luminiscences josla neaktivétos nanopulveros. Noteiktas Eu un Ce jonu
luminiscences raksturipasibas, analiz&jot Eu’" luminiscences spektru novértéta $o
jonu apkartgja lauka simetrija.

Eu AND Ce DOPED HYDROXILEAPATITE LUMINESCENCE

L.Pukina, L.Grigorjeva, D.Millers, Dz.Jankovica, K.Smits
Institute of Solid State Physic, University of Latvia
Institute of Inorganic Chemistry, Riga Technical University

The Ca;o(PO4)s(OH); hydroxyapatite (HAp) nanocrystals undoped and doped with Eu
and Ce ions were synthesized by co-precipitation method at the same experimental
conditions. The structure of nanopowders were characterized by x-ray diffraction
(XRD) and infrared (FTIR) absorption spectra. The powder grain size (20-25 nm)
was estimates 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 (POL)* group bending (530-
700 cm™) vibration regions.

The photoluminescence studies were conducted using the spectral-kinetic methods
and luminescence was excited by 266 nm laser beam. The photoluminescence and
radioluminescence spectra were compared. The phololuminescence due to native Hap
defect was found. The luminescence characteristics of Eu and Ce ions in Hap were
obtained, the analysis of Eu’" luminescence spectrum was used for ion crystalline
field symmetry estimation.
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TSL IEKARTAS MODIFICESANA UN PROGRAMMATURAS IZVEIDE

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

Termostimuléta luminiscence (TSL) ir metode, kura petamais objekts tiek
ierosinats pie zemam temperatiram un mainot temperatiiru atbilstosi kadam
algoritmam (lineari, 1&cienveidigi (frakcionéta TSL)) tieck registréta luminiscences
intensitate. Misu gadijuma tiek registréta nevis viena luminescence intensitates
vertiba katra temperatiiras punkta, bet pilns luminiscences spektrs, kas lauj izveidot
trisdimensionalu attelu.

Izveidota TSL mériSanas iekarta sastav no spektru registréSanas ierices un
temperattiras kontroles modula. Iekarta ir veidota lai var€tu mainit mériSanas
temperatiiru diapazonus, mainot temperatiiras kontroles modulus: krasninu (300-
800K), slapekla kriostatu (80-500K) un hélija kriostatu (8-300K). Spektru registracijai
lietots Andor Shamrock SR-3031-B spektrometrs ar Andor IDus CCD kameru izeja.
Iekartas shéma ir viegli modific€jama konkrétu uzdevumu izpildei (piem., pievienojot
fotoelektronu pavairotaju). Papildus izveidota programatira frakcionétas TSL
meérjjumiem.

Programmattra veidota National Instruments Labview 9 programméesanas
vide. Katra kriostata izmantoSanai izveidots atsevisks programmu komplekts, kas lauj
atri modificét noteiktu meriSanas algoritmu nemainot citus. Izveidotas vairakas
rezultatu apstrades programmas — izejas matricu adaptéSana ievadam Origin datu
apstrasdes vidg, spektrometra korekcijas pielietoSana, ka arT citas apstrades operacijas.

MODIFICATION OF TSL EQUIPMENT AND SOFTWARE
DEVELOPMENT

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

Thermostimulated luminescence (TSL) is a method, where the sample is
excited at low temperature and luminescence intensity dependence on temperature is
recorded (glow curve) according to chosen algorithm (linear, fractioned (FGT)). In
our case instead of integral intensity of luminescence to every temperature point, the
whole spectrum is registered, which allow us to make three dimension images.

TSL measurement equipment consists of spectrometer and temperature control
module. Equipment is set up in such way, that it is easily possible to change
temperature range by changing temperature control modules: heater (300-800K),
liquid nitrogen cryostat (80-500K) and helium cryostat (8-300K). To acquire spectra
Andor Shamrock SR-303I-B spectrometer supplied with Andor [Dus CCD camera
was used. Equipment setup can be easily modified to resolve specific tasks (e.g.
attaching photomultiplier).

For software development National Instruments Labview 9 environment was
used. For each cryostat different application suite was made, witch allows quick
modification of a particular measurement algorithm without affecting the other ones.
Various data processing applications were made — output matrix adaptation to fit
Origin 8 data analysis environment, the spectrometer correction, as well as some other
operations.

51



AR Ce UN Eu JONIEM AKTIVETAS OKSIFLUORIDU STIKLU UN
STIKLA KERAMIKAS LUMINISCENCES PETIJUMI

I.Brice, U.Rogulis, E.Elsts, J.Griube
Latvijas Universitates Cietvielu fizikas institiits

Oksifluoridi ir interesanti savienojumi, un ir piesaistijusi uzmanibu, apvienojot
fluoridu zemo fononu energiju un silikata stikla termisko, mehanisko un kimisko
stabilitati. Oksifluoridu materialiem ir plaSas pielietojumu iesp&jas fotonika izveloties
atbilstosus retzemju aktivatorus.

Joprojam tiek mekléti jauni luminofori, ko varétu izmantot baltas gaismas
diodés jeb LED lampas, jo salidzinot ar kv€lspuldzém, tas ir daudz energoefektivakas.
Misu darba tiek izgatavoti aktiveti oksifluoridu stiklu un keramikas paraugi, kuriem
ka aktivators ir izmantots Ce® un Eu®" joni. So aktivatora jonu luminiscences josla ir
ne tikai intensiva, bet ar1 plata, un tiek pétita to luminiscence no redzamas gaismas
luminoforu pielietojumu viedokl]a.

Izgatavoti SiAlL,ZnSrOsF4:Eu stikla paraugi, kuru sastava ir mol 1% EuF3, kas ir
bezkrasains un caurspidigs, un mol 2% EuF3, kas ir dal€ji caurspidigs, ka ar1 stikla
keramikas, kas karsétas 700°C un 800°C. Paraugiem tiek pétita un salidzinata
luminiscences intensitate un luminiscences spektri.

LUMINESCENCE OF OXYFLUORIDE GLASS AND GLASS CERAMICS
DOPED WITH Eu AND Ce IONS

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

Oxyfluorides are interesting compounds and they have drawn attention by
combining the low-fluoride phonon energy with the thermal, mechanical and
chemical stability of the silica glass. Oxyfluoride materials have broad applications
possibilities in photonics by doping the material with appropriate rare earth activators.

New better visible light phosphors are still being sought that could be used in
LED lamps because when compared to incandescent lamps, they are much more
energy-efficient. In our work, activated oxyfluoride glass and ceramic samples are
prepared doped with Ce’" and Eu”" ions. The luminescence bands of these ions are not
only intense but also wide, and are studied from the visible light luminophores
application point of view.

Glass samples of SiAl,ZnSrOsF4: Eu containing 1% mol EuF;, the sample is
colourless and transparent, and 2% mol EuFs, the sample is semi-transparent, were
made as well as glass ceramic samples by heating glass samples to 700 °C and 800
°C. These samples are studied by comparing their luminescence intensity and
luminescence spectra.
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AR Tm UN Yb AKTIVETA NaLaF, LUMINISCENCE

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

Ieprieks€jie miisu pétijumi paradija, ka ar retzemju elementiem aktivéts NalLaF, ir
perspektivs augSup-parveidotas luminiscences materials. [zmantojot So materialu, kas
aktivéts ar Tm®" un Yb*", ir iesp&jams iegiit augSup-parveidoto luminiscenci plasa
spektra apgabala, pieméram, sarkana, zila, UV.

Sai noluka tika sintezéti ar Tm>™ un Yb'" aktivéti NaLaF, polikristaliski paraugi.
Ierosinot Sos paraugus ar 980nm starojumu, tika noverota intensiva zila augSup-
parveidota luminiscence. Dazada veida apstradajot sintez€to materialu, pieméram,
smalcinot vai izputinot ar lazerablacijas metodi, izdevas iegiit paraugu, kuram
salidzinajuma ar sakuma materiali, ir relativi intensiva ultravioleta augSup-parveidota
luminiscence.

No iegitajiem eksperimentalajiem rezultatiem tiek spriests par dazadiem procesiem,
kas norisinas NaLaF4:Tm3+,Yb3+.

LUMINESCENCE OF NaLaF4s DOPED WITH Tm AND Yb

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

Our previous studies have showed that NaLaF, doped with rare-earth elements is a
perspective material for up-conversion luminescence. It is possible to obtain up-
conversion luminescence in a wide spectral region (red, blue, UV) using this material
doped with Tm’" and Yb*".

Therefore polycrystalline NaLaF, doped with Tm®" and Yb®" ions was synthesized.
There was observed intensive blue up-conversion luminescence under 980nm
excitation of these samples. When the samples were treated in different ways, for
example grinding or deposited on a substrate using laser ablation technique, we could
achieve also relative intensive ultraviolet up-conversion luminescence.

Based on the experimental results peculiarities of different processes which take place
in NaLaF 4:Tm3 +,Yb3 " jons will be discussed.
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NANOKRISTALU LUMINISCENCES UN ULTRAVIOLETA
IEROSINAJUMA SPEKTROSKOPIJAS PETIJUMI, IZMANTOJOT
SINHROTRONA STAROJUMU

L. éirmanel, V. Pankratovl, A. Kotlovz, A. Kuzmanoski3, C. Feldmann®
'Latvijas Universitates Cietvielu fizikas institiits
’HASYLAB at DESY, Hamburga, Vacija
INeorganiskas kimijas institits, KIT

Dotaja darba ir apkopoti luminiscences meérjjumu rezultati dazada sastava
nanodalinam (to starp ar retzemju joniem leg€tiem LaPO4, CaMoO4, CaF,
nanokristaliem), kam ir liela praktiska nozime. Visi nanokristali izgatavoti izmantojot
jaunu mikrovilnu lauka aktivizétu sintézi jonu Skidrumos. ST sintézes metode lauj
efektivi kontrolét nanodalinu izméru, struktiru, ka ar7i leg€uma Iimeni.
Luminiscences mérfjumi veikti izmantojot elektronu sinhrotrona DESY (Hamburga)
starojumu HASYLAB, SUPERLUMI stacija vakuuma ultravioleta spektra diapazona
(3.6 — 40 eV), kas parasti nav sasniedzams, izmantojot komercialos spektrometrus.
Darba iegiiti luminiscences un ierosinajuma spektri, paraditas to Tpatnibas saistiba ar
virsmas stavok]u ietekmi.

SYNCHROTRON RADIATION BASED EMISSION AND ULTRAVIOLET
EXCITATION SPECTROSCOPY OF LUMINESCENCE NANOCRYSTALS

L. Shirmanel, V. Pankratovl, A. Kotlovz, A. Kuzmanoski3, C. Feldmann®
!Institute of Solid State Physics, University of Latvia
’HASYLAB at DESY, Hamburg, Germany
I Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

In present work we have summarized results for several types of luminescence
nanoparticles (rare earth doped LaPO,, CaMoO,, CaF,, etc.) having a high practical
interest. All nanocrystals in the current study were produced by means of the
microwave-assited synthesis in ionic liquids. This synthesis method allows the
efficient control of nanoparticles size, their morphology and impurity level. The
luminescence emission and excitation measurements were carried out under pulsed
synchrotron radiation (3.6 — 40 eV) emitted from DORIS III storage ring on the
SUPERLUMI station of HASYLAB at DESY (Hamburg, Germany). Special attention
was paid to the vacuum ultraviolet spectral range, which is not reachable in standard
commercial spectrometers and “in house” equipment. Peculiarities in emission and
excitation spectra of luminescent nanoparticles as well as the influence of surface
states on luminescence properties of nanoparticle will be demonstrated and discussed.
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HIDROKSILA PIEMAISIJUMU APREKINI CaF; UN BaF; KRISTALOS
NO PIRMAJIEM PRINCIPIEM

'R.I. Eglitis, *H. Shi, °R. Jia and “L. Chang
!Latvijas Unversitdtes Cietvielu fizikas institiits
’Pekinas T ehnologijas Institiits, Pekina, Kina
' Matematikas un Dabaszindatnu Nodala, Wupertales Unversitate, Wupertdle, Vacija

OH’ piemaistjumi CaF, un BaF; kristalos un uz to (111) virsmam tika pétiti
izmantojot blivuma funkcionala teoriju (DFT) ar hibrida apmainas potencialiem, proti
DFT-B3PW [1,2]. Tika izpétitas tris tilpuma un 20 virsmas OH" konfiguracijas CaF,
un més atradam, ka kofiguracijas OH(;) prieks tilpuma gadijuma un HO(H)(\) un
HOyg" priek§ virsmu gadijuma ir energétiski visizdevigakas konfiguracijas [1,2].
Kimisko saiSu apdzivotibas analize parada, ka starp skabekla un tidenraza atomiem
kimiska saite ir izteikti kovalenta, un virsmas effekts pastiprina virsmas OH"
piemaisijumu kovalenci. Zonu struktiru un stavoklu blivumu aprékini prieks virsmas
OH’ piemaistjumu sisteémas parada, ka aizliegtaja zona paradas divi defektu limeni,
kurus izraisa S§is OH™ piemaisijums. O p orbitales veido divus superpozicion&tus O
Iimenus, kuri atrodas virs valences zonas (VBs), un H s orbitales dod lielako
ieguldijumu neaiznemtai H zonai, kura atrodas zem vadamibas zonas.

FIRST PRINCIPLES CALCULATIONS OF HYDROXYL IMPURITIES IN
CaF; AND BaF,; CRYSTALS

'R.I. Eglitis, “H. Shi, °R. Jia and “L. Chang
!Institute of Solid State Physics, University of Latvia
’Beijing Institute of Technology, Beijing, China
Department of Mathematics and Natural Sciences, Universitat Wuppertal, Germany

OH' in CaF, and BaF; crystals and on the (111) surfaces have been studied by
using density functional theory (DFT) with hybrid exchange potentials, namely, DFT-
B3PW [1,2]. Three bulk and 20 surface OH™ configurations were investigated in CaF,
and we found that Configs OH(11) for the bulk case and HO(“)(\) and HOqu(\) for the
surface case are the energetically most favorable configurations. Bond population
analysis shows that there is a considerable covalency between the oxygen and
hydrogen atoms, and the surface effect strengthens the covalency of surface OH
impurities. The studies on band structures and density of states of the surface OH
impurity systems demonstrate that there are two defect levels induced by OH
impurities. The O p orbitals form two superposed occupied O bands, located above
the valence bands (VBs), and the H s orbitals do the major contribution to an empty H
band, located below the conduction bands.

References:
1. H. Shi, L. Chang, R. Jia and R.I. Eglitis, 4b initio calculations of hydroxyl
impurities in CaF,, J. Phys. Chem. C 116, 6392-6400 (2012).
2. H. Shi, R. Jia and R.I. Eglitis, First-principles calculations on surface hydroxyl
impurities in BaF2, Computat. Mater. Sci. 53, 220-225 (2012).
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EIROPAS APVIENOTAJA TORA IESPEJAMO PUTEKILU, PLEKSNU UN GARU KEZU
OGLUDENRAZU SAVIENOJUMU TERMISKA ANALIZE

L. Avotil;lal, G.l,(izz'mel, A.Zariuél, J.Kalnads?, S. Gruenhagen Romanelli’ un EFDA JET sadarbibas
partneri’
!Latvijas Universitates Kimiskas fizikas institiits, *Fizikalds energétikas institiits
3CCFE Kalemas Zinatniskais centrs, “JET-EFDA Kalemas Zinatniskais centrs

Oglekla skiedras kompozitmateriali (CFC — carbon fiber composite) ir vieni no materialiem, ko izmanto
kodolsintézes reaktoru, tai skaita Apvienota Eiropas Tora (JET — Joint European Torus) vakuumkameras un
konstrukcijas elementu aizsardzibai, divertora materialos, lai noveértétu iesp&u izmantot ITER vajadzibam.
Plazmas kameru aizsargajoSie materiali reaktora darbibas laika ir paklauti kodolsapliiSanas reakcijas komponentu,
tdenraza izotopu, tritija (T) un deiterija (D), ka arT kodolsintgzes reakcijas produktu ietekmei. Plazmas procesos
notiek CFC virsmas slanu erozija, radot puteklus un pleksnes [1], kas uzkrajas uz divertora virsmas un darbojas ka
kodoldegvielas, tai skaita tritija sakergjs.

PEétfjuma analizéti putekli un pleksnes, kas iegiiti no plazmas neskarta CFC kiegela, ka arT fullerénu (Cg) saturosi
paraugi. Darba mérkis — izpétit un savstarp&ji salidzinat dazu garu k&zu ogludenrazu, fullerénu, un JET CFC
puteklu un pleksnu oksidésanas un sublimacijas procesus, aprékinat o procesu aktivacijas energijas.

CFC un fullerénu paraugu oksidésana (gaisa atmosféra, 20-1000°C) un sublim&Sana (Ar atmosféra, gazes plismas
atrums ~100 mL/min, 20-1000°C) veikta ar derivatografu (EXSTAR TG/DTA6300) ar dazadiem kars€Sanas
atrumiem. Oksidé$anas un sublimacijas procesu aktivacijas energiju aprékiniem pielieto divas izokonversionalas
metodes neizotermaliem datiem — Kisingera (Kissinger) metodi un OFW (Ozawa-Flynn-Wall) metodi. Aprékinos
pienem, ka vielas parvertibu pakape (o) mainas attiecigi tikai viena procesa ietekme: gaisa atmosféra — oksidéSanas
un argona atmosféra — sublimésanas procesa ietekmé.

Noteikts, ka fullerénu paraugu oksidéSanas aktivacijas energijas ir mazakas neka JET CFC puteklu un pleksnu
oksidésanas aktivacijas energija, kas kltidas robezas atbilst grafita oksidéSanas aktivacijas energijai, 2,01 eV [2].
Savukart sublimacijas procesa aprékinata sublimacijas aktivacijas energija kristaliskam fulleréna paraugam ir
lielaka neka pulverveida paraugiem.

THERMAL ANALYSIS OF DUST AND FLAKES AND LONG-CHAIN HYDROCARBON
COMPOUNDS PROBABLY FORMED IN THE JET VACUUM VESSEL

L. Avotinal, G.Kizanel, A.Zarinsl, J.Kalnacsz, S.Gruenhagen Romanelli’ and
EFDA JET contributors*
! Institute of Chemical Physics, University of Latvia, *Institute of Physical Energetics * EURATOM /
CCFE Fusion Association, Culham Science Centre, Abingdon, Oxon, OX14 3DB, UK, ? JET-EFDA,
Culham Science Centre, Abingdon, OX14 3DB, UK

Carbon fibre composites (CFC) are materials, used in fusion reactors, including Joint European Torus (JET) until
2009, as plasma facing first wall and divertor material. During plasma operations, plasma-wall interaction causes
erosion, transport and deposition of first wall material to the divertor leading codeposits, dust and flakes [1] which
can contain trititum and build-up an inventory. In the 2009 shutdown the liquid nitrogen panel (LN2) of the
Pumped Divertor was regenerated to ambient temperature, the released gas was analyzed and the gas
chromatography analyses have shown that hydrocarbons from methane up to nonane (C9) have been trapped by
the cryopanel. The fact that hydrocarbons up to C9 have been found does not preclude the formation of even
higher species and indicates that long-chain hydrocarbons could be present in deposits, dust or flakes from the JET
divertor. In order to investigate these formations analyses of 1) inactive carbon bulk material (non-plasma exposed
CFC dust/flakes) and 2) a synthetic sample of C60 and long-chain hydrocarbons were carried out employing a
differential thermal analyser (EXSTAR TG/DTA6300). The samples had no tritium or beryllium content. The aim
of this research was to analyse and compare the oxidation and sublimation processes of the different samples and
to calculate the activation energies of these processes.

The oxidation (air atmosphere, 293-1273K) and sublimation process (argon atmosphere, 293-1273K) of both,
fullerene containing samples and CFC dust and flakes samples were done at different heating rates. Two iso-
conversional methods for non-isothermal data — Kissinger and Ozawa-Flynn-Wall method were used for the
calculation of the activation energies. The calculations were made, assuming that conversion fraction (o) changes
according to only one process, in air atmosphere this is oxidation and in argon atmosphere this is sublimation.

It was observed that the activation energy of oxidation of fullerene containing samples is lower than the activation
energy of the JET CFC samples which complies with the graphite oxidation activation energy equal to 2.01 eV [2].
The activation energy of sublimation process for sample with crystalline structure is higher than that for powders.

* The Appendix of F.Romanelli et al., Proceedings of 23™ IAEA Fusion Energy Conference 2010, Daejeon, Korea

[1] Ph.Chappuis et al. Dust characterization and analysis it Tore-Supra, J. Nucl. Mat. 290-293 (2001) 245-249
[2] Hahn J.R. Kinetic study of graphite oxidation along two lattice directions. Carbon 43, 1506-1511, 2005
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TRITIJU GENREJOSAS KERAMIKAS Li,CO; PIEVIRSMAS SLANA VEIDOSANAS
CELONI: TERMISKAS APSTRADES PROCESA
GAISA ATMOSFERA

A. Zaripél, G. I,(izﬁnel, A. Supel, R. Knitterz, L. Ansone’
ILatvijas Universitates Kimiskas fizikas institiits
’Karlsriies tehnologiju institiita Funkcionalo materialu institiits
I Latvijas Universitates Geografijas un Zemes zindtnu fakultate

Paslaik viena no piem@rotakajam tritiju genergjosam keramikam kodoltermiskas sintézes
reaktoriem ir LigSiO4 minilodites (0,4=0,25-0,63 mm) [1] — 90 mol% Li4SiO4 un 10 mol%
Li,Si0;. Tacu uz LiySiO4 bazes razotam keramikas miniloditém ir bitiska tehnologiska probléma
— péc termiskas apstrades (t.i. Tpa=970°C, tnax=168 h, gaisa atmosféra) uz to virsmas veidojas
Li,COs saturo§s pievirsmas slanis [2], kur§ ietekmé gan tritija diftiziju, gan tritija izdaliSanas
formu. Dota pétijuma novitate un mérkis ir Li,CO; slana veidoSanas mehanismu un c€lonu, kuri
pilniba vél nav izprasti, izpéte uz LisSiO4 minilodiSu virsmas termiskas apstrades laika, ka art §1
procesa novérsanas iesp&jamibu novertésana.

Li4Si04 minilodisu (s€rija: FZK OSI 07/M, @),q~0,50 mm) termiskas apstrades procesa
(Tinax=900°C, tma=1 h, gaisa atmosféra) simuléSanai izmanto derivatografu (EXSTAR TG/DTA
6300). Noteikts, ka eksponencialas dzi$anas rezultata (<320°C) uz minilodiSu virsmas divas
stadijas (320-200 un 60-20°C) hemisorb&jas CO, un H,0O tvaiks (0,39+0,05%), veidojot Li,CO3
(0,940,1%) un LiOH (0,2+0,1%). Balstoties uz iegiitajiem rezultatiem secinats, ka CO,
hemisorbcija, kas norisinas 320-200 (0,27+0,05%) un 60-20°C (0,12+0,05%), ticamakais ir H,O
tvaika ierosinats process, kas noris relativi 1éna dzeséSanas atruma dé] (<5°C min™"). Rekomendats
palielinat dzes€Sanas atrumu termiskas apstrades procesa vai ar1 apsvert iesp&ju izmainit LisSiO4
keramikas sastavu — pievienot mazak reaggjosu litiju saturo$u fazi, pieméram, Li; Ti0;.

REASONS OF FORMATION OF Li,CO; LAYER ON SUB-SURFACE OF TRITIUM
BREEDING CERAMIC: THERMAL TREATMENT PROCESS IN AIR ATMOSPHERE

A. Zarinsl, G. Kizanel, A. Supel, R. Knitterz, L. Ansone’
'Institute of Chemical Physics, University of Latvia
*Institute for Applied Materials, Karlsruhe Institute of Technology
3Department of Geography and Earth Science, University of Latvia

Li4Si04 pebbles (Dpeb=0.25-0.63 mm, 90 mol% LisSiO4 and 10 mol% Li,SiO3) are
currently one of the most suitable tritium breeding ceramics for fusion reactors [1]. However,
there is an essential technological problem - after a thermal treatment (e.g. T1ax=970°C, tya=168h,
air atmosphere) a Li,CO; containing sub-surface layer is formed on Li4SiO,4based ceramic pebbles
[2], which influences both tritium diffusion, and the released species. Novelty and aim of this
work was to investigate the formation mechanism of the Li,CO; containing layer on the surface of
Li4SiO, pebbles at thermal treatment processes, where the reason is not yet completely
understood, as well as to evaluate possibilities to prevent this process.

To simulate a thermal treatment process (Tiax=900°C, tne=1h, air atmosphere) of Li;SiO,
pebbles (series: FZK OSI 07/M, @5 ~0.50 mm) thermal analysis (EXSTAR TG/DTA 6300) was
used. It was observed that by exponential quenching (<320°C) CO, and H,O vapour (0.39+0.05wt
%) were chemisorbed on the surface of pebbles in two stages (320-200 and 60-20°C), forming
Li,CO;5 (0.9£0.1wt %) and LiOH (0.2+0.1wt %). On the basis of the obtained results it can be
concluded that chemisorption of CO, on the surface of Li,SiO4 pebbles, which occurs at 320-200
(0.274+0.05wt%) and 60-20°C (0.12+0.05wt%), is most likely caused by H,O vapour, and is due to
the relatively slow cooling rate (<5°C min'l). It is recommended to increase the cooling rate of
thermal treatment or to consider the possibility to change composition of Li4,SiO4 ceramic — to add
a less reactive lithium containing phase, such as Li,TiOs.

[1] L. V. Boccaccini et. al. J. Nucl. Mater. 329-333 (2004) 148-155.
[2] M.H.H. Kolb et. al. J. Nucl. Mater. 427 (2012) 126-132.
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TRITIJA IZDALISANAS NO HIDOBE-01 BERILIJA LODITEM TEMPERATURAS,
ELEKTRONU STAROJUMA UN MAGNETISKA LAUKA IEDARBIBA

A. Viti[l§1’2, G. I,(izz'mel, A. Matiss', G. Ivanov', V. Kinerte', J. Jansons ',
A.J. Magielsen’, M. Zmitko*
" Latvijas Universitates Kimiskas fizikas institiits, Riga, Latvija
? Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija
3 Kodolpeétijumu un konsultdciju grupa ,, NRG”, Pettena, Niderlande
‘Kodolsintéze Energijai” (Fusion for Energy (F4E), Barselona, Spanija

Berilija lodites ir paredz&ts izmantot par neitronu pavairotdju tritija atrazoSanai
keramiskaja briderT nakotnes kodolsintézes reaktora blanketa zona. Helijs un tritijs berilija
rodas neitronu plismas izraisitu kodolreakciju rezultata. Viens no blanketa zonas
konstru€Sanas uzdevumiem ir samazinat tritija uzkrasanos berilija loditeés. Darba pétita tritija
izdaliSanas no berilija loditém, kas starotas ar neitroniem (fluenss 6,94><1025 n/mz, E>1,0
MeV) 525 °C temperatiira HIDOBE-01 eksperimenta Pettenas reaktora Niderlande 2005.-
2007. gada [1-3]. Tritija izdaliSanas pétita 500-800 °C temperatiiras apgabala, starojot lodites
3 stundas ar 5 MeV elektroniem ar dozas jaudu 10-13 MGy/h gan 1,7 T magnéetiska lauka
(B=1,7 T), gan bez magnétiska lauka (B=0). Septinu staroSanas eksperimentu sérija 500-800
°C temperatiira no loditem ar J~1 mm attiecigi izdalijas 16,6 GBq/g (B=1.7 T) un 9,9 GBq/g
(B=0) tritija. Viena staroSanas eksperimenta 797-806 °C temperatira no loditem ar &=0,5
mm attiecigi izdaljjas 22,2 GBq/g (B=1.7 T) un 14,3 GBq/g (B=0) tritija. Saskana ar
novert§jumu [3] HIDOBE-01 neitronu staroSanas rezultata berilija radusies 25,4 GBq/g tritija.

TRITIUM RELEASE FROM HIDOBE-01 BERYLLIUM PEBBLES ON ANNEALING
WITH SIMULTANEOUS ELECTRON RADIATION AND MAGNETIC FIELD

A. Vitin§'?, G. Kizane', A. Matiss', G. Ivanov', V. Kinerte', J. Jansons',
A.J. Magielsen’, M. Zmitko*
! Institute of Chemical Physics, University of Latvia, Riga, Latvia
? Institute of Solid State Physics, University of Latvia, Riga, Latvia
3 Nuclear Research and Consultancy Group, Petten, The Netherlands
* Fusion for Energy (F4E), Barcelona, Spain

Beryllium pebbles are foreseen as a neutron multiplier to ensure sufficient tritium
breeding in a ceramic breeder in a blanket of a future fusion power reactor. Helium and
tritium are produced in beryllium as a result of neutron-induced transmutations. One of tasks
of blanket designs is to reduce tritium inventory in the beryllium pebbles. In this paper, we
present results on tritium release from the beryllium pebbles irradiated for 646 full power
days from June 2005 to October 2007 to the neutron fluence of 6.94x10* m™ (E>1.0 MeV) at
temperature 525 °C in the HIDOBE-01 experiment in the High Flux Reactor at Petten, The
Netherlands [1-3]. This paper is a report on post irradiation tritium release on annealing at
500-800 °C for 3 h with simultaneous 5 MeV fast electron irradiation of 10-13 MGy/h both
without (B=0) and in a magnetic field of 1.7 T (B=1.7 T). 7 successive electron irradiations at
500-800 °C released 16.6 GBq/g (B=1.7 T) and 9.9 GBq/g (B=0) of tritium from the pebbeles
with @=1 mm. An electron irradiation at 797-806 °C released 22.2 GBq/g (B=1.7 T) and 14.3
GBq/g (B=0) of tritium from the pebbeles with J=~0.5 mm. According to the estimation in
[3], the HIDOBE-01 neutron irradiation produced 25.4 GBq/g of tritium in beryllium.

Atsauces / References:

[1] J.B.J. Hegeman, J. G. van der Laan, H. Kawamura et al, Fusion Eng. Des. 75-79 (2005) 769-773.
[2] S. van Til, J.B.J. Hegeman, H.L. Cobussen, M.P. Stijkel, Fusion Eng. Des. 86 (2011) 2258-2261.
[3] S. van Til et al, Poster D-21 (15-129) at ICFRM-15, Charleston, SC, USA, October 16-21, 2011.
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KODOLA FORMAS MAINAS IZRAISITO EFEKTU PETIJUMI
A~190 APGABALA

T.Krasta, M.Balodis, J.Bérzins, L..Simonova, V. Bondarenko
Latvijas Universitates Cietvielu fizikas institiits

Kodola masas skaitla apgabala pie A~190 notiek pareja no stipri aksiali-simetriski
deformetas izstieptas formas, kas ir raksturiga kodoliem deformacijas apgabala vidi, uz
kodola sfeérisko formu pie aizpilditam dalipu caulam Z=82 un N=126. Samazinoties
kodola deformacijai, ta forma kliist y-nestabila, kas ievérojami iespaido kodola 1pasibas, it
pasi ta zemako energijas limenu sabrukuma shému. Neaksialas deformacijas gadijuma,
pateicoties tam ka kodola iek$gjie ierosinajumi vairs nav spogulsimetriski gar kodola
serdes simetrijas asi, valences dalinas orbitala momenta projekcija Q, tapat ka kodola
pilna momenta projekcija K, vairs nav labi kvantu skaitli. Ta rezultata: a) pie katras
kodola spina I veértibas ir papildus K£2, K+4,... stavokli, d€] ka ievérojami pieaug limenu
blivums jau pie relativi zemam energijas vértibam; b) ievérojami pastiprinas viendalinu
pareju intensitate, salidzinot ar kolektivajam iekSjoslas parejam; c) paradas “apgrieztas
joslas” - atSkirigas ieksgjas struktiiras limenu secibas, kuras saista intensivas y-pareju
kaskades. Misu A~190 apgabala kodolu pétijumos ‘“apgrieztas joslas” tika atrastas
nepara '**'*1¥7W kodolu sheémas. Nepara-nepara kodolu gadijuma ('**Re, '"*'*Ir)
galvenas neaksialitates izpausmes ir paaugstinats ierosinato stavoklu blivums un
paatrinatas viendalinu parejas. Tiek analizéta dazadu viendalinu stavok]u energijas
atkariba no kodola serdes polarizacijas, ka arT valences nuklonu atlikuma mijiedarbibas
nozimigums atkariba no neaksialitates parametra y vertibas.

STUDY OF EFFECTS DUE TO NUCLEAR SHAPE CHANGE
IN A~190 REGION NUCLEI

T.Krasta, M.Balodis, J.Bérzins, L.Simonova, V. Bondarenko
Institute of Solid State Physics, University of Latvia

In the nuclear mass number A~190 region, one observes transition from the strong
axially-symmetric prolate shape, characteristic to nuclei in the middle of deformation
region, to the spherical shape at Z=82 and N=126 particle shell closures. Weakening of
nuclear deformation results in the y instability of nuclear shape, which notably affects
nuclear properties, especially its low-energy decay scheme. In the case of non-axial
deformation, intrinsic nuclear excitations lose their reflection symmetry along the nuclear
core symmetry axis, and valence particle orbital momentum projection €, just like the
total nuclear momentum projection K, are not good quantum numbers any more. As a
result: a) for each nuclear spin I value, one has additional K+2, K+4,... states, giving
considerably higher level density even at relatively low energy values; b) one observes
considerable enhancement of single-particle transitions in comparison with collective
intra-band transitions; c) one observes “inverted bands” - level sequences with different
internal structure but connected with intense cascade y-transitions. In our studies of the
A~190 region nuclei, the “inverted bands” have been found in the level schemes of odd
183185187\ nuclei. In the case of odd-odd nuclei ("**Re, '**'*Ir), non-axiality results in the
increased density of excited levels and enhanced single-particle transitions. The energy of
different single-particle orbits in dependence on nuclear core polarization, as well as the
significance of valence particle residual interaction in dependence on the non-axiality
parameter y value are analyzed.
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SALASPILS KODOLREAKTORA MONITORINGS 2012. GADA

J. Alksnis', J.Berzin§’, J. Derumsl, J. Rudzitis', D. Riekstina'?, A. Popelisl,
V.Pede', '0.Skrypnik'
'Latvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Cietvielu fizikas institiits

Salaspils zinatniski p&tnieciska tipveida kodolreaktora IRT (issledovatelskij
nelietoto un 2008. gada lietoto kodoldegvielu. Pamatojoties uz LR likumdosanu,
laboratorijas darbiniekiem Salaspils kodolreaktora un ta apkartejas vides monitorings
javeic nepartraukti, lai novertétu realo situaciju un noteiktu radioaktivitates limeni.

Analizei augsnes, tidens, gaisa paraugi tieck nonemti saskana ar Radiacijas
droSibas centra apstiprinatu programmu. Radioaktivitates ka ari teritorijas fona
mérfjjumus veic ar standarta metodém.

Darba procesa beta starojuma mériSanai izmanto $kidro scintilatoru metodi,
gamma starojuma merjjumus paraugos veic ar gamma spektrometriju, izmantojot
pusvaditaju detektoru.

legiitie dati liecina, ka 2012. gada monitoringa rezultati butiski neatskiras no
ieprieksgja gada rezultatiem.

SALASPILS NUCLEAR REACTOR MONITORING IN THE YEAR 2012

J. Alksnisl, J .Berzinsz, J. Derumsl, J. Rudzitisl, D. Riekstinsl’z, A. Popelisl,
V. Pede', O.Skrypnik'
! Institute of Chemical Physics, University of Latvia
? Institute of Solid State Physics, University of Latvia

The operation at the nuclear core zone of Latvian Salaspils scientific research
reactor, model IRT (issledovatelskij tipovoj reactor) was stopped in June, 1998. The
unused nuclear fuel was sent away in 2005, while the used fuel was removed and sent
in 2008. In accordance to the legislation of Latvia, the laboratory personnel should
continuously monitor the Salaspils nuclear reactor and the surrounding environment
in order to assess the real situation and to determine the existing level of radioactivity.

Samples for analysis of soil, water and air are being taken in accordance with
the program approved by Radiation Safety Centre. The level of radioactivity and the
area background measurements are done in accordance with the standard methods.

In the process of measuring beta radiation the liquid scintillator method is
used. Gamma radiation measurements are performed with gamma spectrometry using
a semiconductor detector.

The data acquired in 2012 indicates that the monitoring results do not
significantly differ from the results of the previous years.
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Y UN VAKANCES MIJIEDARBIBAS AB INITIO APREKINI fcc Fe REZGI

A. Gopejenkol, J. Zukovskisl, P.V. Vladimirovz, J. Kotominsl,
J.Mastrikovs', A. Miislang2
Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija
? Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I,
Karlsruhe,Vacija

Teraudu materiali ar samazinato aktivacijas sp&ju stiprinati ar itrija oksida
nogulsn&jumiem ir apskatita ka strukttiras materialu kandidati nakotnes kodolsintézes
reaktoriem. Si materialu pielieto§ana lauj palielinat reaktoru darba temperatiiru uz
~100°C. Izpratne par Y,O; nanodalinu forméSanas mehanismu un kinétiku t€rauda
matrica ir nepiecieSama oksidu stiprinatu téraudu attistibai.

Aprékinu rezultati skaidri rada ka vakancém ir biitiska loma lai radit saites starp
defektiem fcc dzelza rezgi. Tika atrasts ka saites energija starp vakanc€m strauji
palielinas Cetru vakancu gadijuma salidzinot ar konfiguracijam ar divam vai trim
vakanceém. Vislielaka saites energija tika atrasta konfiguracijai ar vienu Y atomu un
daziem vakancém. Saites energijas starp konfiguracijai ar diviem Y atomiem un
vakanci palielinas ar attaluma palielinaSanu starp diviem Y atomiem un gadijuma kad
Y atomi atrodas 4-NN pozicijas ir redzama Y atomu savstarpgja pievilk$ana rezgi.

AB INITIO CALCULATIONS OF Y AND VACANCIES INTERACTIONS IN
fcc Fe LATTICE

A. Gopejenkol, Yu.F. Zhukovskiil, P.V. Vladimirovz, E.A. Kotominl,
J.Mastrikov', A. Moslang’
!Institute of Solid State Physics, University of Latvia, Riga, Latvia
’Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I,
Karlsruhe, Germany

Reduced activation ferritic-martensitic steels (RAFM) strengthened by yttria
precipitates are promising structure materials for future fission and fusion reactors.
Implementation of these materials allows increasing the operation temperature of the
reactors by ~100°C. The understanding of the mechanism and kinetics of the yttria
nanoparticle formation in the steel matrix is required for the development of the oxide
dispersed strengthened (ODS) steels.

The results of these calculations clearly show that vacancies play a major role in
binding between defects in the fcc iron lattice. It was found that binding energy
between vacancies significantly increases in the case of four vacancies in comparison
to the configurations with two or three vacancies. The largest binding energies were
found for the configurations with one Y atom and several vacancies. The binding
energies for the configuration between two Y atoms and vacancy increase with the
increase of distance between two Y atoms and in the case of the 4-NN attraction was
observed between two Y atoms inside the lattice.
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DIVERTORA POLOIDALA MAGNETISKA LAUKA IETEKME UZ SKIDRA
METALA TECESANU

A.Sisko, F.Muktepz‘wela1 , A.Klukins, E.Platacis, A.Sobolevs
Latvijas Universitates Fizikas institiits
'Latvijas Universitates Cietvielu fizikas institiits

Divertoriem ar $kidro metalu komponenti ir lielakas priekSrocibas salidzinajuma ar cietiem
materialiem, jo tekosie skidrumi lauj ar plazmu kontaktgjosam virsmam pastavigi atjaunoties
un piedava plasakas iesp@jas tritija efektivai parstradei. Sobrid pienacis laiks reali izpéetit
tehnologisko faktoru ietekmi uz Skidro metala pliismas tecéSanu. Lai veiktu eksperimentus,
kuri atbilst TOKAMAK divertoram ar poloidalo magnétisko lauku, LU Fizikas institiita
izstradata un izgatavota speciala vakuuma iekarta, kas lauj supravado$a magnéta
“Magdalena” solenoida realiz€t un vizualizét Li un InGaSn planas pliismas tec€Sanu pie
B,=0T, 2T un 4T. Pie diviem pamatnes slipuma lepkiem pret horizontu a=5° un 15° veikti
eksperimenti paradija, ka vienmériga stacionara pléves veida tec€Sana ar linearo caurteci
q=10"cm?/s realiz&jas tikai pie o=15° un spéciga magnatiskaja lauka (B,=4T, B,=1T). Darba
veiktie teorétiskie aprékini par MHD efekta ietekmi uz metalu pliismas vienveidibu paradija,
ka atkariba no slipuma lenkiem, caurteces un elektromagnétiska speka normalas komponentes
lieluma MHD spiediena zudumi var palielinaties 6.8 reizes InGaSn un 26.5 reizes litijam, kas
izmaina metala tec€Sanas atrumu un plismas vienmeribu. Aprekini saskan ar iegiitajiem
eksperimentalajiem datiem un var kalpot par inZenierijas risinajumu pamatu divertoriem ar
poloidalo magnétisko lauku.

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

THE EFFECT OF DIVERTER POLOIDAL MAGNETIC FIELD ON THE LIQUID
METAL FLOW

A.Shishko, F.Muktepavelal, A.Klukins, E.Platacis, A Sobolevs
Institute of Physics, University of Latvia
"Institute of Solid State Physics, University of Latvia

Diverters based on liquid metal component have advantages in comparison to solid materials
because the liquid flow allows a constant renewal of surfaces that are in contact with the
plasma they also offer a better pathway to an efficient tritium recycling. For a successful
utilization of lithium or other liquid metals it is necessary to investigate the influence of many
technological factors on the continuity of metal flow. To conduct experiments which
correspond to TOKOMAK diverter with a poloidal magnetic field, a new vacuum setup was
designed and built in the Institute of Physics, University of Latvia. This setup allows to
realize and visualize a flow of thin layer of Li and InGaSn at magnetic field B,=0T, 2T and
4T, using a superconducting magnet “Magdalena” solenoid. The results of experiments
conducted at two tilt angles of a=5° and 15° in respect to the horizon showed that a
homogeneous uniform flow with a linear culvert g = 10cm?/s can be achieved only at o=15°
and at strong magnetic fields (B, = 4T, B, = 1T). The theoretical calculations about the MHD
effect on the uniformity of the metal flow showed that in dependence on the tilt angles,
culvert and electromagnetic normal force component values, MHD pressure losses can
increase 6.8 and 26.5 times in the case of InGaSn and lithium respectively, which affects the
uniformity and the velocity of the metal flow. These results are consistent with the
experimental data and can serve as a basis for engineering solutions for different diverters
with a poloidal magnetic field.

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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POLIMERU UN NEORGANISKO SAVIENOJUMU KOMPOZITMATERIALI
PIELIETOJUMIEM DEGVIELAS SUNAS

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

Poliméru elektrolita membranas degvielas Stnas ir tehnologija, kas piesaista
lielu uzmanibu vairaku 1pasSibu dé] - augsts lietderibas koeficients, degvielas
pieejamiba, elektribas razoSana ar mazaku (vai nulles) izmeSu daudzumu, zems
trokSnu limenis un citas. Tomér joprojam nepiecieSams vairdkas komponentes
degvielas Stinas uzlabot, lai, piem&ram, izmaksu zina tas varétu sacensties ar prakse
plasi izmantotam tehnologijam. Viena no tadam komponenteém ir membranas-
elektrodu sistéma. Meérka sasniegSanai izmanto vairakas metodes: sintez€ jaunus
polimérus, izmanto vairaku poliméru skidumus kompozita membranas izgatavosanai,
vai savieno polimérus ar organiskiem un neorganiskiem materialiem.

Neorganisko un organisko vielu kompoziti visdazadakajos praktiskajos
pielietojumos ir plasi pétitas, ar1 LU CFI. Mazak ir pétiti neorganisko vielu/poliméru
kompoziti pielietojumiem degvielas Stnas, ka atseviska membranas-elektrodu
sisttmas sastavdala. Miisu darba apkopoti zinatniskajas publikacijas atrodamie
petijumi par neorganisko savienojumu-poliméru kompozitiem, ka arl prezent€sim
savus pirmos rezultatus $aja virziena.

Pateiciba: Autori pateicas Valsts petijumu programmai LATENERGI par finansialu
atbalstu pétijumu veiksand.

COMPOSITE POLYMER AND INORGANIC COMPOUND MATERIALS
FOR FUEL CELLS

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

Polymer electrolyte membrane fuel cells are in focus of interest for multiple
reasons (high efficiency, fuel availability, producing electricity with less emission and
noise etc.). However, there are number of components in fuel cells to be improved, for
example, to compete about cost efficiency with widely used technologies. One of such
part is membrane-electrode assembly (MEA). To achieve this goal, several methods
are used: synthesis of new polymers, multi-composite membrane manufacturing from
solution of different polymers, linking polymers with organic and inorganic materials
in composite.

Composites from inorganic compounds and organic materials for wide variety
of practical applications have been broadly studied, also in the ISSP UL. Inorganic
compound for different application are widely worked with in ISSP, but fuel cells fell
out from the list till now. Our work summarizes published scientific researches on
inorganic-polymer composites. Our first results in this direction also will be
presented.

Acknowledgment: The authors thank the National Research Program LATENERGI
the financial support for research.
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KAUSETO SALU SINTEZETA CINKA VOLFRAMATA
FOTOKATALITISKAS IPASIBAS

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

Cinka volframats kristaliz€jas monoklinaja singonija un tam piemit plasas
izmantoSanas iesp&jas dazadas jomas - fotoluminiscenc€, optiskajas Skiedras,
scintilatoru materialos, mitruma sensoros un fotokatalitiskajos procesos dazadu
organisku vielu un piesarnotaju sadaliSana.

Cinka volframatu iegiist vairakos veidos, no kuram zinamakas ir sola-gela,
sadedzinasanas sintéze, kaus€to salu sintéze, izgulsnéSanas metode, hidrotermala un
mikrovilpu sintézes metodes. Saja pétijuma apskatits cinka volframats ZnWOy,, kas
iegiits kaus€to salu metodes sintézé. Kaus€to salu metodé par kaus€juma vidi
izmantoti KCIl, LiNO3;, KNO,, NaNO;, NaCI-KCl, K,;SO4-Na,SO4 sali un to
maistjumi, sint€ze veikta temperatiiru diapazona no 270 Iidz 850 °C. Iegito pulveru
ipatngjas virsmas laukums ir robezas no 8,7 lidz 28,5 m*/g un kristalitu lielumi no 25
nm Iidz 110 nm. Darba paradits, ka fotoaktivitate ir atkariga no paraugu Tpatn€jas
virsmas laukuma, kristalitu lieluma un morfologijas.

Pateictba: Autori (S.D. un J.G.) pateicas Valsts Pétijumu programmai energeétika
LATENERGI par finansialu atbalstu

PHOTOCATALYTIC PROPERTIES OF ZINC TUNGSTATE
PREPARED BY MOLTEN SALT METHOD

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

Zinc tungstate crystallizes in monoclinic crystal system and it has wide
application range in different areas such as in photoluminescence, optical fibers,
scintillation materials, humidity sensors, and photocatalyst for the photo-degradation
of organic pollutants and chemical contaminants.

Zinc tungstate can be obtained by different methods such as sol-gel,
combustion synthesis, molten salt synthesis, co-precipitation synthesis, hydrothermal
and microwave methods. In this work, ZnWOQOy photocatalyst is prepared by molten
salt method using KCI, LiNO3;, KNO,, NaNO;, NaCI-KCI, and K,SO4-Na,SO4 as
synthesis environment. The annealing process was performed in temperature range of
270 - 850 °C. The specific surface area of obtained powders is determined within 8,7 -
28,5 m%/g and crystallite size 25 nm to 110 nm. It is shown that photo-catalytic
activity of material depends on specific surface area, crystallite size and morphology.

Acknowledgement: Authors (S.D. and J.G.) thanks to National research Program
LATENERGI for financial support.
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VIETEJIE BIOMASAS ENERGORESURSI UN TO IZMANTOSANA TRIGENERACIJA
UDENRAZA KURINAMO ELEMENTU SPEKSTACIJA REGIONOS UN VALSTI

M. Gudakovskal, A. Kﬁlisz, J. Kleperis3
Latvijas Universitates Geografijas un zemes zinamu fakultate
2Lal‘vijas Universitates Datorikas fakultate
I Latvijas Universitates Cietvielu fizikas institiits

Par biomasu uzskata biologiskas izcelsmes resursus, ko ir iesp&jams izmantot energétika
un kas ir siltumnicefekta gazu emisiju neitrali. Latvija izplatitakie biomasas resursi ir koksnes
parstrades atkritumu produkti, atkritumi lauksaimnieciba, ka ari partikas rapnieciba, biologiskie
sadzives atkritumi un notekiideni. Biomasas resursi ir pieejami visos Latvijas novados un
regionos, lidz ar to ir iespgjams energijas razoSanu lokalizét tuvak energijas paterétdjam, kas
samazina gan kurinama transporta izmaksas, gan atkaribu no argjiem piegadatajiem.

Trigeneracija ir kombinéta siltuma, aukstuma un elektroenergijas razoSana, vai arl
siltuma, elektroenergijas un Gdenraza ka degvielas autotransporta razoSana. Ta ka sisteéma tiek
apvienoti vismaz tris dazadu izmanto$anas veidu energijas virzieni, ir iesp&jams sasniegt sist€émas
augstaku kopgjo efektivitati un lidz ar to samazinat arT izmeSus uz sarazotas energijas vienibu. Lai
maksimali efektivi izmantotu atjaunojamos energoresursus, trigeneracijas stacija ir v&lams
izmantot Gidenraza kurinamo elementu spekstaciju, jo tas efektivitate sasniedz 85%.

Udenradim no biomasas, izmantojot to Gidenraza kurinamo elementu spekstacija, ir
potencials biit gan ekonomiskai, gan atjaunojamai degvielai. Parveidojot biomasu, ir iespg&jams
ieglit ar adenradi bagatu gazi, kuru talak attira un rezultatd tiek iegiita tira energija. Sobrid
komerciali pieejamo iekartu jauda varié sakot ar 200 kW lidz vairakiem megavatiem. Darba
noverteti ekonomiskie un vides ieguvumi, parejot Latvija uz kurinamo elementu spé&kstacijam,
kuras izmanto viet§jos energoresursus Latvija.

LOCAL BIOMASS ENERGY AND ITS USE IN TRIGENERATION WITH HYDROGEN
FUEL CELL IN COUNTRY AND REGIONS

M. Gudakovska', A. Kalis?, J. Kleperis®
"Faculty of Geography and Earth Sciences, University of Latvia
Faculty of Computer Sciences, University of Latvia
3 Institute of Solid State Physics, University of Latvia

The biomass is considered a biological resource that can be used for energy and is
greenhouse gas emissions neutral. In Latvia most common are the wastes from timber industry,
from agricultural and food industry, sewage and organic household waste. Biomass resources are
available in all regions of Latvia, so it is possible to localize the production of energy closer to the
energy consumer, reducing costs for fuel and transportation, and reducing dependence on external
suppliers of energy resources.

Trigeneration is a combined generation of heat, cold and power, or combined generation
of heat, power and hydrogen fuel for vehicles. Since the system is a combination of three different
types of energy, it is possible to achieve higher overall efficiency of system and thereby reduce
emissions. To make the most efficient use of renewable resources, trigeneration plant is desirable
to build up as hydrogen fuel cell (FC) power plant, because it efficiency reaches 85%.

Hydrogen, that has been produced from biomass and used in the hydrogen FC, has the
potential to be both — economical and renewable fuel. Biomass in reformation or fermentation
processes is converted to hydrogen-rich gas, which is further purified and resulting in clean
energy. Typical commercial FC plants today are ranging from 200 kW to several megawatts. In
our work the evaluation of economic and environmental benefits is gained for the process of
switching to the FC power plants in Latvia using domestic biomass residuals as energy resource.
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OPTISKAS UN FOTOELEKTRISKAS IPASIBAS AMORFA SILICIJA
PLANAM KARTINAM

J.Bergmane', J .Kleperis2
Latvijas Universitates Fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Darba pétitas ar MOCVD metodi iegiitas planas amorfa silicija kartinas bez
piemaisijumiem, un ar n- un p-tipa vadamibu veidojoSiem piemaisijjumiem. Noteiktas
to elektriskas, fotoelektriskas un optiskas ipasibas pirms un péc rekristalizacijas. No
redzamas gaismas absorbcijas spektriem noteikta absorbcijas mala. Ieprieksgjie
petijumi rada, ka absorbcijas mala ir atkariga no paraugu iegiiSanas apstakliem, ka art
izkarseSanas (kristalizacijas), un mainas plasas robezas —no 0,8 — 1, 8 eV. Uzskata, ka
kristalizacijai raksturiga malas zild nobide (uz lielakam energijam. Misu iegatam
amorfajam silicija kartindm netieSo pareju absorbcijas mala ir intervala 1,6 - 2,1 eV.
Fotoelektrokimisko 1paSibu pétiSanai kartinas tiek nestas uz caurspidigas vadosas ITO
pamatnes. Rekristalizacija veikta ar dazadam metodém - impulsu lazera palidzibu,
izkars€Sanu krasni, baltas gaismas impulsu lampu. Salidzinatas -elektrisko,
fotoelektrisko un optisko 1pasibu izmainas amorfam un rekristalizétam kartinam.

Pateiciba: Autore pateicas LU CFI pétniekam Guntim Marcinam par paraugu
iegiisanu un AS ALFA RPAR ripnicas vadoSajam inZenierim Aleksejam Muhinam par
konsultdacijam un tehnisko palidzibu.

OPTICAL AND PHOTOELECTRIC PROPERTIES OF AMORPHOUS
SILICIUM THIN FILMS

J .Bergmanel, J. Kleperis2
"Faculty of Physics and Mathematics, University of Latvia
? Institute of Solid State Physics, Univerisity of Latvia

Amorphous silicon thin films obtained by the MOCVD method without
impurities, and with impurities forming the n-and p-type conductivities are studied in
this work. Electrical, optical and photoelectric properties before and after
crystallization are measured. From the visible light absorption spectra the absorption
edge is determinate. Previous studies have shown that the absorption edge of
amorphous silicon changes over a wide range - from 0.8 - 1 8 eV and is dependent on
the sample preparation conditions and annealing. It is considered that the
crystallization leads to characteristic blue shift of absorption edge (to higher energies).
We find indirect transition absorption edge of amorphous silicon thin films in the
range from 1.6 to 2.1 eV in dependence from evaporation conditions. Samples for
photo-electric investigations are sputtered on transparent conducting ITO substrates.
Crystallization of thin amorphous films is carried out by different methods - pulse
laser, oven, and intense white light pulse tube. Electric, photo-electric and optical
properties are compared of amorphous and crystallized silicon thin films.

Acknowledgment: Author (JB) thanks the Researcher of ISSP UL Guntis Marcins

ISSP for making thin film samples, and Leading Engineer of AS ALFA RPAR Factory
Alexei Muhin for advices and technical assistance.
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AR MAGNETRONA PUTINASANAS METODI IEGUTU PLANO SI
KARTINU STRUKTURAS UN KRISTALIZACIJAS LIKUMSAKARIBU
PETISANA

A.Romanova', J .Kleperis2
'Latvijas Universitates Fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Ar magnetrona izputinaSanas metodi argona-iidenraza atmosféra iegiitas
planas amorfa silicija kartinas. Veikta kartinu kristalizacija, izmantojot dazadas
metodes (izkarséSana krasni, impulsu lazers, baltas gaismas impulsu lampa). Kartinu
struktiira pétita ar struktiiras jutigam metodém - rentgenstaru izkliedes un
infrasarkanas (Furje) un Ramana spektroskopijas metodém. P&c liniju pusplatumiem
rentgenstaru izkliedes spektra méginats novértét kristalizacijas pakapi. Optiskas un
elektriskas 1pasibas meéritas dazadi kristaliz€tam kartinam, un izmantotas, lai
raksturotu kartinas pirms un péc kristalizacijas.

Pateiciba: Autore pateicas LU CFI pétniekam Guntim Marcinam par paraugu
iegiisanu un AS ALFA RPAR riipnicas vadosajam inzenierim Aleksejam Muhinam par
konsultacijam un tehnisko palidzibu.

CRYSTALLIZATION AND STRUCTURAL RESEARCH OFF AMORPHOUS
SILICIUM THIN FILMS OBTAINED BY MAGNETRON SPUTTERING

A.Romanova', J. Kleperis2
"Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, Univerisity of Latvia

Thin amorphous silicon layers are obtained by magnetron sputtering in mixed
argon-hydrogen atmosphere. Crystallization of amorphous film is performed using
different methods (annealing in the oven, irradiation with high energy laser pulses,
and irradiation with white light pulse tube. The structural properties of crystallized
films are studied by structure sensitive methods - X-ray diffraction (XRD) and
infrared (Fourier) and Raman spectroscopy. The morphological properties of
amorphous silicon thin films before and after crystallization are inspected with
microscopically methods. After the line half-width in XRD spectra the degree of
crystallization is assessed. Optical and electrical properties of amorphous and
crystallized samples are measured with aim to characterize the films before and after
crystallization.

Acknowledgment: Author (AL) thanks the Researcher of ISSP UL Guntis Marcins
ISSP for making thin film samples, and Leading Engineer of AS ALFA RPAR Factory
Alexei Muhin for advices and technical assistance.
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OKSIDU SINTEZES METODIKA UDENRAZA UZKRASANAI

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

Ceoliti ir sarmu un sarmzemju metalu hidratéti alumosilikati. Rezga mezglos
esoSie Si04 un AlQy tetraedri rada atvértas struktiiras, kuras var modificét sintézes
procesa laika.

Ieprieks tdenraza uzglabasanas eksperimentos m&s izmantojam jau gatavus
dazadus oksidus (SiO;, Y,0s, u.c) un dabisko ceolitu - klinoptitolitu. Tagad mes
veletos pasi sintezet ceolitus un uz Si balstitus oksidus, izmantojot sol-gel metodi.
Sintezes laika tiktu pievienoti ar1 hidridus veidojosi metala aktivatori.

Galvenais So eksperimentu mérkis ir palielinat tidenraza sorbcijas sp&ju oksidu
tipa materialos istabas temperatiira un atmosféras spiediena. Péc veiksmigas sintézes
tiktu pétita Si koncentracijas ietekme uz sorbcijas ipaSibam, parbaudita virsmas
morfologija, fizikali - kimiskas TpaSibas un jauno materialu Gdenraza sorbcijas spéja.

Pateiciba: Paldies Valsts Petijumu programmai ‘LATENERGI’ par finansialo
atbalstu

METHODICS OF OXIDE SYNTHESIS FOR HYDROGEN STORAGE

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

Zeolites are hydrated aluminosilicates of the alkaline and alkaline-earth metals
where corner sharing of SiO4 and AlO, tetrahedras makes an open framework
structures that can be modified within the process of synthesis.

Previously we used already made different oxides (SiO,, Y,0s, etc) and
natural zeolite — clinoptilolite — for hydrogen storage purposes. Now we would like to
synthesize zeolites and Si based oxides by our own via sol-gel process using
necessary oxide solutions and hydride forming metal particles as dopants. The idea is
to increase hydrogen sorption possibility in such kind of materials at the room
temperature and atmospheric pressure.

After successful synthesis we are going to study the influence of Si
concentration on morphology, physico-chemical characteristics as well as hydrogen
sorption properties of the new materials.

Acknowledgement: Thanks to State Research project ‘LATENERGI’ for
financial support.
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KOBALTA FERITA UN TITANA DIOKSIDA DAUDZSLANU KARTINU
OPTISKAS UN FOTOELEKTRISKAS IPASIBAS

A.Knoks', J. Kleperis*
Latvijas Universitates Fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Atjaunojamo energoresursu ievieSana sadzivé ir loti aktuala t€ma pasaules
méroga. Saules energiju var savakt, izmantojot foto-elektriskos panelus, no kuriem Sodien
komerciali vislabak izstradati kristaliska silicija paneli. Otras paaudzes foto-elektriskie
saules elementi ir izgatavoti no amorfa silicija vai citu pusvaditaju materialu planiem
slaniem, kuru biezums neparsniedz vienu Iidz dazus mikronus. Pateicoties tam, Sadus
elementus var iegit uz metala folijas, tie ir elastigi, un tos var klat uz lieliem laukumiem —
jumtiem, fasadém, logiem. Plano kartinu saules paneli ir ar mazaku lietderibu, un noveco
atrak ka kristaliskie, tadel tiek turpinati pétijumi, vari€jot materialus, to fizikalos
parametrus, plano kartinu sakartojumu. Miisu darba tiek pétitas kobalta ferita un titana
dioksida planas kartinas gan atseviski, gan vairakslanu parklajumos (struktira, optiskas
un foto-elektriskas 1ipaSibas). Kartinas iegiitas ar pirolizes izsmidzinasanas metodi,
izmantojot dazadu koncentraciju kobalta nitrata un tetrabutil ortotitanata Skidumiem.
legiitajam kartinam optiskas 1pasibas noteiktas, merot gaismas absorbcijas spektrus tuvaja
ultravioletaja un redzamaja gaismas diapazona; noteikta absorbcijas mala atkariba no
kartinu sastava. Foto-elektriskas ipasibas méritas, registréjot atvértas kédes potenciala
izmainas ultravioletas un redzamas gaismas spektra rajonos.

Pateiciba: Autori pateicas Valsts pétijumu programmai LATENERGI par finansidalu
atbalstu.

OPTICAL AND PHOTOELECTRIC PROPERTIES OF COBALT
FERRITE AND TiO, MULTILAER THIN FILMS

A.Knoks', J. Kleperis®
"Faculty of Physics and Mathematics, University of Latvia
*Institute of Solid State Physics, University of Latvia

Implementation of renewable energy in everyday life is important topic
worldwide. Solar energy can be harvested using photovoltaic panels, from which the most
commercially developed currently are crystalline silicon panels. The second generation of
photovoltaic solar cell is based on thin multi-layer system from amorphous silicon or
other semiconductor materials with a thickness less than few microns. Thin film solar
cells can be obtained on the metal foil is flexible and can be mounted on different
surfaces with large areas - roofs, facades, windows. Typically thin films solar panels at a
with lower efficiency, faster aging than crystalline silicon panels, therefore it is important
to study more different material thin films, their characteristics, multi-layer systems. Our
work is focusing on cobalt ferrite and titanium dioxide thin films, both individually and
multilayer coatings (structure, optical and photo-electrical properties). Thin films are
obtained by spray pyrolysis, using solutions of cobalt nitrate and tetrabutyl orthotitanate
with various concentrations. Optical properties of obtained films are determined by
measuring the absorption spectrum in the near-ultraviolet and visible light ranges; the
absorption edge is determinate in dependence from the composition of film and multi-
layer system. Photo-electrical properties are measured by recording the open circuit
potential change in the presence of ultraviolet and visible light.

Acknowledgement: Authors thanks financial support from National Research Program
LATENERGI
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IESPEJAS BIO-UDENRAZA IZOLESANAI SKIDRAJA FAZE:
EKSPERIMENTALA PARBAUDE

I.Dimantal, A.Gruduls', J .Kleperisz,I.Muiinieksl
!Latvijas Universitates Biologijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Videi draudzigs un ilgtsp&jigs energijas neséjs ir tdenradis, it Tpasi, ja tas tiek iegits
ar atjaunojamiem energoresursiem. Bakterijas veido tidenradi skidra vidé anaerobos
apstaklos, un, sasniedzot termodinamiska Iidzsvara koncentraciju, tudenradis no
Skidras fazes pariet gazes faz€. No gazes fazes tidenradis var tikt savakts, izmantojot
dazadas gazu atdaliSanas metodes. Esam pieradijusi, ka bakteriju barotné
fermentacijas laika veidojas ar Gidenraza gazi parsatinats Skidums, tade] fermentacijas
procesa paatrinasanai nepiecieSams veikt idenraza aizvaksanu no Skidras fazes. To
var darit, izmantojot tidenradi selektivi absorb&joSus materialus (piemeram, hidridus
veidojosus metalus), vai selektivi caurlaidigas membranas. Veikti eksperimenti ar
palladija (Pd) foliju, lai absorb&tu bakteriju saraZzoto molekularo fidenradi. Pienemot,
ka Skiduma esoSais molekularais H, uz Pd sadalas atomara tidenradi un difundé Pd
tilpuma, to iesp&jams uzkrat metala un péc tam, metalu ievietojot noslégta kamera un
sildot, registrét gazes izdaliSanos (ar masspektrometru). P&tijuma mérkis ir atrast
optimalu metodi/materialu tdenraza izdaliSanai no S$kidras fazes un izveidot
pielietojamu bioreaktora prototipu efektivakai baktériju sarazota iidenraza gazes
iegiiSanai un izmantoSanai.

POSSIBILITIES TO EXTRACT HYDROGEN IN BIO-REACTOR LIQUID
PHASE: EXPERIMENTAL VERIFICATION

I.Dimanta', A.Gruduls', J .Kleperisz,I.Muiinieks1
"University of Latvia, Biology Faculty
*Institute of Solid State Physics, University of Latvia

Environmentally friendly and sustainable energy carrier is hydrogen, especially if it is
produced by renewable energy sources. Bacteria produce hydrogen in liquid medium
under anaerobic conditions and when thermodynamic equilibrium concentration is
reached, hydrogen from the liquid phase moves to the gaseous phase. From the
gaseous phase hydrogen may be collected using a variety of gas separation methods.
We have shown that in a bacterial culture medium during the fermentation process
oversaturated hydrogen solution forms and because of that it is necessary to collect
hydrogen from the liquid phase. This can be done by using selective hydrogen-
absorbing materials (such as metals to form hydrides) or selectively permeable
membranes. Experiments were performed with palladium (Pd) foil in order to absorb
bacterial produced molecular hydrogen. Assuming that the solution of the current
molecular H, on Pd is divided into atomic hydrogen and diffuses into the Pd volume,
it is possible to accumulate hydrogen in metal. The metal was inserted in a sealed
chamber and with constant heating gas release was registrated (with a
massspectrometer). The study aims to find an optimal method / materials for
hydrogen release from the liquid phase and to build a bioreactor prototype for more
efficient bacterial production of hydrogen gas extraction and usage.
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PROJEKTS ‘SCIENCE LINK’

L. Grinberga, A. Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Projekta ‘Science Link’ mérkis ir atbalstit un veicinat inovacijas un
uznéméjdarbibu Baltijas juras regiona, tadgjadi stiprinot regiona konkur&tsp&ju
globalaja konteksta.

Sas inovaciju un jauno ideju politikas mérkis ir sekmét ekonomisko izaugsmi
un zinasanu palielinaSanu valstu, regionu un iesaistito organizaciju vida. Dazi
inovaciju un lielisko ideju pieméri, kas mainija pasauli, ir labi zinami un tiek
izmantoti vél Sodien, piem&ram, lodiSu gultni, ravejslédzEjs un seérkocini

Viens no veidiem, ka rosinat inovaciju ievieSanu ir palielinat informétibu par
esosajiem pé€tijumiem un zinatnes resursiem uznéméeju vidu. Taja pat laika ir
nepiecieSams ar1 atvieglot piekluvi pé€tniecibas infrastruktiiram, kas atrodas tuvuma,
kas paatrinatu inovaciju attistibu regiona. Uznémumiem ta ir iesp&ja testét un izstradat
jaunus vai uzlabotus produktus ar labaku konkurétsp&ju globalaja tirgi.

Ir svarigi jau tagad atbalstit uznéméju iesp&jas piekliit lielajam pé€tniecibas
infrastruktiram no visam Baltijas jiiras regiona valstim, izveidojot ‘tiklu’, kas ietver
dazadas ieinteresétas puses. ‘Science Link” mérkis ir palidzet veidot tiltu starp biznesu
un zinatni.

PROJEKTS ‘SCIENCE LINK’

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

The purpose of the project ‘Science Link’ is to support and encourage
innovation and entrepreneurship in the Baltic Sea Region, to strengthen the
competitiveness of the region in the global context.

The purpose of the special policy for innovation and new ideas is to promote
economic growth and increase knowledge in a country, region and amongst the
involved organisations. Some well-known results of innovations and bright ideas are
ball bearings, zipper and matches.

One way of encouraging innovation is by increasing the awareness about the
existing research and scientific resources amongst companies. Also one should
facilitate access to the valuable resources at hand. By doing so the process of
innovation in the region can be accelerated, companies can develop new or improved
products that can better compete in the global market.

It is important to already now encourage and pave way for commercial access
to the facilities from all countries in the Baltic Sea region. By creating a network that
comprises a variety of stake holders Science Link aims to help bridge and eventually
also help overcome the challenges to link together business and science.
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FOTOKATALIZATORA BaCoxNbyO; SINTEZE UN
IPASIBU NOTEIKSANA

L. Grinberga', Dz. Jankovi¢a®
'Latvijas Universitates Cietvielu fizikas institiits
“Rigas Tehniskas universitates Neorganiskas kimijas institiits

Pedéjo gadu laika tiek mekl€ti arvien jauni fotokatalizatori, kas klist
fotoaktivi jau redzamas gaismas diapazona.

Vieni no cerigakajiem ir ABOj; tipa perovskiti, kuros B vietas rezgi aiznem
kobalta un niobija joni. Tiek uzskatits, ka valences un vadamibas zonas S$ajos
savienojumos sastav no attiecigi kobalta jonu 3d un niobija jonu 4d stavokliem, kas
uzlabo materiala fotokatalitiskas 1pasibas redzamas gaismas diapazona.

Petijumos ir sintez€ts ABOs tipa fotokatalizators, izmantojot sol-gel metodi,
kur A = Ba, bet B = Co un Nb. Lai noskaidrotu termiskas apstrades ietekmi uz dalinu
morfologiju, pulveri ar dazadu kobalta daudzumu tika karséti vairakas temperatiiras.
Tika noteiktas ar1 fotokatalitiskas Tpasibas redzama un UV starojuma diapazona.

Pateiciba: Paldies Valsts Pétijumu programmai ‘IMIS’ par finansialo atbalstu

PREPARATION AND CHARACTERISATION OF BaCo,Nb,O;
PHOTOCATALYST

L. Grinbergal, Dz. Jankovica®
nstitute of Solid State Physics, University of Latvia
*Institute of Inorganic Chemistry, Riga Technical University

In recent years search for new photocatalysts that would be active in the
visible light range became very popular.

Among the most promising is the ABOs type perovskites, where B lattice sites
are occupied by cobalt and niobium ions. It is assumed that the valence and
conduction bands in these compounds are composed of 3d states of cobalt ions and 4d
states of niobium ions, respectively, which improves the photocatalytic properties of
the material in the range of visible light.

We have studied ABO; type photocatalyst that is synthesised using a sol-gel
method, where A = Ba, B = Co and Nb. Powders with different amounts of cobalt
were heated at different temperatures to determine the effects of heat treatment on the
morphology of particles. Other characteristics of the new material were also
determined.

Acknowledgement: Thanks to State Research project ‘IMIS’ for financial
support.
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LiFePO4 LITIJU JONU BATERIJU KATODMATERIALA SINTEZES
PROCESA OPTIMIZACIJA

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

Darba ticis pétits LiFePO4 — par perspektivu un videi draudzigu uzskatitais litija jonu
bateriju katodmaterials. Pétitas LiFePO, sintézes optimizacijas iesp€jas, piemeklgjot
cietfazu sint€zes temperatiiru, kura lautu iegiit LiFePO, ar visaugstako ladinietilpibu.

LiFePO, ieguts cietfazu sintézes cela, par reagentiem izmantojot FeC,042H,0,
LiH,PO4 un citronskabi. Reagentu suspensija etanola malta lodiSu dzirnavipas, péc
tam reagentus 5 h kars¢jot 350 °C N, atmosfera, tadgjadi citronskabi sadalot un uz
LiFePO, dalinam veidojot vienmérigu ogles parklajumu. Péc tam reagenti 5 h karseti
650, 700, 750 vai 800 °C N, atmosfeéra. Rentgenstaru difrakcijas analizes rezultati
liecina, ka sintez€tajos materialos nav piemaisijumu. [zmantojot termogravimetriskas
analizes metodi noteikts, ka ogles saturs paraugos svarstas no 0.5 — 1.0 %, un ir
lielaks pie zemakam sint€zes temperatiram, skeng&josa elektronu mikroskopija uzrada
graudu izméru ap 100 nm. Noteikta LiFePO, gravimetriska ladinietilpiba ir augstaka
pie 700 °C, liecinot, ka konkrétajos apstaklos §1 ir optimalaka LiFePO, sintézes
temperatura.

THE OPTIMISATION OF LiFePO4 LITHIUM ION BATTERY
CATHODE MATERIAL

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

In this work LiFePOs, a perspective and environmentally friendly lithium ion battery
cathode material, has been studied. The possibilities of optimizing the synthesis of
LiFePO4 have been studied. The temperature of the solid state synthesis, which would
allow obtaining LiFePO4 with the highest gravimetric discharge capacity, has been
found.

LiFePO4 has been prepared via solid state synthesis, by using FeC,04-H,0, LiH,PO4
and citric acid as the precursor. The suspension of the aforementioned reactants in
ethanol has been ball milled and heated in 350 °C at N, atmosphere for 5 hours
afterwards, thus degrading citric acid and carbon coating LiFePOy particles. The
obtained material was then heated at 650, 700, 750 or 800 °C in N, for 5 hours. No
impurities have been observed by X-ray diffraction analysis in the obtained LiFePO4
materials. Carbon content of 0.5 — 1.0 wt. % has been determined via
thermogravimetric analysis — it is higher at lower synthesis temperatures. The grain
size has been determined to be approximately 100 nm by scanning electron
microscopy. It has been determined that the LiFePO, prepared at 700 °C has the
highest gravimetric discharge capacity, thus it has been found that in current settings
700 °C is the most optimal temperature for LiFePO4 synthesis.
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NaAlSi STIKLA SKIEDRAS VIRSMAS KARBONIZETA SLANA PETIJUMI

E.Pentjuss, A.Liisis, J.Gabrusenoks, G.Bajars
Latvijas Universitates Cietvielu fizikas institiits

Stikla Skiedras audumus lieto sausa un mitra atmosféra un tideni pie paaugstinatas un mainigas
temperatiiras. Vides maina var izsaukt procesus auduma, kuri maina ta lidzsvara stavokli un
fizikalas 1pasibas. Izmainas var bt neatgriezeniskas. Pienemts [1], ka sarmu silikatu stiklu
mijiedarbibas ar Gideni vai skabém rezultata Na joni difundé uz virsmu, bet H vai H;O" joni
aizpilda to vakances. Izskatas ka Na* joni uz stikla virsmas un H,O un CO; no atmosferas veido
Na,CO;-H,0 un NazH (CO;),:2H,0  caulu uz stikla, kuru var skidinat Gident un skabg (atsarmot)
[2]. Kars€Sana virs 55-57 OC rada svara zudumus sadaloties 2(NazH (CO;),:2H,0) — 3Na,CO; +
CO,1 + 5H,01 un virs 100 °c dehidratgjoties Na,CO5-H,O [3]. Noteikta neatsarmoto un
atsarmoto K-stikla ((18-22) Na,O (3-5) Al,O; (73-79) SiO;) auduma paraugu svara atjauno$anas
péc dazadas termiskas apstrades. Eksperimentalas svara-laika liknes analiztas izmantojot
regresiju tehniku. Abu tipu paraugiem dazu desmitu minasu laika péc apstrades noverota atra
svara atjaunoS$anas un neatsarmotiem paraugiem dazu simtu stundu garuma izteikti l€naka
atjaunoSanas Iidz lidzsvara sasniegSanai. Analize norada, ka neatsarmotu paraugu atra svara
atjaunoSanas saistita ar diviem vienlaicigiem procesiem uz karbonatu ¢aulas argjas virsmas - tidens
absorbciju un difuziju no virsmas Caulas iekSieng. Savukart, 1€na atjaunosanas saistita ar tidens
satura atjaunoS$anos un stabilizéSanos visa karbonatu ¢aulas tilpuma. Atsarmotu audumu gadijuma
virsmas procesi ir daudz atraki. Apstrades temperatiiras paaugstinasana (170 0C) izsauc
neatgriezeniskus svara zudumus ar viena virsmas procesa pazuSanu un stikla virsmas mitruma
absorbcijas atruma krisanu, domajams, saistitu ar virsmas nelidzenumu augsanu.

RESEARCH OF CARBONIZED LAYER ON SURFACE OF
NaAISi GLASS FIBERS

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

Glass fiber fabrics are used in dry and wet atmosphere and in water at elevated and changeable
temperatures. The changes in environment can initiate processes in the glass fabric that lead to a
new its equilibrium state and changed physical properties. Some of them may be irreversible. It is
accepted [1] that interaction of alkali silicate glasses with water or mineral acids proceeds by
ionic exchange by diffusion of Na" ions to glass surface and H' or H;0" from water into the bulk
of glass to fill the vacancies of Na" ions. It looks that Na" ions and H,O and CO, from atmosphere
form the shell of Na,CO3-H,O and NazH (CO;),-2H,0 mixture on the surface of glass fibers. Such
shell can be dissolved in water and acids (leached) [2]. The heating leads to weight loss associated
with decomposition by reaction of 2(Na;H (CO;),:2H,0) — 3Na,CO; + CO,1 + 5H,O71 at
temperature over 55-57 °C, and dehydration of Na,COs-H,0 over 100 °C [3]. There are studied
the weight uptake after different thermal treatment of not leached and leached K-glass fabric ((18-
22) NayO (3-5) Al O3 (73-79) Si0,). The experimental weight-time curves were analyzed using
regression technique. There are observed fast uptake of weight during the first tenths of minutes
after heating for both types of samples and much slower (hundreds of hours) uptake up to
equilibrium weight for not leached samples. Analysis indicated that fast weight uptake consist of
two simultaneously going processes on surface of shell. One of them should be associated with
water absorption, and second, with water diffusion from surface inside the shell. The late uptake
should be associated with hydration of bulk of shell. In a case of leached samples the surface
process are much faster. An increased temperature (170 °C) treatment leads to increase of weight
losses and decrease of absorption rate that should be caused by increase of roughness of glass
surface. The late slow uptake of weight of leached samples is negligible.

[1] Veal B.W., Lam D.J., Karim D.P. Nuclear Technology 51 (1980) 136.

[2] Pentjuss E., Lusis A., Bajars G., Gabrusenoks J., Jekabsone L. IOP Conf. Series: Materials Science
and Engineering 38 (2012) doi:10.1088/1757-899X/38/1/012021.

[3] Gértner R.S., Witkamp G.J. Hydrometallurgy 88 (2007) 75
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MELNU EMALJU STAROJUMA ABSORBCIJAS UN EMISIJAS
RAKSTURLIKNU NOTEIKSANAS METODIKAS IZSTRADE

J. Gabrusenoksl, A. Lisis', G. MeZinskis’
'Latvijas Universitates Cietvielu fizikas institiits
*Rigas Tehniskas universitates Silikatu materialu institiits

Selektivo Saules starojuma absorbcijas parklajumu izstradei tiek izmantotas emaljas
uz dzelzs-hroma oksidu pigmenta bazes. Emalju spektralo IpaSibu raksturoSanai tika
pielietota infrasarkana un redzama gaismas diapazona spektroskopija. legiitie melnas
emaljas paraugi uzrada pietiekoSi labas Saules starojuma absorbcijas 1pasibas
redzamaja spektra apgabala un tuvaja infrasarkanaja (300-1000 nm). Seit atstarotais
starojums ir mazaks par 10% no kritoSa starojuma. Infrasarkanaja apgabala saglabajas
tas pats atstaroSanas Iltmenis. Tas nav pietiekoSi labu selektivo parklajumu
izveidodanai. Sadas spektralas Tpasibas nenodrofina minimalu termiskas emisijas
energiju infrasarkana starojuma apgabala (<2000 nm).

DEVELOPMENT OF METHOD FOR DETERMINATION THE RADIATION
ABSORPTION AND EMISSION CHARACTERISTICS OF BLACK ENAMEL

J. Gabrusenoksl, A. Lﬁsisl, G. MeZinskis®
Unstitute of Solid State Physics, University of Latvia
*Institute of Silicate Material , Riga Technical University

Selective absorption of solar radiation in the development of coatings is used enamel
on iron-chromium oxide pigment base. The spectral characterization of the enamel
was applied to infrared and visible light spectroscopy. The resulting black enamel
samples show good enough solar radiation absorption properties in the visible
spectrum and near-infrared region (300-1000 nm). This reflected radiation is less than
10% of the incident energy. Infrared region will remain the same level of reflection.
It's not good enough to create low-emission coating. Such spectral properties does not
provide minimal thermal energy emission in the infrared region (<2000 nm).
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METALU UN OKSIDU PARKLAJUMU MORFOLOGISKAS UN OPTISKAS
IPASIBAS UZ MELNAM EMALJAM

J. Balodisl, A. Lﬁsisl, G. Meiinskisz, J. Gabrusenoks'
'Latvijas Universitates Cietvielu fizikas institiits
*Rigas Tehniskas universitdtes Silikatu materidlu institiits

Lai uzlabotu saules energijas absorbcijas un siltuma emisijas parametrus koncentréta
saules starojuma kolektora materialam, izmanto metalu un oksidu parklajumus. Darba
apskatitas metala un ta oksida parklajuma morfologiskas un optiskas ipasibas uz stikla
pamatnes un melnam emaljam atkariba no iegiiSanas procesa apstakliem. Ja DC
magnetrona procesa gazes maisijums saturja argonu virs 85%, bet pargjais bija
skabeklis, tad veidojas Cu,O kartinas, ka to uzradija rentgena difraktogrammas. Vara
oksidu absorbcijas pétijumi paradija, ka salidzinot CuO un Cu,O absorbcijas grafikus,
pedgja grafiku maksimumiem ir tendence parbidities uz lielako energiju pusi, kas
principa sakrit ar literatiiras datiem. Uzputinato nikela oksida plano kartinu
difraktogrammas, kas iegiitas DC magnetrona procesa, izmantojot gazes maisijumu
Ar/O, attieciba 80%/20% un Ni meérki, pie dazadiem magnetrona baroSanas
spriegumiem, vienme&r uzradija NiO klatbiitni.

MORPHOLOGICAL AND OPTICAL PROPERTIES OF METAL AND
OXIDE COATINGS ON THE BLACK ENAMEL

J. Balodis', A. Liisis', G. MeZinskis®, J. Gabrusenoks'
nstitute of Solid State Physics, University of Latvia
*Institute of Silicate Materials, Riga Technical University

To enhance solar energy absorption and thermal emission parameters of concentrated
solar radiation collector material are used multilayer thin film coatings. The paper
deals with metal and its oxide coating morphological and optical properties on the
glass substrate and black enamel, depending on the circumstances of the deposition
process. If the DC magnetron process gas mixture containing argon above 85%, while
the rest was oxygen, the formation Cu20 films as showed X-ray diffraction. Copper
oxide absorption studies showed that compared to CuO and Cu20 absorption graphs
last graph peaks tend to move the most energy side, which coincides with the
literature data. The X-ray diffraction graphs of nickel oxide thin films obtained in DC
magnetron process with gas mixture of Ar/O2 80% / 20% and Ni target at different
magnetron power supply voltages always showed the presence of NiO.

76



WOCIL, REZGA SVARSTIBU SPEKTRU APREKINI

J.Gabrusenoks
Latvijas Universitates Cietvielu fizikas institits
Darba tika pétiti volframa oksitetrahlorida Ramana spektri. Grupu teoretiskie aprekini
C4 simetrijas gadijuma dod cetras A, tris B un Cetras E simetrijas svarstibas.
Skaitliskie aprékini tika veikti izmantojot programmu paketi CRYSTALO9 hibrida
apmainas blivuma funkcionala tuvinajuma. Tiek salidzinatas eksperimentali un

tteortiski ieglitas svarstibu ipasibas.

LATTICE DYNAMICS CALCULATIONS OF WOCly4

J.Gabrusenoks
Institute of Solid State Physics, University of Latvia
Raman spectra of tungsten oxide tetrachloride have been investigated. The group
theoretical methods for symmetry C4 predict four A, three B and four E vibrations.
Numerical calculations have been performed by using hybrid exchange density
functional theory as implemented within the CRYSYALO9 program. The

experimental and theoretical behavior of vibtations are compared.
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FLUENCES IETEKME UZ DISLOKACIJU KUSTIGUMU AR ATRAJIEM
36S JONIEM APSTAROTOS LiF KRISTALOS

L.Brauna, R.Grants
Latvijas Universitates Cietvielu fizikas institiits

Darba pétits dislokaciju kustigums ar 410 MeV energijas *°S joniem apstarotos LiF
kristalos fluendu 10'" — 10" joni/cm” apgabala, izmantojot indenté§anas un selektivas
kodinasanas metodes. Rezultati rada dislokaciju kustiguma samazinasanos, palielinot
fluenci. Tas izskaidrojams ar komplekso krasu centru un defektu agregatu veidoSanos,
kuri kalpo ka Skérsli dislokacijam. Plastiskas deformacijas zonas analize liecina, ka
sasniedzot 10" joni/cm® fluenci, deformacijas iespéjas dislokaciju slidésanas cela ir
izsmeltas, ta vieta st3joties deformacijas lokalizacijai bides zonas. Lidziga
deformacijas mehanisma maina tika noveérota ar smagajiem joniem apstarotos LiF
kristalos [1], taCu novérotas slieksna fluences ir zemakas ka vieglo 369 jonu gadijuma.
Domajams, ka $is mehanisms ir 11dzigs amorfiem metaliem raksturigajam, kur masas
parnese lokaliz€tas bides zonas notiek atomu vai atomu grupu parvietosanas cela pie
augsta mehaniska sprieguma.

FLUENCE EFFECT ON DISLOCATION MOBILITY IN LiF CRYSTALS
IRRADIATED WITH SWIFT **S IONS

L.Brauna, R.Grants
Institute of Solid State Physics, University of Latvia

In this work dislocation mobility in LiF crystals irradiated with 410 MeV energy *°S
ions in the fluence range of 10" — 10" ions/cm” was investigated by indentation and
selective chemical etching. Results show a decrease of dislocation mobility with
increased ion fluence. It can be explained by occurrence of complex color-centers and
defect aggregates, which act as barriers for dislocation movement. The analysis of the
plastic deformation zone shows that at the fluence of 10'* ions/cm” the mechanism of
dislocation gliding is depleted and a new mechanism of shear banding is engaged. A
similar change in deformation mechanisms has been observed also in LiF crystals
irradiated with heavy ions [1], only the threshold fluence was lower than in the case of
%S jons. It can be assumed that this mechanism might be similar to one that is
characteristic in amorphous metals, where mass transfer in localized shear bands
occurs due to the movement of atoms or atom groups in the presence of a high
mechanical stress.

[1] J Maniks, R Zabels, I Manika. Shear banding mechanism of plastic deformation in LiF

irradiated with swift heavy ions. IOP Conf.Series:Materials Science and Engineering 38
(2012) 012017.
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AUGSTAS JAUDAS IMPULSA MAGNETRONA IZPUTINASANAS PROCESS
Zn0:Al PARKLAJUMU IEGUSANAI

M.Zubkins', E.Macevskis?, A.Ecis', A.Kalinko', R.Kalendarevs', K.Vilnis’,
A.Azens!, V.Kozlovs?, J.Purans’
Latvijas Universitates Cietvielu fizikas institiits, 2A/S Sidrabe

Augstas jaudas impulsu magnetrona izputinasana (HIPIMS) ir fizikalo tvaiku
uzklasanas (PVD) tehnika, kur jaudu mérkim pievada ar retiem, jaudigiem impulsiem. Sada
reZima var sasniegt augsta blivuma plazmu ar unikalam ipasibam, ka, piem&ram, augstu
jonizacijas pakapi izputinatajiem atomiem.

Ar HIPIMS tehniku tika iegiiti ZnO:Al parklajumi uz poliestera pleéves. Process tika
kontroléts ar elektriskiem parametriem, mainot skabekla plismu. Procesa monitoringam tika
izmantota plazmas optiska emisijas spektroskopija un fotodiode ar oscilografu.

Eksperimentu serijas vajaka vieta izradijas HIPIMS baroSanas bloka sp&ja nodrosinat
stabilu no dzirksteloSanas brivu izputinaSanas reZimu pie pietiekami augstas jaudas. Lai arT ar
fotodiodes palidzibu tika noverota plazmas pulséSana, plazmas optiskie spektri uzradija tikai
neitralu atomu spektrallinijas. Stabila rezima ieglistama impulsa pika jauda bija tikai par kartu
lielaka par vidgjo jaudu. Palielinot jaudu, jaudas devgjs darbojas trok$paini, un plazma
dzirksteloja. Visi Sie noveérojumi liecina, ka HIPIMS reZims netika sasniegts, un izputinaSana
tika veikta parejas apgabala starp HIPIMS un klasisku puls€josas lidzstravas rezimu. Sakara
ar nepilnibam HIPIMS rezima iegiito ZnO:Al parklajumu elektriska vaditspgja bija zemaka
neka labakajiem literatiira aprakstitajiem paraugiem.
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Darbs ir veikts ERAF projekta 2010/0272/2DP/2.1.1.1.0/10/APIA/VIAA/088
ietvaros.

HIGH POWER PULSED MAGNETRON SPUTTERING PROCESS FOR
DEPOSITION OF ZnO:Al COATINGS

M.Zubkins!, E.Macevskis?, A.Ecis’, A. Kalinko', R.Kalendarevs', K.Vilnis', A.Azens',
V.Kozlovs?, J.Purans’
Institute of Solid State Physics, University of Latvia, *A/S Sidrabe

High power pulsed magnetron sputtering (HIPIMS) is a physical vapour deposition
(PVD) technique in which the power is applied to the target in high intensity pulses of low
duty cycle. This mode of operation results in generation of ultra-dense plasma with unique
properties, such as a high degree of ionization of the sputtered atoms.

HIPIMS was used in an attempt to deposit ZnO:Al coatings on polyester substrate
rolls. Process was controlled by electrical parameters and varied oxygen flow. Plasma optical
emission spectroscopy and a photodiode with an oscillograph were used for process
monitoring.

The limiting part in this set of experiments was the ability of the HIPIMS power
source to provide stable arc-free deposition conditions at sufficiently high power levels.
Eventhough pulses of plasma were observed by the photodiode, only spectral lines of neutral
atoms were present in plasma optical emission spectra. The peak power in a single pulse was
only by one order of magnitude higher than the average power. These observations indicate
that the power supply did not work properly and the sputtering took place in a transition mode
between HIPIMS and the traditional pulsed DC sputtering mode. Due to the problems with
reaching a stable HIPIMS regime, the electrical conductivity of the deposited ZnO:Al
coatings were not as high as the best examples reported in the literature.
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DURVJU KONTROLIERI

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

LU CFI RE laboratorija ir izstradata virkne piekluves sisttmu durvju kontrolieru
(DK), kuri parklaj visai plasu pielietojamibas spektru:
1. DK atseviskam durvim ar lietotaju skaitu Iidz 30-50 bez notikumu registracijas
- ieeja ar karti, izeja ar pogu vai durvju rokturi,
- leejaun izeja ar karti, (avarijas gadijuma izeja ar trauksmes pogu).
2. DK atseviskam durvim ar RS-485 portu un notikumu registraciju
- 1leeja ar karti, izeja ar pogu, iesp&jams pilnas atve€rSanas rezims,
- ieeja un izeja ar karti, (avarijas gadijuma izeja ar trauksmes pogu).
3. leprieks€ja punkta kontrolieri ar papildus pogu lokalo durvju
pieslégsanai/atslégsanai signalizacijai.
4. Tikla kontrolieris vienam vai divam durvim ar iesp&ju stradat autonoma rezima,
gadijumos kad paziid sakari ar serveri.
Referata sniegta izversta informacija par So durvju kontrolieru praktisko pielietosanu.

DOOR CONTROLLERS

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

ISSP RE laboratory has developed a series of door access system controllers
(DC), which covers a rather wide range of applicability:
1. DC for separate door with the number of users from 30 to 50 and without event
registration:
- entry by card, exit by button or door handle,
- entry and exit by card (emergency opening by alarm button).
2. DC for separate door with the RS-485 port and event registration:
- entry by card, exit by button, can be a continuous opening mode,
- entry and exit by card (emergency opening by alarm button).
3. The above mentioned controller with extra button for local room signalization
arming/disarming.
4. Network controller for one or two doors, with the ability to work in stand alone
mode, in case the lost communication with the server.
The report will provide detailed information on the practical application of door
controllers.
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AR LIDZSTRAVAS MAGNETRONU IZPUTINATO ZnO PLANO KARTINU
RAKSTUROSANA AR INFRASARKANO SPEKTROSKOPIJU

I.Skarda, A. Kalinko, R. Kalendarev, J. Purans
Latvijas Universitates Cietvielu fizikas institiits

Cinka oksida planas kartinas ir perspektivs materials caurspidigiem, vadoSiem
elektrodiem un citiem mikroelektronikas pielietojumiem. ZnO priekSrocibas ir ta
plasa pieejamiba, sp€ja mainit ta elektrisko vaditsp&ju ar dazadiem piejaukumiem ka,
Ga, Al, un letas izmaksas.

Saja darba tika veikta ZnO un ZnO:Al plano kartinu iegiisana uz Si un stikla
pamatném ar lidzstravas magnetronu izputinaSanas metodi. leglitas planas kartinas
tika raksturotas ar konfokalo mikroskopiju, infrasarkano un Ramana spektroskopiju.
Plano kartinu biezuma noteiksanai tika izmantots profilometrs.

INFRA-RED CHARACTERIZATION OF ZnO THIN FILMS PREPARED BY
DC MAGNETRON SPUTTERING

I. Skarda, A. Kalinko, R. Kalendarev, J. Purans
Institute of Solid State Physics, University of Latvia

Zinc oxide thin films are a perspective material for transparent conductive
electrodes and other microelectronics applications. The advantages of ZnO are its
wide availability, ability to change its electrical conductivity with different dopants
such as Ga, Al, and low costs.

In this study ZnO and ZnO:Al thin films were obtained on Si and glass
substrate by DC magnetron sputtering technique. These thin films were characterized
with confocal microscope, infrared and Raman spectroscopy. Profilometer was used
to detect the thickness of the thin films.
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NAFION UN JONU SKIDRUMU VEIDOTO KOMPOZITU IPASIBAS

V.Garajevsl, S.Pavloviéal, R.Merijs Meri3, J. Zicﬁns3, G.Vaivars"?
Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits
JRigas Tehniskas universitates Polimérmaterialu institiits

Uz ogludenraziem balstita energétika piesarno apkart&jo vidi, arvien spécigak
negativi ietekmgjot pasaules ekonomiku kopuma. Ogliidenrazu krajumi strauji izsikst
un kadu dienu tie beigsies. Sis problémas piespiez cilvéci meklét alternativus
energijas avotus, kas blitu atjaunojami un nepiesarnotu vidi. Viens no risinajumiem ir
tidenraza un degvielu Siinu izmantosana. No daudzajiem tipiem ka perspektiva ir
atzim&jama protonus vadoSas elektrolita membranas (PEM) degvielas Siina. Biitiska
tas sastavdala ir protonu apmainas membrana. Patreiz ka protonu apmainas membranu
visbiezak lieto komercidlo sulfonétu tetrafluoretiléna kopoliméru jeb Nafion®. Sim
materialam ir lieliska termiska un kimiska stabilitate, ka arT augsta protonu vadamiba.
Tomeér ir ari truikums. Pie tipiskas PEM degvielu $tinas darbibas temperatiras (80 °C)
Nafion® zaudé @ideni, 1idz ar to tam ievérojami samazinas protonu vadamiba. Viens no
risindgjumiem ir kompozitu pagatavosana, Nafion® impregngjot ar jonu $kidrumu.

Saja darba tika izmantoti videi draudzigi 2-hidroksietilamonija jonu $kidrumi.
Pagatavotajiem kompozitiem tika veikta mehaniskas stipribas analize, noteikta

e = v

skengjoso kalorimetriju (DSK).

PROPERTIES OF THE COMPOSITES OF NAFION AND IONIC LIQUIDS

V.Garajevsl, S.Pavloviéal, R.Merijs Meri3, J.Zicans® , G.Vaivars"?
'Department of Chemistry, University of Latvia
?Institute of Solid State Physics, University of Latvia
3 Institute of Polymer Materials, Riga Technical University

Energetic based on hydrocarbons usage pollutes the environment, and that
affects the world economic. Additionally, the hydrocarbons reserves decreases and
some day it runs out. These problems make mankind search for alternative energy
sources, which are renewable and non-polluting. One of the potential solutions is a
hydrogen and fuel cells. Proton exchange membrane (PEM) fuel cell is one of the
most perspective from the many different types of fuel cells. The basic component is
proton exchange membrane. Nowadays, the sulfonated tetrafluoroethylene copolymer
or Nafion” is one of the most common proton exchange membrane. This material is
characterized by great thermal and chemical stability with high proton conductivity.
However, it is losing water at the typically PEM fuel cell operating temperature (80
°C), thereafter proton conductivity properly decreases. One of the potential solutions
is impregnating Nafion” with an ionic liquid.

In this work, environmentally friendly 2-hydroxyethylammonium ionic liquids
were used for impregnation. Prepared composites are characterized by stress-strain
analysis and creep analysis, and glass transition temperatures were determined by the
differential scanning calorimetry (DSC).
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Nay;;Bi;2TiOs - BaTiO; CIETO SKIDUMU STRUKTURA FAZU
PAREJAS APGABALA

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

Na,;»B1,,TiO; cietajiem Skidumiem ar BaTiO; piemit labas pjezoelektriskas ipaSibas
un tie izraisa interesi ka svinu nesaturoi segnetoelektriskie materiali. Saja darba ar
rentgena difrakciju pétitas cieto Skidumu rindas (1-x)Na,;,Bi;,TiO3 — (x)BaTiO;
0,10<x<0,97 struktiiras izmainas atkariba no temperatiras un BaTiOs; koncentracijas.
Visiem sastaviem [200] difrakcijas maksimuma SkelSanas raksturs fazu parejas rajona
liecina par tetragonalas un kubiskas fazes koeksistenci. Temperatiiras rajons, kura
novérojama fazu koeksistence, ir atkariga no BaTiOs; koncentracijas. Veicot
eksperimentalo datu apstradi ar Rietvalda metodi, konstatéts, ka metode dod labus
rezultatus fazu sastava kvantitativai analizei sastaviem sakot no 40% BaTiO;
koncentracijas. Sliktaki metodes izmantoSanas rezultati pie zemakam koncentracijam
acimredzami ir saistiti ar lielakam lokalam deformacijam, kas izraisa difrakcijas
maksimumu platuma palielinasanos un apgriitina fazu atdaliSanu.

STRUCTURE OF Nay;;Bi;,TiO3 - BaTiO3 SOLID SOLUTIONS IN THE
PHASE TRANSITION REGION

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

Na,»Bi,,TiO;3 solid solutions with BaTiOs exhibit good piezoelectric properties and
attract interest as a lead-free ferroelectric material. In this work x-ray diffraction of
solid solutions (1-x)Na;;,Bi1,,TiO; — (x)BaTiO; (0.10<x<0.97) as function on
temperature and concentration is studied. Character of splitting of [200] diffraction
maximum evidences coexistence of tetragonal and cubic phases in the region of phase
transition. The width of coexistence region depends on BaTiO; concentration.
Treatment of experimental data by Rietvald method allows extracting temperature
dependence of concentration of both phases in concentration range starting from 40%
BaTiOs;. Failing of method at lower BaTiO; concentrations apparently reflects
influence of local deformations on width of diffraction maxima, making separation of
phases difficult.
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PLZT 8/65/35 RELAKSORU TIPA ELEKTROPTISKAS KERAMIKAS
DIELEKTRISKO TPASIBU IZMAINAS ATKARIBA NO Cu
PIEDEVU KONCENTRACIJAS

L.Kundzina, M.Kundzins, M.Livin$, M.Antonova, V.Dimza
Latvijas Universitates Cietvielu fizikas institiits

Ieprieksgja misu darba /1/ més aprakstijam PLZT8/65/35 elektrooptiskas
keramikas (La8) relaxor 1pa$ibu izmainas leg€jot tos ar 3d elementiem (Me=Mn, Fe,
Co, Ni, Cu) pie vienas konstantas 3d dopanta koncentracijas -1,0 sv.%.

Turpinot So pétijumu ciklu par La8+Me efektiem, Saja darba akcents tiek likts
uz dielektrisko 1pasibu izmainam atkariba no Me=Cu koncentracijas (0,005; 0,1; 0,5;
1,0 un 3,0 sv.%).

Tiek mérita kompleksa dielektriska caurlaidiba g*=¢’-ig”” 20-400 °C temperatiiru un
frekvendu 10°-10° Hz diapazona. Tiek analizétas Kola-Kola diagrammas, ¢ un ¢’
ferekvencu atkaribas pie dazadam temperatiiram.

Konstatéts, ka pieaugot Cu koncentracijai:

1) notiek €’(T) maksimuma temperattiras Tr,,: nobide uz augsto temperatiiru pusi;
2) divu jaunu dielektriskas dispersijas mehanismu paradiSanas, kuri parklajas ar
parasto klasisko relaxor (nanoapgabalu) dispersiju.

Tiek analizé€ti miné€to izmainu iesp&jamie mikromehanismi.

Literatiira.
1. The Effects of 3d Admixtures on Properties of Relaxor PLZT8/65/35 Ceramics

Kundzina L., Kundzins M., Kundzins K., Plaude, A., Livinsh M., Antonova M.,
Dimza V. Ferroelectrics, Volume 436, Number 1, 2012 , pp. 38-48(11)

THE CHANGE OF DIELECTRIC PROPERTIES WITH THE
CONCENTRATION OF Cu ADMIXTURE IN PLZT8/65/35 ELECTROOPTIC
RELAXOR CERAMICS

L.Kundzina, M.Kundzins, M.Livins§, M.Antonova, V.Dimza
Institute of Solid State Physics, University of Latvia

The change of relaxor properties of PLZT8/65/35(La8) electro-optic ceramics
modified by addition of 1.0 % wt. of a series of 3d elements (Me = Mn, Fe, Co, Ni,
and Cu) has been explored in an earlier study /1/. Presently, in order to continue the
research circle about effects in La8+Me, the dielectric properties in a series Cu =
0.005, 0.1, 0.5, 1.0, and 3,0 % by weight are examined.

The complex dielectric permeability €* = &' — &' is measured within the
thermal range of 20400 °C and the 10°-10° Hz frequency range the Cole-Cole
diagrams and frequency dependence of &' and €' at different temperatures being
analysed.

With increasing the concentration of Cu it is observed that:

1) the temperature Ty, of the £'(T) maximum shifts to a higher temperature;

2) two additional relaxation mechanisms appear the frequency range of which
overlaps with that of the “classical” nano-size domain relaxors.

The microscopic mechanisms of the observed effects are looked for.
References.
1. The Effects of 3d Admixtures on Properties of Relaxor PLZT8/65/35 Ceramics
Kundzina L., Kundzins M., Kundzins K., Plaude, A., Livinsh M., Antonova M.,
Dimza V. Ferroelectrics, Volume 436, Number 1, 2012 , pp. 38-48(11).
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SrTi'®*0; PETIJUMI AR RENTGENABSORBCIJAS SPEKTROSKOPIJU UN
OPTISKAS OTRAS HARMONIKAS GENERACIJAS METODI

A.Anspoks, D.Bocarovs, J.Purans, F.Roccal, A.éarakovskis, V.Trepakov2
Latvijas Universitates Cietvielu fizikas institiits
! Fotonikas un Nanotehnologiju institiits, Trento, Italija
2 Fizikas institiits, Praga, C'ehija

SrTiO; ir labi pazistams kvantu paralektriskais materials, kura segnetoelektrisko
sakarto$anos nomac jonu nulles svarstibas. Aizstajot vismaz 35% '°O ar '*O izotopu,
Saja materiala var panakt ta saucamo kvantu segnetoelektribu.

Saja darba m@s veicam rentgenabsorbcijas spektroskopijas un optiskds otras
harmonikas pétijumus SrTiOs, kurd dala skabekla aizstata ar 'O, temperatiiras
diapazona no 20 Iidz 300K. Kombingjot abas metodes més vargjam skaidri identificet
fazu pareju lomu un raksturu, ka ari to ietekmi uz lokalo atomaro struktiiru Ti jona
apkaim&. M@s identificgjam 3 temperatiiras apgabalus, kuriem atbilst 3 dazadas
SITi'®0; fazes:ta sauktd kubiskd, tetragondld paraclektriska un tetragonala
segnetoelektriska.

X-RAY ABSORPTION SPECTROSCOPY AND SECOND HARMONIC
GENERATION ANALYSIS OF SRTI'?0;

A.Anspoks, D.Bo¢arovs, J.Purans, F.Rocca], A.éarakovskis, V.Trepakov2
Institute of Solid State Physics, University of Latvia
" IFN-CNR, Institute for Photonics and Nanotechnologies, Unit ‘FBK-Photonics’ of
Trento, Povo (Trento), Italy
? Institute of Physics, AS CR, Prague, Czech Republic

SrTiO; is well known quantum paraelectric material where ferroelectric ordering is
suppressed by zero-point vibrations. By controling exchanging '°0O with '*O this
material shows so-called quantum ferroelectricity.

In the present study we performed an X-ray absorption spectroscopy study and an
optical second harmonic generation studies of '*O-exchanged SrTiO; in temperature
range from 20-300K. Combining these data we can clarify role and character of the
phase transitions and their influence on the local structure of Ti. We have identified 3
temperature regions which correspond to 3 different phases of SrTi'*Os: so called
cubic, tetragonal paraelectric and tetragonal ferroelectric.
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DAUDZFUNKCIONALA KRASU REDZES TESTESANAS IEKARTA

R.Truksa', S.Fomins’, M.Ozolins"*
! Latvijas Universitates Optometrijas un redzes zinatnes nodala
? Latvijas Universitates Cietvielu fizikas institiits

Ieprieks veiktaja petijuma tika izveidota krasu redzes diagnostic€Sanas
iekarta[1], ar kuru ir iespjams atikirt sarkanas-zalas krasu redzes deficitus. Si
petijuma merkis ir izveidot un kalibrét daudzfunkcionalu krasu redzes un temporalas
uztveres pétijumiem paredz€tu iekartu, kura ir ieklautas sarkanas-zalas, dzeltenas-
zilas krasu redzes testi, ka arT heterohromatiska flikera tests un gaismas spozuma
modulacijas funkcija. Iekarta ir ieklauta mikroshéma gaismas dioZzu un servo motoru
vadibai, kas paredzeti interferences filtru pozicijas mainai pret gaismas avotiem, lai
nodroSinatu vairaku krasu un temporalas uztveres testu integraciju viena iekarta.
Interferences filtri paredz€ti, lai ievérojami uzlabotu gaismas avotu spektralas
ipasibas. Iekartu paredzets izmantot krasu redzes pétijumos un klinika, lai konstatétu
dzives laika iegiitos krasu redzes deficitus.

MULTIFUNCTIONAL COLOUR VISION TESTING DEVICE

R.Truksa', S.Fomins’, M.Ozolins"*
! University of Latvia, Optometry and Vision Science Department
? Institute of Solid State Physics

Previously we presented a LED based anomaloscope with what we were able to
distinguish red-green colour vision deficiencies [1]. The aim of this research is to
build and approbate multifunctional device-method which includes red-green, yellow-
blue colour vision tests, heterochromatic flicker photometry flicker test and light
modulation function as well. Device incorporates electronic circuit to employ four
wide band LEDs with four coloured segments each and two servo motors to switch
interference filters positions, to enhance light source quality device is equipped with
seven interference filters which will greatly enhance specificity of the device. The
fields of application are colour vision research, evaluation of inherited and acquired
colour vision deficiencies in clinic.

Figure 1 to realize different colour vision tests we have designed LEDs and interference filters discs
system. There are two interference discs included, one of the discs have 3 interference filters for red-
green colour vision testing, second disc have interference 4 filters for blue-yellow colour vision testing.
It is possible to change both filter discs positions separately what enables us to include heterochromatic
flicker function as well. Designing electronic circuit we have included function for changing LEDs
brightness in time, i.e., temporal brightness modulation function.

References

1. TrukSa, R., Fomins, S., Ozolins, M. Rayleigh Equation Anomaloscope from Commercially

Available LEDs. MATERIALS SCIENCE (MEDZIAGOTYRA). Vol 18, No 2 (2012).
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POLIMERU ELEKTROOPTISKA KOEFICIENTA NOTEIKSANA AR
INTERFEROMETRISKU METODI, IZMANTOJOT GAISMAS AVOTA
FAZES TROKSNI

A. Bundulis, E. NitiSs, M. Rutkis
Latvijas Universitates Cietvielu fizikas institits

Organiskie materiali ar nelineari optiskajam (NLO) 1pasibam varétu bt plasi
pielietojami fotonikas tehnologija, un aizvietot neorganiskas NLO komponentes. Lai
Sos materialus izmantotu iepriek§ minétajas tehnologijas, svarigi ir novertét to NLO
ipasibas, kur viens no svarigakajiem raksturlielumiem ir to elektro optiskais (EO)
koeficients. Lai noteiktu (EO) koeficientu, més izmantojam Maha-Zendera
interferometrisko (MZI) metodi, par gaismas avotu izmantojot 1€ni mainiga vilna
garuma lazeru.

MZI metode balstas uz parauga EO efekta raditas interfergjoSo staru fazu
starpibas izmainas novért€Sanu. Fazu starpiba nosaka gaismas intensitati
interferometra izeja, ko iesp&jams detektet ar sinhrodetekcijas tehniku. Materiala EO
koeficienta noteikSanai mérfjums ir javeic pie dazadam interfergjoSo staru fazu
starpibam. Tradicionali fazu starpiba tiek mainita ar MZI pleca ievietotu fazes
griez€ju. M@&s izmantojam gaismas avotu ar laika mainigu vilpa garumu. Rezultata,
notiek haotiska mérfjjumu punktu izvéle. Tomér, veicot pietickami daudz mérijjumus,
var uzskatit, ka ir apskatitas visas interferéjoso staru fazu starpibas vértibas. Referata
demonstréts EO koeficienta mérjjums DMABI+PMMA 10wt% planam kartinam.

DETERMINATION OF POLYMER ELECTRO OPTICAL COEFFICIENT BY
INTERFEROMETRIC METHOD USING LIGHT SOURCE PHASE NOISE

A. Bundulis, E. Niti§s, M. Rutkis
Institute of Solid State Phyics, University of Latvia

Organic materials with non-linear optical (NLO) properties could be widely
used in the technology of photonics and could be cheaper and more efficient
substitutes for inorganic componentts in the NLO devices. To use these materials in
the technologies mentioned above, it is important to estimate their NLO properties.
One of the most important attributes is their electro-optical (EO) coefficient. To
determine the EO coefficient we used the Mach - Zehnder interferometric (MZI)
method with slowly varying wavelenght laser.

The MZI method is based on the evaluation of the EO effect caused change in
the phase difference between the two interfering beams. The phase difference
determines the light intensity in the interferometer output which can be detected by
lock-in detection technique. To determine the EO coefficient for a material the
measurement should be made with various phase differences between interfering
beams. Traditionally the difference between phases is adjusted with a phase retarder
that is inserted in the reference beam path. We used a light source that changes its
wavelength in time which causes the measurement point change chaotically
eventually covering all of the measurement range. In this report we demonstrate that it
is possible to evaluate the EO coefficient with this method. Results on
DMABI+PMMA 10wt% thin film EO coefficient measurements will be duscussed.
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ULTRAVIOLETA LUMINISCENCE ScPoy, AlPos, GaPos KRISTALOS

A.Truhinsl, KSmitsl, J.Jansonsl, L.Boatners’
'Latvijas Universidtes Cietvielu fizikas institiits
?Okridj Nacionaala Laboratorija, ASV

Jau 1996. g. tika atrasta ScPO, kristalos autolokalizéto eksitonu luminiscence (trukhin,
Boatner). Luminiscences josla atrodas UV spektralaja apgabala (~210 nm jeb ~5.8 eV).
Tagad més turpindjam $o luminiscenci p&tit un méginajam atrast lidzigu luminiscenci AIPO,
un GaPOy kristalos, kuri arT ir ortofosfati. Neskatoties uz to, ka Siem kristaliem strukttra ir
atSkiriga no ScPO, un ta ir vienada ar alfa-kvarca struktiiru, méginajums izdevas. Ieprieks
atrasta autolokaliz€to eksitonu luminiscence AIPO, un GaPO, kristalos ir Iidziga silicija
dioksida alfa-kvarcam un atrodas spektra redzamaja apgabala (Trukhin, 1994). Tagad més
atradam, ka AIPO4 un GaPO, kristalos blakus $§adam autolokaliz€&tam eksitonam, ka alfa-
kvarcam, ir arm otra autolokalizeto eksitonu josla, bet UV apgabala, Ilidziga, ka ScPO,
kristalam, ar lidzigu luminiscences dziSanas kinétiku. To izmantojam, lai argumentétu
autolokalizeto eksitonu dabu ortofosfatu grupai.

Luminiscences dziSanas kin€tiku pétijam plasa temperatiras apgabala no 8 lidz 300 K,
ierosinot ar fluora eksimera lazera impulsiem (157 nm). Konstatgjam, ka kiné&tikai piemit
ipasibas ka elektronu parejam no autolokaliz€to eksitonu tripleta stavokla, kas ir saSkelts
nulles magnétiska lauka. Luminiscences dziSanas kinétikai ir ar1 atra komponente, ko
skaidrojam ka singleta-singleta pareju. Sai parejai luminiscences josla ir nobidita uz lielakam
energijam neka tripleta-singleta parejam. Tada veida tika registréta singleta-tripleta skelSanas
autolokalizetam eksitonam ScPO, kristaliem (~0.15 eV). ST $kel$anas ir neliela un raksturo
autolokalizeto eksitonu vilnu funkcijas telpisko izsmérésanos.

ULTRAVIOLET LUMINESCENCE OF ScPoy, AlPos, GaPos CRYSTALS

A.N.Trukhin' R K.Smitsl, J.Jansonsl, L.A.Boatner’
Institute of Solid State Physics, University of Latvia
?Oak Ridge National Laboratory, USA

Luminescence of the self-trapped excitons was found for ScPO4 crystal (Trukhin A.N.,
L.A.Boatner,1996). The band is situated in UV range of spectra (~210 nm or ~5.8 eV). Now
we are continuing this luminescence study and trying find similar luminescence in AIPOy,
GaPOy crystals — also orthophosphates. This try was successful, in spite of their structure is
different from ScPO4 and it is of a-quartz structure. Previously found self-trapped exciton
luminescence in AIPOs, GaPO, well resemble that of a-quartz silicon dioxide crystal
(Trukhin A.N. 1994). Now we found that in AIPO,4, GaPOj crystals beside to a.-quartz-like
STE there is an UV luminescence similar in position, and decay properties to that of ScPO4
crystal. Possibly it is a second STE in AIPO4, GaPO, crystals. That can be used as argument
of correspondence of STE of ScPO4 crystal to orthophosphate group.

Decay kinetics of UV luminescence of ScPO4 crystal was studied in wide range of
temperature from 8 K to 300 K and it is found some peculiarities of decay under pulses of F,
excimer laser (157 nm) which could be ascribed to triplet state of STE splits in zero magnetic
field. Fast decay of STE was detected as well and therefore it is concluded that beside slow
luminescence corresponding to transition from triplet state there are singlet-singlet transitions
of STE. Time resolved spectra of slow and fast decay possess small shift (~0.15 eV). That
means the singlet —triplet splitting is small and corresponding wave function of STE is widely
spread over the atoms of ScPO4 crystal where STE is created.
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GRAFENA UN CITU OGLEKLA STRUKTURU ADSORBCIJAS IPATNIBAS

V.Grehovs, J.Kalna¢s, A.Murasovs, A.Vilkens
Fizikalas energétikas institiits

Ar sorbcijas iekartu Autosorb- 1 (Quantochrome Instruments Co, Florida,
USA) peétita termiski eksfolieta grafita slapekla sorbcijas sp€ja salidzinajuma ar citu
oglekla struktiiru sorbciju tados paSos apstaklos. Atrasti divi izotermu rajoni, kas
raksturojas ar mazu (Sgerl) un palielinatu (Sger2) Ipatngjo virsmu Sada veida
izotermas raksturigas slikti adsorb&joSiem materialiem, pie kadiem pieder ari
akvadags — siki dispersa grafita emulsija Gideni péc zavéSanas. Labi adsorbg&josas
oglekla struktiiram, tadam ka aktiva ogle un oglekla nanocaurules, raksturigas cita
veida izotermas. Rezultati par dazadu oglekla struktiiru sorbcijas sp&u apkopoti
tabula. Dota eksperimentalo rezultatu interpretacija.

Paraugs | Apstrade Diapozons 1 CeeT1 SgeT1 Diapozons 2 CegeT2 SeeT2
p/p0 m2/g p/p0 m2/g
TEG 0.0004 | 0.002 5848 24.6 0.2 0.38 5.1 72
Calcination
6h
TEG 1100C° 0.0005 | 0.003 6427 33.6 0.21 0.38 84| 73.7
Calcination
6h
TEGspirit | 1050C° 0.0004 0.003 5470 15.7 0.18 0.41 52| 48.2
AQUADAG 0.0004 0.002 4973 6.8 0.23 0.41 55 21
CNT SG65 0.08 0.33 73 788 0.13 0.3 | 65.7 792
AC AG3 | 0.009 0.2 230 1347 | 0.009 0.2 230 | 1347

PECULIARITIES OF GRAPHENE AND OTHER CARBON
STRUCTURES ADSORBTION

V.Grehov, J.Kalnacs, A.Murashov, A.Vilkens
Institute of Physical Energetics

Adsorption by thermochemically exfoliated graphite (TEG) is studied and
compared with that by other carbon structures under the same conditions. In
determination of the specific surface area (Sggr) for the TEG samples it was found
that formally possible isotherms in BET approximation are located in two different
pressure ranges. Two areas of BET approximation are also visible for the isotherms of
aquadag and milled graphite. The experimental results are collected in the table and
discussed and their interpretation proposed.

Special
Sample treatment Region 1 CeeT1 SgeT1 Region 2 CegeT2 SeeT2
p/p0 m2/g p/p0 m2/g
TEG 0.0004 0.002 5848 24.6 0.2 0.38 5.1 72
Calcination
6h
TEG 1100C° 0.0005 0.003 6427 33.6 0.21 0.38 84| 737
Calcination
6h
TEGspirit | 1050C° 0.0004 0.003 5470 15.7 0.18 0.41 52| 48.2
AQUADAG 0.0004 0.002 4973 6.8 0.23 0.41 55 21
CNT SG65 0.08 0.33 73 788 0.13 0.3 | 65.7 792
AC AG3 0.009 0.2 230 1347 0.009 0.2 230 | 1347
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GRAFENA PARNESE UN RAKSTUROSANA IN SITU

J .Kosmaéal, J .Andiﬁnel, J .D.Holmesz, D.Erts'
'Latvijas Universitates Kimiskas fizikas institiits
’Nacionalas Irijas universitates Kimijas nodala, Cork, Irija

Graféns ir perspektivs nanomaterials nakotnes elektronikas un citos
pielietojumos. Graféns nepastav daba briva forma, tapéc aktuala probléma uz graféna
balstitu iericu veidosana ir graféna paraugu iegtiSana, raksturoSana un transports.

Darba demonstréta graféna parnese un raksturoSana lietojot Ge nanovada masas
sensoru. Graféna paraugi tika iegiiti, atSkelot planas kartinpas no augsti orient€ta
pirolitiska grafita virsmas. Graféna kartinas satur vienu vai dazus grafita monoslanus.
Eksperimentu vizualizaciju nodrosina skeng&josais elektronu mikroskops.

Integréjot Ge nanovadu ka kustigu elementu nanomanipulaciju sistéma to
izmanto graféna paraugu atlasei un parnesei uz substrata. Parnese balstas uz adhézijas
mijiedarbibas starp virsmam. Paradita atsevisku graféna paraugu kontrol&ta parnese
izvel€taja pozicija. Parauga masa tiek aprékinata balstoties uz Ge nanovada
rezonanses frekvences nobidi. Atomaru slagu skaitu parauga noverte, zinot graféna
masu, virsmas laukumu un starpslanu attalumu.

Graféna kontroléta parnese atvieglo nanoiericu prototipu veidoSanu laboratorijas
apstaklos. Parnese un raksturoSana in situ lauj izvairities no apkartgjas vides ietekmes,
sagatavojot paraugu talakiem eksperimentiem.

TRANSFER AND CHARACTERIZATION OF GRAPHENE IN SITU

J .Kosmacal, J .Andzanel, J .D.Holmesz, D.Erts'
!Institute of Chemical Physics, University of Latvia
’Department of Chemistry, National University Ireland, Cork, Ireland

Graphene is a promising nanomaterial for future electronics applications. In
nature, graphene does not exist in free form, therefore, the actual problem of
graphene-based product development is graphene sample production, characterization
and transport.

Transfer and characterization of graphene by using a Ge nanowire based mass
sensor is demonstrated. Graphene samples are produced by splitting thin layers from a
highly oriented pyrolytic graphite surface. The graphene flakes consist of one or few
graphite layers. A scanning electron microscope provides the visualization of the
experiments.

A Ge nanowire is integrated into a nanomanipulation system as a moving
element. The nanowire is used for graphene sampling and transferring to a substrate.
The transfer is based on the adhesion interaction between the surfaces. We
demonstrate an individual graphene sample transfer to a selected position. The mass
of the sample to be transferred is calculated by the Ge nanowire resonant frequency
shift. By knowing the graphene mass, geometry and interplanar spacing between the
graphite layers, it is possible to estimate the number of layers in the flake.

A controlled transfer of graphene facilitates the fabrication of nanodevice
prototypes under laboratory conditions. The graphene transfer and characterization in
situ prevents environmental impact during the preparation of samples for future
experiments.
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GRAFITA OKSIDA TERMISKA DEOKSIGENESANA

V.Kampars, P.Romanovskis, K.Lazdovic¢a
Rigas Tehniskd universitate

Termiska vai kimiska skabek]a atoma atrausana (deoksigené$sana) no grafita
oksida ar Csp® lok$nu atjaunoanu ir perspektivs lielu daudzumu graféna sintézes
veids. Lai iegiitu grafita oksida termiskas deoksigen€Sanas pamatraksturojumus, $aja
darba veikti ar modificétu Hammera metodi sintezéta un vakuuma 60 °C izzavéta
grafita oksida termogravimetrijas pé€tjjumi. Termogravimetriskie pétjumi veikti
slapekla atmosfeéra, mainot linearas temperatiiras celSanas atrumus lidz 800 °C.
Vienigi temperatiiras celSanas atrums 1 °C/min atlauj registrét pilnu masas zuduma
likni visa apgabala, kura sastav no ¢etram H,O, CO and CO, izdaliSanas stadijam.
Pargjos gadijumos novérojams spontans masas zudums pie 130 °C ar pétamas vielas
izmeSanu no karséSanas trauka. Izmesto produktu FTIR un XRD spektri apliecina, ka
notikusi termiska deoksigenéSana ar vienlaicidu eksfoli€Sanu, jo iegiitajam produktam
nav raksturigas skabekli saturoSo funkcionalo grupu absorbcijas joslu un grafitam vai
grafita oksidam atbilstoSo rentgendifraktogrammu piku. Sintez€ta grafita oksida
termiska deoksigengSana notiek ieverojami zemakas temperatiiras neka aprakstits
literatiira.

THERMAL DEOXYGENATION OF GRAPHITE OXIDE

V. Kampars, P.Romanovskis, K.Lazdovica
Riga Technical University

Thermal or chemical removing of the oxygen atoms (deoxygenation) from
graphite oxide with the recovering of the Csp” sheet is an effective way to produce
graphene in large quantities. In order to obtain preliminary information about the
thermal characteristics of graphite oxide we have synthesised the graphite oxide
accordingly to the modified Hummer’s method and after draying under vacuum at 60
°C made the thermogravimetric analysis of the obtained product. The
thermogravimetric investigation has been done under nitrogen atmosphere at different
heating rates. Only when the heating rate is 1 °C/min it is possible to register the mass
loss curve of synthesised graphite oxide until 800 °C consisting of four stages of H,O,
CO and CO; release. The heating rates exceeding 1 °C/min set off a spontaneous mass
loss at 130 °C indicating the near to full deoxygenation and defoliation of graphite
oxide. The FTIR spectra of products throw out from the sample pan do not show the
presence of oxygen atom containing bond absorption. The deoxygenation temperature
for obtained product is remarkably lower than the characteristic temperatures of
graphene deoxygenation.
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ANIZOMETRISKU OGLEKLA MODIFIKATORU IETEKME UZ
POLIMERU NANOKOMPOZITU STRUKTURAS
UN ELASTISKAJAM IPASIBAM

J. Zicans', R. Merijs Meri', T. Ivanova', V. Kalkis?, J. Bitenieks', I. Reinholds®
'Rigas Tehniskas universitdtes Polimérmateridlu institiits
’Latvijas Universitates Kimijas fakultate

Konkrétais pétijums veltits dazadu oglekla alotropu — daudzsienu oglekla
nanocauruliSu un graféna — ietekmes izve€rt€Sanai uz polim€ru matricas — stirola-
akrilata kopoliméra — struktiiru un elastiskajam ipaSibam. Nolika nodro§inat péc
iesp&jas augstaku oglekla nanopildvielas dispergéjamibas pakapi stirola-akrilata
kopoliméra matrica izvertéta gan starpfazu modifikatora, gan ultraskanas apstrades
rezimu ietekme uz sist€ému ,,oglekla alotrops-tidens”, ,,oglekla alotrops-stirola-akrilata
kopolimérs” stabilitati nanopildvielas koncentraciju diapazona no 0,01 lidz 10 masas
%. Vienlaicigi veikti ieglito stirola-akrilata kopoliméra nanokompozitu
kalorimetrisko, termogravimetrisko un elastisko 1paSibu pétjjumi. Konstatets, ka
starpfazu modifikatora klatbiitné oglekla nanopildviela lauj iev€rojami uzlabot
nanokompozitu stingumu/elastibas moduli, kas ir saistits ar noteiktu poliméra
matricas un nanopildvielas mijiedarbibu. Vienlaicigi konstatéts, ka nanopildvielas
klatbtutné uzlabojas kompozita termiskas barjeras ipaSibas, kas ir saistits gan ar
izmantoto oglekla alotropo dalinu formu, gan ar to siltumtehniskajam Tpasibam.

THE EFFECT OF ANISOMETRIC CARBON MODIFIERS ON THE
STRUCTURAL AND ELASTIC PROPERTIES OF
POLYMER NANOCOMPOSITES

J. Zicansl, R. Merijs Meril, T. Ivanoval, V. Kalkisz, J. Bitenieksl, I. Reinholds®
"Institute of Polymer Materials, Riga Technical University
’Department of Chemistry, University of Latvia

The current research is devoted to evaluation of the effects of various carbon
allotropes — multi-walled carbon nanotubes and graphene — on the structure and
elastic properties of styrene-acrylate copolymer. To ensure desirable distribution of
the carbonaceous nanofillers in the styrene-acrylate copolymer matrix, the effect of
interfacial agent and ultrasound treatment on the stability of “carbon allotrope-water”
and “carbon allotrope-styrene-acrylate copolymer” dispersions in the nanofiller
concentration range 0,01-10 wt. % are evaluated. Besides it calorimetric,
thermogravimetric and elastic properties of the obtained styrene-acrylate copolymer
nanocomposites are investigated. It is determined that in the presence of the
interfacial agent the carbonaceous nanofillers allow considerably improve
stiffness/modulus of the nanocomposites, which is most probably connected with
certain interaction between the polymer matrix and nanofiller. In addition, it is
determined that in the presence of the carbonaceous nanofillers improvement of
thermal barrier properties occur, which is dependant on the shape of the carbon
allotropes used and their thermo-physical properties.
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LiFePO/GRAFENS NANOKOMPOZITS LITIJA JONU BATERIJAM

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

LiFePOy ir videi draudzigs litija jonu bateriju katodmaterials ar salidzinoSi augstu
ladipietilpibu, tom@r materialam ir zema elektronu vaditsp&ja, kas samazina ta
ladinietilpibu  un padara wuzladi un izladi ilgaku. Darba pétitas graféna ka
elektrovadosSas piedevas iespgjas uzlabot LiFePO, elektrokimiskas ipasibas.

Cietfazu sintézes cela sagatavoti LiFePO4/C un LiFePO4/C/graféns (LiFePO4/C/G)
kompozitmateriali. LiFePO4/C/G nanokompozits iegiits divos veidos — pievienojot
graféna oksida (GO) nanoslanus reagentiem pirms LiFePO, sintézes un péc tas. Otraja
gadijuma tikuSi veikti papildus soli graféna oksida nanoslanu reducéSanai —
LiFePO4/C/GO karséts 700 °C temperatiira reducgjosa Ar/H (95:5) atmosfera.
Rentgenstaru  difrakcijas analizes rezultati iegiitajos materialos neuzrada
piemaisijumus. GO nanoslanus pievienojot pirms un péc sint€zes, iegiistami materiali
ar atskirigam makroskopiskam struktiiram. Elektrokimiskas 1pasibas norada uz ladina
parneses pretestibas samazinaSanos, pievienojot materialam papildus grafénu. Tapat
secinats, ka graféns uzlabo LiFePO, ladinietilpibu, Ipasi pie augstiem uzlades-izlades
stravas blivumiem.

LiFePO4/GRAPHENE NANOCOMPOSITE CATHODE FOR
LITHIUM ION BATTERIES

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

LiFePO, is environmentally friendly lithium ion battery cathode material with a
relatively high charge capacity. However, its low electric conductivity reduces its
charge capacity and increases the time required for proper LiFePO, charging and
discharging. In this work the possibilities of adding graphene in order to improve
LiFePO, electrochemical properties have been studied.

LiFePO4 and LiFePO4/C/graphene (LiFePO4/C/G) composites have been prepared via
solid-state synthesis. LiFePO4/C/G nanocomposite has been acquired by adding
graphene oxide (GO) nanosheets to LiFePO4 synthesis precursor or to as-prepared
LiFePO4. When added to an already prepared LiFePO,, additional steps for reducing
GO nanosheets have been taken — LiFePO4/C/GO was heated at 700 °C in a reducing
Ar/H (95:5) atmosphere. X-ray diffraction analysis shows no impurities in the
prepared materials. Materials with different macroscopic structure are acquired by
adding graphene oxide to the material before or after LiFePOs synthesis.
LiFePO4/C/G charge transfer resistance is lower, when compared to that of
LiFePO4/C. LiFePO4/C/G material also has a higher charge capacity and better rate
capability.
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KVADRUPOLA MASSPEKTROMETRA PIELIETOJUMU
IESPEJAS LU CFI

L.Skuja
Latvijas Universitates Cietvielu fizikas institiits

Referata mérkis ir iepazistinat potencialos lietotajus ar masspektrometru "Ametek
Dycor LC-D" un ta aprikojumu, kuri ir uzstaditi ERAF Ilidzfinanséta projekta
,Nanostrukturéto un daudzfunkcionalo materialu, konstrukciju un tehnologiju Valsts
nozimes pétniecibas centra zinatniskas infrastruktiras attistiSana” ietvaros. Iekarta ir
viegli panésajama, ta ietver kvadrupola masspektrometru, bezellas vakuumsistému ar
turbomolekularo siikni ar adatventili gazu kontrol€tai ievadei masspektrometra un
Ethernet saskarni datorvadibai.

Iekartai paredzetie uzdevumi CFI ir: 1) nodroSinat vakuuma sistému diagnostiku
(vakuuma parpalikuma gazu analize, teCcu mekl€Sana), 2) ar vakuumu saistito
tehnologisko procesu vides analize, 3) cieto vielu analize vakuuma apstaklos
(termostimulétas desorbcijas analize, lazerablacijas analize u. tml.), 4) atmosferas
spiediena gazu un tvaiku sastava analize.

Referata tiks demonstréti iekartas izméginajumu eksperimentu dati, tiks apspriestas
praktisko merijumu iesp€jas, iekartas stipras puses, trukumi un talakas attistibas celi.

PROSPECTIVE APPLICATIONS OF A QUADRUPOLE
MASS-SPECTROMETER IN LU ISSP

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

The aim of this paper is to provide an information to the eventual users on the mass-
spectrometer "Ametek Dycor LC-D" and its accessories, which have been installed at
ISSP in the framework of the ERDF co-sponsored project on the development of
National Level Research Center . The spectrometer system comprises a quadrupole
mass-spectrometer head with an Ethernet interface for control and data acquisition,
an oil-free turbomolecular pump-based vacuum system with a needle valve for a
controlled inlet of the analyte gas/vapor into the vacuum camera.

The following tasks are planned for the instrument: 1) the general diagnostics of
vacuum systems, including the residual gas analysis and (He) vacuum leak-detection,
2) the analysis and monitoring of vacuum-related technological processes, 3) the
analysis of solids under vacuum conditions, e.g., thermostimulated desorption, laser
ablation, 4) the analysis of gases or vapors at atmospheric pressure conditions.

The results of the first test- and exploratory experiments will be presented, the
practically available experimental options, the merits, the weak points and the paths to
the further development will be discussed.
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MAGNETRONU IZPUTINASANAS TEHNOLOGIJAS
ATTISTIBA LU CFI

J. Purans
Latvijas Universitates Cietvielu fizikas institiits

Daudzam energgtikas un elektronikas plano kartinu iericém (saules bateriju paneli,
elektrohromie un termohromie stikli, moderni (touch screen) displeji un caurspidiga
elektronika) ir vajadzigi caurspidigu vadoSu oksidu (TCO) parklajumi ka
nepiecieSamais elements to veidoSanai. Tas rada nozimigu komercialu pieprasijumu
péc tehnologijam $adu TCO parklajumu iegtsanai. Patlaban pieejamas tehnologijas
sadu TCO parklajumu razoSanai balstas uz dargo indija oksida (ITO) materialu ka
starta izejvielu, lai razotu TCO parklajumus ar augstako kvalitati. LU CFI izstrada
vakuumtehnologijas ar daudz zemakam augstakas kvalitates TCO plano Kkartinu
parklajumu izmaksam.

LU CFI tiek veikta dazadu materialu, jaunu izsmidzinasanas tehnologiju un
risinagjumu izpete uz lidzstravas un impulsa magnetrona avota bazes (High Power
Impulse Magnetron Sputtering - HIPIMS US patents, pirmais industrialais
tehnologijas pielietojums - UK 2004.g.). LU CFI izstrada tehnologijas ar daudz
zemakam TCO plano kartinu parklajumu izmaksam, kas var tikt ietvertas jauna
iekartu sisttma ar impulsa HIPIMS magnetrona avotu, kas balstas uz (i) aluminija
(Al) (AZO) n-tipa TCO, (ii) Nikela vai iridija (Ir) (IRZO) p-tipa TCO, (ii1) gallija
(Ga) cinka oksidu (GZO) n-tipa TCO, ka arT (iv) uz daudzslanu cinka oksidu
Zn0O/Me/ZnO parklajumu (Me=Ni, Mo,..) strukttram.

Pateiciba: Darbs ir veikts ERAF projekta
2010/0272/2DP/2.1.1.1.0/10/APIA/VIAA/088 ietvaros.

MAGNETRON SPUTTERING TECHNOLOGY DEVELOPMENT
AT THE ISSP LU

J. Purans
Institute for Solid State Physics, University of Latvia

Many energy and electronics thin film devices (solar cells, electrochromic and
thermochromic glasses, touch screen displays and transparent electronics) need a
transparent conductive oxide (TCO) coatings as a necessary thin layer element in the
formation of multilayer devices. This creates a significant commercial demand for
sputtering techniques for such TCO coatings. Currently available technology is_based
on the expensive indium-tin mixed oxides (ITO) as a starting material for the
production of TCO coatings of the highest quality. ISSP LU is developing vacuum
technology for deposition of the highest quality TCO thin film coatings at much lower
costs.

ISSP LU studies different materials and new sputtering technologies of DC
and High Power Impulse Magnetron Sputtering (HIPIMS U.S. patent, the first
industrial application of technology - UK 2004) to develop the basic technology at a
much lower TCO thin films cost that may be included in a new machine system with
impulse magnetron source HIPIMS based on (i), aluminium (Al), (AZO) n-type TCO,
(i1)Nickel or iridium (IRZO) p-typeTCO, (iii) gallium (Ga), zinc oxide (GZO) n-type
TCO, and (iv) multi-layer of zinc oxide ZnO / Me / ZnO coatings (Me = Ni, Mo,. .)
structures.
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HOLLA EFEKTA MERIJUMI LU CFI: IEKARTA, IESPEJAS UN
REZULTATI CINKA OKSIDA PARKLAJUMIEM

M. Zubkins, A. Kalinko, J. Purans
Latvijas Universitates Cietvielu fizikas institiits

Latvijas Universitates Cietvielu fizikas institiita ir iesp&jams meérit Holla efektu

pusvaditaju (107 -107 Qcm) parklajumiem ar iekartu HMS5000. Iekarta méra elektrisko
pretestibu un magnetopretestibu, Holla koeficientu, l1adinu nes€ju koncentraciju un
kustigumu. Iesp€jams uznemt So fizikalo lielumu atkaribu no temperatiiras diapazona 80 -
350 K. Rezultatus var aplikot tabulu vai grafiku veida un saglabat ASCII formata.
Sagatavotajam paraugam jabiit kvadratveida no 5 X 5 Iidz 20 X 20 mm un ne biezakam
par 1.5 mm (parklajums + pamatne).

Iekarta izmanto Van der Pauw tehniku, kas paredzéta 2D materialiem. Lai
izmantotu So tehniku, parklajumam jabiit plakanam un ar konstantu biezumu. Tam jabiit
homogeénam un izotropam, un tas nedrikst saturét izol€josus punktus. Stiiros ir japievieno
cetri omiski kontakti, kuru izméri ir vismaz par kartu mazaki neka visa parauga izmers.

Ar So iekartu tika mériti ZnO:Al un ZnlrO parklajumi. ZnO:Al gadijuma rezultati
bija ticami un ar labu atkartojamibu. ZnlrO gadijuma atkartojamiba bija slikta, ko var
skaidrot ar sliktu ladina nesgju kustigumu (< 1 cm?(V's)), kas ir arpus pielaujama
diapazona.

Pateiciba

Darbs ir veikts ERAF projekta 2010/0272/2DP/2.1.1.1.0/10/APIA/VIAA/088
ietvaros.

MEASURMENTS OF HALL EFECT AT LU CFI: EQUIPMENT,
POTENTIALITY AND RESULTS OF ZINC OXIDE THIN FILMS

M. Zubkins, A. Kalinko, J. Purans
Institute of Solid State Physics, University of Latvia

At Institute of Solid State Physics, University of Latvija can be measured the Hall

effect of semiconductor (10™* -107 Qcm) thin films by equipment HMS5000. Equipment
measures electrical resistivity and magnetoresistance, Hall coefficient, charge carrier
concentration and mobility. It is possible to measure these physical properties versus
temperature in range 80 — 350K. The system provides results as tabular data as well as in
graph form and can be saved in ASCII format. Sample must be square shape from 5 X 5
to 20 X 20 mm and no thicker than 1.5 (film + substrate).

Equipment uses Van der Pauw technique which designed for 2D materials. To use
this technique film must have a flat shape of uniform thickness. It must be homogeneous,
isotropic and must not have any isolated holes. Four ohmic contacts must be located at the
edges of the film and area of any individual contact should be least an order of magnitude
smaller then area of the entire sample.

Zn0O:Al and ZnlrO thin films were measured by this equipment. ZnO:Al results
were credible and repeatable. ZnlrO repeatability of results was poor and it can be
explained by low carrier mobility ((< 1 ecm?/(V-s)) which is out of acceptable range.
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SUPOLES — JAUNA LU CFI IZSTRADNE

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

Darba aprakstita izstradata un izgatavota LU CFI atrakciju iekarta ,,S@poles”.
Paredzgtas vienai personai, 6 m augstas, StiposSanas ilgums 3, 5, 10 vai vairak miniites,
Stiposanas lenki 30, 45, 60 un 75 gradi ar iesp&ju pariet no vienas vertibas uz otru
StposSanas laika.

Darba apskatits Stpolu darbibas algoritms, kur§ nem véra klienta svaru, uzdoto
Stposanas maksimalo lenki, spiediena izmainas pneimatiskaja sistéma un veja ietekmi
uz SipoSanas procesu dinamika trijos pamatrezZimos (ieSiposana, SlpoSanas,
apstaSanas), ka ar1 visa veida citas darbibas, saistitas ar apkalpojosa personala un
klienta drosibu. Elektroniska vadibas sisteéma izveidota uz Rabbit 3000 kontroliera
bazes. Stipolu darbiba parbaudita ar dazadiem etalona svariem diapazona no 0 lidz
140 kg dazados laika apstaklos. Stipoles ir sertificgtas un var tikt izmantotas atrakciju
parkos.

SWING

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

The report describes the designed and manufactured by ISSP amusement device
"Swing". It is intended for one person, 6 m high, swinging time of 3, 5, 10 or more
minutes, angle to the vertical of 30, 45, 60 and 75 degrees with the possibility of
changing of this value during of swinging time.

The report dealt with the swing algorithm, which takes into account the weight of
the client, the predetermined maximum angle to the vertical, pressure changes in the
pneumatic system and the effects of wind on the swinging process dynamics in three
basic regimes (initial swinging, maintaining a predetermined angle, braking), as well
as all other activities related to the maintenance staff and client safety. Electronic
control system created on the base of Rabbit 3000 controller. Swing into action tested
with different weights in range from 0 to 140 kg in different weather conditions.
Swing is certified and can be used in amusement parks.
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JAUNAS TENDENCES IELU APGAISMOSANAS KONTROLE

P.Annusl’z, E. Reilentl, A.Kuusikl, T.Tammetl, A.Kristil,1§3
'Kompetences centrs ELIKO, Tallina, Igaunija
Tallinas Tehnologiskas Universitates Elektronikas nodala, Tallina, Igaunija
3Lal‘vijas Universitates Cietvielu fizikas institiits

Misdienu elektriskas energijas tehnologiju tendences raksturo stabili pieaugoss izkliedétu
atjaunojamo energijas avotu skaits. Lai sabalans€tu atjaunojamo energijas avotu mainigo jaudu,
energijas uzglabasanas iericém jabut savienotam tikla. Ta ka lielaka dala no atjaunojamajiem
energijas avotiem un energijas uzkrasanas iericém darbojas ar Iidzspriegumu, tad perspektiva ir
vElams uz lidzspriegumu balstits tikls. Turklat lidzstravas tiklam nav daudzu problému, kas ir
raksturigas mainsprieguma tiklam, pieméram, nav problému ar sinhronizaciju, ar reaktivo jaudu
un harmonikam utt.

Lidzstravas mikrotikls ir sakopojums no vairakiem primariem un sekundariem
energoavotiem ar vairaku limenu energijas uzglabasanas iericem un daudzam kontrolgjamam
slodzém. Mikrotikls ietver arT informacijas un komunikacijas tehnologijas (IKT). Faktiski IKT ir
galvenais, lai sasniegtu augstako elastigumu, uzticamibu (ieskaitot kiberdrosibu) un efektivitati.

Arhitektira end-to-end Smart-Grid IP ir atsléga uz panakumiem, kas garanté atklatus
standartus un savietojamibu, ka tas liela méra pieradijies, ikdiena izmantojot internetu. Inteligenta
lidzstravas mikrotikla koncepcija palidz€s izveidot vienmerigus un drosSus elektroparvades celus
IPv6 balstitam tiklam, ne tikai inteligentiem pat€rétajiem, bet ari inteligentai mikro razoSanai un
uzglabasanas iekartam - prosumeriem. Tas var izradities revolucionars jaunums energijas sadales
un lietoSanas tehnologiju joma.

Elektriskas energijas patérin$ ielu un ara apgaismojumam ir ievérojama dala no kopgja
energijas patérina. Lidzstravas inteligenta mikrotikla tehnologijas ievieSana samazinatu vadibas
izmaksas, palielinatu uzticamibu, efektivitati un caurskatamibu apgaismes tiklos.

NEW TRENDS IN STREETLIGHTING CONTROL

P.Annusl’z, E. Reilentz, A.Kuusikl’z, T.Tammetz, A.Kristir,1§3
! Department of Electronics, Tallinn University of Technology, Tallinn, Estonia
’ELIKO Competence Center, Tallinn, Estonia
3 Institute of Solid State Physics, University of Latvia, Riga, Latvia

Modern trends in electrical energy technology are characterized by a steadily growing
number of distributed renewable energy sources. To balance the variable power of renewable
energy sources, energy storage devices need to be connected to the grid. Since most of the
renewable energy sources and energy storage devices operate with DC voltage, a DC based grid is
preferable in the future. In addition the DC grid avoids many problems typical for an AC grid e.g.
no synchronization issues, no problems related to reactive power and harmonics etc.

DC Microgrid is an aggregation of multiple primary and secondary energy sources with
several levels of energy storage and numerous controllable loads. Microgrid involves also
information and communication technology (ICT). In fact ICT is the key to achieve the highest
flexibility, reliability (incl. Cyber security) and efficiency.

An end-to-end Smart-Grid IP architecture is the key to success by guaranteeing open
standards and interoperability as largely demonstrated through the daily use of the Internet. The
Intelligent DC Microgrid concept will help to create smooth and secure transition paths for electric
utilities towards IPv6 based grid with not only intelligent consumers, but also intelligent micro
production and storage facilities - prosumers. As such it may well prove to be the new disruptive
technology in the area of energy distribution and use.

Electrical energy consumption of street and outdoor lighting constitutes an important part
of total energy consumption. Intelligent DC Microgrid technologies, if implemented, will reduce
management costs, increase reliability, efficiency and transparency of the lightning grid.
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LENGMIRA - BLODZETAS TEHNOLOGIJAS IESPEJU IZVERTESANA
VADOSU GRAFENA PARKLAJUMU IEGUSANAI

M. Rutkis, L. Gerca, K. Kundzin§
Latvijas Universitates Cietvielu fizikas institiits

Miisdienas liela uzmaniba tiek pievérsta vienslana graféna (VG) pétjjumiem. Tam par
iemeslu ir §1 materiala izcilas Tpasibas — augsta optiska caurlaidiba, termiska un
elektrovaditsp&ja. Aizstajot optoelektroniskajas ieric€s tradicionalos caurspidigo
elektrodu materialus ar VG tad pateicoties Sadu unikalu ipaSibu apvienojumam viena
nateriala izdotos ieverojami palielinat sadu iericu veiktsp&ju. Perspektivakie pielietojumi
varétu bt saules baterijas un cietvielu apgaismes ierices. Tam nepiecieSami liela laukuma
VG parklajumi. Viens no iespgjamiem $adu parklajumu iegiiSanas celiem ir vienslana
graféna oksida (VGO) suspensijas izmantoSana, kuru var iegiit lielos daudzumos
izmantojot Skidras fazes grafita eksfoliaciju. Lai ieglitu vadoSus parklajumus vispirms
VGO, kontroléti japarnes uz atbilstoSas pamatnes. To var veikt izmantojot VGO
Lengmira monoslani no tidens/gaiss robezvirsmas, kuru iesp&jams parnest uz pamatnes ar
Lengmira — Blodzetas metodi. Kad pusvaditaja VGO slanis iegiits nakamais uzdevums ir
ta kimiska un termiska reducésana par augsti vadosu VG kartinu. Optisko un elektrisko
Ipasibu optimizacija iesp&jama, vari€jot VG LB kartinu skaitu. Prezentacija tiks apskatiti
sasniegumi, iesp&jas un ierobezojumi pielietojot LB tehnologiju savienojuma ar kimisko
un termisko reducéSanu, lai iegiitu vadoSus graféna elektrodus. Tiks apskatita ar1
Organisko materialu laboratorijas pieredze LB tehnologijai izmantojot komerciali
pieejamo (Cheap Tubes Inc.) VGO.

ASSESSMENT OF LANGMUIR - BLODGETT TECHNOLOGY CAPABILITIES
FOR PRODUCTION OF CONDUCTIVE GRAPHENE COATINGS

M. Rutkis, L. Gerca, K. Kundzins
Institute of Solid State Physics, University of Latvia

Nowadays a huge attention is paid to single-sheet graphene (SG), an outstanding
transparent material with a high electrical and thermal conduction. Due to these
properties, replacement of traditional transparent electrodes by SG could lead to enhanced
performance of optoelectronic devices. Large area substrates should be covered by SG for
future applications like solid state lighting and solar cells. One of the possible routes of
obtaining such films is to use dispersion of single-sheet graphene oxide (SGO) what can
be produced in large scale by use of the different liquid phase graphite exfoliation
methods. The first challenge for producing conductive graphene coatings from dispersion
is how to transfer SGO from dispersion on to substrate in controlled manner. One of such
possibilities is to obtain Langmuir monolayer of SGO at the air/water interface and then
transfer it to substrate by Langmuir-Blodgett (LB) deposition method. The second
challenge is to reduction of semiconducting SGO to highly conductive SG. Optimization
of optical and electrical properties could be achieved within a thickness control of SGO
films upon repeated deposition process. In presentation we would like to give brief review
of achievements in producing conductive graphene coatings by mentioned above two
stage technology: LB deposition + chemical and thermal reduction SGO to SG. Results of
investigations accomplished in Laboratory of Organic Materials with commercially
available (Cheap Tubes Inc.) submicron size dried SGO will be presented.
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CVD AUDZETA GRAFENA MONOSLANA DOPESANA SORBEJOT V-VII
GRUPAS ELEMENTUS

J. Andzane, J. Kosmaca, G. Kunakova, D.Erts
Latvijas Universitates Kimiskas fizikas institits

Graféns ir divu dimensiju (2D) materials. Tas ir atomu monoslanis, kuram piemit
neordinaras pasibas. Izmantojot grafénu elektroniskas ierices, $is Ipasibas ir pétitas
un pielietotas divas dimensijas. Graféna aizliegtas zonas platums ir 0eV. Tomer
lielaka dala elektronisko iericu darbojas pateicoties aizliegtai zonai ierices pusvaditaja
aktivaja elementa. Dop@Sana ir viena no vislabakajam metodém graféna pusvaditaja
1pasibu kontrolei.

Grafenam ir lielaka iesp&jama virsmas un tilpuma attieciba, ka rezultata grafénam ir
jabtt loti jutigam pret virsmas modific€Sanu. Virsmas dopéSanai vajadzetu laut mainit
graféna elektroniskas Tpasibas ar augstu precizitati.

Seit més piedavajam CVD audzéta vienslana graféna dop&sanu ar adsorbciju.Tadi V-
VII grupas elementi ka jods, s€rs un antimons tika izmantoti ka dopanti.
Eksperimentalie apstakli un virsmas modifikacijas metodes tiek prezentétas un
apspriestas Saja darba. DopéSanas metodes ietver gan visas virsmas, gan lokalo
parveidosanu. Graféna paraugi tika sagatavoti dop€Sanai un pé€tiSanai, izmantojot
elektroniskas litografijas un nanomanipulaciju metodes.

CVD GROWN MONOLAYER GRAPHENE DOPING BY SORPTION OF V-
VII GROUP ELEMENTS

J. Andzane, J. Kosmaca, G. Kunakova, D.Erts
Insitute of Chemical Physics, University of Latvia

Graphene, a two-dimentional (2D) material with only one atom layer thick, has many
extraordinary properties. By using graphene in electronic devices, these properties are
explored in two-dimensions. Graphene itself has zero band gap. However, most
electronic applications are operating due to presence of a semiconducting gap in
device’s active element. To control the semiconducting properties of graphene,
doping is one of the most useful methods.

Graphene has an maximum of the surface area to volume ratio. Otherwise, it should
be sensitive to surface modification. Surface doping should obtain fine control of
electronic properties of graphene.

Here we present CVD grown monolayer graphene doping by adsorption. V-VII group
elements as iodine, sulfur, antimony were used as dopants. Experimental conditions
and surface modification methods are presented and discussed in this work. Doping
methods include both full-surface modification and local surface modification.
Graphene samples are prepared for doping and further research using electronic
lithography and nanomanipulation techniques.

101



LAZERA HOPG SPIEDOGA GRAVESANA GRAFENA UZNESANAI
UZ Si PAMATNES

J. Butikova, B. Polakovs, L. Dimitroc¢enko, E. Butanovs, 1. Tale
Latvijas Universitates Cietvielu fizikas institiits

Pirolitiskais grafits (HOPG) tika gravéts ar impulsu lazera staru, lai iegttu
kvadratveida laukumu rakstu. Grafita virsmas gravéSana atvieglo graféna slanu
atdaliSanos parneses laika. Tika salidzinata tieSa vairakslanu graféna parnese no
grafita spiedoga uz paraugu un parnese ar Iimes klatbiitni. Uznestas graféna loksnes
tika apskatitas ar optisko un skengjoSo elektronu mikroskopu. Grafeéna slagu skaits
tika mérits ar atomspéku mikroskopu. Spiedogosana ar limes klatbiitni lauj parnest
salidzinos$i lielas graféna loksnes (40x40 pum) uz silicija pamatnes, kas var biit
nozimigi mikroelektronikas razoSana. Piedavata metode ir vieglak istenojama un
pielagojama neka vairums pasreiz€jo metozu graféna lokSnu uzneSanai uz parauga.

LASER SCRIBING ON HOPG FOR GRAPHENE STAMP PRINTING ON
SILICON WAFER

J.Butikova, B.Polyakov, L.Dimitrocenko, E.Butanovs, [.Tale
Institute of Solid State Physics, University of Latvia

Highly oriented pyrolytic graphite (HOPG) was scribed by pulsed laser beam
to produce square patterns. Patterning of HOPG surface facilitates the detachment of
graphene layers during contact printing. Direct HOPG-to-substrate and glue-assisted
stamp printing of a few-layers graphene was compared. Printed graphene sheets were
visualized by optical and scanning electron microscopy. The number of graphene
layers was measured by atomic force microscopy. Glue-assisted stamp printing allows
printing relatively large graphene sheets (40x40 um) onto a silicon wafer, which can
be important for microelectronics fabrication. The presented method is easier to
implement and is more flexible than the majority of existing ways of placing graphene
sheets onto a substrate.
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GRAFENA NANOLENSU UN OGLEKLA NANOCAURULU
NANOSENSORU SISTEMU MODELESANA

J.Sunins'?, J.Zukovskis' V.Gopejenko’, T.Lobanova-Sunina’,
N.Burlucka’, S.Bellu&’
Latvijas Universitates Cietvielu Fizikas Institiits, Riga, Latvija
’Informacijas Sistému Menedimenta Augstskola, Riga, Latvija
3 INFN-Laboratori Nazionali di Frascati, Frascati, Italija

Dazi svarigie oglekla nanocaurulu (ONC) un graféna nanolensu(GNL) interfeisi ar
citiem materialiem tiek pielietoti modernas nanoieric€s. Fundamentalas elektronu ierices
ir lauka efekta tranzistori (LET), kuri ir Joti jutigi pret dazadas dabas ar&jiem ietekmém,
piem&ram, mehaniskam, kimiskam, biologiskam, elektriskam, magnétiskam uc. Uz ONCs
un GNLs uzbiivetie nano-LETs demonstré nanooglekla komponensu elektriskas ipaSibas
izmainu saskana ar lokalo argjo faktoru ietekmi. ONCs, GNLs un vinu dazadu
starpsavienojumu unikalas fizikalas 1IpaSibas lauj wuzskatit tos par sensoru
nanomaterialiem, kuri pieméroti dazadu veidu sensoriem (spiediena, pliismas, siltuma,
gazes, optiskie, masu, stavokla, mehaniska sprieguma, kimiskie un biologiskie sensori).

Kubo-Grinvuda nosacijumu analize attieciba uz ONCs, un GNLs morfologiju
tieck demonstréta, nemot véra elektronu transporta pastavigas stravas dc (@ =0) un
mainstravas ac (@ #0 ) reZimus un temperatiiras faktoru. Vaditspgjas parametriskas
skaitliskas simulacijas tika paveiktas dazadam ONCs, un GNLs morfologijam. ONCs, un
GNLs vaditspgjas jutigums uz lokalo elektronisko stavoklu blivumu lokalo piemaisijumu
(N un B atomi)) gadfjumos tika pieradita. Sis jutigums nozimé ONCs, un GNLs
nanoiericu potencialo iesp€&ju izmantot vinus ka nanosensoru sist€émas.

GNRs AND CNTs BASED NANOSENSOR SYSTEMS MODELLING

Yu.Shunin'?, Yu.Zhukovskii', V.Gopeyenko?, T.Lobanova-Shunina®,
N.Burlutskaya® , S.Bellucci’
!Institute of Solid State Physics, University of Latvia, Riga, Latvia
? Information Systems Management University, Riga, Latvia
3 INFN-Laboratori Nazionali di Frascati, Via Enrico Fermi 40, Frascati, Italy

There are important applications of CNTs and GNRs interfaces with other materials
for novel nanosensor devices. The fundamental electron devices are FET type transistors
which are very sensitive to various external influences of different nature such as
mechanical, chemical, biological, electrical, magnetic etc. In CNTs and GNRs based
nano-FETs the electrical properties of nanocarbon components change under the
influence of local external factors. Unique physical properties of CNTs and GNRs and
their various interconnects allow considering them as sensing nanomaterials in various
kinds of sensors (pressure, flow, thermal, gas, optical, mass, position, stress, chemical,
and biological sensors).

The analysis of Kubo-Greenwood’s conditions in respect of CNT (GNR)
morphology is presented taking into account dc (w=0), ac (@ #0) regimes and the
temperature factor of electron transport. Parametrical numerical simulations of
conductivity have been carried out for various morphologies of CNTs and GNRs. The
sensitivity of conductivity to the local electronic density of states in CNTs and GNRs
with local impurities (N and B atoms) have been demonstrated. In particular, this
sensitivity means that the potential possibility of CNT-based nanodevices is to be used as
nanosensoring systems.
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INOVATIVI VIEDIE POLIMERA/NANOGRAFITA KOMPOZITI

A.Linarts, G.gakale, J.Zavickis, M.Knite
Rigas Tehniskas universitates Tehniskas fizikas institiits

Ieprieks€jos pé€tijumos ir pieradits, ka poliizopréna nanografita kompozitu
pjezorezistiva jutiba pret ar€ju mehanisku iedarbibu ir atkariga no oglekla nanodalinu
formas, izmériem un kompozitu izgatavoSanas apstakliem. Saja darba més esam
petijusi termiski eksfolieta grafita sadaliSanu organiska Skidinataja pie dazadam
ultraskanas homogenizatora jaudam un dispergéSanas laikiem. Iegiito nanografitu
dalinu izméri noteikti izmantojot skangjoSo elektronu mikroskopu, ka arT ir noteiktas
nanografitu pulveru elektriskas pretestibas atkaribas no apkartgjas vides temperatiiras.
No iegiitajiem rezultatiem noteikti optimalie ultraskanas homogenizéSanas parametri,
kas talak tiks izmantoti poliizopréna termiski eksfolieta nanografita kompozitu
izgatavoSanai ar mérki tos pielietot kimiskas un mehaniskas iedarbibas sensoros.
Salidzinatas tiek ari ieprieks iegiito poliizopréna nanografitu kompozitu kimiskas un
mehaniskas sensoripasibas, kuros ka pildvielas izmantoti grafitizéti 1pasi
elektrovadosi oglekla kvépi un daudzsieninu oglekla nanocaurulites.

INNOVATIVE POLYMER/NANOGRAPHITE SMART COMPOSITES

A.Linarts, G.Sakale, J.Zavickis, M.Knite
Institute of Technical Physics, Riga Technical University

Previous studies of polymer nanographite composites shows, that
piezoresistive sensitivity under external mechanical influence is strongly affected by
carbon nanoparticle size, shape, and conditions of composite manufacture. In this
work we studied ultrasonic milling of thermally exfoliated graphite in organic solvent
using various power modes of ultrasonic homogenizer and sonification times. The
particle sizes of achieved nanographites was determined using scanning electron
microscope, as well as temperature dependence of electrical resistivity has been
determined for each sample. Based on these results the optimal ultrasonification
parameters has been determined, which hereafter will be used for fabrication of
polyisoprene thermally exfoliated nanographite composites to use them as chemical
and mechanical sensors. Also we compare the previous results of polyisoprene
nanographite composite chemical and mechanical sensing properties, where as the
fillers graphitized extra conductive carbon black and multi wall carbon nanotubes are
used.
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